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Bl AKFE AR E) B bk, AT A4 C6 IR R B &R — & R R af 1] Ak AR E 4L\ TIC 45 5 3% & £ 1 % ARSER it
B bUAT HmBRABETHELABELEF >, R £4 ARSER>60%. CA-(Q-D-lip) +UTMD 414 73
Je AR YE % 2, ARSER & AN, & B4k T 4 4 285 CA-(Q-D-lip) + UTMD 48 4 B 18] 38 A, & W 7R 4K & &
(ADC) .D.Dapp 1A ¥4k 2 L4 %  Kapp. D" Z [{A 2 FTHEAH L4 4 AMA 3, ADC.D.Dapp A2 T
B Kapp . D" A { A2 LA X B RAKLE A, ADC /A -4 2 T 4, B B 4k 42 55 CA-(Q-D-
lip) FUTMD 42 QDs 4 H & % (% 7 X)), &it MRI 248 & BALTH A H CA-(Q-D-lip) +UTMD 4 77
R F 89 97 3
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[Abstract] Objective To explore the application value of magnetic resonance imaging ( MRI) multimo-
dal technique in ultrasound-targeted micro-bubble destruction (UTMD) technique combined with quantum
dots (QDs) loading docetaxel antineoplastic drug [CA-(Q-D-lip) ] to accurately trace and target the treatment
of rat C6 glioma. Methods A total of 80 male adult healthy SD rats were divided into the control group and
four different treatment groups {QDs solution+ultrasonic blasting treatment group (Q-D+UTMD group) ,
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blank liposome+tultrasonic blasting treatment group (Blank lip+UTMD group),QDs liposome- ultrasonic
blasting treatment group (QD-lip + UTMD group) and fibronectin targeting peptide-modified QDs
liposomes—-ultrasonic blast therapy group [ CA-(QD-lip) +UTMD group |}, with 16 rats in each group. Start-
ing from the 7th day after the rats were inoculated with C6 glioma cells, the treatment group received regular
7 doses within 4 weeks (28 days). After each administration,the UTMD treatment was performed immediate-
ly. The routine MRI,dynamic enhanced scanning, multi-diffusion sensitive factor (b)-value diffusion-weighted
imaging and fluorescence imaging were performed on rat glioma on seven, 14,21 and 28 days after administra-
tion. Glioma volume after enhanced MRI was calculated; the relative signal enhancement ratio in the arterial
phase (ARSER) was calculated, based on the characteristics of the time-signal intensity curve (TIC) ;and the
evaluation efficacy of different mathematical diffusion models was analyzed. The fluorescence imager detected
the distribution characteristics of glioma QDs,and the targeting properties of targeting peptide liposomes in
glioma. The volume change, TIC signal intensity difference, ARSER comparison and the multi-parameter
difference of Multi-b value diffusion-weighted imaging of C6 glioma between all the groups at the same and

ARSER was performed at >>60% in each group. CA-(QD-lip) +UTMD

group had the most obvious volume reduction after treatment, ARSER was the smallest,and the effect was

different time were analyzed. Results

better than that of the other four groups. CA-(QD-lip) +UTMD group increased with time;apparent diffusion
coefficient CADC) ,D and Dapp value showed overall upward trend;and Kapp,D" and f values showed a down-
ward trend. The other four groups increased with time; ADC,D,and Dapp values showed a downward trend,
and Kapp,D" and f values showed an upward trend. A comprehensive comparison of these parameters showed
that ADC value was relatively stable and reliable with high diagnostic efficacy. CA-(QD-lip) +UTMD group
had the most QDs distribution (day 7). Conclusion MRI multimodal imaging can accurately evaluate the effi-
cacy of CA-(Q-D-lip) combined with UTMD in the treatment of glioma.
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(docetaxe, DTXD LM 4 [ 5 B CA-(Q-D-
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1.1.1 XA

10 Y0 7K & S EE KB HE QDs 1) F RS &+
R & R A BN W DSPE. £ 3% & (A 80 16 Bk 5 i
PEG-DSPE.DTX %W AH[E BE . — @ Wl T 14
Wy B A R AL EL W R M (Gd-DTPA) 1y
F 2 [# Berlex Laboratory 2\ A,

