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Abstract To solve the problems of instability, inactivation of natural enzymes and to tackle the limitations of low
delivery efficiency, nanozyme-based micro/nanomotors have been designed and prepared. These motors, with the
combination of the efficient and stable catalytic ability of nanozyme and the autonomous motion capability of micro/
nanomotors, could achieve active targeted drug delivery at the diseased site and respond to specific signals for

intelligent and controllable drug release, therefore exhibiting significant potential in smart drug delivery applications.
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Following the developing idea of “from motility, to controllability and applicability” , this paper provides a
comprehensive review of various types of nanozymes, discusses the motion regulatory strategies of micro/nanomotors,
systematically reviews the cutting-edge applications of nanozyme-based micro/nanomotors in precision drug delivery,
and summarizes the challenges and future development prospects for this technology in practical application, wishing
to provide fundamental guidance for the development of this field.

Keywords Nanozyme; Micro/nanomotor; Drug delivery; Micro/nanorobot; Tumor therapy
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Fig.1 Schematic illustration of nanozymes-based micro/nanomotors for smart drug delivery
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Fig.2 Typical catalytic mechanism for peroxidase-like activity of nanozyme(A)"™, catalytic mechanisms
for the CAT mimetic activity of nanoceria(B)'*”), the SOD mimetic activity of nanoceria(C)'*”’ and
mechanism of glucose oxidation catalyzed by Au NPs(D)"*’

(A) Copyright 2020, American Chemical Society; (B) Copyright 2019, the Royal Society of Chemistry.
(C) Copyright 2019, the Royal Society of Chemistry.
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Fig.3 Motion regulation strategies for micro/nanomotors based on nanozymes

(A) Magnetically actuated peanut colloid motors”*'; (B) light responsive mechanism-switchable nanomotors'™’; (C) autonomous

[521; (D) motion mechanism of the self-propelled submarine-like micromo-

motion of bubble-Powered carbonaceous nanomotors
tors**. (A) Copyright 2018, American Chemical Society; (B) Copyright 2022, American Chemical Society; (C) Copyright

2020, American Chemical Society; (D) Copyright 2019, Elsevier Ltd.
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PR 8 1032 B 456, Feng 867 B T — Bl 55 25 1 2B IR I REME B Eh AR AR A L 38 B R
S PE IR, T IR SERERE S (e A Vb B A Tl N TR S | R SR . R A ok Thakis Bl
S RO R Sh AR s B, A I R RE T . ROEME DU AR AR A A SRR, FEZS ik
TR AT EIL AR ) I A 1 FH AT
212 EFEE WEBIERANE . TR RIS A, SR H 28 A ANk Bikia
S HIBEGE — Ay ), W VA R R SR | T R SR, AT LS BN K T s R T
iw s . TR YUREE RO Tk, SRR T DIE iz sh R 57 s SR B i R ¢
Liu 27 8 7 —FP B 2 Y6 B2 s AR T3k, anlE 3(B) Btz , %40 K Dk p Jis 1R N3
Fe AN 7 R AR A K REZR 4 A, LR T2 T PLA Rk . 78 H,0, 00, 9K Sk n] LA i 2k
F Y P UR A AL 208 1,0, 52 B [ 9 BB Ik A2 B0, R, K48 K ik B9 RS 3l 1) 2 MRS 38 1) 5
M. 258 980 nm OGRS, FLAS B AERRANKIE 1 A i 107 1R T 6800 T A5 DU AR Bl i
o, T H,0, RES -5 8 40 K N 22 1T 4 Pef R Foki A2 A, P T 29 RR000 , e Bt 2B i O, T ATEZS
JE A% TR AR, B HEDE , FLRS S 1a) AGKIRHT HBEHE . 5350, 1555 TR
145 R PE QN PR B Au HA BOEHE TR, GRS A S oK Sk AT D 2 YN B H Ak 9 =X
H iz, Wil MO YEREREE , AT LR Ak ks s s s v [RlR, SZAkEE H AT TR
K, Dai BT T HAT Janus 5 1 TiO,-REGOR G ARPIR I Sk, SE8l T AL 7 i A & iz 5))
TR AT B s A RE T, 2% A WS ST A AE K Sk i A o R B E R
22 WWEHERE

