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ROS-responsive nanoparticles embedded in oleogel promote scarless
healing of MRSA-infected wounds through synergistic regulation of
iron metabolism and collagen remodeling
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Abstract: Methicillin-resistant Staphylococcus aureus (MRSA) infection poses a major obstacle to skin
wound healing, often accompanied by persistent inflammation and excessive scar formation. There is an urgent
clinical need for more effective localized therapeutic strategies. In this study, we developed a responsive nano-
oleogel system based on natural bioactive compounds for the synergistic treatment of MRSA-infected wounds.

This system consists of self-assembled nanoparticles of hinokitiol and verteporfin (VP), embedded within an oleogel
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matrix constructed using f-sitosterol. The oleogel conforms well to irregular wound surfaces and enables stimuli-
responsive drug release in the presence of reactive oxygen species (ROS) at the infection site. Hinokitiol chelates
Fe¥* locally, disrupting bacterial iron metabolism and inducing membrane damage and DNA disruption, thereby
achieving non-antibiotic bactericidal effects. f-Sitosterol contributes inherent anti-inflammatory activity, helping to
modulate early immune responses. VP exerts its effects by inhibiting the Yes-associated protein/transcriptional co-
activator with PDZ-binding motif (YAP/TAZ) signaling pathway. This multifunctional formulation demonstrates
synergistic antibacterial, anti-inflammatory, and scar-modulating effects, offering a promising strategy for the
treatment of infected chronic wounds. The animal experiments were approved by the Animal Experimental
Research Center of Zhejiang Chinese Medical University and were conducted in accordance with the relevant
guidelines and regulations (approval No. IACUC-20241125-07).
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J7 MR REAE Y. SRR TR ERAME SR =
— BRI e BV, BT S A R R, U L T 24 TR
W& RO A ERE (Staphylococcus aureus) 1275, H
T HR 4R PG AR 42 3 €0 % 4 BR 1 (methicillin-resistant
Staphylococcus aureus, MRSA) [l /5y B it 24 14 A1 £
71, IR R IR G i) Bk 2 — P, MRSA 7]
TE A A B T R AR N LR, 15 R R AORE, BETRE R
38 Tk G 8 6 3t AL ) e 2H SRR, I 3B LR A 1
o fEGLPUE RN MRSA YL 7 ROZ IR, 5 it
BT R K VR AR A G R MO ES . PRtk
AR E oy 35 ST v AP T AR SO R E AR, SR e
B THNA T WA A TR 1) 1] 7L

W AER, A Gt b 245 b RS VR oy it fe 3R T A
SR HLBUE PR R 5 2 ARSI, 232
SRVEY . AT AT R A 00 A ) SR 5, B A
fifEE b M TR, HE B R WA (hinokitiol) 4
A 13 TR B B ) B SRR, AN BB S 1k 5, I8
AR RS RREE G, 5 Fe' TE IR IS 2S5 1), 1 5
FLREE s 1, AT BB 240 T I &5 44 O 455 3 DNA 451473,
RAEATEAE AT, W R I, L2 B IR G AL, A TE
2 EFEIE ESE T U RS, REUS
B AR X BRRAE A B R R T AR R
B PUE RIS S At 7 B AR R A, JU A A T R i 2
PEZH A -

PR FEA L LS Re e A . AT
HHR S SOE S IR R TR AT A 2 8 RORR Y 1, BHL
H A . 4825 (verteporfin, VP) A& Iifi PR
TGN, AL G T3 D3Ry I AR A 5T R I, VP
FETCIGHR 5 A T 7R nld o # | Yes AH OG22 H/ R A PDZ
45 & B 7 1) i 3 3L 0E T (Yes-associated protein/
transcriptional co-activator with PDZ-binding motif, YAP/

