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A recent upsurge in ocular infections is a pointer towards an enhanced prevalence of ophthalmic disor-
ders, posing challenges for researchers globally. The caveats of conventional therapeutics demand a
specifically designed Ocular Drug Delivery System (ODDS) and hence the primary objective of the present
work is a fabrication of a Design of Expert (DoE) guided Chitosan based Antifungal loaded Nanoparticles
(CANs), as a locoregionally effective eye formulation/drops for fungal keratitis therapy. The purported for-
mulation was prepared using High-Pressure Homogenisation technique and was critically characterized
on various parameters to check their suitability as an ODDS. The optimized formulation has fruitfully
yielded irregularly spherical particles in up to a size of 200 nm and a Poly-dispersity Index (PDI) of less
than 0.2 nm. The optimised formulation has further showcased a high mucoadhesion capacity thereby,
suggesting the greater retention of CANs on the mucous membrane of an eye with low ocular irritancy
as highlighted using HET-CAM (Hen'’s Egg Chorioallantoic Membrane) test. The in-vitro drug release study
across a dialysis membrane has indicated both diffusion as swelling controlled release pattern for an opti-
mized formulation. The ex-vivo corneal permeation study on goat corneal tissues using a Franz-Diffusion
cell also has indicated a steady increase in the permeation of drug with time for an optimized formula-
tion. Further, the optimised formulation was found to be non-irritant and ocular safe in ex-vivo transcor-
neal toxicity studies on goat corneal tissues. In conclusion, the designing of a proposed nanosized
formulation, offers a promising step towards the management of external ocular diseases with a positive
attributes of high patient compliance, controlled drug delivery, prolonged drug precorneal residence time
and enhanced ocular bioavailability. The optimized CANs could be further exploited as a potential ODDS.
© 2020 The Authors. Published by Elsevier Ltd.
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1. Introduction semi-solid (ointments) or solid, to target the various afflictions of

the eye [1]. The unique natural physiology of human eye offers a

Pharmaceutical preparations and delivery systems intended for
use in any section of the human eye are classified as ophthalmic
preparations/Ocular Drug Delivery Systems (ODDS). Such formula-
tions could either be designed as liquid (eye drops/eye solutions),
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great challenge towards fabrication and dispensation of an efficient
ODDS system which could circumvent physiological barriers [2]
and limitations like corneal drainage, rapid elimination, poor
bioavailability, on-site irritations and low patient compliance
[3,4]. Fungal keratitis has recently emerged as a challenging
research premise for developing a standard of care ODDS [5,6]. It
is an ocular infection primarily characterized by corneal inflamma-
tion i.e. anterior part covering pupil. It is mainly caused by differ-
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ent species of filamentous fungi such as Aspergillus flavus, A. fumi-
gatus, Fusarium spp., Alternaria spp., and Candida (yeast) capable of
colonizing human tissue. [4,7]. Generally, the damaged integrity of
an epithelial lining marks the beginning of fungal keratitis, either
due to trauma or ocular disease, making the surface highly suscep-
tible and sensitive against the fungal antigens and toxins, that are
liberated into the broken epithelial lining/surface thus, leading to
high degree of inflammation, corneal damage and compromised
eye functions. Fungal keratitis, if neglected, has the potential to
cause ocular morbidity and vision loss [8].

Over the last few years, there has been a global expansion in
incidences and frequency of fungal keratitis majorly due to high
use of contact lenses and eye drops having steroidal drugs, espe-
cially in patients with immune compromised conditions such as
diabetes and HIV positive cases [9,10]. United States Centres for
Disease Control and Prevention reported around 154 new Fungal
Keratitis cases [11] amongst which 94% are associated with contact
lenses. The predominant climatic conditions for fungal keratitis are
generally tropical, subtropical and agriculture-based conditions in
countries such as India, China and Ghana [12,13]. Fusarium and
Aspergillus spp. are considered as the most prevalent organisms
for causing fungal keratitis in India [14,15].

Conventionally, a wide range of ophthalmic preparations are
available in the market such as fungizone, liposomal preparations
like Ambiosome and Natamycin, but they are marred with various
limitations [16]. Fungizone shows painful instillation due to use of
Nadeoxycholate as surfactant, liposomal preparation has cost lim-
itation in developing areas, Natamycin is unavailable in various
regions. Additionally, most eye preparations are likely to be easily
washed off by tear fluid or due to blinking, owing to its poor
mucoadhesion capactity [17].

