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i E: B URZCCE-RARRECERILEY (polyethylene glycol-polylactic acid-glycolic acid copolymer, mPEG-PLGA)
N, RAFE B mPEG-PLGA RIS % 1.2, ik EARMMEREREE . FALR) PVA FREIRE . 5
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BT 3 K& 3 /KF BBD L6 iit, 53R S E A mPEG-PLGA MR B 44 T2 8 mPEG-PLGA R IR F 123.8 g/L.
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Optimisation of preparation process of asiaticoside mPEG-PLGA microspheres
and its in vitro evaluation
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Abstract: Objective This study aimed to investigate the optimal preparation process for asiaticoside microspheres using polyethylene
glycol-polylactic acid-glycolic acid copolymer (mPEG-PLGA) as the carrier. Methods Key process parameters affecting microsphere
preparation were first screened from factors including curing temperature, emulsifier PVA concentration, stirring speed, water-to-oil
ratio, and mPEG-PLGA concentration. Subsequently, a Box-Behnken design-response surface methodology (BBD-RSM) experiment
was employed to further optimize the preparation conditions for the drug-loaded microspheres. Their morphology, particle size
distribution, drug loading, encapsulation efficiency, in vitro release behavior, and biocompatibility were comprehensively evaluated.
Results Curing temperature, stirring speed, emulsifier PVA and mPEG-PLGA concentrations, and water-to-oil ratio all influenced
the encapsulation efficiency and morphology of the microspheres. Among them, curing temperature and mPEG-PLGA concentration
had a greater impact: both excessively high and low curing temperatures reduced encapsulation efficiency; increasing mPEG-PLGA

concentration improved encapsulation efficiency, but excessively high concentrations led to adhesion and increased particle size. The
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optimized conditions were 40 °C, 1 800 r/min, with appropriate emulsifier PVA and mPEG-PLGA concentrations. Using mPEG-PLGA
concentration, water-to-oil ratio, and emulsifier PVA concentration as investigation factors in a 3-factor, 3-level BBD experimental
design, the optimal preparation process for asiaticoside mPEG-PLGA microspheres was determined as: mPEG-PLGA concentration
123.8 g/L, PVA mass concentration 9.8 g/L, and water-to-oil ratio 12.7 © 1. The resulting microspheres had uniform particle size (58.97 +
4.44) um, a drug loading of (8.43 £ 0.16)%, and an encapsulation efficiency of (62.66 = 0.84)%. They released approximately 80% of
asiaticoside at a stable rate within 96 h, and maintained over 90% cell viability after 72 h of co-culture with L929 cells. Conclusion
Asiaticoside-loaded mPEG-PLGA microspheres were successfully prepared. The obtained microspheres exhibit uniform particle size,
relatively high encapsulation efficiency and drug loading, enable sustained drug release, and possess good biocompatibility. This system

utilizes the hydrophilicity of mPEG-PLGA to improve drug stability and release behavior, providing a new strategy for the efficient

delivery of asiaticoside.

Key words: asiaticoside; microspheres; mPEG-PLGA; response surface methodology; sustained release
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Fig. 1 Specificity HPLC of asiaticoside microspheres test

solution (a), blank microsphere solution (b), asiaticoside

reference substance solution (¢), and methanol solvent (d)
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SRR T A 50~600 pg/mL 1, %7754k
PERRRLFS
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340.0 pg/mL)3 N5t B BE 1A Ty BEE O R I L
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(PVA) JTi 5% 5 55 [R] 35 45 2 5 M B sk 1 60, 358 26 DA
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Table 1 Investigation results of curing temperature

(Xts,n=3)
AT A 2/% AT/ %
25 9.81+0.24 1.9540.12
35 23.65+0.35 2.15%0.16
40 47.84+127 6.91+0.32
45 31.224+0.39 2794022
50 26.124+0.46 2.0940.20

2.4.2 PEREEEESE LR 2.7 TR L&A
TR, SR R I BT A R 1) L R
i, SERWEK 2 Fon, B RAEHEE T &
JEPBEAK, Fdid 84 3 E I 3G in, 259 7E
i FE I S BRSNS S LA K
I, VR CIRTEARBE I, (RIS 0 T 254078 S KA
WA R . T 4RSI E Y, S A S T
PR RE I SRR IS R R, Bk e
FIFE R BEPEEEE A 1800 r/min.

