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W TENWEEHCDEAEAT . MEHARE. SRk Eodsss s, SEAE | X
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FHAEA, MTULAGE B4, AlnROBREEREA . FhiER, HRFNDEREE
ENEULEEL. FREBMARLIE, ARBBEL BT EARANF, ELT HHAET
Wiy — R H FEE AR, & CTREMEM BT T AEEE L, WFRETCT
SR % @Y7 FIR, T DL SRR By L R R IR Y. RN AT CT AR B E AR
BERYAE A MLA CT £E¥ TR, A8, &, 4. 82, MATLE%, SRTEWS A K

CT R F Ay a IR . KR A S A I o 2] AL

1895 AEAEEE L HL T XSk, JFOI T XS Lt fT
AW B 2200, G X2k B RS TE L 8%
Wiy R B T R0 B R AR R, E g A Y
W B, XS AL ZE H i (X-ray computed
tomography, CT)Wiz 14z, CTi&—FhF| AL LA
AbFRJE A S R RS, B —
Bl T P XA R B R AR, F AN R A 20 X 2
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MELIE BUR BT LE. o T ik s ), AT &
T ZFh & %57 (contrast agents) A & £5 4 b B 5% H b
A LS B LU 4T, R ECTR HED.

—RORUE, A B (o) 8Os 5T R (21
POBRS BRI X 4, . 9. 4. . BHSEITE,
HB AT FHAVE XS AR & 5270, Bk 2 I IR it
R AR RS IZ Y CTHE RE A, (H R 3 i i 5% 741 i A
GEtE g, BAMEBER . @R AR Tk
RN, f6E AR A e e gekphR e &
Ji& Sy i PRk — ) g Ak 1 i SR B RN T . AT
G /Ny FIE SR, KR T DL 3K i 1 1 5
JUR, MEPEFRIS R, BEE BRI B0 045 T 3
ik, #e 6% 38 o S 1R R 0y e ol v A R UE
(enhanced permeation and retention effect, EPR)#% 3
FRRTE MR ). 3 i AR Ry =X R B i, 44K
KL 38 7] LLRAS T sl 1n 3R YT . 2R R T
fig. STl Ak CTE S R DAL & 52 0 &,
H A ) 8 K LR B AR AR, 4R Tl
TGRS R AP AR 1. BEE DR TR A, BHIFA
BT HoAh BAA 08 X 2 i R B & 52 0 R,
DA $ T T4 508 1l vt A1k 97 1) 385 B2 6E . 2006 4,
U A AR R E N CTiE S I 5 5 1 T AATT
AT R, Bl S B98N 53X 4 9 KR 3R AT Y 45
T Z2 D REAB MK T 1 R 1 Bz k. Ik
JUAE, B SR . 8554 B AF  CTH 52 0 2 g itk
ANNTHIRZ, & Jm i 52 0 HAA 0 RAYERE, e dlid
B ¥ CTH HAb R E AR AN IR iR (MRD) | F#5 46
RAHAZEFRR AR, DS IRSam R, hEs
411 PR 32 W7 2 (18 B M A i 1 £ ., RIS n o C TR
BE &MY T NG, JPRETCTRER
YT — AR, LS 1 BB A 7 RN S
Wids. ARSCLER T IR YOK CTHE 2 R fE B 1297
) SR I ST T R, TR AR R A8 K CT s 52 371 1Y & e
D kEAT T .

1 CT A a

XOTE Y BRI 2 — R B, 5 EYIRR

BE AR S A SO S WO R, B AR .

X2 () 2 35 1 I A Xk X5 44 ) B U A T X
BCAR LR WA X X i) 0 AT LSRR

I=1e", (1)

2, DX i 28 B, 1o 2 XS4 AT E, 1

SEVIRI TR R, R WIRI ISR, XLy 5
U, 3 B2 6 HL RV (photoelectric absorption) ., Fii £
H 9T (Rayleigh scattering) 1 FE 3% il #{ %} (Compton
scattering) 7| 2 [HY.

