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A near-infrared long-term /persistent luminescence imaging
technique for tracking nanoparticles after endotracheal instillation

WANG Chengcheng'"* ZHENG Shenghui'* ZHANG Hongwu'""
(1. Key Laboratory of Urban Pollutant Conversion, Institute of Urban Environment, Chinese Academy of Sciences,

Xiamen, 361021, China; 2. University of Chinese Academy of Sciences, Beijing, 100049, China)

Abstract; The ultra-fine particulate matters (less than 100 nm) are easy to enter into circulatory
system of organism due to. their small particle sizes, which would bring serious harm to organism. On
the other/handy; these ultra-fine particulate matters are difficult to be observed due to their small
particle sizes. Thus it is very important to investigate the migration behavior of ultra-fine particulate
matters in organism. In this paper, we adopted the near-infrared long-term persistent luminescence
imaging technology to visualize the migration behavior of ultra-fine particulate matters in organisms
via the exposure of lung. Here, the mesoporous silica with good biocompatibility were chosen as
templates to load near-infrared long-term persistent luminescence nanoparticles ZnGa,0,:Cr to form
ZGO@ Si0, nanospheres, which could be regarded as stimulated ultra-fine particulate matters. The
obtained results showed that nanoparticles could easily enter into other organs after passing through

the trachea into the lungs. The nanoparticles mainly distribute in the heart, liver, and spleen, while
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little distributed in the kidney. This long time in vivo imaging technique could provide much support
for the further investigation on toxicity of ultra-fine particulate matters in the future.
Keywords : ultra-fine particulate matters, near-infrared long-term persistent luminescence imaging

technology , endotracheal instillation.

RAHBORY) (P, 5) B2 WO FE IR 5 Y i 2G5 N, R ma 2 AATTAE 3% 945 i, He b ™
AR B AR RE T i fE T AR AR TR/ T 100 nm (9 4 K ABURE (B 40 SURLH) ) Fh T
FORIAR N oy 2 s FE W B R N ATE PRI (R0 L bl T R B9 LR T AR B T #5435 e 4%, X A W 4
A 1 S

T SEREH TR ANORITURE ) (NPs ) Z8fili 2 55 J % AR MR OS2, X B 82 )5 NPs 7R 2R MR R 9 13
R RACHEA T B AT 03 T B0 T SCART , A GE BRI J7 12 X 3 0 1A PN A0 A JBORE ) 78 BR A ARV 22 SR
PR, vl 2 3 i HRE WL AR M AR N RS Y NPs JEZS T ICP-MS B E B A8l NPs  (HANREIX
73 NPs I T P, 0 A Ji— Mol 2R (4 7 B SRR ifp DR A K UKL A= 1 1A P 8 ML 2 {5 414 1] et

ULAESR R B G W R AR T LM A RO UG AR 1 3B Wi R B 83 (1 G TR 4T
HMR AR AR BRI 1T DK AR DR EH ARSI, SR8 o il 2 83 7 1A P9 SRR 77 (4D, IX A
SN ZEHNHO IR SRS A AR sk T AR IR TR B DO R R, RO M 7 T AR Y R A
JE . T BOR B AR AR o AR A i AR UL I TR S I T i 1 ) A 4 4 e/ )
ELRTAE PR SMENL S A, A5 (5 R LU O T PR TR R B T b 3455 4 AR K SR A P9 7R B 1 2
SREAN, TERFHERS TR R B R SR UL HAE A WA A (T Fr P e

TEASEE b PP B RAFAE A A PER K AR 80 i i T8 B A R 2O MC AR
KCHEREMIZnGa, 0,: Cr(ZGO ) WKL, JE IR BE R I ZEANANARA AR AT, o T e o A 22 5 1) 77 5 XAl
TREFHEA /NN, SR I AR 6 R B AR R S G ARRE 22 i 7 5% o 7E A= A R I R iR A