There is an unmet need wherein it seems prudent to design and
develop novel formulations such as lipid nano-capsules, nanosus-
pensions, vesicles etc. which could emerge as a potential ODDS,
with design in components of control drug release, precorneal drug
residence time and ocular bioavailability [18-24]. A newer class of
azole-imidazole derivative Luliconazole (LCZ), chemically, 4-(2,4-
dichlorophenyl)-1,3-dithiolan-2-ylidene-1-imidazolyl acetonitrile,
was explored [25]. LCZ is primarily active against filamentous
fungi, Aspergillus spp. and Candida spp [25]. A Recent study has
cited LCZ as a promising candidate against susceptible and resis-
tant A. fumigatus isolates as compared to other polyenes and azoles
[25,26]. In addition to high antifungal activity LCZ also offers a
wide range of skin safety profile making it a promising candidate
for both topical as well as ophthalmic preparations [27]. The adhe-
sion capacity of ophthalmic preparation plays a prominent role in
prolonging the release, therefore, for present formulation a natu-
rally available, biodegradable, mucoadhesive polymer viz a viz chi-
tosan was employed [28].

Taking a step forward from the above statement, the main
objective of the present proposal is to fabricate a chitosan based
antifungal loaded nano-ophthalmic preparation, in the form of a
locoregionally applicable eye formulation/drops, for fungal kerati-
tis therapy. The purported formulation offers improved precorneal
penetration, retention, controlled release, bioavailability, patient
compliance and low on-site irritations. Also, the use of a natural
polymer possesses high ocular compatibility which reduces on-
site irritations thus, improving patient QoL.

2. Materials and methods

The ex-gratia sample of LCZ was provided by Ranbaxy Laborato-
ries Ltd Haryana. Chitosan (low, medium and high molecular
weight), mucin (Type II porcine stomach) and Poloxamer-407 were
supplied from Sigma Aldrich (India). All other chemical reagents
used for present study were of analytical grades.
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2.1. Preparation of Chitosan-based antifungal loaded nanoparticles
(CANs)

CANs were prepared by mixing a chitosan solution (chitosan in
1% v/w acetic acid solution) to a previously prepared drug
(luliconazole)-poloxamer mixture dropwise through micro syringe
with continuous stirring on a magnetic stirrer at 1200 rpm. Fur-
ther, to ensure complete dissolution the prepared solution was
kept in the refrigerator for a minimum period of 24 h. After which
the formulation was passed through High-Pressure Homogeniser
(HPH) at 1600 bar for 7 cycles [28,29].

2.2. Experimental design employed for optimization of CANs

Box-Behnken Design (BBD), a response surface methodology
was successfully employed for the optimisation of a purported for-
mulation based on its independent variables and dependent
responses as highlighted in Table 1.

2.3. Particle size and zeta potential

The particle size distribution and zeta potential of the opti-
mized formulation, CANs was measured using Malvern Zetasizer
(Nano-ZS, UK). The measurements of each sample are done in trip-
licate having a scattering angle and temperature of 173° and 25 °C
respectively. Prior to the measurement the test samples are appro-
priately diluted with ultrapure water in order to reduce particle-
particle interactions. Further, the mean particle size and zeta
potential were determined using disposable polystyrene cuvette
and fixed-glass cell respectively [30].

2.4. Scanning electron microscopy (SEM)

The lyophilised sample of CANs was placed on the carbon tape
stuck to the aluminium SEM stub, Zeiss EVO40, Carl Zeiss NTS
(North America) and were further examined at a focused beam of
high-energy electrons with low vacuum conditions in order to
determine the surface characteristics and morphology of an opti-
mized CANs at ambient conditions [31-32].

2.5. Transmission electron microscopy (TEM)

To examine the morphology of an optimized CANs, the tech-
nique of TEM [TECNAI G2 (200 kV) FEI, Holland] was employed.
A sample of prepared CANs suspension (5-10 uL) was placed drop-
wise onto Formvar-coated copper grids and was allowed to dry.
They were further stained with 2% w/v phosphotungstic acid and
dried before examining under TEM at ambient conditions [31-32].

