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Research advances in metal-organic framework materials as the
delivery system of antibacterial constituents of traditional
Chinese medicine
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Abstract: With the increasing abuse of antibiotics and the growing resistance of bacteria, it is urgent to find
new antibacterial agents. Numerous constituents of traditional Chinese medicine exhibit pronounced antibacterial,
anti-inflammatory, and antioxidant pharmacological properties, often operating through multiple mechanisms,
thereby positioning them as a vital source for the development of novel antibacterial agents in the future.
Nevertheless, the antibacterial constituents of traditional Chinese medicine exhibit challenges such as inadequate
stability, low solubility, and suboptimal intelligent release capabilities, which hinder their extensive application
in antibacterial formulations. Metal-organic framework materials serve as highly effective drug carriers for
antibacterial constituents of traditional Chinese medicine, attributed to their high specific surface area, elevated
porosity, controllable pore dimensions, and responsive release properties. Furthermore, they not only enhance the
stability and solubility of these antibacterial constituents while also exhibiting inherent antibacterial activity and
responsive release capabilities. This paper presents a comprehensive overview of bacterial resistance mechanisms
and the action pathways of antibacterial constituents of traditional Chinese medicine against resistant bacteria.
Additionally, it highlights the current advancements in metal-organic framework materials and their application in
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the delivery systems for these antibacterial constituents, aiming to provide valuable insights for the research and

innovation of formulations based on traditional Chinese medicine.

Key words: metal-organic framework material; antibacterial constituents of traditional Chinese medicine;

drug delivery system; antibacterial preparation
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Table 1 Antibacterial constituents of traditional Chinese medicine and their antibacterial mechanisms

Classification Model drug Target strain Mechanism of action Ref.
Alkaloids Chelerythrine Staphylococcus aureus, multidrug-resistant Protein synthesis inhibitor; destroying bacterial cell [14]
Staphylococcus aureus walls and cell membranes

Berberine Escherichia coli, Staphylococcus aureus Inhibiting DNA duplication, RNA transcription, protein  [15]
biosynthesis and enzyme activities
Matrine Escherichia coli Efflux pump inhibitor [16]
Piperine Pseudomonas aeruginosa Efflux pump inhibitor [17]
Sanguinarine Carbapenem-resistant Serratia marcescen Anti-biofilm agent [18]
Jatrorrhizine Multidrug-resistant Staphylococcus aureus Inhibiting bacterial drug efflux and the expression of [19]
SA41199B Nor4 in the mRNA level
Caffeine Pseudomonas aeruginosa Inhibiting biofilm formation and quorum-sensing [20]
Phenolic Vanillin Mycobacterium smegmati Inhibiting biofilm formation [21]
compounds Magnolol Multidrug-resistant Staphylococcus aureus Modulating the bacterial cell membrane penetration [22]
Hypericin Methicillin-resistant Staphylococcus aureus Inhibiting biofilm formation, fibronectin binding and [23]
virulence-related gene expression; sarA4 inhibitor
Honokiol Multidrug-resistant Staphylococcus aureus Disrupting the GTPase activity and cell division [24]
Paeonol Pseudomonas aeruginosa Inhibiting biofilm formation; quorum-sensing inhibitor ~ [25]
Resveratrol Staphylococcus aureus Efflux pump inhibitor [26]
Gingerol Escherichia coli Inhibiting transfer of r-plasmid [27]
Guaiacol Pseudomonas aeruginosa Quorum sensing inhibitor; biofilm inhibitor [28]
Chlorinated Methicillin-resistant Staphylococcus aureus Destroying bacterial DNA and bacterial cell membrane  [29]
emodin Enterococcus faecium
Aloe-Emodin Staphylococcus epidermidi Bacterial biofilm inhibitor [30]
Glycoside Baicalin Staphylococcus aureus Inhibiting efflux pumps, biofilm formation [31]
Pectolinarin Enterococcus faecalis, Enterococcus faecium  Inhibiting biofilm formation; reducing quorum sensing  [32]
gene expression
Forsythoside A Pseudomonas syringae pv. actinidiae Inhibiting biofilm formation; interfering energy [33]
metabolism
Isoquercitrin Escherichia coli Damaging to bacterial cell membrane [34]
Vitexin Staphylococcus aureus Interfering biofilm formation [35]
Polydatin Klebsiella pneumoniae Interfering biofilm formation; inhibiting efflux pumps [36]
Naringin Pseudomonas aeruginosa Bacterial biofilm inhibitor [37]
Paeoniflorin Streptococcus suis Efflux pump inhibitor; inhibiting biofilm formation [38]
Nobiletin Pseudomonas fluorescens, Pseudomonas Inhibiting the protein synthesis; destroying the [39]
aeruginosa permeability of the cell membrane
Rutin Pseudomonas aeruginosa, multidrug-resistant Bacterial biofilm inhibitor; downregulating gene [40]
Staphylococcus aureus expression; interference with enzyme and protein
synthesis
Flavonoid Curcumin Pseudomonas aeruginosa Efflux pump inhibitor [41]
Luteolin Methicillin-resistant Staphylococcus aureus Bacterial biofilm inhibitor [42]
Kaempferol Staphylococcus aureus Bacterial biofilm inhibitor [43]
Silybin Methicillin-resistant Staphylococcus aureus ~ Efflux pump inhibitor [44]
Quercetin Carbapenem-resistant Escherichia coli, Efflux pump inhibitor [45]
Klebsiella pneumoniae
Galangin Staphylococcus aureus DMST 20651 Penicillinase andreus DMST 2 inhibitor [46]
Phloretin Listeria monocytogenes Bacterial biofilm inhibitor; bacterial quorum sensing [47]
factor inhibitor
Terpenoid Terpinen-4-ol Staphylococcus aureus Bacterial biofilm inhibitor [48]
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Continued

