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Nanofibers loaded with pharmaceutical agents for various medical purposes have become more
important in recent years because of their advantages, such as control on release, gas permeability, high
surface area, and lightweight matrices. In the present study, polylactic acid (PLA)-gelatin (Gel) nano-
fibers were successfully loaded with Ibuprofen-Na/Paracetamol (henceforth Ibu-Na and Par, respectively)
by electrospinning. The nanofibers were characterized by scanning electron microscopy (SEM) and Fou-
rier transform infrared (FTIR) spectroscopy. The Ibu-Na/Par content of the nanofibers was determined by
using high-performance liquid chromatography (HPLC). Their antibacterial activities were tested against
Enterococcus faecalis ATCC 29212, Staphylococcus aureus ATCC 25923, Escherichia coli ATCC
25922, and Pseudomonas aeruginosa PA0O1, opportunistic pathogenic bacteria which are frequently asso-
ciated with infections. Moreover, their antibiofilm activities against P. aeruginosa and E. faecalis were
also investigated.

The Ibu-Na-containing nanofibers exhibited antibacterial activity against S. aureus, E. coli, and E.
faecalis. The inhibition zone diameters of PLA-Gel-Ibu-Na 300 against E. faecalis, S. aureus, and E. coli
were calculated to be 23.0 + 2.1 mm, 18.0 = 1.5 mm, and 12.0 &+ 1.2 mm, respectively. It was found that
PLA-Gel-Ibu-Na 300 and PLA-Gel-Par 300 nanofibers’ capacity to show biofilm formation inhibition
originated remarkable effects on P. aeruginosa, which were found to be 48 % and 50.4 %, respectively.

This study indicated that Ibu-Na/Par-loaded nanofibers are promising materials for wound healing
applications.
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AHTUBAKTEPUCKA U AKTUBHOCT 3A 3AIITUTA OJ] CO3JABAILE BHO®NJIM HAHOBJIAKHA
HCIHOJHETH CO HATPUYM UBYITPO®EH U TAPAIIETAMO.I

HanoBnakHa McrogHETH co (apManeBTCKH MpenapaTu 3a PasHU MEIUIMHCKH [ETH BO MOCIEIHO
BpEMe CTaHyBaaT c¢ MO3HAaYajHN MOPaJu HUBHUTE NPEIHOCTH KAKO INTO C€ KOHTPOJA Ha 0CI0001yBamke,
NIepMEabUITHOCT Ha TacOBH, rOJeMa aKTHBHA MTOBPIIMHA M MaTPUIM CO Majia T&XHHA. Bo oBaa crymuja
HaHOBNlakHa Ha >kenaThHOT (Gel) Ha monmmieuyHa kucennHa (PLA) Oea ycHemiHO HCIIOTHETH CO
nbynpoden-Na/napaneramon (cooxsetno Ibu-Na u Par) mo mat Ha enekrpoBpreme. HanoBnakHara Gea
KapakTepu3HpaHu CO CKEHHpayKka eJeKTpoHcka Mukpockonuja (SEM) um ®ypueoa TtpancdopmHa
nndpanpsena (FTIR) cnexrpockonuja. Coxpkunara Ha Ibu-Na/Par Bo HaHOBIIakHaTa Oele onpeeneHa
co ymorpeba Ha BucOKoedukacHa TeyHa xpomarorpaduja (HPLC). HuBHuTe aHTHOaKTEpHCKH
aKTUBHOCTH 0€a TecTUpaHu BO OAHOC Ha Enterococcus faecalis ATCC 29212, Staphylococcus aureus
ATCC 25923, Escherichia coli ATCC 25922 u Pseudomonas aeruginosa PAO1, onopTyHn maTtoreHu
GakTepuH KO 4eCTO ce MoBp3yBaaT co nHpekuun. [Tokpaj Toa Oeme ucuTaHa ¥ HUBHATA aKTHBHOCT 32
3aIlITHTA Of co3/1aBame OnoduiM Bo omHOC Ha P. aeruginosa v E. faecalis.
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HanoBnaknaTa mto coapxea Ibu-Na mokakaa aHTHOAKTepHCKa aKTHBHOCT cripema S. aureus, E.
coli u E. faecalis. benie npecmerana Jiexka NIpeYHUKOT Ha MHXHOMIMCKara 30Ha Ha PLA-Gel-Ibu-Na 300
BO onHOC Ha E. faecalis, S. aureus n E. coli uznecyBa cooasetno 23,0 £ 2,1 mm, 18,0 £ 1,5 mm u 12,0 +
1.2 mm. Hajneno e yneka kamanurteToT Ha MHXUOMNHMjaTa 3a oOpasyBame Onopunm Ha PLA-Gel-Ibu-Na
300 u Ha PLA-Gel-Par 300 nokaxxyBa 3Ha4ajHu edextu Bp3 P. aeruginosa v usHecysaiue 48 % u 50,4 %,

