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ABSTRACT

The purpose of the present study is to prepare xanthan films reinforced with 
nanocellulose and to evaluate them for drug delivery applications using flucon-
azole as the model drug. The preparation of films by solvent casting method 
was optimized using a central composite design. It was observed that increas-
ing the concentration of nanocellulose and polyethylene glycol 4000 increases 
the tensile strength and delays the release of fluconazole from xanthan gum 
films. The optimal formulation was composed of nanocellulose (100 mg), poly-
ethylene glycol 4000 (50 mg), and xanthan gum (100 mg) which exhibited the 
tensile strength of 4220 mN and 100% release of the drug over 24 h. The film 
had a fibrous surface. The film released fluconazole by zero-order kinetics by 
super case II transport mechanism. It can be concluded based on the present 
study that reinforcement of nanocellulose in xanthan gum films improves their 
tensile strength and imparts sustained release character.

Keywords: fluconazole, nanocellulose, film, xanthan gum, sustained drug 
delivery 
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INTRODUCTION

Xanthan gum is an extracellular microbial heteropolysaccharide produced by the 
bacterium Xanthomonas campestris. It is composed of dual pentameric units 
including two glucose units, two mannose units, and a glucuronic acid in the ra-
tio of 2.8:2.0:2.01,2. Xanthan gum is a high molecular weight long-chain polysac-
charide with functional groups3-5. Due to its special rheological properties, it has 
been widely used as stabilizing, suspending, thickening, and emulsifying agent in 
various industries. Xanthan gum is also used in film formation with appropriate 
gloss6. Various researchers have focused on preparing the xanthan gum-based 
composite films using sodium alginate, carrageenan, gum Arabic, polyvinyl alco-
hol, pullulan, and hydroxypropyl methylcellulose6-9. Xanthan gum-based film for-
mulations have been employed for a number of applications such as mucoadhe-
sive buccal film10,11, buccal patch2, orodispersible film12, mouth dissolving films13, 
transdermal patch14, dermal dressings15, and as antibacterial film1.

Nanocellulose is defined as the nano-scaled cellulosic material having a di-
ameter in the range of 1-100 nm. Depending upon the method of synthesis, 
source, dimension, composition, and properties, the nanocellulose is referred 
to as cellulose nanofibers, bacterial cellulose, and cellulose nanocrystals16,17. A 
great number of reported articles show that nanocellulose-reinforced polymer-
ic composite films have a lot of properties like design flexibility, tolerability, 
high mechanical strength of the film, and easy processing which makes these 
composites highly usable in food packaging, automotive, biotechnological, and 
pharmaceutical industries18-23. As per earlier reports nanocellulose, as rein-
forcing agent in the starch-based composites provided the high aspect ratio, 
improved mechanical properties, and high Young’s modulus24,25. Most of the 
studies of nanocellulose reinforced chitosan films, emphasized on enhance-
ment of mechanical properties and preservation of the antibacterial property 
of the films26,27. It is also reported that when alginate-based films were rein-
forced with nanocellulose, the tensile strength, and thermal stability were in-
creased while water vapor permeability was decreased28. Gelatin films with na-
nocellulose reinforcement showed an improvement in mechanical properties 
as well as oxygen gas barrier properties29. The incorporation of nanocellulose 
in polyvinyl alcohol-based composite films much improved the barrier proper-
ties and mechanical strength of the films30,31. In one of the research projects, 
nanocellulose reinforcement in polyvinyl alcohol film exhibited outstanding 
UV-blocking property32. Some crystalline nanocellulose products have also 
shown sustained drug release behaviour16. Xanthan gum and nanocellulose are 
reported to possess mucoadhesive properties10,20,23.
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Nanocellulose-reinforced xanthan gum film may be potentially useful as food 
packaging material, UV-blocking film, antimicrobial film, transdermal patch, 
mucoadhesive buccal or vaginal film, buccal patch, and dermal dressing. To the 
best of our comprehension, no report has been made on the nanocellulose-re-
inforced xanthan gum film. Therefore, the purpose of this study was to observe 
the changes in the physicochemical characteristics and release behaviour of 
xanthan gum by reinforcing with nanocellulose using fluconazole as the model 
drug. The two-factor three-level central composite experimental design was 
employed to obtain the optimized batch of film. The prepared polymeric films 
were characterized further utilizing many characterization techniques such as 
thickness, tensile strength, surface pH, swelling capability, Fourier transform-
infrared spectroscopy (FT-IR), X-ray diffraction (XRD), scanning electron mi-
croscopy (SEM), and in vitro drug release study for drug delivery applications.   

