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Figure 1 (Color online) Schematic illustration of the construction and
application of supramolecular antibacterial microneedles.
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Table 1 Construction and antibacterial properties of supramolecular antibacterial microneedles
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Figure 2 (Color online) (a) Schematic illustration of the fabrication process of the PLB@DMNs [22]. (b) The schematic illustration of the

AZA/B-CD@HA MNs preparation and the treatment of anti-acne [25].
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Figure 3 (Color online) Schematic illustration of the construction and effect mechanism of the bioactive Mn patch in promoting tissue healing [31].
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Figure 4 (Color online) Schematic illustration of the self-assembled
supramolecular CADNPs and their antiscarring mechanism via
concurrent ferroptosis-apoptosis pathway [34].

2339



HIR RS BT 7 T2 20 BB AR ST B AT A E 7T i

SRS TR T OB E ML, A A 3G A PR
AR S T, (R R I, A R HRIR
TR rp S R R R BRI . A B B O IR T
R

1E FIRBE AR AL b, & DRI 2 Tk R4t
IR R AR Ty . SR IR N T
FARMI R E-FARR B SR, R R THEZ I
(I TR A6 R T, YangZe P iE— 445 8 7]
IR SDNAYKSERIARZE B, FEE T HAT U I 7 2 (1)
> FDNAYUKEERE, SEEL T 437 /5630 710 245 Y3 [H) 3
ES AR g, 2k RUDNAPY A N E 4L, 8
i CB5 & Wit 2 8] ) 35 -2 A4 AH ELAE FH T A mT i 42 (1)
YPOREERS R, ZGUKRER A B R I ZS
PES RSF AR, 3 AR 5E S AR Sy S B R
PR, JFRILHE X DNARS UM, HHidt— 0%
A IT 25 55 2% 5 630 1 25 . R T I i N\ g oK
Fe e, e A [ 3 AR RS PR T T A0 B S PR 1
SRR, SLIESE, ZAKER R R RESLILZ Y
MRS N E %, FECREN A 8=
A, BT 55680 1R T I [FE AR R
AT,

HAERNE, S IRIEHE 5 TR R ThREE 1
AR SR PR T 25 ik, FLAE 200 A TR 1A ) AT sk e . FH
R, APIRE 29T — R A st 1 T K.
Y PO T R R A T A IS A,
ZAEN RGUE TTEE LRSI DO RE. 1A I AR B 51 A
FCBY =iy IE B ¢ H B 4 TE M E A, R4
B AFCE T I AR S (NG IE 9 ', FIAE30 sy SEH
X TOFHAH B (1 100% AR IR A, FFREX MR G WS 2
SR, AR SRR B T S T 4 A, AT
“IBIT MR BERET IS B, BB 2 RIEE, 3@
Tob G 2H 2R B B T2 R R PR SR A A ) B A b
B, SRR YCIRAS BRI WL, SEIAMELL . R
AL YR YT .

gi b, P IR MRS () - AR R RE . T
Vs 2 5 T AR S AR AR AR, RO A T T )
REAb M) A BB A O ALy, BUEIFE CAEsE, i iR
TR TR TE 2GR R8I . 2TV R T Sk
oISy T L A BE R, JLHAE ST — L
BEPEA R E T R E RS (YR E
B T I P 7 IR S A It e b, FL BB 2R

2340

LA SHE BT 7 RGRR.

24 SEREE T

BRATRIORIRE . o1 P IR 7 2o ob, e BEAE
N—RE KN F FMEY), 15D SR E
FER MM M E SR E . BEER, MA
D568 ok A8 40 P B BT AR DG AR IE, HE T
fik 5 & BT A& A U s v, AR DU -k R
(VB AE N MBS IV, RRbxt sk Tk, DUA R
BAZAUR I T 5E 3 SRR T ). SRR 0 4
FRFAIE R A RS R T 5 W A B B
KA L IOl E 4, Ho1 AT RO S m] R 1R B 7K 2
fis, TES b4 R B R R M e, XA en
K i -5 HL AR SR B MURR 25 A TR T T TR RN 4 8
FOLHEWERE. HtE&EE P mEmIEFES S
77, RPE e B - B AR LA FH S0 2 A 5 - (R i
W 5aa0T,

b4 m e IR Ak, el id )i - AR AR
MEHVHET. s FEEsfRENEsr 725
W, oo s ROST AT B 5 45 B I I RS 1, 16
TR FUUN BT, Ak, 29k 2 A4
Je I T R L FH i S5, R0 BR AU, g B e i 4% 4
FAKLHRESES FWEE 1. 18P TR
R, SR R ST R 29 P ) a0k, B
ST IR E L O Ay 2 —, R 2
PR GY . AW RAR B S5 I R AR AL T T B AR B 42

