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Abstract: The elusive in vivo fate of nanomedicines represents a critical barrier to their clinical translation.
Recent rapid advancements in imaging technologies, such as fluorescence imaging (FLI), photoacoustic imaging
(PAI), radionuclide imaging (RI), magnetic resonance imaging (MRI), and multimodal imaging (MI) have provided
powerful tools for real-time and in situ analysis of nanomedicine behavior in vivo, encompassing morphological
evolution, drug release kinetics, distribution, metabolic and so on. However, significant challenges persist,
particularly in continuously tracking dynamic morphological changes throughout their entire lifecycle and achieving
accurate quantitative analysis within the physiological microenvironment. This review focuses on recent progress
in understanding the in vivo fate of nanomedicines, systematically summarizing the fundamental principles,
applications, advantages and limitations of these imaging technologies. It also highlights recent breakthroughs in
utilizing these technologies to decipher the in vivo fate of nanomedicines and explores future perspectives, such as
the development of innovative probes and the integration of multimodal imaging platforms. The objective is to
offer robust theoretical and technical foundations for optimizing the design of nanodrug delivery systems and
promoting their clinical translation.
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JASB T, an 254 3 38 S R v () T AS AR L 2 M
P RETR BN 7 2 i 700 B A s A ) 20 A B AR 4,
2 1] 249 L W R 2 A 1R G B ) 4, 0 LA iR
AU, 44K ) 700 AE AR PN s R R AT R R AE 25 M I R
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Gy PR A AT R, 6 SIEEIL G K i AR N AT
MAFE BAS R R R R R

TR G B AR RAEBOR (A0 5t i 7 B AR L IR 1
JIRABE) ERERE A1 AT 9 OKRL T R AR TS, 21
V52 TR G KR LE AR A A TR B 25 A8 A e AR ) S
BT BAR AR H R, a1 & (fluorescence
imaging, FLI). J% 7 i {% (photoacoustic imaging, PAI).
TCHT M % 1% (radioactive imaging, RI). #f 3t ¥7 il 1%
(magnetic resonance imaging, MRI). Z #4514 (multi-
modal imaging, MI) £ RS EGUK LW N TE S 7R R
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« Real-time imaging

+ Specificity and high sensitivity

« High spatial and temporal resolution
Application: polymeric micelles,

gold nanoclusters, liposomes, etc.

ACQ probe AIE probe
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2 Q

RET probe
PR e

- - )

¢ Non-invasive
portable and low-priced

¢ Good organizational
penetration and spatial
resolutionpth

¢ Functional imaging

Application:
magnetite nanoparticle,
lipid nanoparticles,
etc.

e Combining the advantages of different
imaging techniques
Application: liposomes, polymeric micelles,

(R 35, A8 HG =2 () 3 7% 6 0 52 31 78 240 M0 45 12 e PR 1,
(7 BN A7 6 7 AE Pl A KU, HL B R S B R,
RI 3 253 O 1F WL & 33 7 J2 49 4 (positron emission
tomography, PET) FEEF KT HENLETZ 4 (single-
photon emission computed tomography, SPECT), £ F.
# pmol/fmol HIAS I R BURE, HAEZAE) )70t LA
— B, AH 7 8] 43 22 A AR A ELAFAE L B 4 A
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e Multiple radioisotopes

o Allow the use of sub-therapeutic doses

o Extremely high detection sensitivity

Application: liposomes, polymers,
inorganic nanoplatforms,
carbonaceous, efc.

¢ Nonradiative

e Deep tissue
) g penetration
o 4 o Excellent contrast
ability of soft
tissue structure
Application:

nano adjuvant,
lipid nanoparticles,
etc.

nanocapsule, ezc.

Figure 1

Schematic diagram and advantages of imaging techniques. FLI: Fluorescence imaging; ACQ: Aggregation-caused quenching;

AIE: Aggregation-induced emission; FRET: Forster resonance energy transfer; PAIl: Photoacoustic imaging; RI: Radioactive imaging; MRI:

Magnetic resonance imaging; PET: Positron emission tomography; SPECT: Single-photon emission computed tomography; MI: Multimodal

imaging
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R EUR A . = I 23 40 3 26 L SR Bl A W A
73 Be e R AR AR B A IE 5T 4 K o 7 B N R s R A
V2 i 4 08 7 S 28 AR 5 A 5 B I T e R0,
B R 55 IR AR 2 A R 6T J st
ATHMEPE DGR D AT B8 5 N BB AE TS H B A %2
BB -
1.2 FRBSGRSEIRE

TREFPERE /& ULE FLI N A RE I R BER 22 . T4
ok, W EREH I K BRI R e T SR A 5t
121 RESBIERNRST REFBHK (aggrega-
tion-caused quenching, ACQ) R &1 #4 &}, W] Wk 35 4%
(indocyanine green, ICG) J HATAE) ] it (boron-
dipyrromethene, BODIPY) 28 4k}, 7 R ARZE T 4
F 1) - MERUE F 3 B0 K220, I3 b ) F IR
P, ZRIRE 72 N T 9K B A4 1) 58 BE MR TR R T
Fo M ACQEREBE W T 58 B M G K B AR N BRI,
Vo SR o AV ) 2R R T S IR O 2 AR B A BUR
EFRETRCAR K RIS R I AR BRI, R B K. X
A 5 R ML AT e M X 20 e B AR E 5, A2
PR =4, Xia 509 H ACQ 8% (P2/P4) Frid
H i FL 45 25 & 48 (self-microemulsifying drug delivery
systems, SMEDDS), i iz #R 41 ) 5 Yo 1 KA PE iR T
TR G R G FR T T SR A 0] L, o e 1R X g e BE A
{55, IE5Z SMEDDS 1] 5 I j7 # 12 4 30k R, &
PLZ) 2%~4% (Y] SMEDDS Jli il itk L i f2 f5iz, £ E
T HERE, K5 7R R T SMEDDS 7& B i 38 1 % 8 iR
filt S % b 7 Bz 22 bk e A A Gk . Wang SEPOR)
M ICG £/l (DiD/Dil) M52t (Cy3/Cy5-DSPE) M
PR g Bk, i LE BN [ AR e A7 R 1) 58 0 70 A 22 5
o7~ T AR BRic S5 W X Tt AR 15 40 oK i) 551 e 78 o192 A
BT AR AE R, 0 S W 7 IR ik A 40 K i )
RN o> A b TP R BB . LA, IR 404 — X (near
infrared-IT, NIR-II, 1 000~1 700 nm) ACQ ¥R 4T % fi &
RIH L 5% e D AEACH) B KR O6H &, ©NE
PRIRZ BAZHIE T B4 R
122 REFS LR REH TR (agerega-
tion-induced emission, AIE) ¥R £ #4 K}, Ui VY 2K 3 2 4%
(tetraphenylethylene, TPE). 4 2K £t Mt B (tetraphenyl-

