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tosan, CMCS) ($55:1026K022) Ity A dt i Z3E =R
PR 7] 55, 5-2 B J-1-nit g mk-N-4016 ) (5, 5-
dimethyl-1-pyrroline N-oxide, DMPO) i 7| ( 52 5.
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( deionized water, DW) B T & W 725 17, 5 55 F A3t
B OE TR 30 mm &b, TAESIA RS,
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Fig.1 Schematic diagram of the working principle of the plasma generation device
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HABHLE g/ (m* - d)] =(m, —m,) /(1 xA) (1
REGAIRO ) o

1.5 &l H,0, 1 NO; &2 1% 600 pL /KEEIK
i E T 96 fLARTIMAZEZKIZHL 1 h, 33 0.22 wm J§
] B ¥R S R, >R T HL 0, Rl & e — AL R
o WA 630 A A, 00 v 4 R A
AR,

1.6 #®il - OH 'O, &8 i xf (Y [ el
$257 DMPO 57 Fil TEMP 257 25 & ESR XJ 7K & Ji
HEATRE . DMPO W] 5 45 85 {4k i = A= 1) - OH
A i DMPO-OH, H: ESR 5% & & E e 1 e
2:2 : 1 fypyE W, TEMP 5 '0, & W 4 &
TEMPO ", J ESR {5 e s o 10 1 1 () =5
s, I _ESRARAESE AT %) - OH A O, HEFTRE P4
Bro Hod, DW 3RHEU ESR i B4R g 54k A
SR BT R

1.7 i pH {EF0 ORP & /K HEEME A R el 1 4
pH -5 5 S8 AR J5H A7 4G R T ORP A 45
B AR, BT pH T B R

1.8 HIEXW

1.8.1 MEKEIEAT S, aureus 893 2R HAT
HNEFTALIEIN i BB 5, B 2 mL S. awreus (1. 34 x
10" CFU/mL) B2 &% i £ 200 mL Py 37 55 35 5
IRA), W& w SR I, Tk R B4 6 mm
MIEFL. ¥ H 41 PAH 41 BSPH 4] & PA/BSPH 4]
TKEERE 53 B 200 WL fin A7 LA, AR IR E 3 4>
PATREA . B RG22 37 CHEIRIGFR4E
HREE 24 h Sl AHPLAT S R B A, IR A Tm-
age J FAE w4 HT I B B AR .

1.8.2 NE@mBA MBI EE KA LIVE/
DEAD™ BacLight"™ 41 T 1 4 9 )6 Y €2 38 57 & 46 1
S. aureus BTG AR . HF 50 pL BLALPY BE ( propidi-
um iodide, PD)RXFNNE] 1 mL 2833 /K8 I 32

WA S. aureus B VFR ( 22410 7K 72 10 BORE S AE R B 4
PR L RS E S T R E 15 min, ZJ5
JH PBS %k UE 25 G4kt B B e A FE i iy 4 L
FEAS B EI R BIFE R R WA ke f 4 2
EUZ , B P 485 ~630 nm,

1.9 “AAmsCIg

1.9.1 #H &=k MK ISO/EN10993-12 Fil i,
% H 41 PAH 44 .BSPH 2 1 PA/BSPH 4H 7K & 5 43
JIHL0. 1g 5 DMEM B55= 54857, 3 0. 22 wm 8,
il B 100 mg/mL {242

