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Inhibitory role of ABCG2 on the lethal effect of sonodynamic
therapy on glioma stem cells: An experimental study

XU Zhong-vye'*, LI Xiao-qing®, CHEN Wei-fu', CHENG Yuan'. WANG Zhi-gang®”
(1. Department of Neurosurgery, Second Af filiated Hospital of Chongqing Medical University,
Chongqing 400010, China; 2. Department of Ultrasound, Cancer Research
Institute of Chongqing, Chongqing 400030, China; 3. Institute of Ultrasound
Imaging, Chongqing Medical University, Chongging 400010, China)

[Abstract] Objective To explore the inhibition role of ATP-binding cassette transporter G2 (ABCG2) on the lethal effect
of sonodynamic therapy (SDT) on glioma stem cells (GSCs). Methods GSCs were isolated and cultured from glioma cells
in the suspend culture medium. The expression of ABCG2 on GSCs was analyzed by flow cytometry and immunocytochemi-
cal assay. The exocytosis of ABCG2 on Photofrin were studied by ABCG2 specific inhibitor fumitremorgin C (FTC). The
reactive oxygen species (ROS) production. cell viability as well as cell apoptosis were measured to assess the effect of FTC
on SDT. Results GSCs were successfully isolated and cultured, on which ABCG2 was overexpressed demonstrated by flow
cytometry and immunocytochemical assay. FTC could effectively inhibit the Photofrin excetion caused by ABCG2. FTC in-
creased ROS production through inhibition of Photofrin excetion, which lead to the enhancement effect on SDT-induced cell
viability reduction and apoptosis increase. Conclusion The overexpression of ABCG2 in GSCs results in efflux of Photo-
frin. ABCG?2 specific inhibitor can improve the lethal effect of SDT on GSCs.

[Key words] Glioma; Tumor stem cells; Sonodynamic therapy; ATP-binding cassette transporter G2

ABCG2 & B #l# 5= 3h 178 97 33 4K 4p
BRERETHBER5G1ER

XS AN FE AR A2 !, AN
(. ERER KR BB /MR R 40001052, HBR 1T MR B 52 T fE 75 BL L BEER 400030
3.EIRERI K F A B F WA K 400010)

[ ZE] B# HIT=#REF4ESA%EE N G2(ABCG2) X7 31 J138 97 (SDT) 2% 47 1A 40 5 J5 98 1 21 il (GSCs) fY
S KA . ik DURTREE SR A R A0 v A3 B AN 3R GSCs s U240 M AR | B 38 9% 6 20 i Ak % e €805 1k 4 BT
ABCG2 % 7E GSCs F 33k ; F ] ABCG2 5 4% 5 M B BT ) Fumitremergin C(FTC) 43 Hr % 40 g 4 75 45 Photofrin
A M HEVE A 5 380 30 A0 40 Y ROS 7= 5t AN A7 3 R AU A T2, 40 01 FTC % SDT JRIF ORI, &R I
MBS T GSCs; ABCGZ  ATE GSCs [ ik ; FTC nl il ABCG2 % 4 i fis 4 Photofrin i AMHEME F; FTC 3@ 2o £ i
ALY Photofrin A4k B 1M $ 7 40 9 ROS By 7= &, b M 4 38 SDT S B MIBFm R FFEMAT-RABEM. &it
ABCG2 I 7E GSCs L ik ¥ ABCG2 & (A 8 2594 HEME AT 42 7 SDT X GSCs MR A5 1EH .

(kgm0 M TA00E 7 8h J3Ry7 s SRR T 4 5 &2 E N G2

[(FESES] R73-36; TB559 [XEAARIRE] A [XEHS] 1003-3289(2013)05-0673-05

[(HE&TE] HEE LI &R 973 HRD T H (2011CB707900) | 8 P T AR J& BE 2 BFBF151 (2012-2-065)

EE R RAMEAQ977—) B T TR T, FIE . BF5E 07 1) B BB A9 4583697 . E-mail: xuzhongyel977@163. com
CEWRAESE] TaENI, 5B BE R RS 5 5 R - 98 BT, 400010, E-mail: wzg62942443@163. com