pyrazine, TPP), 7E 73 B4 (B R) R OGTHLES, M 1E K 4E
A Er T I8 3 52 PRI (0 B 489 K 384k 0 35 Bl 4
P G (RS RRIE) PO R A AR S
F T T80 A I R 7 3 N K A (R A N 23 A i o8 &5 AR
Je GERY T2 RN o Cao 25V 50 R B, AR T 4% 58 v
PRER (0 PKH-26 4 WA 4 7 15 3 KB, AIE R £ (DPA-
SCP) #75 1ck [ M A 44 55 499 2K T 60 F2 W HE B K 1 4 A i
B IS TE] S BEAR B AR AR A M, BT Ak S T IR ekl SR A
PR BN IS R, AR m ORI R ER Gk
TR N B 1547 e Tl T R QiR
KT — Mo AL B AL AR e YE A B R LUK ATE
YK ERER, B FZ RS i R B IE M e s 1 gk
- 2 ek 1T o B e 5 7 R 0 AR b R B A AR,
JEIL T AlEgens £ 73~ 15 40 2K i1l 771 52 2% 44 N 43 A7 v i)
EZH.

123 HIREEEBRE HIRGEEKZ (forster
resonance energy transfer, FRET) R4 & A4E (£ #E & 1~
10 nm 6% H & > 30% W AR -2 AR Z Rt 2 | . 4
PR BARSE AL (W =S 2 RE TR 3 SO 2 A4 )
FEDSAR I, FRET 2% B 2 A4k, AR I A A4 ¢ Dl 1 5iz/
AR I 5 (B 2)PY. H FH FRET X} A 4§ DiO/
Dil. DiD/DiR.Cy5.5/Cy7 S 16 # Yokl xt, LA K & F 5
RO AT R BRSO BT FRET X (2
Cy5.5/Cy7), AT S | JFAE W 58 5 00 T o F) 4 285/ 4L
B 7)) 1% A RE RO F 45 s FE Y. Yang 255
i Fl Cy5.5 F1 Cy7 /£ N FRET %o 5K W I 58 4 4 Jise o 1)
TW J RN 24 4 36 3%, 38 i 2 i 42 Cy5.5 F1 Cy 7 5 L%
B2 A 2H 2 et R v 25 4 AR A B SEB 7R B o Jutkova S5 B
YU 253235 2 (curcumin, CUR) FIG MR & 22 Bk &
(hypericin, HYP) N FRET ¥, #f 5¢ 7 CUR & A\ i & A1
H g EARR.

124 RSB EGEERET  ER0E AR A A 1t Ak
o 58 T 1 PR 2 AR Ji T A TR A2 8 A1 P 200 PR 2 2 ) i
FE N, FOCHRET B VT IERAE SE I S AR B ALk 4%
PR /4549 R SE B AR MDA S I B AR Ik, HLAN T
AT ROGIRE T2 W i) S — D g, il i o e
RIS T B, RO IRE 5 4 o T IER, BT
HA LW ANGIT S DIRE R 2 IREr . BT HUKAY (n
Ca’ . Zn™")pH BUB TG B (“TF-2R7) LR A 4%
BRE P OGIRATL, B8 e ARy i 1Y) AR B B BE O 58
ARAY, (U0 988 TR P 58 R S T 1k T v A PR UK
A, AR 2R A O B T RS T A T 40 oK 7 1)
1 (W25 P LE 58 i I R S I B AT ) it TR
T H G 1,
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Table 1 Features and applications of some environment-responsive intelligent probes. PET: Positron emission tomography; ICG: Indocya-
nine green
Classification Structure Application Excitation/emission Ref.
wavelength
A ratiometric H,S- HS-CG functions as a ratiometric near- IR-HS: [37]
activated fluorescent infrared probe by exhibiting low F,,/F,in A= 680 nm;
probe its native state. Upon hydrogen sulfide (H,S) 4, =728 nm
activation, the fluorescence at 728 nm ICG:
increases sharply, leading to a marked rise in A, = 780 nm;
= the F, /F,, ratio. This enables highly A = 816 N
=$=0 sensitive and accurate ratiometric detection
and imaging of H,S in vivo
Membrane and pH- R A 1,8-naphthalimide-based pH probe (ND6) A, =399 nm; [38]
sensitive fluorescent with a pronounced fluorescence response S = 514 nm
probes Ao between pH 6 and 7 was developed for live-
( Q cell imaging. It offers a potent means to study
. i o on membrane dynamics and synaptic functions in
R- O [Vj [\j [\j O [.\11» neurons and secretory cells
H H H H -
Compound ND4 NDS ND6 ND7 ND9 NDI10
On-off fluorescent The antibody-conjugated DAE@CB7 Ao = 365 nm; [39]
probe supramolecular probe enables reversible super- 4, = 519 nm/548 nm
resolution imaging of intracellular proteins.
CB7 encapsulation enhances the aqueous
fluorescence and switching durability of the
DAE photoswitch, allowing for repeated on/
off cycling in cells under confocal and
nanoscopy modes
pH-sensitive and The semi-quinone probe Val-Hcys, activated A, = 532 nm; [40]
hypoxia-responsive by acidic pH through its amide side chain, g = 559-574 nm
fluorescent probes serves as a sensitive sensor for hypoxic
regions. It exhibits a rapid and strong (4-fold)
1 © fluorescence turn-on in hypoxic cells,
R = Morphiolitie; diethylaminie aiid Nanethylplperazine confirming its utility for mapping the tumor
microenvironment
Ratio and pH- HO, X o A guanine-quenched, dual-labeled DNA probe FAM: [41]
sensitive fluorescent Holc o demonstrates high pH sensitivity (49-fold Ao = 488 nm;
probes 0 O fluorescence change) upon hybridization. It g = 515=520 nm
O a serves as a general platform for Cys:
Ko FAM simultaneously tracking oligonucleotide A, = 633/640 nm;
localization and reporting the local pH Aoy = 660—-670 nm
S \ Y O microenvironment, as evidenced by
Q N% % monitoring vesicular dynamics in living cells
o]
n
on o
Cys
Fe'' sensitive OH CS-TPE is an AlE-active fluorescent probe Lo = 365 nm; [42]

fluorescent probe

that dually acts as a sensitive Fe** sensor and a 4, =473 nm

potent antibacterial agent. It allows for real-
time monitoring of Fe** levels and
antibacterial efficacy, showcasing great
theranostic potential
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Continued
Excitation/emission
Classification Structure Application * Ref.
wavelength
Chlorite-sensitive JDK is a FRET-based fluorescent probe Ao = 415 nm; [43]

o
X
fluorescent probe /@\/ﬁo
A~ "o Nf};ﬁ}
A
= W, e
IDK

characterized by a large stokes shift and

oo = 475/580 nm

robust photostability. It serves as a highly
sensitive tool for tracking hypochlorite in

biological systems

pH-responsive
fluorescent probe

T = = |
:

ThT P24 G4

P24-mid is a pH-sensitive FRET biosensor
that targets mitochondria and undergoes a

Ao = 545 nm; [44]
Ao = 570/660-670 nm

reversible structural change, enabling real-
time sensing of mitochondrial pH and

monitoring of mitophagy

1.3 FLIAUI AR R AT R A 6915 A R A
bridis

FET PET.SPECT .MRIZ45 R, FLIZE I 2543 3%
B R F S B G T T BA B RS, BERE
AN 8748, LU0 A T 240 i 2 T 48 it 7K S 0 45 4 L ol
T . BORJZTH, —J5 18, FLI AT A% = 0 i 25 50 ¢
2R Be NI T 7 R A 0 A ) 2 ) B L R B A R AL
IR, SR BT (4 S B A AR R, RERS DL e i )
Sy HREE (BRAL b AT Ik AP 2 PR SN AR AR AR A
W (] & 26 1) A B B PR AF; 5% — 5 T, FLT R A 1 =
(1343 74 S v 5 v RO, e I R R R e v, Ok
PRET REAZ ST R 8 A W0 bs B V4 B R B B 4y T
PR EE R R R BUE R . o7 ST A ST BN,
Oy T AT B A, RIS LE 52 2% (0 A 0 855 o A e
AEFF R AR AR (R 8 B ) 45 G R 5 RO RE
M. UHAEIE AL (near infrared, NIR) 3% B, %8GR
BE I AE R 06 B Y A A S R H A SR B e
A SEIL— 52 IR FE I AL 4/ 88 B RIS AR B8 . FLIERAE
FROGT RT3, AR AR 1 o/ B R i B R k.
BT BREENE, PORIREC N T 2 MR L
T 92 7 R 4D S B 0 R 2B A B A I, GF H 2
R IAR A = 2 AR U A %0 TR 2 —, 3 &
I 2 5 AR AR 1) B 5 2806 5 RS FE 1R 5 1) R o

2% I, FLISE A5 3L 4 v I 25 40 9 6, 38 3T ACQ.
AIE.FRET J 34 53 i 7 784 46 8 e 4R &1, SR 99K 2
A 1) 25 K0 56 BEVE AR A (N gk 7 BB AR S5 ) B oK ol U
AN E VHR TR M N A0 5 I8 B AR I S R
5, TEAB R oK ) 70 S AR N AT D, ) 2 5 4t L AE L
AE F R P i 38 A G R 2 b R P AR .

2 PAIHEAR
21 RGREBSHARES

PALE — R 45 & 1 WOLOL T#UK 2 7 e il i 3
E5 18 73 AR BRAR BOR MR & R SR .
ik O B PR, WO T B 2 P R R

(WA A/ AL E BB ER) B IE 7
(CAn g KAL) MR, 5 S50 I S 30 0 8 v, R
Ji, 77 AR T R R I O ), X R I BFR O R L
o ZH A7 A R e P R R A R A A I A R A, i
R RE AR BB Bt ZH 2 P G A TR WA 43 A TR v B R
W)= BE, LR BEAN L FRRI DY PAI™Y, PAT A P A
Tk E R B, PO EERRR, 2T R ER
U 7 I H Be A UM, 8 T s Ao A
i 7 %% (optical resolution photoacoustic microscope,
OR-PAM). i M ys @ EE, 2T 2 uam Hae s
FEZI LR/ 448, TR 2 200 A v H AL 2
4 (photoacoustic computed tomography, PACT).

PAI 2 — B XN HOR, e i it + 5 M %X b
JE 38 R 7 AR, I AT DU Dy — s 48 X H AR XIS
AT BB SLASEAS, FH T DXt o A8 A0 b 5t 27 ) BE 71
MRS, A ROR I R AUR BT 7. BRI O
PEFAAE T M T 2100 2 AR IR BE AR R (FE A4 21
HR] R HR K, [ S RO S IR WA B B S AR I R
B 2H 2R 7 g 1 AN 23 ) 43 92 T v B AR A AR, LT iE
i 2 WK BOR S RE 5 43 AR (o 48 v A R
Zx REE EMIR MR IEFTAAL) . PAT AN A7 AE 1R
Z R R, 7 18] o3 9 S0 H AR T 2 R O A AR
AR (52 R T8 A5 A AR 28 PR BR), = D RO T AR
%) Jr 8 A A XU 7 e A A ), R R R A HL
THEER, RGOS L B AR SAA 1R B < 2 A 5
TR E R
2.2 PALFEZREIFIA A IZ P HY S AR

PAT 52 FL MUK R IR -7 W 32~ L 2 X LG
RIE (PR AMIE ) FTE H G 22 A, A2 IR I AR
FSCAR 254 53 AT AT ARAL 2 98 E e S e U A 40 4
H BRI B A BT SRR O 5 . PAT Re 8 S G Y
iU R 40 K i R LE A A B AT, T T M 4 K A 7
XoF 440 0 Ty £ 1) S W) DA 8 K o 7 8 AS [R] 2% 8 o ) T
FEEEPE VPAl 2K 1) 700 AR B 1] 125 R Y S B BER 5 24
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RN 12 FARSS &, o7 T80 e 4 oK 1700 0 e A 45
2 7 B R 45 2 AR T A 32 4 oK ) R0 I IR B Ak
Liang Z5M5F1] F] PAT 32 5 W ] 28 W W 38 2544328 3% I 40
AKAEF ACG-F ifiL 7 A & A AR 1 1 & A ML 57 AIOOH
YR M) /N AE EM SIS IR, R B
W IF RS PR $E it 7 OB 4% . Uthaman S5™JF &
T RE 1A R S 1R 2 R CD44 1 9 KOS 77 ——ICG B 3
7 B 5 R A, R R PAT SIZ B T 56 47 988 /0N SRR P
IR A R S 1 TR0 55 5 1Y 0, 45 A BE I (A AR 4k
B PATAE 5 58, SEIL T X5 % 40 2K 3 52 7550 ) & 4 L
28 R FCAE iR 5057 v B 15 L I 8 B PEAL o Jokerst 55
T8 Ik VT A K A S5 R e e 2 PATERET, SEEL TS
YK 2 WALE MR ERALAT 9 (B B SRR B S L AT
W o %7 VR IR O R BRAE TR F AR SRR A B
AT 51 RO FEAE 5 1 B, Sk B B2 P 1
BNAS IR, R PATRE HE Al At 48 2K i) 751 FRORE T80 7
AL T OCHE R SCHE

