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Abstract

Infectious diseases caused by resistant bacteria have been investigated by

several researchers recently. Ofloxacin is a quinolone antibiotic used against

resistant microorganisms and in different routes of administration. Transder-

mal drug delivery is used to reduce drug toxicity, avoid first-pass metabolism,

and reduce fluctuations in drug concentration in the body. Ofloxacin was for-

mulated in a transdermal polymeric formula using hydroxypropyl methyl cel-

lulose (HPMC) and chitosan at different ratios in the presence of palmitic

acid as a permeation enhancer. Physical characterization, drug release and

diffusion, drug matrix association, and antimicrobial assay have been investi-

gated using different techniques including HPLC, fourier-transform infrared

spectroscopy (FTIR), Franz cells diffusion, and UV spectroscopy. Ofloxacin

release was successfully accomplished in many polymeric formulas contain-

ing a high ratio of HPMC with a maximum drug release of 53%. Formulas

selected for antimicrobial assay indicate that sustained release patches have

successfully inhibited microbial and biofilm growth with a percentage inhibi-

tion of more than 90%. In conclusion, antibiotics can be formulated in trans-

dermal polymeric film to target skin infection and reduce drug toxicity and

avoid drug first metabolism for drugs reaching systemic circulation which

has a direct influence on drug activity.
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1 | INTRODUCTION

Recently many efforts have been done by many
pharmaceutical-related companies and labs in developing
different dosage forms to overcome bacterial infections
that have cost millions of lives over the past 10 years.1

The biofilm layer formed by biofilm-forming bacteria has
increased antibiotic resistance hundreds of times higher
than regular floating bacteria.2,3 Thus, many researchers
have tried to formulate antimicrobial agents in different
dosage forms to increase the contact of antibiotics and to
sustain its release for more activity.4 Unfortunately, not
all formulated antibiotics were able to exert long and sus-
tained acting behavior that prevents bacterial growth in
addition to be suitable for all patients.5–8

Polymeric film systems are a film containing a drug
applied to the skin directly either to target a skin disease,
to avoid first-pass metabolism and/or avoid possibly serious
side effects by preventing fluctuation of drug levels.9 Two
parameters are playing a vital role in drug administration
from a transdermal film; the distribution of the drug in film
matrix and the permeation enhancer used to enhance the
drug diffusability through the skin.10 Ofloxacin is a quino-
lone antibiotic having broad spectrum activity acting via
inhibiting DNA gyrase in bacteria and has the ability to be
given in different dosage forms.11 The severe side effects
associated with the long use of ofloxacin like ototoxicity,
nephrotoxicity, and neurotoxicity in addition to gastrointes-
tinal disturbance put the pharmaceutical industry under
pressure to formulate ofloxacin in a different formula.12

Hydroxypropyl methylcellulose (HPMC), and chitosan, are
naturally occurring polymers with interesting and impor-
tant roles in matrix films for different transdermal
patches.13 HPMC is a cellulose polymer and can carry
hydrophilic drugs and is used in different controlled-release
formulas.14 Chitosan is the second most important film
polymer after cellulose polymers due to its magnificent
functional and biological properties that suit pharmaceuti-
cal and biomedicine research and applications.15 The objec-
tive of this study is to find out which mixtures of HPMC
and chitosan will provide the longer drug release with bet-
ter drug diffusion through Franz cells without any effect
on the microbial activity.

2 | MATERIALS AND METHODS

2.1 | Materials

Ofloxacin powder 99.9% pure was obtained from MS
pharma pharmaceutical company, Amman, Jordan.
Acetonitrile HPLC grade was obtained from Sigma-
Aldrich chemical company, Bengaluru, India. Palmitic
acid, chitosan and HPMC were obtained from Sigma-

Aldrich, Poznzan, Poland. Biofilm-forming bacteria
Staphylococcus aureus ATCC 9144 and Pseudomonas
aeruginosa ATCC 15442 were obtained from American
Type Culture Collections (ATCC). Solvents used to pre-
pare the different formulas and in diffusion and release
apparatus like methanol, water and phosphate buffer
were obtained from Sigma-Aldrich, St. Louis, USA.

