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Effect of chitosan neurotoxin nanoparticles on permeability of blood brain
barrier by intranasal administration
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Abstract: Objective To prepare chitosan neurotoxin nanoparticles (CS-NT-NP) and study its effect on the permeability of blood brain
barrier and the serum levels of S100p by intranasal administration. Methods A formamide extraction-ultraviolet spectrophotometry
method was employed to determine the concentration of Evans blue (EB) in brain by different routes of administration and
preparations. Qualitative analysis of fluorescence intensity and distribution of EB in brain tissue was performed by fluorescence
microscopy. The serum S100f protein concentration was determined by ELISA. Results Compared with the control group and NT
group, CS-NT-NP could significantly increase the content of EB in the brain with time-effect relation and reached the peak at 120 min
(P <0.01); Compared with muscle injection and ip injection, intranasal administration could significantly increase the content of EB
and reached peak time quickly. The results were consistent with the experimental results of qualitative analysis of fluorescence
intensity and distribution of EB in brain tissue by fluorescence microscopy and S100p protein in serum. It was consistent with the
experimental results of S1008 protein. Conclusion CS-NT-NP by intranasal administration can significantly increase the permeability
of BBB, and further increase the drug concentration in the brain, which is a good carrier of macromolecular drugs into the brain.

Key words: neurotoxin; nanoparticles; chitosan; intranasal administration; blood brain barrier; Evans blue; S100p protein

IR (neurotoxin, NT) EMRGIEEET R Z M EAMRERIERNMS RS, WK H
PR — R EAPRRBURE N R FE ARy HRedee i 2igh s im, JLER SRS
J#, PRILRFEEE (blood brain barrier, BBB) [KAAX;  #pghcki, it BBB & 4R T Hkxmps 2405,
ANTEEYE, JLRIRBEGAE MRS T NT ZEARA A T H T 5 i o 2 B 5 4 b 55 350 47 A 55 e oA 1 T
FEL Y, 4Kk (nanoparticles, NP) JEiT4FEK R, AP EF LY e M BBB HEEA N

Wi BHA: 2016-11-15

HEEWMB: EXARBIFIETTHEREAGHH (81102842)

EEENY: WAkl (1992—), 2o, WLAES:, HFF005 o A 28 = PR . Tel: 18768155745 E-mail: 1297476970@qq.com
«BIEMEE  bubE (1976—), L, WA, #Ez, W57 SR IFR . Tel: (0571)86633112  E-mail: ruanyp@zjtem.net



* 2462 * a3

Chinese Traditional and Herbal Drugs % 48 % 55 12 8] 201746 A

U8 S8 M (chitosan, CS) J&—KHAA BIfA:
YIAHBPER R AR B ERAE , HHT 2 I 25
FOREL25P), CS VRN B A 25103, RESEK 254
FEAA PR ER R ] o) Rt/ D> W 4t i R 3, AT £
N I 2R EE . DRk, ARSZEGLL CS S NP 1)
AR R 5% e T B 2085 Y KR (CS-NT-NP),
AR SCREE (EB) R7RiEssl, JFRA ELISA i
FIEERT N CS-NT-NP £:JiE45 245 )5 EB ik R B2 2L
ANRUALE T S1008 BRI, %KX BBB K
PERIFEM,  IIT R K732 1 S A ) 2540 (1) 24k
KL BRI B S A

1 #H

1.1 RXFI S

NT JREDE>97%, =i ERSEM G
AT CS ChigF R AEARAR, ik
FE>95%); =B (Lilg iR A
ADs EB (Bilhr Tl RAFD; Wtk ( bigik
WAL 2RI B 23 7)) s /N BTG S100B 2 1 ELISA
RAlE (s EY TR AR AR, H
AR A 3 B4l

UV-2800 U AN fETE (Rilg sk Ea-R}
AU AT FHS-2A W AT RAL (4is
WA ) DE-101ST 23X E iR n g 14
A (ST THALER) s TG16-WS &S
HEOHL CEE A O AR A D,

1.2 zhi)

TV ICR /MR, AR (18+2) g, MfERERY:
TEIE SD KR, AR (200+£20) g, WERER),
Byt EREERE FRESEE ALy S e SR )
PHABRTHEA RS, SR EPIVFTIE S SCXK (D
2012-0002, TR WL BE 245 K 2= A SR T 0
DR RSNAFRE, VPES SYXK (#7) 2013-0184.
2 FHE
2.1 CS-NT-NP fy) o

Bc )8 B IR BE () NT W, B NT W22
P IR E 1%E5R ) 2 mg/mL CS %, LL 800
r/min 3386 S35 FE S min, 1 mol/L NaOH Y& H 1
pHEZ 5, Wi 1HHE N LARERD 2 S IR FE 28
1 mg/mL —ZREBERINA, REHidE: 10 min, 15
CS-NT-NP A%, %1 R1#3 CS-NT-NP,