METHODOLOGY

Materials

Rice nanocellulose (α-cellulose = 91.78%, mol. wt. = 1.16 x 107 g/mol, particle 
size = 441.7 nm) was isolated from rice straw as per the previously reported liter-
ature and used for the present study33. Fluconazole was received as a gift sample 
from Hetero Drugs Ltd. (Hyderabad, India). Xanthan gum, sodium hydroxide, 
and glacial acetic acid were purchased from Sisco Research Laboratories Pvt. 
Ltd. (Maharashtra, India). Sodium hypochlorite was obtained from Loba Che-
mie Pvt. Ltd. (Mumbai, India). Polyethylene glycol 4000 (PEG) was procured 
from Thomas Baker (Chemicals) Pvt. Ltd. (Mumbai, India). Disodium hydrogen 
orthophosphate and sodium dihydrogen orthophosphate were purchased from 
High Purity Laboratory Chemicals Pvt. Ltd. (Mumbai, India). Glycerine and ox-
alic acid were procured from Central Drug House Pvt. Ltd. (Delhi, India).

Extraction of rice nanocellulose

Initially, rice straws were collected from agricultural land and washed proper-
ly using water to remove dirt and other impurities. The extraction process of 
nanocellulose consists of three steps. In the first step, 10 g of rice straws were 
taken and cut into small pieces. The pieces of straws were placed into a 1000 mL 
beaker and then treated with sodium hydroxide solution (5% w/v) for 6 h un-
der mechanical stirring. The slurry was filtered and washed with distilled water. 
The washing step was repeated five times for the complete removal of lignin and 
hemicellulose. In the next step, the rice pulp was treated with 10 mL of sodium 
hypochlorite and 1 mL of glacial acetic acid under mechanical stirring for 6 h, 
followed by washing with distilled water. This step was repeated till the pulp be-
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came white in color. In the last step, the obtained white pulp was treated with 5 g 
of oxalic acid and stirred continuously for the time interval of 6 h. Thus, the ob-
tained nanocellulose was washed with distilled water for 2 to 3 times to remove 
any other chemical impurities and subjected to deep freezing at -40 ºC for dry-
ing. The dried nanocellulose was stored in an airtight container for further use33.

Preparation of fluconazole-loaded xanthan-nanocellulose film 

The fluconazole-loaded polymeric film was prepared by employing the solvent 
casting method. Initially, a definite amount of xanthan gum was weighed and 
swelled in distilled water for 24 h. In an aqueous solution of fluconazole, a 
pre-weighed quantity of nanocellulose and PEG was added and stirred up to 
4 h. Then, the nanocellulose dispersion was mixed with swelled xanthan gum 
and stirred continuously for 2 h. The prepared fluconazole-loaded xanthan-
nanocellulose solution was poured into a Petri dish and dried in a hot air oven 
at 50 ºC for 36 h. The obtained fluconazole-loaded xanthan-nanocellulose film 
(XNF) was stored in a desiccator for further characterization and evaluation. 
For comparative evaluation, native fluconazole-loaded xanthan film (XF) and 
fluconazole-loaded nanocellulose film (NF) were also prepared.

Experimental design

A two-factor, three-level central composite experimental design was applied to 
examine the effect of different parameters in preparation for appropriate formu-
lation by using Design Expert Software (trial version 11.0.0, Stat-Ease Inc., Min-
neapolis, MN). The amount of nanocellulose (25-100 mg, X1) and amount of PEG 
(15-50 mg, X2) were selected as independent variables whereas, tensile strength 
(Y1) and in vitro release (Y2) were taken as response variables. Thirteen batches 
were prepared as per the software and entries of independent variables were cod-
ed as low (-1), medium (0), and high (+1). Analysis of variance (ANOVA) was used 
to determine the R2 value (coefficient of determination), adjusted R2 value, pre-
dicted R2 value, adequate precision, coefficient of variance, and lack of fit values. 