2.43 FALF PVA JREIREHE %8 “2.17 T
NS ERZGTER, TR PVA i IR I TS
THERI R 2B . 45 1% 3 i, PVA i
BRI 10 g/L Ja, PUEkpt s AR 2 B i
i, ATREAR T PVA JREIRFEIK, 97 /KAH+
ARG R, SR RKAMRE N, Ak

*®2 BHEEERLGR (Xt£s,n=3)
Table 2 Investigation results of stirring speed (X £ s, n=3)

R B /(r-min ™) /% BB/ Y%
1 000 22.81%1.75 2.45+0.29
1200 29.57£0.93 2.74%+0.15
1 500 47.81%+1.34 7.621+0.36
1 800 59.09+2.12 8.93+0.32
2 100 57.92+1.88 8.37%0.61
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®3 AT PVA REREZFRER (X+s,n=3)
Table 3 Investigation results of emulsifier PVA mass

concentration (X £ s, n=3)

£S5 KHEEERER (X+s,n=3)

Table 5 Investigation results of water-oil ratio (X £ s, n=3)

7K b AL F /% HAE/%
PVA/(g'L™) AL/ % LR % 6:1 40.20+2.47 4.734+0.32
5 26.74+1.12 1.95+0.20 8:1 42.26+3.05 6.82+0.47
8 36.25+1.79 2.15%+0.19 10:1 45.02+1.42 7.12+0.51
10 47.75+1.58 7.83+0.47 12:1 60.28+1.84 9.09+0.76
15 44.1942.03 6.92+0.88 14:1 55.69+2.16 8.2240.40
20 40.324+0.97 5.86+0.39 ﬁMJcEl‘WJ(%?DSO
FRACLel, 2.5 BBD-RSM LU EEFHMEKHIZLTS

2.44 mPEG-PLGA JJUEIRZHE M “2.17 I
N7 S ER, 24 mPEG-PLGA i iRk JE
M58 AR ok 1 . 3 B R Bk 2 . 45 R R 4 o,
W% mPEG-PLGA Jii SR EEHE K, HAd A
=K, "B H T mPEG-PLGA Jii ik K,
52590 5 K M i b, s R A 07, (B
mPEG-PLGA FiUEIRIEN 150 g/L i, TR
WIEEIL R, AR DL AR T, SR
R, A6, O R RIEE mPEG-
PLGA JFUR KL, WOERIPRARRE oK. X2
I TR AR ] & 2R AF AR B DL, mPEG-PLGA
WA AE A A MU R EE 3G I, AEFL AL A i = A
SERIIRAERL S, AR BT VIR FJ AR, AT A A
FERRST 3L -

245 KBS W 2.7 WU 7 AR 302
TR, R AR AR E PITA fOeR (4 Bl SR AN 3
ZiE. SEREK 5 PR, BRI AR, A
REFHOR, AERAE S 2 R b 5y R R I
AEACER, Sttt R GG B AT G IRE AR
BEE KRR LG N A 8 ¢ 1 KUL L, SrEhE s,
BB R GG R e (EA KA Ee 4k S n,
ZPAESN KA TP I IR A O £ R R, 3
BLGTERE TS, JyBf IR R I BRORIE S S B
AR, EFKIMARLL 8 11 KA EAE NG SE
#*4 mPEG-PLGA REXREZRLER (X+s,n=3)

