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ABSTRACT

Background: Fluconazole is an antifungal agent of triazole class. Fluconazole is one of the most
prescribed antifungal agents because of its excellent bioavailability, tolerability and side effect
profile. To maintain drug concentrations within therapeutic levels in bone tissue for specific
periods, antifungal agents must be re-administered when they are given systemically. Aim: The
aim of the present study was to develop a nanoparticle-based implantable drug delivery system
of antifungal drug fluconazole for Prosthetic Joint Infection and it's in vitro and in vivo evaluation.
Materials and Methods: Fluconazole loaded Chitosan Nanoparticles (CH-NP) were prepared
by ionic gelation method and optimized for chitosan: TPP mass ratio, chitosan and fluconazole
concentration. CH-NP were evaluated for particle size, polydispersity index, zeta potential,
entrapment efficiency, FTIR, DSC, XRD and percent drug release. Nanoparticles were further
incorporated in gelatine: chitosan composite film and formulations were optimized for chitosan:
gelatin ratio, plasticizer concentration and cross-linker concentration. The developed composite
film was tested for water absorption capacity, in vitro and in vivo biodegradation, toxicity and
antifungal potency. Results and Discussion: The optimized CH-NP demonstrated 458 nm particle
size, 82.39% entrapment efficiency and 77.4% drug release after 4 hr.The chitosan-gelatine ratio of
1:10, glycerine concentration of 5% and formaldehyde concentration of 0.01% resulted in desired
in vitro properties and sustained drug release up to 10 hr. The developed formulation showed
potent antifungal efficacy and in vitro biodegradation within 3 days. The in vivo biodegradation
studies of films in rats showed complete degradation of implant within 7 days of implantation.
Histopathology studies revealed no acute toxicity of implanted formulation. Conclusion: The
developed Fluconazole loaded chitosan nanoparticle-based polymer composite film could be
an effective formulation approach to prevent the fungal infections acquired during surgeries.

Keywords: Fluconazole, Nanoparticles, Chitosan, Implant, Prosthetic joint infection, Composite
film
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Joint replacement surgery involves removal of damaged joint and
putting in a new one. Effective joint replacement surgery not only
alleviates pain but also reinstates functionality and independence,
ultimately enhancing the quality of life for patients. Although
already a commonly undertaken procedure, the frequency of
prosthesis implantation is anticipated to increase further. In India,
more than 200, 000 joint replacement surgeries were performed
in 2020." As by the next decade, majority of the Indian population
will enter in their 50s” and 60s] the number of joint replacement
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surgeries would steadily increase and be multi-fold compared
to current status. While most joint arthroplasties offer painless
functionality, a small percentage of patients may encounter
device failure, necessitating additional surgery at some point in
the lifespan of the implant.?

Prosthetic Joint replacement surgery associated Infection (PJI),
although rare, is a major cause in failure of knee arthroplasty
procedure. The majority prosthetic joint infections are bacterial
and fungal infections are rare accounting for less than 1% of
PJI cases. However, fungal infections are very difficult to treat
and pose threat to patients’ lives and burden to the health care
industry. The main causative organism of most of the fungal
infections is a member of the Candida species and prevalent in
80% of the PJI cases. In 15 to 20% of PJI cases, presence of fungal
infections further leads to acquisition of other bacterial and
mixed infections complicating the treatment.’
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The major risk factors for fungal PJIs include, old age, diabetes
mellitus, prior surgical procedures and bacterial infections,
therapies of immunosuppressant, overexposure of antibiotics,
antibiotic resistance, prolonged use of wound drainage etc.* In
most situations, Periprosthetic Joint Infection (PJI) must be
managed with a comprehensive strategy that includes both
surgical intervention and medication therapy. This could mean
arthroscopic or open debridement without prosthesis removal,
prosthesis resection without reimplantation, direct or one-stage
arthroplasty exchange, which replaces the prosthesis immediately
with a new one, or two-stage arthroplasty exchange, which
replaces it gradually over time. Additional alternatives encompass
arthrodesis, amputation, or the utilization of antimicrobial
suppression without the necessity for surgical intervention.®