Classification Model drug Target strain Mechanism of action Ref.

(R)-(+)-pulegone  Escherichia coli Bacterial biofilm inhibitor [49]

Thymol Methicillin-resistant Staphylococcus aureus Disrupting the structure of the biofilm and killing the [50]
bacteria

Eugenol Carbapenem-resistant Klebsiella pneumoniae  Disrupting the structure of the biofilm and killing the [51]
bacteria

Carvacrol Multidrug-resistant Staphylococcus aureus Efflux pump inhibitor [52]

Cryptotanshinone Methicillin-resistant Staphylococcus aureus Bacterial energy metabolism disruptor [53]

Menthol Chromobacterium violaceum, Escherichia Bacterial biofilm inhibitor; bacterial quorum sensing [54]
coli, Pseudomonas aeruginosa inhibitor

Linalool Chromobacterium violaceum, Pseudomonas ~ Bacterial biofilm inhibitor; bacterial quorum sensing [55]
aeruginosa inhibitor

Limonene Staphylococcus aureus K2068 Efflux pump inhibitor 56]

Patchouli alcohol  Helicobacter pylori

Cinnamaldehyde = Methicillin-resistant Staphylococcus aureus

Perillaldehyde
Gallic acid
Chlorogenic acid ~ Carbapenem-resistant

Pseudomonas aeruginosa
Organic acid

Klebsiella pneumoniae

Ferulic acid Shigella flexneri

Rosmarinic acid  Staphylococcus aureus

Organic sulfur ~ Allicin Pseudomonas aeruginosa

compounds Sulforaphane Pseudomonas aeruginosa

Methicillin-resistant Staphylococcus aureus

[
Efflux pump inhibitor [57]
-Ethicillantibiotic adjuvant; bacterial biofilm inhibitor  [58]
Bacterial biofilm inhibitor [59]
[60]
[

61]

Bacterial biofilm inhibitor
Downregulating the expression level of the quorum
sensing system and virulence-related genes

Bacterial biofilm inhibitor [62]
Bacterial biofilm inhibitor [63]
Bacterial biofilm inhibitor [64]
Bacterial biofilm inhibitor; quorum sensing inhibitor [65]
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Table 2 Fundamental characteristics of various prevalent types of MOF materials. MOF: Metal-organic framework

