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Polysorbate-80 modified neurotoxin nanoparticle with its transport
and cytotoxicity against blood-brain barrier

ZHAOQO Yan-min, XIA Ai-xiao, WEI Ying-hui, RUAN Ye-ping, LI Fan-zhu"

(College of Pharmaceutical Science, Zhejiang Chinese Medical University, Hangzhou 310053, China)

Abstract: This study was aimed at the transport across blood-brain barrier (BBB) of polysorbate-80 modified
neurotoxin loaded polybutylcyanoacrylate nanoparticle (P-80-NT-NP) and its cytotoxicity. An in vitro model of
BBB using rat brain microvascular endothelial cells ({ BMECs) was established. The cytotoxicity of P-80-NT-NP
was measured by the MTT assays, where neurotoxin (NT), nanoparticle (NP), neurotoxin nanoparticle (NT-NP)
as control, and the permeability of P-80-NT-NP was determined by using of Millicell insert coculture with
rBMECs and fluorescence spectrophotometry. MTT results showed that NT, NP, NT-NP and P-80-NT-NP were
avirulent to rBMECs when the concentration of NT was lower than 200 ng'mL™'. But the cytotoxicity of NP,
NT-NP and P-80-NT-NP would be augmented accordingly as concentration increased (P < 0.01), causing obvious
reductions of cell survival rate, with no significant difference between them (P > 0.05). When the concentration
of NT was 150 ng'mL "', the permeability on BMECs of P-80-NT-NP and NT-NP were both significantly higher
than that of NT (P < 0.01), and the permeability of P-80-NT-NP was greater than that of NT-NP (P < 0.05). In

conclusion, polysorbate-80 modified neurotoxin nanoparticles can transport across the BBB, while concentration
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of NT is greater than 200 ng-mL "', P-80-NT-NP has a little cytotoxicity against rBMECs.
Key words: polysorbate-80; neurotoxin nanoparticle; blood-brain barrier; in vitro transport; cytotoxicity
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PO P B2 00 (brain microvascular endothelial cells,
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NT) M= IREEN (Naja naja atra) F5 5 55
330, BA RAFI P BURAER], JC 2 AR,
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(polybutylcyanoacrylate nanoparticle, PBCA-NP) &
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(polysorbate-80 modified neurotoxin nanoparticle, P-80-
NT-NP); Rl A V5 73 29 55 5% RS it 7 A B
410 (rat brain microvascular endothelial cells, IBMECs)
#2157 BBB M&4MEAL, 5T P-80-NT-NP {F rBMECs |
R IE S IEE S 5, N IKEL R KRS BBB #ia
FIBLRIIT 78 58 5 HE Al o
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188  380ZLS WO E [ /zeta HIAIAL (36
Nicomp A #); JEM-1200EX % 5 it 1 B4 (H
7 Jeol 24 7]); HEPA CLASS100 40l CO, 555544
(3¢ Thermo /A 7]); Th4-2000 Z&)efd & B (H
% Olympus 24 #]); PIHP01250 %! Millicell insert (J€
BB PCF, fL#2: 0.4 um), Millicell-ERS 1% (3E[H
Millipore 2% #); ModulusTM Fi. 55 74 £ T & 6 i 1
(3% [ Turner Biosystems 2\ ).
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Gibcobrl A 1], #tt5 749154); D-hanks ¥ ([ 1); PBS
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(16 +2) g, HIWILH R 245 K27 5250 5 ) O Al
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P-80-NT-NP B9l & FREXFLILF] Poloxamerl88
FRSE A HEREEE-70 4% 150 mg, HNZEME/K 25 mL %
fi#, M FITC-NT ¥ (1 mg-mL™") 60 pL, 75 pH
% 2.0, 18N PBCA 60 pL, ~Ji#$i+E 2 h (800
rmin"), {5 pH £ 7.0, JEid, 7, 3 NT-NP KA
W, NG & P-80 i, 37 ClEMRA I 1 h,
B0 30 min (40 000 rmin”'), 2R £ 4 P-80, ¥
TR,

P-80-NT-NP S FEE R, zeta BAARIZE ST
HU P-80-NT-NP JRAREE WO T80 09 1, FZ 5 e 3
MBI A, B P-80-NT-NP [ W& &, K
WOCRLEE I 2 A /zeta FAATAXCIE zeta FEALATT- 35 L
%,

P-80-NT-NP €13 EFHBHEME I P-80-NT-
NP BeAREE M, #3250 30 min (40 000 r-min™"), B L
T, K96 NG, EFE Ao = 488 nm 1EN
BRI, TR 520 nm AbE2EL FITC-NT %45
SREAE o WOR IS M BREETEFE R 5 nm, KGR
8N 10 nme DAFEGHREE ST NT 5 &, 4«
NI AOK R L R 2 .