8 K 2R VR 2 R 2R 27 i 68 ), PAT v SEEL X
IR 1) 77 75 15 AR e T8 S 0 20 2 b 2 W o0 A 5 B AR
BT, v s VPAl LR ) R R T OCER AR
BG4k, PAT A W] 38 o % 1L /8 &5 44 5 i 48010 A B 25 T g
SR AR, TA) 432 5 e 989 2K 1] 00 ) 30 Al B 458 B 2H 23
ARUPIRASRASTEH . REZERE BT 9K %
1 B B TR AL T7 T 2 2 PR, A U 1R R0
%5 DhRe s BIRELRE 77, 48 7~ 9 oK ) ) 7E 280 2%
B AR A SR T AN AT BRI A SR A
3 RIFA
31 BARESHS

TS P RS AR 5 Al I R i Y IR A7 (i F
P"Te“Cu."'In) Axic T 29 7 T 5K A1 KL,
FHH 3 SRR y 59 2% (SPECT) B E B V8 K P2 AR )
FEAE y J6F X0 (PET) #EAT BRI AUZEY, T AEAZ N1
BN 8 B Hb AT R A G K ) 70 PRI o A A R
it (absorption, distribution, metabolism, and excretion,
ADME) 423 #2 . L Fed% O WA 32 B v A I R A
JE (RTIA R R IR 22 R BE SR KR, o VR Ad FH V6 T 7
B YRR GEE < 10 nmol-kg™), 5 A PR /b X 1E
A B R TR, & B A REh R R R L T
B T T bR SR R T AR R R B AR
BHLGURBAR (B R EMPURRLEE) R C.
UF R & B R AL AT LM AR, T “Cu P Ze " Te
" In 55 4 R A 2 ) 7 0E I W h RE A F) (W DOTA
NOTA .DTPA) A HE £ SE LA E bric, Bk B 4D
PR/ T R TR 2 DI Re AR R SR 2
A RAZ, 40 PET/MRI U A PRET S B AR 51 5 Th B Py

I A5
32 PET

PET # T 1E H 78 K JR B IE i 7R B A% & (W
BECu.Zr) FEAR A IE BT, AR I B =
KBS GEHE 1~3 mm, RO TR E) 55
TR, PR XHE ) T A R BE RN 511 keV )
y I6 T PRI AR A I8 I A5 A R0 4 AR il 3R X L e JE] F
G BV LT B BE Ry 675, R E R H L
(WA 7 T4 K E F %, OSEM) A B B8 71 1
=LA MRS, PET 7 B8 770 1 12 T3 476 “ B ) 43—
A% 2R e R . B8 4rF (W FDG Y
ot 4 8 60 0 45 ) W AR R SRR M, U R R

SN &) i N H AL, &R R (W CuVZr
45) ) 5 A5 B DOTA NOTA 25 245 71 S Bl A& 5 Fnic Y.
PG PR B 5 FH (1) "*F-FDG 5], 38 ik 7 4 4 % iz 4
(recombinant glucose transporter 1, GLUT1) 7EACHTTE L
() ik 938 2H 23 8 4, b AL B BUAH (standardized uptake
value, SUV) R & 1 J}J67 4 9% fift 5 1 . PET HUAZ O
FAE T BE R Gl v R U, SCRFICER 25 W7 I
2508 8 B, D0 IS (8] 2 R (RP) v T3 A&
250 7 A . H [N R AE AE i s R A R B (U
TR T A BGN & 5~10 mSv) T & (dn"o:
2 min, "'C: ~ 20 min) #3791 nas &% 77 48, LA
XA 23 18] 73 22 (I IR 4= Sy A4 4G H 1~4 mm,
INENDE ] RS ik < 1 mm) &R, PET/CT
AN ThEEAHHE B (PET) 5k 4l #4574 (computed
tomography, CT) 15 & 58 K Al &, 2 3 42 F4 ke Aok
B VR 2 W R 4 5 CT $2 At 1) 32 9802 1E ¥ (n-map) 7]
A Rk € B R 7 K AR & CT 34 77 7R 2
R A R A I AE A BEKSF (1 < 15 mSv)»

PET/CT fE 4K 251 1) Ak N A ia i 9 v 2 4R
T AR 251k N Aa e YRS 2R T 3N 0 2 i p S B 1)
RO 5 A1) v e 2 Lok B B 1 et A 3 ) M K i R A
W iz RS L IR 5T 3 /S 5 T ). Ludtke 55Vl
IEXUbR I HEE (F "°F 43 i bR 10 B4 5 20 0 iz PELAI
T 24 siRNA) HF 5T PEI/siRNA 5 & W) (1 1k N #i7 i,
PET/CT 2h#5 i f4 45 5 35 1 PEV/siRNA & & W0 7E R P 4%
JHF B DR AR P B2 2R e RO A AR, I L 52 B8 40 2 A W AE
PG b B SR BB O siRNA ("PF-siRNA FRic4L7E &
JIE ARV JB () FO 1 4 2 v T /K F). Rajora %561
“Cubric & IR 5 G A1 7 (pDefs, Definity S {8l
W), i PET/CT ¥ =L HAE 0~48 h NI & B A1)
I, R BA A B MLRAE A [A] (24~48 h) Al
PR E (HAE AL, HUE B PET 45 R HE 98t g
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A B R i b S W 58 BB 75 (focused ultrasound surgery,
FUS) X fif 983 405 (1) 38 98 8CR (1.5 F5 vs KOG R R 1)
2~151%), BIL T PET 78 5& E VL 9Kl FiA N A 5
TR HERPE . Villacorta SR A P AR I 4R LT
H % H (bovine serum albumin, BSA) 14 & % A& - £
5 2 IR 9K FURL [poly (lactic-co-glycolic acid)
nanoparticles, PLGA NPs] % & [1 7 (soft corona, SC)
51§ % A 5 (hard corona, HC), 454 PET/CT 3 45 %1%
FOR, FEHEAR 7~ T 35 A5 4 JE /N B 9 0~150 min [
I3 2 e, BB T KB AR R A AR AR I AT I O B
X 5l

