MINXZZH®R(EFHHR) 2024, 55 (5) : 1159 — 1165
J Sichuan Univ ( Med Sci)

HEEEEN SNENNTERE RSB LRF

5 N b — L A
//é‘ Llu lﬁ, %ly ﬁ}%ﬁ27 ﬁ[g Nﬂlv i{ﬁfgl
L DU R ZEAEPE B2 e 175 Rt (B 610041); 2. PUJI KBV FREE£BE (Bi#B 610041)

UAE] B8 TR0 Z 8 EN SR s iR T e b B ERRATT T IE, B0 B R a3 A T i
BERTIUSRNG . Joik 18 R 7R IRA 7 R (0 3R A I M A 22 0 3 3R T, TR A 2588 K 18 I TEMOWAR D AE 5 R 1Y
TEA; TR AN A S T AR SN g | 4008 T B2 i PN 7™ 1 14 48 (reactive oxygen species, ROS) IR . ARAMSE5E 43y % B
. USHL, EHHEY . LT AR A28 E+USH, A3 /NG 38 R PLHEYL (4 Ak O 28 2058 2 AR 0 224k
& IHEY 8, CD31 {4, K674 (f TUNELYL PP AR BE GO AR 2 RN PR O ZTIIAITRCR . &R (kN
B —, HA 5455 FlowJoli 2UAH M43 M2 5 /s 0 A5 22 2 28T LAE G- e S €00 200 AN AR B A0 1% 4
X HRZ (10.3020.61) %, B F (US)41(10.4143.13) %, ZEH R A1(24.97+1.38) %, A 2 1 R 41(31.39+3.84) %, fliA: 2
HF+USH(40.89+0.79) %, A 228 2+ USAH AT T2 15 T HAR K41 (P<0.05) s ROSU AN /AT 4% e iR, 5% B4 AH
L, USAZEOGTR B (I L-T-Jeha i, HARH TG00 B B AR B 130 2k ZE 8 R A O ((1.1020.38)% ) 5 ZEH#
ZH((0.73+0.26) %) LA TG .25 57 (P>0.05) , 4 22 8 2+ USH TR E( (3.3520.04) % ) B T HAA B 41(P<0.05) . HEY
B RERITAL L WL I, B AU A A B 5 R, IR HEY @ R U5 2k 2558 R+ USAAIIE S ok, 2k
Rl R, BE R, US4 AIE A A UL B 5% CD31Y 4, Ki674 4, TUNELY: 4 735l B /R 15 45 25 8
FHUSHIFF O X BIR K, OB RE . ROTOHRE, HREVIEZRRA . BHEH. &ie ks
FIUH —, HA A, A RAFASE I P BA R ), B RIS IR TR

[X@i|] gkl HEoR RBezE Ssih

Experimental Study on Biomimetic Curcumin-Mediated Sonodynamic Therapy of Melanoma RONG Xiao', XIANG
Xi', ZHAO Yicheng’, QIU Li', DU Fangxue'®. 1. Department of Ultrasound Medicine, West China Hospital, Sichuan
University, Chengdu 610041, China; 2. West China School of Medicine, Sichuan University, Chengdu 610041, China
A Corresponding author, E-mail: 1531442337@qq.com

[ Abstract] Objective To study the role of curcumin-mediated sonodynamic therapy in the treatment of
malignant melanoma, and to provide a new strategy for the treatment of malignant melanoma. Methods The ultrasonic
sound and vibration method was applied to coat curcumin with mouse melanoma cell membrane, thereby forming
biomimetic curcumin. The morphology of biomimetic curcumin was observed by transmission electron microscope. Flow
cytometry was used to analyze the effect of biomimetic curcumin in terms of in vitro targeting, apoptosis, and intracellular
reactive oxygen species (ROS) production. The in vivo experiment was divided into control group, US group, turmeric
group, imitation turmeric group, and imitation turmeric+US group, with 3 mice in each group. The in vivo safety of
biomimetic curcumin was evaluated by HE staining. In addition, HE, CD31, Ki67, and TUNEL stainings were performed
to evaluate the in vivo anti-melanoma therapeutic effect of ultrasound combined with biomimetic curcumin.
Results The biomimetic curcumin had a generally uniform morphology and possessed a core-shell structure. Flow
cytometry analysis performed with FlowJo showed that the biomimetic curcumin could be effectively taken up by
melanoma cells. The apoptosis rate was (10.30+0.61)% in the control group, (10.41£3.13)% in the ultrasound group,
(24.97£1.38)% in the curcumin group, (31.39£3.84)% in the biomimetic curcumin group, and (40.89+0.79)% in the
biomimetic curcumin and ultrasound combination group. The apoptosis rate in the biomimetic curcumin and ultrasound
combination group was higher than those in the other groups (P<0.05). The results of ROS flow cytometry showed that,
compared with the control group, the ultrasound group demonstrated almost no increase in the fluorescence intensity,
while the other groups showed an increase in the fluorescence intensity to varying degrees. There was no significant
difference in the fluorescence intensity between the biomimetic curcumin group ([1.10+0.38]%) and the curcumin group
([0.73£0.26]%) (P>0.05). The fluorescence intensity of the biomimetic curcumin and ultrasound combination group
([3.35+0.04]%) was higher than those of the other groups (P<0.05). HE staining showed no obvious abnormalities in the