TAZ) 15 5 I8, 742 BT 4 4 B & A1k LR 2 4 40 i
SRR SR ITAR, I i 4 2R R e [
VP ENG VG THI & 5 IR 1 4% 77 T R B0 H 3T 00 8L
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A VR AT AR SR W, ARy 5 VP R E i AR
PrAEH (00 m-m HEAR L B KA AR ) B 4308 Bt €
44K & & W) (hinokitiol-verteporfin nanoparticles, H-VP
NPs), S B 7] 38 38 I 47 v £ IR QL A 5 v () 38 1) & 46
BT o Herb, Jm Ry v 255 8K B 1 T BN 40 1R I 45 4
RAFHCEANE N, VP I H] YAP/TAZ {5 538 B, 142 i
JRTE R, P R SEBL PR e 5 H B B E R IT . AR
1M, %ANK R GAE S A= A0 1VIR8G h A7 7E =) f i B B (A
L A1) o e LA B T 1t 22 S5 B ], 75 1 B 6 3 1) i
&P & ImeiA.

THE IR A — B A 20 1B TR 7E v A R B 3T
B X % () 2 [ A AR, B R IR FE A L R
FRE A PE, JEHIE T A EU B2 B YR G T, v &0
JIR 7K B J A 3 A 5 P T RS 2 R K
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K, FFRRBIEMIA SR, G THREE . 5KEIALL,
T IR AE I B0 AL 0 B 1 B 5, AR M T R,
JEAH A5 B 0dE T e s K 1t 259, OF R — € i ke e
JTo ¥R IEEIREL BT N -5 S AL B — e PR A
FH, RE B[R] 2 =3 RE BT AEAS — BRI A2, 121
5 VAR AR A7 1E & K SF 5 14 48 (reactive oxygen species,
ROS) R, iX 42 H 247 2L 45405 F1 5 28 35 1) 5% B K]
o THEER R G 28 B G 2 i 5T £ ROS 1 H
T & KA AR oI A s R TR, 3 B = A D 2 AR A,
HET SEBLG M “HE TR . Rtk ROS mi B2 AL 2
A 3T A SR Y 5 J AE R G B T YR 9T B Y D e 4R R
J7 16, Ko 7 AR S IR GO T i N RS HEE
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MR TT A K i, F T VR 97 MRSA L AH G 18 4
BITH - % ARG UL B-23 S B N EERL T, N H-VP [ 4125
YK KT, 1 5 ROS FREE N AR 25 V0B T8 i A0 Ty 36
b B 1 R SR A B R R, R FE T T B I
VP #1i YAP/TAZ J8 %, e/ i R 38 A FF 2 1 2H 21 15
Az R R L 5 U N 2 AR I AR e ik T B, R IR
TRIE L. ZRGEDUE PR SRR IE T Re
— A, i 2 B B T AR T PR Ak B R AL
T IHIIRIT SR

MR 5 R

188 bR (Varioskan ALF).CO, 353748 (311).
8 B M 20 4h % i A (Nicolet IS5). ¥t A8 1% (Haake
Mars40) (3 [H 28 Bk € 24 7)), 3% 5 B 5B (trans-
mission electron microscope, TEM, H-7650, H A H 37
AT, ZD-85 1H IR IR ¥ #% (SHP-250, 1 [E L 71 kA
AR IR A F]); AT WL LA REAY (UV-3600).
X 5 2T 5 (XRD-6100) (H A g A 7)), 15 KT
(CP225D, f# [ Sartorius 2 &) ); # 4l /K1 (Cascada 3.1,
% [H Pall A 7]); £ A4 E IR WL 9+ 4% (DF-101S, H
F I B4 38 A PR A F]); Optima Max & 3 1K i 25
Lo #l (Avanti JXN-26, 3 [F Beckman A 7); £ ¥) % 4=
5 (SW-CJ-1FD, H [H F 5 A0 15 2 A PR 2 7)), ok 3k
FH T B (Axio Imager 2, f#[H Carl Zeiss 24 7).

