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Optimization of the preparation technics of artemisinin-loaded lactic-co-glycolic
acid nanoparticles based on Box-Benhnken response surface
method combined with a single factor analysis
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Abstract ; This study aims to optimize the preparation technics of artemisinin ( ART) loaded lactic-co-glycolic acid (PLGA)
nanoparticles (PLGA-ART-NPs) . The emulsification-solvent evaporation method was performed to prepare the nanoparticles.
The influnences of emulisifier types ( polyvinyl alcohol,Tween 80, and poloxamer) ,the concentrations of the emulisifier, wa-
ter-oil ratio,and carrier-drug ratio on the particle size,encapsulation efficiency,and drug loading capacity were analyzed by a
single factor analysis. The preparation technics of PLGA-ART-NPs were optimized by using drug loading capacity as the index
based on a Box-Benhnken response surface method. The results indicated that polyvinyl alcohol had a better emulsification
effect. Emulsifier concentration, water-oil phase ratio,and carrier-drug ratio were chosen as the influence factors and the opti-
mal formulations were as follows ; emulsifier concentration of 0.017 g/mL,water-oil phase ratio of 18:1 (V/V) ,and carrier-
drug ratio of 10: 1 (W/W). Drug loading rate for the nanoparticles prepared under the optimal conditions was detected to be
(4.43 £0.22) % together with zeta potential at -28.28 +2. 17 mV. The formulation process optimized in this work, there-
fore,is stable,reproducible and feasible,and the prepared nanoparticles possess a satisfying solution stability.

Key words ; polylactic acid-glycolic acid copolymer ;artemisinin nanoparticles ; response surface method ;single factor analysis;

emulsification-solvent evaporation method
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Fig. 1 Impact of different emulsifier types on the particle size,encapsulation efficiency,and drug loading capacity
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Fig. 2 Impact of emulsifier concentrations on the particle size ,encapsulation efficiency,and drug loading capacity
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Fig. 3 Impact of water-oil ratio on the particle size,encapsulation efficiency,and drug loading capacity
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Fig. 4 Impact of drug loading ratios on the particle size,encapsulation efficiency,and drug loading capacity
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2.2 MEEIZITERER IK-HPIAR L (B) (BAAR- 250 L] ( C) =SR2
2.2.1  vo o Rt R, UL T SR, R S AT 3 W, B AR
TESRIN R A R b, PR FLAL MR (A) . Aol AR IR 1 2,
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Table 1  Factors and levels design for Box-Behnken response surface method
e K12 Factor
Level A FULF R B K- AR L 51 C HAk-259 L 1)
Emulsifier concentration( g/ml.) Water-oil ratio Carrier-drug ratio
-1 0.012 15:1 8:1
0 0.016 20:1 10:1
1 0.02 25:1 12:1

F2 EBRGHBUELER (v+s,n=3)

Table 2 Experimental design and the detected outcomes(; +s,n=3)

A FUALFI A

G il B KDL ) € k25 2t
No. concentration( g/mL) Water-oil ratio Carrier-drug ratio Drug loading (% )
1 0.012 15:1 10:1 3.05+0.18
2 0.02 15:1 10:1 3.91 £0.09
3 0.012 25:1 10: 1 1.58 £0.23
4 0.02 25:1 10:1 2.35+0.19
5 0.012 20: 1 8:1 2.71 £0.26
6 0.02 20:1 8:1 3.47 £0.18
7 0.12 20:1 12:1 1.32£0.08
8 0.02 20:1 12:1 2.16 £0.16
9 0.016 15:1 8:1 3.69 £0.12
10 0.016 25:1 8:1 2.06 £0.25
11 0.016 15:1 12:1 2.28 £0.15
12 0.016 25:1 12:1 1.01 £0.16
13 0.016 20:1 10:1 4.53+0.18
14 0.016 20: 1 10: 1 4.37 £0.17
15 0.016 20: 1 10:1 4.39£0.25
16 0.016 20:1 10: 1 4.42 £0.21
17 0.016 20:1 10:1 4.59 £0.13

fdi ] Design-Expert 8.0. 6 B 3 h ¥4l 47
AT RS N X B i g i i A T I R LA
FH UL A5 2 9Kk i 2 T 200 Ik Tl 0 f#E . Y
=48.269 +16.809A4 +1.294B +5.726C-0.0114B +
0.025AC +9.000E-003BC4.94547-0.038B-0. 313C",