The adherence of bacteria and fungi to biomaterials, along
with the formation of biofilms on foreign bodies, is generally
acknowledged to play a vital role in the emergence of infections
linked to implants.® Microorganisms within a biofilm demonstrate
a notable elevation in antibiotic resistance and are shielded from
the immune system of the host. Managing bone infections poses a
challenge, primarily because systemically administered antibiotics
or antifungals face difficulties in effectively penetrating local
bone tissues. Moreover, microorganisms adhere to orthopaedic
implants and the bone matrix, either by forming a slimy film or by
adopting an unusually slow metabolic rate, thereby avoiding the
host's immune defences and antibiotics.” In several instances, the
implant can become the origin of infection and the sole existing
recourse is to eliminate the implant and undergo a subsequent
implantation.® This procedure presents a distressing encounter
for both the patient and the healthcare professional. Treating
Periprosthetic Joint Infection (PJI) poses considerable challenges
due to restricted blood circulation within the infected skeletal
tissue. The condition is exacerbated by insufficient dispersion
of antibiotics at the site of infection. Furthermore, managing
the pathogen-associated biofilm is really challenging due to
ineffective drug targeting. Increased systemic dose of antibiotic,
in order to enhance tissue and biofilm penetration, is undesirable
due to the risk of severe toxic side effects. Moreover, traditional
therapy involving systemic antibiotics is costly, susceptible
to complications, necessitates hospitalization and frequently
proves ineffective. Nowadays, controlled release antimicrobial
systems in the form of orthopaedic devices or implants are being
employed as substitutes for conventional systemic treatments.
Some of these alternative systems include PMMA bone cements
infused with antibiotics, polymeric coatings with drug content
and bioresorbable implants loaded with drugs, alongside the
fracture fixation device. A prevalent approach for managing
infections with orthopedic implants involves the use of antibiotics
incorporated into clinical bone cements, typically composed of
Polymethyl Methacrylate (PMMA). For almost four decades,
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clinical trials have been conducted on several formulations of
these non-biodegradable polymer cements to prevent or cure
Pressure Injuries (PJI).” Due to its non-biodegradable nature,
PMMA necessitates additional surgical intervention for removal
in instances of clinical failure, preventing the growth of new
bone until its extraction. Furthermore, drawbacks include the
limited bonding strength of PMMA to the implant surface and
the documented occurrence of soft tissue encapsulation around
PMMA." When PMMA bone cement releases antibiotic from the
surface of implant, pores are formed on the surface and ultimately
affect strength of the implant.!® Recent studies have shown that
implantation of antifungal loaded biodegradable inserts during
surgery can release the antifungal drug locally and prevent
the acquisition of fungal infection or locally treat the acquired
infection in the initial stages."!

Fluconazole belongs to the triazole class and is classified as an
antifungal agent. It can be administered orally, intravenously and
topically. This triazole exhibits potent and specific activity against
Candida species, making it a subject of extensive evaluation for the
treatment of both localized and disseminated fungal infections.
Fluconazole remains one of the most prescribed antifungal
agents because of its excellent bioavailability, tolerability and
fewer side effects.'” To sustain therapeutic drug concentrations
in bone tissue for specified durations, antifungal agents must
be periodically reintroduced when administered systemically.
Prolonged systemic delivery of antifungal agents may elevate
the risk of systemic adverse effects or cause discomfort for the
patient. Local sustained release of fluconazole from implants
can reduce the side effects as compared to oral and intravenous
administration.”® Several studies have demonstrated fluconazole
efficacy in treating PJT locally." In view of this, the current study
aims to design and develop Chitosan Nanoparticle (CH-NP)
based biodegradable composite film for delivery of Fluconazole
in order to promote its local delivery with sustained release and
intended to be used for prophylaxis and treatment of prosthetic
fungal joint infection. Fluconazole loaded nanoparticles were
prepared by ionic gelation technique and process was optimized
for drug entrapment.”” The developed NP were incorporated
in gelatine and chitosan composite film and evaluated for drug
content, drug release, acute toxicity and in vivo biodegradation.

MATERIALS AND METHODS

Materials

Fluconazole was supplied by Zim laboratories, Kalmeshwar,
Nagpur, India. Low molecular weight Chitosan (CH) was
purchased from Sigma-Aldrich, India. Gelatine, polyvinyl
alcohol and Tripolyphosphate Sodium (TPP) were procured
from Hi-Media, Mumbai. Organic solvents used for analysis were
of analytical grade.
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Methodology

Formulation of fluconazole loaded chitosan nanopatrticles

The preparation of chitosan nanoparticles containing fluconazole
was carried out through the ionic gelation method, utilizing
sodium Tripolyphosphate (TPP) as the crosslinking agent. The
formulation was optimized for Chitosan to TPP mass ratio and
fluconazole concentration by using following procedure.

Identification of nanoparticle region

Low Molecular Weight (LMW) CH was dissolved in aqueous
solution of 1% acetic acid to form different concentration (2,
3 mg/mL) of CH solution. The chitosan solution was kept
overnight at room temperature and the pH of the resultant
solution was determined. Subsequently, it underwent filtration
using a syringe filter to eliminate any remaining insoluble
particles.”” A solution of TPP was prepared by dissolving it in
distilled water at a concentration of 1, 2 and 3 mg/mL. This TPP
solution was gradually added dropwise to the chitosan solution
under continuous magnetic stirring. Various changes in visual
appearance of solution during titration with TPP solution was
observed; viz. solution, aggregates and opalescent suspension
and precipitation. The region of an opalescent suspension was
identified as nanoparticle region (Table 1).

Optimization of CH: TPP mass ratio

Chitosan (2 mg/mL) was dissolved in aqueous acetic acid (1%v/v)
solution. To 10 mL of this solution, 30 mg of Fluconazole (FZ)
was added and dissolved. TPP at the concentration of 2 mg/mL
was added drop wise to 10 mL of fluconazole containing chitosan
solution through micropipette under magnetic stirring at room
temperature.” The volume of TPP solution was varied according
to the ratio of CH:TPP (4:1, 3.5:1, 3:1, 2.5:1) to obtain nanoparticle
dispersion. The resulting formulations (P1 to P4) were evaluated
for percent entrapment and percent transmittance (Table 2).