1.9.2 CCK-8 skt tm b At /B ET 4k 20 o
PRE 755 Fl DMEM 5% 42 B85 5% 2 00 804 KOs 4%
ANHART 96 FLAR (1 x 10°/4L) , K535 12 h, FR 40 G
BEJG W o35 7R 5L, B AL A 100 WL 12 423, R
DMEM 3557308 R B X IR, AR i 3 AN AL,
%77 12 h g, in A CCK-8 i3, Ki F2fa i & 40
min , Fi F AR (G0 & 450 nm 33 KR R
1.9.3 @WiXREBIFFG oL LAY
FHC S 27E 6 FLARIK R BRI 30 T8l BE 5 [a]
—FH (27 0.5 ~1 em) K PAITL (LR 3
) s K MR T 6 £FLAR (50 J3/4L) , & T 5% CO,
LA 24 h, WA T WSS A I T B IR 95% B,
10 WL & o Af Sk 3 B T hR 0 28 51 ol 1 20 R 2 40 i
J& A AR 5P A T AR 2 I XU AR IE X, TR
FERGIRWL , IR PRI 37 5 43 WITE 0.24 h B, 7E ik
B SRR IC XA RE i1 Tmage J A4 K1)
SRR R A AR,

1.10 Zrit=4E A &dE 0 Origin2021 pro
HATGETH Ao MR SE i d AT 3 IR, LR A R Y
FSFH4ME = bR 22 (x +5) o, 2 21800 AR
AT 2y 22 40 BT, 4 18] P 9 L 45 R Tukey 46556
PLP<0.05 AZEFALGI#E L,

2 HR

2.1 JKERRRAKEFMAKZESEIERKLN HHA
FHLE : PAH 415 KA , 25 R T4 i1 5 X ; BSPH
ZHF1 PA/BSPH 41K /K AR, Z R A Gt 72 X
(P <0.05) ;5 BSPH 21 fH Lk, PA/BSPH 4 2k 7K 2K 2%
FREgITEE . 5 H ML, PAH /KRB
FARI, 22 5 G124 5 X ; BSPH 41 Fil PA/BSPH
HAKZER BT FEM, ZERARITFEL(P<
0.05), 5 BSPH Z4{#H Ik, PA/BSPH 244 /K 28 <35 i
FESTGIHFEL . WH 2,
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Fig.2 Comparison of water loss rate ( A) and water vapor transmission rate (B) in four groups of hydrogels
a: H group; b: PAH group; c: BSPH group; d: PA/BSPH group; *P <0.05 vs H group; * P <0.05 vs PAH group.
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Fig.3 Comparison of ORP value (A) and pH value (B) in four hydrogel groups

a: H group; b: PAH group; ¢: BSPH group; d: PA/BSPH group; *P <0.05 vs H group; * P <0.05 vs PAH group; ¥P <0. 05 vs BSPH group.

2.2 #iMKEERSH ORP 1 pH 4L 5 H 414HLL
4. PAH 411 PA/BSPH 411 ORP {35 , 274450
228 X (P <0.05) ; BSPH 4] ORP {H[&4%, 22 547
Gt (P <0.05), 5 PAH 41 BSPH 4t Lt
PA/BSPH 41 ORP {EFE(K, 22 % A Geit @ L (P <
0.05) . Ji4b, U4 /K BERE Y pH {EAH LLAL, 25 5% T
GiiteFE . WWE 3,
2.3 #il-OH 'O, &8 HILMILL H4IM
BSPH 413 F - OH ] ESR [k & th B 5 L oA
1:2:2: 1 fypyEEgE, LU H 44 BSPH HAEH
- OH;PAH 41 #1 PA/BSPH 415¢F - OH 1y ESR &
TELR I S o 1 s 20 2 0 1 (DU I, B H 41
I BSPH 41 445 - OH; H 41.PAH 41 .BSPH 41 I
PA/BSPH 20 5¢F'0, 1Y) ESR K3k LA T 22 51, &
WIDULH K BEE A &A1 0,0 LI 4,
2.4 #il H,0, fANO; &8 5 HZ4IALL.PAH

211 PA/BSPH 411 H,0, & aig &, 2R A gt
H X (P<0.05);BSPH 4 H,0, & i 2 RS
X, 5 PAH 41 .BSPH 41 # I, PA/BSPH 4 H,0,
TR, Z R A G FE (P <0.05) 5 735, I4
YUKEERE NO, Al AL, 22 5 RSt 5 o
WE S5,

