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Abstract Recently, the increasing morbidity of inflammatory bowel diseases (IBD) has become a threat to public health
around the world. At present, anti-inflammatory drugs, antibiotics, biological antibodies, and immunomodulators are widely
used to treat IBD through suppressing inflammation response, but the therapeutic effects are not always satisfied. Biological
enzymes have highly efficient and specific catalytic activity, which has aroused extensive research interest in diagnosis and
treatment of inflammatory diseases. However, bioenzymes are difficult to be purified and are easy to be inactivated within
organism, which limits its further applications. Compared with bioenzymes, nanozymes have simple preparation procedure,
stable structure and high enzyme-like catalytic activity. Very recently, nanozymes have been widely used in the field of bio-
medicine, such as anti-cancer, antibacterial, anti-inflammation and so on. In this review, recent research advances of
nanozymes for treatment of IBD are summarized by introducing typical studies, focusing on the composition, synthesis
methods, catalytic properties and therapeutic mechanisms of the used nanozymes. This review also discusses the limitations

of the current application of nanozymes for the treatment of IBD, and the prospect of the future construction of nanozymes
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for treatment of IBD.
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Figure 1 Nanozymes used for IBD therapy
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2 98 RE F 22 i TS P 4 (reactive  oxygen
species, ROS)EJi% 14 & (reactive nitrogen species, RNS)id
AR, ROS EEASHBA A HE(0;), AN
S (H200) L #23 B H1#£(-OH), RNS £ Z A $5 it E AN R
27 (ONOO ) S sNOB4%E FE AW R4+, RIRPT
2% W & A A A ) B B (SOD) . i A ik AL
(CAT). Mt H Mol A (GPx) K od S AL Y (POD)
&, R E A LR S 9OKEE £ E B A {54 SOD,
CAT, GPx B¢ POD f#4kif P 2 +OH, ONOO ", *NO j5 [ fe
FJBOLSS8 Ak, B FAAPRIEEN KOS
WeFF R HR, HEPLRIGIT AR T 2N HGER 1),
BN, HRRMEA Fed' /Fe AL IR JE % 1 VY A fh ik
(FesOx) AR MM, 8T e ELH LR, BEER
YK RL - EL A T /i 5 [ 4 e 77, DRI T A Ak A i
T, X EEREPE IR T e AT = ) CAT LTS, AT R
TR 3E R R 8GR AT M O AH DG IR 2% M IR
JrRO0 b, — e AR B I B S A KR T
IR A o R I 5 LA, S 3 AR S 7, AT = LT
R, K BA 2 MRS B, &RA
HLHEZEATEL(MOF). S AL E(MnO,). 5 AL 4li(CeO)
Je Z A (MoS) AN K K1 B A SOD J¢ CAT X Jifgfi
feiE i, oA TR e TN, RIS TR0 e AR
PO S B R R ISR (R TT . — LB RN
KRLFLEE T 2R REEEYE, RULRR T B 2 H
PEACTEE, 0 — S yi% 4 S84 RO 14 ) It R B B A
RAFHTERRSOR. WHI(P)B 4 CeO, B T E A POD,
SOD, CAT, GPx DY f# 1k 35 14, & A& B «OH Al
ONOO 31 jit4h, PtPdMo =4 )& LB 244 Kl B A
POD K CAT XUEgiG M, 87T &30 F-OH, '0, BL K
NOW, I R A 4R K Bl X ki 453 4 4 0% 2 Sy B A e 21 1
IRGFIIVER. BEAh, FERAE S 1 I AL 4 B 5
DR HL B T 1 1 4 e A R S R IR A R T AR,
JEIL T 8 = R ATE Y TR N, 0 Fe R FB7),
Rh HLJRFEOK Ir R, —tede 4 8 b k3R
B TR PR B, WA Bk 2 58 N GPx &
A A, IRl 5 2% 1 2R 2 B (Se@Pda) 5 i 45 4%
M A S5 M5 (GO-Se) ERRILH T 1L 57 19 GPx i 145152,
AIAEST R B A0 B ORA J5 TR B BN . B R 3
RMEEA FE TG MR B OB GE M TS AT 5, 454
Fae H G T, R T SOD K CAT 8IS,
HAIE Z0ERR RNS, A7) F T4 R 16 7184,

BT LRGOKEE, AR, P E 2 HA LRI
MAKEERTT R ok, TEARESBALY. 248 Bt
B, SRS m AR R — ik S R A ), XLk
YK BT 5 Pl 5 90 ROV AT DR B R R I T BRI
BT B R OR, BATKE SN AEE PRGN
KEGTE IBD J6897 H IR H.
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Table 1 Typical nanozymes for anti-inflammation application

