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AR AN S (FTIR) 43087 PVB-P AL, /K82 fil i 9P PVB-P 2K M, AN e
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ABSTRACT Obijective: To prepare a polyvinyl butyral (PVB) nanofiber membrane loaded with propolis,
and to clarify its physicochemical properties, drug release behavior, antibacterial activity, and
biocompatibility. Methods: Propolis with a mass fraction of 0. 12% was dissolved in 18% (mass fraction)
PVB methanol solution. PVB and PVB-propolis (PVB-P) nanofiber membranes were prepared using
electrospinning from PVB and PVB-P solutions, respectively. Scanning electron microscope (SEM) was
used to observe the microscopic morphology of PVB-P nanofibers, and the Nano Measurer software was
used to analyze the fiber diameter distribution. Fourier transform infrared spectroscopy (FTIR) was used to
analyze the chemical composition of PVB-P. Water contact angle measurements were used to evaluate the
hydrophilicity of PVB-P. UV spectrophotometer was used to detect the cumulative release of propolis at
different time points. PVB and PVB-P nanofiber membranes were co-cultured with Staphylococcus aureus
(S. aureus) , Escherichia coli (E. coli), Candida albicans (C. albicans) , Salmonella, and Pseudomonas
aeruginosa (P. aeruginosa) and divided into PVB group and PVB-P group. The absorbance method was
used to calculate the antibacterial values of PVB and PVB-P against the five types of bacteria. The
NIH-3T3 cells were seeded on PVB and PVB-P nanofiber membranes and divided into PVB group and
PVB-P group. The CCK-8 method was used to detect the survival rates of NIH-3T3 cells on the nanofiber
membranes in PVB group and PVB-P group at 1, 3, and 7 d. Results: The SEM results showed that
PVB and PVB-P nanofibers were interconnected in a mesh-like porous structure, with uniform thickness
and no beads. The Nano Measurer software measurement results showed that the diameter of PVB
nanofibers was (0.50+0.10) pm, and the diameter of PVB-P nanofibers was (0.5440.16) pm. FTIR
analysis showed that PVB-P nanofiber membranes exhibited characteristic peaks of PVB (1 140 and
1 002 cm ') and propolis (1 161 em '). The water contact angle measurement results showed that the
contact angle of PVB membrane was (144.26° +2.90°) and that of PVB-P membrane was (128. 13"+
1.36°). The UV spectrophotometer results showed that the cumulative release of propolis was 0. 04 mg at
1d, 0.07 mg at 3 d, and reached a steady state of 0. 79 mg at 7 d. The absorbance method results showed
that the antibacterial values of PVB-P nanofiber membranes against S. awreus, E. coli, C. albicans,
Salmonella, and P. aeruginosa were 4.39, 1.27, 5.68, 3.16, and 1.87, respectively. The CCK-8
method results showed that the survival rates of NIH-3T3 cells on PVB and PVB-P nanofiber
membranes was=>90% at 1, 3, and 7 d, and there were no significant differences between various groups
(P>0.05). Conclusion: The diameter of PVB nanofiber membranes loaded with propolis is increased ,
and these membranes exhibit antibacterial effects against S. aureus and C. albicans, while also achieving
sustained release of propolis.
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T/ (polyvinyl butyral, PVB) EH B ZEEMT
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L7 22 3¢ 8 B AN PVB 1 25 78 N B2 ik B 27 4 40 Jifd
SN R R BT A AR AR B OE R AR B
R nlaE kAR 2 W) Y 7 U T L 97 22 R 0
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1.1 mi w22 XN NE &5k
W (Staphylococcus aureus, S. aureus) . KM FF
(Escherichia coli, E. coli). AE&ERE (Candida
albicans, C. albicans) . YWITEKE (Salmonella) F
Wk B M W (Pseudomonas
P. aeruginosa) K NIH-3T3 40 il i 75 MO 2750 &
Bedefit . e fe . PVB M EER ] (8 sE AR A
R A RA R, LB R M LB IR IG5 57 5
AV AR . #EBFERS (A5 99-1A, # M
SIAKE AR TS AR A ), FrgiZpl (35 .
WL-2C, dbai 3L e FHARAGRAE), i
¥ 2 %% (scanning electron microscope, SEM)
(#4'5 . SSX-550, HAEHAF]), 85 it AR sl
ANETE  (Fourier transform infrared, FTIR) ¥ (%
5+ IRTracer-100, H A S H ] ), 7K H2 fil 1 )
WAL (BS. SL200KS, 3¢ [ RH#E Tl A BR 2
A, EA LT (A5 T6S, dtat i #riE
MR BBR AR, ERA M H=A (5. SLI-

aeruginosa,

1200, H 7 Sanyo A W) ), Z IIREREFRAL (A5 .
BL.340, [ BioTech/A#]).

