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SR U NS R A iR, 7 B A
BT MO g e R R R AT
FEATAR. 7. BT RIERITEL, (BES
FERE IR YT T A —E IR R BRI, 2R 9RRE IR YT
K T TIRPRR. Pt SRR A AR
FEREVRYT TR AU B YL JEAEE, JEHYT % (photo-
thermal therapy, PTT)~ Jt:3/ J1J7 % (photodynamic ther-
apy, PDT). 73l /1J7H:(sonodynamic therapy, SDT)%
FRNRTT INE SRR IR TR T2 A fE.

Hrr, SDT/Z HHPDT & MM ) — il 2 st gl
RAMEAIT IS, 19894F, Yumita® APV & B, ZEPDT
e 227 ) JLA I PSR AT A ) 28 P RS S L RE |
IR AR, JEZITFERY], SDTHPDTIM & 41
ZUoE iR, Al SE B AR TR, IILSDTAE
O S A0 I8 17 P S G AL ik e

SDT B TR = . 2 5 A BRI A 25 A
FEAE B A0 B 36 P S (reactive  oxygen  species,
ROS), RASEME AT, Hirh, AECAMEEAESDT
r AR M E S YT, KREBCEHON R GEGR,
IR S LA A= A, (s B P B R 2K i PR A 22,
HAE MG b Sy ARG BR, FE I AR, ARXELE
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— SR B BT PRGN AR TR I LUK PR I &,
S SDTHEHE T 5 22500 80 e A TR Y7 AW . & L% 1
T SDTH&FRPKRARHNE IR, BTk, A%
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FlA T SDTRIRERYNE AL, B4R R AR bR LS
BGRI7E IR SDT Hh A5 2 2.

1 SDTIRHEHLE]

et RRJLHAER, BT K iR N AhaE
IS XFSDTRYVEFMLEIEAT THEE. HFSDTHRZIA
SPRCR Z BN E R R W52, 32 B3 75 ORI 1 28
LR AR RIS . AR YRR R SE I 5 40,
PR, AR 4R 21—~ AR A VR FH AL A B BHAS [) B
R FISDTIRITRCR. HAl, R E v ISDTIE
FHMLE =204 (1) #5205 (2) ROSEUN; (3)
v iR v O, a2 R, Hirh, SR TSk
s T T ROSAE A, 5 1R AN T A SDTAE R LI
B2 NATL R, AP i — 2 STk [ BHSD T
WAL
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BN IR 4 RS, B & A s 2 b s
W R BB v R v R U e g gR B
WA B2 T BN B AR AN SR R 455, e
SEAAET " AR LS AL SRS Y AR R 2 LA
SR IR LR, A b B S A AR 5 8
TR R RS TE B3 DL/ NI AR AR AL IR 5 1 o 2
BEAh, R A5 A AN T LA 290 A A R 2H ) 3 3
PESEN, 2R iot ARt 2 2 S B I B A B IR, DA H
SEIRIT 2SR I P B B BUREE ). FengZs AU
£ 7 ISR B PR A /A LB TR 5 - 35 P R R A 45 40 oK
iR (HMME/MCC-HA NPs), 7EpHFIHE S BRI R, /i
FUBR R 45 43 O 72 A R A — SRR, 75 88571
HMME =4 B 41 IROS.  [RI — E Ab i S
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Figure 1 (Color online) Application of various nanomaterials in SDT
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Figure 2 (Color online) Schematic diagram of possible action mechanism of SDT

