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Abstract: Antitumor therapies based on reactive oxygen species (including photodynamic, sonodynamic and chemodynam-
ic therapy) have attracted extensive attentions in recent years. Among them, chemodynamic therapy requires no external en-
ergy (light or ultrasound) and oxygen, but mainly relies on the Fenton or Fenton-like reaction between metal catalysts
(Fe*, Cu', etc. ) and hydrogen peroxide molecules to produce highly oxidizing active species (like eytotoxic hydroxyl radi-
cal + OH). These active species destroy biological macromolecules (such as cell lipids, proteins and DNA, etc. ), and

trigger cell apoptosis, thus achieving tumor therapy. Compared
KA. 2021-11-15 BEEES. 2022-03-08 with traditional chemodynamic therapy nanomaterials ( Fe,0,,
EEWA. %A REEL A (HS1901868) 5 ik ke Cu,0, etc. ), metal peroxides-based materials have gradually
) ’ N ’ ) gained people’s attention, and show great potentials for chemody-
SEARBHINL 55 2L BT G 10 H (2572018BU03)
F—EE: WK, L, 199144, Bt
BIREE . BUMF, <, 1986 4F4:, R, Wi+A4 =00,

namic therapy application due to their low pH-responsive degra-
dation and self-providing H, O, features. Metal peroxides materi-
als can generate H,0, and metal ions under slightly acidic tumor

Email: liyanyan_ls@ 126. com microenvironment, and kill tumor cells by increasing H,0, level
T %, B, 1980 44, #HZ, WA R, and overloading intratumoral metal ions, or by further producing
Email: thundersking@ nefu. edu. cn + OH via Fenton or Fenton-like reaction between metal ions and

DOI; 10.7502/j. issn. 1674-3962. 202111015 H,0,. In addition, some metal ions can inhibit mitochondrial
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electron transport chain to synergistically kill tumor cells, thus improving multimodal therapeutic effect on tumors. In this

paper, the concept and treatment mechanism of chemodynamic therapy are first introduced, and the reaction principle and

mechanism for several different kinds of metal peroxides nanomaterials are summarized. Then the recent domestic and foreign

research progress of pH-responsive/H,0, self-supplying metal peroxides nanomaterials applied for tumor treatments is re-

viewed. Finally, their application potentials, development trends and possible challenges are prospected.
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RIPRAL, IRIPRIAA A RS AR M R

2 WEHNFFEBSIETRE

CDT 2 — R B R T ROS 25407 M 9es 4 Bt 14 38 )7 4%
A, FBHUHDEEE T IS0 ak IR0 s v, 9K A8
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FricHi AR, RABHER (hyaluronic acid, HA)F& i 7k
P, M T —FR A 3T Ca0, 1 H,0, A LR
FHT 3458 CDT J7 &L 24K 1297 F 5 ( Ca0,-Fe,0, @ HA
NPs) o ZGIKAR Z2 ke S5 1k g o7 b g 55 R SR 55, B8 S
H,0 WA H,0,, Hd i Fe,0, 45— 244 H,0,
AR - OH, EMRAIMIET:, Wik CDT AT RCR,
g 1 R, IR B Fe,0, 9K T 19 T2 % 3 4%

Ca0,-Fe,0, CaO,-Fe,0O,@HA CaO,-Fe,O @HA Cy7

2 374

2 374

(b}

Receptor-mediated
internalization

Lysosomes .

K1 Ca0,-Fe;0,@ HA NPs ({4 i Fm 2 K (a) FIAL2E 3l ) 7 i L HR B (b) B

Fig. 1 Schematic diagram of synthetic procedures (a) and schematic illustration for the chemodynamic therapy mechanism (b) of Ca0,-Fe;0,@HA NPs
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2021 4F, Yan 257G T Ce6, MnO, SRMAEK
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AARR I, PRI i AR A A A, DA e 98 44n
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TA-Fe" ZK 1R R BENS A ROR G ihRg 40, 5 5410 ol i3
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T R B 1 FF RIS
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5 Fe AL R A H, Cu™ HEAk Y25 2
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B, RTIA ] Fe™ 5 R M B R Y 160 £5Y, cu 5
H,0, PSR i AR =t (6) Fnak (7) Bt .