2.5 JKEERRXT S. aureus FIHIE IR S5 BHMEXT R
AR ELAS  H 2 B AEE T 21 0 98 ok 0 i 3 22 51,
BSPH 4121 (5,5 5% 5 U ¥ /> PAH 411 PA/BSPH 44
B BB asOts . WK 6, H 4K
Pl AR N RS THL AR, TP AR s 5 H 4IAH HLER
BSPH 41 {15 P&l 7% 25 5 JC e 1127 3 35 PAH 41 AN
PA/BSPH 41 {301 el BLARE N, 2 R A S22 X
(P<0.05), H PAH 415 PA/BSPH 41 (/)41 14 P&l EL
AR, Z S g 2 . WE T,

2.6 KERHEWREEITN ST A
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Fig.4 Qualitative comparison of -+ OH (A) and !0, (B) in four hydrogel groups
a: H group; b: PAH group; c: BSPH group; d: PA/BSPH group; e: Baseline was acquired with DW as a negative control.
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Fig.5 Comparison of H, O, concentrations (A) and NO, concentrations (B) in four groups of hydrogels

a: H group; b; PAH group; ¢: BSPH group; d: PA/BSPH group; *P <0.05 vs H group; * P <0.05 vs PAH group; ¥P <0. 05 vs BSPH group.

6 S.aureus EWIEN P A B A BMBR
Fig. 6 Fluorescence micrograph of Pl-stained S. aureus biofilm

a; H group; b: PAH group; c: BSPH group; d: PA/BSPH group; e: DW as a negative control; Scale bar: 100 pum.
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Fig.7 The effects of four groups of hydrogels on the antibacterial activity against S. aureus

A ; Photographs of the zones of inhibition formed around the hydrogels after incubation; Scale bar: 10 mm; B: Zone of inhibition against S. aureus;

a: H group; b: PAH group; ¢: BSPH group; d: PA/BSPH group; #P <0.05 vs H group; * P <0.05 vs PAH group; ¥P <0.05 vs BSPH group.

FC L H 4140 M 7775 26 22 5 JE 40 11 2% 73 3, PAH 41 (1)
MM BRI, Z R A G E X (P <0.05);
BSPH 21 1 PA/BSPH 20 24 07735 s i, 22 S A 48
% (P <0.05), 5 H 414, PA/BPSH 414
MIAFIE TR (P <0.05) ;5 PAH 414 ., BPSH 4 .
PA/BPSH ZH I A7 % 2T (P <0.05) . WL 8,

140

120 T

100 |

T T
1 1

-
|_

80 I

s b

60

Cell viability (%)

40

20

e a b c d

8 MAKER X 1929 MAaTFE RN
Fig.8 The effects of four groups of hydrogels
on the viability of 1.929 cells
a: H group; b: PAH group; c: BSPH group; d: PA/BSPH group;
e: negative control group; *P <0.05 vs H group; * P <0.05 vs PAH

group; 2P <0.05 vs negative control group.

2.7 JKERIITEARIEIE IR EE NI SPM:
SfHEZH 4. H 2H . BSPH 4H #1 PA/BSPH 4H 41 Jf i
eI, ERA G F R X (P <0.05) ,PAH 44
M RERE I FEAR, 2 A ST # i L (P <0.05) ;
5 PA/BSPH 4 At 4, H 2 . BSPH 2 21 ffg i %% fE
TR, ZRA G E L (P <0.05) , W9,

3 W

G IR AR D @ A AR R Iz T A 1]
R, AT ST T2 B PR A 2 i  h PAW,
ZE4 BSP, CBM,,, Fll CMCS 20 A 7 A /K ¢ 68 Bk
(PA/BSPH) % ¢ JL BEAL ' BE | 0 1 1 V5 AL T7 2%
R QSRR pH EAERI &SR TEE L
SR B BRI R T AN . PULLK I
s pH {EARAE T 4 ~6 BRI IE Bk, A5 IE# B2
JORTER T P A AL, Xk B JOK 0 338 e, 3 T 3 A 2 7
FE DR BRI T A I PR3 11 Ok} pH (B

