Ry N 2018 4% 11 A55 39 55 113

http: //'www.ajsmmu.cn
Academic Journal of Second Military Medical University, Nov. 2018, Vol. 39, No. 11

° 1259 -

DOI:10.16781/j.0258-879x.2018.11.1259

£ IR RO 1 B R 1E PR 55t PR

koK, FES KR OR, RORT

LIBZEEERKYE: (B ZEERY) KIGERZY2E, 1 200433

2. fRIAE 77626 FHBANEEBEZY By, PiBE 851400

EES

B, #enhikgl (DVDMS ) BATEEM IR, S

Jesh 1y (PDT) ZMEATT B RN , HOCHE N R G CROR ML RO . VR — s it
ARGIRAL ., I6I7 RO R SR, et iy .

B AR A B, DVDMS 4S5 s JG) it — 4 e T S RN AR . #5230 DVDMS A B ATt
Wi DUR . IRITHUER . TR TSN AT, BB TT R AN AT S o AR SRR ARGk A B AR 1 %

HHLR BT A TR IA o

[REEIA)  AEnhekg; R OGahdiyTiE;s AalTiE
[FE4ZES] R 7305 [SCHEFRERD] A

Advance on anti-tumor activities of sinoporphyrin sodium

ZHU Bing', LI Shan-xin', ZHANG Hong’, ZHANG Li"

BTHE]  0258-879X(2018)11-1259-06

1. Department of Pharmacy, Changhai Hospital, Navy Medical University (Second Military Medical University), Shanghai 200433,

China

2. Department of Pharmacy, No. 77626 Hospital of PLA, Lhasa 851400, Tibet Autonomous Region, China

[Abstract]

Photodynamic therapy (PDT) is a new oncotherapy method. Photosensitizer and matched-light are the key

elements of PDT. As a next generation photosensitizers of high purity, sinoporphyrin sodium (DVDMS) has the characteristics

of clear structure and high content, low effective dose, short time avoiding light after treatment and good safety. Due to the

discovery of ultrasonic sensitivity of DVDMS, great progresses have been made on the research and application of DVDMS-

mediated sonodynamic therapy. Research suggests that DVDMS has potentials to be used for anti-tumor, anti-bacterial,

treatment of psoriasis, development of therapeutic diagnostic reagents and so on. This review sums up the anti-tumor activities

and mechanisms of DVDMS.
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115 PR 284 1 A 1o FH 5 3 i ) A i P o S v
T 2006 AEFEEN T, H G RN FHACR A 0
Photofrin, i H[FFEEAT FBROGFEMEAE IR . AL
AR, HATE AL T =IRAE . Hik, JF
R U EE . HA TR A AU R
HAEKEL,

J7 A BAXT Photofrin ¥EAT T RGiHT5E, M
20 2RI A= Py v i 3 45 B0 6 B0 PR R
3 bk R KE RAR, IR ERAERE T
REE R BS Al . KU R B K A b Bkl
( sinoporphyrin sodium, DVDMS; Z5#Jz L
Kl 1) ; 5 Photofrin fHLL., DVDMS A %053 B
W, SEmik 98%, FEARENTEE, ARGIEN
A Photofrin [ 1/10, IGY7 J ke G [A] $5 45 K
Hh3~7d, MXBIRERFAFER LR LR (&
Fl%5: CN102030765B ) %, 2014 4F Liu BRE4]
fifi, DVDMS /3157 8 J1i697 ( sonodynamic