CTJ& I X 2 1 i — w2 R FE AR 5 — )2
P 5 X 2 A5 A T A 4 0 0 2 X 2 R .
i AR P X TR SR RIS MR 360°HER;, A5
A5 R AR S, 2B LA P g al R 5 o A
25 ok 1 A A PR R 2 M 0 R B A A, (R
S0 B8 8 LN, 7E 2B R R ) 4 B
Ak 1 X E——CT{H. CTHE X h

cr =275 1000, )
lulk

o, T A A S TE IR R KL, o K Y T D,
A AT RECTM AW A, CTE M LI E N
Hounsfield unit, &5 AHU. 25X CTH %I -1000
HU, % B 42UCTELE 1000 HUZE AT, Ko
HLWCTIE & TE 20~100 HU.

NAR A B CTHH 43 A 5 FEl #E-1000~1000 HU,
Xif R CTRUE Bl AT 2000 AN ARG K, gtk it T
NHR (73 B Rl (L6 A IKEE). Ry T $ e 2 S A 40 T
s, HECTIEZE R/ 2 R SURE X 0, Af1%
W7o 5 BB AR . B EOSHR A CTE I A 2 5
YR 16 AIRFEBEIEET L, T8 A Y I 4 pi 5 4
M S . XK CTEE B o O, %0
ML FRRZ 22 E5E, 0 LT BRAFHER N
L. PP AIE A T e AT 7, RETE 8 b Won B ARl
2L EML.

2 MRS

F O 1924 4236 [F A 50% 4 s AL gk e o il 1
LERRliceziliiScs AVE T S Sl N I R TR
R FRTR 2 Bl R B B 2 2 1,3,5- =
MRTAEY), X i 52 50 (4 25 A B0 ) 2 A2 4 P BR
THTTE R — ok, /T R R AR AR
FESEPEINA P ERS BROE R PR | 2 1B R/ R
PR, ATRES RS LAY IS SR IOV, 8 B A B AR
L R TR e [, AR R TR R
R, AR BB . SRR 745

PENSVILN

2.1 YR, goRELRl. Bl
20 2K A8 ek YRR P 2 T R R AR E KON AL
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AW BR . — R PENTL77 B3 B ik 4
Y AR () B R AT RS T 3h ok RERE AL N1177
TE— MK ANE Yz 52 /R (diatrizoic acid, DTATA Y,
P V5 40 32 26 1 A e, L 2 52 i) 50 00 i 7
Vg ohee, MR T I L2 CTH M MR 4 R EE,
N1177 $& 8 T 1% 24 3 ko B i £k B b it 2 ek 22 45,
Ji8h, N1177 TRRACK B, 23808 1, JtHE
JE Ml 6 AN AN S A A CT MG X L, 7T R A 4G 1 it 348
Bt . g, e Rs .

20 K FL I — BB TE I — AV 0 A
TE AR e K Z5 8. T CTRUR 44 K 3L 2 2
IRV PE B UL A W, 7E T TG R R 0 VR R R 3
KEE W . B (Qipiodol) 40 >k 2L 57 2 I R | i B
TR FH B 9K CT S 5250, i FH A Ik 4 R R i ik ol
ik P4 ZE () CTE S 7)™, o ml UAE BT 10 30 Bk Ak )7 i
SEAR L 25, R ENA T R A H AL X e
/5 2 AL I A 4 K i (LPNCs) 28 i ik v
SRR, FEONE . sk, #R kAL 58 LEE 21 1 i
FISLAZNT EE, W5 24 hJSLPNCsA R SB7E I A g
B LPNCSBE °T LAE R 8K 259 (32 284k, T
DL A o B #0 a4 R, AR RRE 9297 O T A AR R
1.

Li%E N2 T — g B G C Tk 52 577 —— Ak
o- 25 F W (4EAE RE)YORZLAF (B 1), 33 Fiog L 6 5% 711
ALEA = RS TR . A s A, W
Hmus g, ARk m, ggaRIERAR, &
PEG& i if it o T s R G U, & —F Al
Y I 5 7).