1.2 RABEHEBRGPVBARGFEREGHE KiiE
SrER 0. 120 R il T B i 4y Ak 18% PVB H
BEVAWR T, IR 200 romin BEPE3 h, HERWR
B RO BRI, BE AP EBEREREE
SmL SN, JFiEH 21 G224k, fEsM kg
S 12~15 kV | 25 S 2000 ~40%6 , #fE 3
i 2 mL-h URVER Sk R 4 RS 09 BE S R 20 em 1 SR A
TR Y 22, R HACER Y R 200 remin
1.3 SEM&RARLAEBHRAMNELLEL K
il £ B AR AT 4R 8T 229 1 mm” KN, FERE G 7R
SR B b, WE4 S, SEM W% PVB Al
PVB-P B K 4T 51 . i Nano Measurer 24
27 4 H AR

1.4 FTIRS ARG EERD MK, PVB
YNSRI PVB-P & S AOKRF4E B 78 50 T, 18I
IR # w5, dHBEUEI TR, FH
FTIR 7E 4 000~400 cm 'Y i X ] #1721 40 6 3 i
WS U g )

1.5 KBREAMNET B 9OK L4 F e TR
f b, st 10 pl 22 8 F K V& 99 K 2F 4 i
T RCEE fil ffr L DA AR RS T Y SR B K M . R T Y
2 fol ff (EBR /N, BRI R K MR B AT, T R T B g
K, kA (R R

1.6 RH AR ERGERE K PVB-P
QKA ey T EEE, R34 1 mmX 1 mm
K/, B3 T BOE $E I #E AT Id 5fk . E 34
AT o 37 CCAAMF T B B 5T 4 i a0 oK 2 4 e T
A 10 mL 8RR £h 2% vh i (phosphate buffer saline,
PBS) M, BMARRIRN, &R HEE & E N
200 r=min" ‘s 0, 0.5, 1, 3. 517 d% 5182 mL
W, RSN e BT Tk K 291 nm Ab I IO
BE(A) fHo B S S B AR TR R BLR PBS 22
TR, I DAZERe 22 sh i R BUE 2, 1T R
R . RIPRE I AE A MBIf=CnXV+
VxS Ci. Hot M B e R AR (mg)

Cn 35 n U SBURE IRV T P e 5 1 o B 9 B2 (mg- 1)
Co o8 i UCIBURE I PO I IS ) B B 2 (g1 1)
V R B B RAR L (mL), Vm b &b — Bt
(] A B HS ) RO AR AR (mLL) o