[ B 2012-12-20  [fEEIHHA] 2013-03-07



o 674 ] 2 2f 52 1R R 2013 4E56 29 326 5 8] Chin J Med Imaging Technol,2013, Vol 29,No 5

7 8l 713897 (sonodynamic therapy, SDT) & i 4
R TR Y — ol e R VR Y B ARl S SR A R A RO SR AR
ERREE IS NSRSl B ara o = S ) OR= A URTR G =
Y Jfi (reactive oxygen species, ROS) , M1 8 [a] 5% 15
B 8 A 1 iR A L Bl A g R L SDT
AR SRR YA 880 1 102 5096 200 1L, LS 52 el 9 )
TEH 2 15 SDT M BUg 1A J7 Skl a8 52 %
. BT 4 il (glioma stem cells, GSCs) & JIK i
Jed PN ELA T 240 LR P ) B, R A /D R A
JUE J5 938 T BU AR Je W ol A4 L, 0 2 0 P M S 9
57 AT AU AR A S R B RTAR 2 %38 DL
WITHANM AT R EE R TET R, 5
I 5 968 40 LM L, GSCs % SDT A R fE ™, = ok
2 B 4t & & F5 18 8 1 G2 (ATP-binding cassette
transporter G2, ABCG2) BfFEET LR T4 i —
it BLAT ISR AL & W (22 05 B50R)) SN HRVE T R B o 1
HA. AFRHEW ABCG2 HF1E GSCs iRk K
HX SDT IRYT iR
1 #MRERE
L1 APREAGCGR 6 BT o8 40 A AR S 58 = R A7 40
A .DMEM/F12 4010 55 5% 9 . N2 40 g 55 77 e . B27 4
JHL 3% 55 W B 41 4 28 i A 4 R F (basic fibroblast
growth factor, bFGF)., # & 4 K K ¥ (epidermal
growth factor, EGF) . A F 1L 1) il Kl ¥ (leukemia
inhibitory factor, LIF).2', 7 - &%t W 2 Wz 3
(DCFH-DA) . ABCG2 & H #¥ 5 5 B W7 57 fumit-
remorgin C(FTC), MTT, Photofrin ( 7 £ 7] , M} Bk 475
DT Sigma 24 7], FITC 458 #) ABCG2 #it th F1
CD133 $i4K My F Santa Cruz 28 &, TRITC —#H; W F
JEst A2 4 WL FITC ARid B9 TUNEL #1246 ] 20 5
& 4T Roche A7,
1.2 GSCs WIRSNG IR K 2 7
JHSE J %8 440 B LA 1< 10° /ml 5% J&F 452
FhF DMEM/F12 K5 3% W (&
20 pg/L EGF % bEGF.10ug/L
LIF, 1% N, 2% B27) & iF 5
I B 3~4 RIW—K, 7 K&
R—W., Bt 3 wE M
SO B BR ) A R B AN R R
4C N 5 FITC #rid 9 CDI133
(GSCs F5 5 PR BT AR 5 YD) BTk
I H 30 min J& » AU 2 41 M A

1.3 ABCG2 HHFRMHT XEFERKNG“YEER”
11 ABCG2 ot du il fb 2% 4 5, ABCG2 —Hi iy fif
FHHEE R 121000, %Y 45 (4 40 B /7 DAPT & 44, F
OG5 A B T W8 ABCG2 K I 223k s “ 4i
L3R 53 25 B SR A M B S L 4°C R 5 FITC #rid 1Y
ABCG2 HUEMF 30 min. L 24K ABCG2
AR,

1.4 23#r ABCG2 % 4 %} Photofrin FIAMIEME T ¥
GSCs LA 1X10°/ml % BE 440 T 6 fLAR P . 855712 hF
A3 RNt BE2H | Photofrin ZH 1 FTC 4H. Photofrin 20 40
JF Photofrin &k BE A 20 png/ml Y15 27 K A ik % %
#H 6 h,FTC 40 T FTC &3 10 pmol/ Lk 5
FWHE 1 hJ5 . T Photofrin &N 20 pg/ml
B SRR R . WA A A AN 58 4 2R B s
WL LA S0 B T A I W' B 8 R N R K
R 403 nm F1 625 nm., M3 b ofE 2R 5T 40 e Y
Photofrin & &,