2 SR 2 2 TV A R A T VR 3 SR R —
A CEIV I S5 e o vk B2 CMIC) K M b %l )R, o4y F
o BT A sh 4k A AR R /N 1) 2R A AR 5T A5 TR
33 2 T G P R R R A B CMIC, i ko B B AR Y
JE BRI RS, 255 o0 fff AR, CMCEAR I W %
RA W e AN B A SRR . ISR, PR
REW A RIE B, K N BE S 6125 KR
fe&w, mzidy . bR, Lh bR RS — R
WAL P25 3. TrubetskoyZs N34 i —FhPEO-
block-PLLF 5 PE ik BE LR A, F-HRi4% 100 nm,
BT A3 B0GR 45%. X FPICR 4 T SR TR R,
2 hE S REWLEE SR S A A bk T 4 2 ik S T
BRRR, LR 30 T BT %) ot | JFFREE B PEL4S. Margel
WEFT LA WO RAE T 2-H LN E 2 3E-2,3,5-
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(a) COOH
: IS5
;@W * I |

a-tocopherol 2,3,5-trioodo-

l benzoic acid
4

22
™™ =B

1
5 6 9 32
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4 T—C08 15 3 35 36
# A2
32N, 11 e 18 26
™o O \37 392 %% T8
33
30

a-tocopheryl 2,3,5-triiodobenzoate

(b)

PEG hairy e, |
m,
Wiz
Oily core — —=—=—> | PEGylated

(a-tocopheryl
2,3,5-triiodo-
benzoate)

nonionic surfactant
(PEG-35-castor oil)

,-; 4{;;%\:
NS
1S

~85 nm

B 1 (MU E)(a) a- A Fl-2,3,5- R RIS 1 (b) ik
YA ZLIE 1A s

Figure 1 (Color online) (a) Synthesis of a-tocopheryl 2,3,5-triiodoben-
zoate. (b) Schematic representation of an iodinated nano-emulsion
droplet!'”

= L H R £ (polyMAOETIB) 38 4 W 44 K s - U4 1
B (MAOETIB- H! 3 P 45 2 46 7K H- I 1% ) (P(MAOETIB-
GMA)) LR gk 71, ek s | P, o
WE A% ¥ B R MROCR . BF5E SR F T Ik
RS 98 0 A I B 45 5 RS, I A U BE ARSI U A4 98
AR X B B T e e A DX IR 8 8 A 52 35 1) A
R, HIHAMEIE# A8 —FES B BT, CTH
i s AR Y I R AL

2.2 SRS

JIg ST A 2 i g XL 2 1 AL 2 T ol 1) 08 3 5 44
T H AR KPR/ or B S R B i AR R Tk
B T WLAR A B R IV R AT, LR A
A7 G A B DR A il B e N R R AR A
W B2 IR 22 G2 (RES) TR 1) 5 88 T TIE /) 15 1 4 e
A IO R A TR T PR A S R RAR LA
— M, (AEAR T AT i 85, A BE ST uk
I 7 STEAA TR AR

KR T R MBI R £ ZBE(PEG), 1] L /D AE
N E B, B B RES AN M | BRHURI AR,
AT 3 Ao 1L Y 1 PR BR ML, A 55 AT A B[]



iE R

FER . ST LS AR R A RE [ R A
BE . SR SEREYEE, WK EIR SR, B RK TR
J5 AN J5 R B A 36k % g A o 1 RN B % (EPR),
B BURTEMRE 2 rh . X, KRR T e S A LT
MR RGLG, W TR B B 1] A0 e () 9 sh
A 1] 1 FH T A 5502 45 1 s 4 29 5. R 3k o
P, AU v EEN T A EE U A PEGAR AR IR £ 43
S0 Ik 288 A e i | LR TR I A5 A B ) mT A
ARG, S T DA e A8 B A g, XG0 S 0 e P
. Sy AN, B A A 3 5 R0 Y [ A A T D R
MRIKE 5 5 8 Ab 7 259, Q040 2% R i 1 6L A 12 1)
CT/MRIXUAR 25 PEG AV g 5 44 I T %+ 19 1l B 5%,
CTHIMRIFIE 5 H4 K a] p 3 i 1) o 2 bl g R
FVBL 5w V0 B i PEG A A 5 44 FH >k Ak L A i 9 1 R
B, FERAR AR RCR 354 W 4 0.

