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PREPARATION AND CHARACTERIZATION OF LIGHT-
RESPONSIVE ANTIBACTERIAL HYDROGELS FOR
WOUND HEALING PROMOTION

ABSTRACT

The widespread presence of drug-resistant bacteria has become a significant
challenge to global public health, particularly in the treatment of wound infections,
where such infections can lead to delayed or failed wound healing. Although antibiotic
treatment is effective for initial infections, the propensity of bacteria to develop
resistance has resulted in the gradual ineffectiveness of many antibiotics against
infections, especially evident in complex wounds and those in diabetic patients. To
overcome these challenges, researchers are currently focused on developing light-
responsive antibacterial hydrogels loaded with nanoparticles. Firstly, many
nanoparticles possess strong antibacterial properties, effectively inhibiting bacterial
growth and reducing the risk of infection, particularly in the treatment of complex or
chronic wounds. By loading nanoparticles, the antibacterial efficacy of the hydrogels is
significantly enhanced, allowing for the sustained release of antibacterial agents over
an extended period, ensuring the continuity and effectiveness of treatment. Secondly,
light-responsive hydrogels can activate drug release mechanisms under specific light
exposure, enabling precise control. An external light source can stimulate the light-
responsive characteristics of the hydrogels, prompting the release of drugs or active
ingredients at the required moment, thereby improving treatment precision and
reducing side effects. The introduction of nanoparticles also improves the mechanical
properties of the hydrogels, enhancing their durability and stability on wounds. Overall,
light-responsive antibacterial hydrogels loaded with nanoparticles exhibit strong
antibacterial effects, controllability, and lasting stability, making them an ideal material

for wound treatment. The specific research content and results of this study are as
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follows:

(1) In response to the issue of difficult healing of drug-resistant bacterial
infections in common traumatic wounds, this study designed a nanocarrier platform
using perfluorohexane (PFH) as an oxygen carrier, with the photosensitizer chlorin
e6(Ce6) and the photothermal agent molybdenum disulfide (MoS») co-encapsulated in
lecithin liposome nanoparticles. ZIF-8 was utilized as a carrier to enhance the stability
of the liposomes, resulting in the synthesis of the MoS,-Ce6-PFH@ZIF-8(MCP@ZIF-
8) nanocarrier platform. Subsequently, MCP@ZIF-8 was loaded into a hydrogel
(MCP@ZCP) formed by the crosslinking of carboxymethyl chitosan (CMCS) and
polyethylene glycol F-127(PF-127). Characterization of MCP@ZIF-8 indicated that the
nanoparticles exhibited a uniform morphology, with a particle size of approximately
220 nm and a zeta potential of about 6.7 mV. Photothermal testing results showed that
the photothermal conversion efficiency of MCP@ZIF-8 reached 52.7%. Photodynamic
detection experiments indicated that, compared to the standalone photosensitizer Ce6,
MCP@ZIF-8 was capable of generating a greater amount of reactive oxygen species.
In vitro antibacterial activity tests demonstrated that under 660 nm visible light and 808
nm near-infrared light irradiation, the bactericidal rate against drug-resistant
Escherichia coli and Staphylococcus aureus could reach 99%. Through biofilm ablation
experiments, it was found that MCP@ZCP can effectively disrupt biofilms formed by
bacteria. The establishment of a mouse wound infection model and the results of in vivo
experiments indicate that, compared to the control group, the MCP@ZCP group
exhibited the fastest reduction in wound area and the best wound healing. In the analysis
of the antibacterial mechanism, MCP@ZCP can affect bacterial amino acid synthesis,
carbon metabolism, nitrogen metabolism, and other pathways, thereby inhibiting
bacterial growth. Hemolysis experiments and blood analysis in mice have confirmed
the safety and non-toxicity of MCP@ZCP. Therefore, MCP@ZCP oxygen-carrying
phototherapy hydrogel may serve as a novel means for treating drug-resistant bacterial
infections and promoting wound healing.

(2) For the wounds of diabetic patients, the wound healing effect of the

aforementioned hydrogel is not satisfactory. Therefore, this paper will subsequently
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focus on the wounds of diabetic patients, addressing the issue of excessive reactive
oxygen species (ROS) at the wound site by selecting the natural polyphenol
epigallocatechin-3-gallate (EGCGQG) to eliminate the excess ROS and promote wound
healing. EGCG and carboxymethyl chitosan (CMCS) can form a hydrogel network
using 2-formylphenylboronic acid (2-FPBA) as a crosslinking agent. Then,
polydopamine (PDA) is used to encapsulate the traditional Chinese medicine
component puerarin (PUE), and the PDA-PU nanomicrobeads are loaded into the
EGCG-CMCS hydrogel to obtain the PDA-PU@EC hydrogel. Material
characterization experiments indicate that the particle size of the PDA-PU nanoparticles
is approximately 223 nm and they exhibit good morphology. Photothermal experiments
show that the photothermal conversion efficiency of PDA-PU@EC is about 65.7%, and
the results of the reactive oxygen species elimination experiments indicate that it has a
good capacity to scavenge ROS. In vitro antibacterial activity tests demonstrate that
under 808 nm near-infrared light irradiation, PDA-PU@EC can achieve a bactericidal
rate of 99% against drug-resistant Escherichia coli and Staphylococcus aureus. The
establishment of a diabetic wound infection mouse model and in vivo studies also
indicate that PDA-PU@EC has a good wound healing capability in diabetic mice.
Hemolysis experiments and analysis of mouse blood parameters further confirm the
safety and non-toxicity of PDA-PU@EC.

The experimental results indicate that the hydrogels synthesized in this study
possess excellent antibacterial properties and good photothermal or photodynamic
effects, as well as favorable wound healing performance for complex patients' wounds,
demonstrating significant potential and promising to become an important therapeutic
approach.

KEY WORDS: Photothermal therapy, Photodynamic therapy, Oxygen loading,

Hydrogels, Trauma Repair
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Figure 1-2. Schematic diagram of a novel nanoplatform for photodynamic therapy and low-

temperature photothermal therapy for antibacterial action and wound healing[’®
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BAIAWHR R BRI I, HAoa sl I KRR R S, R AR £
PERBT, I T B e,

JERAC B 1 G K PRI R & Je 19 2 T B AT RE U8 £E R R I 1R
T, RIVHE SESMEIA R ThREVEB, SeHGORBURL,  n4: 8 9K BokL AN 4
JE ALK IRL,  REVSAEUT LU RS RO REF o I RE, XM= 8 1 34
BOSAHEHE F &G BAT 2 BB, i, SeURBURRE) 2 B AT R T
PIREE T EHUKBR R R A ENE, I HAELZLAME R TR a) L
PRAL R B DG IARNE, XA RN TT LA B AR v R PR A A R B, (e IR AR P
AHTARACET, AT S8 45 1 XS ) S 2 AE FR IR . AL, SN L RS
R G P RS SR, B v R S S R A M B A, I B R oA 4 T A R
Yy, B bR, Tt MR R A R0 T, K BRI G R RN K iR
7, BEMS A R A, IR .

