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Study on High Intensity Focused Ultrasound Synergism and Ultrasound
Imaging Technology in Vitro

HE Kunyan, HAO Lan, RAN Haitao, WANG Zhigang, ZHENG Yuanyi
(Institute of Ultrasound Imaging, Ultrasonic Department of the Second Affiliated Hospital, Chongqing Medical University,
Chonggqing 400010, China)

Abstract: The fullerene nanocapsules of liquid perfluorocarbon (PFH-Cq ) were prepared by using the phacoe-
mulsification extraction method first. Then each group of sample was observed the ultrasound imaging after ablation
of high intensity focused ultrasound in vitro. In addition, the degassed bovine liver in vitro was directly injected into
normal saline,C¢, solution or PFH-Cq, separately before HIFU ablation. After HIFU ablation of same parameters,
the gray changes of irradiation areas and coagulation necrosis in liver were observed. The results of experiment
found that PFH-Cs, can enhance HIFU ablation and ultrasound imaging in vitro,and the PFH-Cg ultrasound ima-
ging in vitro was echoless, but after irradiated by HIFU (certain scope of parameters), it got an echo enhancement.
After proceeding HIFU ablation, compared with group NS and Cg, , group PFH-C4, showed significant differences in
gray change values and squares ( P<{0. 01), also whose volume of coagulation necrosis became larger (P<C0. 01).
The research indicates that the prepared PFH-Cg, nanocapsules have the functions of ultrasound imaging and HIFU
synergist in vitro.

Key words: high intensity focused ultrasound(HIFU); synergism; imaging; PFH; fullerene

RT 28 R4 CBESHME NG . R, EH
PEHALERIBF . AHERBALBTFHES
RAEREIWE, M HIFU ®IGT 8 R . K25
FR 5 HIFU 33057 T 3 it K A pE &

0 5%
EREREEA (HIFU) £EAERE L BRI

RAME R E R E AR, R AR R AR

B A EEERRETHRAMEHARAN, B2

B 5 B BORE . 25 A 3 B A BILAR AR O R A AR A R
R R , SR A R AR R AR
BE B PEIRSE » H 8B A R R RIR AL » B AT E R ) AL

1§ %8 H #9 : 2013-04-09

Vi, B, FAXERWERBERC L& (PFH) &
EEE, BE T — R HIFU #3245 Kk 3R
B A THRAAZER P SRR T HEM HIFU K&

ESWH:ERXRERBEESEME (No. 81130025;No. 81071157)
fEEE A M A987) , L, ERBFAN LA, FTENEBESTHGEBSELTIET A . Email: kyxb99@163. com , 5
e 2 (1964, L, W2 MA LB . BLE, TENENBREFIHHF . E-mail:lanhac5@163. com ,

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

632 E B 5 5B X

2013 4¢

FHERRR.

1 #HEF&

1.1 HESEHRESHHFHARNH &
1.1.1 #5108

HEABEEEHENE 2% B BARKE
# O (PFH, 4+ F3% . F14C6, ¥ /5 2k 58~60 'C) %
E B F R (FAL004N, F¥) 78 7 P 4b 3
A (VCY-500C, E¥) . @& #E O HL(TG18, F LAY
).

1.1.2 #I&F%

RABEAAE LS, BEEBHNE HHE
B8 K 100 mg BWHET 10 mL JREASECH 2570 2
B REMA 4 mL WK PFH, A FRY
XT3 50 W EHR 410 s, BRI LR ERBR . FHE
RERE 12~24 B ERABBRREERE L. HE
10 000 r/min, B> 5 min, &KL E LUK
£33 BB BAYKRREK, KET BRI,
WE 4 CHKBRA.

1.1.3 PFH-Cq, K RAR H A 4 )

KR B K Zeta B 7 43 B {Y (Zetasizer Nano
ZS90 , Malvern) #: 3l FoRr 42 K /N a0 A KR T B .
1.2 BEGIMESR

H—RIIRFEEE K PFH-Co BB K Co BB
(EHEKABFRDBEAEH EP BN, DA K
fERZs Xt EE ., SRS JC200 & HIFU ¥ 58, H 8 £
BE. % EP HEB A HIFU RLRENMNE, NAAFRF
IHER (200 W 1 400 W) 4RI REEE 0.3 s f1 9 s,
R4 HIFU SERATEMES BEE .

1.3 HIFU #35 g 4w

HAEBEAKEAEHEZL(EPXEN-RH
JC2o0 B HIFU {2 . & . % EP S8 A HI-
FUHELXRENE, MARRFIHEC W,
150 W, 200 W A 300 WH4-BI A KIER 0.3 5.6 s,
O 540 18 s HIFU R H AR EE 8 AEH
EAFEREEE.