AR ATER], HA %4 IS TR, Ao
SE IR T IR — BT IR AR

1.2 ROSE)N

SDT FELi i Wi =0 § =4 ROS. — 5T, 7
AR HICR, PR ML S 2R, bR TER
M R P RO R . SRS, TRILRY GRS
JERR A TR, P B A iEPERIROS, i
A (0 E F (- OH, 0, )2, 35— )51, 254kl
7 i 5 7 A 2 Y S RE RS R e e, R EUE FIK
Oy F R B BETT 4 ROS.  SDTIZL fiE 32 23 i
ROSF=% KM, X L IMROST=AERT, & t—F
SUASF T A0 ME A K f A B N G 7, Aok A R H 57
FEAR. A 2eiids . Yetaiidess. B4 MIDNA K
Befb s, R Ssanpu T sk, BRE R —
SOA N 2R AT Ao 498 5 7 AR A R B i A b
AT RR, LU IR OS I 7 H e 42 THSDTHINAY T
BB, Cao% NN 4 (Aw) WK R BR PR A K AE L
A e 2R R R Y AR (TIO ) 8K W (NSs) il 2%,
il % T Au-TiO, NSsYEMIE5ESDTAHIR 5. 45585,
TEEB A TR, Au-TiO, NSsHYROSAHE % m T4l
TiO, NSs, HA T & AROS 4, Xif g HA 5 38 A4
HIVER. I, FIHISDTHIROSIAT AL, i IROS
(147 A SR A5 SDTY 7 U EL T S IR AE 1R YT TF-EX.

L3 MR EN,

i SRE TP A B R A R RO AR ML PR, 0455 ]
0011 R= N1 AN e i 1 N NV 1 DN o

T AN RS, MR O 5 R i AR A B A
5, LE MR ) A K R R 7 T A E B
I 487 Y A A RISy g 4 AR T S Y SR R AR
PO h R R SR T AR, DRI I A N H
HIFR T IIBTRIR YT k. IS R AR K R (vas-
cular endothelial growth factor, VEGF)R] 7EIR N5 55T
A HE B, A RSO S 1 S Sk EL A R A AR R,
SDT ] LAA 50388 35 40 4 1l 4557507 A= 2 0 0 5 e g i 2
B9 IAIT. Gao NP & SISDTH] LA i 57
TSR /IS USSR A g 2B 1 988 ON AL 53 A1 0 e 4
M VEGFRYZIk, 1ESDTIe et 45 1 30 T 5
WA FEIR. 455 3R M, SDTAIfE— & e AR
IR Reb T I Y A B, ST A . 5 — T,
SDTh AT LA 5 g i R 58 ™ A S e B g g 1 2
S5 SN P 200 ) 9 D e R G B2 2 g A 1Y)
SHEEN. Peng NIWESE T SDTIF T (47 fyeg 2
REJIRIZT. S50L3RW, SDTRT LA i 34 fin frfyed 2H 21
CD8"/THHHE 328 LA K AR /1N FRB16F 1028 (5 296 57
RS AEIRE 0% IolRd 145 R B2 i e g S e R BTG
T SDTi# ixf S S I e 4 = bt e g s8R B i b T
EAL BB, ATh AN [ i iR A AR ik

2 AORAEEHESDTH I R H]

FIRT, PEROR AT L2 A BIL/ N1 75 05 A JCAL
PRGNS, —ORUL, KBRS SO 1945 &
FFEZGT9: (1) GORBPEHE A HIL NG 175 B0 Y 28
R, ARG P EGR) TR R ARG T SEBESDT; (2)
ZURPPBHE I SDTHY[EA A HOR, WNTIO AR R,
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ARG BA PG AR, ARSI T I AR AR
FHN T SDTRYAHICH T BEJE, AR 1R,

2.0 GURARHAEATHILS BOR AT T-SDT

B HLING T O E F o sk S AT AE Y, s
NRmRIX ek 2 R T SN B e6(chlorin
e6, Ce6) 4 SR, X BL 5 HRE  AVA TK, BTEIL
TG R PRl HERE, ARMELE MR 7 v B 4, ™
PR T AT RCR A R I SRRk, gk
AR AL G B R N R T B AT, 4K
POBLELA R AR, fdE k. 54 WhrEdss

Wi 2% AR 2 0T DA MCEAL G HLA ORI sk 1, 35
FCAERI B, R] Ao A i VR A PR ), A 1 P
FULENR A A ZE R Heah, kbRl AT L 4
B35 AR B %00 (enhanced  permeability and retention
effect, EPR)S{E A 32 BlH0 1] Be A LE Brbyeg 8057 w5 S22k 1T
HARRSDTT R
2.1.1  AEANN T G 6T A4 KR