7



RT3

AN EE N UGB IR TT . J6Eh i aeKat ek s Ok AR
EVESE (ROS), BRI 51K — BRIV F N, HHIAH 0 A KR ST S B IX 2R
AN K OB IE S FH A ML ETC WA B B, RE RS AERF 8 G IR SRR T UK 7 AR v
A, WA AR PR, XU AR B A R AL BT B AR A, L,
TEALER (TiO2) GKRURLAE 2 B FH T2 G AR B2 — o 2 TiO44K
RIURL 52 B 2R MG B AT DGR B, REAE PRIBRUR 7= AR TE YRR, T R KA
PRI S TR, el TR ) XU, o SR R N K TIOR8 1% BRI (R IS, 3 e aod ) 35
MG TR, R AR, BB N AT,

B, ST YRR R MR ) ThREYE, 7EAT @A R IR AT S AR
W] o X LEGNKATRE AN BE i 3 1 IR HUR 7 AR R RSO X LRGP L 3 5 4
PE IR, I Refg I Eh JVE -G (RN A . B AR BRI
FTRARIIAW R IE, KA BN TG0 BRRAE I R4S PR T o R 3E S8 N &
TRER, BONRIISIEDS D& XA 1S
1.4.2 7KEERE AR A N A

KA R — T BA v FEWOK PN R A A= WA SR ), 30 A SR AE A5
A SUEAF RN T )z N L, R ERE RO 51 R g M 1 A i R
IR TR . BRI B W W T @S %18, 5 B )
R, X5 BE R OB REER  fe % DR SE T TH 2 A DA O . K
B AN BRI 5 D PR AL IR I 8, IR iE A ik . RN R IE T
W DR RNE S N5 2 AL, (REE0T ARG, JU IR B RO 51 AR 4
[96,97]

B, BEPRIE B B D A B B I TR Mg O, X — IR A4S
A i R R N AT o K E IR (1 B AR 5 K FK A FH Re A 2k 1 1 3R T S
HFRAER I B A, ORER DR IR IR, ATk T Rt 4 A ) £

SO AL, KB REE A RO IR PSR A, 38k s 1 RIS A AR 20T
ARSI, PRI T A5 R L R B P SR B . R 1 B 6 12 st 4 i
TR MGG, U AENE PR 8 AR Dy, AR PR KT e 8 8 52 3
], KRR IRIE R N A R D e AR T R SCRR . B, — bR
LI KB A Bl —— WG BE (PVA) K&, {ERERmG N s h B8 T7Ea
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BN WEHIERM, PVA JKEEAESR HERRIEA BRI, RE6 8 1 9 =) & i
FEAI pHAE, BlEA A T 40E A LB BRI . 5ILRIR, PVA KEERIE
eS8 R T IE R (AR 1) KB 105 e, 1K 2 W PRI 18
H@adfEh — N EENPR. W T AEAT SRR, RS R
RESNE, TR EE A 19,

BEAk, —SSRFIRIDRE AR B RE, & A A K T RUKERL, C2IT6
FERE PR 1 1 5 v e L BE O 8 5 I ORI ORI IR i B B A K R
(IR BE KN 7 EGF U N B K IE 7 VEGF 55),  RENS {2 1 & 1) 5 2E AN
bR AR R A GE A RO A I R . B SRR R R T R B AR
€, MEEELT IRk IPIRES, SEtA L, #—PREGNEE.
M AR PR IR E TRDRE R, KRR REAS A 28 e BE 3T I (R 2R R, 503 JR A
W, gD i EAE S .

FEIGRR I, C4f 2305 A KB SO T8 PR (8 i1 R4
FaIr. tetn, T E&AKE 05 Dok, R AR (Hydrocolloid) A1
1850 (Allevyn) 577 b o IXSEHORLR] F K BEAZ (IR P BG4, A3 R 1
PR B Ve D, SERE 2D, X SEHORL AR DR O R, b
VIR, IERENG BT 05 RS 1A, DR SORE RN A0,

EE R, TFK, WA ZulRKE R 59 KRERE &, B
YKL 1 MR S T FL It R o 9, 48 K AR K B I agh 2 — b L 2R ) 7 HH 58
Bl LR GOKRRBURL S KBRS &, AUIE5R 7 KEBE I HTE T RE, i nT A
WAL SRR B 1, AR DA B AR A, e IR R, T
A A AR T AT a0z 10,

HEh, BEAEEREAM R AN A, — LD e K B A B IEAE REAT G137 1%
vhs Bl R KR . IXIIKEER RS ARYE O D AR AR (iR . pH E
SR AN, TS IR BOE R o 1K RV AEAS AR AE R PR
71 s o ) IS FH B R i A g 2 1042091,

SRS , IKEEEAE y— M EAE B0 VOB RE, AR RE IR 477 1 &
N R IL T T R AT St B SR AHB IR ST D RAE . Z2 A
DB IAE A RIS AR A 2 AT I, KB AR R 1B PR 18
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NEEdrE. BESRKARED, RRKELR LR DT i
SENEER A, BERME . mAIaT %,

EGCG-Cu [ v

capsule % Bioactive hydrogel

polymerization
< ﬁk

Q.
O

C,\::‘;\ - =

Burn wounds

Angiogenesis

ESS -
* * Inﬂammano} Metabolic
1 Oxidative stress \ / reprogramming

K 1-4. EGCG 7K &t 1B B 2 A A AR 3545 11 A & 1) 7 7 ] (208

Figure 1-4. Synthesis route of EGCG hydrogel and schematic diagram of promoting wound

healing(%¢!

L5 R REEMRAS
1.5.1 iIR@ig Tt B

AR VR R AN [F)3 A% VAR S5 R 67 00 B8 K A

(1) EFXHEEm AR — G 400, ASCRASR K (PFH) /E N
A, JCHGI AN e6 (Ce6) HIGHGH HiALEH (MoSy) 3 [F)Hf Fe 48 i Joi 4
AKBURT- &b, R ZIF-8 FE Jgfd LU S g BRI R e M. WIS, MoSs-
Ce6-PFH@ZIF-8 (MCP@ZIF-8) ik E| R H I RKFE (CMCS) 5 R e 7
F-127 (PF-127) ZEAEHIKER (MCP@ZCP) H.