HRE5RF RAAE (> 99%, C16851354), LK
M (C16082922) W [ Lifg i A=W RH A IR A\ VP
(> 99%, D2318504). & ALk (> 98%, 11930059) I [
o E R R T A IR A E] B2 BIEE (C17256164). O
R (= 98%, L812366) W [ |- 3 v Mk A= AR 5 ik
WA, BREAKBKERZ BRWEILEREE
B BR 2 75 4% 2 5 R (24319739, &L = A4
BHEA PR 2 \),); & FEA B G (sl i) & (2725311, £ E
Thermo Fisher A #]); #F 2% 50 (Zoletil, 7 B 4k 5¢ ) )
AT,

M MRSA B P usa300 Staphyococcus aureus
usa300 J& [ At 5 A6 48 6 B AR W B R BF 7L B (4R 5

BNCC361194).
SCIGEh4  HENE Balb/c /)N B (SPF 2%, 4~6 %),

R 20+2g), WH HgHEF LM A A . 3
) S22 K AR SR IS B ) A BRI 3
S, T MR VL A 2R 24 K 2= 3 W e 3R A0S H 4 P gk
1T, S Eh Y AT AE 5 SYXK (M) 2021-0012, AHT 57
B IE S TACUC-20241125-07 .

NEIEL GIE R F BB AR S & I —EmEnT
Ji TR, 1R) FE R 23 0 N TR o 10% A1 20% [ R

HEF (B-75 155 B AN BRI R VR 540, s B D 812), 90 °C
TR R T o 2L & 4 cCUKAE R (P4 EIEE R
#2375 10 °C-min™) i 24 h, 2R J5 & T 25 °CH1E IR £
FRAF i

RSB HUb &R T IR L,
BRI, 5 °C N 24 he KR % B 0B I 5%
T T T TR o A SR AR T SR = 4 ) 4% 1 L 9 AT
EE

RIEZEMESH B X B LT S Xeray
diffraction, XRD) I 7 1 ¢ 12 /¥ di A4 45 44« R Cu-Ka
ETUE (1 = 1.545 8, 40 kV, 30 mA), 7 =I5 347 I
e FEMAE 10°~0°HIATH M (20) W EL 1 ° min™ ()4
AR AT A

REZHM (E25°CF, i HAAA 8 mm. 8] f
N 3 mm B)SFAT B AS SOR A S AR R . AR
N AR (1 Hz, 0.001%~ 100% N A%) Hi i€ 2k M Zh
X JH] o FF 2 1 2 5P X (A2 0.01%, 1~100 rad-s™)
HEAT BB IR R 4, ] SRR R (G) AT
= (G") BEAR AL . 2h 75 5 B e i A xRk, BY
I3 20 H AR A AR B D) Y5 1 0.1~1 000 7'

LIANEAEME I B A AR A E
[i) Eb 431 5 veb 458 2 1 &5 P 4 1l R FH 4 000~400 cm™ 1)
Iz P EGE B 320, R N4 em,

MAFEMEMR  RAZ R EROGET RS
SR B 5E - B 3 mg T AR A BCE B AR A P
FF, BEIRIEE N30 °C, PLS °C-min™ (3 NI E
150 °C, MR B F4#4%F 5 min, L5 °C-min™ (174 &) 53#
M50 FFZ 30 °C, HIEE T £+ 5 min.

priesil i U N W 2 N TN e e R g M = ol
H5] B W 2.10.30 min B I BH 15 .

H-VPNPsH9HI&E KA “—H9%L7 % H-VP NPs.
F B AR EE B VP VA T DMSO HY; kS %5 Bk B iE & R+
Wis T HES . FIRWIERRS G B TR s
JZ %2 h, 10 000 r-min” .0 10 min, & 2 7%, DT
UE, FHFB A KBk G B0, B2 20K, i 5 KT Bt
fEH A K, AR TR, BDAS 48 63 H-VP NPs R T4 .
BRI i 22 T4 I L, 7538 5 fL T R 0E T L%
HESE.

