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Preparation of targeted and phase—shifted nano—scaled contrast agents
loaded with drug and detection of the basic performance
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Department of Ultrasound , the Central Hospital of Wuhan, Tongji Medical College , Huazhong University of
Science and Technology , Wuhan 430014, China

ABSTRACT Objective To prepare phase—shifted folate—modified and HCPT-loaded nanodroplets (FA~-HCPT-Fe,0,-
PFP NDs) , and to investigate the properties and multimodality imaging in vitro. Methods The FA-HCPT-Fe,0,-PFP NDs
were prepared through the rotary evaporation and sonication process.The size and the stability of FA-HCPT-Fe,0,—PFP NDs
were detected at different time point after preparation.The phase transition characteristic of the nanodroplets was detected. Drug
loading was determined with reverse—phase high—performance liquid chromatographic system. Targeting efficiency of FA-HCPT-
Fe;0,~PFP NDs was validated with cell experiment. Photoacoustic and magnetic resonance imaging were performed on the gel
blocks prepared by different concentrations of nanoparticles. Ultrasonic imaging was performed after irradiation of the
nanoparticle emulsion with LIFU.The above experiments were used to verify the ability of nanoparticles to enhance photoacoustic
imaging, MRI and ultrasound imaging. Results The prepared nanodroplets were stable, the drug loading was (8.33+0.57)%,
and encapsulation efficiency was (60.51+2.33)%.Phase—transition was observed of FA—-HCPT-Fe,0,~PFP NDs with elevated
temperature. Targeting experiments in vitro confirmed that the nanoparticles had good targeting ability to SKOV3 tumor cells
rich in folate receptors. FA-HCPT-Fe,0,—~PFP NDs nanoemulsions showed obvious photoacoustic signal, MRI signal and
ultrasound signal in vitro. Conclusion FA-HCPT-Fe,0,—~PFP NDs, the successfully fabricated multimodal contrast agent is a
molecular probe with great potential.

KEY WORDS Nanodroplets ; Targeting ; Phase transition ; Drug loading; Contrast agent

FATH Wb A RRE I A B H (2018CFB601) ;b4 TPAEZ I -5 H (WJ2019M030) ; il TPAdZ i - & 25 H (WX18B11)
P AL 430014 TR, AE R K2 ) B B8 24 e i 2 0oL B8 B i P 2 W RE CRUEEEr MIBH ) 5 15962 v oG e 265 4 B e il S Bk (32 07 %)
WIREE 5277 %, Email : 15956322@qq.com



< 242 - It AR B2 ki 2021 4F 4 A 58 23 %55 4] J Clin Ultrasound in Med, Apr. 2021,Vo0l.23,No.4

M (CT MRI G BS54 B 8 R B R A
Ko A U Ay B AT A B S . H A
PR AR AR YA H A A ARG R . R &R
T R PR ST R AE T — 5 MPER RS- AN fE
R A — G AR M RBRYE . BB AR B AR
RIGARWT & &, TR 25 Z DI RER AR 15 52 77 AT 56
B2 Fh B2 A AR AR B B 48 AR 2 )T RS
WERE B R B B2 22 OB ST $Ok 2, ARS8 DL iR
A6 V1 P 95 R L T B2 P V45 0 kg A Ak K AR I e
PEE AL R (Fe,0,) 40 K JUkL 1 #2324 6 (HCPT) 2%
BT TR WA O 4 U b (PFP) 2 T 52 )2
DA, A T TR L i R AR R 5 R T R R 114 4 oK ks
(FA-HCPT-Fe,0,~PFP NDs) , J- 46 I LA Fofr 3K A
J G G MRI R RE T, N 5 ZE Y 5286
PR

MEEIE

— IR S AL

1. 2RI A0 L - A K S IR BENE AR iR Y
WG A EE A N 0k H vk (€ 1) Avanti 23 A]) , JIH [
Pt [ A A AR (R ) B A FRA ], HCPT (GE K
B2y R il 254 BRA R, TR 4 Ak 4k 40 K Jo ks
(OA-Fe,0,, 2 [H Ocean Nano Tech 2 ] ) , PFP (35 [H
Sigma A ) ; SKOV3 [ 40 g ( 51 R BE Bl K24 M 7 5
B2EWTET)