1.5 FTC X SDT iy EH A m  # GSCs DL 1X
10°/ml% BEHAN T 6 FLAR TP B 75, 40 5 4l X IR
2 it B R R AR B, DL 1.0 MHz,
0.5 W/em®Foi, 48 B4 i 1 min; #7548 | + FTC
HL AT FTC &KW E N 10 pmol/L B H# W HIEF
1 hJE 47 8 75 5 B (SR ED s SDT 397 41 il A Pho-
tofrin ZHR K 20 pg/ml BIRE R . HOEEHF .6 h 7
17 M5 5 IR (S 5R AT s SDT V87 +FTC 41, 4 T
FTC &R 10 pmol/L B FRW T HEH 1 h J5 #-17
SDT JGY7 (S EE D .

1.6 AHMIAFTG 20T SR MTT 43 51 4i i A7 3%
T A I AN, A 2 X 10" A/ L % R T
96 LALLM A 5 ul MTT, & T 37°C.5% CO,
BT EALNG . B0, 7R LHR.IMALpl =

150 p
125 F

100 £ P2=97.3%

LRI Rl Ok

102 10° 10¢ 108
A CLED P

Bl 1 GSCs HAMEFR K% Al B RN GSCs &7 AE KB L ISR T A1k ™ (X 100)

B. A4 AR 78 CD133 fHMER L (P2:CD133 FHMELN AR

M CD133 ik,



[ BE A AR AR 2013 4E58 29 %5 5 ] Chin ] Med Imaging Technol,2013, Vol 29,No 5 . 675 -

FH LA ¥ 5 min, W FHEEFR 1T 490 nm P A0
FE £ LG B H (OD B , AR 48 A o M 26 20 A7 20 i A7
HIEDL

L7 AT or b &S A M4k 2 i 5% 12 h
Ja L 4% Z R PR E ,PBS w5 min 3K.0.1%
Triton X-100 E &P F 5 min 5. 5 FITC kric 1y
TUNEL a5 37°CHEHE 1 ho47 DAPI 3 )5, T
A IR A B TR T SR

1.8 ZHML P ROS #HXF 7= & 43 #r
Mo, kO & MF R T O37C TE
DCFH-DA ¥ & ) 10 pmol/L
R P A 3 h. PBS b ik
S o Lot 2 4 AR SGEE AT A I L 3 A
WK A 488 nm, &SI K N
530 nm, W H] Cell Quest 3.2 #&
R E AT B0 2R 4 F0 43 BT . ROS A
Xof 7= Ol e 3 0, 5 11 440 i K
5 R A Mg 2 .

1.9 Zit2 i >k SPSS
12. 0 GEit3 k47 40 B, it 58
Bt s Fom, 4l HECR
FHERPR 2R J7 22 43 A, 9 28 1] L 3%
FH cKE, P<0.05 HERHAH
Gt X

2 &R

2.1 GSCs RSN F5 ) S 5E

52 S5 96 400 b B IR 35 5 T RIR IR
P A 2 80T A i L A e
JEIRE T 4 Bk (B 1A 5 3 =X 4
AL A 00 A < g Jo 9 T 4 i R
rh Y 4 M 2 K 22 %0k CD133 [
PEARML ., 75 & GSCs F e 552 24 45
HE 1B, 150

W gE b ik 2% 4L

M JE Photofrin, FTC + i 41 41 ifu N Photofrin &
1 W] 2 % T Photofrin 41, 43 %I}y (0. 8940. 13) ug
(0. 3240. 07) ug( P<<0. 05),

2.4 HMAFTERANIE T (B 3.4) B BBk E AR AT
R TG A0 A7 06 R P Am IR S5 | 5 R R+ FTC 4]
L AE NG SR TG B 25 5, A 10 pmol/L FTC Xt 4 g
FEWG R TG 52, R A AN 0% FTC PR 4 i
BMAEM . 5875 R4, SDT G397 40 SDT
BIT FFTCA b 40 i 77 7% R ¥ B T %, A SDTR