Metal
MOF ¢ da Organic linker Structure type Pore size Researcher Ref.
node
MOF-5 Zn**  1,4-Benzenedicarboxylate 3D porous network structure 18.5A Eddaoudi M [68]
IRMOF-10  Zn**  4,40-Biphenyldicarbonyl chloride 3D porous network structure >20A Eddaoudi M, Yin DG [68,69]
IRMOEF-3 Zn*"  2-Aminoterephthalic acid 3D porous network structure 18.6 A Eddaoudi M, Cheng HD [68,70]
ZIF-8 Zn* 2-Methylimidazole Zeolite imidazolium ester backbone 20 nm Qi XY, Park KS [71,72]
structure
MIL-100 Cr'" Benzene-1,3,5-tricarboxylate 3D network of super tetrahedra 6.5-30 A Férey G [73]
MIL-101 Cr'"  Terephthalic acid 3D network of super tetrahedra 29-34 A Férey G, Khan NA [74,75]
HKUST-1 Cu**  Benzene-1,3,5-tricarboxylic acid 3D network structure 1 nm Chui S [76]
PCN-222 Zr*'  5,10,15,20-Tetra(4-carboxyphenyl)  Rod-shaped structure 2.7 nm Zhang FZ [77]
porphyrin
Ui0-66 Zr*"  1,4-Benzenedicarboxylate 3D porous structure <10A Kandiah M, Bambalaza SE  [78,79]
CD-MOF-1 K' y-Cyclodextrin Extended 3D networks structure 1.7 nm Roy I [80]
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A MOF 25936358 F 4080 H T 2550181 B o B = s 4
DRIt AR 3 23 ZE MR IR MOF AL ] £ v v 24 470 18 R 7
T M IR RE R R, B A T R B RO
3408 35 R AN [R]85 A M B 78 MOF 245938 1% R 4t e it o
W& N HHI Tt e, LA A 37 Y o 24 50 T k43 ) 59D £ AT
KA Z MRS B2 o T A AR e B 2
MOF 241335 22 4t 3 FH T U TR 573 38832 (1) B T S0
e 3CCINB RS I A SR R T A 24 0B R A3 1Y) e e
J% % MOF j# 1% & 4t .
30 RAINERMBNETIARERIRENS
BRI
311 ERANERMRNEFARBERSREN
<5 I8 A HUAE SR 1) 22 £L 45 1 RE 88 A7 200H0RE Hh 24 470 1 A
oy 36T H N EFLER, AT N AR IR B R 2 (WOt
R pH A A T B2 25 ) o 3 6 Bl 4 PR S M), 4 17 972 1 LA
SENE . AT RN, 225 B AE T AR S5 1R R R H
B E AREE, 5 R AR R, I AR 22 R R R R
o] 90 1% B 7 HEE . Moussa S5V T b 35 85 K B
T3 ks - 4 )8 5 HLHE 22 (byclodextrin-metal organic
framework, CD-MOF) ', ¥ 25 4% 22 3 2 ) CD-MOF
e AV R T K, 2 AEZE T \-CD (y-cyclodextrin) ¢
P 2 (AT R — R 59 fEpH 1150, 5
T E RN EHR--COML, ZEATINZER
FhRaE M E T ELIANHEL. Pan FEE N T
3B A AN R = 4 S50 p- FORRS 6 R A HLAE 22
(y -cyclodextrin-metal organic framework, y-CD-MOF),
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A S Temperature sensitive materials
oW P!
@ & e+
cid}induceﬂ q}"otor&aﬁon - 4 Temperature rise
of organic ligands
" g @ Reducing drug-vector
3 interaction
A1 -
@ L 5’1 — &+ pEsEel @ Pariig >
s,jgﬁ' Disruption of ligand bonds !EE:EE! Size Teducy,, L 2 .'-“
between drugs and metal ions v a L 4 Ll
Light
¢ _Light sensitive materials
y +mulation
Light stimt hs
(?t specific waveleng!
@ High ROS concentration  » - @e Low photothermal effect
+ +
N A ol
High photothermal effect : 0
3> Metal ion (@ Ros sensitive material —
——  Organic ligand Q Antibacterial drug l Light of a specific wavelength
% Metal-organic framework | Fhermomester _l\ Metal ions and stimulus-sensitive organic ligands
\ Reactive oxygen-sensitive material fragment ‘ Temperature-responsive metal-organic framework material
Figure 2 Schematic design strategy of different smart-responsive MOF drug delivery systems for antibacterial drug delivery. A: pH-

responsive MOF drug delivery system. : Proton induced ligand bond breaking under acidic conditions; @: Disrupting the formation of

ligand bonds between drugs and metal ions; B: Temperature-sensitive MOF drug delivery system. (D: Reducing drug-vector interaction; @:

Particle size reduction; C: Redox-responsive MOF drug delivery system. (D: Breaking disulfide bonds under high glutathione conditions;