1.1.2 A&

fi | Malvern Zetasizer Nano ZS900 44K ¥4 H
243 BT AL G 28 i 5 44 CA-(Q-D-lip) i K/ &
S HLO . (PG O B TR I A 2 5 TS CA-
(Q-D-lip) %N IE A LR QDs i, RH &
BORAH 5L (HPLC, H 37 1L-2400, i 55 55 40 26 46 0
W HARRFO MM DTX (44 354 5 I i 5 f e ok
ICAN 9 837 i 20 A% A CR AT BB 5 B A R A
FDIESE CA &7 % D6 4 2 05 A L, il g o7 1
SEL AL (KOPF900, 3 [ David KOPF AL #8523 7)) [ 5
Kk, [ H UTMD (P '] F Acuson Sequoia
512C RGO IARIT. A& B 2 R & HL R
(3.0T,.8 &, N4 7 cm,GE Discovery MRI 750, I
RGBT B B A5 IR WD #5417 MRI H#i. ok
/NS AR & 5 (36 B CRI 23 D 454 5k 48 ¢
JEENR
1.1.3 Sz

e SD MK R 80 H i i 3k e SL I sh W A7
MR FAT A T AR 220~360 g, 4% 4T BRZE AL 4 AR
[FG YT 240 { QDs % WK + 75 B i i )7 A1 (Q- D+ UT-
MD £H) %5 [ g B 44 + R 4R R 97 2H (Blank lip+
UTMD 41). QDs fig T & + # 75 4 ik 34 97 4
(Q-D-lip+UTMD 41 ) £ % 8 4 #8 1a] SRAZ M (1) QDs
Jig BT A4+ 8 75 4R B R 9T 41 [ CA-(Q-D-lip) + UTMD
4}, 16 B, K EE b B & F ARG
2y A R RS 0] O 3 A I M R R R 2 sh g AR A
N FH 23 5% 23 46 2 RN v .

1.2 7%
1.2.1 CA-(Q-D-lip)# %

TE £ 3% B LA R 30 1) 467 80 8 CA B 31 25 7
Bt PEG-DSPE I, iz H F 3= HIE 7 AUIR o4 il 4 7
BALEOKE M QDs 1R 0L A B 5 43— DSPE | £F i
A ) k& i PEG-DSPE & DTX ¥ Wi 5 I8 [% fiz
LB A W e, 37 CHEPR IR A . Wk
P QDs B AV A BB 4 1 S e b, 8 R 4y
B3 min. BEFE % & Bk 2 A ke B A 4 BIOIE R 1A
RIA3 3] CA-(Q-D-lip), [Al ¥ il £ A & CA K%
QDs I fig B {4
1.2.2 XK C6 R M

(DR E SV 0 3%E# 0.3 mL/100 g {RH
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T 10 0 7K A U N s T SRR TR 5 7 il 7 A4 5 i ) |
[ 58 R SR 5 (2) RV FL - e R K il 57 4k A7 i 51
Pl 363 DK B A ) R TR A A 3 S 4 a5 (3) KRR C6
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fLo X EZH D0 DL A U BR A0 B 8 3R TR R R 1 X 10° A/
10 pL /9 C6 it Jo 938 41 i BV .
1.2.3 227 X B A0 6 A

SD KB4 C6 B BB A M JS 2 7 RIF IR & 4
FEWN G 2, 25 2 ) 28 R D B K 0 G T G R
A1 mL (& QDs 50 nmol,DTX &4 5 mg/kg) ; #
R 200 25/ H (300 pl/kg.1 108~5 108
A/ Z T ZFEIMAE R IR A RN, EiR
4 25)5 L BT UTMD 897, 14 MHz, 4V B 51 15 J&
R A PR AN AR A B X K i 2 2R Skl
B X BT A1, 8 75 4 e 2% S B0 B T . ik oh 2 0
1 Hz, A E] 60 s BRI ] 10 ms, IR 3 W,
BITHT 7.11.14.18.21.25.28 d 4525.28 d W AL4%
Z Ty, BHAL)E 7.14,.21.28 d FEATIR N K
FigE MRICE B & H A 2 b HY BOm B
180 K UG (AR 2 B AR O &
1.2.4 MRIFEHNFRAZH LR B

A 10 %7K A AR (0.3 mL/100 g f&HE)
JR 500 A0 B2 [ 7 T e o0 B R B 4 & 2
St R, RN B R T R B AT DR R L R R
MRI £ 43t B rh Sk #f iz gh 5 . MRI ki £ )7 91 . 1
e K e AR T TIWT K T2WI, TIWT 3 245 34 38 45 4
K& S50, TIWI & & I [8] (repetition time, TR) 500
ms, [P B A] Cecho time, TE) 12 ms. % FF 192 X 192,
IR 2 (number of excitation, NEX)H 2 K ; T2WI
TR 4 000 ms, TE 96 ms, [ 224 X 320, NEX & 3
WEE 2.0 mm, JZEEE 0. 2 mm, ¥ (field of
view, FOV)81 mm X 90 mm; 3h &Mk % Ax LA-
VA-xvDYN #%.)JZ)E 2 mm, 120 [&/)Z . B %
12°,NEX & 1 % ,FOV 80 mm X 80 mm . 4 [4 160 X
160, R H 4.5 % LBk B £ 20 BUR #8 Tk T 3l 4k 1 4L
WURRR AN . 4 s NSRS R & 0. 4 mmol/kg, 1&
SER T O 58 BUE B AT, SRR BT E Y 6 min
2 s,
1.2.5 % b1EH #mAm