2. TSI RE-5298 e 28 R AL (1775
AR ), VX130 75 4R (52 [E Heat System A ] ) ,
5840R K Uik 25 .0 L (i1 e BILak Bl 2= A 2 A PR A ]
IX53 M2 i i s ( i 2R Bk Rt AR B A BR A D)
S—3400N HL + 3555 ( H 3228wl ), i B 2R Al
(LIFU )Y (PR BE B R 2% 5 S AR 98 I ) , MyLab
90 % {1, Z 3% )y 75 12 WA (KR A REERYT AR 14D )
Achieva 3.0T # 4R (17 == Philips A 7] )

T YRR i A

W S AL T T OB N | R I R A i L A A
e I Ik H vty L JIE &1 8 & HOPT DA — 5 By i 1 (10: 4+
3:3:2) FREBUS AR LS , [5]BFfin A OA-Fe,0,, H
FH RN = S e A % o 24 20 min J5 6 B3R (B IR
WO T e 2% R AN b 2B WL (B E] 120 min)
SRIG A PBS VB AL , A F2 VKU 45 1F T 3 T i AR
A FUK PFP 200 wl, Il FH S R AL A5 213 2 2L
TR AR . WA B O HLTE 4°C &1 T ks
3, A3 El  FA-HCPT-Fe,0,~PFP NDs, & T 4°CyK

FAARATE 2 o (0 R AR B I i R 1 9l i 2 AR A K 1 i
) i B0V o) 2 B B 1] 9Kk, S A OA—Fe, O, U] ]
A Er Fe,0, 48K

= GRRLE AR M ARSI

1A MERRRTI - 76 2% W fUBE B v AR
SEGARRLIIEDS o TR ] 05 (45 )5 612,18
24.30.,36.42.48 h) 53 B HUAE AT FA-HCPT-Fe,0,-
PFP NDs fRLAR . i =50 H Be AT R BEadh A 7 sk R i
FR 254, B0 43 B T Y, A SR v RO A £
PRI H N HCPT 75

2. PREAH AR 5T - U 45 47 19 FA-HCPT-Fe,0,-
PFP NDs L% B 100 5 5 m T3¢ 5 b, IF & T n
PN, AT IR 43 )R 40°C 1 45°C .50°CHT 55°C, Tt
2 WA N SR AR Y AR AR 5 B 310 5% o

DU AR AR TS K o4

BB S R AZ AR % SKOV 3 i 8 40 it b A 7 1k 5
BT HBERIAN, 52605 Yk DIl Rid i FA-
HCPT-Fe,0,~PFP NDs (4[] ZH ) A1 A 7 - R 1) 5L 1)
ghykokr (AR a1 ) FE5% & 40 min, 285 FH PBS whik, i
N 25 5 RS [ IR A B . B TS AR U A e ' et
DiO A1 DAPL, I HEGIE RS o F5 PR e 25 i iR 5 1%
FEILA SKOV3 40 ILIEE SR 5 N A B thRIc iy FA-
HCPT-Fe,0,~PFP NDs, JF R 47 [ Gt T
FEI IR AR BT TR A A Y O

RS A ARG R S S o4

1. 3850 8 75 A% : B2 ml FA—-HCPT-Fe,0,~PFP
NDs FLIK & ABERAAL, (] LIFU {35 X 5 e A58 A
WELR A TAR IR . 3 B AR IR S kb A =X e R
J&¥ 3.2 W/em?, 58 BAHAE] 1 min. 2R )5 BSR40 Kk 3L
WO B T SR YRR AR AR Ak, T i AR AR
Lo o5l P (8 22 35 5 6 7 12 A3 (R Sk A %
12 MHz, HLAK 8 £ 0.06 ) Xof FaE Jise A5 754 Py &8 DK Ao L v it
TR AR (R B S =R s 52 455 O 5 I 7 i R
I M P s 0, I E IR BB K 2% DFY R4
R

2. SRR AR < SR FH O s Vs YRR R 1 5 11 FA-
HCPT-Fe,0,~PFP NDs FLI , % e Z IR 5 W N Fe,0, ¥
BRI 34 :0.5 mg/ml 41 1.0 mg/ml 41 F12.0 mg/ml
A B R (SR R S T D 7 S B A N v )
BEREAE ] X BRAL, 23 AT 675 A Ie s .
PO G R I K o 680~950 nm, A IRIEZ 1 em.