L7 BRKEAMNILSARSEH R AR &t
S, aureus . E. coli . C. albicans . Salmonella F



REE, %,

BB I 1) 2R M A T T A K 2T A R ) o] B L 241

P. aeruginosa fE SR B . 7 121 CHRMHET, F
LB (A7 55 7 1A LB B 8% % 2L 047 5 1R & e K
1hs K KB B TG A LB BAG 1% % 28 00 2 T 40 1A 1%
FRML A, A L25 20 mL, 5 HE E 5 T 8 g 7
B 5 FH 2 b R RE BCOR A7 B LA R0k 4 Bl TP AR L
37T CHiFR 24 h)m, WG IR 0y AU B V% N A 2 LB
RztEF A, BT 37 CREIRED 18~24h, HWG
WMWY EEKESR (1~3) X10°CFU-mL ',
PRS2 W . PVB 4R PVB-P 41 44 K £ 4k fit
B3N TR WM, HEZEFaN (0.200E
0.025)g, SAMEHKEEBARE . %N 100 pL
SEH W, 37 CF AE Al B KR IR AR G 5R 18~24 h
Ja, A 10 mL WA, MR 30s, K
VeV , VRS HEAT R EE AR R s M AR L1 mL
Ve A& A 9 mL LB A 7 15 37 3 09388 N 78 0
Bla, H5—B A Mz 1 mL Ve
HEAF S —A %45 9 mL A% 15 55 2 0 b 72 4
By, VM BRMEATERAE o X 3R Ve W 43 a2k A 7
LOF5A R, BUEEASAR BRI 100 pl i A BB A  ,
il VR A 28K L 530 A oA b, 5 9R 18~24 h
J& . % B 30~300 AN V& 19 P MR #E AT e R
H A 7% % (colony forming units, CFU). 4HH
BitE AL M=ZXRX10, AXPMREWLH
H i CFU; ZACE 3AFILCFU R E4ME; RICE
i AR 4 1040 FRVE WM & (B 47 24 10 mL) .
MEEITE: A=1[C,— igT,. AP ARFIH
fH; CLARER 3% Al FE 2 A JF 85 9% 18~24 h
A5 B 40 B BOE24E 5 T AR 3 342 56 i BE 422 Fh
JERE IR 18~24 h 5 A5 A 40 o B ¥ . DA (.
ERTFRAE MR MMEHE=1, RS EA
PURACR, SMWEE=2, R HEA RO
WAICR

1.8 CCK-8 %4 M PVB # PVB-P 94 K 4 4 JE
mppAEER M EINETE2h)EH PVB R PVB-P
90 K £F 4 B R SE T 48 FL A B SR AR b, B NITH-
3T 34N LR FL 52X 10° 4> 14 %5 B 4 Bl T L AR, )
A B 2S IR . A T mL & 10% B 4 1L 35 Al
1% H -5 % ZM L-DMEM B 52 3, T 5% CO,.
37T CHAM TR, WG 2dBH 1Kk, EHF
B1. 3M7RE, B EH S 10% CCK-8 ¥
B FRHE; 37 C A 2h, RABRT K 450 nm
ARG A, IS AL IAF TG R . AT R =
(LA AME—FHAAME) / THRAAHE-FHA

Afl) X100%.

1.9 %t F 58 R SPSS 25. 0 4 H 4 4 % %
PEVEATGe it 2 0 Hr o 4% 2H A0 A T35 5 R0 40 7 7% 1k 24
BAIEBD A, Phaots £, ZHBREARLE
RN R 2007, L IRIREAS 5000 Y L e R
FHLSD-c K5, 2 41 5] FE AR 349 %50 L0 55 R 5 2 7
R E . PLP<<0.05 MR A G FE L.

2 5 R

2.1 PVBAPVB-PHRHEBRMHBHRAIE PVB
5 PVB-PYOKREF AN 5 H2, sS4 TE M Z FLA5
TG H BRI B, B0 48 0 B S 43 2F Ak S R 4 A
Nano Measurer 8 {4 £ I 25 5 75« PVB 49K £F 4
HA4HN (0.5040.10) pm, PVB-P 44K 2 4 H 4%
H (0.54+£0.16) pm, K78 RS L4 5
WK, WE A2,

A: PVB; B: PVB-P.
B R 5 A 4K A S IR S G 1

Structure diagram of electrospun nanofiber

Fig. 1

membrane

2.2 PVB# PVB-P A K4 £ B F R DM
FTIR 20 Hr 45 R 8 /% PVB 44 K £F 4 il
3437 em UK H H-OH 1Y i 45 i sh i, 1 140
1 002 em™ 'R C-O-C [ A F FR B S Bk it 45 4% 3l 1
S AR AEAE B U) OCHE . X T eI, 3341 em !
g et m B B R AR, 1 633 F1 1 380 em N T G
& YR ERIENE, 1161 cm e B ARG, e
W T PVB 2R 4E 5, v DWLHRRAE G . DA 3.
2.3 PVB#APVB-PARHEEFRESH PVB
KW BT, LA fil f ol (144.26°£2.907) ,
IO S5, HEfi o (128.13°+1.36°), £ M
B I 5 G K AT 2R A SR KPS . DLIE 4
2.4 PVB-PHRLLBERR A E 65K R i+8
HE EISIOCEITREMGE R B R: B 1IRN
PVB-P i g s sl B ik, 12 h Rt B 248
0.29mg, 1dZITBEAHO0.48 mg, FJ5E Bk
HEE BT, 3dRITRBEAN0.72mg, HE
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Fig. 2 Fiber diameter distribution diagrams of electrospun nanofiber membrane
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Fig. 3 FTIR diagram of propolis, PVB, and PVB-P

TdEARELI N 0. 79 mg.