Optimization of CH and FZ concentration in CH-NP

FZ loaded chitosan nanoparticles (FZ CH-NP) were prepared
at different concentration levels of chitosan (2 and 3 mg/
mL) and fluconazole concentration (1, 2 and 3 mg/mL) using
method mentioned above at CH:TPP mass ratio of 2.5:1. Each
formulation was prepared in triplicate (Table 3) and evaluated for
FZ entrapment efficiency and percent drug release.'

Lyophilisation of optimized nanoparticle
formulation

In order to conduct the solid-state characterisation, FZCH-NP
was separated from suspension by centrifugation at 16000 rpm at
14°C for 30 min. The supernatant was removed and nanoparticle
pellet was obtained by lyophilisation process (Martin Christ,
Alpha 1-2 LD plus, Germany). Lyophilized samples were further
evaluated for FTIR, DSC and XRD.
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Evaluation of fluconazole loaded chitosan
nanoparticles (FZ CH-NP)

Percent transmittance measurement

To assess the relative transmittance of the nanodispersions,
optical transmittance was gauged at 600 nm within the visible
range.”” This measurement was conducted using a double-beam
UV spectrophotometer (Shimadzu, 1800, Japan).

Particle size analysis and zeta potential

Deionized water was used to dilute the optimised chitosan
nanoparticle dispersion (1 to 5 mL). At a scattering angle of
90°, photon correlation spectroscopy (Malvern, Nano Series ZS,
UK) was used to evaluate the particle size distribution of the
resultant sample.'® The dispersion of chitosan nanoparticles was
measured for its average diameter (X, ) and polydispersity index.
Additionally, the Zeta potential was measured using a Zetasizer
after diluting samples with a conducting solution (Malvern, Nano
Series ZS, UK).

FZ Entrapment efficiency

The percentage of FZ entrapment in CH-NP was determined
using a dialysis membrane. This method enables separation of free
drug from the NP by dialysis. The dialysis membrane (Himedia,
MW cutoff 10Kda) was soaked overnight in a medium to ensure
complete wetting. A 5 mL dispersion of FZ CH-NP was introduced
into the membrane bag and the ends were securely tied. The bag
was then immersed in 100 mL of mixture of methanol: distilled
water (1:4) and stirred at 100 rpm using a magnetic stirrer. The
spectrophotometric analysis of unentrapped FZ was performed
at 261 nm by withdrawing 5 mL sample.” The FZ entrapment was
calculated as follows.
(total amount of drug — free amount of drug)

% Entrapment efficiency = (total amount of drug) % 100

In vitro drug release study

Drug release studies for fluconazole-loaded nanoparticles were
conducted using a dialysis bag method (MW cutoff of 11KDa)
in a modified dissolution apparatus USP Type I (Veego, DT60,
India). Briefly, The pre-soaked membrane bag was filled with a
volume of 5 mL of the aqueous CH-NP dispersion and the ends
were secured to the dissolving assembly's basket rod.** The bag was
inserted into 100 mL of phosphate buffer of pH 7.4 as dissolution
medium at 37+0.50°C with 100 rpm stirring speed for 6 hr."® At
intervals of 15 min, 5 mL aliquots were taken out, filtered using
disposable Nylon syringe filter (0.22 pm) and the fluconazole
content was measured at 261 nm with a UV spectrophotometer.!
To compensate for any loss during sampling, an equivalent
volume of 5 mL of fresh dissolution medium was added. The
results of the drug release study were reported as mean of three
observations.
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Characterization of Lyophilized Chitosan
Nanoparticle (CH-NP)

Fourier Transform Infrared analysis (FTIR)

The presence of fluconazole in CH-NP was verified using FT-IR
analysis (Shimadzu, 8400S, Japan). The physical mixture of
samples and potassium bromide were mixed and placed in sample
holder to capture the FT-IR absorption spectra.?**

Differential Scanning Calorimetry

Differential Scanning Calorimetry (DSC) was employed to
verify the physical state of Fluconazole (FZ) within the Chitosan
Nanoparticle (CH-NP) formulation using equipment from
Mettler Toledo (DSC 3, Switzerland). The temperature range of
30-400°C was applied to heat each sample (2-4 mg) in crimped
aluminium pans at a scanning rate of 10°C/min under a nitrogen

atmosphere.?

X-ray Diffraction Studies

X-ray diffraction analysis was conducted using Cu Ka rays. The
voltage of 40 kV was used and a current of 25 mA was utilized
on the Brucker D 8 Advanced instrument from the USA. The
samples were scanned from 10 to 60° at 20 position. Diffraction
patterns for FZ, its physical mixture with polymer and CH-NP
formulation were acquired during the experiment.”

Formulation of CH-NP loaded composite film

The chitosan solution (1% w/v) in acetic acid (100 mL of 1% v/v)
was prepared and left to stand overnight at room temperature.
Gelatine solution (10% w/v) was prepared by solubilizing gelatine
in 100 mL distilled water at 70°C with continuous tirring. Chitosan
and gelatine solutions were blended with stirring at various ratios
(1:10, 1:20, 1:30 and 1:40). Prepared fluconazole nanoparticles
were dispersed in gelatine-chitosan solution followed by addition
of glycerine, as a plasticizer, at different concentrations (1, 2.5,
5 and 10%) under continuous overhead stirring. To study the
effect of crosslinking on composite film, various concentrations
of formaldehyde were also added to the above solution. The
resulting solution was poured into petri plates and dried at 30°C
under vacuum. The formulations (Tables 4, 5 and 6) were assessed
for thickness, folding endurance and percentage water absorption
to optimize the gelatine to chitosan ratio, the concentration of

the plasticizer (glycerine) and concentration of formaldehyde.**

Evaluation of CH-NP loaded composite film

Initially prepared implants were evaluated for the physical
properties such as, thickness and folding endurance for selection
of the ratio of the gelatin and chitosan and optimization of
concentration of plasticiser.
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Thickness

The thickness of prepared gelatin-chitosan films was measured
using Vernier Calliper (Mitutoyo corp, Japan) at four different
sides and centre of the film and the average was assessed.”