COOABETHO

OBaa CTy,HI/Ija IIOKaxa ACKa HaHOBJIaKHATa UCIIOJHECTHU CO Ibu-Na/Par moxat Jla C€ KOpUCTaT Kako

MaTtepHjal 3a 3a3ApaByBambe HA PaHH.

Kayunu 300poBu: noynpoden-Na; nmapamneTaMmor; HAHOBIAKHA; aHTHOMO(QUIM; aHTHOAKTEPUCKH

1. INTRODUCTION

Open wounds are prone to infections in the
first few hours after injury.! Wound infections can
delay the healing process and increase the risk of
septicemia, which may lead to wound infection-
induced deaths.?

Different bacterial infections occur at differ-
ent stages of wound healing. At the initial stage,
Bacillus  subtilis, Staphylococcus aureus, and
Staphylococcus lentus (Gram-positive bacteria)
and in the later stages Escherichia coli or Pseudo-
monas species (Gram-negative bacteria) attack the
wound.>* Different alternative strategies need to be
developed to prevent bacterial penetration into
wounds. Loading wound dressings with antibacte-
rial agents can be a plausible option to control or
prevent microbial infection in a given wound and
its surroundings.

Wound dressings have been used to acceler-
ate the healing process since ancient times. Biode-
gradable wound dressing materials are ideal for
local drug delivery to reduce the potential risk of
adverse effects and bacterial resistance. Numerous
studies report the non-steroidal anti-inflammatory
drugs’ (NSAIDs) antibacterial and antibiofilm ac-
tivities against different bacteria and their antipy-
retic and pain relief properties.””’ Analgesics can
provide an option to control biofilm-associated
infections, and Van-Linh Nguyen et al.® reported
that anti-inflammatory drugs could accelerate the
healing process of infected wounds due to their
antibiotic properties.®® Since NSAIDs are already
universally used in medicine, the incorporation of
NSAIDs into wound dressing materials can be a
promising alternative approach to wound manage-
ment. Among various pharmaceutical agents, Ibu-
profen and Paracetamol (acetaminophen) are the
only antipyretics recommended for febrile chil-
dren, based on abundant evidence concerning their
efficacy and safety profile.!” Ibu is a propionic ac-
id derivative with anti-inflammatory, antipyretic,
and analgesic effects similar to other NSAIDs.'
The sodium salt of Ibu is an FDA-approved formu-

lation that is more soluble and has a more rapid
onset of analgesic action than the protonated form
of Ibu.'? Due to its anti-inflammatory properties,
Ibu can minimize the complications associated
with the wound-healing process, such as infection
and pain'®. Par has antipyretic, analgesic, and anti-
inflammatory activities.” Par is known to be an ef-
fective analgesic agent. It is the first choice for
patients with minor-to-moderate burns,'* and it is a
low water-soluble drug.'

In recent years, electrospun nanomaterials
have been found to have great potential for wound
dressing applications. Electrospun matrices offer
such advantages as large specific surface areas,
controlled permeability, and easy processibility to
prepare hybrid matrices. Natural biopolymers such
as PLA have been widely used for medical dress-
ings because of their excellent biocompatibility
and biodegradability.'® However, PLA is hydro-
phobic and has no cell recognition site. Gelatin
(Gel) is obtained from the hydrolysis of collagen
and can be easily electrospun. It has less immuno-
genic activity, a fast hydrolysis rate, and promotes
cellular adhesion.!” Both starting materials are in-
expensive and readily available.'®!® PLA-Gel hy-
brid nanofiber matrices have been prepared for
different purposes, such as accelerating PLA deg-
radation, promoting hydrophilicity, and wound
healing.'®** Bogdanova et al. found that a small
addition of Gel (10 %) to electrospun PLA mats
resulted in increasing the contact angle from 129°
to 135° and a 20 % increase in the biodegradation
rate. Jaiswal found that the incorporation of Gel to
a PLLA matrix changed the contact angle of nano-
fiber from 129° to 80°.2°