2.2 | Methods

2.2.1 | Polymeric film formation and drug
loading

The selected ratio of each polymer with a total amount of
900 mg was dissolved in 60 mL of 1:1 methanol and
water. Mixing was done using a magnetic starrier at 25�C
followed by the addition of 100 mg (10 wt/wt%) of ofloxa-
cin and 2 mL of palmitic acid as a permeation enhancer
then 5 h of mixing was done. The code used for each
sample is presented in Table 1. All prepared films were
placed in 1 L beakers with inner diameter of 10.03 cm
and left to dry under fume hood for 2 days.

2.2.2 | Polymeric film characterization

Film thickness
Film thickness was measured using a micrometer from
three different places on the sample and the average and
standard deviation were recorded.

Content uniformity
Content uniformity of each film was measured by cutting
three different 1 cm2 from each batch and dissolves the

TABLE 1 Code and composition of vancomycin hydrochloride

and polymers in each patch.

Formula
code

Drug
weight (mg)

Palmitic
acid (mL) HPMC% Chitosan%

A1 100 2 100 0

A2 100 2 90 10

A3 100 2 80 20

A4 100 2 70 30

A5 100 2 60 40

A6 100 2 50 50

A7 100 2 40 60

A8 100 2 30 70

A9 100 2 20 80

A10 100 2 0 100

Abbreviation: HPMC, hydroxypropyl methylcellulose.
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sample in 1 mL of methanol. Each sample was injecting
into an HPLC to calculate the concentration of ofloxacin.
The average concentration and standard deviation for
each formula have been calculated.

Moisture content
Three films from each formula containing drug were
placed in desiccator in the presence of sodium chloride
for 24 h. The weight of the films before and after
dessication was measured and the moisture content was
calculated as below. The average moisture content and
standard deviation were calculated for each formula.

%moisture content¼ initial weight� final weight
initial weight

�100%

2.2.3 | HPLC method

Content uniformity, drug diffusion, and drug release have
been analyzed on Shimadzu Prominence-i LC 2030C
HPLC instrument with an isocratic method. The
mobile phase was composed of phosphate buffer with a
pH of 7.4 and HPLC grade acetonitrile at a 50:50 ratio.
The column used was ACS C18 (3 mm, 5 cm) with a
flow rate of 600 μL/min at a temperature of 27�C. All
absorbance measurements were at 254 and 290 nm
wavelengths. All calibration curves had a correlation
coefficient >0.99.

2.2.4 | Drug release

A 1 cm2 of each polymeric film was taken from three dif-
ferent patches and placed in a 25 mL beaker containing
20 mL phosphate buffer with pH of 7.4. Magnetic stirrer
was very gentle to mimic human conditions. The beaker
was sampled to calculate the cumulative concentration at
the following intervals (5, 15, 30, 45, 60, 90, 120, 150,
180, 240, 900, and 1440 min). At each sampling interval,
1 mL sample was taken and 1 mL of fresh phosphate
buffer was added to maintain solution volume. The tem-
perature was maintained at 37�C.

2.2.5 | Drug diffusion

A 1 cm2 of each film was placed in diffusion-apparatus
over Franz cells membrane. The reservoir contains 20 mL
of phosphate buffer with a pH of 7.4 and sampling intervals
were similar to drug release profiling. Again, 1 mL of a
fresh phosphate buffer was added to the reservoir after

each sampling interval and the temperature was again
37�C. Samples were analyzed using HPLC.

2.2.6 | FTIR characterization

Infrared spectra were collected using a Bruker TENSOR
FTIR spectrometer with 32 scans within the wavenumber
range of 4000–400 cm�1 were obtained and averaged for
each sample. Three replicates were conducted for each
sample.