Table 4 Investigation results of mPEG-PLGA mass

concentration (X +s,n=3)

mPEG-PLGA/

. BEE/% AR/ %
(eL™)
60 7.60%1.41 1.7740.39
80 26.59+1.53 3.5040.17
100 45.84+1.75 5.94£0.25
120 60.61+2.06 7.57£0.67
150 61.23+237 8.13+0.92

Iz
251 RGP BERARIZ AN R R
TH ARG, 3w R s BARE B IX 8, %
2% mPEG-PLGA JREKE (X1). PVA &K
o) FKith Gy fERERRER, Das®
(YD) LR (V) AESE, 3173 R 3K
V- BBD-RSM SEEG 51T, 25 U1K 6 ik
252 RIBEIETREES. RS W R 17
HFUER, e FA B2 ME A EWNER 6 i, iH
Design Expert 13 #F#EAT — 70 [l A B [ 4005 A0
ite, @BF/WWEE[RA WM TmEPNITE: V=
—258.878 9+2.367 9 X11+102.430 6 X2+19.041 4 X5+
0.059 4 X1X,+0.243 3 X1X3—3.271 7 X2X3—0.010 4
X12—34.8870X,>—0.7802 X3%, R?=0.9925, Rui>=
# 6 BBD-RSM LWZIHFILER (n=3)
Table 6 Experimental design and results of BBD-RSM

(n=3)

F5 XlgLh) Xol(gL™) X3 Yi/%  Y2/%
1 115 (0) 10 (0) 11 (0) 60.42 8.54
2 150 (+1) 15 (+1) 11 52.12 6.29
3 115 10 11 61.28 795
4 115 10 11 5834 8.18
5 150 10 8(-1) 4223 532
6 115 15 14 (+1) 4345 6.74
7 150 5(-1) 11 45.69 5.17
8 80 (-1) 15 11 28.84  3.39
9 115 5 8 3484 434

10 80 10 14 32,67 4.17
11 150 10 14 58.23  6.48
12 115 5 14 50.61 7.62
13 80 5 11 26.57 2.33
14 115 10 11 59.25 837
15 80 10 8 26.89 1.77
16 115 15 8 4731  6.62
17 115 10 11 59.69  8.04
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0.982 9; Y>=57.246 3+0.619 0 X1+14.693 7 X>+
3.290 2 X5+0.000 9 X1.X>—0.003 0 X1.X3—0.526 7
X2X3—0.002 4 X,2—4.052 0 X22—0.097 0 X33, R*=

0.995 8, Rag?=0.990 3.

RN/ T 2 W RILER 7, 2 PR ) 7 223
KTF 095, PAEFE 0.05 LA (&3, HAMIK P

RIBONHER, TH/NEEE S, BEIR I 1 M
H Y. XL Xy X 2R
2,54 FNEAHTSRA T 2 FhEEER G 2

ANVPUT AR = 4ERN B AT M, AR 2
253 JrEomMEEERR PR EE PR, B S T mPEG-PLGA WERRETZH

fE7E 0.05 A b (ANEZE), IFBIZ 2 IR 10 [B] 8.56%.

F7 BHESEHERMNE RERE N HFESH

mPEG-PLGA Jii fEikJ¥ 123.8 g/L.PVA Fi ik 9.8
g/L 57K 12.7 0 1, GERABLGEN 62.14%.

Table 7 Analysis of variance for quadratic regression model of drug loading and encapsulation efficiency in RSM