80
80 um PR
BJ

80 pum %\

80 pm

80 pm 'I. @

2.2 GSCs |1 ABCG2 % 15£ 1k 125
SEHT DO G A Ak 2 G ik gmﬂ B2 GSC b AKCG2 £
3] ,“ w3 JB é }‘*” E\ g s P2=95.4% SLS
E” Hj"ﬂ'ﬂm mﬂ’i@‘* ik /ij( T 7 22 i B I PR T 40 Bk
ZHANN y ABCG2 FH 1% 41 i B o DAPI % f2.(A)  ABCG2 % [1 3 4
(F 2A~D); Fi 240 j ASCR: il g = (B AT LB (C) B = % i &
TEW R T A ek b kB sy P IR (D) W3 41 A (E) 7R AB-
M ABCG2 FH M 248 M (& 0 CG2 FHTE£E (P2 ABCG2 FH

10° 107 10 107 M 40 )
2E).

e S AH R G %

2.3 FTC % ABCG2 % 1 %t R D

Photofrin B SN EAE T X IR 21



« 676 - i E BE 2R R B R 2013 AR5 29 #2585 5 8] Chin J Med Imaging Technol,2013, Vol 29,No 5
100¢
100 - FEEHL
80 =
=+ = L
% 60 e ® o sttt
"E 40 **I-‘t#& :-;E]- or
T
20 207 * *
. P %— -l&. .‘:'1& ‘['R'\'
0 LS t\\ I x A v}ﬁf& N C* it O
\‘\K @;“% )(?"(J S t"“H k‘?"c‘;\ Lk -@{‘95&‘ : \g{\,)f < 50" & it X ¥
@«{s\“‘@ Y ff‘\{ 9 %\ﬁ/ K SQ'VKA 9
B3 ZfEsR SRR E, « P<0.05, % x P<<0.01; # # . 5 A M4 i, P<0.01;&. 5 SDT A7 4 H &, P<<0.05

B4 QBT OEE SXRA LA, « P<<0.05, % * P<{0.01; # # . 5 AR AH L, P<<0.01;&: 5 SDT {AJ7 4 % . P<<0. 05
150 150 g 150
125 F 125 F 125 E
100 | %100 | #100 £
2 P2 2 75k P2 2 o5k P2
- ST E 5L -
= = S0F = 50 F
< £ 2k ‘ T 25§
TV Ao T TP 0 h el b saddasaal. 0 k bl Adaedon o i b b
10° 10° 10¢ 10¢ 10? 10° 10¢ 10° 102 10° 10¢ 10°
o Gz @D o Gz @@ YosErEAatE Gz €9
150 150 ¢
125 F 125 F
100 B =100 E B s agni AR S pr iy ROS 7= &
=) ps C
& 5E _ P2 Bt P2 AL RIRAL; B B R BRAL; C. 7 4 I
*;_:; 50 ;; 50 £ FTC4l; D. SDT &7 41; E. SDT W97 +
T L E = B E imlll FTC 4 (P2:ROS FH¥:40 )
0k 0 E
108 10° 10° 10¢ 108 10° 10° 10¢
OB ARE Gy €D SRR GEs)  ED
S HETC AN A0 A6 3 [ (22, 47229. 64) 1o JHI 8 —
T SDT VA YF4H [ (48.3547.83) %, P<<0.05], #& .
7 B0 TR 75 R FTC 77 3 5 20 M 0 v 'y
\ “ N —~ 4}
HE T B2 5. SDT fl SDT+FTC 47 1 15 £
MM T-AE . SDT 3897 44 40 M 97 7= 2 K (66. 71 £+ § 2t
10.31) %, SDT # J7 + FTC 4019 41 f J8 T % % o %ﬁ ﬁ —
(36.56+8.07)% (P<C0.05), F W SDT & J7 % PR %@@"3‘ Wﬁ" Som‘f‘ s ¢
GSCs FLAT B 0 7 13400 L FTC 77 90 B 48 75 ik g N (6]