3.3 SPECT

SPECT i@ i #7) HH Yk B 2% XF #0067 p B 28 (™ Te:
140 keV, "'In: 171 & 245 keV, '®I: 159 keV) #1725 ]
ENL A EIEFEY, KRG R PR (R~ 1.5 x 1
HALER) B H KT PET (iR R4 8~10 mm, & H
INENP R GEAT A 0.35~1 mm). IR 2$A% 038 H A Nal
(T1) INKR AR ARG G ARSI, Il P i e R 2 M
FER B, 2 RARE B R0E (W OSEM) 3145 = 4L Ik
= BB, T PR L T B AR R A B R (OF 3
t,,=6h, yBHERAE R 140 keV) KAEHE 1) Mo/ Te K4
FIRHOT I, (H IR SPECT B H (11 90% L -7, HoAth
WHZEAREPL(,=13h) FHTHEZEEE, '
(t,,=2.8d) EAHKIUEM . A% F PET/CT, SPECT [
PRAAE T S HF 2% 2 R BUE (R AN [R] p 5 28 R ik
HEAT X 20) W 5% W B 5 4 7 AR 2 35 RGP Te S5
FAAZ 2 A e AH ) i 48 55, (H H 3= 2295 3802 R BRI IC
T PET CHE MR — N EUEAEE L), BRG| 7 H e &5
T (RRG 2 AN G545 5 BRI g 5104000,

SPECT fE AN A 1T A Hh 32 B HT T i o dk 9 A=)
IME R (R < 15%) AL SR ANRIT 251 &
FARALEE A . Tha R H 7" Te FRid & 44 K% (gold
nanoparticles, GNPC), K15 511k 4.7 + 0.3 1 il i /A iR
REHXELAE (tumor-to-background ratio, TBR), &2 1t T [F
HHBEAT 1 % it 45 3 (TBR = 1.8 £ 0.2). Jasim 257"
A "'In i@ DOTA Z & Ybrid A E A RSP R 2
¥ (polyethylene glycol, PEG) T g 1k % fb A1 28 I
(graphene oxide-DOTA, GO-DOTA), SPECT/CT € &
TR BTE RS IE AL A 205 (graphene oxide, GO)
2 A HE R 8 R, DR R ST GO AE it 8 2 B H B
SRS PR i B B 2O UE S BT A RST ) GO
Pyae i IR DA 5 Bl 2 g R, HOR RS GO 1Y
HE T RN, 1Z T T B HB R s T 9K R R S X
HARW A0 i S5ERAT AN RFEZ . Chung
SEUNRIH 2 Te A ic 18] 78 51 40 f SR YR 4 FE 3, & Ok

ity e A JEG A P U AN IR U (09 B 3 3 (1, = 1.2 h), A
A2 25 50 B AN AR AR AL T R BEAR AR o

RIFLA (41 PET/SPECT) S 31k 44 K 1 70 4 Py
) 280 ST AR AN ) 28 B TP ) R S TE BRI
BB, )7, ZEOR B AT S R T, U AR
10 IR BRI BEAT 42 5 VBhAS 8 BB ER, KL 4K
il A& N 2 A B AR S T R B RS e 5 — T
T, 38 XU 10 55 N, 1% AR IE AT SR oK Ak
Fr a8 25 AR AT I E — 22 X G, 48 7= g K o 7 7D e
BB 1% gR b, RUEIR R BN K il 75 Awow 346 35 A1
il 5 ZWAR N AT R SE
4 MRI
4.1 BEFERESEARES

MRI & — Bl R ] 5 # #% 3% (B,) F1 5 41 (radio
frequency, RF) ki iUk A2 AN & & A58+
% (B1F), FEEUSCH b T80 78 HoRE TR S 4045 =, 224
B AR L E A, AR R 2 R I A N A S A
Ty fie BRI HE R N R B AR B 1973 4 H
Lauterbur 15 X SEBLLAK, MRIFIA B 2 B H T4
5 2 A 58 S I R IZ 77, MR AR AE 48 2K il 1) 44 Y
W IE P AR D AR A AE T Re g SEILUR A ME 5 K FRE 17,
B AK B AR I 45 24 BTE BRI i 7 BA & 28 8]
HERE SR 5, AR R UL 2 K 0 R IR R A 2R i
G5 R 15 ., R H RO DU BRI SR 200 LR, e H &
FH T 00 A6 8 O I O S I 34 B AR, A E
YUK BARAE R B VH S 2 MM K1 s A B (W
i e P8 R i X HE I DX 30 GO R AN B B XU
Ly B2k, o B AR, e thE, EEKE L EE R
DAVRER AR ()L 220 K 2, ]l 1 48 5 1)
SZHGRIT ST, § BUNAL (diffusion weighted imaging,
DWI). #EE AL (perfusion weighted imaging, PWT) %5
Z Mot EEEE R, TR SR it = iR A T e 15,
i T & % 1% (functional magnetic resonance imaging,
fMRI) K 7R 5K & a4 (diffusion tensor imaging, DTI)
&, LI 2 28 2 IRE R, R ELE SR IBORE T L SR
T~ JRTH M AT AR R 4l =4 1%, BF 2 T
B fe AU B VA B B R ] R Bk
PE 4 J& HE N P R A A o R b R RS R, DL R EL R
(Gd™) & R FIAE B Dy ReAN 42 FB 3 T ml e 91 R BRI &
4 M £F 4E b (nephrogenic systemic fibrosis, NSF) f] X,
7 45 i) 19 25 R e ok T — o I SR IR
4.2 MRIZEARSHI TR & 5 5 89 52 F it R