WEE = (Cy— C)/Cyx100%

HWHE = (Cy— C))/M*x100%
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ko

NT #RAERZE RS ARUIE N T8 2
FITC-NT, LA A= 1 0V i F4BE 5 100 2,00+ 4.00.
8.00. 16.00 F1 32.00 ng'mL™" ZRFIE, PikE L
(15 000 r-min~", 10 min), H{ )29, H ModulusTM .
HRZ BOCRETHEBAK B (WURIEK: 465~485
nm) W5E PECIREL . LLROGIRE (F) MWK (C)
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rBMECs Mo BE SR RAMNWET Y%
i % rBMECs. B8 H 7~10 H# /) SD KR (O
#2B) KBz FUE T DMEM/F-12 855550, 14151
ok A S B K LA, R 3K, BYRE, L 0.05% kAR
I (pH 7.8) 37 CHEFEAH AL 20 min, MIAR 20%
BrA IS ) DMEM/F-12 853532 B4k, JEmdT
VRA), WU 100 H (150 pm) A1200 H (75 pm)
Je ledmsaitvg, Wtk 200 H (75 um) JEEdHdE L
1ML, B 10 min (1 000 r-min™"), 5B B0V 40
HR A, BIFET 0.1%H I B R B R (0.5~2
mL, | mgmL™"), WATIEA), 37 CHFEHIMAL 25 min,
FRCE L S R TTE, Hefh BITSE IR 2% IR 3%
R FRMA, WMRTR 4 KRG 8, CUER 2 R
Bl 11K, 2012 RANMAEKESEEE R Z, nTHH TR
R 35 AR AR R 5 (09 TBMECs 175 15 75 P B A= K
WL E T 96 B E WS PSSR AR A K
o

P-80-NT-NP % rBMECs RYZABEEF 4R IR
RE5FE ) rBMECs, ] 0.25% Ji#-0.02% EDTA 4k,
A 20% #7420 103 i DMEM/F-12 15 27 FE e B 41
MR, BT 96 FLEEFRM . SRS 17 41, 4l
6 fL: ZFHZ . AR NT. NP FI NT-NP, SZI64 K
P-80-NT-NP, S5 41 FIG 41 7350 % 100, 150, 200
300 A1 400 ng-mL™" IR . B 41H00 100 uL, L5
rBMECs /£] 2 h, A 5 mg-mL™ MTT ¥ 20 uL, &
RRMRN 4 h ZILFE, 50k BiE W, BAUmA
DMSO 150 uL, ##K LI 15 min (100 rmin™"), R
AT AL T 492 nm A E 63 B (optical density,
OD) fH, V54N uAAX I {H % (relative growth rate,
RGR):

RGR = oM 10054

o ENEE:

R4 RGR {H, 28 (EEZ) 1k gik
VRO A BB, PR ARUEN: O RGR{H=75%, 41/l
BEESEGCN 0B 1 2, A @ RGRAEA 50%~74%,
MMEFIESHN 2 %, NG MMEELEETN; @
RGR {H<49%, MM REPESES N 3~5 K, AEHs.

rBMECs BRERBMERNE L 7=1 1BMECs
25 0.25%/0-0.02% EDTA 14k 250, A4NMI% 1x10°/
cm > FEFT Millicell insert #4312 L, T 37 C. 5%
CO, MYHMLBEFRAT T 557, HePh 4 KJG o Ik, LS
2 RE 1 ¥k, I Millicell-ERS 1l 5 Millicell
inserts b1 P B2 41 e L PHAE (transendothelial elec-

trical resistance, TEER).