IKBEIE R K IR BE 52 B 25 R e W] BSP (151 A
ST OKBECUKAE 7o AHOCHE S H2 Bk (RE 5
IS B BE, B I 7K 78 s ad R AE 2 000 ~2 500 g/
(m® « d) Z[a] s ABFSE H, BSPH 411 PA/BSPH
R BEIZ 7K 78 ids i ARAE WL B A, o] LR UE A
155 PRI AL L 1) U s, PR 1 1 R AR
3SR 5 10 3o BE TR ZEFE Rk A A
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Fig.9 The effects of four groups of hydrogels on the proliferation and migration of 1929 cells

A; Optical microscopy images showing fibroblast migration and coverage 24 h after the treatment of hydrogels; Scale bar: 100 um; B: Migration rate

of 1929 cells 24 h after the treatment of hydrogels; a: H group; b: PAH group; c: BSPH group; d: PA/BSPH group; e: negative control group; *P <
0.05 vs H group; * P <0.05 vs PAH group; P <0.05 vs BSPH group; 2 P <0.05 vs negative control group.

16, BSPH 21 1 PA/BSPH 20 /K 8 i 58 35 A2 I P 1
405 FHBYT I 7K BE B BORE N, B2 1 P BRI BB K .

FHOCH TR 3R B U TG B AR K S R A —
FINRNL, ffiF5 PAW = A 3G o, o = 24 45
TR M n K B iE M i H,0, R G 4l e
VE2E MM A A TS PE B - OH'™ | =35 S J5 43 gk 41
TR A0 R B SR (14 A 2 R 2 M e ) Ko T 2R
1, AL B RS o 71 5 BN T 40 45 4 2
P, 1R T AR B RS A R AL Bk
A RE YR o

HE— AR B I 1) A% AL, Y 2 7K 368 s 1)
K AT S BRI K S. awreus TP 5250
sELH] PAH 41 Fl PA/BSPH 41 /K Bt A & 4
H,0, fl - OH X Wi G PE 9 o, B3R T 40 B 2544
AN AT e A B R K B 8B 4 (a9t 1,
KEN A ERCR . H 4151 BSPH 41K BEIRAS &5 45 3% 2
W PR T, i LA TCHT B /R 5 e rh BSPH 41 7K 5 i 4
PTG MRS I T, v RE Kl BSP /R R R B2
REVRP I, By LASR = T AR A7 TG . BRILZ 4, ORP
i, AL RE 7B, v LU U R A W, K %
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ZFHVERT  PAH 411 PA/BSPH 417K #E 65 1) ORP
{ELPA 2 &5 F H 4180 BSPH 41K EEME , A PAH 4]
H1 PA/BSPH 2] 7K 5 Jist A2 3 o S8 AL ML A 3R S. au-
reus 4 JifL B, T PA/BSPH 41 7K ¥ ¢ (1) ORP B /N T
PAH 41 7K 5E J5 W AT B8 BH ok BSP 1 S8 Ak 1 Bk 20 T
ORP fyf74E"

ffiFH CCK-8 & 47 40 i 75 4 52 30 1Ak 7K 88 it
A2 A e 45 3 s PAH 21K BRI A5 40 i
B, AN A AW b XOR T RE 2 K Dy PAH 4]
IR RS P PR T Ao v s R R, BT
A E L EIRIE s K, Bl PAH 4K BEICA B
IF R ERCR , WA IE A 1R 05 B0k, PA/BSPH
KBRS ELA A= e 4, HLAE 40 i R K
S R AT RS RE U s T PA/BSPH 41 /K
e H,0, .+ OH 5 2 fil ORP A ¥ {IK F PAH 417K
BEI , R U A0 BSP G2 A L4 S A e e, A7 R AIR
TREERE IS MY K W BR T PAW X 4 i 1Y
SRR T SE TR T A A R
WS ARG Il 5 1R A e . RSP ER 2
WA FE ] PA/BSPH 21 7K U5 J5e 7 S g 1 % 1 1 i
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PRI IAY T 7 T EA VR I R R FH AL