MRI FEAE HICHR S TR 2 H 23 58 3% S L i 3
YR GE R LERE JT, W A0 K 3 24 3R e Ak N E 9 TR Al
NEE T HRMTB . BEE & R B E 57 B e
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;BRI S 1E A8 T 51 ) R FE , MIRT N 5 245 A 51 A
GG ZNAS o T o BR, K 1k 9 A 2 48
SER TR AL T B 2 B AL A IR . Said FEY
FIH SN IE#: Gd A ¥ (Gd-DOTA) A5 id (1) AT 3 5
H 18 &35 B i BR /K Bt e, 76 4.7T MRI T /i B3 i 3L v
PO S 5 B A3 AT Kk 31K, IESE T Gd A id (i faoe o
K% B AR AE P9 35636 & G540 A W IR R A
Rong 2T 7 A [R] I 3332 VA J7 2590 F MR i 52 571
(Gd-DOTA) 4l K ks S0 BR A5 1 g 57 /& LA-LNPs, 5
LT B IR T 5 MRS — &1k . Ajayi 2558 it
# SPIONS %} %% 1 FH B 7 PLGA 44K K% 3 1% B Alexa
Fluor % Y6 #R %1, X bk MRI 5 FLI 15 45 3, ¥R 7 1%
GLo e bRic i PR 1 : FLIMX BB I B2 14 REE S,
LA PR AT i 5 T 35041 B 42 % 5 1 MIRT /R 28
SPIONS 44 2K R AE G717 JiE N AS g i B = 42 R, HORAE
JH TS HY TR SR R W R IE B . 2 FUREIL T MRI
TE S IR FE 28 35 O i 15 F H0 10 A I R RS v 7R B
5 T R B £ 3o IR Ak, S 4 oK ) 3504 P 43 A S Jo
BN B AR Y A s 1 OB . T I R AT 72 A
FIAZ & 22 A% #8577 PEG 1k Jig o 4 76 6 25 i 8 v 1
& R AE 2 32 1080 PN RG] 57 0 1k, T AN G R
F 00 M3 L 2 300 MRIFARBE AR N 0 A 245 T
HE IR A BRI, A 3 T R AT R 7T gl
K AR PN 43 AT P R v 22 1), B 3L A5 P ogg o 5 o
RE - H) 0L ) S ROA B R 3R O R I =0 AT, el
KAV T DA T R s P 2% B B At 1 B AR A

MRIE FH 5 90 K i 35078 i < Jie g 25 4 e 4
Zirh KRR S R L S B B 455 DWIL S
PWIZETh 8741, AT S gk il 76 2H ZAROA B (i )=
2 M B LA V) VB TR RS A PR AN . RV AR
TN ERAR B G TSR B R B T A7 — % =)
PR, H 2 40T 52 70 3G 9 15 5, (2 BT AL (106G & A
TE LRI BB AT B, X VAN 9 K i) 750 P S o) R 12
AP oA e et B EEANE.
5 MIFEAR
51 BERESRBSEARETS

FELNK 2G4 T 70 b, BUAT B — BRAG B R A
8 %2 PR, W FLI B Re A 58 1 50 5 52 H IR B R PR,
MRI B % SRR A5 23 3% B JJ B0 23— J2 T8 B 20 A7 20
BR/R R, PET/SPECT R BUSE A% vy HMTG 4% 7 25 (A1 405 .
o R e B S R )R PR, DASRECEE 4 B
FEHERAEDE B, M AR RIS T A, B AR @ I 5
A RN ECZ BN BRIE S AS, 40 FLI-MRILPET-CT.
PET-MRI. PAI-MRI %, 52 i & #5245 2 6] 09 B R AE H,
FE0r RAE S EH B, STBU6T 4Rk i 574K P9 23 A

AR AR B M 97 55 1) 22 4 S AS FRATT, %o HE B 44 K Al
Rk g i AT B 7 EEAE S, M O 3
TET MR T AN, YA 3G 587, 8 21 5457F0 ] 2854571 37) 2%
TN T gk HI 7R P I AR AR R M RS
FRAZ S0 B FLARE s, 9040, K FLL I & B 25 %L 40
TR MRIFR 2 535 A 55 402 2U0) bE R AH 45
4 (FLI-MRI), SR PAT (1) )6 22 W WSOt BE BE L Th g 5
RE 715 MRI il 514015 A 45 & (PAI-MRI)™, BT 75 4]
/TG 4 B K Y i v S oK 1 3R B RT B, SRR IR
JEH AR B 1 E LA A S B, SR 2 R R A
TRJZ 58 35 /5 8 ALY 455 U M % (PET/SPECT)
14 5 27 2 Eon BR e 1 5 HARRLES (40 FLILMRI)
(1) 25 TR 45 5., AT 5 4 T b AS: 30 499 K 1) 570 1 254X 3 77 2%
(pharmacokinetics, PK) $5 fiE A1 A 4 73 A5 15 5K, 52 I X
YK IR N S A IB B E BT R, MI$EAR
TESR S 7 T B A MRS . ¥ PET (8 & R B
FE (RS0 PR AT 38 R BE SR 2)%) R Th e AR S B 5 CT I
W= K A S5 415 2 (23 1A 49 HF 232 ~0.5 mm) AH 45
& (PET-CT)™, 85 MRIAE 7 1) 3K 20 23 53 ¢ 26 A0 o 5
SR AR 45 & (PET-MRI), 0] 5. 2 4 % B JR8 2595 k
(1) A H R 0 A 23 BT BT RACVT A ) R
PET-MRI JUH 3& H T #1482 G R A 23 s 1R AT 7
5.2 MIREEFE REMRFIFNERN G EARPRIN
A

XK A AR N A iE (oA AU BB T8O #R
Z5) TRHL I A RN BE =, 2 il 240 I PR 37 A 1) SR B 200
45 RS AR H R (FLI.MRILPET %) B 8% B34,
H) M LA T il 2 A P9 IF T e R AR 4 R IR
EHAFEN TR MIBA B ) R4 BAMES
(41 PET-MRI.FLI-PAL), 22 | 2 45 ff At 40 K i) 571
MR AT AR AE T 5K T HE, 7ESE I B3 e & Wl
B RERET QW7 SR 29T — AR AL F- & 55 7 T R B
AT 0, AT R TN T 40 K i) 7)1 PR 3 A g %
T RN, SRR I 2 RS AR R RS B,
ARG EYKEI E BB nkife RS
R RO BT FEAZ 0 H AR (U040 38 B3 00 3 73 9 %, 42
G 3 A R R R ) AR e A (A S R R A X
PEAETE TR R T MM S A S S 2 HF K.