1.4 PFHC,~EHHEREPNEN

WA R ¥ BE i PFH-Coo %8 W (Coo ¥R E 43 51 A
4.8 mg/mL #1 9.0 mg/mL) & Coo MW (Coo IRE N
9.0 mg/mLYEAEH EP ERN(WAEEXBER) .U
AEEEKIERE G, RA JC200 & HIFU Y
BLOFBER. S EPEEA HIFUBRLKREMNE,
BRI A 6] 75 2h 38 (200 W 1 400 W) 43 ) Bk 48 IR
3 s 9 s, RE HIFU IBHATER EP B B4 A .

1.5 {k5hE3% HIFU X3

BRI FE T 0.9% .37 CABEEB AT
FHR PR 30 min J5, LR SER A JC200 BIR A48
FMEBTRA(EREBRERAERATD . R4+
FF(12 emX8 emX 6 cm) B T B H N4 R F BE & 75
AP MRKBEEFIFMA, 1 mL PFH-Cy, (Ce
WERHN 9.0 mg/mLDEREABRSIFF. HHA
LA HIFU 75 B &S ad i fs, 41 )5 BP L HIFU
BHROFUMAR TR SAEE K. Co X, HRH
HE ) 48 B & 14 (250 W/10 ), SRS RIS MRS
BT RSRENZL, A FERNBE AR R FIH
ISR AL X, [ ER B 3t B K AL E R
REARALAE » 3k & 458 BAT S KA L B L, 7
B4, R R F 2GR KRB, WEHIHTE
EXEBEESFEIMREIERV, B V=a(KXFEX
&) /6,
1.6 #itZEHE

R H SPSS17. 0 i it B #AT S i o by, &3t
ERHUHR I REERERR, ZHHEE LBCRH
BREFENN,BREER P<0.05 Y ERESIT
=59
2 4%
2.1 PFH-C, 4 kIR B

DA KB #)G, PEH-Co BB W E TR
1R AT B IF B B4 2 Malvern BB
BRI H PFH-Co 94K BRPHE R A J(653. 7+
107.9) nm, k243 L, Zeta B AR (—10. 6+
12.9) mV, @& 1 iR,

Bfeim 3RS Rdom

FIHEnm:653T #1705 8 940 2539
SATHESL0300 B2 1627 42 31.23
_ o HE0I0 33 5407 1.8 3046
o . - N 't
a1 16 100 1000 10000 00000

B 1 PFH-Coo 4y KIRBLAZ S0 B
2.2 BEKIINBGIE
B 2.3 ks BB R, HIFU 38 B, Ce
4.5 PFH-Coo H KA 3K 41 NS # 8AK [ 75
HIFU 85, E 5 ¥ 358, PFH-Co A 8 Coo X 4
HE K AR E T, B Cs ¥ FE# K, HIFU 14
RN R R B I B R
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2.4 PFH-C,FEEREMNEHAEN

HIFUE R .S EPEHABHYSE2XR.
HIFURHEE A BEEAHYS CABRERBIL
BB AT 2 A AEME PFH- GBI P4
HHE FRERERL A EREWEMELE£. B
FEAENE A, B AR o e B
HEHE, HIFURERE . DA FHHE PFH-C. B
WA AL R . 200 WD s 400 W3 sy
400 W9 s, EMEHERT. 250 Wolo s ) HIFU SR
PFH-C.. Bt ] =k PR g T 330 R .
2.5 fRHhEM HIFU 3R

HIFU#@fE . SEEEFEXEREE. 5SHAE
HASRER. B 5 H HIFU BRI ASHE R
B, Ed . BmRSHHK 250 W/10 s, REAH LR
BEKET{LERE. I HTERES{ME. PFHC,
HMEETHEEAE A THMFA. B 6% HI-
FURHEESMHEFERE#HE. AE 5.6 T3,
ERLFEEREA I ERAHFARESE T, 84E
HIFU g B 54 R E B E A

(h} PFH-C (O, % (e) PFH-C,,,(C, 5
BE294 E mpiml) 590 me'mL)

B2 AR Co¥EH PFH-Co XA KBEE BB E

(2) NS (bh Coo [CoifE R (6) PFH-C,,{C,. 3
9.0 mgmL) EEhon mmg‘mL]
E 3 *ﬁ Iﬁj C-:%EEH)Q P?H_Cﬁ: s&ﬁiﬂﬁﬁﬁ%i%@

2.3 HIFUSARNER KR

H 4k HIFU #ug i 8 B 4. f B A,
AWEAREZ HIFUEES HEEHMERES
EME AT AG. BEHSHER 200 W9 s
At S IER AR BN 57 C300 W0 s B2y 63 T
BT HER 5 83 HIFU L3 BT A HIFU 5
W4 250 W0 s, irr=4£ MMM R RS B
PFH Mt 5 .

