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Formula optimization of andrographolide-loaded PLGA microsphere
by Box-Behnken design and response surface method

WANG Fang, ZHAI Wen-ting, LI Yan-li, XU Hui
School of Pharmacy, Yantai University, Yantai 264005, China

Abstract: Objective To optimize the formula of andrographolide-loaded PLGA microsphere. Methods The microspheres were
prepared by the solvent evaporation method using PLGA as drug carriers. The effects of the concentration of PLGA and PVA, and the
oil-water phase ratio were investigated. According to the drug loading amount and encapsulation efficiency, the formula was optimized
by Box-Behnken design and response surface method. Results The optimal formula was as follows: PLGA concentration of 0.20
g/mL, PVA concentration of 18 mg/mL, and oil-water phase ratio of 1 : 90, respectively. The drug loading amount of the microsphere
was (47.21 +2.36)% and the encapsulation efficiency was (90.15 = 3.48)%, which were very close to the predicted values. Conclusion
It is effective and feasible to apply Box-Behnken design and response surface method for the formula optimization of the
andrographolide-loaded PLGA microsphere.
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A ARV L e BB RE T R AL, R
TUER I BARRDRL, BB E [ FDA e AR o
JHAMCER 3% A1,

AT IR CL PLGA 8RR, R o 4%
RAE A 2 0 VE N R IMEK,  LL Box-Behnken 2%
FIREAA AL 7 FFIEAT IR AIE o
1 XE5H

TFZRI—30 E A FAASFENL GRIN R E DU
BRAT]D, JY92—I1 Rk 5 i 40 A A (77
B2 R A PR A D), FD—10 AT
B IR IR A F]D, Agilent 1100 ! %
WA Y (Agilent A7), 0.45 pm THALIEMREE 1
B RLE LR AT, S—4800 HHfiHEE (H
SEFEGITEAR A D o O ENER (DU IR 254
5B, 5 20111108-A, HPLC Wl 5E i 40 5>
98.0%), PLGA[ 50 : 50, 2A(fRRELEIEHE N 0.15~
0.25, g A%, Ji[H Lakeshore Biomaterials 2
Hl], WOKEEE (PVA, My 13 000~23 000, Sigma-
Aldrich A7), HEE (fai%al, SK Chemical A7),
HARFB AT A2, SE50 K O e s aliig:
K CHUINLERS IS AR T IR A D
2 HESHR
2.1 FOEREERMERRE &

KK AL AL (S/O/W ) FLAG V745 g 1)
A2k . B PLGA 500 mg /% T 2.5 mL —
FHGEh, A LEN B 500 mg, VKA SAT
T AR 30 s FECHI AN KA HUAHZE T I
JKAH (1% PVA K% H, 1000 r/min i+ 3 min,
100 r/min gkZEHEFE 4 h, M - E i L4, o
fiii, WHE 100~1 000 H TR R, 250K VLS,
WCERTER, AR, 1S8tak. [FEHITS 2
ER CHHUAHP AN LEN R .

2.2 FILEMNEER HPLC UE

221 (b &AE {A1EAE N Diamonsil Cig#E (250
mmX4.6 mm, 5um), FisIAHAFREE-K (60 : 40,
R 225 nm, ARG S 1 mL/min, £ 30 C,
HEFE R 20 pl.

2.2.2 NS AIICE] RS SRR S L3 P RS
MO 10 mg & 10 mL EJF, RS, TARE 10
mL, RIS 1 mg/mL %5054 P B X HE S T

223 FEMALEE  OREEARECE O E A BEER 10
mg, # 10mL S=F, & F LS (600 W,
25 kHz, 20 min) WFIFER . DB LRE
W1 mL & 10 mL =i, DAishimm R ez, o
0.45 pm FUFLUEME, HXEIEM, HPASELIAS T, B
“2.2.17 T A% EAT HPLC M5E

224 LVERRFEE 43R5 B HON ORI TR
0.01. 0.05. 0.1. 0.5, 1.0 mL & 10 mL &),
WMBAHMRE R LB, 13 RGNS DI e &
WA (Y, JFSHEERE (O #1174
MRS, BN Y=63.363 X—92.604 (r=
0.999 5), i RKHZFOEENERTE 1~100 pg/mL 55
W TR AR SR 1 00 2R R Ut o

225 LEMEEL ML “2.2.37 TR ik
T ME N FRIIOR R 2 TRV T DA S 28 O Y
BT SR, IR “2.2.17 TR R S kAT
HPLC W52, @il e 1. g598R0, o5k
IO VEE AR T, 2 ARG 500 P B 52
Ttk

