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FEE: USRI (TCS) 5 R ik . R B 32 6 12 1 4% e A 7 25 R 10 IR F 5% 109 o ke DNA- 25 ik 7 ¢
B 99 KR (pDNA-TCS-NPs). 439 LA TCS Jii 5 B . = BB AR 40 (CTPP) i 5 e 3 pH (B 70 5% 5 ok % 48 %) 4
LI pDNA-TCS-NPs 48 Fl Zeta HLA R ITM 4645 R I 4 & 3 JKF Box-Behnken 2§ i 8 v i 1 fi A2 1 4% T
2 IR HAN B A A B S SR M TR A7 2 4% 5 R AR W] TCS Jli s Wk 0. 80 mg « mL~', TPP Jii & ik
B4 0.65 mg » mL !, pH=5. 3,3 2 000 r + min 'R0 4 T2, 0 #4542 4 (134, 21+1. 34) nm,
Zeta B Hy (24. 3610, 29) mV 4= K AE (80. 2620. 56) % , JE AR H. 4> B B 1F B9 pDNA-%i 3 55 B0E 40 %
KL ;s Box-Behnken 5256 3 3 7] A1 F 30U #1084k pDNA-TCS-NP il £ T2 O Ak i €.
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Abstract; Preliminary exploration to prepare plasmid DNA-loaded thiolated chitosan nanoparticles (pDNA-
TCS-NPs) which can be used for gene oral administration was investigated. Using TCS as gene carriers, the
pDNA-TCS-NPs were prepared by the ionic cross-linking method. The effects of the concentrations of TCS
and TPP, pH value and stirring speed were investigated on the particle diameter and zeta potential of the pD-
NA-TCS-NPs. In addition, the formula was optimized by Box-Behnken design and response surface method
with four factors and three levels, and the physic-chemical properties such as the shape and encapsulation effi-
ciency were also studied. The results showed that the optimal formula was as follows: TCS concentration 0. 80

1

mg * mL~ ', TPP concentration 0. 65 mg » mL~ ', pH 5. 3, and stirring speed 2 000 r * min '

ter was (134.2141.34) nm, zeta potential was (24.36+0.29) mV, and efficiency was (80.26+0.56) %.

Particle diame-

KR EE: 2017-03-17
WBEMEE: T A970-), B H3%. HL. EEMNFEH MY I & BF5E. E-mail: wlq1599@163. com.
HE4WB: EFXAAREEESEIWHE(81302652); fAHE AAR# 4 WIW H (2015J01342)



5530 WA A . % pDNA-3 7 P49 KORL I i # K Box-Behnken &0 11 ¥ T Z A1k 677

under the optimal conditions. The pDNA-TCS-NPs showed uniform spherical solid particles with regular shape and ideal
uniformly dispersion. It’s also confirmed that the Box-Behnken experimental design and response surface method
could be used to predict and optimize the pDNA-loaded TCS nanoparticles.

Keywords: thiolated chitosan; plasmid DNA; nanoparticle; Box-Behnken design and response surface method; ion-

ic cross-linking method; formula optimization
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1.1 XE5iKH

T 5 A0 3 e BE T (36 [ Thermo 28 m)) 5 SRR L I 58 F & (I R 48 IL ST AR AU 2 A BR A w5
AR B O HL(EE Thermo 24 7)) ;s Malvern ZEN-3600 7 42 M 458 A (3% [ 5 /K 344 7)) 3 LGI-18S
TV VR T B AL (AL s bA VR AR SR A BR A BDD 5 i B L 8% ( H A4S Nikon 23 &D).

3 e e B (A K 2F S i = $R A1) s = SO IR 40 (o A 4l , 1 9 ) 2 48 A Ak 2500 A PR S =)D 5 1 5
R (0,564 1 BURL B (pDNAL 5. 3 kb AR R A7 S0 28 47 3G AR 4l 5 HoAr o ML) (b i [ 2 2 1A
P2l R A R FD.
1.2 pDNA-TCS-NPs g &l &

>R FH B8 2 Wk 3k il & BkE. DNA-Z 76 R A0 KR (pDNA-TCS-NPs) . HUE i % 27 R b 2218 fin
A 0.1 mol « L™ A BS R - 7E 37 C R PR M . 5 9855 H pH & 45 ) 51 38 50 MW AR5 10
WH G IMA 1 pg 1 pDNA, J3 BGE 5 (19 TPP % T L8 7K o TPP ¥ LA 15 3« min ' Y3 i
2208 I A B 50 B 5T R W L R 30 min, TREAKHENT 36 h(BEE X 2 F &R 3.5 w. kT
A% pDNA-TCS-NPs.
1.3 pDNA-TCS-NPs {4 1% R ¥ 4
13,1 m&ME RAERENFOESFHETIE B IBGE & 1k 45 pDNA-TCS-NPs % 1 & T8 9
ot PRV H R Bl T R R AT T L R KU S R O B W B A B 40 KR TR S
1.3.2 #5425 Zeta oAz egm e i 28 T /KX &l B 0T 4 1) pDNA-TCS-NPs Bl 1756 B . R
FH 5 IR SOREAR A B AL AR (D Fil Zeta HAZ (ED.
1.3.3 &3t &egmE ¥ pDNA-TCS-NPs & T &3 &5 0 HLH 20 000g B0 30 min, B35 W 158 L
AN 6 B SO S T VR TR DNA YR () SR S 31 B0k DNA [ BB (e ik, il 318
i e e = L0