1 SEEGHR 43 ( Experimental section,)

I e T

IERERR TR (TEOS) (AR 7S ke k= H BRIk 4% (CTAB) (oK 4B — L BERE (DEA) (/S7K A il
TREE LKA il IR AT 2 [ 257857 25 ) ( Sinopharm Chemical Reagent, China) A 43 M1 46385 ; 7S K & fiF f
PR AR IA T BT H7 T 3055128 Al (Shanghai, China) ; 417K (18.2 MQ-em) ; B il s H-7650 77 5 L+ il il
%&( TEM, Hitachi, Japan) ; JEM-2100 ( JEOL, Japan) ; IVIS lumina T /Nsh ¥ 6 R AR A2 A ( PerkinElmer,
USA) ; FLS920 )¢ i#4% ( Edinburgh , UK) 5 5.1 3 AGAE A HENE KM /N [ 1% 5256 304 .0 ( Shanghai
China).

1.2 SEET vk

(1) A AR K AR RGN FTURL I 1 25 S R A1E

SR Qiao KR H T4 Kk LM T iy I, 24l R Ak RES L CTAB 1R M BHUR A AL.
HAABRINT .25 mL #8467k 0.2 ¢ CTAB R4, A 5 mL Jo/K ZEEAT 50 wl /) DEA IR &34 ,60 °C
K EFLEHEFE 30 min RGN 2 mL TEOS T iR IR A WG AT 2 hIRA MR M EZIRE, %
20 mLNEIINA A A 1 min J5 FHRE S min. B0 R TUTE , 70 CHLT. TG (R 5L 7E S 3
H1 550 CHBEbE 5 h AT JefRk CTAB ik, i RAS 2] 2L — 4 fb ik H TEM Xt 2L A bkt K/ANRDE ST T
FAE.

AR R K A R 9 oK R (ZGO @ Si0,) £ MR Shi 4 i £ A B Zn (NO, ),- 6H, O
Ga(NO,) +6H,0F1 Cr(NO,) +9H,0 43 HIBLE AL 1 mol - L2 mol-L™' A1 0.1 mol - L™ AY¥E , #% ZnGaO,:
1% Cr 0 LU E R 48 B IR A SRR B B I o4 TR 5 100 mg 1Y 2L SAALREIR 535,
1 60 CHUE T, S E BE H E23INSE, SR5FF 110 CHET T4 3 h. 5 20t 700 CHBebe 2 h B4S
N AR 2G0@ Si0,. LA TEM X4 i ZGO@ Si0, K/NFE S k4T R AE.
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(2) SEE B 521 5 b B

1 T 30 3 B S0 S 4 v I A RS T A 18—22 ¢ MEPE KM /NER 10 H/NERIWA S TAnF 454
SRR IR RE N 18—22 °C  MIXHEE 50%—60% , o 2 12 hoid e e 1 7, W)/ B A B
HEEROK. 1 JE IS /N BRCR T 28 pl W 1 A 22 8 aX R T v kT, 43 B4, 43 3ILA 50 nm (1 ZGO@ SiO0,
AEFET RALERA 1 (3 H) LR ERF R 60 pL (43P, 900 pg) s AbFEA 2(7 H) i HEAF N 35 L
(17.5 pg) I BRL 1 Xof BECE SR A A7 3 AT Ak BB 1 5 7N B

(3) AR RE R A MEGNRFTURL ) 44 P4 S B B A5

/IN BR A Ak B RIVRSE B A S TR0 O, AR BRJS S b 2B 5 h,24 b JEICfE 1 d, DL HE. S/ R
10% 7K A S 2 MG M PR S IR A TR, B4 38 6 &, (R A7 I 2 0 /A 0 1 Ak . o e A G T T T v
254 nm WERAMT AL 10 min. 75 B9/ B LA TVIS lamina I /N 8h 436 748 BAZ AR BAS G 9 Wi 4
FORRISUR E A 1R B 4 KRS 7 RBUGHT, it FH S s0e 6 /)N BRUSE e JBR S, A 30 W 655 nm
1) LED AT RES/INER 60 s J5 , IVIS lumina [L /NS TG AR SAGASEAR 5, SRS BUSR I b 320 1 Fnih 3
20 2 BYBEGETTE] 23 A2 120 s F190 s. % B/ BRUDE S 980G R J , R 48 655 nm 9LED AT RS, 7351 LA
WA Ah B2 1 5 58 AR BB R I A A