H-VPHBREAEIE  BUH-VP NPs % & &4
T R oK, N IR R 20% R EE 7, 90 °C TR
TN P R R 5 A 5 KRR S N 4 cCHIVK AR .
I 5 SR FH Al ' S22 Rl W0 8 ek 4 e R ST 454

T EMEEERAMNE R VPSR
FriE 2 . HERRRREL 2 g i BERCHE i, I 95% &
i 5 mL, #87 HEEL S min f5 i gE, WEER . EE 3K
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A FHUEWOE MR 100 5 )5 F L4906t BE 43 AIAE
592 1320 nm il & WOGFEAE . AR OB 01 I A
ATVP bRk 26 5 FE R AT VP IR, 4% T
B s SH A B AL 2

_ Ar o AT/ VP

far g I b x 100% (1)
fr 2% it A3/ V P I
bi %‘g = X %
TN T T @)

H-VP BHAE S FXIEAEM 1 H AutoDock Vina
L128BAF#EAT 0 T . (LB E T #H A
Pubchem %Y ## J& (https://pubchem. ncbi. nlm. nih. gov).
K I Chemdraw 20.0 #4714k £ 9 () = 4 B 74 7 7
= i /M; AutoDock Tools 1.5.6 -T2 Al F T % #2245
L PDBQT SCHF; % & 7 8 A KR L 5,
HA SRR ERMME . Wit R E A% H 104
BAEX AL E . 456 BE AR SR AR A 26 A v ) $E 4
FHANARBNE S 2R 2 R BB EN S G 5T
X g FE I 4 G R RN, BEAT 3 KB BME I
THE AR ER 2 o )5, {8 FH PLIP £l Pymol 2.4 A1 X}
X REAT PR

AN R 2 5 K H AN [RK FE H,0, (10
20,50 pmol-L™") R A 5t o 5 AR HL 20% #E 11 57
100 mg, & T AL BE () IE M 48 (FHXF 73+ 5 &= 8 000~
14 000) 1, FEBRSIE G % &, BT 25 mL BN R,
T37.0 £ 0.5 °CHHIE K # & % (100 r-min™), 73 7] T
0.1.2.4.6.8.12.24 h JUFF 1 mL, Ff 32 B #h 1 5 &
I 9 [ 9 T S R TS S A o P B A 30 692 K¢
310 nm (VP Fl Jii A8 By (/) 48 A1 455 0E W A g ) Ak IR WAL A2,
THE R 2 R IFLHIR A £

WEEF M N KA MRSA ) TSB [# {4
Brgp i BRI 3~5 AN — VR B R 225 2.5 mL
TSB i fA ;7R B L IR, e B IR, B T 37 °C1E
BB EZAE, 200 r-min 55 9F 16~ 18 h 3545352 & 140
o M40 uL 2w W B M 2 5 4 mL TSB i1k
FRIERRE IR, 37 °C.200 romin” 55 37 3~4 h X
A, B0 (8 000 r'min™) 5 min, RN AGBEI. F X
I IE R F PBS S22 0 B R IR S, VS i PBS 2%
PR R 5] A B R, TR T L OD G, 7E 0.5 /2 A7 (B K
[#] 5 b HME, 7 T S5 B 40 B i s o) B fR I B A ),
LIS 401 T A P 49y 5% 10'°~5% 10" CFU-mL" .

BIRINBERE A H 96 FL A 14 B B B B VL i
il 2 H K B MRSA B AR - 150 B B 4 1) T VP N
0.1 mL A~ [7] ¥ FE£ 1) 245 ¥ (H-VP NBs Jii & K J& i1 5 31
A 32~2 pg-mL™), BTN TSB Wiz 15 % 3£ 0.1 mL 1F
A EARHIELL N 0.1 mL PBS A1 0.1 mL F—

2 FL A AR R B A K B Bl T 0 96 FLARUERN
37 °CHEFEMRGT IR 24 ho AT 3 IR HEFREE A JE HL
BB IR 10 pL TP B R 97 24 h, S LA K,
15 7k A 0 TR AR K IR ) AR IR BE B Dy o R A R R
(minimum inhibitory concentration, MIC).

