A % b # 2017F Foe2dk 124 1278 ~ 1284 @Q(FPﬂ%) bk
SCIENCE CHINA PRESS

R M LLANEAR AL BRARBURL A MR R  )Z

YerE AR

faEet, =34 Fwirl Bt 2a% Fb T, Fed kg’
LRI TS TR BB R T T, AR RV I R SE BT 5500 %, KR 030024

2. KRBT RS %2BEAEYEZER, K 030024,

3. Department of Medical Engineering, University of South Florida, Tampa, 32611, USA

* I Z A\, E-mail: lipengwei @tyut.edu.cn

2016-12-27 Wk, 2017-02-09 4[], 2017-02-24 4%5%, 2017-03-30 45 ik 7%
E % A RPL 54 (11602159) . 17948 11 F5 A A4 FHE 13555 H (201605D211020)F1 111 7545 5 45 2 AL R 1357 55 H (2016136) %% B

Tl %

H & T B S B R0 B9 2Kt 21 20 R R LR 40 K BURL(DA@Fe,0,), 25T 3 R4 e Bl i, 3438

THEAEH K F R A W . A DA@FeOs#EAT T 52 i 2 M MK, 7 B B AKX 7 15 5 v Bt An ik 4ok &
WA R E, Al kA b, PR T DR AR B R Ok F R ROR. S REW, DAQFeOsk 1 3
B RE, HOARFRERMEYRRRR, EDRAMEEME FREE GO LFEEYREER, BARNE

Al O 7 3 R B

K]l A MRACREUR, ERA, L RE

JET AR (PAT) 2 3T AR D4 ) — Fifr L 780 (1% A= 9
B2 BUR FA, 45 G T 4l 624 % iy = % b A
P AR I R B G P, 5 OE T TR
(PET). XHF&HHl, BriILIRaAM MRS L5
WG EARM L, BAIERA . JERE . s MK
BUAS B REPE, REASIRAS 40 T 1 o TR AR CR. Ok
AR R AR R TR N, B2 R S0 R ok TR A
AP ST, SR G PR RSO (Ui 2T B A
62 W G RE 7= A RGN, I 1) AR U
SR 5 ) 2H 20 Bl ) 44 000 26 i R P i i 4 ) FE WU
PGS, JERH AR5 5 i &K il 38 R 14 1A
I 6 75 A IR A T LAAAR A0S 396 R 1 A7 of 4Rk P
IR ZURAR BRI W 4= ek, ol T
R B RN, Y615 5 115 M e S Bl 27 35
TR EE 1) 388 000 T A I 2 0. 7 s R R R — ok AR

Jey U2 SRR B AR BRI, AT RUAAR R
SEOGFE (R, R OGA BB LB Aoy B A
FBFFEMLZE A BRI AR IR YT A5 T FA
z—.

UTAEA, AKBERE IR R OGP 5T S 4
KWL, B Z AN EE L i s 5m
T I B 5 R S AR BRE . BRAKFTRL
o U 4 SRR S JEHLA KB RE. B, Kim&E AR
WFFE TR & "1 (PEG) 1B 1 ) <5 40 K AT Dy i 5 311
BRI B P R 6 3R 1 U Kang % AR
FH 72 SRRk 16 i 9 49 K B 8 X g 440 i 47 e R R T
SN R 20 PE R A P T SR A R
4 R WAL (MoS) 1 S T £ AP 75 HR AT 747 /1N B
A BOCPIRIT YA ATPE. SR, S TCHLAN KA R
A RAUFBYC R R0, (0 A Py 3 v Ik A