Folding endurance

The folding endurance of the prepared film was evaluated by
repetitively folding one film at a time until it reached the point
of breakage. The folding endurance value was calculated by
determining the number of consecutive folds the film could
endure at the same location without breaking.*

Percent water absorption capacity

A Preweighed film (1x1 cm) was immersed in 15 mL of distilled
water and the film's weight was recorded at intervals of 1, 2, 3 and
24 hr. The water absorption capacity of the film was assessed in
triplicate and computed using the formula provided below.**

Water absorption capacity (%)=|[(final weight - initial weight)/
initial weight]x100

In vitro biodegradation

In vitro biodegradation study of crosslinked films at 0.01, 0.02
and 0.03% concentration of crosslinking agent using lower (1:10)
and higher (1:40) ratios of chitosan: gelatin was carried out. The
film (50 mg) was weighed to approximately and then immersed in
100 mL of 1% pepsin solution at 37°C with occasional shaking to
determine its biodegradation. The films were checked periodically
for changes after every 2 hr till complete degradation.”

Content uniformity

The content of each film formulation was measured at the
four corners and centre. Five samples of film formulation were
measured. Each piece was dissolved in methanol and filtered
through syringe filter. After appropriate dilutions the aliquots
were examined by High-Performance Liquid Chromatography
(HPLC) was conducted using a quaternary gradient system,
Lachrom 2000, which included an L-7100 Merck Hitachi pump,
UV-visible detector (L-7400) and a Kromasil C18 column
(250mmx4.6mm, 5 pm). The HPLC mobile phase comprised
acetonitrile: phosphate buffer at pH 4 (60:40), with UV detection
set at 261 nm and a column temperature of 37°C. The flow rate for
HPLC was adjusted to 1 mL/min, with an injection volume of 20
uL. The entire analysis was completed within 8 min.***

In vitro drug release

Films were immersed in 40 mL phosphate buffer pH 7.4 at 37°C
for 3days in semi-static conditions, to determine the kinetics of
fluconazole release from the films. 1 mL samples were collected
and filtered by syringe filter (0.22 pm) at time intervals, 0, 0.5, 1,
2,4, 6,8 and 10 hr. The sample removed was replaced with fresh
phosphate buffer pH 7.4. The release of FZ at each time interval
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was assessed with HPLC using conditions mentioned in previous
section.”

Antifungal activity of Film

Culture of C. albicans was grown for 24 hr on Sabouraud dextrose
agar plate at 37°C in anaerobic condition. The fungal strains were
collected and resuspended in 10 mL nutrient broth and adjusted
to 1x10° CFU/mL by observing turbidity against McFarland
solution. Antifungal activity of FZ CH-NP loaded film was
compared with equivalent quantity of pure drug and placebo
film. Preweighed samples of pure drug, prepared antifungal film
(equivalent to drug quantity) or placebo films were suspended in
nutrient broth containing 1x10®* CFU/mL culture of C. albicans.
Antifungal activity of samples was determined by withdrawing
sample of 1 mL from at 0, 2, 4 and 6 hr of contact time from above
solutions respectively and dispersed in pre-sterilized Sabouraud
dextrose agar media at 40°C. The media was poured into the petri
dish and incubated at 37°C for 48 hr in an anaerobic chamber.
After incubation, the plates were removed from incubator and
the colonies were counted by using colony counter. C. albicans
grown on the sabouraud dextrose agar plate served as control.
Growth inhibition of C. albicans was determined by comparing
sample colony count with control count.**

In vivo biodegradation study

Male Wistar rats, with weights ranging from 180 to 250 g, were
chosen and accommodated in five groups, each consisting of
six animals, under standard laboratory conditions, including
controlled temperature and a light/dark cycle. The rats were
provided with free access to standard pellet food and water.
Prior to the experiment, the animals underwent a minimum
acclimatization period of 10 days in the laboratory environment.”
The treatment and care of the animals in this study adhered to
the guidelines recommended by the CPCSEA committee for the
control and supervision of experiments on animals. Approval for
the experimental protocol was obtained from the institutional
animal ethical committee. Group 1 served as the control group
with no treatment, Group 2 received a placebo film and Groups
3 and 4 were administered FZ film and FZ CH-NP loaded film,
respectively.®