morphology of heart, liver, spleen, lung, and kidney tissues in any of the treatment groups. HE staining showed the most
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significant changes in cell morphology in the biomimetic curcumin and ultrasound combination group, followed by the

biomimetic curcumin group and the curcumin group. No obvious abnormalities in tumor cell morphology were observed

in the ultrasound group. According to the respective results of CD31 staining, Ki67 staining, and TUNEL staining, the

biomimetic curcumin and ultrasound combination group had the largest brown area, the highest number of red

fluorescence, and the highest number of green fluorescence, followed by the biomimetic curcumin group and the

curcumin group. Conclusion The biomimetic curcumin displays uniform morphology, a core-shell structure, and good

targeting properties. When it is used in combination with ultrasound, biomimetic curcumin demonstrates a good anti-

tumor therapeutic effect both in vivo and in vitro.
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Fig 1 TEM image of curcumin (A) and biomimetic curcumin (B)
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Fig 2 Results of biomimetic curcumin in vitro cell experiment

Cur: curcumin; US: ultrasound. A, Flow cytometry diagram of the cell phagocytosis of biomimetic curcumin; B, statistical analysis of cell apoptosis rate of cells

treated with biomimetic curcumin combined with ultrasound (n=3); C, statistical analysis of intracellular ROS production in cells treated with biomimetic curcumin

combined with ultrasound (n=3); D, experimental results of cell apoptosis after treatment with biomimetic curcumin combined with ultrasound; E, experimental results of

intracellular ROS production after treatment with biomimetic curcumin combined with ultrasound. ~ P<0.01, " P<0.001.
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Fig 3 The HE staining of organ tissues given different treatments

The abbreviations are explained in the note to Fig 2.
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Fig 4 Pathological staining of the tumor tissues of different treatment groups

The abbreviations are explained in the note to Fig 2.
BOF T 5 O, AR 2 B B ) R P A 2 (2 5O B
HAysE 2, Kb A £ MR+ USHM S OO A R 2,

AEZERBEARZ, hEERZURETORE LT =
ﬁ%‘?éﬁo
3 e

SDTR UL AP H i — RS T 75 A BRI I 7L
3, BA RAFRHTIMRRCR . HATSDTHLRMN R R,
Horb, ROSHLJE LB AT BOBLH] 2 —, 2R S
FipIRE 414U G 75 R P RO, T SR b8 200, 328 30 g
TR HIN . 28 FRE MR PR UL —Fh R A2
W, S PO ) — o, B AR )22 ek i e, (HOK
PEZE | ARV R R R PR R TR, B 2518
B BMHORM R RE, BEFE A RAR I T ARSI | IR
B A2 A T 50 ACBIF SR FH [ U5 8
240 M R0 B 22 B BT U AR R TR, A Tl B 2 B R,
iy A0 M B P AL B AN R 7 T 2R AR, R T 12y
Pre i vk, MANE R SRR T Bk
WP AR AL BRI R R, ST e A ™,
XSS TEM /R (9 6L iR 40 Y 22 B R TP