(2) EFXEBE IR 05 0 3R KBRS R A% D A B J R AR

s
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D] b A S S o4 A 6 W PRI 9 N 40 1 BEAT BT, X 3 PR 40 1 A 3 4k
AL RR R, EFERARZHMERETILEREETRE (EGCG) Ki&kR
It EyE A, R D A . EGCG S5 R RpE (CMCS) LA 2-HI ik
KR (2- FPBA) JACHRHI AT AR BE RARFI B Be 1, M @B A I e Bk
IKBERZ 4 . ARG R Z % (PDA) BEF RS ERE (PUE), AR5k
PDA-PU AR IN#2] EGCG-CMCS /K&l .
1.52 FERRAA
(1) A3 SRR BB IADE) 7197 G BB i 7L

KA Ok (PFHD fEASEER, JOlGH — 2N e6 (Ce6) 56—
TiEH (MoSy) FLIRIB AL IR PRGN KBURL T &, FIA ZIF-8 fE N#k LAY
SRR AR R . A, MoS»>-Ce6-PFH@ZIF-8 (MCP@ZIF-8) 1% 3 i #&
2L 7 R (CMCS) 5 3 B Jé %8 F-127 (PF-127) %8 BE L 1 /K B ik
(MCP@ZCP) o XA RFBEAT — RIIRAELL, AHHEI-AT WO (UV-
vis). ZLAMGHE (IRD. fH#liH T 24 (SEMD. & JGHUN (DLS). Zeta H
fir. AEWGr AT (EDS) 4; MRAEAEIIRIE, B HIAT — RINEMESLR, W
PAURLPAL . TR (ROS) R, JREAREVE L AAL (CFU) SEge. /)
MRRE (MIC) WIE . A0 BRI S o6 AN S 24 o0 s 8 P vl 1 S Al e
(SEM) WS MPRLXT UM JEAS I md s BEAT A TH b, Jam it 2 /) B
15 PR RUR PR 29 PR RCR , WS OS50 SKIRATR)E, X/ R
FEBRE L OALHATY) T H&E Yets, DIVPASARH AP 2 Ak
(2) HUAMER 2 WK BEROGFAAN B AL A 20 PR3 475 11 5 5 PERERIE 7

EERRLZMERBETILRRKE TR (EGCG) KIHM M N AL 1T &=
WP, RS . BGCG 5SRTEF RN (CMCS) DL 2-HBEATIRE (2-
FPBA) g AT WT LAY LR AR AT R s, A4 @ It S oK BRI M 2% . SRS
IR Z % (PDA) BETHM T EREK (PUE), 4 PDA-PU FUKRIRINE
F| EGCG-CMCS 7Kt fie 15 5 PDA-PU@EC /KBS . 3EAT (1) F A sk,
PARHU R AR PR RS0, I 2 SoHE PR G147 /)N SRS B K PPl 245 9 ) 0 1T DA S AR A%
DGO, ARG T AP 2 A e S0 SR VTl PDA-PU@EC (AR 41
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£ 2 8 £RCHKERICAFEN N EZBR S HEILH A&

fefr O SR

21518

A W RELE A B SRR IR T T PR R T KRR, RO BT RE 8 kg T E e R
R SRBUE SR 2. AP AR H T —FhBIHTI %, @i R H 2 ThReia T
S G R AE YIRS R X e gk . 1% P AR AR AT (PFHD 1E AR
Bk, UEMEZINEIRIT 6. E4a 7RO 4Nt e6 (Ce6) FILH
TR (M0S2) s FL[RIE L R T RGO BUR A R R, R 2 H g
MEZE-8 (ZIF-8) FaiE . XML BN MoS2-Ce6-PFH@ZIF-8 (MCP@ZIF-
8) , RE AR IR EN: . IR ERAITIE S, BRAh, 9KIBRL R 2K
BERHET T (MCP@ZCP, HBRWILFENE (CMCS) 5 M F-127 (PF-
127) IR » LASEILR %% . MCP@ZIF-8 fEIL 44 (NIR) el T~
R 2 52.7% 1 PTT FACRCR, I SEIA B # &7 4. MCP@ZIF-8 1E
660 nm ) NIR F& 1T A i 1 E A KT & T 8] Ce6. X AONUE DG A
JCEN TN LI T mik Q9% I BB AT, AN E . Zh W SR
MCP@ZCP {2t H &I T 46IT . HxE R Y, MCP@ZCP Ik
THEMARE RS, AREERA . IR B IR, ]
ANTE A KRG . A TE 1 AR 2 A VEVEAS B L MCP@ZCP A5 A= AR 25 A
ToEEtE, RAILESRKP . Bk, BB 7T LAE 16 97 4H B 2R % (18T
Jii
2.2 LIRS {8
2.2.1 SKEHRL

AHE AR E BRI R . Ce6. PFH. M. & P e H ok B
Bl TAEMAIRAR CRE ERD. ANKEHRE . ZKEHERE. LR
2. PF-127 #1 CMCS M HA bk (P i), /8 (PI/SYTO 9) 4H B i LA
M7 Sk E 2R K RBHE (R ERDO.
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2.2.2 SEIGN S

R 2-1 LIRS

Table 2-1 Experimental equipment
REER RS EFR
X S T REEAYL Thermo Scientific FARCHRBH AT
AR B EE S-4800 HAHZ/AF
B2 FE AR T Bruker EMXplus-6/1 52 o5t ARl /A B
B ITLLIMEEX IRPrestige-21 HAS 2 /AT
RN RF-5301PC RN
BEA B Z 326k EERHEEA T
pianili 240 CytoFLEX N2HRAE
#z e BJ-2CD iR YR F]
BRI R SZCL-2 FEEEEEERAT

s T PO R
Tissue remolding

K 2-1. MCP@ZCP (Y165 Bttt £ S Lo i A5 PE A e i8t477 1 i 5 it 72

Figure 2-1. The synthesis route of MCP@ZCP and its research on antibacterial properties and

promotion of wound healing
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2.3 LA
2.3.1 MCP@ZCP Hy#|#& X FRAE
(1) #4 MCP@ZIF-8 4k T-&

B, K30 =TI, 0.25 3¢ Ce6 Al 30 =T+ & TN R H
ERRREHEE 20 08, AREEEEEAER (570 © EBRTEMLE, URSE
BRI IR DI . K i o BT AR AE 40 2T+ CBE. 0.25 52 MoSx 1 1 ZJ+ PFH 1, i
A 3ot B A A TR AR B B R LR B RE 10 08, FRBEAR TN 0.06 TR BR A

(H204), 7ERBEETHHHREY) L/, RGN 1.2 58 2-FAEEnkmM:, JR&IFAE
B P HERE 24 /N BHIRAYILL 10000 Be/5 B0 5 0, 35 LIEW,
A URT-FRUTTE LLRAS MCP@ZIF-8.

il % MCP@ZCP 7K¥#e/ki: # 0.3 7 CMCS 5 0.1 7 PF127 & fET 10 = F+ 2%
BTk, fE£40° C FHMAHR MRS, A 2 25 GP #4171 /N AE
BERR, DASRASRS BRI, SR)5, ¥ 0.2 3¢ PEG fN#AE 60° C ffb)E inA _Fik
KA. AHE, $45 CMCS-PF127 /KEER. 37K, FRHEKnEES
i MCP@ZCP. faiifi s 2, K CMCS-PF127 /KA T8I K e S 48,
SRIGHGFIR N MCP@ZIF-8 ¥ rF 24 /N, AF4HELH LLERTS MCP@ZCP.