YHERIR A EIESELE  HUKE N 10° CFU-mL 1)
MRSA %, 4 %I\ PBS.Fe’* \H-VP NBs.Fe’ +VP,
Fe’"+H-VP NBs, £ 37 °ClHIRK; 77 3L th K7 9 ik % . BX
10 pL AL 35 1 BT B IR AR B i A fa B T E IR B IR
PR IR, 24 hJE AR ARG TT 4% 40
WIRIT G, B [E MRSA BB T I & A
SYTO9 (2 umol-L™") AT PI (1 umol-L™") %<k} i) PBS 22 if
W, W E 15 min. &0 B £ 5 SYTO9 #1 PILJE A
PBS Sl B3 2 IR, 35 BRI 4% % 5 W g%
Wil E . K155 MRSA BIF BB s 3k, #
FRE R JE FIE B %% B AUEE T BT R

HHEFEMBENE@ARERS BUARFLH
) MRSA B (42 75 L [R] E k), 6 000 r-min™ B0
5 min, 38 B 2.5% (w/v) TR T VA ¥ B B I B i
W, 75 4 CCUKFE A s B 3ok B LA 5 A= 42 JEE v ) 4
B 5, B0 35 2% [ 58 W T PBS 22 i 25 T WU Bk 3 7K
Ja, N 1% (w/v) FERBR I W & 7€ 1 h, 4% 1 F PBS 2%
MR GE . EBESE RS, FE A AE R VTR EE (50%-
70%- 80%- 90% 11 100%) [1] £, B FECT B A 3% 22 it
Ko 7K AR i 2255 4 A0 B IS S FH 6 i 7 S A
WEE A [F] 2% A R AL B 5 40 T

OB IERIME % K BALB/c /MR, 8
o 9 S BRI 771 £ 2% 50 (Zoletil, 0.5 mg-kg™) £ /N R 7850
JRRIE o A P 0 B A% 07 B L 5 RSB Ak, B 5 T R R R
JR &b 357 50 U AR I BB, R LI T [R) S G R R A
B, DLoe 4 B8 T k. 16 © 9 9 /0 B 42 10 mm
(1) < J A PR 6 1 B JER 3 T, o s v A0 T T A 11, 4
PRI F2 A i B e 4005 B T IR 2 o B S 7 B T
M 50 uL MRSA B, 5] oA . H G T s 78
w249 1, CAB B L O 4 RF SR S I i B e A B . A
RGN JE 55 2 R, BRGNS, VP05 FRES . @SRk
JoR A DR J , BEALKE /N R 22 R 6 4 (n = 5), 43 il
e X HEZE L 10% B 77 25 1 7 5 e 2 L 20% R 7 =
1 YR 5 J 2L e N T i Ve 2 2 VP g i 4 H-VP
NBs & AR . %20/ R34 08 s 3 51 67 22 50
(0.5 mg-kg") BRI, i R 78 73 B 5 JHEAT AL B . 9 Sl B
X L ZE ) R, AR T DR, IR &
50 mg. AbFE5E R S {8 FH O B 6 T NG 55 1 1, DAAERF
SRR AR E B IET5 G FES0.1.3.5.7 KREXE I
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IRTT, TR AR AT IR BRI S T TG T,
RS DA, PP SN, 37 RIBT 4N )E,
AR FE /IS B, A TE B8 BY ) AR TR 5 L4 (L EE
SR [X 45 K L 0.5 em YU N I 4L 2R, Hor B E T
A1 mLEEPBSHELE Y. T KKHNAR
Iy SIH, WRAORAH R 78 BRI T . B TS A1
FRRE10* %, T 100 pL 3@ 48 BE A B0 VR, 39 50
HiTERERR. SHEFITER. BPREES
T37 cCHEIR L TR+, Hi 9% 18~24 he