2.6. Mucoadhesive capacity

This test is done to evaluate the mucoadhesive capacity of CANs
with mucin (0.1% w/v). To this solution, CANs were dispersed and
mixed on a vortex mixer. Further, the prepared mixture was incu-
bated at a temperature of 37 °C in an oscillating thermostatic water
bath. From the mixture the appropriate samples were withdrawn
at a predetermined time interval and were spectrophotometrically
analysed at Ay, 296 nm to check turbidity of the dispersion med-
ium and was further compared with the turbidity of a native mucin
solution using Shimadzu UV-1601 ultraviolet spectrophotometer
(Japan) [33-35].

2.7. In-vitro drug release

The drug release pattern of CANs was assessed by a dialysis
membrane (cellulose membrane, MW cut-off 12400, Sigma) study
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Table 1
BBD for optimization of CANs.
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Levels Independent variables Transformed variables
Xj(Surfactant concentration,% w/v) X,(HPH Pressure, bar) X3(HPH cycle)

Low 5 500 1 -1

Medium 10 1000 4 0

High 15 1500 8 1

Dependent variables: Y; = Particle size (nm); Y, = PDI

under sink conditions for a period of 10 h. A formulation sample of
1 mL was enveloped in a prepared dialysis bag and further incu-
bated in a 30 mL of Phosphate Buffer Saline (PBS), pH 7.4 with
Tween 80 (1%, v/v) at a temperature of 37 °C with constant stirring
on a magnetic stirrer at 150 rpm. Drug releasing medium (1 mL)
was removed at a predetermined time interval and are freshly
replaced with an equal volume of a PBS to mimic the sink condi-
tions. The collected samples were filtered through a membrane fil-
ter of 0.22um, appropriately diluted and analysed
spectrophotometrically at An.x 296 nm for drug content determi-
nation [31-33]. The data obtained from aforementioned study
was fitted into various release kinetic models for acquiring more
optimized results.

2.8. Ocular irritation test

In order to analyze the ocular tolerability of prepared CANs a
modified Hen’s Egg Chorioallantoic Membrane (HET-CAM) test
was employed. It is a widely considered qualitative method for
assessing the potential irritation capcity of chemicals. In this
method the chorioallantoic membrane of hen’s egg were exposed
to test chemicals and the adverse changes, if any, are observed,
thus, determining the potential irritancy of the test sample.

For present study, 6 fertilized eggs (freshly obtained from poul-
try farm), each weighing 50 to 60 g, were incubated on a shaker
incubator for 3 days at a temperature of 37 +0.5 °C. Eggs were
periodically examined, physically rotated and candled to selec-
tively remove the defective ones. Once the redness appears, the
pointed end of the egg was sterilized and broken to withdraw
3mL of egg albumin. This opening was sealed using a 70%
alcohol-sterilized parafilm and heated spatula. After this the eggs
are kept in equatorial position to ensure the separated develop-
ment of Chorioallantoic Membrane (CAM) from the shell. On and
after the fifth day of incubation, nonviable embryos were removed
every day and an opening of (2 x 2 cm) was made on eggs equator
on the tenth day through which a formulation, CANs sample of
(0.5 mL) was instilled directly onto the CAM surface and left in con-
tact for 5 min. After the completion of test the CAM membrane was
critically examined for any vascular damage, and the time taken for
an injury to occur was recorded. A 0.9% NaCl was used as a control
solution (non-irritant) [36,37].

2.9. Ex-vivo corneal permeation

For ex-vivo corneal permeation experiment goat corneas were
utilised and they obtained from the local slaughter house. Using
a standard eye bank technique, the dissection of corne-oscleral
buttons from obtained corneas were done under maintained condi-
tions and high degree of care to reduce the chances of tissue distor-
tion. Immediately after corneal excision, the obtained tissue was
placed in a Franz Diffusion Cell having both donor as well as receiv-
ing compartments.

For present study, the receiving compartment of a Franz diffu-
sion contains a PBS solution of 25 mM and pH 7.4. Whereas, the
donor compartment of the same contains an optimized CANs for-
mulation (1 mL). This study was carried for a period of up to 6 h
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and after each h, the aliquot sample of 1 mL was withdrawn from
the receiving compartment and replaced with the fresh sample.
The %cumulative drug permeation across the corneal membrane
was analysed spectroscopically at Amax 296 nm against time
[26,38,40]. The data obtained from aforementioned study was fit-
ted into various release kinetic models for acquiring more opti-
mized results.

