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Abstract: Sepsis is a life-threatening organ dysfunction caused by infection-induced dysregulation of the host
response. Its pathological mechanism is complex, involving excessive inflammatory response, immunosuppression
and oxidative stress. Current clinical treatments mainly rely on anti-infection and supportive strategies, but the
therapeutic efficacy is limited and the mortality remains high. Traditional Chinese medicine (TCM) monomers show
great potential in sepsis treatment due to their multi-target, anti-inflammatory, antioxidant and immunomodulatory
properties. Nevertheless, their clinical application is restricted by poor water solubility, low bioavailability and
weak targeting ability. As an emerging nanoscale porous material, metal-organic frameworks (MOFs) have become
ideal drug delivery carriers for their tunable pore size, high specific surface area and good biocompatibility. This
review systematically elaborates the core advantages and mechanisms of MOFs as targeted drug delivery.
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Figure 1
of MIL-100 (Fe) and MIL-101. MIL-100: Material from Institute

Lavoisier-100

Chemical structures and ibuprofen loading properties
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framework-8, PEI-g-ZIF-8) 44K [ 77/E W#E A cfDNA
gk BERE” . % RS ELZIF-8 N 4, il PE1E
TSRS cfDNA F 25 M3 45 4, RS HEFH I cfDNA
5310 Toll BE 32 A& (toll-like receptors, TLR)/#% K T~ kB
(nuclear factor-xB, NF-xB) ¢ Jif i B B - A4 P A1
JCAESE, PEI 1800-g-ZIF i JAE % 2 4% B 10 077 R R AR
07 1 PEL, ] 3 1A% 1E 7 PR cfDNA I 3% i 75 i 2
T, PR OB B 2y T PSR WS o 55 ik B3R iy 1 o B ik
N TR B R A B0 )5 A4 5 A (1) A% 03 B [7] 8L, Liao 551
TP T ZIF-8 MOF #4350 b 2475 B 4 11 JIRAE 17 49 K
#i (oral targeted system of sinomenine-loaded ZIF-8 MOF
nanoparticles, S-Z@M), DL ZIF-8 J &4 i D12 & A
(mussel adhesive proteins, M) 1&fii, SZI T e TR HE 2
B ZAGRITL ZIF-8 2 fLA5 M R e 3024, T Br il
ROS A7, M JZ 28 ROS fitl & 5 b 52 45 i 3 s
TV A0 B 57 B 5 i T 2 P 34 5 (12 f8F ZIP-8 [t e 24y,
AR 2 a8 i b i b R R T, B B R % R R AR
A&, 5 MOFs #E A # AL 3.

Typical cases of stable encapsulation of traditional Chinese medicines within MOF porous frameworks

Chemical structure and 3D topological structure of UiO-66
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Particle size of approximately 150 nm and drug loading efficiency of 28.6%

Provide insights for the treatment of sepsis

Figure 2 Typical cases of stable encapsulation of TCM in porous MOF frameworks—structures and applications of UiO-66-based carriers.

The middle panel displays the chemical structure and 3D topological structure of UiO-66; the left panel illustrates hyaluronic acid-coated

UiO-66-NH, MOF loaded with berberine, which realizes pH-responsive drug release and the treatment of sepsis-associated multidrug-

resistant bacterial infections; the right panel presents FA-modified UiO-66-NH, MOF loaded with Bai, which achieves pH-responsive drug

release and the modulation of macrophage polarization, thus providing references for sepsis therapy. MOF: Metal-organic frameworks;

Ui0-66: University of Oslo-66
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In the CLP-induced sepsis model, a single intraperitoneal

injection improved the 48 h survival rate of mice by 57.5%
and maintained a 7-day survival rate of 30%.

Figure 3 Schematic illustration of the mechanism of sepsis intervention by Ce-BE NZs. The left panel shows the characteristics of sepsis-

induced multiple organ injury; the middle panel represents the cerium-based MOF carrier, which disintegrates in response to the low-pH and

high-ROS microenvironment in sepsis and simultaneously releases BE and Ce*/Ce*"; the right panel displays the 2D structure of BE.