Wound healing material plays a crucial role
in curing injured areas. The performance of this
matrix in protecting the wound from contamina-
tion, ventilation, absorption of exudate, balancing
moisture, biocompatibility, maintaining mechani-
cal properties, and release of active materials af-
fects the healing process.**

In contrast to the poor mechanical properties
of Gel, PLA has better mechanical properties. Gel-
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atin-PLA hybrid nanofibers were prepared to over-
come the drawbacks of each component, and Ibu-
Na)/Par were loaded into this matrix for wound
healing application. Herein, we incorporated Ibu-
Na/Par into biodegradable nanofibers prepared
from an 8/92% (w/w) combination of PLA and
gelatin to provide efficient local drug delivery and
antibacterial and antibiofilm activity. The antibac-
terial properties of Ibu-Na/Par-containing nano-
fibers were tested against the biofilms of P. aeru-
ginosa PAO1 and E. faecalis.

2. EXPERIMENTAL

2.1. Materials

NatureWorks provided PLA 4043D. Gelatin
powder (250 bloom Alfasol), glacial acetic acid
(100 % anhydrous, Merck EMSURE), ethyl acetate
(99.5 %, Merck EMPROVE), dichloromethane
(Merck EMSURE), and tetrahydrofuran (Merck for
analysis) were used as received. 1,1,1,3,3,3-Hexa-
fluoro-2-propanol (99.5 %) was received from
Acros Organics. 2-(4-Isobutylphenyl)propionic acid
sodium salt, Ibu-Na (CAS number: 31121-93-4), N-
(4-hydroxyphenyl)acetamide, and Paracetamol (Par)
(CAS number:103-90-2) were purchased from Sig-
ma Aldrich.

2.2.1. Preparation of electrospinning solution

The nanofibers were prepared with PLA that
was dissolved in dichloromethane, tetrahydrofuran,
and dimethylformamide (DMF) at a ratio of 8/1/1
(v/v/v) for 2 h. Gelatin was dissolved in acetic acid,

ethyl acetate, pure water, and 1,1,1,3,3,3-hexafluoro-
2-propanol at a ratio of 5/2/1/1 (v/v/v/v) for 2 h. Then
different amounts of Ibu-Na/Par were added to the
gelatin solution. Finally, the PLA solution was
poured into the gelatin solution and mixed overnight.
The same procedure was repeated for Par.

Different PLA-Gel ratios were examined.
The PLA-Gel (8-92 %) was chosen because of the
miscibility of the matrices and the morphology of
the obtained nanofibers. For the preparation of
PLA-Gel (8-92 %), a solvent mixture composed of
dichloromethane (4 ml), tetrahydrofuran (0.5 ml),
and dimethylformamide (0.5 ml) was produced in a
10 ml glass flask, then 0.08 g of PLA was added to
this solution and mixed for 2 h. Gelatin (0.92 g)
was dissolved in a glass flask with a solvent mix-
ture containing acetic acid (2.7 ml), ethyl acetate
(1.1 ml), pure water (0.55 ml), and 1,1,1,3,3,3-
hexafluoro-2-propanol (0.55 ml) and stirred for 2
h. These two solutions were mixed in a 20 ml glass
flask and stirred for 2 h. The electrospinning was
performed with the mixture containing 8 % (W/w)
PLA, 92 % (w/w) Gel, and Ibu/Par in different
amounts (100 mg, 200mg, and 300 mg). The nano-
fibers were fabricated using an Inovenso NE100
electrospinning device with the optimized percent-
age of PLA-Gel and electrospinning conditions.
The PLA/Gel/Ibu-Na/Par solution was loaded into
a 5 ml syringe. The electrospinning was performed
vertically with a high-voltage source connected to
the grounded collector plate, as shown in Figure 1.
The solution was electrospun at a constant flow
rate of 1 ml/h for 5 h. The PLA/Gel/Ibu-Na/Par
solutions were electrospun at a voltage of 18 kV
and a distance of 20 cm.
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Fig. 1. Fabrication of PLA/Gel/drug nanofibers
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2.2. Antibacterial activity
of Ibuprofen/Paracetamol and nanofibers

The antibacterial potency of the Ibu-Na/Par
and nanofibers against Gram (+) strains E. faecalis
ATCC 29212 and S. aureus ATCC 25923 and
Gram (-) strains E. coli ATCC 25922 and P. aeru-
ginosa PAOQ1 was assessed by using the disc diffu-
sion method.