Bi T HE AR 1) 5% 7K N AZ AT DA A B A 3 5 R0 A0,
g X F )2 W] LA B KON B S 52 7). Kweon
A NPV R SRR 25 vk AT O A B R L A
B, A3 TR R B, s s 70 Y T g 5
SR IXOR R AR R R B R RN S, & S RES
(L LU A5 31 T B VE B . KA CTH RS 3.
AiFF 5 2% W WL IH %) I A B 2 i L T2 A1 97 28 o R
RENIIR S R

WAL (4 B 5043 F 202608 AR o A mT A S —
P 0 (4 CTHE 5% 7. ElrodZ A 22 s Ak 51 @ A 45+
A BB B 5T 4 (iodi-liposome), “F-¥JHifE 50~150
nm. LKA BT AR A LR B R S CT AR, 25 I N ]
DIy, kB2 W AR YY IR SR T B A sl
A M AL G i 5 R, DL AR A I X 4 O
ROR.

H A5 19 i 5 4 22 02 1 sl 8 1 o ), 324K
SERESTRWE L ) T . AR AENESS, s EPRAN #E [m) 1 A
F w2 R AR HLA AT R B B
W TE NG AR itk L huiR S8 o 7, iz BA
FEh VR, T i — 2 4R R L SR A R
)3 5 1 SR AR . MontetfF 78 21 2214 i T #8 ) B- 1k
RO LR R, B-ve PR3 A0 g il A b it 8, 1
Sz g R g dEE /N B, R 4 2 Ak B S i
(ICTAE 5, H.3% BRI a) & 2 K 7 =E 50 ) A {4
Dunne A P4 & R HE [ APN/CD13 )55 Tl Jo 14
ZIKEEN(APN), W0y CD13, 75 g B A= 1045 1Y i B
A ek, EHEEINR AR APN/CD13 it {42 i

LA AR e P R A T M - H R A R (NGR) K BE.
THAMEER, XFINGR-HG T AL I 4 210 R
Rt — L hgam, WERRTE R T MR AL E

2.3 SUUREYIEEH

B AR K 43 F (dendrimer) B 7 i 15 “dendra” 1
“mer” fi7 4 Ifif # (dendra=tree, mer=part), J&—FfH &
A, BGZDRER, EARERIE L IRIER. 5
AR AW, BRI TR E, B
IR S5 R, BIVAZ O 4 F AN 1) A8 R S A A K
(XN LSRN IRy AN R A ST Ok &= S L A
B, R BRI AR R 1R %0~3)
BRI o F R TSR, e AR O R o 7 I 2
B ECIR S TS i, n] DLS 3 — e Th BE R4 7.
FIERTAIE, AT B CTE 7@ % 2 4 1L L
SO NN e e

PR ASOIR 2R Bk i -2 (polyamide-amine, PAMAM)J&
CTi & i B BEIR K o 7, Rim HA 12 &
%, 2002 4F, Yordanovi: AN PHRAE T8 /NP ib &
YI(DMAA-TPA) LA HECRIZE 4 [CPAMAMA) A i 4
B b, B IRGA-(DMAA-TPA)y, LS 5251, X2
YRR Ko F H T CTRUG. B £, Bl & vk
JEE G 3G I, XS 4 O e R B A G n, I B
G4-(DMAA-IPA);; BEIEAE ML R CTE . 5 —
b R K43 7 1 5 790 B Fusi A PORFRL, K LIPEG h
AN ABE LR8I NG e R (S E - R N N B
MARECLIL S, AR T 2T B BRAAR Ko+
f 5 Tl ¥ 52 7 PEG12000-Gen4-I0OB. X Fl A4 Ik K 43
T o 27%, HAVFZ RAFWRHE, SHERKE00 I
TR . AT 51 (35~143 kD) . BRI XS
LA RO AREE R KYE KBSEE .
SR MESE, R R DU A HE S AE TE P A5 R g R 28 L
ARG RIS

YinZe NP4 T PEG AL 58 BT [ 40 Kok
T-(PEGylated poly(iohexol) NPs){E J{4 N CTi& 5 .
LN ARL A b 98 AR A A5 BA B RLG, fE CTX H Ak SR
SR 36 %, T4 bR A2 W B0 R i EE AR N 0 &
.