MRI 34 5 A5 A 5T S5 17 DWI 44, R HL OAx eD-
WI MB=7 Head J57 %, %% 2 WA & 7 5 R B A TiE
[ 3% - 171 35 F T %1% (SE-EPD J5 51 . £+ % SD K AT 4>
W3 8O A AR K A . HIE S TE minimum, TR
2 000 ms,)Z2)E 3 mm,/ZEE 0 mm, %6 160 X192,
FOV 80 mm <100 mm;b B4 52K A 0.30.100,200,
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400,1 000,1 500 s/mm”, NEX & 6 ¥, #7114 if [a] 4
min 16 s, PF 0 A [6] B2 97 Bl B [ 3R 0 9% B &R 4L
(ADC) ¥ A8 BUBE R TVIM WS Bk 8 K DK A A ]
SHIZ WIROR 1028 1 R AR R v R 4 M R AR e
Y BB . (1) ADC B35 58 . ADC=1n(S,/S,)/
(b, —by), b fHHE 30,100,200,400 K 1 000 s/mm”;
(DIVIM MG E B S, =S, [(1—1) X e "™ +[X

el PRI Sy R 4 L, DO R B RR B
(ADC-slow) , D" fH N B # R 2L (ADC-fast) , b {H
B 30,100,200,400 & 1 000 s/mm”; (3) DKI # #l,
S =85, X exp<—bi><napp+bi'-’xr)aHFXKappnm , Kapp S 5 ﬂlﬁ‘.;
J& . Fo AL Dapp (B 45 AF = W7 40 41 B IE i3 ADC fE; b
fEHX 30.100,200,400.1 000,1 500 s/mm’,
1.2.6 MRI 30 5 & 5 H7

(IR MR 5 9 74 FR . 1 5 5 Ak 1 5T 97
(FSHN 1 RS BT R INTTRE DS N s A G I 1=
DA BT BUE S AL KR = (WXL X
HX X 4/3)X1/8, ¥4 mm®; (2) HK 45 B [6]-15 5
5B 2 CTIO) FRAE , T35 A W] 28 L 30 40 X 55
1k & (relative signal enhancement ratio in arterial
phase, ARSER), ARSER = (SI.;, — SI,..)/SI,,. X
100 %5 S 0es0 F ROT 38558 30 s BHE 558 & L S, HAH
N ROT 38T CEHD A5 5 i B W 4 0~<I33 s
SE N, 33~198 s 5 Sy v U 5 e J5T R iR A U (T
B EZG )G 198 s N, TIC 2 3k f = 5 Ak 06 {8 T 7 B
8] 5 (3) F3 B AS [A) B 2 7 HICRE A8 4% TP &6 - 38 5 Mit-
alytics M4 CHrn3) , 2 F Matlab & C i 5 X ER
HEAT I AL B, XA R 9 DWT EHZ 17 ROT F 3
B M, 9049 0 5 R 320 % S o ¥ 3 L e ke JR] L A R 2H 4
XA T 5 20 2353 0 D s, 4R B b (B 155 9 B S 4UE]
S H A5 B IF R IR [l B2 i HOsE AL 47 R U
G BRG] DWI 2 7 26 8 1 T K BAE KRR
MR BR 5 % I I 4 4, % B 08 28 RR 4T 43 B - ROT 3
HU T Jeg S 5 A 43 o T BRURS AT R K, O a akE O R M A L K
26 DN R IR B | M I R PR X, LI 1
1.2.7 RAERK

56 MRI K £ 5 R /N sl 90t R R 42 49
TRV EMR . L0 AW IR R K/ 500 ~
700 nm, i QDs 43 A W 25 R HE AT 43 B L WL %%
YOG AR BE R 1) JIR R B AR B B 1) 2 L 0 s 9 O T AR
AN
1.3 %itzaE

K H] SPSS19. 0 844 i 47 B4 43 B 45 & IR 841
ME TR BRI & 5 FoR, IWBCRH ¢ #ade, DL P<<
0.05 HZEFAG I »E L,
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2 & R
2.1 B4 KR C6 BB T I

Xt R 41, Q-D+ UTMD 41, Blank lip + UTMD
4. Q-D-lip+UTMD ZH il I8 1A B Bt b [1] B K, A G 34
K,CA-(Q-D-lip) +UTMD 4 bR FRTESS 14,21 K
B R [(12. 4145, 84) mm® vs. (40. 12421, 09)
mm?® vs. (62.41+31. 21) mm’ |, 25 28 K & IT U4 45
/N(19.4647.46)mm® ], WA 2.