Cu’*+H,0,—Cu’+ - O,H+H" (6)
Cu'+H,0,—Cu’ + - OH+OH" (7)
AREH, Cu™5 H,0, RWEFAR Ca™, - O,H il H;
i Cu* 7] 5 H,0, 4622 %, A Cu™ ., - OH Fl OH

WA, Cu™ AT LSRR T Cu® 5 e P9 s e i 45 e H ik
(glutathione, GSH) Z 8] & A W) &AL B IR b, sl (8)
i

Cu”" +GSH—Cu" +GSSG (AL T4 B H 1K) (8)
TE 2019 4F, Lin %5000 58 2,08 0 e Wi 15 R G40 550, n
A Cuo™ Fil H,0, ZERRME S T O, 45 T Ri4E R 5 nm
ZEATI CuO, Gk, FRHREZAK ST R —F TR
CDT W9k, TR, % CuO, GUK s fE/ N R

ikt 553 ) R A% 300 3 A 98 2L PR A ) v A 2 T R B AR
Bl H ) SR BRI P, IR S e EE 55 R
TEREE | B4R Cu® F1 H,0,, #F— 5 kA 2K 250
R =R KR - OH, - OH il adifs S A NG it A Ak
T3 Vs ORI 2 B T BE, DO an i i 1=, 5
BT H,0, AfEA CDT, 40l 2 fras, X T AR B 0ok
CuO, BRIT & N—FEr il H,0, HIRBEL R CDT 44
KEGY), %2 ELAT IR Bk sl R P AR R T R A
SR, AR T AR Z CDT 94 KAk B T I
R P H,0, AR AR, XA 5 & HA 2SR A T
R IRTT 1) MO, MBHEA R R E X,

) - »
4 &
et Fenton pA ¥ » *
S
chemis!
o " "'
CP nanodots H,0. H,0, self-supplying CDT

.......... gm -

% ~ Cathepsins \:
PO

Fig. 2 Schematic illustration for the synthesis and chemodynamic thera-

py mechanism of CuO, nanodots! >

2021 4F, Hou VM2 AVE A/, e
KT RA—Ed 8k i, AT HEAIIT25Y
R[22 (Dox ) 1Y CuO, 44K # {4 (SS-Cu0, @ Dox, SCD),
KR T E it H,0, A 2% Dox 2449 2 L i R
CDT/ ARy EhRliEYY, Wi 3 Fis, 16 Sk N /Y 5256 &%
P, 2 REIKESE, 1% SCD AT LU i v i A v A R
BN A [ AR g DX 3, IR AR SRR R R,
SEMEAMEAE R H,0, Bl Co™, STERE T 28I N B R
CDT W ] [, Dox 7 M rE P A B El R T80 BT 7 A= 1 4k
JPRCRAT LS CDT DhRIVERT, B T CuO, 48Kk
PRXT I8 YR TT 0%

3.3 WEMEE(MIO,)

BERANELFN—My Y mcE, LTS5k
I BRI R e A s 3, R o AR AR N 5
R 20~ 28 ¢, Hh A 60% UL A7 7E T8 kA
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Fig. 3 Synthesis process and the mechanism of synergistic chemodynamic therapy/chemotherapy effect of SS-CuO,@ Dox on tumor

FREHE R Mg™ Fl H, 0, , X 25 sl A S5 S 17 14 & A= A 172
HEERET

2019 4F, Tang % B UK MO, JF & N —Fl B
TME M 7 A 1A= 90 e e 1 4 IR R 7 oK 259, G 4
F7R o MATIR TN R P 6B U MgO, 412K i (transfer-
rin-modified magnesium peroxide nanosheets, TMNSs ) BE1T
FAMEM, B2 TR0 R A0 5 O R A AR
PRBE I 22 Sk (T bR RORR PR B | A S Y e AR
45), i TMNSs 2K 25908 ROS 5 S ik ik 25 iR 20
JHL, AN 2300 T 40 M 365 A 7 1 43 Bl IR T R

& °© O

TMNSs  Mg" Fe*

H,0, OH

[36]

W, AR R LA B 0t R T AR, BEAE A A
H, AR IS A U 6 4 1 TME v 5
SRR, BRGRER Mg™, 724 &k B i H,0, {2
HERREAIMIAE T, IR R R IS A R Fe™, HETTT
T3 S5 N A T - OH 2R 405 g 4 i, v BE AT it
RYJE, TMNSs 78 TME FIIE 3 42 #RaeRe g, LRl
Fl(Mg™ . 0, FI H,0) ¥ E, WiiEA kR NEY
FHZEME ., B, RSB AL T — b S i R A T R
fiE 1 MgO, 9K 243 5 Pk ke ROS 338 2% 465 i 98 41 i 1)
TRIT RN, A S INE A I RIGYT

Tumor Cell

¢ %

Catalase

4 BT MgO, HAKZE Y R T IR a7 e

Fig. 4 Schematic diagram of MgO,-based nanodrug for tumor therapy

[38]
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In* BT — MR 2R T, TENLRN A
KEE . (erdniE s )R sy m#h A & 8 & M 1E
P BRI, A ICZEAE IR 200 B P9 1 R 222 300 o) 400 i £ o
AR SHAACRINEIRAE R, AR R, iRt
AT AR, 3 AT IR ST 20 A P 1 R 1 5 30 B
SRR AR IVER . B, SRR — 2k kL
IR FHALE AT LA B AR SR A R e 0