SR HLE 2R B MOFs) & 1T 10 4F 3K & i s
B —FECO R AW, BA =4erfLasi, —li4 s
BTN, A LB R SR R As [R] 3DAE A
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H, MO AK 22 MOF, B 1 CTRAR R 58 Tt
VDB, (EEE MR, XFMOFZE 37 CIHYBERR L
(PBS)ZE ik rP A B 46 B AJ 524 lf, FWHEA
A T A R fif R

3 BHRMR

HMWE B Z 4], 490Kk F (GNPs) st — B 24
Yy BE g B gg L7, T TR A AR . e HGA
J7 . ZiWniski . DNA S5 4N40. 44 o Xk
SRR AT LB B3] 1895 4Fe 3 kR AF FERY
47RAE. 2006 4F, HainfeldE AP yiRil T —Fhr
B CTHE B M — &0k 1. M TRk d, 4
PR EE B T 2R rERe, s sE, BA
T XA R 200 R e E, Re R A &
04 8 B, YA PEL PO, & R, B
W RSTFEG il b5 800, RGP ) 3K
AR PSRRI SRR PSS | R E R &
AR EEIARR . B 5T, %, BENEI R4 Rl
B HFSE Y B R B

3.1 EACTIREZHIN SR T

& B8 E W R T T 80(Z=79) R K Wik
(K-edge=80.7 keV), fEIlfi KR CT# H 19 X I & (120
kVp) BGS T BAT T X il R 8k, X2 Y
XHL MR KT a& K WG, X ST H
e LM 1 ANK BHEFBER T, s R
() e R W e, (IS R B T RIS 4
MUk T R 0.01% B, JCieH
Z RKAER X B BUR AR A 15 B4 B 8508, Xk
AH 4 90 KR 00 20038 31— 2 9 o i VR BE A RE U A
R CT S, AN IR o485 i, 4R ) ol h vk )
() 4 9 KOREF RS /N, X6 X4 A9 8 D i ) kiR
MRSE/NT 40 nmi, i R R TR IR0 a1
Bl b CT 1 5% 5 Bk J% UK 5 (Omnipaque, HI fill ¥
@)[341.

il B 4 AN KORE T 19 B FH O 5 S A TR 3 i A
SR, (HX Fh O ik i £ 04 4 G Kok 7 1E A BLER 8 op
FEATRE, A I8 /Y 2% 8 1 X GNPs i 14 P 1z
EXHE. SPEGILAE TR, PEGIEIif) GNPsHE
AR Ty b1k 36 XBR PN B2 2 2 A9 3R R, JE K i YA 2R
ffH]. PEG-GNPs AN RE I 1 s 1%, i o] DL i 48
i DX JEF T v 98 R I % SC 0, AR A/ S 56 2 BH XU
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2R T P SUR S L 4E 1§ (Ultravist, B L3S 22 i) i 5.7
1%[35].

BT 1R 4% B i 2R 11 (HDLL) Y 135 5% 571 Fh 155 W 40 g
R SEPEIIL, Cormode A4 51l FH 4> sl ik B+ ]
() 3 Fp i 525 Au-HDL, Au-PEG, BRJ5IR 725/ EL 2
¥ B AN I774AME E 2 h, 45 &K Au-HDL b
Au-PEGH H.9% B W4 i i, H CTIE 2RO I B o
T Au-PEGHIRR SR 5e. 3% 2838 52 I 7E MRS & 1
AT AR (A 2).