(2) MCP@ZCP AL

N T EAE MCP@ZCP HIS TG B FAMER 154077 Wyt (UV-
3600, &, HA) AUHEEMARHRAIDEE (IRPrestige-21, S, HA) K
M & MoS,. PFH. Ce6. SL. ZIF-8. CMCS. PF127. MoS>-PFH-Ce6-SL /I
MCP@ZIF-8 B )i, ok, fHBOGRE 2T (Mastersizer 3000, /K3,
FEED MEGORIBURL K B 705 RS R B S, R BT R (SU-
6800, Hi7., HA) M%Z MoS,. MCP@ZIF-8 F1 MCP@ZCP K4
2.3.2 e REITAE

N TV PTT 451, ¥ MCP@ZIF-8 i EfE—4 2 T E.OEH, Il
F 808 KT LT AMBOLTE 0.5. 1. 1.5 F1 2 W/em? TR /KF Rt AT RS, iR
BRI I LA RAR R GE (UTI0S) #EAT MM, BfiJe, 385 3E47 DU 4
HEE LT AT RS, 53k T MCP@ZIF-8 ) PTT T AEHIFa e 1
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2.3.3 JKERRMEREMIR

15 e 9 28 4% (Physica MCR-301, Anton Paar, BEHiF]) PR KB )
AR, PL 1 Hz (6.28 rad/s) HUSRFRBATIRE A%, NARVEHEDY 0.1 - 1000,
PL 1% 1E 2 NARTE 0.1 - 100 rad/s FIAMZE0 Bl AT AR 4 . B, 7 0.1 -
1000 rad/s FUARZRTE Bl N BEAT 52 ARG FE I, ORIFRIAE N 1% A6 H R 0.1 -
100 rad/s. #Jid, 7E 0.1 - 1000 rad/s FIAEEE Bl N HEAT R 2R M. % T2k
t, FREX 1 % MCP@ZCP F32 N\ 10 Z 7+ PBS (pH = 7.4) . & 5 58FHEUH K
B, BERRMAKSy, dxEE, HIfRE. BKIED T A, K 1w
MCP@ZCP /KEIZ NI pHAE (5.5. 6.8 1 7.4) [¥] PBS &M (% 10 ZT1)
H1, fE 37° C THEF Ce6 HIREH. FETUEM A A 0.5+ 1. 2. 3. 5. 7. 10,
14 121 KD, KN WA G CRETHAE 410 nm AN E R Ce6 WL
234 FEMHEMESKN

e V% il SR R R A R S R T8 T R 4y A A )
(H20, MCP@ZIF-8) ¥ fif4A K ZES . AT RGNS (ROS), M T
DPBF 41 HAKM =, K 10 uL DPBF iFW (5 mg/mL) ZINE| &4 150 pg/mL
Ce6 Al MCP@ZIF-8 VAT H . 7F 660 nm NIR BOG LA 0.4 W/em? (1) 5 5 3% 45 1 5
5B BRI, BB S — R B R Ab- AT DL
2.3.5 Seshittgerenl

f£ PBS. Ce6 #ll MCP@ZCP WA EEHIFE 4 /NG, IREMHE 0L
Y. SR)E, FVEAYTREIN 10 uM HoDCFH-DA #5505 30 2058, FE
J&, FERRTE 0.4 W/em2 58FEFR 660 nm K MUT 2 /NSO AL BE Rk T A0 EE . 5%
JG, MRS RIRE S EROGIE R AR B TS, IR 4 R
2.3.6 {RIMIDEREREMIR

B/MITBEIREE (MIC) R Z BT EmE . £ 96 FLIRT, mEAFLHH
0T 1024, 512, 256+ 128. 64 132 pg/mL ) MCP@ZCP & &, DL 100 uL
PRI (SN 108 AN TE AL (CFU) /mL). ZRAE 37°C R
H 16 /NI, FHAE FH BRI IE N 5 ODsos 1B, 41 i B 75 115502 T 7 ' MCP@ZCP
SR FH AR PG AR K AT (MDR E.coli) M4&# G % BRE (MDR S. aureus)
RSB G (81175 2, PMAHEERTYAE 37°C MRiARE R4 (TSB) il
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FER. FHR, MWEPARTFERBSEAERKI . A 5RH 45 25 150 pg/mL
IR 2 /B SRR (NIRD fRIF/EBWEH, WifHAH GNIR) MREET 1
W/em? ] 808 nm 1 0.4 W/em? ] 660 nm UTLLAMNEIE T 5 404 SR 5 FRUCK 40
BIRS 150 pg/mL 5597 2 /NF . BX 100 pL #E SIS MERE R L, FFLE 37°C
NEE 12 /N, AEFAENLIE SR CFU L.
2.3.7 EPREAEBYAYE S RN HRL LI

TS, ¥ 200 L (10° CFU/mL) 5 2 HE N 24 KA B 0 2 S 25 40
T BR B A U IR IR 96 AL, JEAE 37°C NHEFR 48 /N DU LAY
B GER: BAMNAMEAWANES, WAL, Y RIFBOHR N 200 uL
ANFEREERT MCP@ZCP, FlJGHAT 5 /M EMEA SNBSS, JH7E 37°C FIRE L
. FEF 100 uL 1) 4%2 P EEE 2 10 0% . WESA LI EIEW, FFH 50
ul 4554 (0.2%) Gt 30 208h. ] PBS Poik YLtk i =ik, IR Ayetat
VIR A3 . FERAT IS, TR0 33%EERRIA VR LA 7E A VA AR A= s, A1 FH i
TEARFTIFE ODaon AT BB
2.3.8 AR SENE

AFEMEL SR E 4 N, SREHT 5 eI AMES . MIEER L
JaH PBS Ve, A2 R EEEE 30 204, 4SR5 PBS Pk, BEJE, 4
AR FE I LB (30% 50%. 70%. 80%- 95% A1 100%). I 2 L
DOEEDTIE G, FEa A R T IRALBAT 2 R T . 5, AR T 25
BB LA
2.3.9 #EREMF S

AHI VAT T Al B3 20 46T 5 ) 22 B TR 245 4 €000 6 B B P A SR o AR IR
SEFIREAFE ST T UANSEEG 4L S A4l MoS: 4. Ce6 4LAT MCP@ZCP 4. B
JG, F % BN 24 08 (R A ER T B R S X SR IL R 2R 4 /N BRTE 5000
/e N B SRS, 4HEE A PBS PBE. LFR rRNA, H 4 mRNA DL E L
i, IEAERE BRI . NG AT RNA-seq 34T, LALLAE #4122 7] (1
FRERILZ R, o5& B ARG 2 A
2.3.10 BIHRBY A B 8T R AR A SE8G

SIS /NEL (ICR MEPE/ANE, fEWE: 4 D R B R KEE B S YT 78 o
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CPEF R BT SRR3R AG I3 M R F 30 B2 5L 2 it CHlb i 5
202310A411), JFFIEME (GhPtERE) M (LR shPir B S5 E) . i
TREAH, FH 4R, FEFEE 20°C +2°CHIEE R 50%~60% IR E T, RIEE
KRG kL. AR EARGTE 5-10 RIEFR. BEER RNRE SRS 1§
KB i F005 FVE AL A DR, B 5 A 3 20K BE 1Y) 22 S 245 < 20 €0 3 4 BR
JEYE 30 435 05 R M ATRACTE, SelBABEZ 5 eI ANES . i
SEAREA, FFESE 04 2. 4. 7 A 10 RIATRG DR A . W& 0 KA. J697
SERE, KRB/, BRI ST H&E A1 FA Je i /34T
2311 £PR &M