P-80-NT-NP # rBMECs LRY3EE3R9E Ik
2 HA TEER {H>130 Q-cm™ [)80% ¥ 2 rBMECs [
Millicell inserts #%izfiiX, LA 37 °C D-hanks ik %
15 min, FEME (apical, AP) JIA P-80-NT-NP (%
NT 150 ng'mL™") ff] PBS ¥ 0.4 mL, LI NT 4.
NT-NP #H (3% NT 150 ng'mL™") Jyxf M, HeE
(basolateral, BL) JIA%% 4 PBS ¥ 0.6 mL, T 30.
60. 90 F1 120 min M\ BL flIH(Af 50 uL HF-5E, Jf
[ I AN SEAAF PBS W LT R K R 77, FF S
M ModulusTM L4 71 22 T e )l B2 1Hl e 29 DR
$Z N A AR HRMWIEIE Z2HL (apparent permeability
coefficient, P,,,)""":

Papp: VBL xi

AxT Cy

JLH VL WEEIRMIE AR, A NS A, T 0§
IEWH], Cop MEEIRM 2SI, Cap N BTN 2543
8

FIFEFZE AR EHE L X + 5 RR,
X LA I REAR AT ¢ K056, P < 0.01 5 P <0.05 540

UE=-9E

75
1 P-80-NT-NP &Y% R

£ P-80-NT-NP & [FJE KRB, KN —
(B 1), TFHRAZEN (783 £ 8.2) nm, zeta HLAT A
(=15.37+£0.98) mV, WEZHEN (80.25+2.13)%, 2
O (0.124 £0.02)%.
2 NTtrEMZ

NT bruE 2k 4: F=18.776 C+85.177, R=0.999 7
(n = 5), 76 1~32 ng-mL™" N 5650 EE 5 25 MK 5 ik
R R
3 rBMECs 9B 5%

rBMECs ¥ BE I 2 RR B2 MTE, HEPIA
U, kiR, MORsERl . BEAE BEFRIRIAER, P
0 M AN BT 3 Y A TR, TES LK R IE N £ &
“TEin” AR, 49 12 K rBMECs A2 K R 80 )2 4 i,
SRR OREL “HTEEATT R (B 2), TERRFE A
BBB A1 R,
4 P-80-NT-NP %t rBMECs B4R S R

NT JRE R E <200 ng-mL™" I, 5256 20 Fx 20
Al eSS 1 9%, X t'BMECs LEElE; NT it
W >200 ng'mL™" i, NT 41040 e 85 PE5 400 1 2%,
%f rBMECs LM, 1 NP 41 NT-NP 21 #1 P-80-NT-NP
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Figure 1 Polysorbate-80 modified neurotoxin loaded polybu-
tylcyanoacrylate nanoparticle (P-80-NT-NP, x50 000)

21 1) A0 I G B % B 2 PRI (P o< 0.01), 4l iAEh
2~3, X rBMECs #:1EHS N, H P-80-NT-NP 4 141
JU 35 2 L NP 4. NT-NP 410E A7 B&A%, HK 0L 2%
PEZES (P>0.05) (& 1). 251K, At kA
O EEPE, AR Sl KRS, A R BESE I, 40 i i
IS NR

Table 1 Cytotoxicity of P-80-NT-NP. n=6, x+s. P <0.05,

“P<0.01 vs NT

Group  C/ngmL”' oD RGR/% Cyt;:z;‘j:ity
Blank control - 0.384 +0.030 100.0 0
NT 100 0.207 0.003 89.1 1

150 0.204 = 0.001 87.8 1
200 0.201£0.003 86.6 1
300 0.200 +0.002 86.3 1
400  0.181£0.005 78.0 1
NP 100 0.180+0.004 777 1
150 0.177 £0.005 76.2 1
200 0.169 +0.003 72.9 2
300 0.143 £0.006 61.9 2
400  0.112+0.013 48.5 3
NT-NP 100 0.185+0.005" 79.5 1
150 0.175+0.004" 75.1 1
200  0.175+0.005" 75.2 1
300 0.135+0.009™ 58.1 2
400  0.119+0.016" 51.1 2
P-80-NT-NP 100 0.175+0.006™ 75.2 1
150 0.174+0.006~ 75.1 1
200  0.174+0.006™ 75.0 1
300 0.132£0.005" 58.3 2
400  0.132+0.005" 38.6 3

5 rBMECs ¥ §% . BA A9 E

7 4~ 14 RN 40 TEER {E Bk ETF, 15~18 K
0] TEER 1 _ETFE I (146.5 + 1.43) Q-em ™ 35
ETEEM (K 3).

6 P-80-NT-NP 7£ rBMECs 3tz

7£30~120 min N, AP-BL J5 i) I, NT £ \NT-NP
ZHF1 P-80-NT-NP ZH 35 A7 I (RO s 7 &% I T] A
-, NT-NP #4LHil P-80-NT-NP #L(1) P, 35 3% KT
NT 41 (P <0.01); P-80 {21 i1 48 K i 5 A AL i 1) 4l oK
FIAHLE, Poy, EHABA BEIE S (P <0.05) (K 4). 45
KW, BAHIRRLRE 2 % 52/ NT %5 BBB, H.P-80 &
M B A — 8 AR P s E .