T2 mg/mL CS FERR M G & EB, A%
EB 4 2 mg/mL [¥] EB-CS BEIR¥H, A L&D IR
YRR NT, FLH] EB Aric (5 P& g 240

KL (EB-CS-NT-NP), # .
2.2 EB #&#0 BBB BiE %
221 AFHIFXT BBB iiEMEREm B SD K
B, BEML M 3 41, B CS. NT FlCS-NT-NP 4,
OB ARG (60 ng/kg, T SL IR A ) d AR A
SN AR, ALFERT 20 min B iv 2% EB ¥l 4
mL/kg, 43 T4525)5 30. 60, 90. 120, 150. 180
min JR LG22 R, R e O 3 HEVE AR B EK R A
O IC AR, Wk UG, BRI, R
A 5 mL FEEERE T, 50 CREE T E 36 h,
B0y, WREREGR, 7E 623 nm ARWIEIOLE (4)
B, ZhlbsuEdhzk, V15 EB FIMNIREE
2.2.2 A Z5iA%T BBB B0 B SD
K, BEALZ A 3 41, B CS-NT-NP & 525 2541
CS-NT-NP im 25 2541 il CS-NT-NP ip 252440, 4%
NT 60 pg/kg L2, 73014524 )5 30, 60, 120,
180 240. 300. 360 min JEATHEE U, HAhHE:{E
[ “2.2.17 T,
223 FOLRMEIMEE EB Nt B SD K.,
BEML R 5 A, R4l 6 KR, B EB-CS &i52524
21, EB-NT (-} 1 mg/mL NT %+ InA\i&E EB
W LA EB-NT ¥R &b 18 45 2441 \EB-CS-NT-NP
Bl 4y 25 4, EB-CS-NT-NP im %45 24§ 4
EB-CS-NT-NPip #3Z441, Z5Z57)&E[E “2.2.2” T,
EB-CS-NT-NP ip £5ZJ41 745245 180 min Wr3kHY
i, A 4 ATF4525)5 120 min WrSkHUm, MaglZR
BHT-20 CUKMTAR, MOERU A, W)E 1 pm,
BRI b, O RME .
2.3 /NRILE S100p BN

HUICR /N, BfMLAY 9 3 41, B4 18 2L, B CS.
NT A1 CS-NT-NP 4, #2 &2y (90 pgkg), 77
WIT42)5 304 60 90, 120, 150, 180 min HRHEHL
ifiL, 1000 r/min Z5CHL FJZIE, RAFT-20 CUKH
RIS % E ELISA IR i I b A T4
24 FiITEHE

SR TSR L X £5 R0k, SKH SPSS 17.0
PAFRATEIE /3T, AR LEBER SR R 2507 22 0 #T
3 %R
3.1 CS-NT-NP Hi{Z K Zeta B

B BB 45 ) CS-NTNP 2 [BER (K 1),
WA CIAKIE, PR (106.23+£8.03) nm,
Zeta HIA7 N (—12.38+0.67) mV, %HIFIRTA Sk
RUELR,



)

Chinese Traditional and Herbal Drugs % 48 % 55 12 8] 201746 A

* 2463

1 CS-NT-NP iESTEE$EE (X30 000)
Fig.1 TEM photographs of CS-NT-NP (x 30 000)
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Table 1 Effect of intranasal administration with CS-NT-NP on concentration of EB in brain (X £s, n =10)

FilliE/ EB/(ug'g )
A5 | ek
(ngkg ) 30 min 60 min 90 min 120 min 150 min 180 min
CS — 9.32+2.74 10.26%2.51 10.21£0.52 10.68+0.81 9.74+1.60 10.244+0.44
NT 60 9.62+1.75 16.04+2.40 25.1142.16" 20.02+6.23 10.37£0.48 891+1.44
CS-NT-NP 60 17534321 33.18+7.73" 39.85+3.70"  48.78+4.49"  3627+5.08" 19.14+5.08
5 CS AlLk#: "P<0.05 TP<0.01; 5 NT4ltk#: "P<0.05 *P<0.01, %2
"P<0.05 “P<0.01vsCS group; “P<0.05 P <0.01 vs NT group, same as Table 2
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Fig. 2 Concentration of EB in brain of rats treated with
CS-NT-NP by different administration routes (X xs, n = 10)
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Fig.3 Fluorescence photos of brain tissues of mice

#*2 CS-NT-NP 8FERZF/NRIFED S100p EEEHHNELN (X £5,1=10)
Table 2 Dynamic changes of S100p protein level in serum after intranasal administration of CS-NT-NP (X %5, n=10)

. i/ 1% S100B & /K F/(pgmL ™)
(pg-kgfl) 30 min 60 min 90 min 120 min 150 min 180 min
CS — 58941590 57974450 57.67+4.83 56.824+3.03 51.93+5.20 57.67+2.78
NT 90 61961690 6226347 64074017 651026327 593612987  56.8243.03
CS-NT-NP 90 61.05+234 63.594+2.04" 83.58+159" 97712717  66.00+1.52"" 55624476
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