therapy, SDT) X 2 Fb e B R RS 1
FEOEATET PDT A1 SDT 5473 i yes 20 B AL il FR Ak 52
BB, P E R 1 2O AR 2 U TR AR
KW JE (reactive oxygen species, ROS) , #Ffiif
1A S MR A L TR SE AR iR A R
fgi/E Al . /> DVDMS 415 PDT ( DVDMS-
PDT) Hy#h5C, DVDMS 43/ SDT ( DVDMS-
SDT) #F—4n e T HArs fn e . Ak,
XF DVDMS WWF5E flfi i okt 2, 4L
FEPURRAE 5, 7 AN F 5T 2 DVDMS
X AR JE R 2 TR VA 3R T L B R
By BRI EY, DVDMS 78 A% KAl SD
KEANEA RIFAZ 2", Hif DVDMS £
PHAL A2 M2 1.1 2SI R 14,
HEA T G RIS B B . AR SO X DVDMS 19T
Fifrea VR B ML A o ok R A T 280

CO,Na CO,Na
1 DVDMS &5
Fig1 Chemical structural formula of sinoporphyrin sodium (DVDMS)

1 DVDMS-PDT

PDT J&I7 IR F A LIF 3 Rl (1)
iR ROS HAZASEAMREANME;  (2) Ead/EH

TR 2 AU I A R R . A A, WD
JipeE B SR R RN, NI R B IRSE;  (3)
PTG H SRR RS, 1 R A A A e A
WF9E %W, DVDMS-PDT X FLIRE: . &% . AT
Ji 5 2 g A0 RN RS AR 380 S Y R A A R
Shi %51 i SR A . MTT 40 25 1 57
Fh R A 988 5236 %7 DVDMS-PDT YRS FI4A P 4t

CONa CO,Na

g VR AT T IR RETAESE, 45 R " DVDMS-
PDT (0.5 pg/mL, 30 mW/cm®, 180 s) LIRS
MCF-7. ¥ HepG2. B Ketr3 il H460
A B Y e B TR B R RCR R A, R
T 85.5%; MTT SZEXF 11 Ff A2 i3 40 i ik
7 7%, DVDMS-PDT £ At 2 55 30 7l e g
( half maximal inhibitory concentration, ICs,) A
0.1~1.0 pg/mL, P24 Photofrin-PDT £H Y 1Cs,
4 0.3~0.5 pg/mL, [FIFELA/F N DVDMS [HRCR
5 T Photofrin; S Fh 5 4H I8 5L 5k FH N &%
CaEs-17 U0 FIIT HepG2 40f, [RIAESZI 514
T DVDMS-PDT (2 mg/kg ) g4 i % 2 3k
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90%, MEHMEIZR S Photofrin-PDT ( 20 mg/kg )
124, 5 Photofrin #1HL, DVDMS 7EHUAME J7
BATEL

W55 /NHEE DVDMS-PDT XiF /)N B IR e
i 4T1., AFLIRIE 40 MDA-MB-231 ¥L
iR AR R AT T PRARIF 9T . Wang ZEUPURITEA &
g R AN T DVDMS-PDT X5
BeRe LIS AN 4T 1 B 38 5 A EE RS 300 48 ]
4578, DVDMS-PDT HA B8 OEEEE,
T AL R AR B BB 48 0] I, DVDMS-PDT
RhPRIS 4T M A& A4 . R MAEA Y
F-HLEh & (F-actin) 1222860, 5% HEAL AT P4
24¥) Photofrin 2141, DVDMS-PDT il T 4T1
RS AR RS, JTRER T fardEd/ NER I A A
{EINA ROS ¥EBEH N-2. B4R )5, DVDMS-
PDT X} 4T1 AU A EFEIER I A6 . Wa S50
9% 7, DVDMS-PDT Al i@t 4k ROS 5l & A
FLIR A0 M MDA-MB-231 FL 340 i 5 7 S v
F-actin U2 ff A, 3 T 400 o) 2L B s 200 L 1 35 5
TR . Xiong ZEUME o8 AU IERE b ik —3 %t
2 Ff PDT IGY7 ARG AT HLHE, 450 B Rk 4G
2y 5 J i IR Y 2 O BB AR K i ) 2 R A 2 e &2
YOI B AP IME AN, 3X 8 DVDMS-
PDT Il RN #& 4 T F 2R G ; #FE—P a5
% ¥, DVDMS-PDT nJ il i P {1534 58 40 L A% 40 I
( proliferating cell nuclear antigen, PCNA ) ik
VBT AR FUE A A 2 AR, AR
FLIRFE AN 4T1 BB45E

