¢ %% Chinese Traditional and Herbal Drugs % 48% 2 17 #] 201749 H * 3523 ¢

HERERCIHE I PR 850 B 4 R AR RAH & K 1 REf 5

R gD, Rimk’, RrEY
1. HRERKZZA G BRERGY TR, ERTAEDES ) T4 E Gk, HK 400016
2. ERERIRM)EJLEER 7%, FKK 400010

B E:. B WERERZE (Pun) BOEIILAEERY (PEVALG) HALREAKK (Pur-PEI/ALG-NPs), 2% 52 Hiifil%
TZEMRe. F5i& KA BAZERIE Pur-PEI/ALG-NPs; KM UV V5@ &, KA SR CREEASCH Pur-PEI/ALG-NPs #E1T3%
ks FEH G HAR IR BAT A5 LAEI S TN B AP 4R AR, SR H O AHA Bt - R8T (CCD-RSMD 44K Pur-PEI/ALG-NPs
7. R ALERAL )T PEI FIEIRE AN 3.2 mg/mL, ALG FEWRE N 1.3 mg/mL, PEI-ALG FiElt N 3.75: 1, ¥
kifzy (118.0+0.4) nm, Zeta HAN (35.2+£0.7) mV, fdt#l (24.13+1.78) %, #HZj=EN (11.17£0.7D) %; IR
FEEE R R PUr-PEI/ALG-NPs IR T Pur MR BGER . 451 Wbl 4 T Pur-PEI/ALG-NPs, fife/NHrFidEd, REMAE
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Preparation and characterization of puerarin-loaded polyethyleneimine/sodium
alginate nanoparticles
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Abstract: Objective To develop the puerarin-loaded polyethyleneimine/alginate nanoparticles (Pur-PEI/ALG-NPs) and investigate
their physicochemical properties. Methods The Pur-PEI/ALG-NPs were prepared by electrostatic interaction. The particle size and
Zeta potential of nanoparticles were measured by laser light scattering using a Zeta sizer ZEN3600, in vitro release curves for which
were studied. The formulation variables were optimized by central composite design-response surface methodology (CCD-RSM) with
entrapment efficiency and drug loading as dependent variables. Results An optimal formulation was confirmed as follows:
polyethyleneimine concentration was 3.2 mg/mL, alginate concentration was 1.3 mg/mL and the mass ratio of PEI/ALG was 3.75. The
resulting nanoparticles exhibited entrapment efficiency of (24.13 + 1.78)% and drug loading of (11.17 + 0.71)%, respectively. Zeta
potential of nanoparticles was found to be (35.2 + 0.7) mV, with the average diameter of (118.0 + 0.4) nm. In vitro release test proved
that nanoparticles accelerated the release rate of Pur. Conclusion Pur-PEI/ALG-NPs are prepared successfully with narrow particle
size distribution and rich positive charge, which may lay the foundation for further clinical ocular application of Pur.

Key words: polyethyleneimine; puerarin; sodium alginate; central composite design-response surface methodology; self-assembled
nanoparticles
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Tz (polyethyleneimine, PEI) ELf5 3= & ) I Hii7,
AT 5 G AT (P AR A AR AR, T B 9K
AR, RS, ey
FIR R AR SzEG DL PEL RN ERR AN (sodium
alginate, ALG) ARl Hil&ERE-R L&/
TFRIREN 240Kk (Pur-PEI/ALG-NPS), A&
R 28T B AR A ) 790 PR PR B FH B85 T kAl
1 (UE5EMH

UV/Vis-2600 B4t e fETh, HARBEHEA
A]; DF-101S fEIINFEE /1 fibEas, T T T A4
#5: ZEN3600 B OGRL LAY, 5 [H B/R A W] ; R18
R A RS F 0L, 6 RT3 PR A
A]; Avatar 330FT-IR L 4MIEAY, S5[E Thermo
Nicolet A F]; KQ2200E AU i i vy, B LT
FEAER A PR A