Figure 2 Primary cultured rat brain microvascular endothelial
cells (' BMECs, 12 d) (x200)

160
140
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TEER/ Q-cm™

80

60
2 4 6 8 10 12 14 16 18 20

t/d
Figure 3 Transendothelial electrical resistance (TEER) values
of IBMECs on millicell inserts (n =5, X *s)

0.000014 1 g NT(AP-BL)

@8 NT-NP (AP-BL)

0.000012F g p g0 NT-NP (AP-BL)

0.000010

30 60 I 90 120

t/ min
Figure 4 Transport of P-80-NT-NP across tBMECs (n = 3,
¥+s). "P<0.05vs NT-NP

g
4h BBB FERR M L7573 B 1597 1BMECs
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330, e BE BB N W SRM RHEy RE, &
“CHUKTOREL “HligAa T R, S ocmkikaE — 0,
lFi] i 5% H Millicell-ERS {3l 5 TEER 1H 2% %< 41 fitd 1% 45
(RSB REE . 459 R, tBMECs B2 4 15 K, i
HIF>130 Q-em™, 41fHESE %, 54 BBB kM
BRI EER . |1 T TEER {5 40 B2 10 R R 1
HHEHBXR, AR IR LK, 40000 S %R
B, 1 TEER AR UIAH I (1328 3 55K . R H] TEER
525 520 M B2 (W R RS, T R i, i, 22
MR FAAE - REIT I AW A R 40 P B 2 6 8 1 U 1A BEL e
-V R i H, 25 (1) 5 W) AT A7 R M S e IL B i )
BE, I I BRL J2 A B R 1 4 KR T ik 41 i 5 i s
frrfie A1,

ARSI T P-80 2411 NT 1) PBCA 4K
Wi, JEAEATA MBS 5. S5 LRI, 1E 100~400
ng'mL™' 4, NT 0%} rBMECs J#1%, 1] P-80-NT-NP
20, NP 4150 NT-NP 41 (1) 40 M 55 A3 B Ao vk, Bl
HW G, FrEsE K, 2 P-80-NT-NP ZHF1 NP
H. NT-NP A LR W B E 22w (P> 0.05). FrLL,
WU 94 KR 1) 40 B 25 1 1T g 28 oK 3446 L PBCA
Sl . WFFUHRIE, PBCA 764K Py 32 B ik il 5 R
JBR AL, B o AU YE ), B IEHEH, W
PEELN, (HAEARSN PBCA W LARRAR A FH S Jo ] I,
PR A R BT SRS A Hu R 7R I A
AR = ) JE AR A B TR, 6 A e AR R B )
A E NS DRI, 40 1 41 i 75 v A A Py gk —
2T ST

Kreuter 210 5735 \FIZF (1) i B 40 1f 45 1 5z 40
Mgz RS BBB BLAY, F AU SR AU &
Bt 72 M 22 1) P-80 251 PBCA 4K ki 51k BBB [f)
B A RGBT 20 5. 76 NT K BN A
IR ORI, BAENT S 4 24 5 0T8N N,
T AR A 80, 0Tt 25 086 I 55 s W e N i, HL
RERC PR IR B IR B, TR, A St — 2D 4y B s
7% tBMECs 1E y#£4 BBB #:%, 5T P-80 &Ml NT
PIKKLES BBB iz, 458K NT 1t tBMECs [1i%
T BRI AR KRG I A BN (P < 0.01),
H P-80 &M K1 44 K ki iz ik 6 i 1 A B M 1) 40 K
(P<0.05), Ui W& P-80 A7 NT (1) PBCA 44
KT (1 1 fig B B ok o IRk, LA P-80 R I i A4
K, PBCA a8 B & (1 A AR AR 38 I K 43 1 2
122 IR 2 i oA 0 N 77 T B A s () B

zi BTk, LAEE3E (BMECs @A7[# BBB A dE
P AR A0 41 H B P A8 S PEAF ST, P-80 &M () PBCA

YRR REEHE R 7> T IR YW NT 5 BBB e, 77—
SE IV AN B3, B TR 18 iy S T 1K, X O i A
[i) 20 AL B VAT IS LI 9 B 58 HEAith, b 1 2 Ik
SRR 17 AU ER T A S BB AK IR AT S B 5%
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