(): High reactive oxygen conditions destroy outer reactive oxygen sensitive materials such as poly-L-lysine; D: Light-responsive MOF drug

delivery system. D : MOF controls drug release by chemical bond cleavage under light stimulation at specific wavelengths; @ : MOF

controls drug release through photothermal effect. ROS: Reactive oxygen species; GSH: Glutathione

H RIS T H B AW 5 p-CD-MOF (1454, M &
FZiE T HBEER MR ENE. AL, ARSI S5
ZE LR, 718 H A 1) p-CD-MOF 7E H 0, 5 3
T, AN R R 58 . Soomro 25 R A H 44N
KUTIE AR K K 3% 2 (physcion, PHY) $f 2% - ZIF-8,
D & T PHY @ZIF-8 94 K JUkE, % ki 7€ 25 K J
IR B 25 e M. #VE 45 R oK, PHY H
207 °CHLiZ#i R 5, FH1EZ1 300 °CHF 73R 21 99%. Tl
B F M PHY WITE 260 °CA JT 4643 fif, iX W] ZIF-8 ¥ 40
HARANH T PHY B, Asem 17 HARE M. Bt
A, AT I B AR FLY BUEHE AL T PHY @ZIF-8 1T
WP, 45 RN, 58 PHY AL, A B PHY
SXof #2224 PH M B LA R A e R

312 SRANERMHNEPANMER T BRE
B LR T R wT PR FL AR AR 5 £ 3 RE 7110 MOF £
R B, I 5 SEARYE B, w] DL e A
A R IR S KM, DT 5035 v 245470 A1 4 8 7K o PR VS e
FE . Aykag S5UIF F AR 1 9 B2 4k 141 5 44 K MOF # T
ANV RN 4 8 I 5y W R A7 a5 2 18 1A Wk R 45 A RE L T
MIL-100 (Fe) R JE R T — AN Fa 58 (K P PR R R
B B-CD (B-cyclodextrin) R &M 7 )= . & p-CDEAEY)
&1 J5 ¥ MIL-100 (Fe) fg % 2 35 42 e 25 W0 ¥ V4 gk 1
T —JiTHl, MOF 1E R 2384, 185 4 oK 2 L3 R 1)
ZIVIRI S b, HA RO 259 53 T3 5) oy BT Ix B L TE

Mo TERMRH, IE A 25918 MOF HI/K fif 254
@MOF 5454 v 3B s e T, AT 1 568 245 20 P 9 e
Suresh 2511 25 ) 1 BT MOF-5 1, T i 254 @MOF
HEW . X— RGBS T 24045 &, 1T
MOF 7K fif J5 (i 3t T 25 )75 ¥ ff A Jo w1 R T3 RE T8
BTN 5, % 2% 8 % (curcumin, CUR) £ 35 T MOF-5
HJE B CUR@MOF-5, Ji ik MOF 7K fi# 55 3L CUR 43
5 1) BV EF R TR, 2 T AT SO PR . RS TR
(simulated gastric, SG) 1 i1 1 WL %% 3| # K it & WK FE
(maximum mass concentration, C, ) 8.5 mg'mL", M7t
T IR £h 22 1R (phosphate buffer saline, PBS) 41 )i FF
C,. 139 mgmL"; #HLLZ T, Z4E CURZESGHH C,,,
0 592.12 mg-mL", ZEPBS H1(# C, X4 0.95 mg-mL".
X %W, 54 CUR M b, CUR@MOF-5 7£ ¥ i In) JiE 91
H S CUR &R . Liu %" H CD-MOF i3
LA T AL S ) 184- H RLIK IR (18B-glycyrrhetinic
acid, GA), % il GA@CD-MOF 44K & &4, Hiw iR
bl GA i 7 780 1% . He Z5U"UR M I A — S Ak ik
R, B AN 25 R AN (honokiol, HNK) 5l
A CD-MOF LI, Bk 1) 14 HNK [¥] CD-MOF
(HNK@CD-MOF) 7 B H 5 35 & /= 1 36 00 5 ft J A
WRIE R . 1E pH N 7.4 MW+, HNK@CD-MOF
XF LG 46 HNK, RIS AR T T 19.9 f% . b4t
HNK@CD-MOF £ 24 h P[] 5 BURE JIUE 2 94%; Tii
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Table 3