PEI, 380K, AHX 7375 & 600, EigRfHr T
RFAA, #tS F1518083; ALG, ZE[E FMC A+,
It 5 S22278; Pur JEIZ), PHR/NEREYIRHSE AR
ANF, JRETH98%, fits XC10050; SEH KA
ik, HARF el
2 FEEHR
2.1 Pur-PEI/ALG-NPs 5 PEI/ALG-NPs gyl

K FH 4 255 :0201 4 Pur-PEI/ALG-NPs. FREL
Wb 755 PEI T 0.5%BE IR, TEREHE R ¥
WA 1.0 mg/mL 1) Pur Z5¥0E sz 2 N L
® PEI ¥, 30 CIEESFE 10 min, Z21857#
RN 5 B ALG R, 4REEEE 30 min, BJ)
3 Pur-PEI/ALG-NPs. PEI/ALG-NPs [l % 75 1% 7]
b, EHZGH 1%, B115 PEI/ALG-NPs.
22 HHYREENE
221 KK IIHE  REUER Pur, WEHTK,
TEP K 200~800 nm 14, 255 IR Pur 7E 250 nm
oA B KW, T EAR PEL AT ALG 7E AR FE AR TS
AN, PRI A 250 nm AR ARG I K .
222 trEfiZRrIzh] RS FREL 5.0 mg Pur, ¥
fiR G MR 3.0, 5.0, 6.0, 7.0, 9.0, 10.0 pg/mL
IV 43 3T 250 nm AT e e EE (A 8, BA
A EXZEYIREIREE (C) HEATZVERIA, 753015
JifE: A=0.0714C—0.0002, r=0.999 3, FH] Pur
7F 3.0~10.0 pg/mL 5 A fEZ MK R R 4T,
223 AHFHHAEMME HUEE Pur-PEI/
ALG-NPs T 25 “C. 16 000 r/min &> 40 min, 75
iEW, T 250 nm il AE, RN LR

Pur IZi IR, FHARME oAt E Ak
HidiE.

3 50 = KL 200 T R KR

W= (R R R) SN E
2.3 #HIETEX Zeta BAFKIZAIFY

T PEI A1 ALG #HA/ERIE 4Kk, PEI
5 ALG [1)J5T B 2 9N KORL Y B ) il 25 5 TR 3%
AT b 75 0] 9 3 S R B DA R T = LUk AT B 5%
231 ALG JREIREXT Pur-PEI/ALG-NPs 50
f “2.17 WURHI& 5%, LL PEl JRERE N 2.0
mg/mL, PEI-ALG iz~ 411, ALG F=EiRE
435079 1.0. 2.0. 3.0, 4.0. 5.0 mg/mL #4725,
LA Pur-PEI/ALG-NPs }i4% . Zeta B AL AE AP FERR .
Wk 1 Frn, ALG JREREEALX] Zeta HALFZ M
BN, KRR R, ALG Ji 5 ik 5 ey T i A%
K, B ALG FEIREH 3.0 mg/mL, #IT4A
L2V, DRSS R B IR VAR AE 1.0~
3.0 mg/mL [¥) ALG &EWGHATHI T
R 1 ALG FRERE X KKK R KBS K F M
(X =%s,n=3)
Table 1 Effect of concentration of ALG on particle size and
Zeta potential (X s, n =3)

ALG/ SERBPRLARS Zeta HL{7/
. AU

(mg'mL™") nm mV
1.0 NPs 116.1+3.4 0.13440.002 37.740.4
2.0 NPs 162.3+6.0 0.17940.013 40.4+05
3.0 NPs 224.04+5.0 0.23340.015 42.1+0.2
4.0 NPs 282.6+55 0.25440.010 43.9+0.3
5.0 ULE — — —