2.5 PVBAPVB-PHAKS LR WEM (KM
R AR R SPVBALE, PVB-P4
2 K 2T 2k R IO 8 T K T RO > . WLIET 5. PVB-P
Xt S. aureus, E. coli, C. albicans, Salmonella F

S. aureus E.coli

PVB

PVB-P

C.albicans

A:PVB; B:PVB-P.
B4 PVBAIPVB-P4REF 4 B i K £ fik £ B
Fig. 4 Water contact angle images of nanofiber
membranes of PVB and PVB-P

P. aeruginosa ™ W& {8 5 %k 4.39. 1.27, 5.68.
3.16 )2 1.87,

2.6 PVBX#i#2 PVB-P 48R [ 3% % & & NIH-3T3
tm R AR % NIH-3T3 40 Jifg 45 Fl T 40 K &F 2 J
1. 3R 7dJ5, PVB4LH PVB-P 41 78 45 52 i ] 45
AN ML AE TG SRR T 90%,  H 4 ) e 22 S R4t
¥R (P>0.05), W1,

Salmonella P.aeruginosa

Bl5 PVBAH PVB-P 445K 4 4 B Uk 5t W60 B V% 20 70 15 0L

Fig. 5 Distributions of nanofiber membrane eluent in colonies of PVB and PVB-P groups
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&1 PVBAMPVB-PARFEIESRE B NIH-3T3 41 2% F
Tab. 1 Survival rates of NIH-3T3 cells in PVB group and
PVB-P group at different culture time (n=3,x%s,7/%)

Survival rate

Group

(¢/d) 1 3 7
PVB 93.25+1.14 94.22+0.75 94.654-0.87
PVB-P 96.34+0.15 97.11+1.24 97.544-0.98
3
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FREECIRIIRE . 56 (e B Bk 2R vfe . $2 (A 40 ff 1=
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g bk, BT ECN 0. 1200 MRS
PVB 94 K 4 I A2 3 K, sRoKMEMR DS, A
B F 4 M i 5 B AT 5 . PVB AR H A R
PR E R A AR A, SRR R T P O 1 O}
A AR T AR -

TSR

JIv A AR 5 7 WS A7 A ) 2 2

fEERBAEN:

R ES TR R B CREABYR, P
N2 5L BT IS, XSS 5 0T 50 B 5 2
Giit ezt e

(&% 30 k]

[1] MEHDIPOUR CHARI K, ENDERAMI S E,
MANSOUR R N, et al. Applications of blood plasma
derivatives for cutaneous wound healing: a mini-review
of clinical studies[ J]. Regen Ther, 2024, 27: 251-258.

[2] DU P, CHEN X, CHEN Y, et al. In vivo and in vitro
studies of a propolis-enriched silk fibroin-gelatin
composite nanofiber wound dressing[J]. Heliyon, 2023,
9(3): el3506.

[3] NDLOVU S P, NGECE K, ALVEN S, et al. Gelatin-
based hybrid scaffolds: promising wound dressings [J].
Polymers, 2021, 13(17): 2959.

[4] ZHU C X, CAO R F, ZHANG Y, et al. Metallic ions
encapsulated in electrospun nanofiber for antibacterial
and angiogenesis function to promote wound repair [J].
Front Cell Dev Biol, 2021, 9: 660571.

[5] WANG X D, WANG Y H, TENG Y J, et al. 3D
bioprinting:  opportunities  for  wound
development [J]. Biomed Mater, 2023, 18 (5). DOI:
10.1088/1748-605X /ace228.

[6] REZVANI GHOMI E, NIAZI M, RAMAKRISHNA S.

dressing

The evolution of wound dressings: from traditional to
smart dressings[J]. Polym Adv Technol, 2023, 34(2) :
520-530.



244 TR 224 (BE 2 i)

51 1M 20254E 1 A

[7] XIE X R, CHEN Y J, WANG X Y, et al
Electrospinning nanofiber scaffolds for soft and hard
tissue regeneration[J]. J Mater Sci Technol, 2020, 59:
243-261.