The animals were anaesthetized by administering Intra Peritoneal
(IP) injection of ketamine (30 mg/kg) and xylazine (12 mg/mL).
The implantation site of each animal was shaved by using the
blade. The operating site were disinfected by using Isopropyl
Alcohol (IPA) 70% in distilled water and allowed it to dry for 30
sec. Deep skin incision (10-12 mm) in thigh region and exposing
bone was done at the site using the sterile surgical blade no. 22.
Pouch was formed on both sides of the incision and an implant
was placed in each pocket. Following implantation, the incision
was closed using non-absorbable surgical black-braided silk
thread. Surgical site was again disinfected using 70% IPA and
dressing was done after application of Betadine as antiseptic.*
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Each animal was given dose of Diclofenac injection (2mg/kg) as
analgesic and ceftriaxone (2mg/kg) as antibiotic after every 4 days
till completion study. Biodegradation of implant was observed
visually by removing suture and scarifying one animals of group
3, 4 and 5 by operating implant site after 2, 5, 7, 14, 21 days
respectively after implantation. Histopathology was performed
after 22 days to observe inflammation after implantation.*

Histopathology Studies

After the period of the 21-day, rats from every group suffered
euthanasia through carbon dioxide suffocation and an overdose
of thiopental sodium (75 mg/kg). Subsequently, the implant was
extracted along with the surrounding tissues. Tissues adjacent
to the implant were preserved in a 10% formalin solution.
Subsequently, the tissue samples underwent dehydration in
an automatic tissue processor, progressing through a series of
gradually increasing alcohol percentages before being embedded
in paraffin wax. Using an embedding machine, the tissue samples
were microtomed and stained with dyes, hematoxylin and eosin.
In order to look for any signs of inflammation near the implant,
the resultant samples were examined under a light microscope.

RESULTS AND DISCUSSION

Identification of nanoparticle region

The chitosan nanoparticles were prepared by ionic gelation
technique. Chitosan is a weakly basic polymer with pKa 6.3.
Below this pH, it appears in protonated form (R-NH,*). The
positively charged chitosan ions are crosslinked by polyvalent
anions like Tripolyphosphate to form small nanoparticles by
ionic gelation. The degree of crosslinking and formation of NP
depends on various factors including, chitosan concentration,
Sodium Tripolyphosphate (TPP) concentration, CH:TPP mass
ratio, volume of TPP added to chitosan solution etc. In order
to identify the nanoparticle region, varying concentration of
TPP solution (1, 2 and 3 mg/mL) was slowly added to two
different concentrations of chitosan solutions (2 and 3mg/
mL) and phase transition was observed. During this titration,
three kinds of the phenomena were observed; clear solution,
opalescent suspension and precipitation. Opalescent region was
identified as nanoparticle region. The volume of TPP required
to be added in chitosan solution to obtain opalescent region was
determined for different concentration of chitosan and the range
was noted (Table 1). It was observed that TPP volume required
for nanoparticle was increased when chitosan concentration
was increased whereas increase in TPP concentration decreased
the volume requirement of TPP for nanoparticle formulation.
At lower volume of TPP added to chitosan solution, very
light colour was developed which indicated starting point of
nanoparticle formation. As more amount of TPP was added,
the ionic gelation process resulted in formation of nanoparticle
indicated by opalescent region. Further addition of TPP volume,
leads to aggregation of CH-NP due to reduction in surface charge
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Table 1: Volume range of Sodium Tripolyphosphate (TPP) for nanoparticle region.

Code Chitosan (mg/ TPP (mg/mL) TPP Volume range (mL)
mL) Clear Opalescence Aggregation
C1 2 1 Till 4.6 5.4 to0 6.4 6.4 above
C2 2 2 Till 2.8 3.1to4.2 4.2 above
C3 2 3 Till 1.2 1.4 to 2.6 3.0 above
C4 3 1 Till 4.5 5.6 to7.2 8.8 above
C5 3 2 Till 2.8 441t05.8 7.2 above
Cé6 3 3 Till 1.9 29to4.1 4.5 above
Table 2: Optimization of CH:TPP mass ratio.
Formulation Chitosan: TPP mass Percent transmittance (%)  Percent entrapment (%)
ratio
P1 2.5:1 76.3+£0.3 55.6£1.5
P2 3:1 83.5+£0.2 52.4+1.5
P3 3.5:1 86.1£0.8 45.0£1.1
P4 4:1 89.6£0.6 33.4t1.4

Mean £SD (n=3).

Table 3: Optimization of chitosan and fluconazole concentration.

Code X1 X2 Percent Percent % Drug Release
Chitosan Fluconazole transmittance (%) entrapment (%) after 4 hr
(mg/mL) (mg/mL)

B1 2 1 62.4+0.9 70.1+1.1 84.3+2.1

B2 2 2 78.4£0.6 80.3+1.2 77.0£1.9

B3 2 3 51.9+0.7 60.7+1.1 81.2+1.6

B4 3 1 61.4+0.8 60.9+1.1 85.7+1.4

B5 3 2 76.5£1.2 70.8+1.1 86.1+1.7

B6 3 3 79.7+1.5 59.1+1.2 83.1+1.9

Mean+SD (n=3).

as indicated by prcipitation region. Thus, considering opalescent
region as nanoparticle region, the volume of TPP to obtain this
region was considered to be optimum. For further study, chitosan
concentration was optimized to be 2 mg/mL and TPP was also
fixed at 2 mg/mL.

Optimization of CH: TPP mass ratio

For selection of appropriate CH: TPP mass ratio, different
formulation with varying CH:TPP ratios were prepared and
evaluated for percent transmittance and percent entrapment
(Table 2). The other formulation parameters viz., chitosan
concentration, fluconazole concentration, stirring speed and
temperature were kept constant.