Characterizations of film
Physicochemical properties
Percent moisture content

To calculate the percentage of moisture absorbed by the formulation, the pre-
cise weight of a dried film was measured (W0). The pre-weighed film was intro-
duced into a chamber with a constant relative humidity of 75% at a tempera-
ture of 40 °C, where it remained for a period of 72 h34. Then the weight of the 
film was calculated again (Wt). Then, the percentage of moisture content was 
determined using the following equation 1:
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W
o

% Moisture content = x 100 (1)
Wt-Wo

Average weight

Three pieces of the film (2 cm × 2 cm) were cut and weighed individually using 
a digital weighing balance. The average weight was calculated and expressed as 
mean ± standard deviation.

Film thickness 

The thickness of the film is the important parameter that ensures the content 
uniformity of the prepared film. The thickness was measured at different edges 
by using Vernier Caliper (YAMAYO® Classic, Japan) and the average thickness 
was calculated35.

Tensile strength

The tensile strength measures the maximum force applied to the point at which 
the film breaks. The film (2×2 cm2) was taken and hung between two clamps 
attached with a hardness tester (VG-500, Vin Syst Technologies, India), and 
load or force was applied at the lower end. The force was noted at which the 
film broke. This test was performed three times for accurate results and an 
average reading was noted. 

Surface pH

The pH of the surface was identified by selecting the random sections of films (1 
cm2) and allowing them to swell in 5 mL of distilled water. Then the pH was meas-
ured by using a digital pH meter (pH Testr 10, Eutech Instruments, Singapore)36.

Swelling study

The swelling property of XF, NF, and XNF was determined in distilled water, 
HCl buffer (pH 1.2), and phosphate buffer (pH 6.8)37. The prepared films were 
cut into small pieces, weighed (W1), and placed individually into solvent-con-
taining Petri dishes. The weights of swelled films (W2) were measured at differ-
ent time intervals by removing excess surface liquid with the help of tissue pa-
per and the swelling percentage was calculated using the following equation 2:

 

W1

Swelling % = x 100 (2)
W2-W1
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Fourier-Transform Infrared Spectroscopy (FT-IR)

The FT-IR spectra of fluconazole, XF, NF, and XNF were estimated using an 
FT-IR spectrophotometer (Spectrum Two, PerkinElmer Spectrum®, US) for 
the detection of the functional groups in the prepared film. The sample was 
mixed with potassium bromide with the help of a mortar and pestle. The pellet 
was prepared by direct compression using an IR hydraulic press at the pres-
sure of 50 kg/cm2 (IR Hydraulic Press CAP-15T, PCI Analytics, Mumbai, In-
dia). The IR spectrum was recorded in the range of 4000-400 cm-1. 

X-Ray Diffraction (XRD)

XRD is used to determine the nature of a solid whether it is crystalline, amor-
phous, or semicrystalline. XRD of fluconazole, XF, NF, and XNF were investi-
gated by using different kinds of radiations (Cu, Kα, Kβ) at room temperature 
(25 ºC) by using an XRD instrument (Miniflex 600, Rigaku Corporation, To-
kyo, Japan). The XRD pattern was analyzed at a range of scattering angle 2θ 
(10º to 80º) at a speed of 2º/min. 

Scanning Electron Microscopy (SEM)

SEM was used for the determination of the surface topography and morphol-
ogy of the film. XNF was coated with gold in a sputter coater (DII-29030SCTR, 
Smart Coater, JEOL, USA) to suppress the charging effects in an electron mi-
croscope. The micrographs of the film were captured at different magnifica-
tions (100X, 500X, 5000X, and 10000X) in JSM-7610FPLUS, JEOL, Japan.

Drug content (%)

An accurately weighed amount of film (25 mg) was dissolved in 25 mL of dis-
tilled water, followed by filtration. The filtrate was diluted appropriately and 
the drug content in the filtrate was determined by measuring the absorbance 
in a UV spectrophotometer at λmax 260 nm33,38. 