“—7 IR EERI, TR

“—" indicates that it cannot be detected, same as below
2.3.2 PEl JREIREXT Pur-PEI/ALG-NPs 50
i “2.17 WUNHI& 775, Lh ALG JREREN 2.0
mg/mL, PEI-ALG Jfifll 4 : 1, PEI JREIRE D
514 1.0+ 3.0, 5.0 7.0 mg/mL #1755, A Pur-PEI/
ALG-NPs ¥if%. Zeta AAE NV FEbR . 45 Ik
2 iR, RifRBEFE PEI FEik R nmss kR, Heg
R E BNV . PEI AUKIEMEE S TRAEY,
B ISR R, 2 PEl JREIREKT 1.0
mg/mL, VLT BEE PEI REWRE L,
YURA R R LI s, TANVERRAR, RIARIZ T
WK; M PEI IR ME] 7.0 mg/mL, #HAD
&= ALG RI5[Jk PEI IS F=A4 KETsE, itk
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& 2 PEl REREMNMARNKEREBMSHHEN
(X*£s,n=3)

Table 2 Effect of concentration of PEI on particle size and
Zeta potential (X £s,n=23)

PEI/ B R AR/ Zeta HL{7/
. M PDI
(mg-mL™) nm mV
1.0 NPs  929+45 0.1114+0.012 37.240.3
3.0 NPs 147.3+55 0.22040.085 40.1+0.1
5.0 NPs 187.7+7.8 0.25440.015 355405
7.0 TLE — — —

PEI A& i 2Kk fE N 2.0~5.0 mg/mL.

2.3.3 PEI-ALG Jii & Lt X Pur-PEI/ALG-NPs []521
& “2.17 WURHI& 7, LL PElL JRERE N 3.0
mg/mL, ALG ik E N 1.0 mg/mL, PEI-ALG i
EHAHNL1:1,2:1.3:1.4:1,.45:1.5:
1. 6 : 1 #E475256, DL Pur-PEI/ALG-NPs fif%. Zeta
HLAZAE TN FE bR - 45 R 0k 3 Fiow, B PEI-ALG
JRE LR, AT RELN, RARL TG L
FHEH . 2 PEI-ALG Fimlt A 1 1B, R
wOR A BRI, PEIALG REL N 41 A
BiAREET &, U PELL ALG /b, RifRis %)
B/ME; B PEI RS, TSR B
PIFERRAS, RARIEETIG R, HILZRYIR. &6
FE1EF PEI-ALG i HVERI N 2 1~5 1 1.

& 3 PEIALG B8 X 4AKHKIKI 12 K BB L 53 76 B F20
(X*s,n=3)

Table 3 Effect of mass ratio of PEI to ALG on particle size
and Zeta potential (X £s, n =3)

PEI-ALG SRR Zeta WA/
S PDI
s nm mvV
1:1 I — — —
2:1 NPs 154.5+6.3 0.264+0.010 38.1%0.2
3:1 NPs 119.2+55 0.1314+0.006 39.3+0.3
4:1 NPs  82.8+43 0.15440.003 36.1%05
45:1  NPs 1382+4.2 0.135+0.013 39.8+0.9
5:1 NPs 166.9+7.4 0.165+0.011 39.4+0.2
6:1 LiE — — —