3.3 98 MRL: U SOKAE AR IRAE T (1) , A&
KLY 1% BERAE M XHRLE T (1) . ¥ FA-HCPT-



I R AR S 2445 2021 4E 4 H 2

52355 4 ] Clin Ultrasound in Med, Apr. 2021, Vol.23,No.4 243 -

Fe,0,~PFP NDs FL I FH 1% B 7 B8 A [] 1 e 2 1
a2, ek (S pg/mD) IV (10 pg/ml) V(20 pg/ml) |
VI(40 pg/m1) V(80 pg/mD) MI(160 pg/ml) . IX (320 pg/ml)
X (640 pg/ml) . XI (1280 pg/ml) | X (2560 wg/ml) .
fdE 147 2= Philips 28w B HE4RAL, >R A T2 AL & 51, i
B S 80: TR 30.2 ms, TE 9.2 ms, flip 45°, FOV
160 mm, slice thickness 3.0 mm. & &4 RIS
S 6 3 YHBCT- A

# R

— YRR AP R A

ANEr Fe, O, B9 9K AL FLI AN W 2 FL B, 75 Fe,0,
B9 Kok L A (I 1A) o 62 e T il &
igd:0] FA—HCPT—FeXO —-PFP NDs £ 30F , K/N#j—, 53
AT (ENB) 5 BOG I R AE W RUEE T 90Kok: S BRIE
SUIRCEL1C) o By 2R SCACI A5 98 K kL SF- 35 kL 42 24

(321.20+67.21) nm, HL A2 2 -50 mV, i 85 R
Fe,0, WUk 76 44 A k7 P 52 B /NORDIR (D), 1A

T Fe, O, F00RE (1) 4R KL P9 A UL SR o /NBRL (BT 1E) .
AW AR 8 3 1k 4 ”E%@ﬁi%n%a%i/\”m
(60.51+2.33)% . (8.33+0.57)% . fA77E 4°CUKAR PN )
YARRLAE 48 h Py 2 I R A py e M, ORI KA
B ILIE 1F,

TGO AR AR 2 AR

TE A0°CHT , Jo U 77 2E 5 45°CIFAE T nl LS, B
RAARAE 5 50°CHT, AT UL R A AR 5 55°CHT 8T AR
AL VRERER KA. LI 2,

NS I e

FEWOCILR A W T, &9OL YR DAPL YL 4
S B A S W (5,081, 25 DO YL 0 I FR 200 Jif i 52 4
5, 4 DIl Yo J5 I GRR R 2T 5. ) 4
Bi T T L3 2 21 0,5 N SR AR A 4 MRS JR] 1T i A Al
Tia) ZE RIS 470 2 %) 40 e R ] P81 A DL B i £t 5 SR 4
UL 3,

DU RSN SRS 5 8 5 S 0 24

ARG AT AN [ e B2 A g KR FLIRIEA T ARSI

A: %I%E’JTF« Few() (dmm Fc30 (b)émﬂ%ﬁ?uﬁzm)b B~E: 4K 5% LB gty s, Lﬁ@ifﬁﬁ%‘é%ﬁm

LA AR AL

600+

400+

#fz (nm)

= 200

0 T T T T T T T -
0 6 12 18 24 30 36 42 48
00, "‘“ 1 (h) ®
,DE B SRR ) 5 F AN RIS ]

El1 FA-HCPT- Fe,0,-PFP NDs BEAERE A

v

20 MH]

>

| 20 pm
[ U

T A0C:B: 45°c C:50C;D:55C
B2 N[RHEE T 9AAORL I RO A i e



- 244 - It AR 75 P2 2R 2021 4E 4 5523 %55 4] T Clin Ultrasound in Med, Apr. 2021,Vo0l.23,No.4