Nanozymes Catalytic activity Anti-inflammation application Ref.
Pt NPs SOD, CAT, POD-like Human Cerebral Cavernous Malformation (CCM) disease  [34]
PVP-IrNPs CAT, POD-like Cell protection [35]
Rh-PEG NDs SOD, CAT-lile, and *OH, ONOO™, NO scavenging activity = IBD therapy [36]
Single-atom Fe-N, SOD-like, CAT-like Cell protection [37]
Mo NPs N-Acetyl cysteine-like Anti-tumor cell [38]
Fe;04 NPs CAT-like Anti-aging [39]
MnO, NPs SOD, CAT-like Cell protection [40]
Mn;0,4 NPs SOD, CAT, GPx-like, and *OH scavenging activity Parkinson’s disease [41]
CeO, NPs SOD, CAT-like Neuroprotective effect [42]
MoS; NPs SOD, CAT-like Osteoarthritis [43]
Cu,O NPs SOD, CAT, and GPx-like Parkinson’s disease [44]
CuTA SOD-like, CAT-like, and *OH scavenging activity Lung destruction [45]
NiCo,04@PVP *OH, O and H,O; scavenging activity IBD therapy [46]
PtPdMo trim POD, CAT-like, and *OH, '0,, *NO scavenging activities Brain injury [47]
Carbogenic nanozyme SOD, CAT-like *NO and ONOO-scavenging activities Traumatic brain injury [48]
C-dots nanozyme SOD-like IBD therapy [49]
Melanin NPs SOD-like Ischemic stroke [50]
Se-CQDs *OH scavenging activity Cell protection [51]
Se@Pda GPx-like Anti-inflammation [52]
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fsfc R, R EASEL. EJEFE ), HikEA SOD,
CAT J GPx Bigidith, vl T g . 2808 % 2 Fhogcii (3R
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Figure 2 Schematic illustration of fabrication of Mn;O4 nanozyme with
ROS scavenging activity for IBD therapy. Reprinted with permission
from ref. [70]. Copyright (2021) Wiley-VCH
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i rE A, R [FE A SOD, CAT K GPx fiEfk
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Figure 3 Schematic illustration of the synthesis and IBD therapy of
Au/CeO,@HA nanozyme. Reprinted with permission from ref. [78].
Copyright (2023) Elsevier
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PERR, TEHURIGIT AU R HRGES 1 T (BT 5 FAGE 188901, 7E
IBD 897, PRI R GF () i A A0 5UR J A= WAH 25 1E,
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Figure 4 (A) The synthesis process of PPBs. (B) Schemetic illustration
of PPBs-guided DSS-induced colitis therapy. Reprinted with permission
from ref. [91]. Copyright (2018) the American Chemical Society
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SEFER I ZEHEALIEYE, T X%ERBR«OH, H0, &4
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34 HELREEMKEEETT IBD

bR T LiAE B EEGOKERAE IBD V97 R H 2 N,
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AR ROS. Ni B2 OO i AU B k& R T
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Kigkae v, DR G a7 A o i B & 7E 7 1E = 4R,
W R I7 98 F AL ROS. RNA I 20T & 3L ZVMNSs Ji it
TN NF-«B @240 7 0 7 i &= A, Wb T
T EALG. AL, Zha 41 B6F] F] NaBH, #4048 JE 7
PEG-SH fltfe e 7, @it /KAHE RS R T PEG 1L
0K 5(Rh-PEG NDs). ZEEEG0K S HA CAT B%E%
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HERHAAFRBRARERASHE FEEERNESRA
MUREZEAPRL, B 28 B AR S (1 O AR A5 B 4 ) A L
HEZEAEHMIL-47(V)-NH) B A f i 1) GPx 17 AR RS 14,
TEHA55 5ORE W 9 1697 WA B LS 2R R AR (B 5).
ItAh, Song ZEI2IFIF PVP 1 AR EFIAE LR 5
Tl AL (GeTe)doK Fr it /5 Ak 3, 7331 PVP B2 GeTe
9K (GeTe-PVP NSs). fEITZLAMGIX, GeTe-PVP NSs
B H 9ok ) 05| W75 43 58 538 1 48 MR SRS A,
W] DAEAT BE IR IR 22 63 6 75 R R S e g bt
RKIGITH, GeTe-PVP NSs E A AT LU U fiz itk e 58 4
MIPTR R, Bk, & TAERRER GeTe-PVP NSs 1] M
T Rt% 51 5 1485 1 2% 1697
3.5 fliZZ4NKEsATT IBD

HEMET LGS & e R S PR, e
MR R PERE B, DAk A 00 fEGK
fgp ke gt b, LB 9K B R S A o,
AJ T AR A B R 5 1R T 1041051 i e N Ak b 2l i
TTE, MASHKEAM GPx. BREMIEIEE AL H )
TEADR N 2 5 5 A SR R FT000) R Rl 45 2 4ok
Mg B RUF AR A 3 1 GPx R,
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Figure 5 Illustration of the synthesis of GPx-mimicking MIL-47(V)
MOF nanozymes and IBD therapy application. Reprinted with permission
from ref. [101]. Copyright (2021) Wiley-VCH
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HW g, 75 UC Y87 I AT 30 5% g b Rz 4 A i A o ik 4
1, HOHI A RERAE T, ORI b R A B Uk B B T 7
1697 CD B, Se A4 T 4H el 2 4 Thl 4HfE o1k, 45
4 PB HIZ FHBEYE, MIEEH) Se-HMPB 44K i n] 45 25
T 7 R AL ROS, R4 138 26 5 B ()
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