REDAKRM R RSPR/N AR R A
R ko SO0, S 2 I T A 4,
o, B ARG P AR A it A 2800 77 =
HENE SRR, REUGEXEHI N
I EE AT AR R R B0R AR, LinE AP LT 5
TK I B RR FR X B 2 (chondroitin sulfate, CS)AJ H4H
S AR AR, FE A T —Fh S A D/t
ZZREZS R O] PR B IR K B 25 -Ce6-B - R 4 K 245 W) 156 126 -
£ HTF N2 L7 (docetaxel), A RLISDT ALY
FIERRAYY, X R AR R MBS AP IR
K, Wang® AR HIRILG- O BERR(PLGA) 5
W JBTI2 (HA)FH5-28 5 SR R (AL A of H 20 2% 1 7
P45 T M 3T 8 R (ART) I E & 991K WKL (HA -
PLGA@ART/ALA NPs). (RSN RIS SRR,
HA-PLGA@ART/ALA% 25 R 50 M SDTHEHE T —
P AT SRS AR T R

SR, REFCEARRIAL T HEUIRA, PRIy fa7 5
(I SDTH K ZR IR YT IR RS HROS ™ A 2 i
ZEIBREICY. N T SRR R SDTHI A i Je FR A,
HRHEC LI R TR % &, BlEst7E
YR E R FR 5] A B it A AL S (H,0) HERE )
Y (UNH, 0,/ . — 48 fb5E (MnO,) (Pt 4K TR
A5, AR B N IR EH,0,7 2 42 0,, R TTT R A iR
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TR EECIRAS, fEHFROS ™4, $ETFSDTRUE. Lidk
NPVE BT mOE T B AL TS BB (FCS) I g 2 B
By, - (4- R FE AL N (TCPP) L HE it A
L EWF(CAT-TCPP)A %, JE M CAT-TCPP/FCS NPs. i%
NPs HA {05 10 155 D6 785 523 WA B R g I 1 2 i
BN T HAE R RO AR, [RIE YEMEH,O, TR A
LS REAL 2 T IR A O, 3 1k A0 e 114 e 4
TOARES, 457 T MO ISDTRUR. Ak, AnE AP
£ 7 AT L W R A PORE T () P s BB 22 B I 40 K
Hi, Heag [ B85 2 (doxorubicin, DOX)HIF 5 Ce6, I
TEH R B MRZRLARRE 7] 53§ — KB (triphenylpho-
sphine, TPP), K& 1wk SDTHMREILST B9 MR VA YT 4M
KB, G5REW, PEPREURLE L H,0,7 420,
WO T M N B AR, R E TROSIIZERL, o)
Ab, BT TPPRUAEAE, ARG Ce6 B 1 7] % 12 2]
R, PE—15R TROSA A MR AT, B
Z, REWAKAEHE R &S5 8O ) A FESDT A
Sl LIV FH i .
212 FERANA D F 7 G 6 5 T g KA 8
B ARG K 2 2k ik B RAFR A A AT
Rt ARSIk, W) 12 Moy FH T SDTAUR. g mif &
H AR IZ2TE R ERE 88, T IR 4544,
Al AR R BRIk 25, PR 259 e TR
AR BRI ARG 207 T AR o R T 4 75 17
YA A B PR RIME. tesh, it
AT IR BRGUK A B RESE B 5 25 24, 16
REF I 25 s T e, Yueds NPl T i oAt
5 7K 7 AR P A R Y R i T G 8 A ) DK s A
(imiquimod, R837)MJSDTH K K (HMME/
R837@Lip). #RFEM, 7EMAHIMAET, HMME/
R837@Lip 4 K I 457 T LU 10175 5 40 i 1~ AR 3E
K ARICTE AL, IfaE— 2R e R G, HETRpTIR e
JERCR. T SDTA G 5 R AT G sie SO R A
BEL, AN 2 DA R B L g () A K R RS, T e g2 A 711
R83 7 AFAE 1] LA AR 2 IR 20 M 1) Jl AN 240 i R 7
W, Bl R APENIE, B8 T LASDT LR S8R T .
AR, —SE I NE PR SR A T iR R,
i LAESDTIRYT H R B H R A pLkk:. PRHfaE, nr Lk
FBHATIR . 72 RO A w] g B A T8 L ke 3
HoRE, JUHAENG ARG KA )2 AL 45 A 0 AN
FEE(ZT 2R MRSE . TR A AE ), AT LA Sl 2 1 i HL I VAR 24
RE Tl R R0 i . Zhao® A PS4 T IR A48 K 25
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Table 1 Research progress of nanomaterials in SDT in recent years