2.4 FulMBART-REE (CCD-RSM) fifk
BRE5YHE

241 KL R CCD-RSM #%2 PEI i &k
(XD« ALG IR (Xo)+ PEI-ALG Jii b (X3)
SHLEZE (Y KEGE (Y Km. X HERY

WS AR, W 4. RGADEHE 20 Millsrd,
FUL 4, HTIR A 16 AN, SEE6 T ZE MW i DA &
HAH UK 4

4 FEESRIERITTRRE
Table 4 Results of central composite design

RIS Xo/(mgmL™) Xof(mgrmL™) X3 Y1/% Yo/%
1 250(0) 150(0)  501:1(L682) 135 6.9
2 300()  200(1)  450:1(1) 115 49
3 200(-1) 200(1)  300:1(1) 105 61
4 250(0)  150(0) 375:1(0) 215 102
5 250(0) 150(0)  375:1(0) 234 110
6 300()  100(-1) 450:1(1) 196 81
7 300()  200(1) 300:1(1) 155 88
8 250(0) 150(0) 375:1(0) 189 105
9 250(0)  150(0)  249:1(-1.682) 103 47
10 200(-1)  100(-1)  450:1(1) 62 40
11 250(0)  0.66(-1.682) 3.75 : 1(0) 89 45
12 250(0)  150(0)  375:1(0) 235 110
13 250(0)  150(0)  375:1(0) 243 107
14 1.66(-1682) 150(0)  3.75:1(0) 43 32
15 200(-1) 1.00(-1) 300:1(1) 7.1 42
16 300(1)  1.00(-1) 300:1(1) 196 89
17 250(0)  150(0)  375:1(0)  2L4 10.1
18 334(1682) 150(0)  375:1(0) 265 113
19 200(-1) 200(1)  450:1(1) 76 49
20 250(0)  234(1682) 3.75:1(0) 87 43

242 GG KA 0T BL Y.L Yo

R, 230 Xiv Xon X AT 2 08t 7 F2 [H A,
B3N 0 R IA TR Y1 =-229.111 38+68.227 49
X;+82.416 53 X,+49.205 3 X;—8.500 00 X;X,—
0.066 667 X;X3—2.000 00 X,X;—8.932 69 X;>—
18.266 50 X,*—6.169 97 X5° (R*=0.943 5, P<
0.000 1), Y,=-110.438 14+33.153 93 X, +36.742 67
X,+25.557 47 X3—4.050 00 X;X,—1.766 67 X Xs—
0.700 00 X,Xs—3.256 98 X,°—8.136 01 X,°—2.736 05
Xs2 (R*=0.9157, P<<0.05). Hi k=M i Jy 2
ST RAT A, F=18.57>4, P<<0.05, #iEA%iiT
ERAREEENL, KT P=0.276 5 AN EE,
FHIIIGRZE N, Ho Xoo Xou Xau X2 XoPh Xg2
J2 I

X Fil Design-Expert 8.0.6 {422l () = 4k 25N
fim WA 1, BE PEI-ALG HRAERIN, Yi. Yo 3958 E
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Fig.1 CCD-RSM diagram displaying different independent variables influence on response variables

THE T, Ml E PEIFALG L AZER, Yia Vs
BIbfig PEI [ EIREEGINTI G BE ALG IR
BRI, Yoo Yo W56 T i Je i i A

FRAE 0o 20 G BT - ST = 4R [R5 A2
KA GEE TR T g a8, LLY. Y, BiE
flifa b, BE SE38 7 R MAL T8 X1 =3.2 mg/L,
X,=1.3mg/mL, X;=3.75: 1.

P HR IR AT PAT I 3 PR, Il Hea
N (24.13+1.78) %, HiittA! Diagnostic Tl
B 24.72%, Wz [ 2= (W EH — T )/ T
51 ~-2.9%; #HZGEN (11.17£0.71) %, FME
N 11.78%, Wz AN-5.2%; —FEHmZEAIHEIIET
10%, FIUEAT DA HY, 2501 ) B AE -5 5 Bl (e
Bl
25 RERSBARNE

HY{ 1.0~1.5 mL Pur-PEI/ALG-NPs ¥, 8 &
IRSCHOERLE G T E . Wl 2 B, Pur-PEI/
ALG-NPs “‘F¥kife Ny (118.0+£0.4) nm, PDI A
0.150+0.014, Zeta Hifii (35.2+0.7) mV.