BBt OMR  AbSE N RS 158 H J0 B 35 ) AeE 1
TS Bz il 2 BT 58 8405 1 A 23 (B4 A5 1 X 4 % S
250.5 cm 1EF 4L20), K 4L 47 B BN 4% % 5 TR
T (pH 7.4) 1, H IR [ 5E 24 he 1% AL A BEIR FE
18 P RS 1R 2 (70%- 80% 90%- 95% 100%) 35 2% i
K, B 4% 10~30 min; 28 J5 {8 H = FH 2R E4T 38 WAL B,
FER 15~30 min, FEF IR B A LUE N A Bl IS iR
W23k, PR 2 A AT ), = IR A H
[ o Ao %G i S0 v WK A7 S B ) B 4~ 6 pum JE 1 3%
Y s VI &K EHRB R L, T 60 °C
MR 1~2h4H . k2K, H H&E Masson. KR &2
LY, 2 Ja WK E R 8 R O A B e W 52 R B
%o [ O EER L, 2 5T B 5 KA,
HARY) R IR = W 2R Bk, 2R 5 WK 100%
95%- 85%- 75% P4 A % 1= ¥4 5 min, #x J5 F B 4l /K 2
Veo BEJERUI A B T AT B R A% v (10 mmol- L7,
pH 6.0) H; {8 FH R K I #4 10~ 15 min, H 2R A
2 ERIFHPBS e U1 H 3% i A AR ER
55 H 10~ 15 min; 25 55 A IR Mk S A0 P Bl s 1, B i
BH 1 ; PBS #1963 Y 8 FH 5% 1E % 1l 2F I 375 51 BSA &
PR = I8 9% A 30 min, X5 THUA & . 1 TNF-a
—HiJ5 BT 4 cCOKF P iE I E 16 h; Yk H PBS ¥ %,
0 HRP FRic 19 —Pt; EIE M F 30~60 min; PBS ¥t
¥ J5 FH DAB & 5 H R REEE . NP0 R 5
5 3R B AR e A, SR O R ' B R 5% R R
RG] F, BRR TR S50 0 a3 21 0 L JiR 111 Y
BEopt . R Image) HAFHEAT & 08T, W E R T
55 100 2 (A 6 T AR AL, FH DA W 2H 23 H fise i 41 44 1
F4 1 % o BB A, I PR 2 75 A7 7R R R IR SR AR
NV e 7 S5 M 1) e B B AE S 0, IR B & L U H&ER
Yett U] e, W5 AH R0 T X 38k 1 B 3 2 B AR iR 45 44,
sk ) BE ML £ S AN EF 5 Goit R Az AR R
T e A B, FH DL e B Tk B 8 45 R (R Tk AR B
[N 3R B 2 A 1 e B M S T BE R R K.

it F 5 K F GraphPad Prism B4 #E1T 401t
3T, Bl 2R R N T Y4 £ SEM, il BRI R O E 43

BT (ANOVA) Fl ¢ 46 56 3847 41 1] L 4%, B J5 #E4T Tukey's
% E LG G DL e 0 S M 5, P < 0.05 A Gt

%R

1 H-VP NBs HERRHIFRAE

1.1 HERRNERLEMMMEE A TR FUAN F 2 75 Lo %
IR R A5 R RS2, A SR B R B B, WLER T 4
£ T2 AT OB I AN [ 9 Bl A A7 O, SRR A &R O
SER ARSI, S5 SR W B 1A B, 9 R i 5 i 7 Bl
W2t e b 22 S 2 o s e ) B S TR 3, Y B AR TE
T RAEE T 2ILH A EEHE S A 4RAR S AR 254, HE)
B A H T 1 — B R R BB U LR,
H5R T R AR E A B SR 1% A S M TR R
T 2 AE B AR 2R AR ¥ 5] or Ao R, 20% i B 711
(B- ST ORI = 2:8) fE A2k R 2 Bihik.

1.2 GHEIRRAMEERIE ZaRHiE AL (differential
scanning calorimetry, DSC) & fiff 78 i % i #4 P g 10 &
BLF B, R fE— e FE B 3R B EEIR AR AR AT 9
P AaE e, AT T OmIE R 7 FI b . 25 R 1B B
N, TER R FE A, 10% 5 i 7510 3l 6 Jse , AN D 281 320 7 1
FEE LR, T B IR AR, i B IR R A AR T
JT, T il P v G B S e B A AR 5 20% 5% 2 7] e 458 s
TEZ) 50~ 110 °CZ [ A7 1E BH 2 1 B8 W # e, Sy R 1)
BRI RE, RNERTEREZ AT EMESRLRE
A, IR AU TR AR K T 10%, 3E— B e fF L T
FaE I =4 S50 o TR TR R A, 10% Bk i 771 i 1k Fise
JUT- TG B s A e, A il 28 ~F 2%, A AE 32301 140 °Clb
H LR T B, Ui B 10% e AR & R 45 AT AN B
3 GG i FE AR 20% Bt 77 T B IR 7E £ 60~80 °CiHl
R — A~ B S A HHTAR K (34.99 1-g™), ARER1A
APRETHERNNG RIR., DSCHEREVIES
Y8 J TR P 15 T, Ak 2R P9 38 40 - 2 TR AE ELAE 38 5, 7T
RERHE T P45/ I T K