BT 7014 KA AR R B 5 21,28
KX B g O B K e W dR (324, 21 £ 34, 43)
mm’ vs. (641. 36 £63. 44)mm® |, X B4AH 58674
Jiggs PR FR L L 25 S e i 2E i L (P<<0. 05) , IL AT 3,

D (107 mery

area : 1.8 mm?

area : 1.8 mm?

A:TVIM il 5 ; B. DKI il & .
1 & b EY MR % ROIME

2.2 X KR C6 IR -3 5 3% 4k

XHHEZH . Q-D+UTMD 4, Blank lip+UTMD 4
J Q-D-lip+UTMD 41 Ji8 55 57 #8 43 MRI F 115 5
548 B i I 1] 722 Ak 32 8 TF & s CA-(Q-D-lip) + UTMD
A B 9RE {5 5 ik B A I B ) S B TR L AR 14,21
KM A5 5m EAR LR B 2, 58 28 KR 15 5 5
FEAK, CA-(Q-D-lip) + UTMD 4115 2 3 B A% T o Ath, 4
ZH UL 4, ASTREFE] (5 14.21.28 ) A [a] 41 8] K B
C6 JiRJF 9 TIC #4240 ARSER-cut off B [a] (5
B 7E 28~33 s, B ik A B B 58 fb , ARSER™>60% , 1
WG 00 7 5 o 1 o o B L b R 2 o b, ik 04
[1]=>198 s, ML L A#HEN £, WE S5,
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S G E X (P <<0.05); 5 28 KL CA-(Q-D-
lip) +UTMD #H 5 X A i, 2R A ZRITFE X
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UTMD 4}, Q-D-lip+UTMD 44 D" {8 i i fia] 5 |- 7

R 5 BE A A KR B )
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lip+UTMD 4, Q-D-lip+ UTMD £H { {8 ifi I 5] 22 18
b, AR . QD+ UTMD 4. Blank lip+ UTMD
41 & Q-D-lip+ UTMD 4 Dapp {8 ki i [A] 5 T [ #
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YR 20, Q-D+ UTMD 4 . Blank lip + UTMD £ K&
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2.4 EHEETRAZBCORMBRIETHERIH
B R,

WERLIE AR 7 KL BOL M A 24 QDs 75 K BUS B

Q-D+UTMD£H Blank

Xt ReE

KHRER

| ip+UTMDZH
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Hh A3 6 B4 & Blank lip+UTMD 4076 QDs 271,
QD+UTMD 41.Q-D-lip+ UTMD 41 % CA-(QD-
lip) +UTMD 4 I3 QDs 21, H Wb, WA 7,

Q-D-1ip+UTMD4R CA-(Q-D-1ip) +UTMD£H

B 7 EREE 7 R LML

S
B
i
H.,
i ]
'L
"
&
]
4
i3
#
3 9t ®
JO R A2 T A A 28 2R 0 s L PR iR T

ETIIIAE SRR K E kR gETY ) ke
5 F AR ACIT BT 5 AR TR W 2 7 A2 B R i B R T
AREEIREZHNE . AUF5AH UTMD o] 3 #4
TF AR M it i 5 B 8 ) 3 2% CA-(Q-D-lip) A, 55
IR I 98 e S P S B e AR TR T B T A
PR e TR Bk T2 % .

UTMD 2 — Ff 1 38 22 5500, e LSO AE S 25 9
A A0 KGR B bR IE E B R AR R S
O IO N T U I I R S
(UOM ™ UC k0 AT fifi 4 32 78 S0 P 1Y 25 990 7 1A
PAURS TR R L A1 30E 2 98 A A 20, AT i s i 98 A
RLIRFE . HLW 5 R A1 25 9 1) 25 @i 4 S O ol ogs 3 1 3R
JEHEAE T — Rl s s . ARBFSE R CA-(Q-D-lip) +
UTMD £H 4, i 383 1A FEUBE o] (1] 385 i AS W7 486 K. Q- D+
UTMD 4 % Q- D-lip+UTMD 4H i 45 28 K i I
FEIRFE  $7R DTX K TiR97VEF s MR 34 3% GB AR 47
b 557 S IR R B Bl A5 AR A TS Ll 43 K PN B 4
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