FETF ARG ALK ik e B B 32 SRR T, XAV 35 TAMB R IR RS v, I8
25 T AR P R A FRER BT AU RRE . AR 22 IR Sl 0 3 0 oK 0 18 308 e 0 K Tl Ak 1) SR A R D S
oAb 2= e B LR SRR . M SEBLGR R N 9 B 12 8. @2k O AE DRk 24
BE, AT U A R (N K T3k 1938 SR AR R S . TN oK T 5 1) ia 2k 3 i I 2 S I 1 o
RGN, Zhou S B T — PR AR A K T3k, AnE 3(C) Pz, 8 il B AE AR &R 1
PR A H,0, )7 A SO S Haz 2 . TEBT L0800 1% 09 H,0, 3 Wb, % Sk i - 13 3
2.43 wm/s; FERTER SN 10% 1 HO0, W, -2 BRI IA £ 30. 34 pum/s. XN K B ikiz 50 7 a4
Frs i) s = B e X TS A R A P A A P S, 1SR 1 T — A A L B Au 2
Kok, il AR AL R, AR AT LGl B Y BRIk AS Bl I B VR A R R )
HRRIR 0 08 8l . A2 B S il S oK ik a2 sl HA o B2 i T s PR B, BRRSAE 1A A1
TR LA AT DL T SCI A F8 8l , 78 JEA )8 s HA BRI R A A
2.3 pHIERFE

I Te 24 3 e WA ) KA T L RE A A Y AL R , oA s 2 AR B ) pHL (B4R
B HLWAR, A YA LU EE pH REPE SE AN K T IR T g IO 35 v (14 2 1) d s il B
SRS N TR DIk Sh R R ET, Gao S IL T AEALEIIT K T HA B RE pH T/
Ik, BRIImLLE i B-2LER E 1 5 ad AL S 2L MOF HEZE Hhim o B A LB A TR ik . 7Ep
PR, B-FLERE I A B BN, A A MEREW ML 1,0, 3K 3h il ik iz 3 s 7E 59tk pH 2514
T, B-FLERE LB AL, BB A AR TSR SR RO, ik iz S R Ik E—
o, RSN K8 B R ], Hu 58 R 8 T LT CeO, QUK EFFN 2545 (41 (PST) I BIAR 44 K
ik . CeO, QKB EA LS 25 AL SR PR BE , BERSE 1 AN X FRfiE AL 43 H,0, ™ A 3K 80 77, T
Z ¥R 0 pH AR H for S 5 R REAS 6 A TR] pH 25 04F T 2l 2R 90 K T 3k A R T B K B KRS, R4l
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KTk SHEAL ) Z B A EAE R, 24 pH BN 7. 4 BRAKE 4. 4 1, 942K T3k (1035 3h i g e hn 1
1.279 /s, FEILH pH WL (1932 s RG] . A SEBU AN oK D382 3l )5 [l 45, Guo S5 i3t T
—FPIET MOF 5 TR AE S ik, W&l 3(D) FIts . 12 ki MOF 4K i AL 1,0, 7 A= St fE his 3
S8, FFE (2- SN LA ) BT SL N TR 2155 (PDPA ) 278 S K M Bt K PEAR L B BE 14 K pH i) 3
R MpHE T 6. 40, AW BB KEE PDPA |, #Thik g Y pHEAE T 6. 40, S5
oK VEPDPA f# RS, PEUM DA N, INIMSEEL T 52 pH U&7 A a] #53E BLA2 8l . R pH A iR 0744 A 52
PRGN K B 132 3 (178 RE4a ] ARVl ok 2 ik o IRe S A B B Hg sh A5 R, e AR IR 4T
JeHEA S| ).