SURHIEAE—3L

Annexin VJ&—FP55 B K EREIRZE & 8 11, S50
JIE Bk 22 2 B2 P S A oy £ 2% R g, RT3 ok 4 i A0 2 55 1Y
PS5 - NN MM AR LS 5, #F Annexin VARICHEGY
G 11 26 k= v 1 O i R e 1 08 287 2 S T RS
XEEDNARE LS G, I A s B2, IEH G LT I8
R AN, b T T s IR BT AN R O S R
PIATHE AN X DNAJEAT Y4 5, Annexin V/PIEKH, 7]
X A3 AL TR T B A, AR A i 53 B
SRR A 2 B R T R AN A T3 TR R R
2, RN 22 0 2 T L R A R T B PR IR T Y
RACRE s 200 S V6 8 T LA T 24 4 200 5 e, 3 T g o
THME TR, 5 DR SR B0 AR A R, ROR
HE—24R G, FEAMIEN T SDTYEDL IR SR LA K4
WL

ROS‘E—XEFHAMNITT. AHELE T, 4
5-OH. -0, . '0,. H,0.,5%, HAEAM (557 3 M e F5H 2R
FRAS T R IR AR, PR E B 9 A A i 3, L
ROSHY ™ 5 ERAL T sh AP, iz HLd g Tie, 51&
ROS#E Z2 5 D YIAT LG RPN I & Az, ROSAKF- TR



1164 PUN 22 (B2 )

5 554

23R EDNA . H K BERR A Ak, S R AR A g T
KRFER . AHfFoe LB SRR AR L, A R, %
R AL AN N P2 ROSI HEBIIE N, 5 LAAEAF 58 rh iR 38 1
F B F T 0 i 4 v 40 RN ADPH & AL i P #EROS 2
SR —BG i E RHARE W R AN ™
ROSHYFEHE N, A0 22 5804 Gei 2 5 3, #El 5 25 &
B[R] RN Wit BE A G, BR GBS J5 , D AR 2 s R Ly ™
ROSHY 31, 40 5 SDTHI ML Z — a5 R LN 75
HHER“ROSH X0

KA A 2 A MR 25 ) T I 24 Y o 5%
TFo ARBFFEWER RS IETT A/ N L L B il B4
LU AT AR A A B B ok 2R, SRR i AR Z R E—
ERE T, A RAFEY L4t A2 HEY @ 5
AN R +USH AL S B, HROE 54 2%
R, LEEA, SRR —3 . CD3ZIM
INKR BB 5T 22—, R R SRR RN B bRie ), B
FE IR 2L 4T (4 R385 IR A 2L A i AR KA OG, D AR
LW FE+USHHA Bk, BH NGB 5 7
A R R TT LURAF B0 2E W23, IR IR 2 21
8, B FR Y LR, SRy A R SR A T AT R
TUNELKIHEAH] & i 12-dUTPA] S5 2L DN A A
3-OHAUZE A, o Lo anm R e kAT,
I, TUNEL #6005 HIFHOMRE G RCR PR, At
R I W R+ USAL B H b 4 B B 2 i gk
I, PR A ZH R A S AT - DNARY G, HETT0
il e (4 AR K o Kie7 A T — P TR, e ik
SIE5E G, v LA 20 i 53 2439 58 i 1 0, AFI 2R
P 28 R+ USH HA DL 00k, R HA f58
T 4n I 5E i BE

ARSI AETE A SR B 5, AT % 25 A AT 50
E; HLvk, 22 5 BT L) 5 1 v i 2R R
)i, BRIE v AR PRI 2 HBZ ks AR A T3, 2550
IR R T

25 LR, AR (i A ZH R —, BA
FERZEE K, A R AP o BRA R S, B RAFRY
TR L SMBLIIR RCR F A ) 2 A, A4 RN
BEIRNRTTRAL R

* * *

YEZBRERRIL 200 0 ST B B MBI S 1F, v 55Ty,
IR G TR, B G TF B 5, A S S SR 4 B
FOrik, MBS SRS T 1ES AR RS SCRisE
ST, ELXP B R R AT IR 22 i, T [R) R AR A B A1 5 1l

Uik

Author Contribution RONG Xiao is responsible for data curation and
writing--original draft. XIANG Xi is responsible for methodology. ZHAO
Yicheng is responsible for software. QIU Li is responsible for supervision.
DU Fangxue is responsible for data curation, formal analysis, methodology,
supervision, and writing--review and editing. All authors consented to the
submission of the article to the Journal. All authors approved the final
version to be published and agreed to take responsibility for all aspects of

the work.
AR FrAEE L IR 2 5
Declaration of Conflicting Interests All authors declare no competing

interests.

2 % X #

[1]  VISNJIC A, KOVACEVIC P, VELICKOV A, ef al. Head and neck
cutaneous melanoma: 5-year survival analysis in a Serbian university
center. World J Surg Oncol, 2020, 18(1): 312. doi: 10.1186/s12957-020-
02091-4.