Intelligent-responsive MOF delivery systems applied to antibacterial constituents of traditional Chinese medicine. ZIF: Zeolitic

imidazolate framework; UiO: University of Oslo; PCN: Pocket-channel framework; Cupp: Cu (II) tetrakis (4-carboxyphenyl) porphyrin;

PELA: Polyethylene glycol-polycaprolactone anhydride; TOCNEF: 2,2,6,6-Tetramethylpiperidine-1-oxy radical oxidized cellulose nanofiber;

Pec: Pectin; ICG: Indocyanine green; PLA: Polylactic acid; PCM: Phase-change material; PUL: Pullulan; PVA: Polyvinyl alcohol; Eu:
Eugenol; APG: Apigenin; CCM: Curcumin; CT: Citral; BBH: Berberine hydrochloride; Cur: Curcumin; THY: Thymol; BBR: Berberine; Ac:

Allicin; CAR: Carvacrol

. Stimulus . .
Delivery system . Sensitive material Drug Advantage Ref.
condition

Honokiol@ZnO-ZIF-8 pH ZIF-8 Honokiol Honokiol@ZnO-ZIF-8 achieves pH-responsive [96]
release of honokiol, which improves the
antimicrobial capacity of honokiol and prolongs the
efficacy period.

Eu@B-UiO-66/Zn pH Eu@B-UiO-66/Zn Eugenol pH-responsive release of eugenol with potent, [97]
synergistic and long-lasting antimicrobial effects
against Escherichia coli. and Staphylococcus aureus.

APG@ZIF-8 pH ZIF-8 Apigenin APG@ZIF-8 exhibits pH-responsive slow release [98]
and enhances the stability of apigenin and
synergistically improves its antimicrobial activity.

CCM@ZIF-L pH ZIF-L Curcumin Enhanced curcumin stability and pH-responsive [99]
release of curcumin

CT@ZIF-8 pH ZIF-8 Citral CT@ZIF-8 exhibits pH-responsive release of citral [100]
andincreases stability of citral

BBH@ZIF-8@ZIF-67 pH ZIF-8@ZIF-67 Berberine pH-responsive release of berberine hydrochloride; [101]

hydrochloride enhancement of BBH antimicrobial effect

Zn-MOF@Ti,C,T, Near infrared Zn-MOF Curcumin High photothermal efficiency and light-responsive [102]
stimulation for curcumin release; high ROS
production at 808 nm near infrared radiation

Cur/CuPP-PELA Near infrared CuPP Curcumin Light-responsive release of curcumin; enhancement ~ [103]
of curcumin antimicrobial activity

THY @PCN/PUL/PVA Visible light PCN-224 Thymol Slow-release thymol; improving bactericidal [104]
properties under light stimulation

MOFs@Ag-B@BBR Visible light MOFs@Ag-B Berberine Photocatalytic activity and enhancement of [105]
antimicrobial activity of berberine

Ac@ZIF-8/Ag pH ZIF-8 Allicin pH-responsive release of allicin; enhancement of [106]
allicin antimicrobial activity

CAR@ZIF-8/TOCNF/Pec  pH, enzyme  ZIF-8/TOCNF/Pec Carvacrol pH-responsive and enzyme-responsive to release of  [107]
carvacrol

Cur-ICG@ZIF-8/PLA/PCM Near infrared, ICG@ZIF-8/PLA/PCM Curcumin Photothermal and pH-responsive release of [108]

pH

curcumin; improving antimicrobial properties of

curcumin

M Z T, HNK@y-CD 1 5 i Fl HNK AX 43 1) ik 2]
T 81%F69%. K3 fE/R T MOF M RHE i A 25 1 1 il
A3 R TN R BE B ML

32 SRAHNIERMBEEFARERDHER
gLRES

3.2.1 pHUIRNE MOFAMNEE RS  h THA%E
SN RN S 20 A 11 PR A AR, SRR 2 2 BRI A SR 1) pH
B H R IEHALUL. AR, B4 41 pH
YU N 5.0~6.5, 1M 1E % 4L 2310 pH Ny 7.4M, A, %
T pH {H 12 % 7% 5 A MOF A4 R} S £ 35, BF 90 3417
TR T T AR pHAE (S 5 1 MOF Zi¥i8% R 4. 1%
2 72 50 BE S TR 8 1Y) pH B A 85 N BRI 244, I SR
Xof e 2H SRS HERR IR YR YT, ANTFTHR R VR 9T 80R