Hu 25574/ T DVDMS-PDT X £ 454 Eca-109
AR RN HIEH . MTT SEE45 R o, 5 pg/mL .,
10 J/em® %44 F DVDMS-PDT 434 Eca-109 4
MG LR 50%, HANfEE R T Photofrin-
PDT FHPEZ54] (80% ) ; MLHIWF5T 45 S R,
Eca-109 Al M i KIEAEAELSZ )G 3 h, H
DVDMS TE4IMI N 250 i T4k b ; DVDMS-
PDT n] it 4 i ki ROS 31t DNA #5455 fi<k
R ( mitochondrial membrane potential,
MMP ) 548, = AR

E g% DVDMS BEAT T 40 4 1 B Rif
5%, 459 W 5, DVDMS-PDT %4 iz i 40 o
HT29 #1 LOVO. [EFE40M U251, 2 i
SMMC-7721 Ml BEL-7402, D\ X ' % 40

MGC-803 %5 ZF e 41 Mfd HLAT B4 i A KA il 7R
Hi; H DVDMS-PDT i s # KA} 3222 LS T4
W E, BRI LOE SR N . %
BRI T Photofrin A1 DVDMS X ifif& 21 i
H460. M@0 HepG2. B4 BGC823 1 1§
FAAAf Ketr3 AR A A KAMHIVEH , Photofrin X I+
iR 4 PR 4 RY ICsoh (1.35943.277 ) pg/mL,
i DVDMS M4 (0.207+0.584 ) pg/mL, HXffh
SR AL R T 1 4~ 11 55 (RIS &
M, DVDMS-PDT *f/]NELAIET S180., H460 4fiffi%
LI HAT B A o AR A RIVE L T ELOR IR
RO B9 FEME R 55 F Photofrin,

R4 DVDMS-PDT FEMRE AT 7 T R R
UFIRICR, it — P HRITAL, AT BT IR
o K B ANOK A B I A A3 24 R G MR A T2
Wi F1iRYT o A sski8 k) ( graphene oxide, GO)
EASENEAER, BAIRIRK ., Kk
If . REGEM . EYAHSEFER L, MH GO
EEESER R R R4 N T E - R =l
DVDMS-PDT MHTAFEEC R . GO ML £ AR
Were Jiom, AR, EEHITIL (photothermal
therapy, PTT) [{R4f%25 %45, Huang %2 H5¢
T GO-BZ —E#-DVDMS ( GO-PEG-DVDMS ) %
A3 ANFREAI N HepG2 HUAMikIRE 11, 4590
GO-PEG-DVDMS 1] ¥ PDT I PTT HpRI{EH],
X HepG2 40 EA R AFAIAMHIZOR . Yan 2522
# 7 —FEMA GO-PEG-DVDMS YGiAY7i2 Wit
A, $27F T DVDMS WZGmIE ;s 5%
R B 2= S 515 N PDT MRy Ao igd
(PR TR 40 USTMG Mg /N ) R 5%
Wi, &I GO-PEG-DVDMS AJ i1t 437~ PN Hi fif 5
IR DVDMS 2GR EE ; 5 DVDMS S2404H
[LE, GO-PEG AR IR 2 2158 B 4 Fl EPR 4%
JW ( enhanced permeability and retention effect ) |,
H4m DVDMS FEME 2 B, g se PDT
AT RCR s ##IkiEST GO-PEG-DVDMS (424
F DVDMS 2 mg/kg ) J5 I (50 J/em®) , R
R TE bR 100%, AR UWIMIREE & . RE T
WS N BN . IAh, Yan ZPEXT GO-PEG-
DVDMS G2 FDGSE —H 451 %~ PDT #1
PTT WhRVATT PR (B4 PCO K frfid /N )
YERPEFT THF9E, 453878, DVDMS AJ35% GO
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XL BN, 2 m HOG A 2 g f PTT 4
Hl; 5 PDT (630 nm ¢l ) s PTT (800 nm
W) B kb FEZH A L, GO-PEG-DVDMS AT
ROV ARTE; kST GO-PEG-DVDMS (A4
T GO-PEG 1 mg/kg, DVDMS 2 mg/kg ) 5t
(50 J/em®) , PCY fupfg /Iy LA P JivJgd 240 it 175 ok 2%
H100%. S5 ARERRYN KL 245 R GE Az 2T G A
X} DVDMS 458, 345% DVDMS-PDT B
YEHT, SHCRARFHAREE B B & BRI e
BT IS — AR