[2] LIMY,LEE J, LEE D Y. Is the survival rate for acral melanoma actually
worse than other cutaneous melanomas? J Dermatol, 2020, 47(3):
251-256. doi: 10.1111/1346-8138.15201.

[3] CONICRZ CABRERA CI, KHORANA A A, et al. Determination of the
impact of melanoma surgical timing on survival using the National
Cancer Database. ] Am Acad Dermatol, 2018, 78(1): 40-46.¢e7. doi: 10.
1016/j.jaad.2017.08.039.

[4} COIT D G, THOMPSON J A, ALBERTINI M R, et al. Cutaneous
Melanoma, Version 2.2019, NCCN Clinical Practice Guidelines in
Oncology. ] Natl Compr Canc Netw, 2019, 17(4): 367-402. doi: 10.6004/
jncen.2019.0018.

[5] CHAMPIAT S, DERCLE L, AMMARIS, et al. Hyperprogressive disease is
a new pattern of progression in cancer patients treated by anti-PD-1/PD-
L1. Clin Cancer Res, 2017, 23(8): 1920-1928. doi: 10.1158/1078-0432.
CCR-16-1741.

[6] XUMM, ZHOU L Q, ZHENG L, et al. Sonodynamic therapy-derived
multimodal synergistic cancer therapy. Cancer Lett, 2021, 497: 229-242.
doi: 10.1016/j.canlet.2020.10.037.

[7] OUYANGJ, TANG Z M, FAROKHZAD N, et al. Ultrasound mediated
therapy: recent progress and challenges in nanoscience. Nano Today,
2020, 35: 100949. doi: 10.1016/j.nantod.2020.100949.

[8] HEMY, WANG MY, XU T, et al. Reactive oxygen species-powered
cancer immunotherapy: current status and challenges. ] Control Release,
2023, 356: 623-648. doi: 10.1016/j.jconrel.2023.02.040.

[9] SONS,KIM J H, WANG X W, et al. Multifunctional sonosensitizers in
sonodynamic cancer therapy. Chem Soc Rev, 2020, 49(11): 3244-3261.
doi: 10.1039/c9cs00648f.

[10] XINGX J, ZHAO S J, XU T, et al. Advances and perspectives in organic
sonosensitizers for sonodynamic therapy. Coord Chem Rev, 2021, 445:
214087. doi: 10.1016/j.ccr.2021.214087.

[11] LIN X H, SONG J B, CHEN X Y, et al. Ultrasound-activated sensitizers

and applications. Angew Chem Int Ed Engl, 2020, 59(34): 14212-14233.


https://doi.org/10.1186/s12957-020-02091-4
https://doi.org/10.1186/s12957-020-02091-4
https://doi.org/10.1186/s12957-020-02091-4
https://doi.org/10.1186/s12957-020-02091-4
https://doi.org/10.1186/s12957-020-02091-4
https://doi.org/10.1186/s12957-020-02091-4
https://doi.org/10.1186/s12957-020-02091-4
https://doi.org/10.1186/s12957-020-02091-4
https://doi.org/10.1111/1346-8138.15201
https://doi.org/10.1111/1346-8138.15201
https://doi.org/10.1111/1346-8138.15201
https://doi.org/10.1111/1346-8138.15201
https://doi.org/10.1016/j.jaad.2017.08.039
https://doi.org/10.1016/j.jaad.2017.08.039
https://doi.org/10.1016/j.jaad.2017.08.039
https://doi.org/10.6004/jnccn.2019.0018
https://doi.org/10.6004/jnccn.2019.0018
https://doi.org/10.6004/jnccn.2019.0018
https://doi.org/10.1158/1078-0432.CCR-16-1741
https://doi.org/10.1158/1078-0432.CCR-16-1741
https://doi.org/10.1158/1078-0432.CCR-16-1741
https://doi.org/10.1158/1078-0432.CCR-16-1741
https://doi.org/10.1158/1078-0432.CCR-16-1741
https://doi.org/10.1158/1078-0432.CCR-16-1741
https://doi.org/10.1158/1078-0432.CCR-16-1741
https://doi.org/10.1158/1078-0432.CCR-16-1741
https://doi.org/10.1158/1078-0432.CCR-16-1741
https://doi.org/10.1016/j.canlet.2020.10.037
https://doi.org/10.1016/j.canlet.2020.10.037
https://doi.org/10.1016/j.nantod.2020.100949
https://doi.org/10.1016/j.nantod.2020.100949
https://doi.org/10.1016/j.jconrel.2023.02.040
https://doi.org/10.1016/j.jconrel.2023.02.040
https://doi.org/10.1039/c9cs00648f
https://doi.org/10.1039/c9cs00648f
https://doi.org/10.1016/j.ccr.2021.214087
https://doi.org/10.1016/j.ccr.2021.214087
https://doi.org/10.1002/anie.201906823

Ll S IR R SR ST E SR R SRR 7T

1165

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

doi: 10.1002/anie.201906823.