SIRMER: sz, £—F, EIBESR, 55, JS i 2040 S8 g8 R JORLAE /N BRI B¢ 20675 A4 b 9 i F . B2 41, 2017, 62: 1278-1284
HeZ Q,Wang Y P, Yan X L, et al. Red blood cell-like-Fe,O; nanocrystals as contrast agents for PAT on arat cerebral cortex in vivo (in Chinese).
Chin Sci Bull, 2017, 62: 1278-1284, doi: 10.1360/N972016-01455

www.scichina.com  csb.scichina.com

© 2017 (HpIERIE) Atk



dE—BWF S . TOREAL | AR 8 0 75 3 5 7
7% S8 H RNZAU B F o8 00k ARk, AR —Fh Ay
(a4 e A Ak, EA RAFIREYE | AR e AL
SRE M, AL, JUIEA A Y SR (I 21 5
HHE SR 1) e SR, 8 Z HEMRI
S5 g I 2 AR 5 S 1S8R R A R |
POIGYT BRI AT AE AR B AL, o TR E L
LAK AR A W 3 25 vk, I HET R ) 5452
bk, HAMEEN . 29YksEoEe, =it
A S RE At & o AN o] /D Y. B WL AT X G
BLAK AL AT 2 W D RE AL i A AL TG 14 44 6L PEG
MR (FA) . Z B (DA)SE. EhR 2 B & A 4P — K
FU . EF . BRI, Hh AR TR I A 5 g A Ak
Al R, SRR RS TR R A B O A
22 B R LA HIL-JC AL T 57 A0 AR L0 i A
HAEH, HERRERS SKREBEW S T4546, MH
FERE DGR R L IR SR T T RE.

ASCA T ER R 22 B A6 i 118 2 i 2T 40 R 4
ARG KR (DA @Fe,05), 15 B/ BRI it B AT 4 41
FENIHITIVE N A FEAS, Rl 1 A= g 14 Fn 4 g
WG 0L, REMSE T & DA @Fe,0: 5 i & 40K
UARLAE R 675 s 5 TR B R AN AR O 15 5 5 M L B
RS R HE R S I

1 FERERTG ik

(1) #EL 7XKEH AR (FeCls-6H,0) | fi iR EM
(N&,SO,) . /KA BERR S48 (NaH,PO,2H,0) . 2 JifE
(CoHaNY I [ [ 25 S A b2 AR A R A R $hir 2
Jt (dopamine hydrochloride, CgH1;NO,-HCI)IH [ Fif 437
TR () A RA R, & 90K B0 (R A2 2930 nm)
WA B A KRR AR AR BR 2 w5 /N ROV i B 2T 4
HHHINIHITING [ H [ BE 2 B2 B Sl = 2 F 90 i 5%
Btk = 2 20 L Hp s

(ii) DA@FeOtr il . A /K #GE
B R LT A0 MR Fe,O K A B}, BLA5 it B T
FR BX 0.324 g(0.02 mol/L) & 1k &k, 0.0047 g(0.55
mmol/L) i B2 £} LA 120.05 mmol/L (FRHL0.048 gfifik —
SUENTEC ) B BE S mmol/L K IS, SRS LR
B2 1001% 2 1k i 0.05 mmol/L)BEE — S50, B4
A100 mLZEEFK(18 M), Hibk B 58 L.
b AR S RO S A e e T S A, AR
F220°C, W5 h. B SO = 25 B K R A T

PREORG B L, BRE LR, THRESMEE, 115
LTI AR Fe, O K 1K

FREL0.06 g Fe,0si8 T2 mLZ A, 5 FREL
3.793 g DAIFETL1 mLZJEHE R . KA RIR &
PEFEIE 21 5B A 30 min. SN =90 206 Vi ORI RS
HUEERRE L, Bk LEER, THREEMER, f
R 2 UM 3 1 A AR 40K 41 FH DA @Fe,03).

(iii) DA@Fe,05%F NIH3T34H i i FE ARG I, A%
S 56 9 BOIE H /N UV IR AT 4E 40 ENITHST3, KA
IR B 37 (DMEM) & B A 5 37 360 ', L 120000/4L
T F96fLH0k, 7E37°C, 5% CO5M4: T 5555, 4N i
4~6 hJi, PAS A (3.125, 6.25, 12.5, 25, 50, 100,
200 pg/mL)4$20 pl i DA@Fe,0si & T 96FL1k, 473
WAL 16F140 h. 22 Jo FIMTT Ho 6 1k (W s i )4G0 41
L B4 L XS A3 2R

(V) JEH B scse i E . R EEH Ot
#%(Surelite 1-20, Continuum, 3&[E). PCI47328¥E %
LR (PRIBIEBAER A E]) e SO L
FH(MB00, bt w3y DGR AT PR F]) o 1 & O A%
(5077PR, Olympus, JE[E). JE R H# 5 %k (V310-
SU, Olympus, 3 ) FT MR .