FREEREE, DVDMS-PDT 7EARSN AN
S H 6 22 Al e 240 i 34 2 B A AR
AREHTZMME Ry, JUHREZ . 2L
i . R AR o S ELRHLE AT BE AL EE LR LA
JiTf: 7E 630 nm FUAOGIERT, DVDMS 74
ROS, SEAMMILA ML & A28k, g2
4. RIS TEALIE . F-actin 22200, MHl4n
MU s 51 DNA 45 LR AR e {0 2 s
I AHOCIE B T A0S 78, S S AR T . ST
FIVE W, I RE S I AR A i A A
A5 45 B B x DVDMS A Photofrin HA4 #
WAYFIEELEY, i H. DVDMS-PDT HIEE RN 55
F Photofrin, #&7x DVDMS A Bl —FuEr 4t
RGN . TR SR IERE 125, PDT WA
FEEPENRR IR ZIERTT, MPNGE . &
JAid . PN . AR B R R YT R B R AE
e NBEE A AFA, XTFE . ARG
ST — 7 I

2 DVDMS-SDT

1989 4%, HA:3 Yumita 2505 YR8 F)
R O LR A BT MR E T, HEFRZ A SDT.
JEF PDT (1) SDT HAG HARRAOLHE:, RIS J5 )
b ZnE MR PR T RS IRALAE, R AR
REEREHA SR 2 T2 MM 418Y, SR ZA 5
ORI A dn e, AR A BT R4
WIZH MRSV ANI . SDT JTTH e, 1%
VESRIME, X IEH N AIE RN, A3 5 R 3 A
PDT 7EVEHS . H s iR 6 7 2 g FH v A7 7 1) BRI
M. HHETACH SDT 6Y7 I iy dLI 2= 220 o
FEVER= A P BEASON, (ANFREEONE . HLARERN. . 25
RN ) FAEAREY, (W0 ROS. A M) K

REVER, TZuAxs SDT (0242 g fhls . 52
B2kt . BRI . RO A S A A P Y
SEN IR . AFFE s, R SR AR A8
PR, 4% DVDMS BY4BEUE TR, Wl ik
SDT 1EHIF= g a0+

DVDMS W8t i I ARiE T 2014 4F, BF5E
Hoea R NS EERAFSY T DVDMS-SDT XA
LB . DU . SSEn e, 45
7~ DVDMS-SDT it Z %l [ifrJeg 240 Jtd FH RS A s 14
LI BT IR R R 02T Li 2R /N B9 S180
Y R AT ALY, R FRIKIE ST DVDMS J5 i Ak
1%, UEBA T DVDMS Al ki m A AE R 44T
M % DVDMS Ja =AU EVE T, nl 30 g
AR R (LA 1278 ) - Xiong P
5% T DVDMS BX& Z Ik SDT XF A S180 4
BIIEI VR, 455 B8 DVDMS 4425 5 2 0GH
7 A FOGE e TR R A AR 3G e A LR
DVDMS-SDT HJ FEAI I 45 N B2 AE KA F (vascular
endothelial growth factor, VEGF ) Il PCNA k7K
-, T AN IR T, A AR 20 B A A
JIR SN A RGEA A, DT [ R 4 2R