(4) A AR AR MEGUORITURL I B A 28 B L&

ZodF B RIS /N, A BIE AR RS 45 1 K (1 d) FIES 7 K (7 d) & TR 3 FHUNBUGEfE
FLETHE R SBT3 B /N B C W Y DG B S TN SR, I FH AR B AR K R vk AR
J& 1 655 nm i LED %THR 54 1 min J& ,TVIS lumina IT /NSh#) 35 A A8 ASOef%: | % B B 6 E] 90 s £5-3 Al
Gah

2 ZERFNTIE (Results and discussions)

2.1 TRARRER AR N K IO 4 S R AE

AR YR S5 7 FHAA AR (4 KA N PR AR ) e s A T DL T 1A B FHAR R 2 W 25 5 i T A MR 2
FLITZLAME AR AR OCANKURL ZGO@ SiO, , FREHAE TR 2R HAT T AW IR Gl i TEM XA SE g h 22
L AR K/ NFITE AT T ZRAE (BN C) il 45 1 1 AL — SR AL RE TR S g T S — | ik
B RSE BN 50—90 nm( #l 1B).ZGO@Si0, ki JE AR KR EBCHERIE | /3 B R AT, th s il = A6 i e 45 30
LB AEE A W A T B UL RO R 43 B A .
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(C)ZGO@ Si0, i TEM Hif% , #5 Rk 100 nm; (D) ZGO@ SiO, ) XRD &%
Fig.1 (A) Schematic illustration of preparation of ZGO@ SiO, for in vivo bioimaging; (B) TEM images of mesoporous
Si0, ,Scale bar=20 nm; (C) TEM images of ZGO@ Si0, ,Scale bar=100 nm; (D) XRD patterns of ZGO@ SiO,
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BAERICHE ZGO@ Sio, i) XRD 2558 (& 1D) B/ H BB AL SR EE ZnGa, 0, B bR iR
(JCPDS:71-0843) .18 2 }y ZGO @ SiO, M3 & F1 & G163k (1B 2A) R i i 4k (I 2B) . AR 556 1%
(FE 2A) B K 254 nm BOEEEMRIG 697 nm Ab (UTLLARX) HBRAS 4 5 S0 33 A4S & S T4
—iIELLAMNE 1, B R A BV ZE B R T 38 T AE YSRGS B i R RE B T WO EOR , HAE
252 nm 417 nm #1562 nm 50547 — K G 53 B JE T A, —* T, 1A, —* T, 33 5~ [A] R 5
& 2B 7R, 4 254 nm EEAMTE K ,2G0@ Si0, 7E 696 nm AbA B B 19K WE R G, ATHR4E 2400 s. 80
S, 655 nm L0 LED AT EE B A FEM 5 min J5 , 7 696 nm AR A3 HE | & BLib o] DA 5| 5
SR XFW ZG0@ Si0, A HE(S 5 1T REIH 1 50 FMA P 19 75 52 380 1T S B

r A :lB
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Fig.2 (A) Excitation and emission spectra of ZGO@ SiO,; (B). Afterglow decay curve of ZGO@ SiO,