B SFTR HEE ¥ FlE PlE SF 7 A i H ¥y FE PlE
TR 73.750 9 8.190  183.390  <<0.0001  2505.55 9 27839  103.02  <<0.000 1
Xi 16.820 1 16.820  376.440  <<0.000 1 867.36 1 867.36 32098  <C0.000 1
Xa 1.600 1 1.600 35.850 0.000 5 24.54 1 24.54 9.08 0.0196
X; 6.060 1 6.060 135520  <<0.000 1 141.88 1 141.88 52.50 0.000 2
XiXo 0.001 1 0.001 0.020 0.891 1 4.33 1 433 1.60 0.246 2
XiX3 0.384 1 0.384 8.600 0.0219 26.11 1 26.11 9.66 0.017 1
XoX3 2.500 1 2.500 55.870 0.000 1 96.33 1 96.33 35.65 0.000 6
X2 35.610 1 35.610  796.890  <<0.000 1 686.54 1 686.54  254.06  <<0.000 1
X2 4.320 1 4.320 96.700  <<0.000 1 320.29 1 32029 11853  <<0.000 1
X3? 3.210 1 3.210 71.820  <<0.000 1 207.60 1 207.60 76.82  <<0.000 1
k22 0.313 7 0.045 18.92 7 2.70
AL 0.081 3 0.027 0.466 0.7215 13.89 3 4.63 3.69 0.1198
Rz 0.232 4 0.058 5.02 4 1.26
B 74.060 16 2 524.46 16
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= = SN &

) 304 ) LS @

10 10
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Fig. 2 Three-dimensional response surface plots showing effects of factors X1, X2, X3 on response values Y1, 2
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255 WHTTEMRUE B LRSS RS
H mPEG-PLGA BRI i il £ T2 8 mPEG-
PLGA iR 123.8 g/L.PVA i EIKE 98 gL 5
AL 127 0 1. WG LR AE T 240704 3 4
TER, EXAL AR S B 2 LAk, AT
S B 2 FUMER 3. RAE Se bR E AN T e 2
(R 2, DABGHIERBE A Rl , 2SR K 8.
T HHF mPEG-PLGA R G35 2 RIRLAR IR AH X 22
BI/NF 5%, EBSKR A BBD-RSM R LR B4y
mPEG-PLGA ¥k T 24785 R4, BAMRE
) B IR

2 = (R — S B )/ 00 £

78 REIZAFWIFLR (X+s,n=3)

Table 8 Verification results of optimal process prescription
(X+s,n=3)

51 HAE/um AR/ % A 2/%
SEPRI RS 58.97+4.44 84310.16 62.661+0.84
ToE A 59.39 8.56 62.14
i 2 0.71 1.54 0.83
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HALR 5, AREEE &SRS TE
BRI TIRBE . 50T, R BEREF S MmTE
(59.394+1.48) pum, K/NBECAE—, HAG @K

3 ¥k SEM
Fig. 3 SEM image of microspheres
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Fig. 4 Microsphere diameter distribution chart
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2.7 HERBYARIMERL

PARERE Th 220 (PBS, pH7.4) NEA IR,
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B 0 7 35000 W, Rk DR FENT SR
JEAE 20 mL PBS H1. FREX[F] 5T & A AR 25 HEE 0 HE
PERXTEE, 78 37 CHEERRRH L 75 t/min [1JHE%
FRELARNE . TEVE I H) SUEURE 2 mL,  [FIRAMNE 2
mL [ PBSIYI,

KH HPLC VM E RS B &, R At
HRE RN R RAGWRCE, Btz .
SRR 5 s . ATRURIL, BT 12h 29 30% 1846
PR TR TS B R SR 1 b r b
AER I 9535 1 mPLGA-PEG 76 TUFERTE 24 h &
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A RN 22 FLEE M, 458 T /K IR
TERE T BRI 23R 0, JeAl, T2 fLgim
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100 #*9 TRRERETREEEHKSMAMILIET 24, 72
J-" h B ZBR7FER (X+s,n=3)
80 1 A;" " Table 9 Cell viability of asiaticoside microspheres co-
T - - cultured with cells for 24, 72 h under different mass
;5; 60 - + '3 : concentrations (Xt s,n=3)
S BT SRR AT 1%
=2 [ (mg-mL™) 24h 72h
+ _0. n PR 30.00 108.99+4.42 96.33+8.90
2] o MR 15.00 103.86+7.78 99.90+4.37
y 7.50 121.07£8.59 95.6416.42
o 7 s o o 3.75 13625+3.69  103.75+12.04

t/h
5 AEEEHIKBMHL (Xxs,n=3)
Fig. 5 Release curve of asiaticoside microspheres (X £ s,
n=3)