eS| kL FEFHHL] SCHik
TRER I R -Ce6-Bi R ROS ('O, J7 i [23]
HA-PLGA@ART/ALA NPs ROS ('0,) [24]
BEMAKAEL !
CAT-TCPP/FCS NPs ROS ('0,) [25]
GO Pt#5Z2JCDP@HP-T NPs ROS ('0,) [26]
DL BRI 2 A HMME/R837@Li ROS (0,43 i 27
IR , @lip (0" 2]
Lipo-Ce6/TPZ@Mj ROS ('0,) [28]
Pt-CuS-TAPP Janus ROS ('0,) [29]
ToHILAs K AL K} |
BSO-TCPP-Fe@CaCO;, ROS ('0,) [30]
Au,y/B-TiO,_, NTs ROS ('0, /-OH) [31]
mTiO,@PPY ROS ('0,/0,) [32]
TiO,@TiO,_, ROS ('0,/0,) [33]
H-Pt-TiO, Janus ROS ('0,/0, /-OH) [34]
& B ILGORA KL ) !
PEG-TiO,., NRs ROS ('0,/-OH) [35]
MnWO,-PEG NPs ROS ('0,/-0OH) [36]
1 & BAT A R DHMS NPs ROS (102/‘OH) [37]
FEVERI AR R Au-MnO NPs ROS ('0,/-OH) [38]
Si NPs 2B [39]
4fLSi NP 2B 40
RELAATEL S R 1401
PTX@FA-CD/H-MSN 23 AKALE/(-OH) [41]
PpIX@HMONs-MnO,-RGD ROS ('0,) [42]
BRI B ROS ('0,/0,/-OH 43
TR R _ (1 /0: PO 1)
MnO,/TiO,-GR ROS ('0,/0,/-OH) [44]
Wi % 2 G T I A HOR Ce MR EBOE MU BIFL ARG H0N ). Liang 5 2SR I fay f ) 202 42 s Ik 5

HI(TPZ, XHMIEANMEA s ), e m el
- 2T AN i N P A AR AR, A T — A AR
KMk (Lipo-Ce6/TPZ@My) FH THE5RSDTIAY Y. W5t
B, TE 2405, T i ile i s A 2 AL A B 1) 170,
AT AR GRS 2 B LR 3 ) P AR R RN R BE BB )
R K Ce67 = AEROS, TR  yeg 240 At it i S f R
BEPIETPZ, SE T S M RNAYY . 53 Ak, i/ IR i A7
TE 5 R SD T/ R M e IR S ie Je g, 7E— e R B
AT R A
213 SEAENA DT FEH B TALL KA E
TR BRSO 0 2524 . RREAA 2.
VA 245 W ot R S A W R B T TR R B R A1)
N o, AL R BRIRES . SR, &
JEEA TR R}, LR s S B
R iR SO0 S R B 32 1 ] T SD TR0 171 28