0

1.4 Box-Behnken XM H &1L
PEILX) pDNA-TCS-NPs ki 42 FlHL AL 52 588 B35 10 4 AN 2K LB TCS Jif& ik & (A), TPP & ik
(B, pH {H (O, F# (D), 78 3 MKF LA AL 5T Ry i R & K, i3k 1 s,

X 100%.
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Tab.1 Factors and levels of response surface method
S
7K A B C D
o(TCS)/mg » mL™" o(TPP)/mg « mL ™' pH n/r+ min !
—1 0. 50 0. 50 3.50 500
0 1.75 1.25 4.50 1 250
1 3.00 2.00 5.50 2 000

2 XWHERSHH

2.1 Box-Behnken 3 W Hi%iZit &R

2.1.1 ME&HAE LY R MY, (AL E) AN A8 bR, 4T 29 45250 s Ak 52 55, 45 R an 5k
2 iR,
7% 2 Box-Behnken SZ 56 ¥ 31 S i i {EL
Tab. 2 Box-Behnken experimental design and response values
A B C D Y, Y,
5 - - —

o(TCS)/mg » mL™' o(TPP)/mg « mL™' pH n/r « min ! d/nm E/mV

1 3.00 0. 50 4.50 1250 289. 4 32.1
2 0. 50 1. 25 4.50 500 145.0 28.8
3 1.75 1.25 5.50 2 000 308. 8 24.7
4 0. 50 0. 50 4. 50 1 250 100.0 29.5
5 1.75 1.25 4.50 1 250 234.0 30.4
6 1.75 1.25 4.50 1 250 327.1 28. 4
7 1.75 0. 50 3.50 1 250 204.7 42.9
8 1.75 1.25 3.50 500 245.2 38.9
9 3. 00 1. 25 4.50 2 000 489.0 30.9
10 1.75 0. 50 4.50 500 167.0 28.4
11 1.75 1.25 3. 50 2 000 210.0 38.6
12 3.00 1.25 3. 50 1 250 355. 8 42.9
13 3.00 2.00 4.50 1 250 542.6 29.6
14 1.75 1. 25 5.50 500 302.0 20.7
15 0. 50 1.25 3.50 1 250 167.0 39.5
16 1.75 2.00 4.50 2 000 247. 1 33.3
17 0. 50 1. 25 5.50 1250 134.5 21.8
18 1.75 2.00 4.50 2 000 297.0 36.2
19 1.75 1.25 4. 50 1 250 452.8 35.6
20 1.75 1.25 4.50 1 250 327.1 31.8
21 3.00 1.25 4.50 500 330.1 29.1
22 0.50 2.00 4.50 1 250 204.7 28.8
23 1.75 0. 50 5.50 1 250 228.0 22.7
24 0.50 1.25 4. 50 2 000 123.6 31.1
25 1.75 0. 50 4.50 2 000 240.0 28.9
26 1.75 2.00 5.50 1250 310.0 19.8
27 1.75 1.25 4. 50 1 250 327.1 34.3
28 3. 00 1.25 5.50 1 250 452. 8 21.4
29 1.75 2.00 3.50 1250 378.6 41. 8

FIH] Design-Expert 8. 0 fF 0 Beit Sc a2 0 Gk #4708, URiAR Y, /AR i sl g U4 s

TN

Y, =—586.87 — 76.36A + 377.49B+ 209. 09C + 0. 15D+ 39. 6AB +
25.9AC+ 0. 048AD — 30. 63BC — 0. 05BD+ 0. 14CD — 12. 61A* —
R* = 0.921 6.

62.89B* — 24. 34C* — 0. 000 8D",
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VLR Y, VRN BRAE & Gl S5 15 i B
Y, =61.673 66 +7.522 67A 4+ 7.021 48B— 8. 982 50C — 2. 462 96 X 107'D —
0.48AB— 0. 760 00AC —0.000 1AD— 0. 6BC —0.001BD + 0. 001 4CD —
0.83A% — 0. 41B* — 0. 02C* — 0. 000 1D?*, P < 0.0001, R?*=0.9151. (2)
2.1.2 smateel Fom ARG R A A OC R AT A xR A B RAF, W DU R E A TCS-
NP {434 I L 25 R 403 3 fios.
3 Ky AR R R B

