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Abstract: Objective To increase the encapsulation efficiency of siRNA in PLGA nano particles by incorprating chitosan, to prepare
and characterise the PLGA nanoparticles carrying siRNA (siRNA-CPG). Methods The traditional emulsification solvent
volatilization method was used to prepare siRNA-CPG. The formulation (mass ratio of siRNA to chitosan, mass concentration of
PLGA, volume ratio of internal water phase, dichloromethane and external water phase) was optimized with the particle size, Zeta
potential, entrapment efficiency as the index by single factor experiment and central composite design-response surface method. The
particle size, Zeta potential and encapsulation rate of the optimized siRNA-CPG were evaluated. The stability of siRNA-CPG in
normal saline and serum was investigated according to particle size and encapsulation rate. Fluorescent-labeled siRNA-CPG was
prepared and incubated with MCF-7 cells for 4 h to observe cell uptake. Results The addition of chitosan increased the entrapment
efficiency of siRNA from 3.14% to more than 90% in the PLGA nanoparticles. The optimized formula was as follows: the
concentrations of chitosan, siRNA and PLGA were 1, 0.5 and 10 mg-mL™" respectively. Three batches of siRNA-CPG had little
change in particle size and entrapment efficiency after redissolution by normal saline at room temperature for 48 h, and it could be
uptaken by cells and then escape from lysosomes. Conclusion The siRNA-CPG prepared in this study has high encapsulation

efficiency and good stability, and can realize cytoplasmic delivery of siRNA.
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Fig.1 Deconvoluted mass spectrum of treated siRNA
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2.7.1 siRNA-CPG HJ K & 4 7tk ik 3%
BB“2.17 100 1 J5 7% 1 % siRNA-CPG, Lt 3 3 [ Zeta
1A e k42 TR AR, b siRNA 5 5 B 0 i & b (3
o siRNA Ji B N 0.5 mg-mL™), PLGA [ Jf &k
B KA St S Ab KA B R LG AT 5 52
FR X 3 /N PR 28 0] 4k 5 56 W K /AR AT AR AL, 25
AT : PLGA UK % 4 10 mg-mL™, Y 7KAH . =
SR BE A KR B AR B LG D 12100 100 B, 5 5%
SIRNA 552 B R &L N 11010 1.1:2. 124 %
siRNA-CPG 520 s 7K AH 50 Bt AR 7K A 4
AL A 11100100, siRNA 5 58 B0 i & Lo 1221,
% %% PLGA W 1 & K [ 4 5. 10,20 mg-mL™" Xf
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Eb M 1:2.1:4 1), siRNA 5 76 0 ol LR & 1 A 7
AEVEE  HoH1 4% 1) siRNA-CPG 1 siRNA ()40 35 Fik
#95% LA b, iX—45 F 5 ks S — 8500 R
HIFIA = A, 1 52 siRNA Jl BR8N 0.5 mgmL ™, 5%
R EWE N1 mgmL ™.

WK 2 fios , b % PLGA R JE 1S, siRNA-CPG
(1) Zeta FLA7 B IE FLAZ 1218 PR AIC , e R B BLAL,
BRI, A3 R I ATIAE] 90% LA o Hi 1 Zeta
HLAE A R T HE K AR AE AR P TR OB BRI TE] o R AR
N E R AT RN B e R AN R BZ N [
AU Y, 4B R N Zeta HLAZ I 45 5, L PLGA
JiR R 10 mg-mL " e 5, 34T HE— D Ak Ty
A S HIE

FH % 3 W] A0, A1 7K AH BB R 1) 4% 1 siRNA-

®1 A[EsiRNA EERIENRE L H & H siRNA-CPGHY
B EREUMR (xts,n=3)
Table 1 Encapsulation efficiency and physicochemical

properties of siRNA-CPG prepared by different mass ratio
of siRNA to chitosan (x+s, n=3)

siRNA 5

, Zeta LA/
SEEEME Kiff/nm PDI (RS R
== mV
it
1:0  215.3£9.8 0.149+0.056 -22.25+1.74 3.14+0.26
1:1 / / / /