K MRI, O AKFLFLIHLE LIFU 8 B JS  KBr A s 0, G KRR S 34 5 75 R A% B R i i B . (11 5)
He[n] 7 8 G B BR TR A 9RO (12.2+2.8)dB. XFHR4L 0.5 mg/ml 41 . 1.0 mg/ml 2 A1 2.0 mg/ml 25 I X
(136.5+5.7)dB, /A & 0T Won Hom g am s 4m e N 67 (49911 0.21+0.09.,0.58+0.06 . 1.41+0.12
G A58 A30 R (6.742.3)dB . (86.3+5.2)dB; e Rl 2.13+0.11, QBEE e B AN , 48 KR 1 17 1k 14 55
LA BEJS AR ARLAR R R, LI 4, QBEEWREMIG  MRIMECRE S, WK 6.

A 1 21 Jiil Rp AR s St

--- o

RIS

DPAI (4,

DiO %11

Dil Je {1, 150
Il AT
LEi=
2 1001 ‘z
= =
Merged NP , i
! |'
o BN ommaS

SKOV3 41 it 5 & A 4K b AL 5 5 1 0 36 R M B R el . 5 o TR i R Y ®
624 DAPL YL {7 J5 9 4 M A2 |, 2 6,58 56y DO Yo 0 J5 19 200 A, 21 5.5 A ARAREAE LIFU F8 REHJS BB 7 R 75 1 5% SOG4 81 (x1000) 5 B : 4
6 DIl Y 8 )5 1 9 KRL (7R : 50 pm) HKREAE LIFU 5 B8R0 5 75 i {1

RIS ISRl Sl ST ] B4 GUORRLARS NG s 7 R

A KFIRY];B:0.5 mg/ml 4] ;C: 1.0 mg/ml 4 ;D : 2.0 mg/ml 41
Bl5 ANl B 4 AN ACRL AR S 1 5675 AR 5]

1800 1

i)
900 1

450 1

T TIIVV VIVIVEIX X XX
215 ®
A AN RV BE AR, MRT A 5 B« AS [R1 e B 40 KL MR 55 (L

Blo ARG MRI K



It AR B2 ki 2021 4F 4 A 58 23 %55 4] J Clin Ultrasound in Med, Apr. 2021,Vo0l.23,No.4 « 245 -

it it

TG AR Sk J7 NI A 4 A DL B s, il
G MG R 2 T RE RS R R G BN RS> TR
B R JEFE W T J7 ) R AR Re Sk, LA RE S E
R R AR WA T SC B R YT . AE
XSG |5 R A S A SRR R OGS (MR
KR RO BE T — IR ) ZAS Z YRk R, A
DU FCHRAE AR, B0 5 25 BAG AL e

Shin S5 F 5T 45 5 & B, B AR VS SR PFP i 051
L 29°C., {5 22 B £ 52 W AN K GOk I, T 400K
AL JE 9 Laplace F& 7 B 23800, PFP (S AL BB Ff =~
Thir o ASZEGZE R P, 7E 40°C I KR FEA R K 1
AHAE | YR BT TH R 2 5000 I, 4 Kok AR 78 e i 3
BT WLARAE J5 7= AR K A, X156 B PRP 44 K s B g
TRFE—E MR e M AR — A P Ak R A TR
I 7S S 361, %% IR 31 45 1Y FA-HCPT-Fe,0,-PFP NDs 7
ACEM T TR EARAE 48 hTT A KA BARAS . A
B RO A 0, 1% 1 0 75 7 HCPT 2% 2% 2 (8.33+0.57) %,
LB (60.51+2.33) % , 55 AL B RN 3824 0 Je 42
FIRIT IR AL T LR

AR S5 FH 0 B R B A3 55 2 A BILAA 4 R 1)
AR B A3 AR [, 2 4 Ve 5 VRS R L2 L 1 48 41
REJT, AT A MR A, TR) B A R A% 17 T il
W I8 o W SHE AR SR Fe, O, 7 142 P W] 9 21 4 i
AR, FEEACE & R g, 2 5 2L g
H R AR e it ke, s e/,
FLTC S R 5 22 M e Gan L AR | O B9 S5 A
LUrp i R A7 AR 5 = AR TR T AE IE A4 i iR A7 4
AR ARSI 0 ) 4 A SKOV 3 [
2 ) L Ko PN DL 5 22l ok ok B A i Al B ) 40
SKOV3 Jifig 241 it Ji Fil e R JC 9 AR SR 4R |, i A - iR
LA 1) v R ) M A B B L2 AR BE ) s Hs Pl e
NN N s 3 NGO ML S g T
200 ) R S PR A, A DI TR U R T I R 5 e 4 i
SEA I R AR S