2010 4F, Shifff5x ik LSS 5 {RPAMAM(GS
PAMAM)BAR K 0+ I fsit, 4 7 Hife 2~4 nmiy
BRI A0 740 22 19 42 49 K ki T~ (dendrimer-entrapped
gold nanoparticles, Au DENPs). & T 55 IR 3 1 2 F& A9
BEPE AR S0, MfiT%f Au DENPs#EAT T &1, £
FE R MPEGIL S A Z R AL D40 MG SL g6 M, ax sk
Au DENPsYJHAT H AL 52 59 50 47 1 368 52 ORI G

Au-HDL
+ Omnipaque
* Au-PEG

Time (h)

B 2 PROMEWENIIEE Au-HDL A5 5R0. JLIR M B iens, 5
(2)Au-HDL 5 (b)Au-PEG 57 2 h FIAIMLRE GG HI); ik
DAPIGHE ()4t (c) S T AR (TEM) IR, MR USRSk
FHIXIE: (d) AFRAMER CT SR (o) IR CT iR
KbEmt ) A2 £ () A0MIIAT T1 AR MRI B8

Figure 2 Uptake of Au-HDL by macrophage cells in vitro™. Confocal
microscopy of cells incubated for 2 h with Au-HDL (a) or Au-PEG (b),
which appear red (rhodamine) and the nuclei are stained with DAPI
(blue). (c) Transmission electron microscope (TEM) image where black
circles indicate areas of particle uptake. (d) CT images of the different
cell pellets. (e) Graph of the increase in CT attenuation of the cell pellets
compared to media only incubated cells vs. time of incubation. (f)
T1-weighted MR image of cell pellets
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Y MG R 1a], B T EPREN ¥ R ny & 45, H
WA I B 40 i T

2011 4, Shifff7¢ 20 7E Au DENPs[ LR .,
2 %R (DTA) M i 3 5]G5 PAMAMZE T, #1417
T2 ICEJ, AWRICTIE . M T ehiik
1B HAu DENPsFIRR IR b, 356 2887 B 1) 1 52 7 A
B XA e DR R A, T B R ET AA L B
ULk, Shififf 78 20 8 ) -5 RER K 4 F 4 2 6
LLAY 73 SOIR SR BETSE ¥ (polyetherimide, PEI), & il Jf:
FAE T PEG-PEIfU % (1Y 4 40 K i T (PEGylated PEI-
entrapped AuNPs, Au PENPs), £ Ifil. {ti F1 i Jgd A9 CT AL
1§ L IR EA N W .

3.2 HETEAURMRHHEIN CTIE

IR GNPs X IR A7 — 22 B sh 8 a1 5 g, (HA
T ik — 25 WA 5 GNPs 1) & SRR It X oAb 20 21 1)
SLIR, 3 T B E GNPs % T 184 4 5 1 #88 1i) 431
H i 2 24 H T8 GNPs & Au DENPsHY# ] 2 F 45
PiHer2 ik (Herceptin)®!, IR (FA)** | UM-A9
iRl Fiepa Hiik™ | iFE (Heparin)*® | LR
.

FengZ: A\ SO % 1 PEG #1424 B i GNPs, &
I 5] RS B9 PEG-Glu-GNPs & 52 7). &4 BEAE/E Ny
BB 1) 3 R SRR, AR TR R R AR A4, JiRg 2
RO ER, 520 2 AR RE. R S Ao
BRALH R B, XA OLT, V52 MR ) o
ARME 2 IR A7 28, AR 0 28 WA by 7 35 ok R I ]
D) o Py B 03 L 20 M 1 i 1 3 57 O
FICTHEH, BEWLEE 2] Mg 5 ] [l 45 45 21 204 B W 1
Z5, B/ PEG-Glu-GNPsHY B 42 K4 20
nm, ] AXTEAA/NT 0.5 cmAY I %, T8 15 d
Jii, CTEMG b RS2 15 5 0 A 5iR 114) IX 3, & B R
A3 R L HE AR A,

3.3 JETBAURMENY 2 D) HECTIE

A — T RE AN R R A RET R R 2 AL S
TEAEIZWT TR, FEIR RIS, T2 A {5 X
HAT A G A PE AR R, TR I 2 b sl
2 R LA B PR AR T BOR AT B 2 Wy, LUIBIAS
B N HERR BIIZ W IR, N F — 2P BRI T R L R
HiRAE . I, JF A SRS E2 WA YT H 45 & ()
Y)Y 22 DI REAN K il 77 £ 22 B 5 A1 I 58 R