HITER

2.5 ZHMIPN ROS AAXT ™ & 4387 (& 5.6) 5 XTI
AH LE 88 75 48 BRI A R I FTC 4 4 i iy ROS
PR G AR A L i SDT 397 Al SDT JR97 +FTC
A ML N ROS 7= i ¥ B 3 in, H SDT 697 +
FTC 441 a8 ROS 7= & B 8 & + SDT IR 97 41 41 il
WY ROS F=5, 43 AN T 6. 63 fi5F1 2. 93 5 (P<<
0.0D),

3 it

B 6 ROSHIXF=& SXFMALLK, » . P<0.05,* * . P
<0.01; # £ .5 SDT P4 L%, P<<0. 01

GSCs J& 1 I B g & A VR R AR J5 52 % 1 Fil
TN, PRI R T R BT R IR T Ok I R
GSCs E R it 97 #8 H b5, IF LU AR S 97 2087 e 19 A
WELS), ARSI B 3R GSCs 7E AR AN 0] K 1 23 2418
Fik GSCs M HE 7 PEHTJE AR i CD133, 454 GSCs 1Y
FEA R W) 2 R R U 2 R AR, O AR B2 TR AESE SDT



[ BE A AR AR 2013 4E58 29 %5 5 ] Chin ] Med Imaging Technol,2013, Vol 29,No 5 e G677

X GSCs BV ITAE B8 T S50 B A

SDT 3 i 8 7 8007 2R 4 T 40 i P9 1 75 B0 ™ AR
ROS, ik 21 4% 45 0 b 75 40 B 1) 5 09 5 5 4% G i il Bh i
7R EE L LR e L 2 A b L T Z ML B ) R
Li S50 PG 75 B0 it b ik B0 FR gk BT 7= A4 ROS, iF

S 0 240 J60 ) 30 10 2 4 B 98 4 H s Nonaka 251 B
R 2 i Bk R B R AT A R BRI R I R P R T R
.00 1 MHz, 25 W/em® 3 B #7578 A A 5 41 48 5t
5 min, AT DAY feb 200 /0N ¢ 3 98 A AR, ELAS 58 49 98 D O H
WGZH R, bR AT 1 LA IO 96 240 M Ry 36 7 0 A L R
Kl SDT St GSCs By A G5 1E . 2 & 16 WE A ff 55
HLZE SDT X GSCs MIRYTFRCR . KB GSCs X SDT
TR YT BB B A R JBR 4E ML Ti ABCG2 B A
A BESE R SDT 87 A% DAL .

F 55 F WL 7 2 B0H IR L 40 B P9 % 7 R0
R, SDT IR Y7 R by . BEAE AR5 $E 7R . 2 M
[ vie i FE BRI R B T, GSCs Y 75 SR & 4 W) 5 41K
T R A0 B R T 5 2 GSCs X SDT B 480U e
fik. ABCG2 ZITFR B L) — 2K =R H 245 &
BB L BT UM BT R R AR 24
PIAMEE T . SOl g™ R ABCG2 76 45 #i i
- 40 2 T v B A L AR T B 5 AR BT 40 i G
SN S WIRPE R R IR E A K AR R L A
AU B0 T S g T 4l B - 1 5% 35 B ({0 ABCG2 1
FEIRFE S ETE R 30 I B P VR T I b 4 R T A0 i Y
R, IRPT B S RS 5 R 8 3 5 2 A B R B v A e v
W Ik S L A W B, A0 i 3 2l a2 ABCG2 Ak HE
NG PR A A0 TR T R bk S Ak P, DATT £ B 8 i A
Z AR AR 0 B2 O PR HE T GSCs PN AR
BARTTRES GSCs 4 i ff | ABCG2 & A7 K., AF
SEIESE ABCG2 3 HTE GSCs £ it £ 1k, M ABCG2
FEE MRS EI S F) FTC ol 4 ABCG2 & A *f
Photofrin M 4MHEFE T, H 58 75 2 8] £ F B AS 25 B3 [
PR A0 R AR s 53 Ah . FTC o 38 im GSCs N
Photofrin [ & 17 $2 /& 88 75 48 1 /5 GSCs N ROS 1Y

P R SDT BYHT I8 %08

B2 ABCG2 Xf Rk Ak A 9 19 S0 HEAE T2 5%
SDT Xf GSCs 97 &R 19 0 L, Ml ABCG2 1Y
IhEEWs H R SDT b7 i e % 21 .