TURRYE, 145 i Pt-CuS JanusZS DK S5, NFBH 25 Y
CuS A LA RN 487 507 P - (4- B FL 4 L) ok (TAPP)
SCIRSDT. (RIS, 44K Pefii Ak P9 IR H,0, 1 43, 18750,
e, DAve IR SR IAEE, B inSDTIR S AUROS™
KOEEME, RAEPCSCuSHYE & Al it ks T
ik B 4R LGRS F PR, 7
SCEPTTRYIEIRT, 774 By 8 1 PRy H, O, Bl 14,
M= 210, E—2 4R ESDTRYTNZL. Dong%%
OCBOVHFE A R 2 B4 B TG S T CaC O, 44 K 50k
BERR, 45 T P pHAFEES Y 2 42 s AT HLIC A 4k 4544
(BSO-TCPP-Fe@CaCO;). A K LM T HEA Ca”™ 2L
WL T R R AR B (BSO) A 54
A WEH BR(GSH)HAERTCPPA SAUSDT, S8 11
i A B AT

BEE DK ARIE A Y B U B, AR 3R
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(Y9 B Ay e A1 i ) Je R 7 50 22 B iR T 25 M 9 IRl
AR e B RSO T —FioBiR A, ORI A S
PR AL O BRI ARG TR, ks
AP BRI EPR s S AR RHEESE. LA, X eegk
FORLE T LIVE A ERGR, SR SDTHIRTFRCR. SR,
FRGEATHL BOR [ AT B BRK PESR . AR F T REAIR . 48
T PEAE AR RIS AT S8 4l 0. DAL, O 4 B 2238 L )
K2 TR R B i B P R A A S SDT g v A0 AR
IHALZ,

2.2 A S A HBEGRFER SRR
221 2 BEGKAMHE

AR, AR By HLAG P R A AR Kb R A 7
FEREGRIFESDTH AR F AN 32 33 B3 740 1 75 )
E HICHUARHELRE, 5 HLA ORI o B S A
HEPERE. Hoh, SRR G IE 4R Ak
4 JE ER DA K 5 4 T A Kb et A ) DR HL e 1 S AR
TESDTHUE L 1T 1z B G,

TiO KA L R R A A A WA 28 T A i
JE A, T R TSR B RA R RN,
TiO, 4k bt 2 B R HF 5% it 22 1 JCHLAN K 7 )
JERT I R IITE LRSI R, TiO AY T T
WA EIE T4, 51 %7 KR ROSELIPDT, T
HAmpsET- P SR, TSN EE TR A R, R
T ARG R E 9T, ShimizuZs A\ P9E 5 Sk fBF5Y
ORI, KRS IS, TiOL ™= AE P U g
AR R AR . TR, UM, Tio,
VE R A 75 SR 78 SDT R FH Hp B H T 4 5 bt g
PERE. BLAN, HA BTN i Bt A s A FLIR B IR TIO,,
A A FEA RS0, tE—Fh R 28k,
Hes NP2 46 T O3B R IILIS (polypyrrole, PPY)fd
BN FLTIOAN K E & FEHmTiO,@PPY), 7] [RIAF1E
R RGAADEAG], IR RGeS, B i
2451 F1 S A MER (honokiol, HNK)J, mTiO,@PPY-HNK 44
KWk S T AT SDT/PTT/RST B £ HB A 1A 7 1E
FH. A FLTIOZ KA RN B B SDTHL MR 48K R G0 K
JRIRME T B RMAT S, WoNBEIRITRAE T2
AlRE.