The nanofiber discs (10 mm diameter) were
prepared. The turbidity of bacterial suspensions
was adjusted to a McFarland standard of 0.5
(1.5-10% colony-forming units (CFU)/ml). A 100
ul volume of the cultures was spread over the LB
agar plates, and the nanofiber discs were placed
onto agar plates. The plates were incubated at
35 °C for 24-48 h. The antibacterial activity was
determined by the diameter of inhibition zones
(mm) around the discs. Tobramycin was used as a
positive control. The studies were performed in
duplicate.

2.3. Antibiofilm properties of Ibu-Na/Par-loaded
nanofibers

The Ibu-Na/Par-loaded nanofibers were as-
sayed for their in vitro bacterial biofilm formation
inhibitory activities against P. aeruginosa PAOI
and E. faecalis. The Ibu-Na/Par-loaded nanofibers
(10 mg) were placed in a test tube containing 1ml
of LB at room temperature. A 20 pl volume of
suspensions with a population of 6.0 log CFU/ml
(P. aeruginosa PAO1 or E. faecalis) was added to
the content. The test tubes were incubated at 35 °C
for 48 h without shaking. Subsequently, the tubes
were gently rinsed with pure water to remove free
bacteria. Afterward, excess water was removed by
blotting the tubes on filter paper, then air-dried.
The biofilms were stained with crystal violet as
described in the literature.?> The absorbances were
measured at 570 nm.

The anti-biofilm activity was measured by
calculating the percentage of biofilm inhibition
using the formula below.

Control OD570nm — Treatment OD 570nm

Biofilm inhibition % =

2.4. Characterization

The surface morphologies of the Ibu/Par-
loaded nanofibers were evaluated via scanning
electron microscopy (SEM) (FEI Quanta FEG
250/EDAX-EDS). The functional group character-
ization of the matrices was determined using a
PerkinElmer Fourier transform infrared (FTIR)
spectrometer. The drug contents of the nanofibers
were assessed by high-performance liquid chroma-
tography (HPLC) (Shimadzu, Japan).

2.4.1. HPLC analysis of Ibu-Na/Par in nanofibers

An HPLC (Shimadzu, Japan) system was used
to quantify the Ibu-Na/Par presence in the nanofibers.
The HPLC system consisted of an LC-20AT promi-
nence system control unit, a SIL-20AC Prominence
autosampler, an LC-20AT HPLC pump, an SPD-
10AVP diode array detector set at a wavelength of
243 nm for Par and 220 nm for Ibu-Na, and a LabSo-
lutions software program. A Teknokroma Tracer Ex-
trasil ODS(2) (5 um, 4.6 mm ID % 250 mm) column
was used for the separation.

The  mobile phase  consisted  of
H3;PO4/H,O(pH 2.2)/acetonitrile (60:40 v/v) and
featured a flow rate of 0.8 ml/min. The PLA-Gel-
Ibu-Na/Par nanofiber samples (5 mg) were im-

Control OD 570nm

mersed in 1 ml of the mobile phase and then incu-
bated at room temperature for 1 min. One ml of the
release medium was collected, and the amount of
Ibu-Na/Par in the released samples was determined
by HPLC (Shimadzu, Japan). The samples were
analyzed in triplicate for each nanofiber. This
method was adapted from a method available in
the related literature.?®

3. RESULTS AND DISCUSSION

The following sections describe the prepara-
tion of Ibu-Na/Par-loaded electrospun nanofibers, the
blending of PLA with gelatin, and the characteriza-
tion of its antibacterial and antibiofilm functionality.

3.1. Morphological and chemical analysis

The SEM images of Ibu-Na- and Par-loaded
nanofibers are presented in Figure 2. The nano-
fibers have smooth surfaces without any beads and
pores. The increased amounts of Ibu-Na and Par in
the fiber resulted in nanofibers with increased di-
ameters. It can be observed in Table 1 that increas-
ing the amount of Ibu-Na and Par from 100 mg to
300 mg resulted in a rise in the average diameters
of the nanofibers.?’
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Fig. 2. SEM images: (a) PLA/Gel/Ibu-Na (100), (b) PLA/Gel/Ibu-Na (200), (¢) PLA/Gel/Ibu-Na (300), (d) PLA/Gel/Par(100),
(e) PLA/Gel/Par (200), and (f) PLA/Gel/Par (300); 100, 200, and 300 refer to the amount (in mg) of Ibu-Na and Par
added into the polymer matrix.