(V) AMEFE G, MEAFEWE T DA@Fe,0s
YRR OG5 E 5 0T 5 T Augh KR BORL L 75 1 52
FIVEXT . DA @Fe,O5FAuZl K Fik: 43 31l 11 2= 55 17K
Fi B8 & M B /98, 80, 800, 8000 g/mL. 4 51 Hit i
U FE S 4100 pL /72 N 42£0.9 mm, 4hE1.2
mmi i BB ARAE Y, SRS I A AR G O 1
P B 532 nm, kG E4~6 ns, FE MR
20 Hz, K H2°, JA gt g & gxt Lt r g
B, B EHF S5 ERE 3R, BULFH
EAE M B AE S LI/ NR iR 22, 54, it —4 5
1IE DA @Fe,O3 44 K K - Fl AuZhy K OB 14 ' 75 4 5 2%
S A DK AR ] v BE (80 ng/mL) i DA @Fe,OsFlIAugl
K TRL A K IR RS SRR 2R A, K
MRS EiR BB S, R LRLSHA

(Vi) /NEURI B2 )26 mif%. e HOML g
BFR 2 sh W v 0o W SE AR T N 2545 gty felt 5 i /s
S ML, Seib AT B iSRRI, Bl i IR s P 7
KA SR (10%), 74 450.04 mL/10 g. £ HA i R
MEfe, BIBR/NBCK BB A&, SC50 438 i B i Bk i 5
100 pL ¥ 480 pg/mL DA @Fe,Os W, =5 HAH A

1279



M % 5 B 201748 Fe2k F12#

PR ArT A B R I FL T 5 A — 4> F i B P R G
A, VAL B DR/ RSk TS A R SR A R
FASF-, VAR EBE /N 5 07 B A L A e /N R
PR Z ). WObRE % 411 mdem?, AR+ Ak K
ok f5c K Se 4 S O RE 1% 20 maiem?®. Fi iR
ERTFE R SR AR R G R EEER. AW
ARSI 6 149 2 3 R Dt B TR 2 8y ) S 6 A /N A 2
SALIE.

2 gR5vHe

2.1 FELANNIR Fe,080 K T KA

&1 Fe, O K MR TS . 5k B 5.
i L Y 1B (SEMY) TG 7 i ] 4 Fe, O K Jk:
SR —, SHLN AL g otk WOk AR
13048 nm, JEJF K565 nm, K445 157 (18 1(8)).
1 (o) g ST il 6 B il B X AT S (XRD) 5, 45 AR 3%
B, BT AT S8 06 35 0T F8 A Ok Bt Dy 7S T AR SR Ak B
(a-Fe;05, JCPDS No. 33-0664), 3% b % A HiAth A+ faf
el R, REARE GG ARl . B 1(c)~(F) R
B A 05 B T B (TEM) R AE 45 51, s A
Fe Oa 2l K kL (1) 32 3 4% 1T LA Y, BE S 2 75 Atk
TE X HL, 7417 5 (SAED) 45 2R (K 1(d)) & B, HE 5l B

Bl 1 2RI AR FeOs AR T ITE LR A R AT 45 2R (8) SEM; (b) XRD; () S TEMEI; (d) SAED; (8), (f) /3 3IXSRL(e)H 1, 2 {3 B i 53
HWTEM(HRTEM) K%
Figure1 Typica morphology and structure of red blood cell-like-Fe,O; nanoparticles. (8) SEM images. (b) XRD pattern. (c) Bright-field TEM im-
age. (d) SAED pattern. (e), (f) HRTEM images of area 1 and 2 in (c)
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Figure2 Invitro cell cytotoxicity of DA@Fe,O; to NIH3T3 cells
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Figure 3 (Color online) The photoacoustic properties of Fe,Os,
DA@Fe,0; and Au in vitro. () Vis-IR spectrum of Fe,0;, DA@Fe,0;
and Au nanospheres in water. (b) PA signals from Fe,O;, DA@Fe,0O3
and Au nanospheres at various concentrations (0—8000 pg/mL). (c) PA
signals generated from Fe,O;, DA@Fe,0; and Au nanospheres suspen-
sion at concentration of 80 pg/mL mixed with blood
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Figure 4 (Color online) Comparison of measurement results of DA @Fe,0;, Fe;0O; and Au in photoacoustic imaging of mouse cortical. (a), (€), (i)
Dissected photograph of the small rat brain applied in the PAT experiment. PAT images produced by the middle cerebral artery of arat brain before
((b), (f), (i) and after ((c), (9), (k)) DA@Fe,0s, F&;O3and Au injection. (d), (h), (I) Comparison chart of PA signals. (a)—(d) DA@Fe;Os; (e)—(h) FexOs;
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Red blood cell-like-Fe,O3; nanocrystals as contrast agents for
PAT on arat cerebral cortex in vivo

