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® F WELEAA(D, L polylactic acid, PLA) & 3 ] % . & 1t I8-80( T-80) 3= T ot #4 () 48 A 2 X4 1f B 5% E A &F
FRCRIFTIT AL, 53 3045 FITC-Dextran . FH SR #4RPE N PLA KRN R GHC AR LB S AHMERS
R ERES RS A/NBIENN PLA SORBERASN PR 24 FE DR RAORE. 2t BHENRED D
RN HERGEANETRIHHOFCHN, EFaF T RNEIN M ERREAOEAEAREFHRAKAR SR
T 5% 2% B 6 i 0 B0 15 00 K 8 o — 45 3 P 404 ol 8 B0 Ak 4 £ HE T BB 0 BT UE 0L S R AR D Y PLA K
Ro EET T-80 64 1 PLA 4R AF FE ARG B ARFFE N TREEANEANRARKNEEREFR, A

B R EARANRER RS T HEORICHE.
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i A% 5 B ( blood-brain barrier, BBB) P 7 5§ Bk £
HPFHREBRKELES T3 TE KT 500 897
FUn: EEMEARS)NBERREHAREE, H
A4 T S MER SRR FRBY . Rk,
REREHMBREFEHSBRSEAY, BALR
(PLA) KB — R I aT A W B AR BT RSB B O
KB BEZHZXTE, MRCRAKLSY KRR
&N REAEE "  BXHEIER, FEE
BEXT HCULHI R O P SEMR R . TR IT QIR Mk 1
- 43t % 4 ( copper chlorophyll , CC) % PLA #9K %ii# 17
FRic, 3 LR BT TR — SR, AR HEW
To

1 MB5FZE

1.1 #8058

1.1.1 PLACF¥4TRA5,000) WHILKRSEEST
HBERARIHERH(COMEFSIRELEYITRE
HRAF; 5O ERRAS UL F AR T I B8 (FITC-
Dextran, V¥4 FHN 77000) L EPRE . IF B
BA Sigma AL HTEEAMEIEZER/BELB . LKL
B AL S R -80(T-80), ¥ F B = 4r i s ik ;
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« FRLEE.

1.1.2  {¥3%:UV-2102PC 43 )% B 1 (Unico ( Shang-
hai) Instrument Co., Ltd., China), RF-540 %Xt 4r %
JEBE it (Shimadzu, Japan), SPA 400 2 F 77 B 4
(Seiko Instruments Industry, Co.Lid., Japan) ,Nikon 3
HEME,JEM2000FX | ZH BE(HEHET) + IN-
CA fEi% {X (OXFORD, UK), VOBRATOME Series 1000
v A ¥l

1.1.3 TRIHPWHBIEL R /MR, M, KE 20
~30g, HHEPHREXRFRFEXEZEHIPPL
74513

1.2 XEHE

1.2.1 PLA FOKRH# & MBI PERER E -

(i) M FEHE4RIC K PLA 99 KB copper chloro-
phyll labeled nanoparticles, CCNPs ) #l & : 12 &5 SC#R [9]
Fmiiit, HELEA: ¥ E 50mg PLA 1 2.5mg
CCHIZIEHE M 10mL 28 18 I A 40mL 50% (V/V)H
ZEKBRT A, EERREEZREAMAN
FHLEH B8 2.5mg/mL ) CCNPs B . B
BEREA B (MWCO 10000) 3 8 THIEA P
PERE 8h, HE— AR E W E CC.

(i)} 2 Y 4ri2 B PLA 49 K %7 (fluorecein labeled
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nanoparticles, FNPs) & & : A MM S KXW, XA 5
(BB &ELEMEEY RS H PLA AKX
# (surfactant-free nanoparticles, SFNPs ) = ¥ ¥ , H 0
A FITC-D, {# SFNPs 55 FITC-D BJ H. &k 10: 1( W/
W), TEIRF(20~25C)HE 24h,

(iii) PLA-NP 3L B B bR ic 20 2 « A3 8 3
BN ERBREE R, TR TRE L SPA
400 R T J1 B 088 (AFM) SR %R ; 2 e i b T
% FNPs # FITC-D 4510 F (M & B K 495nm, & §f
EK 520nm) ; 5043 EHE 188 E CCNPs 1 CC
FARIC R (M P K 4150m) , AT H & CCNPs & Cu B
BE TR A