after 5 min of irradiation with a 254" nm UV lamp and a red light

2.2 TERARRER ARG R IEORE 1A PN A5

S EHE T TS ) ZGO@ SiO, VE A AV AR T VA MR BT ZE I A R B, BRI T — AN BRI
FUEEHEAT T 5200 (AbPEAL 1) AEZ 0T 900 g 1Y TE 58 8 XA E M IEAA B 1 UG, W AT T JLIRAR N AR
825 R L 3 NE 3 AN L EUA AR SEERTH RME IAR LT 1A 52 M. A2 AR 3R 1 BB 5 (0 h)
b B I i BE TS R B B, ROCH B ZG0@ Si0, #E A T /BRI IR 22 55 (AU ROBUI ) | 3X 5 52
5 TR ARA . T L ) A=A AR S s B | 7 AT, O S 0 i SR T A2 IR B A% 2 B B T R (]
S AL 2R T i, RIS SR IR A Wi B4 1) 655 nm ZDGAT VR K A RO 1) P & GRS h
Je W AR A B A S AR ST IH AR %, 106 B U IS 400K & S B AR A R UL d
Jei /0N BT (A L ) 0 5 B4 645 5 B A B B A0S , BB AR 4 KRORE 7 KIL-F- &R 5]
7G0@ SiO, MfE S A5 h 1 d4 dF 7 d ¥R 655 nm LED XT 7640 [R138 & 14 F 44 N BUS Y Al
G, FIT LA R A5 5 B PRl 555 2 28 1T 2 2 AR AU B e B e X R i 5 2R I 25 SR L e e T
YK A RE /N B DY 19 3B A R Ak R 11 RIS 2 5 1 s VA B () 40 oK JB0RE (/v 100 nm) H 13K,
SR E A /N BRAA P 0 48 R 23 R 9K BUREAE 1 R N

200

12 e 12 12
counts counts counts counts counts counts
B3 KAMEGKBRL ZGO@ Si0, K A T Ab RS (/N BUIE AR  18
Fig.3 In vivo persistent luminescence imaging of a mouse after endotracheal instillation of

7ZGO@ Si0, NPs with a large amount of dosage
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FF L ZGO@ SiO, VE R EEr , KA HE15 2455, A IR & LT ZGo@ Sio, 7] LIVE R #T
R RAG T L R R . T2 T A5 B 3 T bR AR TG A 45 58 b B2 2 DL RIS Y P,
SRR E R 500 g - m TSI R i AR /N BRI SR 2 R B4 24 mL, WU — H A B FSURT B 24
175 g F BRGS0 /N FRGIEA T 2 88 U TR TR AR B 1 W, AR IBUAS [) Bsf [) /0 BB 3 AR B 5 5
RCE 4A) , TRz 9K R (AR N B B8 R A A TR FE i 1 e B B B4 (0 h) W& B 7E /N R
R R T I E(5 S, SR YEAF T AEAE , (A EN AR 3 ok 07 s (1] s ARAE A it O 00 1) JFL 3
ASE SR, BRI TS, GO R, — 2 Zs ik A RIS , % AE X A ER AR B 2D H
S AE ISR A A5 S T A Y S DR R iR S I R e AR SRR A T, BARARHY R SR 4T
HRIX, A B SUZE B RE T (H )R ZGO@ Si0, i B it /DN iSRG AN 2 | S S 30k A 15 31 3
KRR S 45 T A6 2 J B BRIt ) 5, i 20630 260 @ Sio, Ja S R, kA B 2GR E 3 —FERY 9N
KIBURLAR 5 A 3R AN A8 1) B A B s/ Z T 2 i AR (ER AR BN S b R IR, R I s 1)
T R A RTE TN LU R RN RN S I R Al R — e R L R, A, 7RI R B AT
0] Ko J T AR A Y615 5 A AE. B AR AL R 1 /N BRPE AR s ) ot 7 2 28] ) 3 {37 Bl A 210
T, (R A S A A 2 AR R T B Y 25 00 AT AR B R) A BE A 2, ZG0 @ Si0,
A0 ] 45 B A A e AL SURBEFETRI JE F

12
counts

~—~ 9 B
g sl mmDI
=

50 x 7r
z 6
g
g
= 4r
8
S 3r
a
g,

12 2 0

counts Heart Liver Spleen Lung Kidney Testicles

4 KAHWEGOR IR ZGO@ Si0, i 1k Py RIS M g%
(A) ETHTE(17.5 pg ZGO@ Si0, ) AbFH 5 AN [ e [F] 812 119 /08 BRUMAC N AR 5
(B) B4 3 /N AN [R5 1R] 5 B R B O E (He ) JHPIE( L) JRUUE(Sp) Jili(Lu) B (Ki) FISEAL( Te) RS R ;
(G B 1A B S [R) B 18] A A 055900 B 5 B L PS8 (AR 25 B U AR (n=3)
Fig.4 In vivo and in vitro persistent luminescence imaging
(A) In vivo persistent luminescence imaging of mice after endotracheal instillation of ZGO@ SiO, NPs with a

dosage of 17.5 g at different time points. ( B) In vitro persistent luminescence imaging of heart( He) , liver(Li) , spleen(Sp),
lung(Lu) , kidney(Ki) and testicles(Te) collected from KM mice after endotracheal instillation of ZGO@ SiO,NPs

at different time points. ( C) Persistent luminescence intensities of from isolated organs at different time points.