RS 2 B W AR 0 S g 25 S R W], FA-HCPT-
Fe,0,—PFP NDs 1] L B g 3455 48 75 75 I MRI i 5%
AETT o TSR PFP A B A7 I RSO A8 K 7 BORH AR
PR R P B DA Ry R B A R Ak A AR 1 O K
AR5 P LIFU {SU58 RE 45 B ARk LT, [ A5-40
KT e A P ORI AR, DT B St 14 580 e 7 AR R . 5

A Fe,0, )5 , KR H 5 W58 6 75 iR Ve, BLBE %
YKLV BE B IE 0, GRS BTG R, O S (B R
IR . AR —Fh P R FL ], Fe, O, T £5- 40 K 7
(9 MRI T2 {5 5 38 B R AIG, LR B3 i s LA 4 o
fiK, 5 BAnEGET2HEES

25 LTk, AR 5L 5 | 45 1 FA-HCPT-Fe,0,~PFP
NDs [F] i £ 2% T PFP #l Fe,0,, A 2 SE I A0 45 A%
I HCPT, fifi HAE Z A2 AR A R, fEfg s 51 254
TBIT I E A 5 76 Q0K B M R A2 A8 S L 40Kk
RE A5 7 7 1 A 8 1) 25 5 T 8 Rk P TR 32 A 1 o 9 4
Ji6L ) L, 2R AT )R RS o AR RN ) R T, AR FA-
HCPT-Fe,0,~PFP NDs A3 2 BCA M IS T 00 73 FHR% .

% 3k

[1] Kircher MF, Willmann JK.Molecular body imaging: MR imaging, CT,
and US.Part I .principles[]].Radiology,2012,263(3):633.

[2] Wang YX, Idée JM, Corot C.Scientific and industrial challenges of
developing nanoparticle=based theranostics and multiple-modality
contrast agents for clinical application[J].Nanoscale,2015,7(39) :
16146-16150.

[3] Zhang J, Li C, Zhang X, et al.In vivo tumor—targeted dual-modal
fluorescence / CT imaging using a nanoprobe co-loaded with an
aggregation—induced emission dye and gold nanoparticles [J].
Biomaterials,2015,42(12):103-111.

[4] Jiang D, Shi Y, Chen X, et al.Fast and robust multimodal image
registration using a local derivative pattern [J]. Medical Physics,
2017,44(2) :497.

[5] Shin U, Kim J, Lee J, et al. Development of (64) Cu-loaded
perfluoropentane nanodroplet: a potential tumor theragnostic nano—
carrier and dual-modality PET-ultrasound imaging agents [J].
Ultrasound Med Biol ,2020,46(10) :2775-2784.

[6] Xie Y, Wang J, Wang J, et al. Tuning the ultrasonic and
photoacoustic response of polydopamine-stabilized perfluorocarbon
contrast agents[ J].J Mater Chem B, 2019, 7 (31), 4833-4842.

[7]  Lowe KC.Engineering blood: synthetic substitutes from fluorinated
compounds| J ].Tissue Eng,2003,9(3) : 389-399.

[8] Duguet E, Vasseur S, Mornet S, et al. Magnetic nanoparticles and
their applications in medicine[ J].Nanomedicine(Lond) ,2006,1(2) :
157-168.

[9]  Farran B, Pavitra E, Kasa P, et al.Folate—targeted immunotherapies :
Passive and active strategies for cancer receptor targeting drug
delivery strategies and prospects in the treatment of rheumatoid
arlhritis[]].Cytukine Growth Factor Rev,2019,45(6) :45-52.

[10] Emami J, Ansarypour Z.Receptor targeting drug delivery strategies
and prospects in the treatment of theumatoid arthritis [ J |.Res Pharm
Sci,2019,14(6) :471-487.

(e H 391 :2020-07-29)