Mee % Ag, x 10°

Co = Mo x Ac

He €., (ug/g) 7 CCNPs F Cu BB, M
(mg)Jg CCNPs  CC &, A, ( =63.5)8 Cu I
F&, M, (mg)H CCNPs B9 H, A ( =940) % CC B
aTR.
1.2.2 AFIMEBEHKENERRN: 23#&E
FR% & B CCNPs 1 FNPs B2 3 i A& & T-80,
BPLA S T-80 LAl h 1:1( W/ W), BHIRREEREE
(RVE)EBR AR NMEBREKST 185 2% (M1V)
MAKBEFE, TERHE 24h 5H 1.8% NaCl &
BN 1%eRES R R SR EM . 84
BREHBRAATE P BERAYEERK
(0.9% NaCl ¥ ), 334 0.22pum BB BERE.,

x1 BRIFSAEANEIESS
Tabte 1 Main components in injections used

in the in vivo Experiments

Group Type of injections Main components of injections( W/ V)
A ion of SFNP:
suspension ol S SFNE( ] % )
in saline
) A suspension of FNPs  SFNPS(1% ) ,FITC-dextran(0.1% ) ,
in saline T-80(1% )
3 A suspension of CCNPs SFNPS(1% ),CC(0.1% ),
in saline T-80(1% )
A mixture of FITC-dextran
4 FITC-dextran(0.1% ), T-80(1% )
and T-80 in saline
A mixture of CC and
5 CC(0.1%), T-80(1%)
T-B0 in saline
A solution of FITC-dextran
6 FITC-dextran(0.1% )
in saline .
A solution of
7 CC(0.1% )
CC in saline
A solution of
8 T-80(1%)
T-80 in saline

1.2.3 REBHEME FITC-D RERM NI 24
HEgm/hmikg 1 B d . 843 R, 4248
HBRHWE 0.0Iml/g (K H) B 7% bk iE 5 5 4 X W
BB ;45min T4 ZRFRGOBEERET,
BRMARBET42ZFAREEE 2h, HPBHE 1.2,
4.6 3 H/ RMRARBRHTDA NN A, JEE 20
~30pum, B F Nikon KX BHET R, BEAXEK
495nm,

1.2.4 EHBEWE CCRENAKE. 1.23F
WEISTHNBRRAAL 42 ZRBPHEZ 2h
G AREARSBHAHY Inn’ B/AR, B 2.5% %
“EEZE2h 2 1% NEARGEE . BELIME
Z 7K , EPONS12 #f f5 .48 , LKB- [l &) &8 # &) &+ #1470
F.ETHRBEHOAEHNN L, SRS frEm e
&, EEF INCA 685 (U Y JEM-2000FX 1T 43 o 8
TMEIF AT X & 688 5T % 2 07 (BB 247, X-
ray energy-dispersive spectrometry, EDS), 1 3 H &
60kV , 3£ i ¥ 30s(50 ~ 70 IK/s) , KB ER 5 ~ Tom,

2 %X

2.1 PLA @00
2.1.1 BFHBHEREFH N PLA KR
1 BR, i B o T L3R 7T W 45 B9 PLA S K0R0 4 L
2% 20 ~ 50nm B LLER (K .
' Q-.. . 4 s ‘

’ fom] fom}
—
0.00 [nm] 59.47
B L BSEMME 2 A LR ARE PLANPS
WRT 5 B ARES

Fig.1 A representative AFM image of PLA-NPs deposited

on the freshly cleaved mica

2.1.2 HHAHNKEITHIE PLA 42Kk E FITC-D
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B % #® 08

BIARICE R 15.3ug/mg(1.53% W/ W) ; BN E

TG W 3t 1+ CONPs 89 FF 3 6 it 09 42.4p:8/mg
(4.24% WIW),

2.2 WABRARAREGR
PR BB WES 1.2.4.6.8 HIRE, &

MBS FNPs B (BPE 2 A)PERMRALRAH
ANMDERSMOHREHERATE(LE2),
MALEHA/PRNAL AR LKA (KER). B
#EHLL FITC-D J#RiC T-80 £ 1 9 PLA 49K B8
o A T I i -

(,b),é.f:ﬂ"f S R e SR olied, o 43 Vodal s

B2 %ASHETRES 2 4/NRMASA K FNPs #9574 RO ATH 400 x )
Fig.2 Fluorescence distributed in the brain tissue of the mouse from Group 2

after 45min intravenous injection( primary amplification : 400 x )

(a) viewed under a fluorescence microscope and {b) the same site viewed under a photo microscope

il 461 480 P9 B9 490 K JBURL (9 3 B R )
Fig.3 Distribution of CCNPs{show by black arrows )in the brain
tissue observed by AFM(En: Endothelial cells;
N:Neuron primary amplification 63 000 x )

2.3 BEFERAREEENELAR

# bk &1 CONPs B M (BREE 3 41) /b BUR) i 41 21
7E FiL B R R BRSO B P R R e B ot R O 1 A
HATHERBETEEMNEERRERBHLTE
(HLER 3), AAJE 25 2 1 B 3 4 JORE 31 4 40 S P9 /Y (B
W, FAR/NEA B & AR R L L B

keV

4 IMREEA AR
Fig.4 X-ray energy-dispersive
spectrometry( EDS} obtained in Fig.3
( AYEDS of CCNPs; (B)EDS of brain tissue surroud the CCNPs
and brain tissue of the control groups

T HE BT O G B 9 B9 PLA 49K TSR 5.7 A

71 Bl i 40 £ o Sk L2 B I R UKL o
3 o % B A WORL AT X R e B A K
Sy, [R1Ect %t J&} BBl JE 950k 77 £E B BN AR R LA B3 5.7
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SRR (BB o i g ) AT RE IS 40, & R
E 4 B, BB SN BAMAKITE C.0. Fe.Cr,
Os.U.Pb s, BRI BAU MEEE PRI Cu(F)TE
(L), £HAHASELAN 2.86 x 10° pg/go
3 ittt