2.2.6 RS BOCESEBGE R, 4R
AR REILH] 3 A FEFEAEE (5.0 50.04 80.0
pg/mL) AL, BN TR EREATAT S 4
Fie “2.2.17 TR AR NAE 1 d WRELE S d
WHEA T PATIE o 4550 3 ANy JEAE 1 H Y AN

oL

S

ZE0E A I

t/ min

1 Z=EREEk (A). FLUEABENRA B). FOENRERIKEER (C) B HPLC &i%E

Fig. 1 HPLC chromatograms of blank microsphere (A), andrographolide reference substance (B),

and andrographolide microsphere sample (C)
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F18 RSD 43534 0.56% 0.39%- 0.67%#1 1.21%.
0.96%- 1.12%, WM E 77 1L 2 1 R AT o
227 FEPERES R g0 A R A
W, TR IE 0y 1. 24 4. 64 12, 24 h 3EFE
Mg, SRR g 28000 P g U T ALY RSD
9 2.45%, FKIALKMEER D DTE 24 h WEE
228 FEEMEIKLE  HURE R 0 N R
PLGA 1K 6 43, 4% “2.2.3” i N EC IR 5%
DL “2.2.17 TR A SRR E . 4558 6 fihgF 0
FE M BE-PLGA Bk i 53 20 RSD 4 1.57%
2.2.9  IIFEEDRCRIRES RS IR UG R i 2 V0
HA 10mL =T, 20N 10 mg 25 AEk, —
A i G s A e A HIAE. T w3 AN iE
W AR I (5.04 50.04 80.0 pg/mL) 4% 3 411,
PL “2.2.17 TN (i AR dERE I e, vHSR R .
S50 3 BT S A i VR )T 2 D 43 ) Ay
99.36%-+ 98.92%-. 99.73%, RSD 4%} 0.86%-
0.97%- 1.02%.
23 BHERBHEMNNE

Pl “2.2.37 TR VR EERE &, 4 HPLC ¥4
MEAF IR N ZF 0N ERUE, Zalit S Z &
W,

B =Tk O N B R/ R

WEF R =PYER N GOMENBRTTR /500 5% N R ROR
24 AHHIE
241 REW KM Box-Behnken 2N AL
AbTT o LRA R IR STHRARE DA A AT SH A 45 2, L
XoF U P TS s Bk A3 24 e R A R S 5 (B 5 1)
3IANKEZE, MG MU PLGA FREIRE (X)), /K
FITF PVA BIERIRIE (XD FhKHELB] (X)),
76 3 ANIKP AT TARARAETY, DL 03 Y e sk Bk
WEZiE (YD) FEEE (V) NmNVAE, @7
SERERRA AL T o IR IR LR 1,
242 HURAGE EEWRUER 17 AN 5300 e
Y A Y, 2 NiRbR, R IR 1. 32 F|H Design
Expert 8.0 S50 W T A4 a4 Y L Y, 52
DRI 22 (R (R D0 RAEAT 2 o Bl o0, 256 25 FE AL
g R WA ILRE DL AR fay b v, kR A
ZRZ TG, BEMA T Y1=4241+
5.07 X;+1.32 X,+0.60 X3—0.19 X X, —0.21 X,.X;+
0.10 X2X340.39 X:2—0.62 X>>+0.01 X5 (r=0.992 2,
P<0.01; RPUF F=0.247 1>0.05); Y,=73.61+
15.40 X;+3.88 X,+1.78 X3—0.15 X X, —0.26 X, X5+

%1 Box-Behnken SEI8i% it & M5 &
Table 1 Box-Behnken experimental design

and response values

X1/ X,/ Y,/ Y,/
B B RS
(gmL ) (mgmL") % %
1 0.15 10 0.013 3535 54.69
2 0.20 10 0.020 46.72  87.68
3 0.15 5 0.010 37.58  60.20
4 0.20 5 0.013 47.85 91.77
5 0.20 10 0.010 36.63 57.80
6 0.15 20 0.020 46.63 87.38
7 0.15 10 0.013 38.14 61.65
8 0.15 10 0.013 4776 9143
9 0.15 10 0.013 3945 65.16
10 0.20 20 0.013  43.13  75.83
11 0.10 5 0.013  40.62 68.41
12 0.15 20 0.010 4396 78.43
13 0.15 5 0.020 4093  69.28
14 0.10 10 0.020 41.51 70.98
15 0.10 10 0.010 4241 73.65
16 0.10 20 0.013  41.23  70.16
17 0.15 10 0.013  42.01 7243