Tab. 3  Significance test of coefficient in regressionequation

Y, Y, Y, Y,
A F Y Py F Iy P {4 A F 1 Py F 1y P4
il 7.45 0.000 3 10.770 0 <C0.000 1 BC 0.72 0.410 2 0.110 0 0.744 7
A 71.46 <C0. 000 1 0.480 0 0.500 0 BD 1. 29 0.275 3 0.390 0 0.500 0
B 16. 04 0.001 3 0.280 0 0.602 7 CD 0.15 0.703 8 0.630 0 0.440 8
C 0. 87 0.367 0 146.700 0 <C0.000 1 A’ 0. 86 0. 369 6 1.480 0 0.243 4
D 0. 50 0.492 3 0.330 0 0.574 3 B 2.77 0.118 2 0.048 0 0.829 6
AB 1. 88 0.191 7 0.110 0 0.744 7 C? 1.31 0.271 3 0.000 3 0.984 7
AC 1.43 0.251 4 0.490 0 0.494 7 D* 5.19 0.038 9 0.540 0 0.473 8
AD 2.77 0.118 0 0.008 5 0.927 8

MG T8 (D), (2) 418 A Design-Expert 8. 0 £, 22 Hl N A(o(TCS)),B(o(TPP)), C(pH),
D)X Y, ()Y, (E) i 5 i &7, 4Pl 1R,

E/mV

(a) A-BY, (b) A-B-Y,
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Fig.1 Three-dimensional plot of independent factors and response values

ﬁﬁi% 74 IR A Y Y VRN A A [ T DS B A A T2 B TCS Bk A 0. 82 mg -+
“U,TPP AN 0.67 mg e mL ', pH H 5. 27, 753 K 1 992. 23 r » min ! ,mugmtmfﬁ(wwl
j~7 130. 215 nm, {75 25 mV. '
2.1.3 RACZ LRGeS A L A T R 0 A A OF 5
SEPRERAE R AT ATVE K A A AL T TR ST A GUR B TCS T vk B2 oy
0.80 mg * mL ', TPP JGis &~ 0.65 mg » mL ', pH {H N 5. 3,55 #
92000 re min~ M EIR T2 4 1 3 it pDNA-TCS-NPs, 3 Xf H
KEAR AT LR AT, AT AR R AR R (134, 21 1. 34) nm, HLA N
(24.36+0.29) mV. 4 % K (80. 26 +0. 56) %. il 1 75 5 1 55 W 5

pDNA-TCS-NPs., & 3 H AN A RN 1Y EE , &l 2 s,

2 pDNA-TCS-NPs
3 it YK 375 S o 5 R
Fig. 2 SEM photograph of
o5 B AT L2 16 15 RE S 3 — 25 3 55 SO JE [ 25 43 Wy 4k plasmid DNA-loaded thiolated
(R 2 M 32 BT R B Y SR S R R Jiang S50 5 it 3 R 2 TR K chitosan nanoparticles
B 20 0 M 4 45 1T T S 000 1 35 ) 25 403 B 2 0. Kowon 5197 SR T T 068 1 o5 58 . 1 45
) B A5 7 1R P 2 A 40 25 326 11 5 R 25 W0 3 0. 98 SR J e S 8 A0 11 7 RO . o 4% o2 T 10 AR
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9K 215 i AR

TE AT 22728 B 2KV B SE 36 5 1T R ] Box-Behnken 2% 0 1 325 » AT A 2% 88 4% 48 it 7] 28 H4E . %
TGS EGBIHEA L BA I U 128 9 R R R G T IR S B A A B ik
560 T 5 1 1 T 12 K 0 A ) e A 1 A

Pt pDNA-TCS-NPs K42l Zeta HNLAE N PFO AR 1 X HL i £ T 2 b 47 st 45 R 3R MW 7 — €
T A pDNA-TCS-NPs R A% K /N5 51 5¢ OBl o vk B 56 AR S IE AR OC, TCS R W i » 0 1
BHMEZ W5 7 9y T BERVE F BT A pDNA-TCS-NPs hibi 4222 K. 72K B W )% TCS ', TPP Jit
YRR AR AR KA RS W S s B R TR R T T L GRORDRL AR B TPP it ik B2 52 B i 1EAH G OC &R
DRl DA A 36 014 o A v S GBI 8] 1 28 Mk 38 i R 5 % 2R A2 1 L AT A ik 3 55 TCS 55 TPP f it i ik 5
oK A AE AL Y LA

TCS g KL f A7 ) 3 28 5 % 0 pH B G, 4K KR A7 B pH(E A9 R AR 9 K pH(E BRI
ROV s RS ETHYS TPP KNI B/NRAR 98 K KL, SCrb B il # 64 40 KR 52 550 KL A4 3R
AL AR T 20 MO R S P A AR % 1 B LR A S 8 T L PR R T A A A B AR E . BEITZ 8 RORLTE 1
e ke PR 4543 ) 2k A G 5 i 399 T O 5 HL N PN s ) A S AL
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