In vitro release study

The in vitro release study of fluconazole was performed by using a paddle-type 
apparatus (USP Type II). A weighed amount of film (50 mg) was placed at the 
bottom of beakers separately and covered with wire mesh of stainless steel to 
avoid film floating at the dissolution surface. A definite amount of phosphate 
buffer (pH 6.8, 900 mL) was taken as the dissolution medium, and the temper-
ature was maintained at 37 ± 0.5 ºC with a dissolution speed of 50 rpm for 24 
h. An aliquot of 5 mL was withdrawn at different time intervals and replaced 
with a fresh dissolution medium to maintain the sink condition. The collected 
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samples were analyzed using a UV spectrophotometer (USP-Ⅱ, TDI-08L, Elec-
trolab, Mumbai, India) at a wavelength of 260 nm, absorbance was noted and 
the cumulative percentage of drug release was calculated. The release data was 
fitted into four different drug release kinetic models i.e., zero-order (% cumula-
tive release vs time), first-order [log(100-% cumulative release) vs time], Higu-
chi model (% cumulative release vs square root time), and Korsmeyer Peppas 
model (log % cumulative release vs log time). Further, the obtained equation of 
the plots and the value of the coefficient of determination (R2) were compared.

RESULTS and DISCUSSION

Preparation of fluconazole-loaded xanthan-nanocellulose film 

In this study, the isolated nanocellulose and xanthan gum were utilized further 
to develop a sustained-release film of fluconazole. As per the earlier literature, 
cellulose has been widely used in drug delivery applications due to its various 
properties like biocompatibility, biodegradability, hydrophilicity, rheological 
properties, and high mechanical strength. Various cellulose derivatives such 
as cellulose ethers (methylcellulose, hydroxypropyl methyl cellulose, and ethyl 
cellulose) and nanocellulose are being used as strengthening or reinforcing 
agents in different studies. However, cellulose ethers are chemically modified 
cellulose while nanocellulose is nano-sized cellulose free from lignin and hemi-
cellulose16. The literature also shows that the presence of hydrogen bonds in 
nanocellulose enhances the material stiffness and postpones the initiation and 
evolution of damage with a somewhat reduction in the brittleness of the poly-
mer33. In the earlier reports, rice nanocellulose was evaluated for the in-vitro 
cytotoxicity property by using HeLa and SiHa cell lines and results showed 
100% cell viability of HeLa and SiHa cells revealing the non-cytotoxicity of rice 
nanocellulose39. In this study, the polymeric films were prepared by employing 
the solvent casting method. In the xanthan gum film, extracted nanocellulose 
was utilized as reinforcing material, and PEG and fluconazole were used as a 
plasticizer and antifungal model drug respectively. The films were prepared by 
drying at 50 ºC, as the films do not dry properly at low temperature. Moreo-
ver, it is also mentioned in the literature that drying of nanocellulose-based 
composite films at high temperature (50-100 ºC) improves the tensile strength 
of the films as compared to the films dried at low temperatures40.  The ex-
perimental design was also implemented for getting an optimized batch of the 
XNF. XF and NF were also prepared by the same process for the comparative 
study. The diagrammatic representation of the preparation of XNF has been 
shown in Figure 1.
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Figure 1. Schematic representation of preparation of fluconazole-loaded 
xanthan-nanocellulose film

Experimental design

The preliminary trials suggested that the concentration of nanocellulose and 
PEG highly influenced the drug release property and tensile strength of the 
composite film. Therefore, in this study, the amount of nanocellulose and 
PEG were taken as independent variables while drug release (%) and tensile 
strength (mN) were taken as dependent variables. Table 1 shows the responses 
obtained from thirteen trial runs generated by the two-factor three-level cen-
tral composite experimental design.
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Table 1. Experimental values of the tensile strength (mN) and cumulative drug release (%) of 
XNF

Formulations X1 (mg) X2 (mg) Y1 (mN) Y2 (%)

F1 25 15 1100 79.27

F2 25 32.5 1330 76.6

F3 25 50 2100 72.73

F4 62.5 15 2200 63.79

F5 62.5 32.5 2800 57.82

F6 62.5 50 2860 59.46

F7 100 15 2330 50.74

F8 100 32.5 3230 53.7

F9 100 50 4580 46.76

F10 62.5 32.5 2360 57.5

F11 62.5 32.5 2430 59.77

F12 62.5 32.5 2400 58.84

F13 62.5 32.5 2700 65.39

X1-amount of nanocellulose, X2- amount of PEG, Y1-tensile strength (mN), Y2-
cumulative drug release (%)

The responses were fitted into multiple polynomial models using Design Ex-
pert® software. It was found that response Y1 (tensile strength) was best fitted 
into the two-factor interaction (2FI) model while response Y2 (% release) was 
best fitted into the quadratic model without transformation. Equations 3 and 
4 showed the relationship between independent variables and response vari-
ables.