2.2.7 | Antimicrobial assay

AlamarBlue® assay plates were prepared by placing
1 cm2 of each transdermal batch over 1.5 mL of LB broth
preinoculated with the bacteria to give a final bacterial
concentration of 1 � 108 in each of the six-well plates.
Gentamicin solution was used as a positive standard.
The plates were incubated at 37�C in a shaking incubator
at a speed of 150 rpm for 24 h. A 150 μL volume of
Alamarblue® solution was added to each well. The plates
were further incubated for 4 h in a shaking incubator at
37�C. Absorbance reading was taken at 560 nm excitation
wavelength and 590 nm emission wavelength every 30 mins
after 2 h of incubation. For the planktonic assay, assay
plates were similarly prepared as in the AlamarBlue® assay.
Six-well plates were emptied and washed twice with
1.5 mL of phosphate buffer saline after the incubation
period. Absorbance readings for the plates were measured
to determine the ability of the extracts to inhibit biofilm for-
mation at a wavelength of 600 nm.

3 | RESULTS

3.1 | Polymeric characterization

3.1.1 | Polymeric film weight

Table 2 presents very small differences between overall
weight for a given ratio as well as between different
ratios. The range of average weights varied by only
�8 mg (<1%) and the highest SD for a given samples
was 5.4 mg.

3.1.2 | Polymeric film thickness

Polymeric thickness differences were also very low and
the difference between the thickest and thinnest sample
averages was only 0.8 μm as given in Table 2.
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3.1.3 | Content uniformity

According to the content uniformity results presented
in Table 2, all samples show similar drug contents
with the highest difference between the averages of
different ratios of 0.11 mg/cm. Thus, the highest devi-
ation was from formula A3 with a difference of
0.099 mg/cm2.

3.1.4 | Moisture content

The moisture content in each formula presented in
Table 2 indicates a low difference in weight before and
after desiccation. Thus, the drying process resulted in a
dry film with very low water content.

3.2 | Drug release

According to the drug release profile presented in
Figure 1, HPMC and chitosan-based films successfully
released ofloxacin over many hours. Chitosan alone or
high concentration chitosan film was found to have a
burst release as 16.8% of the drug was released in the first

5 min only. HPMC alone film was better in drug release
at the beginning but after 24 h more than 90% of the drug
was released which indicates a failure in providing a sus-
tained release profile.

3.3 | Drug diffusion

According to the drug diffusion shown in Figure 2, the
drug diffusion process through Franz cells was controlled
by drug release as both drug release and drug diffusion
graphs are similar. Again, the formula with high content
of HPMC except 100% of HPMC shows lowest drug diffu-
sion rate, whereas the formulas with high chitosan ratio
show highest drug diffusion.

3.4 | Drug matrix association

According to FTIR results presented in Figure 3, all
major peaks produced by either biodegradable polymers
or by ofloxacin are found in the drug polymer mixture.
Thus, no interaction between drug and polymer has
occurred, that is, the drug was successfully embedded
without any chemical modifications.

TABLE 2 Weight and thickness of ofloxacin polymeric film, mean ± SD (n = 3).

Formula code Patch weight (mg) Patch thickness (μm) Content/cm2 (mg/cm2) % Moisture content

A1 1096.7 ± 0.92 11.6 ± 01.0 1.23 ± 0.72 1.1 ± 0.92

A2 1105.1 ± 2.7 11.1 ± 1.3 1.21 ± 0.19 0.53 ± 0.65

A3 1097.2 ± 1.7 11.2 ± 0.53 1.16 ± 0.33 0.39 ± 0.72

A4 1100.8 ± 1.1 11.1 ± 1.02 1.22 ± 0.41 0.93 ± 0.83

A5 1097.5 ± 3.2 11.3 ± 1.07 1.23 ± 0.77 1.02 ± 0.41

A6 1098.3 ± 1.1 11.8 ± 0.49 1.22 ± 0.23 0.42 ± 0.31

A7 1096.3 ± 5.4 11.3 ± 0.45 1.21 ± 0.32 0.99 ± 1.01

A8 1099.4 ± 1.2 11.3 ± 0.52 1.24 ± 0.22 0.61 ± 0.52

A9 1101.6 ± 5.1 11.9 ± 1.1 1.27 ± 0.31 0.33 ± 0.95

A10 1096.7 ± 4.1 11.3 ± 0.51 1.21 ± 0.79 0.79 ± 1.06

FIGURE 1 Drug release

profiles for polymeric films with

the loaded drug. HPMC,

hydroxypropyl methylcellulose.
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3.5 | Antibiofilm-forming assay