L E ISR VAL T MCP@ZCP B AEDIAHZE B 11 B 21 40 e FH A [R1k
FE ) MCP@ZCP AbFE (10%-. 30%-. 50%-. 70%F1 100% v/v) o FH P XT R A
H,O, BIPEXTHEN PBS. XUSVAR S A4NMETRIES 1 /ML 12 ZNEFART 24 /)
i, SRJELE 37°C N LA 1000 rpm 250 5 4380 PL 570 nm & 500 pl A ¥ i
#., MEF e o bie E 24 /AN, SREFEREIRIE. 40M0H PBS Bk
o BIARFIRER MCP@ZCP (10%- 30%-. 50%. 70%F1 100% v/v), B4
WEEHAT = IRE R . W E 24 /NS, A0 PBS Peik—I. BAfLH A 100
pL CCK-8 FfIMFE 1 /NF, A FHRREC /7 V250 & 450 nm 6% B8 T i —20
WAEAM R, DIBR/AN RO R PR, BRAE. AN IE, IR 2 R A
o XU HEE Jeth, ULV TERME TS, LIVPEA R S04 2%
B AETRARAY, AP AR AP 22 1k
24 KWERSTIR
2.4.1 MCP@ZCP BIFRAE

RN, E R MoS, RSFZA 130 - 140 492K, 1 MoS»-

Ce6-PFH [ ~FZ1N 150~160 49Kk . MCP@ZIF-8 R ~F 21 215~225 49K
BeAh, WA DPL/MT 0.3, REIGURM B RS 70 A 50 (B 2-2b). 8l i
MK B FRiAR AR, BV T MCP@ZIF-8 (R AMa e ME . 334 i 7 A
(SEM) HUES B RHMEE (TEM) EUEE—2 8N T MCP@ZIF-8 44Ktk
B AR SRS, s T HRSH—8E (B 2-2d).
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(b) MoS,. Ce6-SL-PFH Fil MCP@ZIF-8 Uk K /NGy Afi 5

(d) MCP@ZIF-8 f3#ti vy 1 55

g% (SEM). B4 H 5% (TEM) fil SEM-EDS JT&EBL; (e) MoS,. Ce6. SL.
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(o AR (D
Figure 2-2. Characterization of the MCP@ZCP.

(a) The synthesis route of MCP@ZCP;(b) Particle size distribution of MoS,, Ce6-SL-PFH, and
MCP@ZIF-8;(c) Potential diagram of MoS,, Ce6, SL, ZIF-8, and MCP@ZIF-8; (d) SEM, TEM,
and SEM-EDS elemental mapping of MCP@ZIF-8; (e) Ultraviolet-visible spectrum of MoS,,
Ce6, SL, Ce6-SL-PFH, and MCP@ZIF-8; (f) Infrared spectra of MoS», Ce6, SL, PFH, Ce6-SL-
PFH, and MCP@ZIF-8; (g) Digital camera images of hydrogels. (h) SEM images of MCP@ZCP.
Malleability;(i) and injectable (ii) of MCP@ZCP Amplitude scanning (j) complex viscosity
scanning (k), and frequency scanning (1) of MCP@ ZCP.

RN HBALNE RN, MoSy Ml Ce6 JFA I £ 3 [H] ML AL AE 4 1F FLfAT 1) ZIF-8
EIEE RN 7.6 ZHR (E 2-2¢), WiFT MCP@ZIF-8 HIINTE . SKAMAT Mok
TR Ce6 1EZ) 410 A1 640 ZAKALA R LIE, 1 ZIF-8 £ 200 KA Box—4
. MCP@ZIF-8 {EIX L K I R RRIE g, JRHEA IR, RUIMELE BUk
I (B 2-2¢). FTIR Ygitk B8 MCP@ZIF-8 7 1690 cm™ 4bFH —AMEFEIE, f N
T C-O AR AL O-H#R3N, N T Ce6 MIRIN . th4b, 2950 cm™ AbM¥IEFRIH
NEWi BB, WE/R ZIF-8 AMEEERAKEEHME (B 220, ZERINE
], MCP@ZIF-8 KR II & G, BATY SR RSERIER, SRHKAHEAL
AKTTE. 7t 7 MCP@ZCP AR . & 1g BN T /KB IR TE R S AH R &
% . SEM E&E/R MCP@ZCP FAEX B2 M2 &5k (B 2-2h) . [FIRS, & 1i
R T KE R RIS A . RS (B 2-2)) R, 1A%
ERMERE S XA, PR SERR e, RN RN 210%. BRKEEE (n*) 94

Bl 2-2k) 7R /K BRI ARG FEE B A S IR 3 0 FEAIC . %8 T B A G R AE 4L 41
RiE R P OB B B, R RAERIEART, WAL TKEIRIE B ST N, N
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2.4.2 MCP@ZCP RO &E

£ 808 nm ITZLAMBY R, WF5E T MCP@ZIF-8 KGHGATY (PTT) %tk
MRR, T ASFEIRE K (B 2-3a, b). 24 200 pg/mL ) MCP@ZIF-8 V& A
1.5 W/em? [ Zh 28 T IR 10 20800, iREA 23°C FHm % 52.4°C (K& 2-3e). 1R
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2-3. MCP@ZIF-8 [{] PTT PfE
(a) RFEZEKF (0.5, 1.0, 1.5512.0 W/em?) T 200 pg/mL MCP@ZIF-8 N i 25 ;
(b) 7E 1.5 W/em2 DI Z ML LA G R, ARIVKEE (500 100, 200 AT 300 pug/mL)
MCP@ZIF-8 I i £k, (¢ 7 1.5 W/em2 DRI LLAMDEIRS N, 200 pg/mL
MCP@ZIF-8 FIM#AAA AL ; (1) BEE-In (0) MZMEEIHIZ: () 7F 1.5 Wem2
IRREL L AEIEER, REKE (0. 50, 100 200 F1 300 pg/mL) MCP@ZIF-8 i &
T T EE ;s (D Ce6 + DPBF 484G ; (g0 MCP@ZIF-8 + DPBF {148 7 il
(h) MCP@ZIF-8 fl MC@ZIF-8 "4 & &
Figure 2-3. The PTT performance of MCP@ZIF-8
(a) The heating curves of 200 pg/mL MCP@ZIF-8 under different power levels (0.5, 1.0, 1.5, and
2.0 W/cm?) of near-infrared light;(b) The heating curves of different concentrations (50, 100, 200,

and 300 pg/mL) of MCP@ZIF-8 under near-infrared light irradiation with a power of 1.5 W/cm? ;
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(¢c) The heating and cooling curves of MCP@ZIF-8 (200 pg/mL) under near-infrared light
irradiation with a power of 1.5 W/cm?;(d) The linear regression curve of time against -In(0);(e)
Digital images of temperature rise of different concentrations (0, 50, 100, 200, and 300 pg/mL)

MCP@ZIF-8 under near-infrared light irradiation at a power of 1.5 w/cm?;(f) UV spectra of Ce6 +
DPBF;(g) UV spectra of MCP@ZIF-8 + DPBF. (h) The content of dissolved oxygen in
MCP@ZIF-8 and MC@ZIF-8.