26 IMERAFEE R

K FE T2 %2 Pur-PEI/ALG-NPs }% Pur 78 &
W (Pur-sus) 7N TR M b (BT A, 5
PEBR PR HE AR 0N RSB AREL 2.18 g B8
6.78 g ALY, 0.063 g FALEGHI 1.38 g FALSH, 4
BAKERIGRSE, EFE 1 L. MEWE 1.0 mL
FERIERTENTEEN, B 100 mL BHGHBE A+,
(34.04+0.5) “C. 100 r/min FERIEY, T Wit
]S ERE, T5E AME, [RIAS b 78 SR iR S AR AR ALH

10 100 1000
FifEnm
-100 0 100

Zeta HLfZ/mV

2 Pur-PEI/ALG-NPs BRI R EEALE (n=3)
Fig.2 Size distribution and Zeta potential of Pur-PEI/ALG-
NPs (n = 3)

W THRZY BBRCE, 4R ILE 3. Pur HfETE
w2, SRR NS o 1T PENALG NS K M3,
XF Pur BpVE A e #EER, i Pur-PEI/ALG-NPs #£
TR F R .
2.7 PRINERERZL ARG

X “2.6” TR 2SRt 2R, 43 R F
BBURAL ., — ORI . Higuchi #£7. Hixcon-
Crowell 5%, Ritger-Peppas %!, Weibull #7453
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Fig. 3 In vitro release profile of Pur-PEI/ALG-NPs and
Pur-sus solution ( X £s, n=3)

A, DMRARE (r) RABREMRE. mES
A %1, Pur-PEI/ALG-NPs il Pur-sus IR 4MNE 51T
15 Weibull #7 L A5 3230
3 it

HAT, #eKHIF 2o i m iR A 24 R
iz —, HRiAR/NaTgR b IR A R R, LR 25
B, SCBLEE R0, T A R R M A e
fuf DR IF AT ) 29 P B ER A 25 2 B B T IR R 2
JE8)Z. Pur-PEI/ALG-NPs i A 35 1Y 1E A7,
HANZH PEI 431 Hf () P M e 5 R 2% 8 B 2 11
W Y e 5 [ R A L IR s BB R Pur 7EAREIY
TR, KIS, [FI PEI E A SR
ARG S UL K AT T g2 oi e 0, e R
B _ERTHEIN Pur fEZEIRTE N AR E M, (Rt Pur 119

R"5 IRIMERBREZEIILA LR

Table 5 Mathematical models of in vitro release curves

ey Tl Pur-PEI/ALG-NPs Pur-sus
FRITIE Q=8.756 7t+65.761, r=0.7701 Q=9.326 6 t+55.654, r=0.8125
— LI In(1—Q)=-0.812 6 t+3.662 5, r=0.948 8 In(1—Q)=-0.4391t+3.8722, r=0.9616
Higuchi Q=27.442t"24-47.773, r=0.8806 Q=38.291t"2422.229, r=0.9076

Hixcon-Crowell

Ritger-Peppas INQ=0.244 8 Int+4.320 6, r=0.9316

(1—Q)**=-0.540 4 t+3.262 1, r=0.898 3

(1—Q)¥*=-0.389 6 t+3.572, r=0.9220
INQ=0.289 7 Int+4.182 8, r=0.9289

Weibull In[1/(1—Q)]=1.360 2 Int+2.173 9, r=0.9809 In[1/(1—Q)]=0.728 5 Int+-1.400 2, r=0.985 3
MBI [21 BT, BEANLL, ZEER. B MR ZM IR IR K T A

i T 4u i # EBEE PEL AR 205 & A48 KT
#aK, HAr K& IE i) PEL 21 2 i i &
B T 2Ekis . Rk, AL DUMERARN 5
ThiE (My=600) PEI A#ifk, JfikH ALG 1A
ACHRH, ALG 2T 7 2k K & 1 47 FL g 1) Bkl PE
R R4 IE R, T RS2 2 1,

TEK ] E 42541 4% Pur-PEI/ALG-NPs ()it 72
W, ALG IR NI R, 9RbiZs 5 B R =R Dt
s BERER TR, AR TALRRIE R PEI
WATE pH N 5~6, BB AFI T 9K %
W IFESE A S256 Pur-PEI/ALG-NPs 1) 4% 2% {351,
BRI, ANRIETANLER, G277, g
e AR A 2 A RO, AIGIRBIER Pur
HREA 2 R B T S5%,
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