SR, ABGERITIOAN AN A} 1 FH AL F (electrons,
e )HIZS /X (holes, h')SFEREAFLEH A &, S5
ROS/=#AI%, Rl TSDTHYFEL. Hik, MFRETFLET
AR T AR B TIO MIROST 2., i@ ik 5 # 4
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JEEL SRR A, fEHRTTE R — R A
RS T2 A%, Han AP 5 i 75 TiO 20 K
TRF MY M BATION J2, M T — ARy A%/
FEAKLER(TIO,@TIO,_,), ilidfedte Flh 9508,
248 25 T SDTHYYTAL. Liang@E APV el 4 T has 4y
FLESHIRITIO, NPs, #RJ5iHIT 45 4 RS T A R
FPUZVIRRAETIO, NPs B, #F—insid)s, {fifs
TiO, R ML T — 2642, S, JIEPYZ#E
B R FEIPL NPs, JFHEEATIORMER. R4
RFW, IR HITEE MDA Pt NP 1
IR TIOAEA 454 rhe FIn Y432, MIMTHESR T SDT
JPEL. B TR TIO M AT B A ok 42 T SDTHERESR,
BRI ORI A B AR AT AR K F & 25 [H). Wang5F
A48T B 2, 5 (polyethylene glycol, PEG)EicPERY
2 — AR ARAE(PEG-TIO ., NRs), H TiZAK M
A By BT B R, BRI T e Fn i 5 A BE I sk
ROS, 1458 T SDTHYFAL. [FINF, PEG-TiO ., NRsF
KT E AR ORI TG PR, AT DAL P TR )
H,0,7=4:-OH, MIMisEH T SDTMAL45lF1iA57 (che-
modynamic therapy, CDT)IJEXEIRYY. Ml PETIO,
kArpl, 1R E AR T HSDTR S, A Al .

BREKIEGRATRION, B BRI 4 Jm LA S — 2L 5
45 B AR AR B FH T SDTRFFE . GongZs A%
1B T PEGIE M Y A8 o/ Nl S X4 g SR Ak 4 K ke
(MnWO,-PEG NPs). {ERTCHLYKIEHGH, MnWO,-
PEG NPsF I H MR IX A TiO, %5 75 S50 B 110
ROS;™Ht. A}, ZNPsHATFEWGSHIYRE /1, #F—2F 4%
T+ T SDTHRGTF AR, PanE NP4 T 48 -4 HUAELE
4R MOFs) AT AL AU H 25 B R 409 K BURL(DHMS)
FFSDTIAYY, DHMSH] AR v Ak SDT A MK A 4 fry ik
5, SR ERLIRIAYT . LinZe AP AufIMnOAH
SEOVET T B A FIGSHAUN R [ Au-MnO NPs, SZ3L T
SDTHICDT Y EIM il 557 A5 e iy A= .
222 EEEIKRMA

FoE 20, #H REI & REY KA R A= ROS LA
SEPLSDT. Osminkinas ACVWFSE & B004AG A 4y vl ffidt
BA YA ERET () 22 FL Ak 40 K B0k 75 #E 75 (1~3 MHz,
1~2 W/em?®)J T AT S5 2540 1 A Mo Fifrod 40 i (Hep2)
454, )5, OsminkinaZs AU ik fA o 4P 286 %% S
FUREGN K ITORE 45 5 48 75 3 2 T /N F Hep 2 41
J A3 5 AL ewisAiga MM A AR 4, X sl SFIE I A 3
YRR AT DIE R — P R0 75 ).
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R L S AR GO OR 1 5 1 2025 R T,
H 55724456, v SCIERA YT U i o H:
ol Wang@e N @i 2B (PTX) 4k T
AL E A RE YRR, AR e B R (folic
acid, FA) K B-FHIk (B-cyclodextrin, B-CD)LA$RE T ie
k. g5REM, @BFENE, %R A 9UKREkRL
(PTX@FA-CD/H-MSN, DESN) 75 tH 555 it 25 13k
N, fRUETROSHIERL. IEAN, HREFEG KM R AE S
A PR G ARSI 2T ReE &80, Zhu%s
N2 SR AR (MinO,) R MR A7 28 T rp s A FL A LAE
KR (HMONs)H,  [A] B F| H 2 ik (arg-gly-asp,
RGD)#:47 £ Hi & it i T PpIX@HMONs-MnO,-RGD
EANKERG. Hrh, MnO ELA 9K R R
JEASE A i HL O, A DB IR () B S A, 38 75 flh &
(ISDTYFRL. BT, FETREGKRA B SDTHF 5T 50,
L5 3l 7 850N A ELAARBILG 9 ANTERE,  (ER A i oA R
AR AL A% AL . BRARAS A (A A 2 AL St
TE LA IR A A, AR T L R TR 2 I 58 R AR
REEEEGOKAT R A HI SDTHL .
223 BRELKM K