Through synergistic antibacterial, anti-inflammatory and organoprotective effects, this system significantly improves the survival rate of

mice in the CLP-induced sepsis model
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Jii B M 04 — k% FF B2 (nicotinamide adenine dinucleotide,
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100% 76 R1 %; 7F CLP Jik 3 9 B A0 b v 2 25 ik i 22 2
B AT o AR R SR R R R R e TS, B 6 h
JE A ZIIE R, I R AFIE RN 77 9 MOFs B
F T REERERE eV T At 1 B BE0F 50 S 5 2 SR

25 I, MOFs A5 #2468 71 « 29 IR I 4 F G
B P AT AR R BRI S AR BT S R RS, A R
7 2 FRAAAE iR BERE VR YT R BRI BT, BN B
PG VA 32 24 Y B AR B Ak, RS 4k MOFs 2538 2 R4t
Tt SR TR0 S HE (B4, & 1),
2 MOFsHEHHABEARGATHREENZOER
B

MOFs 7E ik B2 0E ¥4 97 A 8 B 1) s 280 ) 2 B3 R
B AR EEE, AR b AR T R oA D 1 3 24 L
AR5 2 (1) P [RE AL, DA 245 40 2 6 38 AL )
B[R 1 42 o TG 4 % 72 45 W) ZnO@ZIF-8 24 7k &
A A pHL i A P S AL B TR 1 o e PR RS HE R 24, 3k
#£J5 MOF 4452k #; 14 BX-Ce NPs i i #i 44 H 5 i 1t 5
w24 1 43 TR D e TN R B [ BT AR, S E AT b
AL WL ) S A%
2.1 SR[ENEZHLE] R v A BRIk
5 ROS 7K1 4 i 41 /52 4 & 48 141 3 B 47 1iE, MOFs
20 2 RG] I I R BN EE ) + FE B EE im0 AR

3, S 2 7E R EERE 3 ek (RS 1 4, ek IE  ZH 4N
Zior i, BRAR A B AN RO, X B2 AR T G 2
Wk RGO 2 P, P B 3 AR
MOFs 40 K R ~F 208 (10~100 nm), A] 3@ o i & 5E
I ML (7 EPR XU, SEIL 25 1 4% 30 & 4E; [FI B, MOFs
A I 45 R, S EERE R B OB AE , SEI
RS e BECO . A% 5% 45 M) ZnO@ZIF-8 3 2 1k
R, L ZIF-8 7% J2 0] 5 S 1 Wi N7 e 75 R S G A (1 I
pH A8 (pH 5.5~6.5, 1EH 4141 pH 7.4), KA 45
B fik, [R5 R Zn™ 5 S R 25/ 2510, 8 S 2 (e
AE i 2H 23 B W R S, B ORI A R AT 0 R A
FEPY A M, CCM-ZIF-8 tH EL A7 pH 3 3 i 37 o, 76
pH 5.0 '~ ZIF-8 tJull [ i, (A 75 pH 7.4 B 25 ¥ F2 0 B
221815, £ OA ' Bai@FA-UIO-66-NH, % 4t FA &
TR A M4 g, 9 HL pH i SR 24 1 4% W 4 g
e fetm,
22 WELATTHLE Btk B S S T 2 DR T AR,
MOFs 1 Jidh 25 84, FFE sl “ 2tz T A7, H
H & B & [ A 67 DRe (JUi i \ROSIE R EE), 1J
55508010 20 M RO T B R BT+ R A R
(1 W R R0, 22 L VR 2 Tk 25 s BRI AR, A% G vk
2y B —IR97 IR R, IX B /& MOFs /1 253 25 R S8R )T
JHRFEAE A% 00 5 R

— B YU PR ], B e T A 1A% 00 IR (4
PR GY) 15 32 S B (JORE KU S IR T 9%
W ZnO@ZIF-8 #F 25k &, #AAH% )2 ZnO B Zn™,
LB T B RE L B0 B COR W A 18 4 8 60
BRTE) (140 Mo s 5 B2 v, R 8 A B 1R A Sk bt
A RE RV D G R b B e M, ST +
PSP R, A B R R B e S SO, R
S E JE B U 5 0 R, T A B RE (1A% 0 B IR T (5%
i T SR O ) SEPIRS UE TR % . 28 MOF 9K 3 ik
BX-Ce NPs, HHk H & B & KW R Mg P, ATk $£51%

Advantages of MOFs as targeted drug delivery systems for sepsis

Drug loading capacity

Drug stabilization and protection

Controlled release properties

Precise targeting ability

?