All formulas with sustained release property were sub-
jected to AlamarBlue® and Planktonic biological assay
against both biofilm-forming S. aureus and P. aeruginosa
to monitor the effect of drug release rate on drug activity.
A2–A5 formulas were selected and show high biological
activity even with the slow drug release with a bacterial
viability of <15%. All polymeric films subjected to
antibiofilm assay show strong biological activity by
allowing < 10% of biofilm formation (Figure 4).

4 | DISCUSSION

Ofloxacin is a quinolone broad spectrum antibiotic that
inhibits DNA gyrase in bacteria and can be given in dif-
ferent routes of administration like oral, IV, and topical

preparations.11 The loading of ofloxacin in a polymeric
film transdermal patches can decrease the major gastro-
intestinal problems of oral dosage form.16 In addition,
HPMC and chitosan have been used before in different
types of formulas through different routes of administra-
tions with an ability to control drug release without any
side effect.13 According to different characterization tech-
niques, moisture content in all patches was <1.1% due to
using methanol: water system for polymeric film prepara-
tion. This dryness could be related to the eutectic mixture
of water/methanol system that can be more completely
dried with a fume hood. Moreover, the films, especially
those with high HPMC ratio, show high transparency.
This transparency of the polymeric film has a great posi-
tive influence on patient compliance for a treatment.7,8

Finally, all transdermal polymeric films prepared from
HPMC and chitosan mixtures have film thickness of
<11.9 mm with a high similarity drug content uniformity

FIGURE 2 Drug diffusion

profiles for polymeric films with the

loaded drug. HPMC, hydroxypropyl

methylcellulose.

FIGURE 3 FTIR results of ofloxacin alone,

hydroxypropyl methylcellulose (HPMC) alone,

Chitosan alone, and HPMC/Chitosan loaded

polymeric films.
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(1.16–1.27 mg/cm2) with low variability in thickness or
uniformity. Thus, drug loading errors and patient compli-
ance should not cause issues when scaling to a larger
transdermal patch.17 Films with high HPMC ratio exerted
more sustainable release property when compared with
films with high chitosan ratio. Films with HPMC com-
position of more than 60% show <53% drug release in
24 h, while 50% and less show either more than
95% cumulative drug release or burst release. Previously,
a similar chemical compound diclofenac sodium with
similar physicochemical property was formulated in a
transdermal patch composed of HPMC and was found
to have a sustained release property.18 On the other
hand, drug diffusion through Franz cells shows a high
dependence on the rate of drug release from the poly-
meric matrix. This result shows that amount of the
drug reaching systemic circulation will depend on the
patch, not the patient's skin.19 One possible reason for
diffusion enhancement is the use of palmitic acid in
film formulation. Previously, palmitic acid was used
in transdermal formula of vancomycin to improve
large-molecule permeation through the skin.20,21 All
films with sustainable release property were subjected
to AlmarBlue® and planktonic assay solution to moni-
tor the antimicrobial activity of release ofloxacin. All

prepared films show a strong antimicrobial and anti-
biofilm activity against biofilm-forming S. aureus and
P. aeruginosa after incubation at 37�C for 24 h. Both
bacterial viability and biofilm formed were <10%
when compared with the control. Thus, like many
drugs, ofloxacin activity was not affected with the slow
release of the film and drug fluctuation in the systemic
circulation will be reduced.9

5 | CONCLUSION

Ofloxacin can be prepared in a transdermal patch with
natural biodegradable polymers of HPMC and chitosan
to slow drug release. The formulated ofloxacin show a
good release and diffusion property that helps for
extended release behavior of it. In addition, ofloxacin
in vitro biological activity has not been affected after
formulating the drug in a polymeric film. Further investi-
gation is needed to see in vivo behavior of the drug on
animal model to see the feasibility of this formula and
check the effect of palmitic acid on a real skin.
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