HE ZaiQian', WANG YiPing', YAN XiaoLe", YANG MinMin', WANG Ying? LI PengWei*",
JANG HuaBei* & ZHANG WenDong™

Ministry of Education Key Laboratory of Advanced Transducers and Intelligent Control System, Micro-Nano System Research Center of College
of Information Engineering, Taiyuan University of Technology, Taiyuan 030024, China;

2Biological Engineering of Mechanics Institute, Taiyuan University of Technology, Taiyuan 030024, China;

3 Department of Medical Engineering, University of South Florida, Tampa, 32611, USA

* Corresponding author, E-mail: lipengwei @tyut.edu.cn

Photoacoustic tomography (PAT) is a novel, noninvasive, nonionizing and cost-effective imaging modality, which
combines the merits of optical and ultrasonic imaging, and has been recently prosperous for biomedical applica-
tions. Owing to the high optical absorption of hemoglobin this endogenous molecules contrast agent, PAT has been
confirmed to be a mighty imaging tool for blood vessels. With the development of science and technology, nano-
technology has increasingly been brought to the forefront due to the unique physical and chemical properties of
nanomaterials, such as small size effect, surface and interface effects. During the past few decades, nanoparticles
designed for high photoacoustic contrast agents have become a burgeoning scientific favorite. Iron oxide has been
extensively investigated because of good magnetic properties, thermal and chemical stability as well asits low cost,
easy and environmentally friendly. Especially, due to its good compatibility and hypotoxicity, it has been widely
used in nuclear magnetic resonance imaging (MRI) contrast agents. Besides, many functional groups (cathecol,
amine, quinone) of dopamine hydrochloride (DA) can be reacted with a large number of molecules so as to provide
afriendly method to make many bio-molecules tightly immobilized on the surface.

Red blood cell-like-Fe,O3 nanoparticles modified by DA (DA @Fe,O3) were prepared in order to be utilized as an
optical contrast agent in PAT. Red blood cell-like-Fe,O3 nanoparticles were synthesized by a facile hydrothermal
synthesis method and modified by dopamine hydrochloride. The cell toxicity of DA @Fe,O3; was surveyed by incu-
bating with NIH3T3 cells using MTT assy. The ex vivo photoacoustic performance of DA@Fe,O; was tested by
using a transparent tube containing only suspensions with a range of concentrations and mixed with blood by PAT
system. DA@Fe,0O3 as contrast agent in photoacoustic tomography of a rat cerebral cortex was also observed.
DA @Fe,O; has not shown any significant cell growth inhibition at concentrations ranging from 3.125 to 200
pg/mL. PA contrast enhancement properties in vitro of DA@Fe,Os; got more remarkable with the concentration of
nanoparticles increasing. The contrast of PAT images of the cerebral cortex of arat after DA @Fe,O3; agqueous sus-
pension at a specific concentration injection through the tail was enhanced.

DA @Fe,0O3; shows hypotoxicity and good biological compatibility. DA @Fe,Os; presents a strong absorption to the
specific wavelength laser and excellent PA contrast enhancement properties in vitro and in vivo. These results
demonstrated that DA @Fe,O3 could be utilized as innovative, commercially viable, promising candidates as alternative
optical contrast agents.

Fe,03 nanocrystals, contrast agent, photoacoustic tomography
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