Y1 = 60.72 - 12.40X1 - 2.98X2 - 0.1125X1X2 + 3.26X2

Y2 = 2493.85 + 935.00X1 + 651.76X2 + 312.50X1X2

Table 2 represents the ANOVA results which indicate that polynomial models 
are significant with a ‘non-significant’ lack of fit. The R2 values of both mod-
els were found more than 0.9, depicting the better quality of models, and the 
difference between adjusted and predicted R2 values was found less than 0.2, 
showing the reasonable difference between actual and predicted values.
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Table 2. ANOVA results

Response 
factor

Model Lack of fit

R2 Adjusted 
R2

Predicted 
R2

Adequate 
precision C.V.% F-value p-value

Y1 0.9342 0.9122 0.8105 22.5994 10.15 2.1300 0.2414

Y2 0.9546 0.9221 0.8547 17.2934 04.22 0.4772 0.7152

Figure 2 (a) and (b) showed the effect of nanocellulose and PEG on tensile 
strength and % drug release. As shown in Figure 2a, an increase in tensile 
strength was observed by increasing the concentration of nanocellulose and 
PEG. However, the cumulative drug release of formulation decreases as the 
amount of nanocellulose and PEG increases as depicted in Figure 2b. This may 
be due to the high surface area and porous nature of nanocellulose25.

(a) (b)        

Figure 2. Response surface plots showing the combined effect of the amount of 
nanocellulose and PEG on (a) tensile strength and (b) % release.

The numerical optimization tool suggested the optimal concentration of 
nanocellulose and PEG to formulate an optimized batch of XNF (batch F9). 
The optimized batch of XNF containing nanocellulose (100 mg), PEG (50 
mg), xanthan gum (100 mg), and fluconazole (30 mg) releases the fluconazole 
(46.76%) in a sustained manner (12 h) with high tensile strength (4580 mN). 
The batches of XF (xanthan gum – 100 mg, PEG – 50 mg, fluconazole – 30 mg) 
and NF (nanocellulose – 100 mg, PEG – 50 mg, fluconazole – 30 mg) were also 
prepared for comparative analysis and further characterized. 

Characterization of films

Various physicochemical, structural, and mechanical characterization studies 
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of XF, NF, and XNF such as thickness, tensile strength, surface pH, swelling 
index, drug content, and in vitro release of films were performed for drug de-
livery applications. 

Physicochemical characterizations

The results of physicochemical characterizations of XF, NF, and XNF are giv-
en in Table 3. As shown in Table 3, no significant difference was observed in 
terms of weight uniformity, thickness, and surface pH. The % moisture content 
of XF, NF, and XNF was calculated to be 10 ± 1.5%, 1 ± 0.4%, and 2 ± 0.7% 
respectively, indicating that reinforcing the xanthan film with nanocellulose 
reduces the moisture absorption. The average weight of XF, NF, and XNF was 
found to be in range of 48.9-51.2 mg. The thickness of XF, NF, and XNF was 
found in the range of 2.12-2.68 mm whereas the surface pH of the polymeric 
film was found in the range of 6.7-7.0. However, the tensile strength of the na-
nocellulose-reinforced polymeric film was found more than six-fold in contrast 
to native xanthan and nanocellulose films which revealed the high mechanical 
strength of XNF due to the incorporation of nanocellulose. 