2019 4F, Lin W BN B34 B T — Fl 45 2% 0 R 46
(Min)) A3 T 58 2 45 0 18 Jo T 165 A 14 3k 4010 0 490 K S0k
(Mn-ZnO, NPs) , FFK 2 94 K JBORLFH T b8 21 22 40 i 79
Y ROS 58550 A A g5, a0 5 fr/R, Mn-ZnO, NPs #
VP P P R 20 M, T T A 5 FR A B R b AT
AN, AL T SN H,0, BT AL ni BRI
Zn* ] LS s 41 ) F A B R R R - 0,7
H,0, W=, BT IRE TGS VE S R4, T D[R] 36

SPIE . IS, SRR TR SRR Mn™ A T, ALRE
SEYRIETRPERE, {115 Mn-ZnO, NPs Bk EAT ] 45 S
TG PRI PR R B 7, XA B T M I P9 A L B fige 25 R0
JE LRI R

2021 4, Zhang P BN 3 52 JRRH SRz K kS AR
(sinoporphyrin sodium, SPS) 1k 25 A ZnO, Kb T
I, BRIGKIK R SPS@ Zn0, NPs Al {E g —Fh TME W]
NI ZIIReAAZ Y, T HOCBUR S 205 F 8 12897
BADESPUNERAY IR, W 6 iR, TESSIRMER
TME ", SPS@ ZnO, NPs 43 fi#t 4 H,0, AN PR Zn™, [H
PRI 21 SPS JGHUr -, 7E 630 nm BOGIN Z T,
FHERTEN'0, BIRGE IRYTROR . MR 48N H,0,
Y/ S P NP N E R b T W ] R =W A AT G/ d I N Y [ R
FETMINAY GSH, ISR T OGEN 9k ifE . XL
R B IRYT SR W 1T LAl o 7 A K ROS I fil YR Bl 44
LR, BEREMEHLS S IR AR T eAh, RN AR

I Mitochondria

5 Mn-Zn0, NPs FH T30 G AL RSO 67 7 2 12

Fig. 5 Schematic illustration of the Mn-ZnO, NPs for enhanced oxidative stress-based tumor therapy

[26]

Fig. 6 Schematic diagram of SPS@ ZnO, NPs for fluorescence imaging-guide molecular dynamic therapy ( MDT) and photo-

dynamic therapy (PDT) (4]
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BEHL SO UESE T 3 Rh 22 T AR 4N oK 25 W 50 B . 1 A i 2
PEFRN 2SR, RN R Y22t BA
R B i R AL

4 % &

%)@ 1L E ALY (metal peroxides, MO,, M i Ca, Cu
I Mg %) S4B 5 A N TS H,0, B AR IR 6 7 4
BE, ATTESS R R BT e b PR i, 7oA Y H,0, AT
PLE 3 TR A A AR I BOK -, 6T LS 4k
S SR AL N AR K O, , GBI = EUIRAS, Bk
HIRTBHOIAEE . A, MO, BAENAT UVE R —FoE B 2 1)
REAAK A, R & 12 T Bt i T84, 5680
o3 BEEALTT G ARG &, Gl B GO/ R B T
MR | ARZ YT R DL R SRR T A 2 AT T,
PAF TSP RIS F AR . SR, H T AR
T IR I WE T i b TR E BB, TR AFTEVF 2 K
ST SRR A Fr it — 2B g . O RZECE U MO, #1
BHEAERN FR e, X T HARN RN Rt 2R
A IO AR ARG, PRI 2T 208 7 4t i MO,
MR ETE; @ GO R (B, R
FIEL AT 100 ) 2 52 I B X B 1) BOPRR (932 i5 , H AT IE 1Y
MO, MEER ZHCER IO, I LR E R —, Bz H
MBS (L angok i | 28555 ) | RoF, W farde B g
FAN T Bl B 1) VA i B o R P e SR Ty T Y iR B
@ MO, MELEA N T 28007 LB EIRIT TS I, 1EA
W U TS AT 1 2 — 2B AR, A H 20 TR
GBI L G I TR RO I S R, A
KEEG WA MR TT SRR YT O T R A £
@ X} MO, RFE SR N FH S 8 A5 4022 4 M R S R P B
PETT T B SO IS, 5 I8 E) MO, B} 55 IR i 1 F
IR, MR T RE S B IR A M N A, VA AL
RIS S EREM, RN H,0, R4 8 B X 1 # 40
Mt il i — e B, EILXT MO, ARMA N 45 255 & |
Rt s 37 T i WF AR G, SRV 2 R
AFRHEIE, MO, GKMRHY T A 45 g 16 9740 R 18y
W, IR B AR R Z FOATT T Be i A B2 408 TR
A TR EYIM BTG . A MO, K TE A Y B
U IR SE RE A 5 20 BN 32 8 DG T VPR Y
FLH RN TGRS, Rl KRB H 24
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