Wang 857281, DVDMS #£2459% Eca-109
NN T E B ELARAR N, B 5 R 5 ™
AR EM ROS, FEAIMEE C HRHBMMAT &
IS, Bl ARSI R TR, s
Al W, DVDMS-SDT 4b 3 Ji5 4 ifd & A= A5 X 7™ = 1) 45
i, Wang S5 583E4 T DVDMS-SDT B4 Wi s
S5 SonoVue X457 CT26 4K IR
ZE R 78 SDT-SonoVue HJ 155 21 it 55 11 8 15514
IR H DVDMS, #45% DVDMS-SDT i
FRa RN . Hu 2550 A MG 40 K562 A1 U937,
DL TCR /ISR A1 ) ot BRAZ: 440 i 5 75 bk £ 240 6 Ay
iR, W RS IEE A4 2L DVDMS
AT AR 2 D, R R A M 4L 2 R
G EAER ST, DVDMS i) B Hms X 4 i
1 E

IRBISEED], DVDMS ] Sk B 4 T
R, 2 b B AR ) S 7 A K
ROS, #Eifii= AR AR an s g v, e
2 P 1 T RN A% 5 B0 FH AR 36 5 ) 0T R ) 5
PEIEAT Z2 WM S AL HL T 5 DVDMS [ A R
BRI VE R ; DVDMS-SDT *f iE # 40 i #5118
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/N, DVDMS A EEAE R 04 75 SO0 A i 4 g
) SDT,

3 DVDMS HIEhAF3T

%7 DVDMS 45/ PDT 1 SDT, A HF5T
A% DVDMS 451 PDT+SDT. a7
BT E AT TSR .

Liu %9514 T DVDMS B4 SDT Al
PDT Mtz i, FLIRm4HM 4T1, MDA-
MB-231, MCF-7 K440 B & 1k 52 56 25 1 W
/N, SPDT (DVDMS-+# i +#0% ) s PSDT

( DVDMS+EOL+# A ) 40X 3 FhaifungE K
FEERIEIEF IO T SDT #1 PDT 41; 4T1 fafJed
INERAR N S B S5 R B %, SPDT &% PSDT Al 33
DVDMS (1) i g A= K4 i) A A8 4 AR 5 #0
AW 2B, SPDT = PSDT n ¥4/ ROS )
AR, TR LA S AR R, BG4 R R 8
B, AT DVDMS AT RCH . SPDT &,
PSDT n] LA UrmIGL I, 3550 DVDMS 1y
FIF IR LT, (R AT

ZEIEFARIRIT R, X AR 9
25 X SR G AR IS A IR P, T
& PDT {897 ISR A OBRIGN . i = A21R
SPER . X SHRTE R h e @ el Ho Ak
HAAE A E T2, R ik
PDT AR a2 iERe I A BRI S, oT TR
I [ R SO v e B MR 6T 5
2R, ZEREP WIS T DVDMS X H22 fiF
SERATIRE /N B AT SRV E T, farsd /) BURS
PkiEST DVDMS J5 kIS TG T s 45 0
7~ DVDMS BCA TR ST 27N BRI g (R R o
PR IHALG, A BER, EARE.
TGS RS . AERDOETE LT B DVDMS 11
AT B EAE ] 9 DVDMS AYfF T $2 At 1 5 8
%, 7 EXT DVDMS+PDT/SDT 47 4 7
LIPSO TR ST
4 N 2

DVDMS M3 EHAT [ FHR B H—1C
SRR, E—E R LR T BRI PRI Y
DAY 11111 %0 = SN WU [ -9 1% Y N i o A [E] RS
AR, HEARE R BT . K.