Table 1
Diameters of PLA-Gel-Ibu-Na and PLA-Gel-Par
nanofibers
Samples Average diameter (nm)

PLA-Gel- Ibu-Na 100 529.9 £108.2

PLA-Gel- Ibu-Na 200 409.2 + 80.6

PLA-Gel- Ibu-Na 300 766.8 +£187.2
PLA-Gel- Par 100 980.4 +180.8
PLA-Gel- Par 200 1780.2 + 388.9
PLA-Gel- Par 300 2435.8 +£736.8

Maced. J. Chem. Chem. Eng. 42 (1), xx—xx (2023)

3.2. Fourier transform infrared spectroscopy

The FTIR spectra are presented in Figure 3.
Figure 3-a belongs to the pure Gel. The band at 1374
cm! in Figure 3-a is attributed predominantly to the
so-called wagging vibration of proline side chains.
The broadband arising from N-H stretching was ob-
served at 3270-3370 cm, relative to the degree of
cross-linking. C-H stretching at ~2900 cm™ is from
the amide B, and C=O stretching at 1644 cm™' corre-
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sponds to the occurrence of amide-I and N-H defor-
mation at ~1470 cm™ for the amide II. The observed

band at 3500 cm™ was attributed to the presence of
hydrogen bonded water and amide-A.%

(e)

>

< @
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Wavenumber (cm™)
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C-H strecthing

C=0 strecthing carbonyl group
C-H bending, C-O strecthing

B Aromatic C-H strecthing

Fig. 3. FTIR spectra: (a) Gelatin nanofiber, (b) PLA nanofiber, (¢) Ibu-Na, (d) Par, (e¢) PLA-Gel-Ibu-Na (100) nanofiber,
and (f) PLA-Gel-Par (100) nanofiber

According to the FTIR spectra of the neat
PLA and drug-loaded nanofibers in Figures 2-b, 2-¢,
and 2-f, the observed peaks at 1720 cm™!, 2922—
2874 cm™, 1074 cm™', 1180 cm™, and 860 cm™
were attributed to C=0, —CH asymmetric, —-CH
symmetric stretching, C—O stretching, and C-COO
stretching, respectively.” The bending of —CH
bonds can be observed at 1446 cm™' and 1398 cm ™.

The FTIR diagrams of Ibu-Na and Par are
also presented in Figures 3-c and 3-d, respectively.
The peaks at 2900-3100 cm™ suggested aromatic
stretching of C—H. The presence of aliphatic C-H
bonds is confirmed with the peaks in the range
2800-3000 cm™.

The FTIR spectra in Figure 3-e and Figure
3-f belong to Ibu-Na- and Par-containing matrices,
respectively. The peaks of each component can be
seen in these spectra.

3.3. Antibacterial activity

The agar diffusion method was adopted to
investigate the antibacterial activities of the nano-
fibers with and without Ibu-Na/Par against four
opportunistic human pathogens factoring in the
concentrations. PLA-Gel-Ibu-Na (300) exhibited
antibacterial activity against all the tested strains
except P. aeruginosa PAO1 (Table 2). However,
PLA-Gel-Par (300) nanofibers exhibited no anti-
bacterial activity against any of the researched
species. The PLA-Gel nanofibers without Ibu-
Na/Par inhibited the growth of none of the species
(Table 2).

Ibu-Na showed stronger antibacterial activi-
ty against S. aureus and E. faecalis but not E. coli
and P. aeruginosa.

Maced. J. Chem. Chem. Eng. 42 (1), xx—xx (2023)
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Table 2

Antibacterial activities of PLA-Gel-1bu 100, 200, and 300 nanofibers (inhibition zone diameters in mm)

Inhibition zone diameters
PLA-Gel-Ibu-Na PLA-Gel-Ibu-Na PLA-Gel-Ibu-Na

Bacterial strains PLA-Gel 100 200 300 Tobramycin
E. faecalis NI 11.0£1.2 14.0+ 1.3 23.0+2.1 12.7+0.57
S. aureus NI 10.0+£1.2 11.0+1.1 18.0+1.5 13.0 £ 0.60
E. coli NI NI NI 120+£1.2 12.3+0.57
P. aeruginosa NI NI NI NI 15.0 +£1.00