T-80 51 i) PLA KB R B A Fi& M5 &
BHAKBHRRNNAED", TRCEIHKR
EEREBHYR AT MR E e E
AN S EERONERD bR m AN R
M3 4y 00 I E 0 1 PN B B Y M RIS B AT
MYRARKNBETFENRFEREN EENHZ
—031 {R |5 A 45 8 B o AL 48 90 P9 B 40 K L
LS B B A 2R S o, 3K — ML i R AR B A A E
*,

12 P B 2 B Y 5T 41 oK B3 A i A 5 PR AL
WEE N, HEELHEY RN SHAAARAR
WEGOKRRLE oy R, RBRA P RN B Z B
BEPRIC, LAEE B BT (UMK 38 T8 A& 2 AR I 40 0 e
SR FENA YIS ERESTIES ., RAHEHE
B —ERATHY EAMEESWAER-HEE
H'" REG R ARIC Y, HE AR AR &2
BRMLFE IR EEE AN EARY R
HRAMPRETTAFCE  SSALFHAX
B, EARREERIRR.

EMR B REROLRHMET WHEF FITC-D #5
i T-80 241 49 PLA 49K 8050 75 T /] BLAR B i 7 B8
BIRA SN, A R R WRBIG L BB ENE
4 /) B A4 A 438 i 8 P4 B MR R R SN R R B
PR AES5HENAREEEL A TEHEY R
FRTHERBENMARABRAFER, B T#
BT R WA R0 E B R, BN
RAMNEUARFTHENEBEST, AR LR
T8 R Ao s Wk T REE s 7 A 3R, LA A B I 48
SREEEIHENTE(E4), BRELRALRHRAT
FREVEHE BRBEERAMNASHASER (AN
2.95.g/g) B9 10° £5° 18 CONPs R A S B KX
Sk #H-FRIIEPRRKBMBEA S E
 Lig=3 L oiskh 3

E3duRBa T — 458§ &8 PLA 49008
REHEMBEREA T EARALE, W THER
ERERANET AR TR P bFERRWN
B, JRATT e 3 ok e JBORE B L R BBV B 4 4R 4T T REGE
At ERSAERASN X NEFERTE, HE

BENFNGEFIBRABREATE, KHENBLE
CCNPs, RIE AR DA ARMARKARE, XRE
AR 22 #% Bk IF 53 09 CCNPs 307 B o i B 9 B A0 B
ARnNEAERERT FLRERN--EBE L
Uk 52 B B 40 1L R P B A A B A B R PUKORCEF R
i f 5 B R LR
FRRGEERETERNITFARERIE RS
T-80 BB i Y PLA 44 KL R & 5F 1 Il A% % B A 4% 1
HUETHEHIEE. BERTEMEMEGENESHE
A0 %oF G KB B 2t B 9T, Ao 8 A 2 4R B AR B
HERAAEFTE-FHER.
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Polylactic Acid Nanoparticles Across the Brain-blood Barrier Observed
with Analytical Electron Microscopy

WANG Hua-Fang' HU Yu"™ SUN Wang-Qiang’?®  XIE Chang-Sheng"?
V( Institute of Hematology , Tongji Medical College , Huazhong University of Science & Technology . Wukan 430022, China)
2( Nano Pharmaceutical Research Center , Huazhong University of Science & Technology , Wuhan 430074, China)
3( Department of Material Science & Engineering , Huazhong University of Science & Technology . Wuban 430074, China)

Abstract The blood-brain barrier { BBB) is a huge obstacle in therapy of brain diseases, for it hinders the delivery of water-sol-
“uble molecules and those with molecular weight above 500 from the circulation system to the brain. Polysorbate 80 ( Tween 80,
T-80)-coated polylactid acid( PLA} nanoparticles represent a tool to transport such drugs acress the BBB. Transcylosis is put for-
ward as one mechanism of drug-loaded nanoparticles across the blood-brain barrier ( BBB). However little is known about it.
Electron microscopy is an important method in the investigation on nanoparticles injected into the experimental mice . In this study
it was found by fluorescence microscope that fluorescence existed along the capillary dissepiment. Some nanoparticles distributed
in the brain capillary endothelial cells and brain tissue outside the microvaculum, which was observed by transmission electron
microscopy. These particles were proved to he the Copper chlorophyll loaded nanoparticles which containing Cu detected by
AEM. The in vivo experiments demonstrated directly that the PLA nanoparticles can pass the BBB indeed and transcytosis by mi-
crovascular endothelial cells may be the mechanism. The results provided an efficient way of drug-delivery targeting the brain.

Copper chlorophyll could be used as a new symbol of nanoparticles in in vivo experiment.

Key words polylactid acid nanoparticles, blood-brain barrier, copper chlorophyll, analytical electron microscopy
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