20244, ParkZ5 @it TovA I & R T4 T
T A BE R LGN 2: 1 S 28 4B BEC,0. A5 E
B RAEFE R Iy R A, I B AL R I A
PR MBS RUF IR . C,OfE It e ik 45
FAREE ORI 42 e B 7, AT 55 T il 44 6 8k 284 A
ElCu@C,0, J& & EMRAGIRE T B IL H L C,0 5 5
PIPTEE AR, 3 — DN A R IERL R A TPLAYK
AR, C,07E0.1 wt%. Cu@C,07E0.03 wt%[H i
I T R SE399.99% Kbt . Ak, Cu@C,0H
AL BB T S B R Ty, A S
W PR SR, T AR S
RIFH A . ParkZ YRR H W, C,05
Cu@C, O HH A R BE L5 1, 7E =y 8O P 4 )8 55 1
MR, LT SR S A AR, U
R T B B GRS RHE R



REFRE: b 2026 0 i S6E BT

SR SR L R P A0 L, Hao% i
FC T P il i) S A A S i B B TR R (C T Te), T
R BR8£S BUORT 200 1 4 B 1 v R0
A, ISR T A D P i T 5 ) 4
WHEKCTTeO, TR el I A3 i 17 - S Ak Bk
I FEITUE L] 2 5 H,0, 872, ik R A AR
H, O, 0 K AT T R4 B I TR £1185%, B R 2E )
JRTE A RH bR R EIR, BT A IR RCR 32T
ITAfl, RN OREF RIFAIZEVIRIANE, TR T ik
ZERI BT TR BE TR MR A T B

Wang 2510 et ik ix — 46 JL 9 7 E R 5L NHL
FORHIBC T T, BRI T 2T B R R ) el P £ 25
TEEPIEER. W RN 273, R TE k7R
T i e 2 P e P BRI PSR P SR 5 )D-CA-CE, %
REWne st il Bl iR s B RO A S R T
TS E 11 E AL Y. IR, XAk
R G e i R 59 B AT ORAR Y — gk
JER, SEBL T AR T [ i AR S AR R 22 A
RIAETK R B AL KR A, R e B AR 1 14
e 7 T 7N E PR A7) St 0 T R R A S, SEBIOS K
P AT 1 5 < B €00 2 TR R I e R, IR TR et L
[, %A AR AR I R A RO KR A 1 AR e
T BRI A, VAL 2R I R A A i AR
W N, PRI T B E AR

HAR H AT BER PR R MR A RGE, HETE
IS 7T 1 TR ARF DR 3, R ok LA ek P DA S it 1 el T
PISIAAELAT. T BRI A % L AE T D) REfL
RIAMI B, IR B s 29 va i S
YIS G B A i oy 5 4 e 5 D Re, AR s AR IR
A S B RPR S R T R AR, AR S
AT A, BRI TR R RAL 5 T2 21,
i o IR AR RUE T X6 i AR G A S 8N LA
ROERIREAE TR, DISCBLEAEusl JG)T . 2idik
ST S R R R S AR R 2 R
FRRZ AR, 754 AR BT B R AL I R G
YT, I R S A SRR, TR E
I B RS, IEBMRBA. REMER
PRAR TR AR R AR,

2.5 JRRFPEE ST
TR T2 SRV IR R, K>k

THETE A B EOE AN R R B T R
ZIKEEARKR D7, B2 n @57 AR A
AR (ERE. GiKIER. BEiER. nndfEfg)it—
U HH BT O TR ER, AR EY AR
Py AW S A R S R R R

20254, YaoZ ™3 i 9- %7 F 48 B3 (Fmoc) [ A ik
B AT 28 T PRI B S R AR TR AR FEAS [R] F- 1 4544
B A S HUE e 2 [P OB (ES). 2 Al i Ik
T IHABE BB L-FID-= KA K AR T E K H %
M EE MR Z M5 TF. FLEEZ e PrR 4 4E T
SR TF B 2 T R A 9)(L-Fiber M D-Fiber). NIGIIFHE
O3 T G RPN TS TR RS, R B- IR S5 K T
R IE T AR U (CyAzo) A it & A -2 AR M HAE F,
AR LTS g 4R 25 g FppA, 38T HIE S0 o v MR AR T
T REM 2N T Fgs ™,