NI: No inhibition

3.4. Ibu-Na/Par content of nanofibers 0.37+£0.014 and 0.91 £0.029 mM, and the Par
content was within the range of 0.53 +0.006 and
The Ibu-Na and Par content of the nanofiber 1.57 +0.073 mM (Table 3, Figure 4). The HPLC

samples were analyzed by HPLC. It was under- chromatograms from the analyses of the nano-
stood from the HPLC analysis of the nanofibers fibers are presented in Figure 4.

that the Ibu-Na content occurred between

"4 T80 " Teo 7o 8o 'min

mAuJ
260000

225000
200000
175000
150000
125000
100000
75000
50000 g

2500[;—2 Jﬁ\L

o0 1o T2 T T T3 T T T4 T T T min

b)

Fig. 4. HPLC chromatograms of pure drugs (1) and drug-loaded nanofiber samples 300 (2), 200 (3),
and 100 (4), respectively; (a) Ibu-Na (220 nm) and (b) Par (243 nm)
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Table 3

Ibu-Na/Par content (mM) of PLA-Gel-1bu-Na/Par
100, 200, and 300 nanofiber samples

Nanofibers mM
PLA-Gel-Tbu-Na (300) 0.91 +0.029
PLA-Gel-Ibu-Na (200) 0.63 +£0.023
PLA-Gel-Ibu-Na (100) 0.37+0.014

PLA-Gel-Par (300) 1.57+0.073
PLA-Gel-Par (200) 0.98 + 0.039
PLA-Gel-Par (100) 0.53 +0.006

IS
=y
—

OD 570 nm

S o =2 = M DN
Mo o o

Control

a)

3.5. Biofilm inhibition

It was observed that the PLA-Gel-Ibu-Na-
300 and PLA-Gel-Par-300 nanofibers (10 mg) in-
hibited biofilm formation by 48 % and 50.4 % for
P. aeruginosa PAO1, and 36.8 % and 39.6 % for E.
faecalis, respectively (Figure 5.) The optical densi-
ties of the bacterial solutions were used to control
bacterial viability. However, no significant reduc-
tion in the optical density (OD 600 nm) of the bac-
terial culture was observed in the growths of the
inhibition zones in the absence and presence of the
nanofibers (data not shown).

OD 570 nm
S O =2 2NN W oW A A

,

Control

b)

Fig. 5. Antibiofilm activities of PLA-Gel-Ibu-Na/Par (300) nanofibers determined by Crystal violet against
(a) E. faecalis and (b) P. aeruginosa.

4. CONCLUSION

The Ibu-Na/Par-containing PLA/Gel hybrid
nanofibers were successfully prepared with differ-
ent Ibu-Na- and Par-loading processes. The pre-
pared nanofibers exhibited smooth surfaces with-
out any beads or pores, as indicated by SEM anal-
yses. The nanofibers containing Ibu-Na and Par
were characterized with FTIR spectroscopy.

The Ibu-Na-loaded nanofibers exhibited an-
tibacterial activity against S. aureus, E. coli, and E.
faecalis. The PLA-Gel-Ibu-Na and PLA-Gel-Par
nanofibers were found to have remarkable effects
on the biofilm formation inhibition against P. ae-
ruginosa and E. faecalis. In congruence with our
findings, Dai et al. have found that ibuprofen part-
ly attenuates biofilm formation in P. aeruginosa
(55 % inhibition at 100 ug/ml).>° Besides, they re-
port that although ibuprofen has no significant in-
hibitory effect on the growth of P. aeruginosa, it
can inhibit biofilm formation. Shah et al. have
shown that ibuprofen treatment (50, 75, and 100
pg/ml) causes a reduction in the bacterial burden
over 12 h.3! Similarly, Seleem et al. have indicated

that Par markedly inhibits biofilm formation in P.
aeruginosa PA01.32 Ibu-loaded nanofibers, while
showing effective antibacterial activity against S.
aureus and E. faecalis, strongly inhibited biofilm
formation in the presence of P. aeruginosa (Figure
5). This offers a viable option for wound healing
because Gram-positive bacteria first colonize the
wound, followed by Gram-negative bacteria in the
skin wound.4

The present study explored the utility of the
electrospun PLA/Gel mats containing Ibu/Par as a
medicated wound dressing with antibacterial and
antibiofilm activity. Moreover, the application can
potentially minimize complications thanks to its
antipyretic and pain relief activity.
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fice of Scientific Research Projects at Suleyman Demirel Uni-
versity (Project No: 5100-YL2-17).
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