BRI A CSEC S T a5 R L3 3. &R
3 ZER AL, =R R ZR 5E M PLGA-ART-NPs 2 24 &t
WEJFAR IR R B > € > A, BV Ry 7K -3 5 AH LL 451 5% i) £
K BAR-259) LB 2, LA A BE 5% e A SR/ o
FRZG AR P <0.000 1, 18 B A0 2% S b i 2%
AR RAMER T 0. 05, AN H g 350, 0 JC 2 UL I

AR, BRI A B, T LLE— 20 XF PLGA-
ART-NPs 2524 £ #4745 R 75000 A 5347
2.2.2 v AR TR

FAE LA L Bl 9818 SR A Design-Expert 8. 0. 6
A 2z o e T PR AN A5 v e 1, DA IRTrpn] AT S 4%
KR Z A Y32 HAF XS PLGA-ART-NPs £ 25 7 152
ey, G5 5L 5 R o

7 3D o v T P& b it 2 04 S AR 5 W R i
PRI 320 B i SRR BE o T AE S e v, LR
X A 24 1) 5 M R R ) ek 5 e ke R T S e, 4
LB AR R B2 ROl B T
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=R B Al 3 R PLCA-ART-NPs Y825, (W/W) , TN 0 4.75% o 455 LPr¥ft, ik
T A4 B AL T7 R FULALTIHIE 0. 017 g/mL K-S FEE LA T7 9 F AL HE 0. 017 g/mL, Kl P A HE
FHEER R 17.96: 1(V/ V), 884A-25% LU 9. 46: 1 {51y 18: 1, 4 4K-254) LLAHy 102 1,

R3I AENWER

Table 3 Analysis of variance results

I EIA i o sy i P i
Source Sum of squares Mean square F value P value
512 Model 23.54 9 2.62 300. 58 <0.000 1
A 1.30 1 1.30 199.21 <0.000 1
B 4.40 1 4.40 671.45 <0.000 1
Cc 3.33 1 3.33 508.40 <0.000 1
AB 2.025E-003 1 2.025E-003 0.31 0.595 4
AC 1. 600E-003 1 1. 600E-003 0.24 0.636 2
BC 0.03 1 0.03 4.95 0.061 5
A 2.64 1 2.64 402. 68 <0.000 1
B 3.77 1 3.77 575.90 <0.000 1
c? 6.62 1 6.62 1011.01 <0.000 1
%22 Residual 0.05 7 6.546E-003 - -
AT Lack of fit 9.425E-003 3 3. 142E-003 0.35 0.795 6
4li1% 2% Pure error 0.04 4 9. 100E-003 - -
B Cor total 23.59 16 - - -

3 24 Drug loading capacity (%)

25 i1

9
b}

BRI P HA 5 Water-oil ratio

2t
Drug loading capacity (%)

'
0.012 0.014 0.016 0.018 0.02
AZL{E IS Emulsifier concentration (g/mL)

#{Z!% Drug loading capacity (%)

C. 7 -2 Ee 6] Carrier-drug ratio

=25
Drug loading capacity (%)

0.012 0.014 0.016 0.018 0.02
A2 Emulsificr concentration (g/'mL)

2218 5( Continued Fig.5)
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(752 Drug loading capacity (%)
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1@% 1 191 21w 2351 25 1
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5 ZREE=MEE/EB PLGA-ART-NPs 22521 20H

Fig. 5

2.2.3 JARAF T 9 RBEERINLE A
Ak J7 25 il % PLGA-ART-NPs, 15 51| 4/ >k

Interaction effects of various factors on the drug loading of PLGA-ART-NPs

KL 5] B A e R FLDE (I 6) .