pH i B B MOF 259341 7 40 1 5 2% 1 g A
i © FHR 75T NI, EREENGT,
& @A HUHESE &4 ml B B AL A B B A MUBC A & T
JIRFAX, AT 51 D 45 1 A8 R AR 42 i 5 A LIS A 2
TF1) ) P oz, 1T 5 B0 MOF B 35 o 514, &5 25 1ok 1
B0 ZIF ZK % 8 &R FE I MIL f1 U0 K k; @ FIH
Zi 5 &8 BT O pH BUR AL 25 . S pHIE K
AR, 25 R BT AR B, RSB ] E A,
DAFE i 2 A e PE ORI 26

Yang Z1" A % T f1 g ER R /) BE Bl (berberine
hydrochloride, BBH) [ & & #1 ¥} BBH@ZIF-8@ZIF-
67, 7£ pH 5.0.6.0 F17.4 ¥ PBS 2y T 34T R4 AP R
SE 5 45 SR8 R, BBH@ZIF-8. BBH@ZIF-67 Al
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A .00. Light, pH or temperature

@ ©
See +

Solvent © Antibacterial drug

»  Antibacterial drug instability product

% Metal-organic framework ‘ ., Metal-organic framework modified on the surface of hydrophilic substances

Figure 3

The mechanisms through which metal-organic framework materials improve the stability and solubility of antibacterial

constituents in traditional Chinese medicine. A: Metal-organic frameworks significantly enhance the stability of antibacterial constituents in

traditional Chinese medicine mechanism; B: Metal-organic frameworks significantly enhance the solubility of antibacterial constituents in

traditional Chinese medicine mechanism. (D: Confinement effect in pore space; @): Surface modification of hydrophilic substances

BBH@ZIF-8@ZIF-67 ¥4 3 I H pH Wi N B AT N 1
FRTE 64 R, Co-N# 5 Zn-DkMe i S 8 & B 5 TR,
Jf 5 BBH P [ 38 5 0 18 2CR . Wang P RUR L
FL B-Ui0-66 (benzoic acid-university of 0slo-66) {F %
R, SR RIRPTE Y T & B (eugenol, Eu), 3k —5
5 2B S T 4 A Y B [F P 7 R Eu@B-Ui0-66/
Zn. ZAR RN T FEY S Zn B 1 22 1) Be A7 B 24
TR, SEBLT T A By pH W N AT SRR . 7E pH 5.8
%1 F, Eu@B-Ui0-66/Zn [1] T 7 By B il 2 15 31| 80%,
BEE T pH 8.0 %M F I EFEE . H4h, Eu@B-UiO-
66/Zn ££ 24 h Ji7 X K AT B A <6 2 6 28 3K B 2 il R O
t 96.4% F199.7% Wy R, R E R TIFEEST &
1% 1 Eu@B-Ui0-66.

322 SHWXRFEMEE MOFZAYNEERGE Ak
5 B MOF 265934632 22 45 7 — ol o 4% 1 25 0 72
8 AL IE JE IR BN IR TBOR SEBURS THEVR I I R 4
FLBE AR Jo 2 AR AR A A SRR R SR B 5 1 A B A R
BN IEJEY S A R B 2 R AT R . AT
AN, CEA TR IR G A SO B v, R T B T A
(*OM) AL A (H,0,) AIHZEEA (07 EiG =t
(reactive oxygen species, ROS) [ 7K *F- A % B 5% 18
JEMESBEE IR (glutathione, GSH) /K~F & #3271 .

Ve UT R I8 R e B B MOF 24593 3% &
Gurbei P SR o i I R A e R e 2 R AR A
TE 1 GSHRBE T, SR A B Wr 28, AT S 3 24 490 1A RE TR
Lei 557K F 8k VB BUES 1F & @ 19 A, FF L 4,4'- 3R
XU H R (4,4'-dithiobisbenzoic acid, 4,4-DTBA) {E
A MLECAAE, 75 40 °CHAF T A B MOF-Zr, 8 i 22 3%

% 9l A B MOF-Zr il % 13 £ 2 3 5 @MOF-Zr 91K
KT o 1T GSH TE i 8 40 i i o i R 0K, I & )
GSH 7] A V) #35 4,4-DTBA H (f ik, Kk, %94
KL 7E R PR 58 N S o H B R (1 25 R AT N,
HAEBEE AN SE T .