[ 5% 3k ]

[1] Tsuru H, Shibaguchi H, Kuroki M, et al. Tumor growth inhibi-
tion by sonodynamic therapy using a novel sonosensitizer. Free
Radic Biol Med, 2012,53(3):464-472.

[2] LiJH, Song DY, Xu YG, et al. In vitro study of haematopor-
phyrin monomethyl ether-mediated sonodynamic effects on C6 gli-
oma cells. Neurol Sci, 2008,29(4):229-235.

[3] DaiS, HuS, Wu C. Apoptotic effect of sonodynamic therapy me-
diated by hematoporphyrin monomethyl ether on C6 glioma cells
in vitro. Acta Neurochir (Wien), 2009,151(12):1655-1661.

[4] Nonaka M, Yamamoto M, Yoshino S, et al. Sonodynamic thera-
py consisting of focused ultrasound and a photosensitizer causes a
selective antitumor effect in a rat intracranial glioma model. Anti-
cancer Res, 2009,29(3):943-950.

[5] XuZY, Li XQ, Chen S, et al. Glioma stem-like cells are less sus-
ceptible than glioma cells to sonodynamic therapy with photofrin.
Technol Cancer Res Treat, 2012,11(6):615-623.

[6] HuY, FulL. Targeting cancer stem cells: A new therapy to cure
cancer patients. Am J Cancer Res, 2012,2(3):340-356.

[7] Zhu B, LiuQ, Wang Y, et al. Comparison of accumulation, sub-
cellular location, and sonodynamic cytotoxicity between hemato-
porphyrin and protoporphyrin IX in L1210 cells. Chemotherapy,
2010,56(5):403-410.

[8] Ding XW, Wu JH, Jiang CP. ABCG2: A potential marker of
stem cells and novel target in stem cell and cancer therapy. Life
Sci, 2010,86(17-18):631-637.

[9] Krishnamurthy P, Ross DD, Nakanishi T, et al. The stem cell
marker Berp/ ABCG2 enhances hypoxic cell survival through in-
teractions with heme. ] Biol Chem, 2004,279(23):24218-24225.

[10] Robey RW, Steadman K, Polgar O, et al. ABCG2-mediated

transport of photosensitizers: Potential impact on photodynamic

therapy. Cancer Biol Ther, 2005,4(2):187-194.



. 678 v R AR R 2013 AR5 29 #2555 1 Chin ] Med Imaging Technol,2013, Vol 29,No 5

KGR

Correlation between left ventricular systolic function and
cardiomyocyte apoptosis in rabbit models of
hyperthyroid cardiomyopathy

WANG Wei-dong, LI Guang-sen” , WANG Ya-juan, BI Wen-jun, ZHANG Jie
(Department of Ultrasonic Diagnosis, the Second Af filiated Hospital of
Dalian Medical University, Dalian 116027, China)

[Abstract] Objective To assess the relationship between left ventricular systolic function and cardiomyocyte apoptosis of
different geometric patterns with hyperthyroid cardiomyopathy in rabbit models evaluated with tissue tracking (TT). Meth-
ods Thirty New Zealand purebred rabbits were stochastically divided into experiment group (n=20) and control group
(n=10). Hyperthyroidism models were established by peritoneal injection of levothyroxine in experimental group, while
the same dose of saline was given to rabbits in control group for 4 weeks. Conventional echocardiographic parameters were
obtained at the ending of the 4th week in both groups. According to the changes of ultrasound parameters, the rabbits of
experimental group were divided into concentric hypertrophy (CH) subgroup and eccentric hypertrophy (EH) subgroup.
The systolic mitralannular displacement (Ds) was measured using TT. Apoptotic cardiomyocytes and the expression of bcl-
2 and bax were also detected. Results There was no apoptotic cardiomyocyte in control group. However, the index of ap-
optic cardiomyocytes increased significantly in CH subgroup and EH subgroup (both P<C0.01). The index of apoptotic
cardiomyocytes in EH subgroup was higher than that in CH subgroup ( P<T 0. 01). Compared with the control group, the
expression of bel-2 protein was significantly lower in CH subgroup and EH subgroup (both P<C0.01), and the expression
of bel-2 protein in EH subgroup was lower than that in CH subgroup ( P<C0.01). The expression of bax protein was con-
siderably higher in CH subgroup and EH subgroup (both P<C0. 01), and the expression of bax protein in EH subgroup was
higher than that in CH subgroup ( P<C0.01). Bcl-2/bax was significantly lower in CH subgroup and EH subgroup than
that in the control group (both P<C0.01). Compared with the control group, the average Ds determined with TT was
slightly lower in CH subgroup and EH subgroup (both P<C0.01), which was lower in EH subgroup than that in CH sub-
group (P<C0.01). Ds of both subgroups negatively correlated with the index of apoptic cardiomyocytes and bax (r=
—0.53, —0.74, both P<<0.05), while positively correlated with bcl-2 (+=0. 82, P<0.01). Conclusion Cardiomyocyte
apoptosis may be an important mechanism of the decreasing left ventricular systolic function of hyperthyroid cardiomyopa-
thy in rabbit models.