112 227.7%4.5 0.124£0.052  1.74+0.78 95.50+1.60
134 232.8+£1.3 0.123+£0.026 12.41+0.45 95.14+3.34
“P-t T R DORE AR E

“/”-sample produced precipitation and was not determined

#x2 ARPLGAREREFZH SIRNA-CPGHEHER
Y MR (s, n=3)

Table 2 Encapsulation efficiency and physicochemical

properties of sSiRNA-CPG prepared by different PLGA
concentrations (r+s, n=3)

Zeta HLA/

PLGA/
4% /nm PDI A3/ %

(mg-mL™" mV
20 248.5+£2.8 0.145+0.071 -2.25+2.64 95.40+1.27
10 227.6+4.5 0.124+0.042 1.24+1.88 94.85+0.49
5 223.3+4.1 0.133+0.035 10.54+1.98 91.85+0.49

&3 AREIAKE.ZERE KB EFR L 5% siRNA-
CPG HIBEH R R HIE (xts,n=3)
Table 3 Encapsulation efficiency and physicochemical
properties of siRNA-CPG prepared by different volume
ratio of internal water phase, dichloromethane and

external water phase (xr*s, n=3)

Zeta B AL/ %%

WN7KAH &
Bt Ak Rif%E/mm PDI
(AR mV

1:10:80 274.4+2.8 0.196+0.070 -2.74+1.08 96.05+5.16
1:10:100 230.9+0.3 0.121+0.015 -0.74+1.78 95.30+1.98
1:10:200 201.7£0.8 0.100+£0.059 1.74+2.18 93.90+0.70

CPG ] Zeta HL A7 243530 A i, A0 5 478 90% DA
b ARRLAR A N AT RE R BT AR K Dy i
3 252 A A AR DA A5 2L R 8 1) 3 K ik
82 L 1w F e, LG R)AS 5 SR AR, 3 BORLAR IRk N2
S5 B RAR AN Zeta AL TR, DUARIKH S 7K AR )
PRAEL 100 ot i, AT HE— 2B b 7 AL 5
I .

2.8 EREIT-MNEERILL TS

2.8.1 S ¥l HI TSR RBE AN A& R Ak Ty
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BRI KR 2R, B2 R B RUAS , 76 JRBE I S Bk
BT . AR BN R 2 S 45 2, 1 18 siRNA i &K
B8 0.5mgmL ™, R FE R ERE N1 mgmL'. B
Fi 12 (R,/nm) | Zeta HL A7 (R,/mV) L3 F (R/%) N
PEAN 4B b, X PLGA i & JE (A K AR KA 5 A 7K
AH AR AR EE (B Ml gt — A2 AR AL, 25 5430 [l 43 il
A:3~17 mg'mL™";B: 72~128. MR & 55 % it &
H,oBANAHEERES MK FEREKELKFEER
W4,

2.8.2 siRNA-CPG )52 sl ih- 2808 AL A6 ik T7
g RS- RN IR A AR T S R LR S

x4 ERETERAKER

Table 4 Factors and levels of central composite design

K
SN
-1.414 -1 0 1 1.414
A/(mg-mL™) 3 5 10 15 17
B 72 80 100 120 128

x5 ERBITARAREIME

Table 5 Composite design and response

F% A/mgmL™ B R/mm  R/mV  R/%
1 5 80  255.4 874 935

2 17 100 2403 113 946

3 10 128  225.1 145 945

4 10 72 2809 210 952

5 3 100 2189  12.84 935

6 15 120 2319 180 932

7 15 80  289.0 170 963

8 10 100 230.0 2.01 95.3

9 10 100 2275 198 932
10 10 100 2277 150 943
11 10 100 230.3 1.31 96.2
12 10 100 2282 1.51 93.5
13 5 120 2201 1008  93.0