1M 42 99 K kLT 5 R AE I . 36 55 5 T L PR 80
(surface plasmon resonance, SPR)*Dﬁﬁ(EﬂLiﬁf([SHE"JC%
P, W7 HAAE R T 5 LA BRI W M2y Win T
M E R fBiMn 4 akR 1, o RS9k
B, RSN 2RO JEHRYY L BTG, 2
VEREDRET -5, flgnztesr ek
B8 TRAE B2 W R

i 22 0 R EL(Gd) 2 I R L A8 R e U s 5 791
HAK AP REIG5R MRIW LR (5 5. MRIXEAL L) 53
PRI, EA TGRS, R XK 5
At A W) R A 1 43 A 2 AT AR e 8 dUs v, (H
FEMRIBUZR BT, XE L) T 520 8. K Gd Rl Au
WA U R AL A, BT SCEEMRI/CTAUBL S A4
H AT 3L T Gd/Au il XU S 408 K 38 52 7 A GAEE & W1
GNP HIGA &M A Au DENPsP 0145 Horpr
Gd-Au DENPs L3 TE T 3% 18 W] DA-F- 81 0 o) 43
T, Wk ER O HE— A R T X bR A B ) R AR
RE .

8 A (ultrasound, US)J& & 5 iiA% T B i F i
Iz —Fh, BRI KA ERERISIR R S
B PTG R A BRI, R Y S R AR AR,
LA PN B B R 2 36 A% 7 A AR K S i, [
WG AR X FH M 38 R AR AR AR, X 2 5 HA A R CT
BRI, Rk, ARSI SRR T & A R
#5/% (graphene oxide, GO)flAu NPsf R ZLAR (PLA)#
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Figure 3 (Color online) The components and functions of gold-nanoshelled microcapsules as multifunctional contrast agents
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Figure 4 (Color online) (a) Schematic representation of the nanoparti-
cle lipid coating procedure. (b) TEM image of hydrophobic gold/silica
particles (88 £9 nm). The inset shows a negative stain TEM image of the
lipid-coated particles. (c) Absorption, emission (/ex 660 nm) and excita-
tion (Aem 710 nm) spectra of the aqueous lipid-coated gold/silica particle
dispersion (inset). Note that the dotted line in the emission spectrum is
due to scattered excitation light and thus not due to Cy5.5 emission™®!
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Figure 7 (Color online) Schematic representation of multishell structured nanoprobe
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Advances in multifunctional nano-sized CT contrast agents

ZHANG XiaoTing & DAI ZhiFei

Department of Biomedical Engineering, College of Engineering, Peking University, Beijing 100871, China

Computed tomography (CT) is one of the most widely used noninvasive clinical imaging modalities because of its wide availability,
low cost, high efficiency and high resolution. Although the resolution of CT is much higher than that of conventional radiography and
many other imaging techniques, it is still difficult to distinguish subtle changes of soft tissues because of physical limitations. To
increase the contrast of soft tissues and improve the accuracy of disease diagnosis, a variety of CT contrast agents have been developed.
Small iodinated compounds have been widely used as clinical CT contrast agents, but their toxicity and short circulation time restrict
their further application. To resolve these problems, nanosized CT contrast agents have been developed. In addition to iodine,
nanoparticles based on heavy atoms such as gold, tantalum, lanthanides, and bismuth have been investigated as more efficient CT
contrast agents than small iodinated compounds. These novel nanosized CT contrast agents have high biocompatibility and long
circulation times, which are advantageous for visualization of blood vessels and tumors. Moreover, the combination of CT with other
imaging techniques, such as magnetic resonance imaging and ultrasound imaging, could realize higher sensitivity and more
personalized diagnostic information. In particular, theranostic CT contrast agents that integrate diagnosis with therapy in a single
nanoplatform may serve as a nanomedicine capable of both noninvasive imaging and remote-controlled therapy. Herein, we introduce
the principles of CT imaging and commonly used nanoscale CT contrast elements, including iodine, gold, bismuth, tantalum, and
lanthanides. The recent advances, future development and existing problems of multifunctional nanosized CT contrast agents are
reviewed.
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