The high degree of deacetylation and protonation is responsible
for greater positive charge and large number of potential
cross-linking sites on chitosan molecules. Addition of TPP
causes neutralization of protonated amino group leading to
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cross-linking of chitosan nanoparticle. At higher CH:TPP mass
ratio (4:1) due to the lower amount of TPP used inadequate
cross linking could have occurred hence opalescent colour was
not observed. The entrapment efficiency was found to be lower
(33.4+1.4 and 45=1.1 for P4 and P3 respectively). Formulation
with CH:TPP mass ratio 2.5:1 was selected for further study as
stable opalescent region was observed for this ratio with highest
entrapment efficiency (55.6 +1.4%).

Optimization of CH and FZ concentration in CH-NP

In order to study the effect of chitosan concentration and
fluconazole concentration on drug entrapment in CH-NP,
different formulations of fluconazole chitosan nanoparticle were
prepared as shown in Table 3. It was observed that as concentration
of chitosan was increased, fluconazole entrapment was decreased.
Highest entrapment was obtained at chitosan concentration
2 mg/mL. This could be due to higher viscosity of chitosan at
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Figure 2: Particle size analysis graph of fluconazole CH-NP.

higher concentration resulting in lower drug entrapment. Higher
amount of precipitation was observed at 3 mg/mL of chitosan
concentration. Hence, 2 mg/mL of chitosan concentration was
found to be suitable.

FZ concentration also found to affect the entrapment efficiency
in CH-NP. Increase in FZ concentration from 1 to 2 mg/mlL,
increased its entrapment in NP whereas further increase in FZ
concentration to 3 mg/mL, decreased the FZ entrapment.

Effect of these variables on drug release from CH-NP was also
studied and the results are depicted in Figure 1. FZ release from
CH-NP formulations B1 to B6 was found to be in the range of
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77.0% to 86.1% after 4 hr of dissolution study. The drug release
profile exhibited a biphasic pattern, characterized by an initial
burst release followed by a sustained release of the drug. The drug
release data was analysed using models such as Korsmeyer-Peppas,
Higuchi matrix model, first-order and zero-order to elucidate the
underlying rate and mechanism of drug release. Additionally, the
correlation coefficient was obtained from time and cumulative
drug release graph to determine the best-fit kinetics. The outcome
of the model with correlation coefficient values suggested Fickian
diffusion (K-P model »n value=0.5) as the predominant drug
release mechanism, except for formulations B2 and B3, which
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Figure 3: FT-IR spectrum of A) fluconazole, B) Physical mixture and c) fluconazole loaded chitosan nanoparticle.

exhibited a non-fickian drug release mechanism (K-P n value
between 0.5 to 0.9).Based on the result of encapsulation efficiency
and considering the requirement of high drug loading in final
formulation, formulations B2, with 2 mg/mL drug concentration
and 2 mg/mL chitosan concentration, was selected for further
investigation as an optimized formulation. The particle size
(X,,) of optimizedB2 formulation was found to be 458.5nm
(Figure 2). Slightly higher size of chitosan nanoparticle could be
due to neutralisation of chitosan by TPP to form larger size of
nanoparticle. This was consistent with the polydispersity index
of chitosan nanoparticle which was 0.58 that shows wide particle
size distribution. In case of zeta potential analysis, positive zeta
potential value (+0.98) was detected; lower zeta potential results

could be due to neutralization of protonated chitosan.
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Characterization of lyophilized fluconazole loaded
chitosan nanoparticle

FTIR

FTIR investigations were carried out to evaluate the interaction
between CH-TPP and CH-FZ within FZ CH-NP (Figure 3). The
FT-IR of fluconazole indicated characteristics peaks at 3198 cm™
representing protonated amino group, abroader peak at 3300-2400
cm'representing OH group, 3041.84 representing aromatic C-H
stretching, 1415 cm™ C=C stretching, 1494 cm™ C=N and 1284
cm’ representing C-E. FTIR of physical mixture indicated all the
characteristics peaks of fluconazole. The characteristics peak of
chitosan was observed at 3198 cm™ representing protonated with
a peak at the amino group 1114.89cm™ representing C-O-C. In
FTIR spectra of CHNP, the peak of protonated amino group was
observed at 3190.37 cm™. Presence of P=0O group at 1132.25 cm’!
indicated interaction of TPP and CH in CHNP. As the major
peaks of fluconazole were intact, no interaction was observed in
chitosan and fluconazole. There is possibility of weak interaction
in chitosan and fluconazole by hydrogen bonding as the peak
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Figure 4: DSC of A) Pure drug, B) Physical mixture and C) lyophilized CH-NP.

of protonated amino group at 3198 cm™ in physical mixture
spectrum was shifted slightly to 3190.37 in CH-NP.

Differential Scanning Calorimetry

Figure 4 indicates differential scanning calorimetric graph for
pure fluconazole, chitosan-fluconazole physical mixture, FZ
CH-NP. In DSC curve of drug, narrow endotherm at 139.6°C was
observed which represented the melting point for FZ. The curve
of physical mixture retained the sharp endothermic peak of FZ
at 139.6°C indicating its crystalline nature whereas in CH-NP, a
low intensity broad endothermic peak for FZ was observed. This
shows that during nanoparticle preparation, FZ transforms from
a crystalline to an amorphous form.

