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ABSTRACT

Research subject: Based on the reports in the past few years, more than 60% of burn-related deaths occur due to infection and bacterial growth at the
wound site. Biocompatible nanofiber wound dressings containing antimicrobial compounds can enhance the healing process of burn wounds. This study
aimed to investigate the effect of polylactic acid (PLA) nanofibers loaded with Nigella sativa extract on burn wound healing and their antimicrobial
activity.

Research approach: Polylactic acid (PLA) nanofibers were fabricated via electrospinning from a polymeric solution of PLA dissolved in a chloroform:
dimethylformamide solvent mixture with a volume ratio of 3:7. The optimal solution concentration (12 w/v%) was determined based on rheometry tests
and scanning electron microscopy imaging to obtain uniform, bead-free fibers with optimized diameter. Physical properties, including swelling behavior
and hydrolytic degradation, were investigated. The release of Nigella sativa extract from the nanofibers over 48 hours was measured, and antimicrobial
activity against Pseudomonas aeruginosa (Gram-negative) and Staphylococcus aureus (Gram-positive) was assessed. Additionally, extract-loaded and
extract-free nanofibers were applied to burn wounds in an animal model for 14 days, and the wound healing process was monitored by periodic imaging.

Main results: The results showed that PLA nanofibers containing Nigella sativa extract exhibited approximately 69% release within 48 hours, more
than a one-log reduction in bacterial population, and a 30-35% improvement in wound closure rate in the animal model. The performance of the extract-
loaded nanofibers was comparable to silver sulfadiazine ointment. These findings demonstrate that the developed nanofibers provide a biocompatible
and effective antimicrobial wound dressing for burn healing applications.
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Table 1 Fatty acid composition analysis of Nigella sativa extract

Fatty acid Palmitic Stearic

Oleic Linoleic

Arachidonic

Percentage (%) 14.86 3.53

21.82 55.27 4.52
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Table 2 Major constituents of Nigella sativa extract essential oil

Compound Parasamin Thymoquinone Alpha-Thujene Alpha-Pinene Beta-Pinene
Percentage (%) 30.35 24.33 14.62 3.01 2.84
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Table 3 Rheological test results

Concentration (w/v%o) 6 12 15 18

Viscosity (cP) 39 94 178 359
PLA Gllgl ooSloe ,had F Jgos

Table 4 Average diameter of PLA nanofibers
PLA concentration (wt. %) 6 12 15 18
Average diameter (nm) 115+21 194+38 270+40 351426 412+17




FO-OF aorao A0 jlo ) o)leds (o0 Jlo adi— cond (gwdig (69,0,15 sloyimghy 4 i /o)) Sen g (gul]

» T - v
f '
.
{ :
s

5 miierons
T —

5 microns
s

(iogSan 0 1 poliiie) 0oy YA 9 V0 Y A 8 ozl 59 slocdale LPLA Jolowo 5l ol o950 BLIgL SEM pyglaas § S
Figure 1 SEM images of electrospun PLA nanofibers prepared from solutions with 6, 9, 12, 15, and 18 (w/v%) concentrations (Scale bar: 5 um)
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sativa extract (Scale bar: 5 pm)
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Figure 5 Cumulative release of Nigella sativa extract from
electrospun PLA nanofiber mats over 48 hours
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Figure 3 Swelling of PLA nanofiber samples compared to PCL

Sy90 Oliwl BL lae j0 PLA GUIGL sladiges (39 suals ol
)A.A.N !l 00 ools ul.AAAJ A Ji.u ) as m;um US; )‘)5 R
S8, ol anglis azs saslive celu FA b badiges ;o 428 BB S
el PCL 51 S PLA (59 ialS a5 aas o lis PCL sladiges b

39di 45 (5 by lo o PLA YL (K50l 4y (lg5 oo 1) Cglis )
9 u.’:‘)?u ‘m )é 9 °‘>5‘f ]1)‘5..»& PLA du‘yl.: )L.’>LM: Uj)o L u]

)té) el odile u’ﬁl.i Sgde R Sy90 uLo)uA.o 3o L)‘ L))f u,..‘.mlf
o,8las Jhai 51 PLA GLIL o sadionnliv dSgamxe <o, 55 g o9
oz LS o glizle goll Las 15 o ls g0l Connl g

S 08l 055 a5 (sl oelin Lanone WlsT e sl o )5S
YL (K yel Jdoas PLA GLIgL S wlools lid 5.0 ooy lalllas

lo ol (B p 4 Sl (6 Fmmilin (Sl (55lub g Fateal 5
Do ol adle Ko pdicg B

o) ook e o Gledly gy oy 5l Wl Sy ol
nS Jd.e:..g \) Jbs UL.:S]J RS Lg)'L..ml)'—\ P Lg)j}b

04
035
I PLA

03 [ Pl
0.25

0.2

0.15

Weight Loss(%)

0.1

0.05

0
1 6 12 24 48

L anglio ;o PLA o ,9,580l BLIIGL sladiges (39 ials ao o ¥ STl
el FA Sae gl olewl 3L e ,o PCL

Figure 4 Weight loss percentage of electrospun PLA nanofiber
samples compared to PCL in acetate buffer over 48 hours

Sl 3l Lase 50 PLA GLIgL 5| ludSo ojlas seozs b,
saalie O JS& 15 a5 jsblen 28,5 15 bl 5,8 el FA b
o o U O R E M P R
5,1 adsl Laxlg 4y aS wes e &, (Initial Burst Release) o jw oo,
Sl b ol pgo al> e 40 058 co 0000 s BUIIGL alans |
33 0ad U8 bt b oI ol il oo dlsl Sl s § saiual
U sl g Gialey ol 50 a5 0 ls Jlsten i ey Slallas
Skl boe 4 o] Lol 395 5 SUI o (So335 50 g)ls jpa>

el oas )5S



Msre 2l slaple; (2 53 SSD MK 05,5 G glis a5 J> o
PR G 6LQQ9A)'T 5 Jels o8 slrosls sled (p > 0.05) o4
Judos Tukey yg05] g 48 ,bbSs ANOVA yg051 51 oolial L oy

W

9 P8 cpge (5159, 53 oy, lap (ulaiey (g39u> woyd B Jgu

o2,k
Table 5 Wound closure percentage in different groups on days 3,
7, and 14
Group Day 3 (%) Day 7 (%) Day 14 (%)
Positive control
(SSD) 50 68 92
Negative
control (Gauze) 25 39 69
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Figure 7 Images of wounds healing at different groups and various
time points corresponding to Table 5
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Figure 6 Observation of inhibition zones: (a) Pseudomonas
aeruginosa and (b) Staphylococcus aureus around PLA nanofiber
mats containing Nigella sativa extract. The samples without
inhibition zones correspond to PLA nanofiber mats without the
extract
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