ALAGAWANY M, FARAG M R, ABDELNOUR S A, et al. Curcumin and
its different forms: a review on fish nutrition. Aquaculture, 2021, 532:
736030. doi: 10.1016/j.aquaculture.2020.736030.

SHANMUGAM M K, RANE G, KANCHI M M, et al. The multifaceted
role of curcumin in cancer prevention and treatment. Molecules, 2015,
20(2): 2728-2769. doi: 10.3390/molecules20022728.

PATRA S, PRADHAN B, NAYAK R, et al. Chemotherapeutic efficacy of
curcumin and resveratrol against cancer: chemoprevention,
chemoprotection, drug synergism and clinical pharmacokinetics. Semin
Cancer Biol, 2021, 73: 310-320. doi: 10.1016/j.semcancer.2020.10.010.
SOWA-KASPRZAK K, JOZKOWIAK M, OLENDER D, et al. Curcumin-
Triterpene Type Hybrid as Effective Sonosensitizers for Sonodynamic
Therapy in Oral Squamous Cell Carcinoma. Pharmaceutics, 2023, 5(7):
2008. doi: 10.3390/pharmaceutics15072008.

TABANELLI R, BROGI S, CALDERONE V. Improving curcumin
bioavailability: current strategies and future perspectives. Pharmaceutics,
2021, 13(10): 1715. doi: 10.3390/pharmaceutics13101715.

YANG D M, TANG Y J, ZHU B H, et al. Engineering cell membrane-
cloaked catalysts as multifaceted artificial peroxisomes for biomedical
applications. Adv Sci (Weinh), 2023, 10(17): €2206181. doi: 10.1002/advs.
202206181.

XU K, ZOU Y N, LIN C C, et al. Cascade catalysis nanozyme for
interfacial functionalization in combating implant infections associated
with diabetes via sonodynamic therapy and adaptive immune activation.
Biomaterials, 2024, 311: 122649. doi: 10.1016/j.biomaterials.2024.122649.
HAN'Y, ZHANG H, ZHAO H T, et al. Nanoparticle encapsulation using
self-assembly abietic acid to improve oral bioavailability of curcumin.
Food Chem, 2024, 436: 137676. doi: 10.1016/j.foodchem.2023.137676.
OMIDIAN H, WILSON R L, CHOWDHURY S D. Enhancing therapeutic

efficacy of curcumin: advances in delivery systems and clinical

[21]

[22]

(23]

[24]

[25]

[26]

applications. Gels, 2023, 9(8): 596. doi: 10.3390/gels9080596.
XIONG J, WU M, CHEN J, et al. Cancer-erythrocyte hybrid membrane-
camouflaged magnetic nanoparticles with enhanced photothermal-
immunotherapy for ovarian cancer. ACS Nano, 2021, 15(12):
19756-19770. doi: 10.1021/acsnano.1c07180.
RAOL, BULL, CAIB, et al. Cancer cell membrane-coated upconversion
nanoprobes for highly specific tumor imaging. Adv Mater, 2016, 28(18):
3460-3466. doi: 10.1002/adma.201506086.
YUAN HM, ZHANG L Y, MA T, et al. Spiky cascade biocatalysts as
peroxisome-mimics for ultrasound-augmented tumor ablation. ACS Appl
Mater Interfaces, 2022, 14(14): 15970-15981. doi: 10.1021/acsami.
1c25072.
AN X Q, YU W F, LIU J B, et al. Oxidative cell death in cancer:
mechanisms and therapeutic opportunities. Cell Death Dis, 2024, 15(8):
556. doi: 10.1038/s41419-024-06939-5.
TORRES-CABALA C, LI-NING-TAPIA E, HWU W J. Pathology-based
biomarkers useful for clinical decisions in melanoma. Arch Med Res,
2020, 51(8): 827-838. doi: 10.1016/j.arcmed.2020.09.008.
SIMON L, ZINT A, DYACHENKO A, et al. A systematic review and
meta-analysis to determine the effect of sperm DNA damage on in vitro
fertilization and intracytoplasmic sperm injection outcome. Asian J
Androl, 2017, 19(1): 80-90. doi: 10.4103/1008-682X.182822.