Intrinsic therapeutic functions and synergistic effects of carriers

Figure 4 Schematic diagram of the advantages of MOFs as targeted drug delivery systems for sepsis. The middle panel displays the three-

dimensional porous framework of MOFs, and the surrounding parts illustrate its five core advantages: Drug loading capacity, precise targeting

ability, stable protection of drug activity, controlled drug release property in the sepsis microenvironment, as well as the intrinsic therapeutic

function of the carrier and its synergistic effect with the loaded drugs
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Table 1

Core advantages and representative research examples of MOF-based targeted drug delivery systems for sepsis treatment. CCM:

Curcumin; ZIF: Zeolitic imidazolate framework; UNB: UiO-66-NH, loaded with berberine; FA: Folic acid; NH,: Amino group; TCM: Tradi-

tional Chinese medicine; EPR: Enhanced permeability and retention effect; PEI: Polyethylenimine; ROS: Reactive oxygen species; BE:

Baicalein; NZs: Nanozymes; CMOF: Cyclodextrin-based metal-organic framework; BX: Brazilin; NPs: Nanoparticles/nanocomplexes;

MOFs: Metal-organic frameworks; NAD: Nicotinamide adenine dinucleotide

Title

Core advantage

Mechanism of action

Typical research example

Key conclusion

Drug loading
capacity

Stabilization &
protection of drugs

Precise targeting
ability

Controlled release
property

Intrinsic
therapeutic
functions and
synergistic effects
of carriers

Summary

High drug loading
efficiency and strong
adaptability

Prevents drug
degradation/inactivation
and prolongs circulation
time

Lesion-specific
accumulation, reduces
systemic exposure

Precise lesion-triggered
drug release, minimizes
side effects

Intrinsic therapeutic
efficacy of carriers and
synergistic drug effects
for multi-target
intervention

Comprehensively
resolves TCM delivery
bottlenecks

Porous structure and high specific
surface area provide adsorption
sites; pore size/channels can be
precisely tuned to accommodate
diverse drugs

Rigid framework resists enzymatic/
acid-base degradation; pore
encapsulation and surface
modification reduce drug leakage
Passive targeting (nanoscale size +
EPR effect) + active targeting
(ligand modification) to anchor
inflammatory lesions/immune
cells/damaged organs

Responds to the low pH, high ROS
microenvironment in sepsis to
induce carrier degradation and
drug release

Carriers release metal ions and
exhibit nanozyme and energy
regulation activities, exerting
synergistic antibacterial and anti-
inflammatory effects with TCM

Integrates drug loading, protection,
targeting, controlled release, and
synergistic therapy

Ibuprofen loading via
MIL-100 (Fe), MIL-101 (Cr);
CCM-ZIF-8

UNB@H;
Bai@FA-UiO-66-NH,

PEI-g-ZIF for targeted
clearance of sepsis-associated
cfDNA; S-Z@M for oral
intestinal targeting

Ce-BE NZs; Qu@FA-CMOF

ZnO@ZIF-8 synergistic
antibacterial activity; BX-Ce
NPs anti-inflammatory and
organ-protective effects;
MOFs-CaP composite carrier
loaded with NAD (H)

/

Drug loading content (10%-50%)
is far superior to liposomes and
polymeric nanoparticles; CCM
encapsulation efficiency reaches
83.33%

Effectively preserves the
bioactivity of TCM ingredients;
the carrier exhibits excellent
biocompatibility

Precisely blocks inflammatory
pathways, repairs the intestinal
barrier, and achieves remarkable
targeting efficacy

Enables lesion-targeted drug
release and improves the survival
rate of sepsis model mice

Achieve the integration of anti-
inflammatory,
immunomodulatory and organ
protective effects with excellent
therapeutic efficacy

MOFs are ideal carriers for
precise sepsis drug delivery,
providing core support for
system optimization

FeBR KK B R (B BR AL A7 55, BELIT NF-xB 78 i 18 B %
T BB 24 T 5 O 2 AT 0 IKKB 1 R 4K i
T, TE R L BEIR AL + DU IR A0 XU E 4%, 9 R4 il
2 60 DR 1 R, [ I AR B 1) ROS T B BE ) 5 EL
TR 2 B PUE AT RE VR [R], I8 ik B S0 B A
H5Z & EHi, 48 LPS ¥ J MRS e AL op 12 25 52 71 /)N
AR A7 % Qu@FA-CMOF 1t 24 F2 2% - I #2E 1m) 184
2y E 4, AT IE R I Nrf2  NF-«B i 1% 22 il B A0 N
5 R0 [ NP, R [E MOFs 77 24 4 2 56 ik #4505 2 i 8
4 (R 5 A7 B 2 7 BX-Ce NPs i@ “ LR 1k +
U IR AL XU E 1% NF-xB 18 %, 1) Qu@FA-CMOEF Il
F2 I8 I OE Nrf2 18 2 06 NF-«B @ #% & M, &
AR A FE SR BBt 28 W 7], D9 AN [ 5 B 248 1 fitk B 1)
BRI IR T = A R