X-ray Diffraction

The X-ray powder diffraction patterns, as depicted in Figure
5, provided additional confirmation of the aforementioned
observations. The XRD pattern of fluconazole displayed distinct
and intense peaks, indicating the crystalline nature of the drug.
The physical mixture of chitosan and FZ showed the intense
peaks of the FZ and the characteristics peak of chitosan. The
XRD of chitosan nanoparticle revealed decrease in intensity of
FZ characteristics peaks. This validates the drug's transition in
NP from a crystalline to an amorphous state.
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Formulation and optimization of gelatine-chitosan
composite film

The polymer composite film was prepared using different
concentration of gelatine and chitosan and also optimized for
different concentration of plasticizer. Glycerine was used as
plasticizer since it can improve flexibility and handling of films
as well as maintain integrity by avoiding pores and cracks in the
polymeric matrix.

Optimization of plasticizer concentration

The concentration of glycerine as plasticizer was optimized,
at constant chitosan: gelatine ratio of 1:10, by checking peeling
of formulated film from petri plate. These formulations were
also evaluated for thickness, folding endurance and % water
absorption (Table 4). It was found that all film formulations
having 5 and 10% of glycerine can be easily peeled from petri
plates maintaining its structure intact and there was not much
effect on folding endurance of films with increasing plasticiser
concentration. The thickness of film was found to be uniform
between 0.45-0.51mm at all concentrations of glycerine. Since
these films are designed for biological applications and has to
be used in presence of biological fluid, capacity of film to absorb
exudates is an important parameter to consider. Comparative
evaluation of percent water absorption of film (Figure 6 a) was
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Figure 5: X-ray diffraction of A) Pure drug B) Physical mixture and C)Lyophilized CH-NP.

Table 4: Optimization of Plasticizer concentration.

Concentration of  Peeling Thickness Folding % water absorption
glycerine behaviour Endurance 1hr 2 hr 3hr 24 hr
(%)

10 Easy 0.45 300 130.8 152.9 162.5 550.8
5 Easy 0.46 300 167.3 211.4 236.0 830.5
2.5 Difficult 0.46 300 195.8 257.9 354.8 976.1
1 Difficult 0.38 300 215.4 301.9 403.9 1205

found to be higher at lower concentration i.e. 1% of glycerine but Optimization of chitosan: gelatine concentration

peeling of film was found to be difficult; therefore, 5% of glycerine e chitosan: gelatine ratio for preparation of film was optimized

with comparatively higher water absorption and acceptable on the basis of its water absorption capacity. Comparative

peeling behaviour was used as plasticizer for further studies. evaluation of % water absorption at 1:10, 1:20, 1:30 and 1:40
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Table 5: Optimization of CH: gelatine ratio.

Chitosan: Thickness Folding
Gelatin Ratio  m endurance
1:10 0.45 300

1:20 0.46 300

1:30 0.48 300

1:40 0.51 300

chitosan: gelatine ratio is shown in (Table 5) and (Figure b). It was
observed that low concentration of gelatine has higher absorption
capacity as compared to higher concentration. All formulations
have similar values of folding endurance as well as thickness.
Lower and higher ratios of chitosan: gelatine was further selected
for optimization of concentration of crosslinking agent.

Optimization of crosslinking agent

Formaldehyde was utilised for crosslinking of chitosan: gelatin
film. Since, formaldehyde has greater access to lysine or to
other reactive groups such as Cys and Hys present in gelatine
molecule, it can result in an increase in the degree of crosslinking.
The optimization of concentration of crosslinking agent was
performed on the basis of percent water absorption (Figure c)
and in vitro biodegradation behaviour (Figure 9). It was noted
that a decrease in the quantity of crosslinking agent resulted
in an increase in the percentage of water absorption. This
phenomenon occurs because a lower amount of crosslinking
agent reduces the molecular chain crosslinking density within
chitosan-gelatin. Consequently, the chain network structure of
the hydrogel molecule becomes loosely bound, creating more
free space and leading to an enhanced water absorption capacity.
Additionally, robust hydrophilic interactions between -OH,
-COOH and -NH, groups contribute to the film's ability to
retain a substantial amount of water, maintaining a higher degree
of equilibrium swelling. Nevertheless, with an increase in the
quantity of crosslinking agent, the crosslinking density of the film
rises, resulting in a reduction of the network structure and grid.
Consequently, the permeability of molecular water through the
pore channels decreases leading to a decrease in the equilibrium
swelling degree. However, a higher amount of crosslinking agent
contributes to increased film rigidity, causing a loss of flexibility
in its application. As per previous reports, 0.01% of formaldehyde
is required for complete crosslinking of gelatine in formulation
reducing the possibility of presence of free formaldehyde in
formulation. Thus, this concentration was selected for in vivo
studies.*!

In vitro biodegradation

Comparative biodegradation results of formulation with low
(1:10) and high ratio of chitosan: gelatine ratio with and without
formaldehyde are shown in (Figure 7). Results indicated complete
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% water absorption

1hr 2 hr 3 hr 24 hr
356.6 528.2 620.0 1257.6
351.0 422.6 504.8 931.4
347.7 411.8 518.6 840.3
399.2 532.0 720.9 1163.4

biodegradation of uncross linked film within 2h, whereas
increasing the concentration of crosslinking agent retarded the
degradation rate of film from approximately 40 to 80 hr. There
was no much change in biodegradation of films at 1:10 and 1:40
ratio of chitosan: gelatin in formulation, so ratio of 1:10 was used
for further studies.