{e] PFH-C,, HIF VR I (f) PFH-C,,, HIFUAE B 5
BH5 HIFU Bl RER=EE

3 1
B {2y NS
B 4 HIFU $3 87 B9 I8 B MR
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{c} PFH-C,,
B 6 HIFU 58 RJ5 & 458 B SR 7 iR
(B 3k BT 7 Ry B PR SRFE XD
F 1 A HE RS RKEZD L KB E IR 504
R, HFEAFE N, PFH-Cy, 28 5 B 4 35 5 R B2 4 3
BAKH Co H B MOGREME P <0.01), 1
Co HHEEHEKAUBER G T HEB L (P>
0.05),
1 AUBRERXEEXARRE R
FAGLRCEBRFAE n=12)

R E AL #E [ P R 50

ZE SR RERAE A/ mm?
NS 89+7.79  44.331+5.91 374.91%19.78
Cso 110+11.43  82.67+11.15 451.11428. 47
PFH-Cs 169410.23  113.67+3.09 602.83+29. 95

¥+ 5 NS 4 b8, PFH-Coo 8 HIFU $8 85 % B 2 AL AR IR
75 AR O B R B PR B B K, P<<0. 01; Coo 155 NS # b
#,P>0.05,
3 Wik

PFH BB SRR F B S i —F, K
MR 58~60 CU, ISR L BA R A&
BE R E BRSNS SEEY ., AEs
TERBARN R BRASEBRMHTHEERERY,
T 32 505 2 8 4% 250 W/10 s i HIFU 2%, £ &
BT HIFU #3007 il 45 i & 7T 35
FAPFHHBAZMENGR. EEFERP. BT
FEHRAES R A% #% 08 B R [F) 75 BT A9 e 3 5 T B
EZAEESREE RS (EF), PFH-Co B E
HIFU g )5, F S {55 0 B 5% H fh 41 3658 , X 7T B
5 HIFUERAEEZE S PFH MHEZRME, R
HPFHCo I ARFZE TR MWENMHX B
PEH-Coo 41K BR AT 38 i3 Bt AR 40 4R 75 37 5% D) 3 3R 4 X
WEERTIRZX S HIFU ¥ EK. BETAAS
BRI 2 W R A TR O, R S ] B R A A

LiEASRAREREFAHFRED ATHEES
Bk HE R ERIR B4 RSB SR DR AT
BRI RS A, REQEF AL HG. E ).
B ey HIFU 88 800 70l R el P 2 PRY- . %
TH . FEIHAEFNOR AEIAREEAEHE,
£ HIFU fER FrE Sl 23 SHH R F A E R
FER EH SCFE A M HIFU B3RD- . 23X Bl
HEE AR ARSI E YRR T ER
H—F @ EIA HIFU 8300 . —F ™, PFH-C. &
EAMBER, X R FREBRAFIH NER
REMY s 55—, 2 HIFU 48 B3 X i, PFH-Co &
A SRR S R 4 R BR G AL DR B8 - B ) AR 18
THEYUR, F MK HIFU, 5+ BB =
B, MR BAEEFE . o, B AR
£ HIFU BB AR RN BEEIRIEE SR LA
B » BEBEA R Bk 58 S B B MR IR S , 6 0 1 5 BR
RFE—~“R7R—“H 7R PR E IR
HIFU 18 M e — 2 i, BEE AR i, T 8 =
MEAYEEE, MEIARXLRH PFH-Co 54
BLh K 4 R Coo A Xt LR 3L, 72 48 [F) 58 MR B 6] I 75
BT L.EERT =M EEEIRILX, # Al LIk PFH-
Coo BA B 383 HIFU BIER . ACERIE Co
REB R RE SR AV LML, RE ) E KM
AR EE. R ERSHAK PFHE S, A8
il & —Fr B AR R BT A HIFU $3GH
4 BRE
AR SRS PR LK 57 ) PFH-Cao 1K
BREERENL A TS BRI AT, F o X HPIEE T
Hxt HIFU T BRA RIFRSMER. AT —$%
BHF SR T HIR K, 5 HIFU BIF AR K
I — B PRI E T K K Al
BE Nk
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