3 HUR B

FIRT, PRMIRS. BP0 el b K7 IR AE i
R 7 1 A0 CON T D REAL A SR % Lo B4 BT
REAL. Il IDAE HE 8 2 7 A AR, TSR AL
PRBREL  FEARAT N S A R RE I B R4, RETh
e S0 Hh e L B3t o A8 ) A7 380 e Wi R 245 T RE
BB R, BT BRI S, T A R
FHAETUTE USRI ) o ST AT 5, T B AN R 282
20 T R e 3 S (A B SRR T L IR R R T
R A A 18 2 MR i I8 ¢ 35 SEBURS HE VR, LUK AR
45 8] 3 L AE % SRR G RO R B AN R AR
L.

3.1 IEGIH HUR R A

TEHE R — M H L B 18 1k JOE 1 B B IR R A,
IR R IR B T BiMeSE X, IRRERZ
L™ O AT R, 7 R O A R
HR BRI R 2%, Hrh 4 G R IKE R R 2 —,
HESE R IRAT AR R O BUR B, AEJ kL E A 1 B
Ja, ArE o B AR A B R, R R
2 0 R R A IR 1, 3 T 5 R I o B JR) R SRE SN
TRk Eos . MRS j B0 . SR G
109707 RAFAETE B RCRAR S 5 5 3 A TR T 24 1 55 )=
PR, ERIETT AL RIS B BRI RR AT 1« 40 B S0E A

2341



HIR RS BT 7 T2 20 BB AR ST B AT A E 7T i

C,Azo-L-VKK-OH

C;Azo-D-VKK-OH

@ :1L-6
& :IL-1B

B S (P4 RRR )W Fh T8 7 B0 T 37 T 24 0 1 2 8 P B 1 P s i )

Figure 5 (Color online) Schematic illustration of antibacterial action of two chiral supramolecular polymers against MRSA for curing drug-resistant

bacterial keratitis [44].

SR R B B SRS, BN IERE YA T AT A 9
20254 Chen 5> IF 5% B PRI RS 88 23 T 7T I 1k 4%
B R APEIEIPURIRIT TFRE T — 26005 B =8 ) %
1. G RIE IS IS FH S T R AR S B R )
T AT AZAZIIIRE BLEY), XAKIESE 7
AZARZKIEYE, AL R T B S R T
PN PERE, 2 LATCOI. R kb 2 E N A Rk B4 2
W BRI, — EURIN, BT J T AE 4 PR v
file, PTELEMIZMIMIERE RO Bk BB, K
JIE R SRR R AR A% OB X, AT 7 a3 3000k B I 4
T TAE GBI R 2k . aiEl6a, bR, &
AN B SR UE 52, 1238356 2 G0 I 3 EEUR 1, 1
JEIE TN RAT 1R < 47 (03] ) BR A AR R e & 3R e, 1
RO B E B GR AR, ShAh, BERERIE T %
Wk RGBSR R A A, AR TCEE H G
IR, R T IR R i 2 4t 260, YinZg™)
i d B-CDELEAZAKII | AZA/B-CD@HARAEL. 1%
T 2 T R KT 79 o . 2R P 3500 T K I A R D R AT T
BISERPUR G, I IR TR AR A R S RS
Pl T AZA/B-CD@H AT X6 5 B 1R 44 21 BT 181 240
R AREIR, ZE R B 6 A BT 100%

2342

(K6, d), X P BR A 1 140 1) %6 08 31 £980%
(El6e, ). IXIEH T AZA/B-CD@HAMAER X 3 2% R 1
PR AN 2% R PH VR R 35 B R 1)) S P g s 1,
VERBUEEIEIRTT I RIS R i1k Rt 1 G ER s
I AR HE.