FZ CH-NP loaded films using 1:10 chitosan: gelatine ratio, 5%
glycerine as plasticizer and 0.01, 0.02 and 0.03% of formaldehyde
as crosslinking agent were evaluated for drug content and drug
release and compared with films containing pure drug without
NP (Figure 8). The content of the films was in the range of 94.11%
t0 96.33% of the theoretical concentration, with relative standard
deviations ranged from 0.94% to 1.451% which indicated the
content uniformity throughout the film. The drug release indicated
sustained release behaviour from NP preparation compared to
burst release from FZ films without NP. The drug release from FZ
films without NP was 93.9+1.4% in 6 hr of dissolution whereas
FZ release from CH-NP loaded films cross-linked with 0.01%,
0.02% and 0.03% formaldehyde was 93.2+1.2, 90.9+1.1 and
86.1+1.0% respectively. This data was fitted to various dissolution
models to find out the mechanism of drug release. The highest
values of correlation coeflicient suggested Higuchi matrix as
the best fit model (n value of K-P model as 0.5). Thus, the drug
release in these formulations was governed by the drug diffusion
through film matrix. From the above observations it was inferred
that as fluconazole has moderate solubility, the drug release from
composite film was not dependent on biodegradation of film and
was completely controlled by diffusion across the film matrix.

Antifungal activity of composite film

The antifungal activity of FZ alone, FZ film and FZ CH-NP
loaded film were carried out by time kill method using Candida
albicans and results were compared with that of control without
treatment. The control group after 2 and 6 hr showed dense
growth as shown in Figure 9. Samples of FZ alone, FZ film and FZ
CH-NP loaded film did not show any colonies after 2 hr as well
as 6 hr indicating complete inhibition i.e. 6 log, reduction of C.
albicans. This indicates antifungal efficacy of developed films and
release of drug above its minimum inhibitory concentrations.
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Figure 9: a. Control (Contact time: 2 hr), b: Observationsafter 2 hr A) Drug loaded film, B) FZ solution, C) FZ CH-NP film and D) FZ CH-NP, c: Observations
after 6 hr A) Drug loaded film, B) FZ solution, C) FZ CH-NP film and D) FZ CH-NP.
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In vivo biodegradation study

Preclinical studies were performed to check in vivo biodegradation
of prepared implant and its acute toxicity studies in wistar rats.
Formulations were implanted by making deep incisions at thigh
region of rats and observed for biodegradation after opening
operating site after 2, 5, 7, 14 and 21 days of implantation and

observing visually for presence of implant. The observations are
indicated in Table 6 and Figure 10. It was observed that uncross
linked implant showed complete biodegradation within 3-4 days
whereas crosslinked implant [0.01% formaldehyde] showed the
complete biodegradation within 7 days of implantation. This is in

contrast to in vitro biodegradation study, where the degradation

Table 6: In vivo biodegradation of Implant.

Groups (n=5)

3 days 5 days
Group 1: (Control group)
Group 2: Film (Uncross Y Y
Linked-Placebo)
Group 3: Crosslinked-Plain N N
Drug loaded film
Group 4: N N
Crosslinked-Nanoparticle
loaded film

[a]

Deep incision made in thigh region of rat

For crosslinked implant. after
3 davs of implantaton, smmall
piece of implant was observed
which was stuck o lecal
tissues

utring of implant site

Piece removed from
implantation site

Degradation time

7 days 14 days 21 days
No films were inserted

Y Y Y

Y Y Y

Y Y Y

Figure 10: a. Procedure for implantation. b: Observations after implantation. c: Complete biodegradation of implant after 7 days.
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Figure-A

Figure-B

Figure 11: A and B: Histopathology of implant.

of crosslinked film was complete within the period of 1.5 to 3
days. This could be attributed to lower volume of fluid available in

vivo in rodents for dissolution and degradation of film.

Microscopic examination of tissue of normal control group
showed normal histology of musculature and the lesion
revealed pathological significance (Figure 11). Histopathological
examination of group treated with film also indicated normal
muscle histology with no acute toxicity to muscle; hence the
formulated nanoparticle loaded antifungal films were indicated
as safe.

CONCLUSION

In this present study, we successfully developed fluconazole
loaded chitosan nanoparticles with desirable entrapment
efficiency, particle size and sustained drug release. FZ
Nanoparticles were incorporated in gelatine and chitosan
composite films and optimized for chitosan: gelatine ratio of 1:10,
plasticizer concentration of 5% and crosslinker (formaldehyde)
concentration as 0.01%. In vitro studied demonstrated sustained
release of drug with potent in vitro antifungal activity and in vitro
biodegradation within 3 days. The in vivo biodegradation studies
of implant in rats showed complete degradation of film within 7
days of implantation. Histopathology studies revealed no acute
toxicity of implanted formulation. Thus, Fluconazole based
chitosan nanoparticle loaded composite films could serve as a
potential approach to prevent fungal infections acquired during

surgery.
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