15 6 (AT - i SN B | 4 R 7 - T w6 97
Z W5 %W, DVDMS-PDT #l DVDMS-SDT %%
Fpips LA MHIER, BL2tRAr; 1 SDT M
PDT WAl H i — DR RIE T, 37 L
Jof S FEL RS WVIE . HATSET PDT F SDT #L| 1Y)
WA ARG ; SDT BARFETCAN . 24 PE55 )y
HA RS, AR TIEREL T
PDT, ARXECRIEIE AR H B AH X — 972K,
R AE SDT I PRI AT s R0, IR S
EWHBWE RN e 2425 BEE TSR,
DVDMS A3 BB I Kl B eE i s vy T . 12 Wit
R, AR K R

[Z % X #f]

[1] AGOSTINIS P, BERG K, CENGEL K A, FOSTER T H,
GIROTTI A W, GOLLNICK S O, et al. Photodynamic
therapy of cancer: an update[J]. CA Cancer J Clin, 2011,
61:250-281.

(2] R FEAE Gl IR T RO U GG Rk ).
T E B £52475,2014,23:1540-1545.

31 JrER k. LABESESS & B bk — SR Ak K H S
#£:CN102030765B[P]. 2012-08-29.

[4] LI CF, ZHANG K, WANG P, HUJ M, LIU Q H,
WANG X B. Sonodynamic antitumor effect of a novel
sonosensitizer on S180 solid tumor[J]. Biopharm Drug
Dispos, 2014, 35: 50-59.

[51 HUJ, WANG X, ZHANG K, WANG P, SU X, L1Y, et al.
Sinoporphyrin sodium: a novel sensitizer in sonodynamic
therapy[J]. Anticancer Drugs, 2014, 25: 174-182.

[6] WANG X, WANG H, ZHANG S, WANG P, ZHANG
K, LIU Q. Sinoporphyrin sodium, a novel sensitizer,
triggers mitochondrial-dependent apoptosis in ECA-109
cells via production of reactive oxygen species[J]. Int J
Nanomedicine, 2014, 9: 3077-3090.

(71 XVDUHG 5 A e B0 0 it s, % - ANl G 3h
TIPS S BRI AN AN SRR IESELT].
] e Jk M 2 44 75,2016,30:20-24.

[8] XTI, 2R e, 5 SO B 4 Vg ik iy, % 1. AR bk
BRI PRI []. JAL WAL <58 71E,2016,28:81-900.

[917 MAI B, WANG X, LIU Q, LEUNG A W, WANG X,
XU C, et al. The antibacterial effect of sinoporphyrin
sodium photodynamic therapy on Staphylococcus aureus
planktonic and biofilm cultures[J]. Lasers Surg Med,
2016, 48: 400-408.

[10] LINN,LIC, WANG Z, ZHANG J, YE X, GAO W, et al.
A safety study of a novel photosensitizer, sinoporphyrin
sodium, for photodynamic therapy in Beagle dogs[J].
Photochem Photobiol Sci, 2015, 14: 815-832.



1264 -

B AEBERCEE 20184 11 H, 539 %

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

SHI R, LIN X, ZHANG J, JIN H, WANG A, WEI J.
Safety evaluation of repeated intravenous infusion
of sinoporphyrin with and without PDT in rats[J].
Photochem Photobiol Sci, 2016, 15: 1366-1376.

SHI R, LI C, JIANG Z, L1 W, WANG A, WEI J.
Preclinical study of antineoplastic sinoporphyrin sodium-
PDT via in vitro and in vivo models[J/OL]. Molecules,
2017,22: 112. doi: 10.3390/molecules22010112.

WANG X, HU J, WANG P, ZHANG S, LIU Y, XIONG
W, et al. Analysis of the in vivo and in vitro effects
of photodynamic therapy on breast cancer by using a
sensitizer, sinoporphyrin sodium[J]. Theranostics, 2015,
5:772-786.