0.38 XoX3+2.48 X2 —1.60 X5°—0.05 X5* (+=0.992 6,
P<<0.01; KFUE F=0.249 9>0.05),

SPREW], T VM Y, IX 2 ADMERR, BT
DR 5 SR I3 52 s AR O, ELT LG ISR
FHABFNGH R (P<0.01), UIAMRER
U, ATFESY Rzt i Bt bRy R T R
o BT TR (R 2), 45 RA
Y BT R AN XL X R R R 3 (P<<0.01),
Yo BRI AY X X 1 X IR B (P<
0.05). WAk, 7T FAERY, FEmiBRAS 2 10 s o
BIXE Yis Yy BT RE, TR Y=
42.0945.16 X;+1.21 X, (r=0.963 6, P<<0.01; 54
[ F=0.258 1>0.05); Y,=72.25+15.49 X,;+3.56
Xo+2.42 X7 (r=0.968 8; P<<0.01, KU F=
0.271 1>0.05). 2 MELBIARI A B35 G4 5
X, HEEME RIT
2.4.3  FOVIHIVEATFIOLAL AR SERR AR PR Y.
FATEDL, SAER 32y & J L R A O G, N
Design Expert 8.0 S50 15 AR A 2 il £ DR A% B850 e
AR = 4 (&1 2) 0 $2 IR IR 4k 4 A Rl
I REaeAT AL, 1364 )E 405 PLGA 0.19 g/mL.
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Table 2 Significance of regression equation coefficient
Y Y,
RZERI BB —————— KB
SE Pfi SE P1H
WA 42410 0.45 0.0001 73.610  1.320 0.000 1
X 5.070  0.28 0.000 1 15.400 0.810 0.000 1
X 1.320 0.27 0.0017 3.880 0.380 0.0017
X; 0.600 0.26 0.0599 1.780 0.260 0.0523
XX, —0.190 0.35 0.5966 —0.150 0.130 0.887 4
XX —0.210  0.34 0.5553 —0.260 0.190 0.805 1
XX 0.099 0.33 0.7745 0.380 0.370 0.709 2
X2 0.390 0.35 03067 2.480 0.130 0.0473
X’ —0.620 0.41 0.1688 —1.600 0.129 0.2203
X’ 0.003  0.50 0.9942 -0.054 0.460 0.9714
SE-REbRAERZE; P-P %

SE-standard error of coefficient; P-P probability

PVA 18 mg/mL. J/KAHARLL 1289 (0.011), il
M2y 5K 48.00%, EZFN 91.93%.
25 I1TZWHE

h BRI 1 BT A3 (R 0 Ak i 7R Ak 7 ) 3
PERIHI G T ML, H5 B sEBr R AE w1,
¥ Bk AT IR U, Bl PLGA JREIRIE 0.20
g/mL.PVA Ji &K E 0.018 g/mL. /KA 1 :
90 (0.011). WUILEAALTPATHI% 3 #LaLEN
BRIIRAE S, R IL =2 dehr . SIS 2
IYHIh 48.49%. 47.06%. 46.08%, fUEFESHIA
92.67%- 89.76%- 88.03%, &4 YL LA T {E AE
FEI, RZBI LR T 5, A B AR R4 Ty

BE—20 R H 4 B SR T T 5 sk
PR AEK IS (B 3), g8 1EW, Emitidy
RS R 2 O E N BE-PLGA Sk A /N4 5T I Bk
¥, HIRMHT

B2 FERS5WEERH=HE

Fig.2 Three-dimensional plot of independent factors and response values

I8mm 20881 Zo 42 EEI

B3 HAFLERB-PLGA Ik R IEE
Fig. 3 SEM photograph of andrographolide-loaded

PLGA microspheres

3 itie
Box-Behnken M (175 H T 2 K % 2 /K P
Wit nCAEEREREMAZ TR, M T
G THERI R E D, WA, FEHMRTIE
LW BB A, JOIENS 1S 2 R
A N R 2500 2010 AERROW IR 1
QB M T HBRE, RO ERARKT 80%.
ARSI K SIO/W  HEFI75 R0l 2% 28 0o P TR ok
Bk, DAL BRI 2 5O R AR L £ T 2T AL
6o AN I SR B VT U HY PLGA [#) i
WS K PVA 15 i FEE 0 35 o0 % 380 24 1 5 i)
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W . 2 PLGA TS Tm, Gd 2 Lagis
BN, X vTREE N B PLGA URIKIER N,
BUAHZRE B2 B I0,  Flk 14D PN 0 65 ) B o 3850 R ke 9k
T IR ORI AR B BE [ AN KA K. PVA
TEFEA AR FE PG B FRARR 9K ). FLAL AL
FUMBR s FLARE VEAE B Refs B Ik AT &b
B, RIS R RE 5 R ER A B AR e
MIVEFT, REAETERAE B AL FE rh 7E i, Bk R
AFESDR. 24 PVA IR ETH R,
WP, IX T RE L A A KA R R TR L (1)
PVA ¥4I T 2iW I RIS, AEaskiEb i B S 1k T
WP, Rt 3 2 A
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