[Key words] Apoptosis; Tissue tracking; Hyperthyroidism; Cardiomyopathies; Rabbits
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TR L ) J2 T T By ™ J O e 22— TR IR R
A E A, A S W H] 4H 2B BR 1 (tissue
tracking, TT) VM S B JT MO HILIoE B A8 A o0 25 A0 4
TIRE 1Y 224k, L 5 B O i AL T s WL AN [] e o0 28
P A (0 WL A B 8 1= K AR DG JE ] (bel-2 . bax) 1Y 3R A
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KEFN Y SR R 30 HL MEREAS R L 2 S S 4
20 H 0P IRAL 10 L AR 1. 8~2.2 kg, SiE A4
I s 2 S 70 FOBR R 28 (A BRER K55 0 5 ml TR &
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Echocardiographic diagnosis of papillary muscle

myxoma in left ventricle: Case report
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Manganese chloride tetrahydrate enhanced MRI for
biliary obstruction in rat models

YAO Nan', GAO Meng', ZHANG Jian', JIANG Cui-hua', SUN Sheng-lu*,
LI Yue's, HUANG De-jian®*, NI Yi-cheng®
(1. Laboratory of Translational Medicine, Jiangsu Province Academy of Traditional Chinese Medicine, Nanjing 210028,
China; 2. Department of Radiology, Jiangsu Province Hospital on Integration of Chinese and Western Medicine,

Nanjing 210028, China; 3. Department of Radiology, University of Leuven, Leuven 3000, Belgium)

[Abstract] Objective To assess the effectiveness of manganese chloride tetrahydrate as an oral manganese-based contrast
agent for biliary obstruction in rat models, and to compare it with Gd&-DTPA. Methods Thirty-two male Sprague Dawley
(SD) rats were divided into 4 groups: Group 1, bileduct ligated+ manganese chloride tetrahydrate; group 2, bile duct liga-
ted+Gd-DTPA; group 3, sham+ manganese chloride tetrahydrate; group 4, sham+ Gd-DTPA. T1WI were obtained be-
fore and 12 h. 24 h, 48 h after the administration of manganese chloride tetrahydrate (2 mmol/kg) in group 1 and group 3.
Group 2 and group 4 were examined with plain TI1W and T1W - contrast enhanced TIW MR scanning, while TIWI was ob-
tained again 24 h after intravenous injection of Gd-DTPA. Results In sham group, the signal intensities obtained from the
livers returned to plain values 24 h after intragastric administration of manganese chloride tetrahydrate. The liver intensities
in model group with manganese chloride tetrahydrate increased at all scanning time, of which the signals reached the highest
level after 24 h. In sham and model group, the liver intensities all increased at T1 W contrast enhanced after intravenous
injection of Gd-DTPA and normalized after 24 h. Conclusion The signal enhancement in the liver by manganese chloride
tetrahydrate in rats is stronger than that of Gd&-DTPA. MR scanning can be performed 24 h after oral administration of
manganese chloride tetrahydrate to diagnose biliary obstruction of rat models.