WAL BT RDGHGR AR NN B A S 1 D6 3 T v
/NEREFL IR BT R OB IS [D]. 74 4 BRI I 7,
2015.

WU L, WANG X, LIU Q, WINGNANG LEUNG A,
WANG P, XU C. Sinoporphyrin sodium mediated
photodynamic therapy inhibits the migration associated
with collapse of F-actin filaments cytoskeleton in MDA-
MB-231 cells[J]. Photodiagnosis Photodyn Ther, 2016,
13: 58-65.

XIONG W, WANG X, HU J, LIU Y, LIU Q, WANG
P. Comparative study of two kinds of repeated
photodynamic therapy strategies in breast cancer by
using a sensitizer, sinoporphyrin sodium[J]. J Photochem
Photobiol B, 2016, 160: 299-305.

HU J, WANG X, LIU Q, ZHANG K, XIONG W, XU C,
et al. Antitumor effect of sinoporphyrin sodium-mediated
photodynamic therapy on human esophageal cancer Eca-
109 cells[J]. Photochem Photobiol, 2014, 90: 1404-1412.
LI FHE L R RO B ATk B 2 G i b ik 2R iR
(DVDMS-2) B #I LI R BT AT FE [D]. BT TR,
2012.

TR, S AE A, T 2T RN A sl 9T
TETEA SRR T g AR A RS R D). 82« Wi
AR« 5E745,2013,25:163-167.

CHUNG C, KIM Y K, SHIN D, RYOO S R, HONG B

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

H, MIN D H. Biomedical applications of graphene and
graphene oxide[J]. Acc Chem Res, 2013, 46: 2211-2224.
HUANG C, CHU C C, ZHANG J, GAO HY, LIU G.
First Sino-German Symposium on “Singlet molecular
oxygen and photodynamic effects” : antitumor effect of
sinoporphyrin sodium loaded graphene oxide on human
liver cancer HepG2 cells[J]. Photon Lasers Med, 2015, 4:
365-368.

YAN X, NIU G, LIN J, JIN A J, HU H, TANGYY, et al.
Enhanced fluorescence imaging guided photodynamic
therapy of sinoporphyrin sodium loaded graphene
oxide[J]. Biomaterials, 2015, 42: 94-102.

YAN X, HU H, LIN J, JIN A J, NIU G, ZHANG S, et al.
Optical and photoacoustic dual-modality imaging guided
synergistic photodynamic/photothermal therapies[J].
Nanoscale, 2015, 7: 2520-2526.

YUMITA N, NISHIGAKI R, UMEMURA K,
UMEMURA S. Hematoporphyrin as a sensitizer of cell-
damaging effect of ultrasound[J]. Jpn J Cancer Res, 1989,
80:219-222.

XIONG W, WANG P, HU J, JIAY, WU L, CHEN X, et
al. A new sensitizer DVDMS combined with multiple
focused ultrasound treatments: an effective antitumor
strategy[J/OL]. Sci Rep, 2015, 5: 17485. doi: 10.1038/
srep17485.

WANG H, WANG P, LI L, ZHANG K, WANG X,
LIU Q. Microbubbles enhance the antitumor effects of
sinoporphyrin sodium mediated sonodynamic therapy both
in vitro and in vivo[J]. Int J Biol Sci, 2015, 11: 1401-1409.
LIU Y, WANG P, LIU Q, WANG X. Sinoporphyrin
sodium triggered sono-photodynamic effects on breast
cancer both in vitro and in vivo[J]. Ultrason Sonochem,
2016, 31: 437-448.

R AR, SR X SR I HURD G BOR sl g 2
Jr BB AR ). P IEHOLEE 25, 1997,6:63-65.
ety WIARTAERN AN BT B E D). AR
FESAI L BERFR A, 2016.

i 47

(432 4R35]