Xiang %" 4 40 T JK G Bl BR 58 o ROS K
FhIX — 5 55, 25 T 5 -L-$ = R (poly-L-lysine, PLL)
&M (1) ZIF-8 40K kL, LA S8 ROS M B 3 7 70 A
(ciprofloxacin, CIP) & il 22 ¥ 2 fish & 0t 51 71 28087 Bk
BIRYT I 2590 IR e o TEAH B AOA B5F, dl i ROS 1)
I ) 0 A C B S e PLL SR A 8 T 24, I 250t
BT CIP. I Ah, 73k 1) 22 38 38 ] 78 24 D6 ORI 7= A= B
A (O AN E T HHEE (<07, K, x99
K WKL BE 8 A5 2 % K MRSA JERR 0 AR . 7
/I8 B o AT RS R 30T 1) % 0 K BRI R
S AR W 2 A DB )RR, I BRI R T 98.81%
MRSA &G /N R
3.2.3 XM B MOF Z4MisiE R i N A4 MOF
ZiWishik R G0 FE R F & R A HUREZRAE N 25 ki, 7
R E P B CTRIT, 385 b 2% SR O G ok %
il PR . Guo VA5 I8 1 78 Ti,C,T 9Kk i LR
S A K AR IE MR & 8 B HLHEZE (zinc-based metal
organic framework, Zn-MOF), 5| N KIRFUEHE 20 R 1E
B, # e T — R SR 5 . Zn-MOF@Ti,C,T,
AL 2 A0 5 (e Ak e, 8 w] ST Zn™ R 223 R
(0 RT 5 RE T, S s H X 4 B €807 4 BK B RN K I AT 1A
HAMR R EYMEEMZ B XPUER /. 1A, He
SENOTE R T — PR T G A 11 o e R 4 B A B
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HE B2 K Mz, 1% 7K 468 e 1) F MOF 25 2% K 48 2447 /1N BE Bk
ST PR AR . IR, 7E MOF 3R [ 5] NERZK
WORLAM AR 2 T HAE /] W6 T 7 42 ROS, T H o Bl iR
FHIM A6 72 H AR B 3R AL AL 5, ik ROS AR . 1%
TR BE DI 5T K B (37.5 pg-mL™) X 4> 7 €0 %5 4 Bk
P MRSA R I H 58 K630 D PU s 1% .

324 BEMRE MOFAYNRX RS Sotm A
MOF 21 1% F S8 AN 5], il FE wi) B A MOF 245 ) 3 1%
R YRR Hb IR B IR FE 1) AR SR 1 45 259 5 Bk 2 1)
WA EAEH 7, FERI 2RI . Silva S L& 4K
BT oA, B B ZIF-8 55 2 L R 5T,
BT LA FA SR R e 0 I B = Ty R
Wi 8 78 MOF 44 K A4 8}, I 4 e ps iy B2 A T o e (]
(caffeine, CAF) F1 5-9 JRIENE (5-fluorouracil, 5-FU) iX
PR AR R . I AR R KV A = I R g
1T A RETBUT R B, BE 4 i FE F+ s, CAF 5
5-FU 259 e i & B S 389 K o b A, — S 3 i g 97 Y
MOF 25335 % 43 1 51 2 WL A% 30/ B i VR AS 5 A
DR Il 25 55 5 3K, 7E 52 30 I B T O 50 P R B A
T S5 T 245 40 ) 428 SRS TS . Lin S5 U201 &6 & i 1 B
A0 il JEE BRI MIL #0448, Bl 25 i B2 T, A
KRORLARIZET I o R BT N 25 °CH & 2237 °C
INF, 1% B A i B D BRI IE N T 1 A% . Nie
USRI T — Bl H TR 9T A 1R G [ IR R R R
MOF 7K1, 127Kt I 78 2 Bz Tk 55 R SR T B A
A o T A 2 vy LB S 8 0 R TR TS 12