2.3 ERFEYANEI MO 2l i, 4ERE R R0A
JPROR . SIS VE U 2 AR AE KT 22 ARV R
AR P AR PR 3 38 LB, M LA TE R B RE o k4R
ROB YT M BE, T MOFs ¥ 2 FL45 8 5 T 4% B ki 1%k, 7T

A BRARPOX — [ /R, SRR 2 I R Rk 9T R T,
IR FERE BB ST B AL PR B

MOFs B A # KRR 50 2 fLE5 1, 7] &
30 B R 2 0 M R 4 (W1 Ui0-66-NH, MOF [f) £ L 45
KE T ST R /N BEB v 7 28K, T B R 5 A T i
JI 5% A ST BT 4 R A, A UG B BRI B (I pHLL 155
ROS) T 218 [, FF 82 RE T80 25 1, 8k o b 25 754
PRI AR, S5 REI0 LA A R IR B, KR YT
A . 41 Qu@FA-CMOF £ & H1, CD-MOF i 5+ 45
RIS R 25 A SR R i 1%, R U FL KB I 22 AR R
FH BEAR ) I 8, [R] Bf of B BE p AS i gk — 2D R T T R R
ZiW e ) AR RO, W DR T 25 FE IR FEAE SOIE A AL R
rR¥EAE Y. Ak, MOFs #4408 7] 4 47 o 24 1%
F 43, THE G FLAE A P A A L EA IR, IR TR TR R R
BRSP4 S), 4 BX-Ce NPs.Ce-BE NZs %5 MOF
BB, LAt B E T, WM LR, i —
IR T T 2R T IREERE KRR

2% b, MOFs /1 24 34 24 % S e i 418 17 338 24 B 1) 5
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A% MOFs 24 K JUKL (44 N %% 32 B8, MOFs [ 44K R
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G AL TR K SO 40 il R B R, 25 5 BUMOFs B
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Z Wik 2y 5 — pH 8L ROS M W AL, i fite 25 S 95 A A7 7E
“AIK pH. =5 ROS . i #0E BBl 77 80 W [F) A 856, 5 5 3L
MOFs 7E 5 kb A [ fige ot R, 3l m 247 336 12 i 20 SR K B
JEC R FE BRI, W0 4 B A RS, B i i 18 TG v K
ISP RE T2 0, HE DA A2 ik B AE U8 R JORE AT VR T
i 3K ; MOFs ¥ <5 J& 7 51 (41 Zn* . Ce™) HUH 2% [ 47 5t
B DUARIE T, (EREEAE SR RALRS S, & B E T

T TBOHE 26 5 G 92 20 P PP AR 75 SR DADC T, 3 58 R i
< J B 7 T REEE — D BOE AME RS0 T i
P, TR e 5 AT, TR TBOAS AL W TR R A AR BT
Hife-
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MOFs ) FL 8 R~ 1 2 3 DL S G55 0 9 Lk 1) 5 S
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Table 2 Core mechanisms of action of MOF-based TCM drug delivery systems for sepsis treatment. NF-xB: Nuclear factor-«B; TLR: Toll-

like receptors

. L. Signaling . Pathological
Mechanism type Core principle Representative research example .
pathways/target requirement
Targeted drug Passive targeting (nanoscale size + EPR EPR effect, pH/ ZnO@ZIF-8 (pH-responsive drug Precise drug delivery
delivery effect) + active targeting (inflammatory ROS-responsive release); Bai@FA-UiO-66-NH, to reduce systemic
mechanism ligand modification), enabling precise pathways system (FA modification) toxic side effects
controlled release in response to low pH
and high ROS microenvironment
Synergistic Intrinsic therapeutic functions of MOFs NF-«B pathway, ZnO@ZIF-8 (antibacterial + anti- Address core issues
therapy synergize with loaded TCM ingredients, Nrf2 pathway, TLR inflammatory effects); BX-Ce NPs such as infection and
mechanism enabling multi-target regulation of pathway (dual regulation of signaling cytokine storm

pathological progression

Sustained release Porous loading and controllable

& efficacy degradable sustained release of MOFs degradation
enhancement protect the bioactivity of TCM ingredients pathways
mechanism

Drug diffusion /

pathways); Qu@CMOF (antioxidant +
anti-inflammatory effects)
ZnO@ZIF-8; Qu@FA-CMOF;
UiO-66-NH, MOF

Resolve TCM delivery
bottlenecks and
maintain long-term
therapeutic efficacy
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