X 5 LR BRI B = M RO A M HEE T, ATk
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W R HAFREE 2R . 1R 24 B RS DT I T
R RGN FEAE T, BOR T AEVRIT & D AN R
IR P ERFAE A R LA 521220 X — R i A
A T3> ZIAE 4 B AR R R 4 = T AR
FEE, R T g Kb n ger RS A R
SN, R R BITHT R R R0 22 43R )7 3R AL 1 3 S

BRI =0 C+2X " C)/m n
2.8 ZHARESMESEIE

KM EEAF & (CCK-8) M ER 4
Motk B S REE T RS, HMR 72550
B, FEHIAE 0.5% FF BERAR &5 R B R VAW ()
I, BB 0.5% FREIIE FRIEAE 2 E R . 1
BRESMEIRKE G, 433 37 CIH COz AR
W, TEGH MR AR 7R 2 IR 24 h 15 B A RV E
TIERVAR - AEMILAEEFL 1 X 10% /N0 1 235 1 e T
96 fLIF. 37 CHFHE 24h 5, BIEmEEHT M
BRYAR, 8 24h A1 72h. BEJG, EESFRRP IO
10 pL/fLK CCK-8 TAF¥W, 7£37 C A 2 h,
£ 450 nm FEKAEMEWROCRE (4. HIMEENE
LI EE RN 9 Fian, £ 30 mg/mL FHEE B YER
RARWEEIE 72 h 5, 1929 HMIMAEIE R T
90%, FPAMTEEHRIRPIMMEIEEML, AR
U (R A i et

HE— 30 OO [F) 3 B R AR 3 S VA 5 A
TR BN 1929 4R A RS2, 45 W 10
BT o RS B RO T 4 4T i A 338 5 2 24
B ot B BT R T S 1 0, AR S B Bk U R

R10 TRRERE THREEHARSASEEHHEKEA
MFEE (Xts,n=3)
Table 10 Cell viability of asiaticoside solution and
asiaticoside microspheres at different mass concentrations
(X+s,n=3)

iR/ AT/ %
(ugmL™) UAE KN RicRisd BT B R
62.50 107.23£2.96 108.09+5.96
125.00 112.77£0.34 111.09£4.85
250.00 113.60£2.87 133.79£4.11"
500.00 116.32+4.33 142.46+2.26"

SRS EFFERELE: P<0.05.

*P < 0.05 vs asiaticoside solution.
D B 2 AR B T AR . MY IR A F
250 pug/mL KA BB, SRERLL AN A R B2
T HJREIREAYERA (P<0.05), &
mPLGA-PEG TUERIEHE, TR SH X 4T 44 g
1 B 1S B R AR A, ATRE ST
BRAE N2 e, Ret I e A T 2 TE SR i R
AR PE S 2R P, DTG 384 ik 4 B ) 2549 1) o] I
PE R B USCR A K2,
3 it

E R MRE R SBEN, (IR
) ) o o DU OB T8O e G T 2H 2%, 31X —JR)
PR ™ 2 T HARCIHE E T S A . R
IR — PRI RSl FooE i 2 B4 Ik 2 AE
FHEBA F- AR TUAT T A 233 R G, A
WEFC I CBE T 2 — 24250, fE A2 R4+, £
FURERIE A — P Rk, BRI L35 A 02,
AT AE R JoR 3 Tl B T R R T 20, AT SR B JR30
KeafshikH,

TERERE ISR, A RN OE
T ) 45 B B 25 it IR 2027, AR T LBk 25 i
A EZ NS, RE%% T mPEG-PLGA Jii
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