2.4.3 MCP@ZIF-8 RS 0I5 FNLE5E K 50 1168 JIH94

N TN PRH SRS ) S ARG 9803 itk se b /E R, DPBF 5t
[¥) Ce6 (& 2-3f) F1 MCP@ZIF-8 ([& 2-3g) JL[EKi 7. 45 EBIRTE 410 nm 4tk
RRAEIG SR s, A MCP@ZIF-8 H EL Bl ) Ce6 B H 3 .35 AUk /b .
XK MCP@ZIF-8 it | S 5 ))65h JiE M. H.DCFH-DAfE—4 5 ROS
A ROt DCFH-DA 3RS, H T RI#L ROS M4 . WOBILR ARG B
53307~ Ce6 fll MCP@ZIF-8 4774 T DCFH-DA ¢, 4R, MCP@ZIF-8 H4¢
e R E E T Ce6 (JF 2-4c) , Hh T HAUMMK ROS ke f1. EA
[ Hsf [ 1] B P9 3 T PBS. M0S,-Ce6@ZIF-8 Fil MCP@ZIF-8 ¥ HF VA il 48 &
& (K 2-3h) . MCP@ZIF-8 FIH i KI5 ERE /), A8l IR BRI bl I [ e 2
7o B4, & T AR pHE (5.5, 6.8 1 7.4) K Ce6 IR HCHE R (& 2-4a
b) , ZEREIRTE pH N 5.5 BRI R HOE R A
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Figure 2-4. Detection of Oxygen Carriage and Photodynamic Capability of MCP@ZIF-8
(a) Standard curve of Ce6 content. (b) Release curves of Ce6 at different pH levels in

MCP@ZCP. (c) Fluorescent image of reactive oxygen specie generated by Ce6 and MCP@ZIF-8.

MCP@ZIF-8 4 il It s A R s e %

2.4.4 MCP@ZCP By 5MINE SCIE

MCP@ZIF-8 % W5 i 24 4 4 MDR K JI B Al MDR <53 3% (7% %) BR T (1) MIC
{4 W20 50 Fl 60 pg/mL, EAkL: L3 2-2. MCP@ZIF-8 4L i R it — 45
S TR ST VA o 2830 R IR AL O 55 72 O R R
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nE 2-5 frzs. MoSz % MDR KA1 1 1 MDR <5 55 97 %) R P 0 400 1) 33 R4
/No BRI, 24 PFH FUEE AN, MCP@ZIF-8 (4L H A W& ok, KT
MC@ZIF-8, iX— 3 HK T PFH #5457 %<, @it 7 ROS W=, sk,
MCP@ZIF-8 5 PTT MUGE) /) w7 45 &, SEal 1P 58 g b (&
2-5¢ M1 2-5d). [FIN & 2-6 HJE/RH T MCP@ZCP (¥ B 4 fig B A W FE A,
IR, R TR BRI .
R 2-2 AFER B BT (PNIR, pg/mL)
Table 2-2 Measurement of MIC value (+NIR , pg/mL)

. Bacteria
Materials
MDR E. coli MDR S. aureus
MoS, >120 >120
Ce6 >120 >120
MC@ZIF-8 8947 86+7
MCP@ZIF-8 45+6 4945
Kanamycin 5£2 8+3
Ampicillin 6+3 a4+2
MCP@ZIF-8
a MC@ZIF-8 660 nm 808nm 660 nm+808nm ¢ [T
X i) [1+NIR
&
- % ;\: 80
5 § 60
s " E 401
Z. w
20
MCP@ZIF-8 ! PBS ;’;(F’% 660 nm_ 808 nm ggg;ﬁ‘*
b MC@ZIF-8 660 nm 808 nm 660 nm+808nm [ ]-NIR
60 [ +NIR
o &
§ % ;\: 80
3 £ ol
o =
g % 40
& @ ]
E‘ ok
201
0

*
MC@ 660 nm 808 nm 660 nm+
ZIF-8 808nm

P]‘SS
i 2-5. MDR KJiZ#F# (a) F1 MDR £ & B (b) BIRERMETFARIE F, AKX
PBS. MC@ZIF-8. MCP@ZIF-8 + 660 nm. MCP@ZIF-8 + 808 nm LA}, MCP@ZIF-8 + 660

nm + 808 nm, HEEGHENHNIR FI-NIR; (¢) Al (d) T S5iHECFA A& % o v
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(K14 B A A7 HE 5 . NIR (660 nm 0.4 W/ cm?, 808 nm | W/em?). $idf LAY + brifk 2%
/R, n=3, *p<0.05, **p<0.005
Figure 2-5. Representative plate photos of MDR FE.coli (a) and MDR S. aureus (b) with horizontal
controls being PBS, MC @ ZIF-8, MCP@ZIF-8 + 660 nm, MCP@ZIF-8 + 808 nm, and
MCP@ZIF-8 + 660 nm + 808 nm, while the vertical controls being +NIR and -NIR. (c) and (d)
represent the relative survival rates of bacteria corresponding to the colony counts on the counting
plates. NIR (660 nm 0.4 W/cm?, 808 nm 1 W/cm?) . The data is expressed as the mean
tstandard deviation, n = 3, * p <0.05, ** p <0.005.
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B 2-6. NAIWE ) MCP@ZIF-8 kb3 j5, MDR E.coli (a). MDR S.aureus (b) [FACFEM:
SERE T, AR HEDY+NIR MI-NIR: o d ATHECFAR B 7 HO0 B 1 480 B AR X 7735 %5 NIR
(660nm 0.5W/cm2808nm 1W/cm?). ¥ F R~ N THE £sd, n=3, *p<0.05, *¥p<
0.005
Figure 2-6. After treatment with different concentrations of MCP@ZIF-8, MDR E. Coli (a), MDR
S. aureus (b), c and d show the relative survival rates of bacteria corresponding to the colony
counts on the plates under NIR (660 nm 0.5 W/cm?, 808 nm 1 W/cm?) . Data are presented as

mean £ s.d., n =3, *p <0.05, **p < 0.005.
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2.4.5 HEE/ LR B ST