2.10. Ex-vivo transcorneal toxicity

The goat corneal tissues were excised and are further subjected
for a histological examination. For this study, a tissue specimen
was collected and fixed in a 10% neutral-buffered formalin, fixed
in a paraffin wax, partitioned at 3 um thickness and stained with
hematoxylin and eosin (H&E), and Masson’s trichrome (MT) stain
[38-40].

2.11. Stability

To check and determine the physical stability of the lyophilized
CANs, the optimized formulation was evaluated at a temperature
of 4 £20C or 25 £ 20oC for a period of 90 days [40,41].

3. Results and discussion
3.1. Optimization of CANs

As obtained from BBD a total of 17 formulations (Table 2.) were
prepared based on independent variables and were further evalu-
ated for their dependent responses in order to obtain an optimized
formulation.

The final equations in term of coded factors for responses R1
and R2 are given below:

R1: Particle size = +255.60 +39.00 * A+39.63* B —41.13* C
—63.00* A*B+70.50 * A*C —-2.2 *B*C+247.33 * A2+69.57 * B
+5.58 * C2

R2: PDI = +0.29+0.11* A+0.037 *B —0.100*C —0.050 *A*B
+0.13*A*C —0.025*B*C + 0.40 *A + 0.054 *B2 + 0.029*C2

In aforementioned equations, the A and B positive coefficients,
indicates that the Particle Size (PS) and Poly-Dispersity Index
(PDI) increases with the corresponding increase in HPH cycle and
pressure, while a negative coefficient of C indicates that PS and
PDI decreases with the increase in concentration of poloxamer
respectively. 3D response surface plots showing the influence of
factors on the responses R1 and R2 are presented in Fig. 1. (A
and B) respectively. In order to determine those factors that affect
response the most, perturbation graphs were plotted as repre-
sented in Fig. 2. (A and B). The steep slope with factor C indicates
that the PS and PDI decreased with the increase in poloxamer con-
centration since, increase in polymer concentration gave repelling
force to other particles, thereby, preventing agglomeration or Ost-
wald ripening [30]. The sharp decline in PS and PDI was observed
with the increase in HPH pressure till a middle value, however,
with the further increase in HPH pressure, the PS increased, which
can be attributed to the aggregation of particles with further
increase in HPH pressure (Figs. 1 & 2).
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Table 2
BBD highlighting independent variables (HPH pressure, HPH cycle and surfactant concentration) and dependent responses (particle size, and PDI).
Runs HPH pressure HPH cycle Surfactant conc. Particle size PDI
1 1.00 0.00 —1.00 828 0.8
2 0.00 —1.00 -1.00 443 0.4
3 1.00 1.00 0.00 832 0.8
4 0.00 1.00 1.00 344 0.3
5 -1.00 11.00 0.00 762 0.7
6 0.00 0.00 0.00 256 0.2
7 1.00 0.00 1.00 990 0.9
8 0.00 -1.00 1.00 216 0.2
9 1.00 —-1.00 0.00 931 0.9
10 0.00 0.00 0.00 253 0.3
11 0.00 1.00 —-1.00 650 0.6
12 0.00 0.00 0.00 260 0.32
13 -1.00 0.00 —1.00 882 0.8
14 -1.00 -1.00 0.00 673 0.6
15 0.00 0.00 0.00 252 0.24
16 1.00 0.00 1.00 452 0.4
17 0.00 0.00 0.00 257 0.4
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Fig. 1. 3D-Response surface graphs showcasing the effect of independent variables on dependent responses (A) particle size; (B) PDI.

Further, the formulation having a minimum PS and PDI of

216 nm and 0.2 respectively was selected as an optimized formu-

lation (formulation coded, F8; as highlighted in Table 2.). From
the obtained results, a close proximity between the values of a
dependent variables and the predicted values of a BBD was
observed. Further, the low values of standard deviations has con-
firmed the reproducibility of obtained results as highlighted in

Table 3.

3.2. Particle size and zeta potential

The particle size of an optimized CANs falls in the range of 2-
207 nm as presented in Fig. 3. Majority of particles (85.5%) were of
the size 206.6 nm while only 14.5% were below 10 nm in size, as rep-
resented in Fig. 4. As highlighted from the obtained results, the
molecular weight of chitosan has sufficiently affected the size and

surface charge of an optimized formulation. With the increase in

22
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Fig. 2. Perturbation plot showcasing the effect of independent variables on dependent responses A) Particle size; B) PDI.