(2024 - 03 — 14Mi(Hs, 2024 — 08 - 24 7))

4l A Ak

FFRCIRI AR SR RS 2 B A Ak Rl
4.0 bR AT PHL(CC BY-NC 4.0), P4z B %1

https://creativecommons.org/licenses/by/4.0/

OPEN ACCESS This article is licensed for use under Creative Commons

Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more

information, visit https://creativecommons.org/licenses/by/4.0/.

© 2024 (DU R2F2EAR (BE2ERR) VoS

WA

Editorial Office of Journal of Sichuan University (Medical Sciences)


https://doi.org/10.1002/anie.201906823
https://doi.org/10.1016/j.aquaculture.2020.736030
https://doi.org/10.3390/molecules20022728
https://doi.org/10.3390/molecules20022728
https://doi.org/10.1016/j.semcancer.2020.10.010
https://doi.org/10.1016/j.semcancer.2020.10.010
https://doi.org/10.1016/j.semcancer.2020.10.010
https://doi.org/10.3390/pharmaceutics15072008
https://doi.org/10.3390/pharmaceutics15072008
https://doi.org/10.3390/pharmaceutics13101715
https://doi.org/10.3390/pharmaceutics13101715
https://doi.org/10.1002/advs.202206181
https://doi.org/10.1002/advs.202206181
https://doi.org/10.1002/advs.202206181
https://doi.org/10.1016/j.biomaterials.2024.122649
https://doi.org/10.1016/j.biomaterials.2024.122649
https://doi.org/10.1016/j.foodchem.2023.137676
https://doi.org/10.1016/j.foodchem.2023.137676
https://doi.org/10.3390/gels9080596
https://doi.org/10.3390/gels9080596
https://doi.org/10.1021/acsnano.1c07180
https://doi.org/10.1021/acsnano.1c07180
https://doi.org/10.1002/adma.201506086
https://doi.org/10.1002/adma.201506086
https://doi.org/10.1021/acsami.1c25072
https://doi.org/10.1021/acsami.1c25072
https://doi.org/10.1021/acsami.1c25072
https://doi.org/10.1021/acsami.1c25072
https://doi.org/10.1038/s41419-024-06939-5
https://doi.org/10.1038/s41419-024-06939-5
https://doi.org/10.1038/s41419-024-06939-5
https://doi.org/10.1038/s41419-024-06939-5
https://doi.org/10.1038/s41419-024-06939-5
https://doi.org/10.1038/s41419-024-06939-5
https://doi.org/10.1038/s41419-024-06939-5
https://doi.org/10.1038/s41419-024-06939-5
https://doi.org/10.1016/j.arcmed.2020.09.008
https://doi.org/10.1016/j.arcmed.2020.09.008
https://doi.org/10.4103/1008-682X.182822
https://doi.org/10.4103/1008-682X.182822
https://doi.org/10.4103/1008-682X.182822
https://doi.org/10.4103/1008-682X.182822
https://doi.org/10.4103/1008-682X.182822
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	1 材料与方法
	1.1 主要实验材料
	1.2 方法
	1.2.1 仿生姜黄素的制备和表征
	1.2.2 仿生姜黄素的透射电子显微镜检测
	1.2.3 仿生姜黄素体外靶向性的验证
	1.2.4 超声联合仿生姜黄素体外抗黑色素瘤细胞效果验证
	1.2.5 超声联合仿生姜黄素胞内产ROS的检测
	1.2.6 小鼠黑色素瘤皮下瘤模型的建立
	1.2.7 超声联合仿生姜黄素体内抗黑色素瘤细胞效果验证
	1.2.8 统计学方法


	2 结果
	2.1 仿生姜黄素的TEM检测结果
	2.2 仿生姜黄素体外靶向性的验证
	2.3 超声联合仿生姜黄素体外抗肿瘤效果
	2.4 超声联合仿生姜黄素对肿瘤细胞内产ROS的影响
	2.5 超声联合仿生姜黄素体内安全性评估
	2.6 超声联合仿生姜黄素的体内抗肿瘤治疗效果

	3 讨论
	参考文献