I VE/ LG O IEAL T PTT AR ARG SR ¥ PDT TSR, KA i 2451k
R AT B RIS 245 1 <5 B E 1 ) BR TR A AR B AR ) o FELR A pr e, TEAMTRIAE P 4
R R HEEDOL, TSEANELE SYTO 9 Yt N Bonal ud . Mpiflh i e lE
SN, VEMTE R, FEAE MR MR 7. B 2-7 8o, AbEEd PBS
I T 2 2R tH ek (o, Lt BGRCE i, R R =2 iE. ML
N, 2T 660 1 808 nm 55 1K) S R I A FAREE AR AL TS . XA
F PTT F=EM#E A PDT 7242 1) ROS AT AR . [HfFEREMZ, 660 nm +
808 nm ALiEoR i i A A, R BRI AR . € B AR
IR S TR SR B, 5 R MCP@ZIF-8 AbFE [ 24 11 Kl AT e A i 24 12
G 0 AT ER B AR AE TSI 99% (K 2-8). IXLL4EHGRIH T MCP@ZIF-
8 IR BT B PERE, JE/R T 454 PTT A PDT Ml FH A B AR 40K & 1A Rk

a MDR E.coli b MDR S.aureus

808 nm

MCP@ZCP
660 nm

808+660 nm

B 2-7. ARSI I 7O Gt IR
(a) MR G (b) e O ERFENIOEE. £E5IFET, &
FOCAREIEM T, AT O IOCRIRIEAN R ;660 nm $5 1172 660 nm G230y 0.4

W/em?, 808 nm A% 808 nm ITZLAMGIRET, ThZE N 1 W/em?

Figure 2-7. Fluorescence staining images of different experimental groups:
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(a) Fluorescence image of MDR E.coli ; (b) Fluorescence image of MDR S. aureus. In the merge,
green fluorescence represents live bacteria, while light yellow fluorescence indicates dead
bacteria. 660 nm refers to 0.4 W/cm? of 660-nm near-infrared light irradiation, and 808 nm

represents 1 W/cm? of 808-nm near-infrared light irradiation.
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] 2-8. LA AR FRZ AR TSR, SR B ARSI 4L A 40 ] Syto9/PT el
(a) THZEHOMEIRERRT (b) W2 R R IR bR
M, W45 N4 : PBS. MCP@ZCP+660 nm. MCP@ZCP+808 nm #/l
MCP@ZCP+660 nm+808 nm; GRS (660 nm 0.4 W/em?, 808 nm 1 W/em?)
Figure 2-8. Flow cytometry depicting the results of cell apoptosis, bacteria from different
experimental groups were stained with Syto9/PI.
(a) Apoptosis of MDR S.aureus (a) and MDR E.coli (b). The experiment is divided into a light

and a non-light group, further sub-grouped into four: PBS, MCP@ZCP+660 nm, MCP@ZCP
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+808 nm, and MCP@ZCP+660 nm-+808 nm. The light group was irradiated with light (660 nm
0.4 W/ecm?, 808 nm 1 W/cm?

2.4.6 MEFSYELE

FEACTE S, B T R (SEM) WEE T £ EINZ KT E (MDR
E.coli) MZEMZAEEOHEEKE (MDR S. aureus) HIEZE (K 2-9). PBS &b
AR R 7 IEH R, REDEWE, WAL R. SR10, 7E 808 M1 660 4/
KL, — e R I ISR R . X W] BE 2 BTGB 197 (PDT)
AR ERAE PR (ROS) WA 1 40 M i il 1, 5 Beam i ]y 27 S
NP ME . BAR HOMUE B e #UT ik (PTT) 5 PDT MIFIE R AR, H
MCP@ZCP+808 nm+660 nm SZ56ZH 78 B H 5. 2 1 40 T A 4 ™ B 1A A5 462405
IXEE R INUESE | PTT A1 PDT BE B A 77 A 2 2 P B SR

MCP@ZCP

a 808+660 nm

MDR E.coli

=

MDR S.aureus

K 2-9. A S, AR T2 (SEMD W

(a) ZHEfMZ5KHFFE (MDR E.coli) 1 (b) £ Efif 2435 0 % Bk (MDR S.
aureus) [NIEAS; SEIHE—50 4 PBS. MC@ZIF-8. MCP@ZCP+660 nm.
MCP@ZCP+808 nm Al MCP@ZCP+660 nm+808 nm. IR ZHAE IS (660 nm 0.4
W/em?, 808 nm 1 W/cm?)
Figure 2-9. Observation of bacterial morphology. SEM was used to observe the images of

(a) MDR E.coli and (b) MDR S. aureus morphology. The experiment was further grouped as PBS,
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MC@ZIF-8, MCP@ZCP+660 nm, MCP@ZCP+808 nm, and MCP@ZCP+660 nm+808 nm. The
light group was irradiated with light (660 nm 0.4 W/cm2, 808 nm 1 W/cm?)
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8 45 R A LA T MCP@ZCP St AW IGAE A HE 52 i . 7E PBS X i
e, WEBIE R RGFREDR, HRMENERELEE (K 2-100). £ H
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RS gL O/ D O, RO AR YR B IR . £ MCP@ZCP + 808 nm
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(a) H MCP@ZCP + NIR 4bH 11 A= W55 (1) 5 - 18 DA 96 FLAR B EAT IR 45 df 4 e
(b)) fE 492 nm Lb45 5 Gt AR VDB A0 - W] WIS s (o) FEJ6 5 W B Ao 3
RAETOCRIE T WM. WIS 5 45 & 58 F P/SYTO 9 4Lt
Figure 2-10. The effects of different concentrations of MCP@ZCP on the biofilms of MDR E.coli
and MDR S. aureus.

(a) Digital photographs of biofilms treated with MCP@ZCP + NIR and crystal violet staining on a
96-well plate. (b) Ultraviolet-visible absorption intensity of crystal violet-stained biofilms at 492
nm. (c) Biological membranes observed under optical microscopy and laser confocal fluorescence
microscopy. The biological membranes were stained with crystal violet and PI/SYTO 9,
respectively
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MCP@ZCP FIEFINLEIE: (¢) ZE. MoSy. Ce6 Al MCP@ZCP fFEKRI Rk FE 4 E: (D
5 MCP@ZCP 2 M ZRRIEFEFM GOEFER; (e) A5 MCP@ZCP 2 M ZERFKIE
FRH GO BHEMTE; () A5 MCP@ZCP 2 [ £ 7Rk £ K KEGG &£
(g) A5 MCP@ZCP )3 K R 1A 1 U R KK
Figure 2-11. Transcriptome analysis of MDR S. aureus.