6 =A% PLGA-ART-NPs i8 fE Sp 7
Fig. 6  Appearance morphology of PLGA-ART-NPs solutions prepared by optimal formulation

2.2.4 mMRAFIIELR
$itRe b J7 i £ —#it PLGA-ART-NPs, 47 4b
TR, A5 R W 4, R R b T R R
U, AT R , Zeta FUSLEEIT 30 A48 XA, BEWTRL T
TEF I ARSI E
F4 BRLFTRIELR (x25,n=3)
Table 4  The results of optimal prescription

validation x*s ,n=3)

EiELY -

Index xxs
AR
Drug loading( % ) 4.63 +0.05
(EES
Encapsulation efficiency( % ) 61.75 £1.47
pRES
Particle size(nm) 193.80 £7.65
Zeta 1L -28.28 £2.17

Zeta potential (mV')

3 WitE%®

PLGA ALY ] 45 5 s A 45 FLAG-#5 K i 3L
-9 AN K T TE B AR Mk Y 9B SCHE TR
SR E ST BRI AR TTVEE L A FLARE YT
B RN FLA IS 45 R vk =Rl 48 vk . SRR,
IO FH R IF 20 K 0 3 ¥ I, A8 i 4 1) 40 K R kL A2
(#7180 nm) 5 PDI( £y 0. 1) R/, {H ik 4 45 25 10,
K23 R4ah Uk, TRk A B4 250 B . W A 3L
IR HOEI, 52 PLGA BUHSALE R IRE (45 °C)
BRI, R HL 40 CHnFABRA HLIER] , H 75 1Y 98 KRk
(KT 300 nm) 5 PDI( 2y 0. 4) BOR, BOR A
IR LA 500 45 vk 1l B il 46 T PLGA-ART-
NPs, 3% F B H & 52 36 45 4 Box-Benhnken i 3 [
BT, 6 = PR ER (CFLAR R R B K -Th W AH Fe 3]
BAR-25W) L)) ) 52 EL A T Box 2 24 e i s e,
oAt B B LAk 5 75 )i 4 PLGA-ART-NPs iR fitht



Vol. 36

33t 45 - B ZR 455 Box-Benhnken Wi 17 T 1A7 125 00 A6 2075 8 3 R FLIR -2 4 2 LR AR 46 T2

1599

I RFALFIREE 0. 017 o/mL, AK-TH W AH H 5] K 18:
L(V/V) B AR-259 LU 10: 1(W/W) , FesefliAb
D7 ATl £ = LA T R UE, 175 9 PLGA-ART-NPs
HIPE R4 R 5Aa o

H HTHRA S 25 R N5 R A Wb k) 32
BRPIZE, BRI RAR IR A W R B S0 25 0 vl ok it SR
W RIRIR G LA RO T B R e HLAR
P A R A 9 22 0 A X K B9 RE, T o
W' ERAY S P, PLCA 2 H i i HL AT S
I REZ — | BRH R G5 A W R e Ak L 24
Py TP PE R 57 Lk 25 W s R R 9 43, LA R A i
W AR YT AT g [ 3R 2R TR B A AR
432 K E 0 LT B FDA Sl A 2k i 24549 2%
RFIZH A T F2 2 310 PLGA B AL ( polylactic
acid, PLA) F1 Z M2 ( polyglycolic acid, PGA ) ik 5
BTEERY T E BRI R RN TR RS R
R ARIE D7 ¥ AR [] B4R L 49 il 4 9 PL-
GA 23 DL H R fE 14 1Y % i 3 232 52 i) 25 0 455 B 2
ST AR PLGA S RIPERER 254, 5B 4k
etk AR IR BEAE 45 ~ 55 °C 7EN R (G 05 . &
ot A5 T B B S R . PLGA JK i I, £ 35
ik S 119 2R 4500 = B 1) K A S BB AL T , 7K F 1 T
S RO PR FIR L JE A1 L KR B 1
51T RREAR, SRR MR Z 3558, 53 Bl R
fiff it RRRFLRRRAIR , S 2R L OB RR N FLIR , LA A
A MAR ) PRI R AR AR P B B BT R
a7/ SR S| o

S G RS SOR U T AR R Bl ) 2
FRPE, SO THE S AE R 5 45 25 07 X DI AH
Ko GURLER 258K LA 25 Wik T U h 9=
AT A S A AR B 2, s
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