1.3 SHERREBERSHT K XRD XA A [F R
anBEAT T 58 b, FAT S S a0 B 1C BT, T Rl
T8 IR it 350 2 0 HE 22 A B TR A R BR AT S 0, 3R B
i B A g S S A, BLE S — e Ll i e e AL X
B, S £ 6T N RE S 260 09 18.2°0F1 20. 1040 B
fT g (B 1C), 43 A% B d {5 4.86 F14.63 Ao ILAH,
208 14.8° (d = 5.97 A) Ab H L 55177 5 06, i % 25
P ] B8 5 B K 20 23 TR B AA HERUAH DG . FHELZ R, 20%
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Evaluation of the drug-loaded oleogel system performance. A: Polarized optical microscopy images of oleogels with different

gelator ratios; B: DSC thermograms of oleogels with different gelator ratios; C: XRD patterns of oleogels with different gelator ratios; D:

The strain sweep curves of different oleogels; E: Strain-sweep rheological curves of oil gels prepared with different concentrations of gelling

agent; F: Dynamic frequency-sweep rheological curves of oil gels prepared with varying gelling agent ratios; G: FTIR spectra of oleogels

with different gelator ratios; H: Images showing the gel state of oleogels with different gelator ratios after inversion for varying durations.

DSC: Differential scanning calorimetry; XRD: X-ray diffraction; FTIR: Fourier-transform infrared
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Figure 2 Fabrication and Characterization of H-VP oleogel. A: Schematic illustration of the preparation process of the H-VP oleogel; B:

Molecular docking images and binding energies showing the self-assembly interaction between hinokitiol and VP; C: TEM image of H-VP

nanoparticles and polarized optical microscopy image of the oleogel; D: Photographs of the gel state after inversion at different time points;

E, F: Encapsulation efficiency and drug loading content of hinokitiol and VP in the oleogel; G: Release profiles of VP and hinokitiol from

the oleogel under different concentrations of H,0,. n = 3. VP: Verteporfin; H-VP: Hinokitiol-verteporfin
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Figure 3 Evaluation of in vitro antibacterial activity. A: Schematic illustration of the antibacterial mechanism by which Hinokitiol chelates

Fe’* to disrupt methicillin-resistant Staphylococcus aureus (MRSA); B: Inhibition rates of H-VP nanoparticles at different concentrations,

with and without Fe** (left panel: without Fe**, right panel: with Fe'"); C: Bacterial colony formation assay after treatment with different

groups; D: Quantitative analysis of colony counts; E, F: Live/dead staining and corresponding quantification of MRSA after various treat-

ments. Scale bar = 50 pm; G: Scanning electron microscope (SEM) images showing morphological changes of MRSA after treatment. n = 3,
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Figure 4 In vivo therapeutic evaluation of H-VP oleogel. A: Schematic illustration of the establishment of a bacterial-infected wound

model in mice and the treatment regimen; B—D: Wound appearance at different time points post-treatment and comparison of wound area

and healing progression among groups; E, F: Bacterial colonization in wound tissues after treatment and corresponding quantitative analysis.
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Figure 5 Histopathological analysis of wound tissues after different treatments. A: H&E staining of wound tissues. Scale bar = 125 pm; B:

Masson's trichrome staining of wound tissues. Scale bar = 250 um; C: Sirius red staining to evaluate collagen deposition and scar formation.

Scale bar = 250 um; D: Immunohistochemical staining of TNF-a expression at the wound site. Scale bar = 250 pm; E: Sirius red staining for

the ratio of type I to type III collagen; F: Number of hair follicles and glands in 10 mm? wound tissue sections. n =35, x £ s
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