TEGK IR A P4 i3 g AT 75 T, MIE AR 8 I B
HANA AR AR 2R, T R G AT 40K AR ) A A Ay is $
ft 7K T B, fltn, FLIS5 MRISE &, o] fEF 48 K
AR T4 7 A 1 [R] B, 3R B A R 2 2H 2 A 2
I3 A 5 R 5 PET 5 MRIGE &, BERE I 4 & 24
RBh 115 R oe &, ORI 3R1G M o HE R R 2L 1
AT aefE B, PET-CT W 2 4 & 8 5 0 A /i 5k
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Table 2 Representative multimodal imaging strategies applied to the in vivo fate study of nanomedicines. CT: Computed tomography;

PEG: Polyethylene glycol; PBPK: Physiologically based pharmacokinetic; EPR: Enhanced permeability and retention effect; PLGA: Poly

(lactic-co-glycolic acid); PEG-PCL: Poly (ethylene glycol)-co-poly (caprolactone); SPIONs: Superparamagnetic iron oxide nanoparticles;

MALDI IMS: Matrix-assisted laser desorption ionization imaging mass spectrometry; MSI: Mass spectrometry imaging; IMC: Imaging

mass cytometry; PLA-PEG: Polylactic acid polyethylene glycol

Multimodal . .
L Technical advantage Research content Typical case Ref.
combination
PET-CT Integrating the ultra-high sensitivity Systemic pharmacokinetics ~ *Zr-labeled PEGylated liposomes: PET-CT [65]
of PET with the sub-millimeter of nanomedicines; quantitatively demonstrated anti-PEG antibody-
anatomical resolution of CT; quantitative analysis of mediated accelerated blood clearance, showing
providing whole-body dynamic targeting efficiency and significantly reduced systemic exposure and
quantitative analysis and mechanistic ~ organ distribution enhanced hepatic accumulation. This data validated a
modeling PBPK model, establishing immune response as a
critical regulator of nanocarrier fate beyond
conventional EPR effects
PET-MRI Combining PET molecular metabolic ~ Nanodelivery to the brain/  PLGA nanocapsules: enabled simultaneous [84]
information with MRI's non-radiative  soft tissues; long-term quantification of whole-body biodistribution by PET
soft tissue resolution; multi-parameter ~ dynamic monitoring of the  and high-resolution hepatic tracking by MRI,
functional imaging integrity of the carrier collectively mapping the hepatobiliary clearance
pathway of nanocarriers
MRI-FLI MRI provides anatomical positioning  Cell uptake mechanism and PEG-PCL micelles (encapsulating SPIONs + [85]
of deep tissues, while FLI acquires intracellular transport; the VivoTag 680XL): MRI-labeled micelles for liver
information on the distribution and distribution of the carrier in  accumulation, FLI reveals cell-specific uptake by the
interactions at the cellular/subcellular  the subcellular components  reservoir cells
level; no radiation, high spatial and of the organ
temporal dynamic monitoring
PET-MALDI PET imaging reveals the overall Analysis of the correlation ~ Lipo680 liposomal antibiotic: PET tracked whole- [86]
IMS distribution throughout the body, between drug release and body carrier distribution, while MALDI IMS
while MALDI IMS provides the carrier dissociation; dose spatially resolved drug and lipid components in
spatial distribution of chemical heterogeneity in the infected tissues, validating tissue-level co-
components of drugs/vehicles at microenvironment of tissues localization and confirming intact carrier delivery to
the pm level the target site
MSI-IMC MSI enables label-free, high-resolution The distribution mechanism PLA-PEG nanoparticles: MSI locates the free drug [87]
spatial mapping of drugs (from of nanomedicines in the and the differential distribution of the nanoparticle
nanocarriers) and their metabolites; tumor microenvironment; drug at the tumor core/margin, IMC reveals its
IMC enables high-plex, single-cell the correlation between spatial association with the macrophage infiltration
mapping of nanocarrier distribution carrier distribution and area
and tissue microenvironment immune cells/matrix
W E AL R 1™ XA EZIAE B AR S, 4 AT IR 0 E EEOREERG . R, AR R EBUE

WHFCN S RE I I 25 5 T

E 4 J3E 52 B4R 7 40 K 11 75 4

R R L RPN BN S T B AR, I RER 2 R

1A R o A AR TE A AL 2R T B0 7 5 B AR B
A, T4 THI ) B LA A iz .

SR MIAE 48 715 40 K 11 770 1) 4k N i o 7 TR AT B
EAR B IR B, B IR TS T I 7 08 Bk
R TERARE T, A HARME DL 7E 4 s 5 SRS
F [ A 5 BR < 510 n, PET/SPECT F 25 18] 43 H¢ Rl % N
1~2 mm, KT 5 70 B2 8 5 g &7 44 (W PET-
CT) & S ESE M AR SN, B8k (R s
W) 1S 2 R (AR
R B L1 10~25 mSv); ILAh, AR IEH%I@I
R 72 5 N FE RIS [/ SR AR I 1) 5 R — 802 S 80
(AR A 2 TR S 7 ) /. U AR TR AR B SE FL), DL 2
TR SERIE B Rl e 5 AR 2R R SRR,

AR R E R AR R IR AR BBk R . A
— 77 18, WA — R AL B AR AE S 2 N XE: L PET-MRI N
9], 5 g R SR R B 1 AN ST M0 PET 48 I 28 14 RE
2, X B A AR 5 (Mg 29 300~500 73
J0) H R A 24K (30 min).

W 5 8 R I 3% (A0 ek ' L% 1 5 PET) B g
M S PR AL (4R I8 B S B PR D) N LA BE IR B
() KB 29 BT BOAR 1 A i, MK 2 25 S B0 38 3 1k
BB 1A “ WL SR 30 2 A% B BRI, D gk il 7] ) 3
Bt 5 I R AL SR A T B AR T & S
6 HEE5RE

AR B A% B A, 2 FLILPALLRI.MRI A2 MI 5 %,
DGR K I 0 1 N s AT R A T H AR OK H 2 R L
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Figure 2 Comparative schematics of the different combinations in MI. A: Using MRI-FLI to track the fate of micelles in vivo. Ref. 85
licensed under CC-BY-NC-ND 4.0; B: Integrated PET and MALDI IMS tracking for quantitative assessment of Lipo680 biodistribution in
vivo. Ref. 86 licensed under CC-BY-NC-ND 4.0; C: Comparative analysis of in vivo biodistribution of NCs monitored via MRI-PET. Ref. 84
licensed under CC-BY-NC-ND 3.0; D: Registration and integration of MSI-IMC data to characterize regions with highest nanodrug distribu-