(a) Sample correlation analysis heatmap, with groups labeled as Blank, MoS,, Ce6, and
MCP@ZCP. (b)Mechanism of Action Diagram for MCP@ZCP. (c) Box plots of the gene
expression for Blank, MoS,, Ce6, and MCP@ZCP. (d) GO annotation map of differentially
expressed genes between Blank and MCP@ZCP. GO (e) and KEGG (f) enrichment analysis
diagram of differentially expressed genes between Blank and MCP@ZCP. (g) Clustering diagram
of the gene expression patterns for Blank and MCP@ZCP
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Figure 2-12. Treatment of mouse infection wound model
(a) Establishment of the MDR S.aureus mouse infection model and the treatment process with
MCP@ZCP;(b) Photos of mouse wounds; (c¢) Changes in mouse body weight; (d) Quantitative

analysis of the mouse wound area; (¢) H&E and Masson staining of the mouse wound sections
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Figure 2-13. Biosafety Assessment

(a) Hemolysis images of rat red blood cells at MCP@ZCP. (b) Measurement of the absorbance of

rat red blood cells at ODs7¢ after treatment with materials of different concentrations at different

times. Changes in (c) alkaline phosphatase (ALP), (d) alanine aminotransferase (ALT), (e)

albumin (ALB), (f) gamma-glutamyl transferase (y-GT), (g) creatinine (CREA), and (h) urea. (i)
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H&E staining of the heart, liver, spleen, lungs, and kidneys
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MCP@ZCP fft R I AEA A (K] 10a F1 10b). fEN TR O, H&E V)
AR O NEH B IE R, O FFIE. BRI R R U % 31 B S5 1 6
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3-1. PDA-PU@ EGCG-CMCS (PDA-PU@EC) 7K&EbE & His
Figure 3-1. Schematic diagram of synthesis of PDA-PU@EC hydrogel
3.3 KA
3.3.1 PDA-PU@EC 7K £ RRBI A i S &RAE
(1) PDA-PU 4K ERIF & H
a) H5EH 20 mg Z EZEIAN 10 mL 27K, REEEMAZK, FH
pH fE°~ 8.5, MAJEHEW IS BId RS, BLBFE RS R 2 BIEm R,
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33.7 £YR &M
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Figure 3-2. Characterization images of PDA-PU@EC.

(a) Particle size distribution graphs of PDA and PDA-PUE;(b) UV spectra of materials such as
EGCG and PDA;(c) Release curve of EGCG in PDA-PU@EC;(d) Expansion coefficients of
hydrogels at different pH levels; (e) Scanning electron microscopy images of PDA-PU
nanospheres;(f) Scanning electron microscopy images and elemental analysis of PDA-PU@EC

3.4.2 PDA-PU@EC BRI RE D HT
WE TR, 2id 0.6W/em? ) 808 nm ITLLAMEIR, KB ARSI 25°CiRt
HAERE 45°C, X —IG KM PDA-PUQEC HAA RER R, 7EERT
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Figure 3-3. (a) The heating curves of PDA-PU@EC at different power levels, (b) The heating and
cooling curves of PDA-PU@EC under 0.6 W/cm? irradiation, (c¢) The photothermal conversion
efficiency of PDA-PU@EC, (d) Digital images of the temperature rise of PDA-PU@EC in

different solutions under 0.6 W/cm?
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Figure. 3-4. In vitro antibacterial experiments.

Representative plate photos of MDR E.coli and MDR S. aureus, with horizontal controls being
PBS, PDA-PUE, ECGG-CMCS, PDA-PU@EC, and vertical controls being +NIR and -NIR, ¢ and
d represent the relative survival rates of bacteria corresponding to the colony counts on the

counting plates, NIR (808 nm, 0.6 W/cm?)
3.4.4 WEDEFE R B LW KRN
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MDR E.coli MDR S.aureus

Syto9 Merge Syto9 Merge

PDA-PUE PBS

EGCG
CMCS

K 3-5. (a) MDR E.coli )¢ Y6E% (b) MDR S. aureus W26 IS 1EIL e B H,
St EARRIEYN TR, TR B AR IEAN B

PDA
PU@EC

Figure. 3-5. (a) Fluorescence image of MDR E.coli (b) Fluorescence image of MDR S. aureus. In
the colocalization images, green fluorescence represents live bacteria, while light yellow

fluorescence represents dead bacteria

42



RT3

F2(92.26%) Dead(l 1 1%) F2(23.06%) Dead(72.87 %) P2{32 579 P3(48.16%) Jrz05%  Dead(muse®)
=] %) = =
q L =
0 = §
[ 3 ‘
P 3 -
- T
1) Z 2 =4
=z | + i
2 K] =]
=
S “ o B s ]
. 2 T T T T 2 T T T T ™ 2 T T T T - T T T T
I 1 7 ot o 40® 40 02 10 ot 0% qo® 07 an 10 qp* ® f a0f 1P af 0t o af qr
" TFzEs07%) Dead(3 40%) F2(45.45%) Dead(4535%) PG 3 Dead(33.04%) F3(36.16%) Dead(sa 52%)
§ % - J =N =
m By EE T
—
1 = 3
o] o s
b VT 2 T e - - - -
w0t 0t a1 8 a0 4 0 g gt qf q0b 0 1 100 a0 0
Jp2pr 2 Fa(05.15%) JPai22.31%) Dead(74.69%) PIAE0TH Dead(#7.72%) EEEE Dead(0a6T%)
=F 4 % ] &
Qd = ER ) =F i
Z = E El A= ER
= ] = o & ]
) 3 E =
b o
. 4 o . .
a e et e it ra rau e e 8
= 1m0 10t 10 0% 107 LA - A S [
Q: - P2(3.86%) P3{B5.19%) P2041 .1 5%) P3(57.89%) JP2(34.21%) P3(R4.22%) SR Deadi5a.77%)
§ = ] =r =
[ = k= =F 2
— E
Z = ] = ] o]
1 - - T3 -
o kN A o ] s ]
= = EE b E
. 1 \ .

5 =)
T T = T T T T =) T - — 2 T o T
1w orf 0t af q0f o 1 10t et 1 108 10T g gt gt qff 10® g0 1 10f a0t b af

K] 3-6. i ANA AR AR TS R, Sk B AR SEEH 40 A Syto9/P1 #4 i, MDR
S.aureus [ TF MDR E.coli WIJHT: . SEIG 73 ADGREZ AR GHRAL, ik — 04053 DY 4.
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Figure. 3-6. Bacteria from different experimental groups were stained with SYTO 9/PI
Apoptosis of MDR S. aureus and apoptosis of MDR E.coli., The experiment is divided into a light
group and a non-light group, further subdivided into four groups: PBS, PDA-PUE, ECGG-CMCS,

and PDA-PU@EC.
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Kl 3-7. (a) AP MDR E.coli X35 1) SEM El{%; (b) 4t 5 MDR S.aureus X751 SEM
%
Figure 3-7. (a) SEM images of MDR E.coli morphology after processing, (b) SEM images of the
morphology of MDR S. aureus after treatment.
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Fig. 3-8. Treatment of diabetic mice in a wound infection model.

(a) Images of wound changes during the treatment of mice, (b) Changes in body weight of mice,

(c) Quantitative analysis of wound area in mice, (d) H&E and Masson staining of wound sections

in mice.
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Fig. 3-9. (a) Hemolysis images of rat red blood cells treated with MCP @ ZCP, (b) Absorbance of
rat red blood cells at ODs7g after treatment with materials of different concentrations and at
different time points, (c) Alkaline phosphatase (ALP), (d) Alanine aminotransferase (ALT), (e)
Albumin (ALB), (f) gamma-glutamyl transferase (gamma-GT), (g) creatinine (CREA), (h) UREA,

(i) H&E staining of the heart, liver, spleen, lungs, and kidneys.
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