Table 3
Actual and predicted values from BBD.
Formulation Composition Response
HPH pressure (bar) HPH cycle Poloxamer conc (% w/v) Particle size (nm) PDI
CANs (predicted) Coded values 214.03 0.19
0.00 0.00 1
CANs (actual) Actual values 216.6+04 0.2 £0.03
1000 4 10

Intensity (Percent)
N
o

Size Distribution by Intensity

Size (d.nm)

Fig. 3. Particle size of an optimized formulation (F8).

molecular weight, particle size also increases. This can be attributa-
ble to the presence of a longer molecular chains which are naturally
entangled and produces a larger particle size. On contrary, the over-
all size distribution (PDI less than 0.2) was remained unaltered with
increasing molecular weight thus, indicating the homogeneity of the
prepared CANSs. Further, surface charge also increases with increase
in chitosan molecular weight as the negatively charged mucin of
ocular surface strongly binds with a positively charged chitosan
layer thus, changing zeta-potential to positive [30,32].
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3.3. SEM

The surface characteristics and morphology of an optimized
CANs (F8) were revealed as an irregularly shaped spherical
nanoparticles with slightly smooth surface appearance as pre-
sented in Fig. 5 (B-D). The morphology of pure drug (luliconazole)
was also checked for comparison [Fig. 5 (A)].

The optimized formulation (F-8) of prepared CANs has yielded
irregular spherical particles with a smooth surface appearance at



N. Hassan, Mohd Aamir Mirza, M. Aslam et al.

Materials Today: Proceedings 41 (2021) 19-29

206.6

2.7119
0.000

Peak 1:
Peak 2:
Peak 3:

85.5

14.5
0.0

14.96
0.1270
0.000

Fig. 4. The particle size distribution of an optimized CANs (F8).

(B)

Fig. 5. SEM micrographs illustrating the surface morphology of (A) pure drug; (B) CANs after 1st cycle of HPH (1 cycle 500 bar) (C) CANs after 4th cycle of HPH (1000 bar) (D)

CANs after 8th cycle hph(1000 bar).

increased HPH cycles, on the contrary, the pure drug has displayed
an irregular and rough surface morphology [32].

3.4. TEM

The optimized formulation (F8) of prepared CANs revealed to
have a spherical shape with a clear outline and a visible core as
presented in Fig. 6 [32].

3.5. Mucoadhesive capacity

The resultant changes in the absorbance values of an optimized
CANs upon incubation with 0.1% mucin dispersion are was
observed. The appearance of turbidity was marked as the point
for mucoadhesion. Among the three formulations, high molecular
weight chitosan (hmw) nanoparticles (NPs) shows high absorbance
values which indicates their high adhesion capacity with mucin,
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followed by medium molecular weight chitosan (mmw) NPs and
low molecular weight (Imw) NPs as the increase in chitosan molec-
ular weight results in an increase number of positively charged
units which shows stronger interactions with a negatively charged
mucin particles [33]. Therefore, the increased interaction of Chi-
tosan with mucin suggest the greater retention of the CANs on
the mucous membrane of an eye [33-35].

3.6. In-vitro drug release

The in-vitro drug release of an optimized CANSs, high; med-
ium; low formulations [each containing 1% API (w/v)] are pre-
sented in Fig. 7. The release pattern of all three formulations
has shown a biphasic release rate which is as follows; first ini-
tial burst release followed by a prolonged release (Fig. 7). After
1h, the % Cumulative Drug Release (%CDR) was found to be
26.26%, 29.0% and 55% from CANs I, II and III respectively. The
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Fig. 6. TEM images of optimized CANs.
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Fig. 7. In-vitro drug release profile (mean +SD, n=1).

initial burst release of CANs I was mainly due to the rapid des-
orption and diffusion of drug molecules. The highest %CDR of
CANs III highlights that smaller the particle size; smaller will
be the surface area in order to facilitate the drug release process
[31-33]. Further, the amount of drug released from CANs I, II
and Il was found to be at 10 h was 83%, 86% and 88% respec-
tively. Besides the three aforesaid preparations, a pure drug
nano-dispersion (LCZ ND) was also prepared and checked simul-
taneously for comparison.

The aforementioned release data was incorporated into various
kinetic models as shown in Table 4. As obtained from the regres-
sion coefficient the best-fit release model was found to be Kors-
meyer-Peppas for the optimized formulation indicating drug
release to follow both diffusions as well as swelling controlled
release [33].