tion. Ref. 87 licensed under CC-BY-NC-ND 4.0

3845 . FLIAE A 40 M 25 499 K 2 1) v I 2 0 7 %
5 SEm ENAS UG R 1, TR 3R 7R 9K B4R L 3 e as mL Y
24 ) V. A R AT R KR B BE AR £ (ACQ. AIE.
FRET PR35 1) [ ) 4 #E 7 B 40 A 45 40 e 3 5 Tl R
PR RBAER, GRS ®RFERESE ST
AT IR H A S A G REM RN . PALGIHT T
HFLA T OGSO b R S R S IR R B R D, 1E
i 988 1L D9 2% BUAR 2450 43 A T R AL B T AR S D Re S
oy T RS 7 T S B BT J7, SR T 3 1) o)
U FLIR J2) T TE B 8US 28 ) I 52 2% R MG B 3 AT e %
St . RIUE e R 8 #4810 T
L, TEGOK A 4 B 43 A B  £2 L 1) R0 4 5 Ak
Je oK 5 v v R s T VP S T R, (E L AR
LA IR 73 [B) 23 26 | P B O 3 B S WA /TS P E A R
] B M5 AR ] 7 R 2 IR . MRIGE A 5
R AR B RE 5 0y e B R A 2 e R
B2 Thae(E 5., AT KA W I K 4 AR5 i 67 A0 5T
Y IHRE RS (g B VR (0 B AR I %, (H X ik A
IERCFNIF R (U HL 75 M8 AL 778 75 AURS ) FR A0 8 e B
)V 2% 5347 BUAS SR O ARG PR B 1] 43 % =2 0 FL T I

f E EE P . ML I SR 3 B AN R A 3
(W1 PET-MRI. FLI-PAI. SPECT-CT), #2& 44 >k #il 77 {4 1
T IE AR R K JE 1K) 2 07 1), A7 B R A oK i 7 A AT
fEAT SR AL R A T I S 5 D REAE B, (R B A IR B
1 e AR R A 7 B N (40 & PET/SPECT/CT [ 41
B B 2 VR B IR R G 5 A AT A A A R R %
B )

S IR AR BEARAE 9K ) R S B A 7R I
ZIVIRE TSN S AW T AR P9 23 A1 8 B R B 1] R R VA
77 TH AT R 2 R, (B I S0 1 2 Pk, 41
an, el AE 52 A A A AR BB R S i R U R
PR OUIAETE R4 5 RUEE) (4 REhas M2 fufey
TFR B 224 (RFF TR S0 e (A B2 L L ] 3
)2 DIhe (B RS HA) MR DL 35 52T g R =
P A T LU 5 4 P 2 e A 20 e IR 20 S R v )
BOREE 22 GReA L BCHE) 5 A BRRG? (i i %
JRUBE TR AR BN 7 A Sy et 9 K sl 704 9 AT R IR IR Z AL
) PR A TN i 72 3 A e ¥ RSt 49k K A 5 £
PR A AT AT B AR, AR AT E LR LA TS
i 4k SRR AW 9T O B R ER AT 5 s et R g
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R NIR-I/IIL X 58 S $R - LLAR TH L 91 28 33 R JBE 5 1 e
El, et T w8 Tl B S5 R OE 1 A B 0 A R RE AR
B, FERE E it TR L m AR )22 M MR 277, B
PAGTECH T AR il SR B 55, @ MR EEALAL S AT RE: F)
FREE 20 N R Re, B 52 T UG s i 5 o =
SEIN 2 B HHE  R R A AS HERCHE R RE & 5 B 3l Ry
TR R A 0 2 g s, HE 2 485 2 B 4R b R
AR RS AR B A& B R, (R R K D B
D)5 6, R AR A5 5 R 4 R B R (stimulated
emission depletion, STED. photoactivated Localization
Microscopy, PALM &5) 5iE R UGBS 45 &, SEIXT 44
K 7R A0 B AT DR (TR a8 AR I AR R A A R
L2 G AL R 70 5) 9K R = il dr s B2k
P 2548 5 112 (physiologically based pharmacokinetic,
PBPK) #5225} /)% (pharmacodynamics, PD) %
B, G55 MI BRI I 2 73 A 2, A i “ 28 A7
PLAEDD ZR G, SR GR K S TR 44 P i 32 FRDRS #E TI00N, 4
By kg 40975 1 S RAGAN AL 45 2505 58 @ e A W) 2 4
P 5510 R 3 A8 702 BRAEH BT 0 20 7™ 4 38 5 vy A A
BN KR GBI ST AR R A R U, JE R T
TR, kAL PEG 2549 5 % % 5l N w36 F 7
R [ AR B 0 A IRAB U 25, A AR B AT e 28 S S 4K L
TRAEFAIST [R] L 38 5B [r) AR e e, O TT 92D R AT 6D it 28 7
M SIEA R B ® HES2IT — Ak SR G K R
e S TR A I S SRR PR 85 e FORE HE AR S i AL
YBIT (AT BT IR OB 1/ B J14E) Thig
[ Ak oK 29T & 4, A MISERT 2025 IR 31697 R
N7, i8I PR FH 245 77 S8 10 N 8, HEZ RS THE G oK 5 2
Rl AR S 30

AR FLA, K& MIER PR IE R e, AMX
TRAL T R G K 500 44 A i i R B A, ELAR K HES) 1
G IR . TEZGVITE R A &R, MIERAEA R B3
RAFE KRB . EIRIKATHT TR B, MIBOR @ $2
A iy K 1) TR o A AR T HETE (ADME) 1 42 T /&
R, NH AR I B ARSE, R A PET-MRI
DAL A [R] &b J7 1) B 1) R0 55 9 B R A 5 E B AL BIE ST B
B, MIZE T UG Eds i 3545 1 A= o0 A 5 2580 75 %
FRAE, 7T e FAR #A B sk 259, % JLAE N A
25 ARAT N BEAT & BRI HE N I PRBIE 7C )5, MIT AT
THEF SR FIRIT ROV ANME A5 24507 Bk,
LG HER ST IR ¥ . BEE PR B 2 TR A
TR e 5 AR 2 TRE IR A8 XA &, 9K il 55
PR 50 IEE D S R Ak B A AL R HEAL B aT A
o X—KEEHEEHHE N — RGP %
AT S B RE I T 1A R JE, I e IE A5 EE R RS

HESTT 1A A B W S (R PR S R B

& DTBR: 30060 SOOI R B A B R 2R
RYIR B K AZ T 25 A 90 BT R R 2 S fE BT ; R
BT LR R 5 SR AL R I K G SR AR Re I R DTN SRR 4
5 FEAM SEL R 0T A A AT A8 SO A R R SR

PR AT AEE FE IR B RK R
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