[Key words] Manganese chloride tetrahydrate; Contrast media; Common bile duct ligation; Magnetic resonance imaging
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Impact of microbubbles combined with diagnostic

ultrasound on tumor microcirculation

ZHONG Yu', CHEN Zhong®*, CHEN Li-bo', LIAO Ming-song®, DENG Dan*"
(1. Department of Ultrasound, No. 324 Hospital of PLA, Chongging 400020, China;
2. Department of Ultrasound, General Hospital of Chengdu Military
Region of PLA. Chengdu 610083, China)

[Abstract] Objective To investigate the effect of high mechanical index diagnostic ultrasound combined with microbub-
bles on the neovasculature of Walker-256 tumor in rats. Methods Twenty-nine SD rats bearing subcutaneous Walker-256
tumor were randomly divided into 3 groups: Ultrasound+ microbubbles group (n=15), ultrasound group (n=7) and the
sham group (n=7). CEUS was performed to acquire the baseline tumor blood perfusion of all the tumors. During the pro-
cedure, the tumors were insonated with 20 times of continuous acoustic radiation force impulse imaging. At the same time
of ARFI performance, 0. 04 ml microbubbles was instantly injected into the tail vein. The ultrasound group and sham group
were applied with only diagnostic ultrasound exposure or microbubbles injection, respectively. CEUS was repeated to ob-
serve the changes of perfusion before insonation and 0, 10 and 20 min after insonation. Three rabbits were harvested ran-
domly in every group for histological examination immediately after insonation. Results The mean peak intensity (PD val-
ues of ROI displayed significant decreases from 25.17% to 12. 01% in ultrasound-microbubbles group (P<C0.01). In the
ultrasound group and sham group, media was filling quickly and perfusion was good. In ultrasound-+ microbubbles group.,
the blood flow recovered gradually, but PI still reduced after 10 min, the blood flow of tumor recovered basically complete
and showed high perfusion phase after 20 min ( P=>0. 05). Conclusion Microbubbles enhanced high mechanical index diag-
nostic ultrasound can temporally decrease the microcirculation of Walker-256 tumor in rats.

[Key words] Ultrasonography; Microbubbles; Contrast media; Neoplasms; Microcirculation
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Ultrasonic wave intensity examination of carotid artery and
conventional echocardiography in assessment of
cardiac functional damage in rabbit

ZHANG Hui'*, ZHENG Rong-qin'?*" , QIAN Xiao-xian® ,
HAO Bao-shun*, ZHANG Cheng-xi*
(1. Department of Ultrasound, 2. Department of Cardiology. the Third Af filiated Hospital of
Sun Yat-sen University, Guangzhou 510630, China; 3. Institute of Diagnostic and

Interventional Ultrasound s Sun Yat-sen University, Guangzhou 510630, China)

[Abstract] Objective To compare ultrasonic wave intensity (WI) examination of carotid artery and conventional echocar-
diography in estimating rabbit’s cardiac function damage. Methods Sixty-eight healthy male New Zealand rabbits were cho-
sen and divided into study group (n=64) and control group (n=4). Doxorubicin was intravenous injected every week for 8
weeks for rabbits in study group. When the administration was stopped, observation was performed for another 8 weeks.
Echocardiography, carotid artery W1 examination and cardiac pathology examination were performed at the end of every
week. Results After administration, the first peak of WI curve (WI,) values decreased statistically at the 3rd weekend,
got bottom at the 9th weekend, and then raised gradually and reached the higher level at the 15th weekend. After adminis-
tration, ejection fraction (EF) value decreased significantly at 7th weekend, reached the bottom at 8th weekend. EF at 8th
weekend had no statistical difference compared with that later. After administration, apoptosis index (AD value increased
significantly at the 1st weekend, reached the peak at the 9th weekend, and then declined gradually. AI value at the 9th
weekend had no statistical difference compared to that at the 13th weekend. Conclusion Ultrasound WI examination of ca-
rotid artery can reflect the change of cardiac function damage better than EF.

[Key words] Ultrasonography; Ejection fraction; Carotid arteries; Wave intensity; Doxorubicin
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