Table 3. Physiochemical characterization of films

Batch Moisture 
content (%)  

Average 
weight (mg)

Thickness 
(mm)

Tensile 
strength 

(mN)

Surface 
pH

XF 10 ± 1.5 51.2±1.5 2.44±0.2 700±10.1 6.7±0.2

NF 01 ± 0.4 48.9±0.4 2.12±0.1 230±4.5 7.0±0.1

XNF 02 ± 0.7 50.3±0.6 2.68±0.2 4220±15.7 6.9±0.2

Figure 3 (a-c) shows the results of a swelling study of XF, NF, and XNF in 0.1 
N HCl (1.2 pH), phosphate buffer solution (6.8 pH), and distilled water. The 
XF showed faster swelling in water (1 h) and 0.1 N HCl (2 h) with swelling in 
the range of 3300-3400% and then started to erode while in phosphate buffer 
pH 6.8, film swelled continuously up to 7 h with swelling of 2800% and then 
remained constant up to 20 h. After 20 h, XF started to erode in the phosphate 
buffer. Film erosion may be due to the hydrophilic property of both xanthan 
gum and nanocellulose which tends to dissolve or disperse in the swelling me-
dium41. The swelling pattern of NF was found to be similar to XF, with a high 
percent swelling in water and 0.1 N HCl than phosphate buffer pH 6.8. In water 
and 0.1 N HCl film swelled up to 2 h and then started to erode but in buffer so-
lution film swelled up to 10 h and then became constant. XNF swelling pattern 
was similar in all media -water, 0.1 N HCl, and buffer solution with swelling up 
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to 1h followed by a slight drop in swelling up to 3 h and then remained stable 
up to 24 h. The swelling percentage of XNF was higher in water as compared to 
0.1 N HCl and buffer solution. Further, it can be observed that reinforcing the 
xanthan films with nanocellulose limited their erosion.

(a)

(b)
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(c)

Figure 3. Swelling property of (a) XF, (b) NF, and (c) XNF in distilled water, HCl, and phosphate buffer

FT-IR

The FT-IR spectra of fluconazole, XF, NF, and XNF have been shown in Figure 
4. Fluconazole shows an absorption band at 3444.16 cm-1 due to O-H stretch-
ing vibrations. Peaks at 1621.29 cm-1 and 1515.77 cm-1 occurred due to the C=C 
stretching. The sharp peaks at 1503.48 cm-1 and 1418.55 cm-1 represented the 
triazole ring stretching. Peaks at 1272.93 cm-1, 1138.68 cm-1 and 1074.82 cm-1 
exhibited the C-F stretch, triazole ring stretch, and ring bending mode of flu-
conazole respectively. The peak at 1020.18 cm-1 indicated the presence of a C-H 
aromatic ring. The peaks at 967.66 cm-1 and 846.59 cm-1 depicted the C-H of the 
triazole ring present in fluconazole33. FT-IR spectrum of XNF showed a char-
acteristic peak at 3447.77cm-1 which represents the O-H stretching. The peaks 
at 1640.15 cm-1, 1566.39 cm-1, and 1415.05 cm-1 occurred due to C=O stretching 
of the carboxylate group, C=O of enols, and –COO stretch respectively. These 
peaks are also present in XF and NF spectra with slight differences in the peak 
positions. The peak shown at 1021.18 cm-1 at the low depth indicated that flu-
conazole was incorporated with xanthan gum. A peak at 643.92 cm-1 is also as-
sociated with -COO stretch33,42,43. The spectrum of XNF confirms the presence 
of fluconazole and reinforcement with rice nanocellulose.
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(a)

(b)
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(c)

(d)

Figure 4. FT-IR spectrum of (a) Fluconazole, (b) XF, (c) NF, and (d) XNF
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XRD

The X-ray diffractogram of fluconazole, XF, NF and XNF has been shown in 
Figure 5. Fluconazole diffractogram depicted the intense peaks at 2θ values of 
10.08º, 13.68, 16.66º, 20.10º, 21.18º, 25.72º, 29.36 and 27.5º indicating the 
crystalline nature of fluconazole. The diffractogram of XF showed sharp peaks 
at 2θ values of 20.02º, 31.62º, and 45.44º and NF exhibited sharp peaks at 
16.58º and 22.56º representing that both XF and NF are amorphous in nature. 
XNF diffractogram presented the peaks at 2θ values of 17.6º, 18.5º, and 22.5º 
revealing the amorphous nature of the film. Hence, it can be seen that the dif-
fractograms of XF, NF and XNF are showing the amorphous nature and there 
is no significant difference in their diffraction patterns.