2.8.3 MG T Z5T LLRiAZR (R /am) \ Zeta

HLAL (Ry/mV) 8 5 (Ry/% ) 1 M A8 & , PLGA Jii
FIRE (A K KA S5 A8 KA R AR B (B) A B A%
=, M ] Design expert 12.0 A4 2547 2 Jo 46 4 8] 4
M2 DA TT R A K E AR R B GO R B 34T
P o K ANOVA Z3 At 2008 T 9 [ 13 244

2.84 it M KA Design expert 12.0 347 24 W
MR T EZ0 . &G TR0 TF:R=
228.74+9.46 A—21.41 B—545 AB+238 A’+
14.08 B*, P<<0.000 1, #=0.970 3; R,—1.66—3.99

A+0.065 1 B—0.310 0 AB+2.96 A>+0.356 5 B?, P<
0.000 1,7=0.978 4; R, I 1 P>0.05,"=0.335 8. H
7 ] PRI FE R D R, AU R R AF, B 4t
SRS R A ROR A A it X Ak
17457t R PLGA FUR IR E S N /K AH 5 KA 1)
AR B 3 AR A2 A Zeta HLAL AT S 35 B0, X A0 g5
S RTE S P
2.8.5 RN AL K H Design expert 12.0 #4477
B, gzt 2 AN R AR 5 2 A B 78 5 1 = 4 4R T AT
TS v B O A A . SR LT 2

A Zeta BT H R T HAR N IE R, (5] L Zeta
LA BN N 0 mV 22 45, RLAR R /N R A2, | 2 vp
SR E SRR, K AR Zeta B V5 Fl 2 N0+
2>mV, W AR R A% Y8 B AT 5E A/ T 230 nm, Bk
if A>9.6 mg-mL™", B>98. 4i& % & WA [ 5 1E
B o R Z ¥ PLGA i 2K E € 8 10 mgmL™", 4
IKAH SR e A KA AR AR B2 10102100, A2
TR A RLA% 228.7 nm, Zeta AL 1.66 mV , 35+ It
AbJ7 AT BRAIE o
29 SFHIIE

o bR £ 46 A 1 4% 3 4k siRNA-CPG, % 1
FiA% AL e M R A L P % HEAT I E
2.9.1 siRNA-CPGKife AL E Wil 3 s,
B A BIF 9T 0 3% 1 Ak 7 i) % 3 it siRNA-CPG, i 1%
4 (231.6+1.4)nm, PDI ¥ 0.089+0.025, ¥i 1% 45 4fi
Y5, Zeta HLAT M (=0.66+2.14)mV , 5 T AL 17
Bl , R FIR B A S A AL
2.9.2 siRNA-CPG HJfa g  HUsiRNA-CPG %+
FEf, AR KER G, B TERAM4 T, T0.4,
8. 12, 24. 48 h il ¥ siRNA-CPG ¥ ¥i & , I
RiboGreen i 77l %F # it HF % 25 1Y siRNA 317 € &,
FREEE“2.47 00N 124 [51V3 77 FE , F RiboGreen i
70 %6 B A B 1 siRNA #E4T90 5 o F“2.57 10 F
BB BTV, VH RSN I TR S AL 3R

Wi 4 s, =5 CE 48 h, 3 #it siRNA-CPG ]
FLAE e A YE R AE 230 nm A A7, 11 35 R YEFFTE 96%
FoAi, &AW A5 0 h ({E (A3 6 W& it 2 %
5 (P>0.01). % W siRNA-CPG & J5 = I E
48 h WAL kA M , R A R AE B B
A2 7 5 = IR BCE 48 h N e AT

HY siRNA-CPG # T 1 it , AR EK B )5,
f£37 °C~ 5 50% FBS 3 [A]§¥ H 24 h, T-0.4.8.24 h
2 BE FORLAR , SR 5 25 AN I (8] 2 R 5 B 0, FF
DEPC 7K i ¥t 3 38 , i N JHF 25 B4 7K 3 30K 2100k
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Fig.2 Effect surface diagram and two-dimensional plot of R, and R,
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Fig. 3 Particle size distribution and Zeta potential of
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Fig. 4 Particle size and entrapment efficiency of siRNA-
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