3.7. Ocular irritation test
The optimized CANs were found to be ocular non-irritant as

well as well-tolerated (Fig. 8) for up to 8 h (mean score 0) and
for 24 h (mean score 0.33) as represented in Table 5 [36,37].

25

3.8. Ex-vivo corneal toxicity

This test has showcased that no significant changes were
observed when cornea was incubated in a PBS (Fig. 9 A). However,
an irritation of superficial epithelial cells takes place, when the cor-
nea was incubated in 0.1% w/v of sodium dodecyl sulphate solution
(Fig. 9 B).

Further, the incubation of cornea with CANs has not displayed
any destructive effect as presented in Figure C-E. The corneal
structure and integrity were found to be unaffected visibly thus,
the obtained results demonstrate ocular safety of CANs (F8)
[38-40].

3.9. Ex-vivo transcorneal permeation

The ex-vivo %cumulative drug permeated at 6th hour across the
goat corneal membrane has shown a steady increase with time
(Fig. 10). The obtained permeation profile was fitted to various
kinetic models and was found to best fit with zero-order kinetics,
i.e. the rate of permeation was independent of the amount of drug
permeated at various time points. The percentage cumulative
amount of drug permeated at 6th hour from LMW, MMW, HMW
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A) POSITIVE CONTROL {NaOH)

B) NEGATIVE CONTROL(NORMAL SALINE)

C) FORMULATION

Table 4
Release kinetic models.

Fig. 8. Vascular responses at 0.5, 2 and 5 min post topical application of (A) 0.1 M NaOH solution, (B) saline solution, (C) CANs (F8).

Formulation Zero-order model First-order model Higuchi model Korsmeyer model

R? Ko R? Ky R? Ky R? K
CANs II 0.099 25.18 0.738 1.727 0.964 0.067 0.980 2.479
CANs 111 0.109 11.72 0.990 1.937 0.965 0.034 0.907 2.553

CANs and LCZ ND was found to be 19.26%, 17.23%, 14.61% and
60.27% respectively.

Permeation curve depicts that HMW CANs shows least
penetration than LMW and MMW CANs. While the formulation
without chitosan showed burst and immediate-release (LCZ ND)
[38-40].

3.10. Stability

Stability studies showcases a preferable physicochemical
stability pattern under study conditions with no indication
of aggregation or precipitation over a period of 90 days
[40,41,42].

4. Conclusion

Fungal keratitis is an ocular infection characterized by the
inflammation of cornea, the anterior part of the human eye cover-
ing pupil. It is mainly caused by different species of Filamentous
fungi such as Aspergillus flavus, Aspergillus fumigatus, Fusarium
spp., Alternaria spp., and Yeasts such as Candida capable of coloniz-
ing human eye tissues. Despite numerous scientific efforts, effi-
cient ocular drug delivery remains a challenge for the
pharmaceutical scientists owing to the unique physiological struc-
tures of eye, rapid elimination of applied drug subsequently lead-
ing to poor bioavailability over and into the ocular tissues.
Henceforth, the designing of a luliconazole loaded nanosized



N. Hassan, Mohd Aamir Mirza, M. Aslam et al.

Materials Today: Proceedings 41 (2021) 19-29

s
Fig. 9. Histological sections of excised goat cornea, stained with haematoxylin-eosin.
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Fig. 10. Ex-vivo transcorneal permeation profile through goat cornea (mean +SD, n=1).

system with improved patient compliance, drug delivery, pre-
corneal drug residence time and ocular bioavailability offers a
trending platform in the field of ocular infections/diseases. Luli-
conazole, being a newer class of imidazole antifungal drug has
not been much exploited for ocular delivery but it has shown a
high activity, Minimum Inhibitory Concentration (MIC) against
the major virulent pathogens of fungal keratitis in various studies,
thereby making its selection for the designing of a purported for-
mulation a novel choice. In conclusion, it is deduced that the pos-
itively charged CANs comprising chitosan elicited significant
mucoretention. The precorneal retention of CANs was higher in
comparison to the drug suspension (LCZ ND). Based on its in-
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vitro release and pharmacokinetic profile, CANs F8 was selected
as an optimized formulation for controlled ocular application of
LCZ. The optimized nanoformulation exhibited an increased AUC
and MRT when juxtaposed with the drug suspension. Henceforth,
it is proposed that the CANs could be a viable alternative for treat-
ing ocular fungal keratitis with significantly prolonged exposure
and improved ocular tolerance.
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