25 LR AR R & T —FP R R PAW
PrF] BSP 11 7K #E e (PA/BSPH ) | HC 5 A7 R ik 1 3
o BRARPEAR GBS MR Y AP RE 3 T T A B4
(O AT BRI 1 o KB AE AR AN A0 52
B v B PG S 1 A 2 A P IR 1A% 1 A B BB
H1o JEEEKHET PA/BSPH 7K 5 i ot o Ath 20 1 Fn 4
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Antibacterial properties and compatibility of plasma-activated

water/bletilla striata polysaccharide composite hydrogel
Ren Wenxue', Cheng Cheng’, Han Wei’, Liu Taofeng®
('The First Clinical Medical College of Anhui University of Chinese Medicine, Hefei 230001 ;
*Institute of Plasma Physics, Institute of Health and Medical Technology, Hefei Institutes
of Physical Science, Chinese Academy of Sciences, Hefei 230031; *Dept of Dermatology,
The First Affiliated Hospital of Anhui University of Chinese Medicine, Hefet 230001 )

Abstract Objective To investigate the antibacterial properties and biocompatibility of a novel hydrogel fabricated
by integrating plasma-activated water (PAW) and bletilla striata polysaccharide ( BSP). Methods The experi-
ments were carried out by dividing the hydrogels into four groups based on their compositions; the deionized water
(DW) -carbomer 940 ( CBM,,, ) -carboxymethyl chitosan ( CMCS) hydrogel group (H group), the PAW-CBM,,,-
CMCS hydrogel (PAH) group, the DW-BSP-CBM,,,-CMCS hydrogel (BSPH) group, and the PAW-BSP-CBM,,,-
CMCS hydrogel (PA/BSPH) group. Physical properties of the hydrogels were evaluated by testing water loss rate
and water vapor transmission rate. The content of active substances was determined using a microplate reader and
an electron spin resonance spectrometer (ESR). The pH and ORP values were measured using a pH meter and an
oxidation-reduction potential (ORP) electrode. The antibacterial mechanism was elucidated by analyzing the integ-
rity of bacterial biofilms. Antibacterial activity was evaluated via the zone of inhibition assay. Cytotoxicity testing
was performed using the cell counting kit-8 (CCK-8) assay, and combined with the cell scratch assay, to collec-
tively evaluate the effects of the hydrogel on cellular biocompatibility and migration ability. Results The water loss
rate and water vapor transmission rate of PA/BSPH hydrogel were (32.3 £2.3)% and (2228.2 +181.1) g/(m’
+ d). Compared with the H group hydrogel, the contents of hydrogen peroxide ( H,0,) and hydroxyl radicals
( -+ OH) in PAH and PA/BSPH groups significantly increased (P <0.05), and the diameters of inhibition zones
significantly enlarged (P <0.05). The cell viability in PAH group significantly decreased (P <0.05). The PA/
BSPH group showed non-toxicity and a higher cell migration rate (P <0.05). Conclusion The antibacterial
mechanism of the PA/BSPH hydrogel relies on the reactive species H,0, and + OH in PAW. The incorporation of
BSP enhances the water retention and breathability of the wound dressing while significantly reducing the cytotoxici-
ty of PAW. This modification endows the hydrogel with improved biocompatibility and promotes cell proliferation.
The PA/BSPH hydrogel demonstrates clinical potential by offering a novel therapeutic strategy for chronic infected
wound management.

Key words plasma-activated water; bletilla striata polysaccharide ; hydrogel ; wound healing; antimicrobial ; cyto-
toxicity
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