i TR AZAZ Y SE IR QI TH R 7 AAE, 4
ALK K AR KE T AT L7, ST PUEE e I RIIE R
Liu P Vet e 05 T BRAT T K e A0 % B Mg AR i 2%
BLEIR MBS, PR T — M3 T AEORIUE#4 i i
ZY{(AEO@HPCD MNs), I FREIEMIEIAIT. %4
G380 F2 TR B - B- PR €0 A B TR T A e MR A
£, FEFI AT 2 ) v s % A R AT R AN S IR
S HO s T BT R LA DU G T, RN A T 254
P NI A SR AT AR N A R B 4 R
F-1B (IL-1B) & JE RT3k, AE ML S+ Toll
FESZPR. NODFEAZIRSE Fufi 2 A0 %, FF R I REH
il 50320 JE B AN I 107 R G BB R 08, AT R 19 i R I
W ZET RGEEDUE . PUR AR AR 2 E I
PERIRIT IR T — e 4 B B SRR

R, X EEAN [ 43 BB U AR 1R YT R Gt
(RLEARTT 30, RIRE R 2 THR1EH, HXTARO



REFRE: b 2026 0 i S6E BT

S. aureus S. epidermidis

C. acnes

mm AZA m= AZAHP-B-CDIC
. AZA/SBE-B-CDIC mmm Erythromycin
% %k %k % %%k

O

Inhibitory zone diameter/mm
w
o
L

S. aureus

C Control HA MNs

E. coli

P. acnes

AZAIB-CD@HA MNs

S.epidermidis C.acnes
Different Bacterial Strains

s
8

2
S
—

3

Relative bacteria viability(%)
N e

Control HA MNs AZA/B-CD@HA MNs
fozn
2
= 100 dy
2
=
S 80
b
r
8 60
o
S
o
>
Z 2
=
¢
Control HA MNs AZA/B-CD@HA MNs

B 6 (L RRRE ) (a) 7N AELRE i 0 00 B P 0 8 3 e (o) ot S 400 3 T A2, (¢) KT B 5 AZA/B-CD@H A KT 353
FIa IR SRIR A 45 . (d) HIAZA/B-CD@HAZN K FURL AL ER ) K FF B ORI ROR. (e) THRRAT 1 55 AZA/B-CD@HA K i
R SERE 55 IS IBUIEBOA AT 45 3. () FIAZA/B-CD@HAZHK SURL A0 B F) D R AT 1 A 0 o1 i )

Figure 6 (Color online) (a) Antimicrobial activity of six samples and (b) corresponding inhibitory zone diameter [26]. (c) Agar plate coating results
of E. coli co-cultured with AZA/B-CD@HA MNs. (d) Inhibition of E. coli treated with AZA/B-CD@HA MNs. (e) Agar plate coating results of
P. acnes after co-culture with AZA/B-CD@HA MNs. (f) Inhibition of P. acnes treated with AZA/B-CD@HA MNs [25].
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Figure 8 (Color online) (a) Schematic illustration of the preparation of MMP-S NPs and their MMP-sensitive behavior in biofilm microenvironment.
(b) Schematics of MMP-activated enhanced antimicrobial PDT for cornea biofilm eradication via MMP-S NPs. (c) Representative slit-lamp
micrograph images of P. aeruginosa-infected keratitis treated with diverse therapies. (d) Corresponding quantified clinical score based on three criteria.
(e) Quantification of surviving P. aeruginosa in infected corneas (ns: no significance). (f) Photographs of bacterial colonies formed on LB-agar plates
from the corneal tissues [29].
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Research progress on microneedle materials based on
supramolecular components for antimicrobial applications
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Abstract: Facing the therapeutic challenges of various bacterial infectious diseases in clinical settings, nano-
microneedles demonstrate broad application prospects due to their unique advantages of minimally invasive penetration,
precise delivery, and localized regulation. Microneedle systems based on supramolecular hosts can leverage precise
host-guest recognition interactions and programmable self-assembly properties to provide effective strategies for
treating bacterial infections. This review summarizes recent research advances in constructing and applying antibacterial
microneedles using typical supramolecular host materials such as cyclodextrins, casein, cucurbiturils, crown ethers, and
chiral peptides in constructing and applying antimicrobial microneedles. It systematically summarizes the design
principles, structural characteristics, and antimicrobial applications of various supramolecular microneedles in infected
wounds, diabetic ulcers, keratitis, bacterial biofilms, and other scenarios. Additionally, it identifies core challenges and
outlines future development directions. The development of such supramolecular microneedle systems provides crucial
theoretical foundations and research approaches for achieving highly efficient, precise treatment and tissue repair in
bacterial infectious diseases.

Keywords: supramolecular materials, microneedles, antibacterial, biomedical applications
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