325 HEaWNE MOFAYNEERS K1 L
IR B — ) i B 7 MOF 25 )3 2% R 484, £ &
S e B Y MOF 24 ) 366 326 3 45t 2 30T 4F SR iF 72 1
. Nong 2R T —Fhdk T MOF 4 K IR &
A [Fe,0,@PVP@MIL-88B (Fe)-NH-lysozyme/carvacrol,
FPMLC], & 240 B 4l 38 - Wl M 20 256 LV v W /K A 't ik
R ORI IR ST B R TR D e T A P [ K 4 T
FPMLC W] I8 5 FR U 5| i SR 40 1T, 8 5 i 0 ik 20 36 T
B FPMLC-4H 1 554 . ¥ B 8 = AT DA B3 figf 4 11 4 i
B 1) JOR SRR, R T HE 1 B 3 9 I A AT 20 AN RS R AT A
TR 4 T 4 BT . PR S A A5 R R T, R B E A
1x10° CFU-mL" 5}, {5 & (100 ug-mL™") ) FPMLC 4
K VR P RE % 56 4 RO K i A T AR 46 2 T ) PR A
Cai 5" R 7 BA WML R PIRIE RN & &,
B[ 5% &\ N FiR/22 35 3K @ZIF-8 (polycaprolactone/curcumin
@zeolitic imidazolate framework-8, PCL/Cur@ZIF-8).
1 1 B B 1 R 1 PR 5%, PCL/Cur@ZIF-8 B A Mg
% 388 Ik pH M SRR JRCEE B I 2 s R . Ik Ak, £ 420~
430 nm.2.2 mW-em” I IE R T, ZE RS 77748

EHEENY. EEE TANEYANREER T, ZE
A T A0 T B AR R BRI E R . &ad a3 ) K e
AbFR S, 40 R RIS R B A I L B 2 B =
/> 7 99.9%. pH 5 A4 g 00 EE ) e K. 2 MOF 24
Wik R BB IRIE . Min 251 ZIF-8 9K ik Ji
{7 4 K 7E TOCNF (2,2, 6, 6-tetramethylpiperidine-1-oxy
radical oxidized cellulose nanofiber) ¥ i b, 3 3 4 &
3 JF M (carvacrol, CAR), i HEL WY Bt 3 % (pectin, Pec)
ERN“ETTIN . il 2515 21 CAR@ZIF-8/TOCNF/Pec
VHE PR AW S Bt T g ot R T R G T 5 A P R
AT AN 77 A 1) SRR, I . % X g 7 4% B 1)
& 7E pH 5.0 B, CAR IR T2 £ 86.83%, 1M 1E A7
72 R BB (1.0 mg-mL™) %0 T, CAR 1) R % 2 1k 2]
88.65%. LA, CAR@ZIF-8/TOCNF/Pec X K Ji7 AT B «
o TR ] TR T R SR A A A IR HH R A R RO
4 RESHE

MOFs 1E 2 — 25 X (1 2 FLA R, 7536 2 4t
W T R T BRI . A m R,
A4 L o SR A BT B A5 R 25 1) MOF A4 kL, ANE
REA% W 25 OO0 TP 24 B0 18 o) 1 A 1 5 T A BE, T L
A DU a8 25 B0 T o A e R RE . R R —
ST B A 7T R, {2 MOF A4 RHE i 1% rf 25 470 8 Bl 43
J7 HA SR T I v 22 Bhi% . B o, 3 B — DR A
A MOF A RHIHT B PE e, DA i F 470 1 R0 AN 47 2
2, FLUR, TE A R e B B MOF 33 24 R4, 75 % 1&
FIT R R (R Rk B 5 T A5 1 25 ] 5 2 A k2 (D 2 A
I LSS P, 5 MOF MOEHR & L 2B = 4%
LS I, b A R FARE A = 5[] B, JC A 4 A o 2 o
(IR B AT AT B RGEVP A o A1 BE AT 78 1 RR SR IR
N, MOF ¥4 BHE i 25450 B R 53 386325 77 T8I . FH 6 2 8ok
BTz 5RO, A BT R I BT T SRR 1 A A
T 245 14 14D 3 284 v 24 24 W ) 70, 9 D gk e 2 A 24 1 S
I R L 4 1) SR 5 5 i

{162 BAK: 0 51 S I SCRRVAE AU S5 79
i ST T R T SRR B SCER L R DY S 6 5 &3 S0k
(R B S 5E A B A TR SC B AT 4R 5 5 R TR AL T
TR L PR SRR

FIEE S AT AEE BN AEER G R KR
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