The data represent the mean +SD (n=3)

20 T R I AR OR R /N B AL B A1 A 39 0 B TS 1 RRIER 7 RIS I (]
AU/ FE A E AR 655 nm KA LED JTHUK 1 min J5 , 3R15 HARSM SR S5 R (18] 4B) FETHTE 1 d
Ja R B AN ] T ZG0@ Si0, HDLTE 5, X 5/ BB R SR SE RAAT , SIBIESE T 1 3CH)
S —— DR A S TS EOROEAR 5 20 B LSS K55 ARG HLA 2 2.0 R A RGUAE H B T 4558 ) Ol
F T A R IR ERAAG IR TOEE S, I BB AR B = B RS L E .
XA EER B /N T 100 nm A0 IIURL 25 5) 55005 Rt A ML, 2 K PR IG5 L 47 20 T E A
THABES B AR RE TN 4 G PR B A R 4 K R 23 1 B TE A R AR O
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JIRE B R A B 2 F2 AR v TE S SRR AR (BRI ) |, 3 B U B s oS 57 44 oK DR 1) ok Y572 LR
HRAE O A AR IE 68 20 F00R 40) mT i i v =6 A0 000 A as VR 0 A R 0, 5 R I 26 0 2 g 34
TN BT 8, R O LA 0 1Y B 367 TR R TN B2 R 45 (reticuloendothelial system, RES) #§
B CRFFUEL) P8 R A, 336 26 200 i 2 A Wl AR AR oK AR B, S st Lol 1 94 K BORE B 47 2K 1)
FEEERAL G I RIHERS AL IR 7 d R RES &% B ALY RREL LGRS 3 I 2% I 5 IR A
TS 15 5 O IR Y &G ME Sl 3 35 . X — 45 R 5 3 RN U 45 R — 30, U] ZGo@ Si0, 4
WP 2R GE it AN, B2 B 8 KRB SEAE 7 d NS AR HE RSN AT B0, IR P B2 2R e Jee—
Fh 20 M AL LU IR 28 | il AT 4= B 5 AR AE T A5 4 4180 IR JBLE A G vh 5 AR & 0 AR K 7 R
i S A 0 SR A R 02 A A TR A A RGEE RA 25 A RARE R RES H B AR i A T
b i BT AU P £ B, I T B B I R) A% 4 RS AR A AR, 2T OGRS BT R X R
RES (1 $5 BUHL ] 2 40 K B0 R (A P 1 20 LA 7o 220 (811 n 8 AR AT 9 28 W 45 P 2 200 114 I 3 J80 94 DK S0k i
B EBLYURVE T JERE AU o | 5 FL AT A A )45 BA 78 3R 8 53— S2 50 R 7 41 ks ) 26 0
W R GEHEANRIN |, 28 b WA B R ALV, B IV 310 1% B i A B AN 2 A0 A AT RS R A

3 758 ( Conclusions)

AIGEM P EG T B A WKIE LM R LR ZGO@.Si0y, 2 B EA RAR K /N JE A
W) A RO AT A RAAE 38 TR R AR R . B i 5 1 Z60@ Si0, 3 KR 1184 697 nm, {7 T
W—IELLAM AR O A B A 2 o R 2 E R R U O O N R TR B 1 IR AL TR
T AT DS BRI A2 R B2 B A, R 26 P A AT Bt 2R B A A 2 . A AR R AN
BT TR Y 0 AR S5 R 2 2052 (BRSBTS 5 A 3 o SR AR A IR 7R ki 28 <
BAMG , 2t AR R N HAER B, 500 A ToCoIE A LA | A i oA T BT, B Tk 25 Bt
A ShHE H A5
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