[8] SHARDA G, PALLAB D, VEENA A, et al
Accelerating skin barrier repair using novel bioactive
magnesium-doped nanofibers of non-mulberry silk fibroin
during wound healing [J]. J Bioact Compatible Polym,
2022, 37(1): 38-52.

[9] UKE N, SINGH S, SORENSEN G E, et al. The ideal
donor site dressing: a comparison of a chitosan-based
gelling dressing to traditional dressings[J]. J Burn Care
Res, 2022, 43(3): 652-656.

[10] AMBEKAR R S, KANDASUBRAMANIAN B.
Advancements in nanofibers for wound dressing: a
review[J]. Eur Polym J, 2019, 117: 304-336.

[11] BAL-OZTURK A, OZKAHRAMAN B, OZBAS Z,
et al. Advancements and future directions in the
antibacterial wound dressings - A review [J]. J Biomed
Mater Res B Appl Biomater, 2021, 109(5): 703-716.

[12]GUJY, GUI Y S, CHEN L R, et al. Use of natural
products as chemical library for drug discovery and
network pharmacology[J]. PLoS One, 2013, 8(4):
€62839.

[13] BOBIS O. Plants: sources of diversity in propolis
properties[ J]. Plants (Basel), 2022, 11(17): 2298.
[14] ANJUM S I, ULLAH A, KHAN K A, et al
Composition and functional properties of propolis (bee
glue) : a review [J]. Saudi J Biol Sci, 2019, 26 (7) .

1695-1703.

[15] KROL W, BANKOVA V, SFORCIN J M, et al.
Propolis: properties, application, and its potential [J].
Evid Based Complement Alternat Med, 2013, 2013:
807578.

[16] KOWACZ M, POLLACK G H. Propolis-induced
exclusion of colloids: possible new mechanism of
biological action [J]. Colloid Interface Sci Commun,
2020, 38: 100307.

[17] ESKANDARINIA A, KEFAYAT A, GHARAKHLOO M,

et al. A propolis enriched polyurethane-hyaluronic acid
nanofibrous wound dressing with remarkable antibacterial
and wound healing activities [J]. Int J Biol Macromol,
2020, 149: 467-476.

[18] JABERIFARD F, ALMAJIDI Y Q, ARSALANI N,
et al. A self-healing crosslinked-xanthan gum/soy protein
based film containing halloysite nanotube and propolis
with antibacterial and antioxidant activity for wound
healing[J]. Int J Pharm, 2024, 656: 124073.

[19] DOODMANI S M, BAGHERI A, NATOURI O,
et al. Electrospinning-netting of  spider-inspired
polycaprolactone/collagen  nanofiber-nets incorporated
with Propolis extract for enhanced wound healing
applications[J]. Int J Biol Macromol, 2024, 267(Pt 1) :
131452.

[20] STOJKO M, WEODARCZYK J, SOBOTA M, et al.
Biodegradable electrospun nonwovens releasing propolis
as a promising dressing material for burn wound
treatment[ J |. Pharmaceutics, 2020, 12(9): 883.

[21] QIAO Y C, DUAN L J. Curcumin-loaded polyvinyl
butyral film with antibacterial activity [J]. e-Polymers,
2020, 20(1): 673-681.

[22]CHUI C Y, MOUTHUY P A, YE H. Direct
electrospinning of poly (vinyl butyral) onto human
dermal fibroblasts using a portable device[J]. Biotechnol
Lett, 2018, 40(4): 737-744.

[23]LIU G S, YAN X, YAN F F, et al. In situ
electrospinning  iodine-based  fibrous meshes  for
antibacterial wound dressing [J]. Nanoscale Res Lett,
2018, 13(1): 309.

[24] FERNANDEZ-GUARINO M, HERNANDEZ-BULE M L,
BACCI S. Cellular and molecular processes in wound
healing[ J]. Biomedicines, 2023, 11(9): 2526.

[25] MORENO FLOREZ A 1, MALAGON S, OCAMPO S,
et al. Antibacterial and osteoinductive properties of
wollastonite  scaffolds  impregnated with  propolis

produced by additive manufacturing [J]. Heliyon, 2024,

10(1) : e23955.