3 ETMAREBRIMMKDIER Y EN A

31 AMREHREREM

IR 25038 2 38 1 1 380y U Tl LI AOR AR, B PR ANOK 259 5 38 28 2R AE A AR
PRI SR M, FERENSAETE 24 19 A BIAC (R RN [A] 5 B PN SIS B0 HE 5 Rk, i PR 24 356 36 7 35 R
LAVER SCHATEE . AR, 4 Jm A HUHE SRR (MOF) A1 Sy 94 K il K f 4 oK 36 i k) 8 4 et 25 57
KPR (R 17). Wa S5 i Ff MOF A48 MIL-88 1E 8 N A%, ZIF-8 VE R ohscis it T HAT 7 a5 F 1 4ok
ik, BT 2R (DOX) (Rt ik SR e nT Bl [ [E 4 (A) | MIL-88 ik 28 AT 9K B
PE, AT DAL IR TR v 0 HLO, 20 ™ A= S SO TR 3l ik 32 31 5 ZIF-8 W HAT pH BUSEEME: , 76
PR A5 1 LT A BRGS0 Wi A, 8 DOX INZR 2] Z1F-8 55 rh, 1T LUkt S 2 ok it , 5230 A
Wi 17 P P Ao e S 52 B R S B T R pHL R o 2T A6 BRI, Diez S5 5 T 90 K i 2 ik %
S M P A B H IR (GSH) B B 137, S8 1 24549 1) v s i RN 7 R BB R . DA PLaK A ik
HO, 70y A A MRS, AL AR R TR MR 25 DOX 1754, W T T2iiz
SRR AR DI [ K 4(B) | i AEA L A REGUARL T 1 — T _EAB S A R (2 ) 5k
(S—S—PEG) , J& B AT I 40 P9 GSH B “TTH#E R, MPOK ik s M N A 5, A0 vk
GSH BB 5 S—S—PEG ' 1#E RS, EC G AL, WIMHATHT 1 RGLIAWRIL, h251)
IR PRAL T B R SRS IR AN RS, X R S AT AL BRIRRIVE I B A S

Table 1 Brief summary of nanozyme-based micro/nanomotors applied in smart drug delivery

Material Mimic activity Application Ref.
MIL-88-I1CG@ZIF-8-DOX POD Drug encapsulation and release [88]
Pt-Mesoporous silica CAT Drug delivery and release [89]
Py/DOX CAT Enhance tissue penetration [90]
Pt/mesoporous organosilica’hyaluronic acid CAT Enhance tumor penetration [91]
Cu/N-doped mesoporous carbon POD Enhance tumor penetration and nanocatalytic therapy [92]
Carbon/Manganese POD Enhance tumor penetration and chemodynamic therapy [93]
Au-Pt POD Active cellular Targeting [94]
ZIF-67@DOX-TPP POD Mitochondria-targeted cancer therapy [95]
AptPDGF/Gold nanocups-Pt POD Targeted degradation of extracellular proteins [96]
Macrophage membranes@MnO ,-Au-mSiO,@Curcumin CAT/SOD  Cascade-targeted treatment of neurological inflammation ~ [97]
P,W (Fe, polyoxometalates @PDA@anti-EGFR POD Photothermal-catalytic tumor therapy (98]
Au/Cu-CeO,@BSA POD Active photoacoustic imaging [99]

32 HERARNSESHEMEER

o A ZUS 7 A N BB SE B 25 WAL 1) i B i S B, Sl R I 2 A el s i, R L 25
Or T PR AR A H U FHE AN, S A A ) F sz Ml A LR AT, AT iR i AL
R FAHAOR SR 2 3hia g, n] DUR 5 w67 28 e SR g sh 92 & (R 1). Zhong
SEOREEE T LT PUARRE TR Tk, Qi 5 (A) B . dE I PR R AL R TR 5 R Y 1,0, 93
i, DK IR B ISR Y Bz 8, ARURHE T E R RE ST . BR T BN 90K Bk 2 ghis
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Fig. 6 Application examples of nanozymes-based micro/nanomotors in targeted
transportation and disease treatment
(A) Schematic illustration of the nanozyme-powered cup-shaped nanomotor for active cellular targeting™; (B) active
mitochondria-targeted cancer therapy and characterization of ZIF-67@DOX-TPP nanorobots ' ; (C) working principle
of MotorTACs for extracellular protein degradation™; (D) schematic illustration of cascade-targeting anti-inflammatory

therapy for TBI"”. (C) Copyright 2024, Wiley-VCH.
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