(a)
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(b)

(c)
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(d)

Figure 5. XRD diffractogram of (a) Fluconazole, (b) XF, (c) NF and (d) XNF

SEM

The scanning electron micrograph of an optimized batch of XNF was captured 
at 200x. As shown in Figure 6, the fibrous surface of XNF was observed. The 
cylindrical-shaped nanocellulose fibers embedded in the xanthan gum film 
were present on the surface of the polymeric film. 
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Figure 6. SEM image of XNF

In vitro release study

Initially, the amount of fluconazole drug present in the film was estimated by 
measuring absorbance using a UV spectrophotometer at wavelength 260 nm. 
The drug content was calculated and found to be 97.83%, 99.14%, and 102.89% 
of XF, NF, and XNF respectively. Then, the in-vitro release of fluconazole from 
XF, NF, and XNF was performed up to 24 h in phosphate buffer at pH 6.8. 
The plot of cumulative release (%) vs time (h) of XF, NF, and XNF is shown in 
Figure 7. It can be observed that almost all of the fluconazole was released from 
NF in 8 h, while it took 16 h to release 100% of fluconazole from XF. On the 
other hand, nanocellulose-reinforced XNF could sustain the release for up to 
24 h. It can be concluded that after the reinforcement of nanocellulose in xan-
than gum, the release of fluconazole was more sustained compared to native 
xanthan gum film. The in vitro release data of XF, NF, and XNF was also fitted 
into various kinetics models to recognize the release mechanism of fluconazole 
(Table 4). The kinetic data analysis of XF, NF, and XNF revealed that the re-
lease of fluconazole from XF and NF follows the Higuchi model while XNF fol-
lows the zero-order kinetics44. The Higuchi model describes the release of less 
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soluble or very soluble drugs from a solid matrix system through the porosity 
of the matrix. In the case of XNF, due to its high tensile strength, XNF showed 
a delay in disintegration and resulted in a very slow drug release. When the 
release is time-dependent and concentration-independent it means zero-order 
kinetics has been followed by the formulation. This drug release method is 
ideal for achieving prolonged pharmacological action. The release exponent, 
‘n’ values of the Korsmeyer-Peppas model indicated that the mechanism of 
drug release for both XF and NF (0.5<n<0.89) is anomalous transport while 
release from XNF (n > 1) represents super case II transport45-47. Anomalous 
transport shows that mechanism of drug release is controlled by swelling and 
diffusion while super case II transport represents the diffusion and relaxation 
of polymer chains48.

Figure 7. In-vitro drug release profile of XF, NF, and XNF

Table 4. Data of kinetic models

Sr. 
No. Batch Zero-order

(R2)
First-order

(R2)
Higuchi 

(R2)

Korsmeyer-Peppas 

(R2) n

1. XF 0.9514 0.8281 0.9623 0.9843 0.7061

2. NF 0.8118 0.9268 0.9611 0.9284 0.6736

3. XNF 0.9908 0.9336 0.963 0.982 1.3368
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In this study, fluconazole-loaded nanocellulose-reinforced xanthan film was 
prepared by solvent casting method using nanocellulose as a reinforcing agent, 
xanthan gum as film-forming polymer, PEG as a plasticizer, and fluconazole 
as a model drug. The optimization technique, a two-factor three-level central 
composite experimental design was employed to find out the optimized formu-
lation of the film. Thirteen batches of films were prepared and evaluated for 
their physical and chemical characteristics. The obtained results revealed that 
all prepared films had sufficient tensile strength with sustained drug-release 
properties. The optimized batch (nanocellulose = 100 mg, xanthan gum = 100 
mg, PEG = 50 mg, and fluconazole = 30 mg) was selected as the best formula-
tion, and it was further characterized. FT-IR study revealed that no interac-
tion takes place between the drug and other excipients while the XRD study 
confirmed the amorphous nature of the film. The in vitro dissolution study 
showed a fluconazole release of 100% in 24 h. Xanthan gum and nanocellu-
lose possess mucoadhesive properties. Based on the findings of the present 
study, it can be concluded that reinforcement of xanthan film with nanocel-
lulose improves the mechanical strength and prolongs the in-vitro release of 
the drug. However, further ex-vivo and in-vivo studies are needed to explore 
the potential of fluconazole-loaded nanocellulose-reinforced xanthan films for 
mucoadhesive or topical drug delivery applications.
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