B4 Jm SE Rk L GO M BL N, A1 8507 (graphene,
GR) M & 4 (fullerenes) 55 Ak 3 b4 Akt HLAT 73 BG4
P BRIEGUKATRLEAT S0 B e FINTTORE ), VN7 okt
B FSDTH LA & $ETHFROSH = A 350%. Yumitas
NPV RIF g 2 W SR 2 i s (PHF) 78 A5 0% R T
SCIIROSA S R 4R At T, B 45 A PHFIIRYT 5
BAGER 75 ol BRI PHEISY AR Eb, X R 40 i LA o
BEMEER. Daie \"BF5E T 1 GRFIMnO M fE
LAY FARTIOL(MnO,/ TiO,-GR)ZH IS Y JZ AR B 57
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Research progress of tumor sonodynamic therapy based on
nanomaterials
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Sonodynamic therapy (SDT) is a new technique for tumor therapy developed on the basis of photodynamic therapy (PDT).
Compared with PDT, SDT has many advantages, such as non-invasive, deep tissue penetration, safety, among others. The
enhanced antitumor efficacy of SDT is mainly originated from the ultrasound activation of sonosensitizers accumulated at
the tumor site. However, the exact mechanism of SDT is still under study. Low frequency ultrasound, molecular oxygen
and sonosensitizers are the key factors of SDT, especially the sonosensitizers, which are most closely related to the SDT
efficacy. At present, most of the sonosensitizers derive from photosensitizers, such as porphyrins and their derivatives.
These traditional sonosensitizers are usually poor in water solubility, blood circulation and tumor targeting, leading to the
unsatisfactory tumor site enrichment and SDT efficacy.

The novel nanomaterials-based sonosensitizers can effectively overcome the above-mentioned disadvantages and
promote SDT application. Owing to the large specific surface area, high loading capacity and ease to combine with
biomarkers, nanomaterials have been applied in SDT as carriers to improve the bioavailability of traditional sonosensitizers
and enhance the SDT efficacy. In addition, some new types of inorganic sonosensitizers based on sonosensitive inorganic
nanomaterials exhibited better physical and chemical properties and stability in SDT application than organic
sonosensitizers. Moreover, nanomaterials can be endowed with new characteristics by surface modification by taking
advantage of their unique physical and chemical properties, such as the surface, structure and size. For example,
modification of nano-sonosensitizers with oxygen supply or tumor targeting ability can alleviate the hypoxic treatment
environment of SDT and increase the accumulation of sonosensitizers at tumor site. In addition, nanomaterials-based
sonosensitizers provide SDT with more possibilities when combined with chemotherapy, photothermal therapy,
photodynamic therapy, and immunotherapy, among others, playing significant roles in improving the anti-tumor
therapeutic effect.

This review begins with the summarization of the therapeutic mechanisms of SDT, including ultrasonic cavitation effect,
reactive oxygen species effect, and tumor microenvironment regulation effect, among others. Next, we mainly introduce
the progress of nanomaterials-based sonosensitizers for cancer SDT in recent years, including the application of polymers,
liposomes, and inorganic nanomaterials as traditional sonosensitizer carriers for the enhancement of SDT efficacy, as well
as metal, silicon, and carbon-based nanomaterials with sound sensitive effect for the development of SDT-based new
therapeutic strategies. Finally, we summarize the aspects of the future development of SDT. Despite many advantages,
there are still some issues worth to be considered for nanomaterials-based tumor SDT in the future. On the one hand,
mechanisms of SDT for tumor therapy are still not clear and remain controversial, and further elucidation are still required
for effective and precise treatment for different tumor models. On the other hand, it is still full of challenges to develop
novel sonosensitizer with low toxicity and high efficacy. Therefore, to shed light on SDT mechanisms and explore
innovative and efficient sonosensitizers will be the key to the future development of SDT.

sonodynamic therapy, sonosensitizers, nanomaterials, tumor, mechanism
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