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Optimization on preparation technology of ardipusilloside-I polylactic acid
microspheres by orthogonal design
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Abstract: Objective To select the optimum conditions for the preparation of ardipusilloside-I polylactic acid microspheres (ADS-I-
PLA-MS) by solvent evaporation method. Methods HPLC-ELSD was used for the evaluation with encapsulation efficiency (EE)
and drug loading as indexes. Microspheres were prepared using W/O/W evaporation method. Through single factor and orthogonal
tests, the effects of the concentration of inner-water ADS-I methanol solution, volume ratio of ADS-I methanol solution-PLA
methylene chloride solution, concentration of PLA methylene chloride solution, and the volume of polyvinyl alcohol (PVA) on EE
and drug loading were investigated. Results The optimum conditions for the preparation of ADS-I-PLA-MS were as follows: the
concentration of ADS-I methanol solution 8 mg/mL, the volume ratio of ADS-I methanol solution-PLA methylene chloride solution
1 ¢ 13, the concentration of PLA methylene chloride solution 90 mg/mL, and the volume of PVA 500 mL. Conclusion This
optimized ADS-I-PLA-MS preparation technology is reasonable and feasible.
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%, ARS8 58t ADS-T 5 5RHE A FLAE
5, FRRZEMIEACRE BT, Lk ADS-1 R FLIR M
BK (ADS-I-PLA-MS) Plyii# T2, Jft ADS-1 4]
2 BT RN G2 B 711 2 B9 5 Bk Al

1 NES5HR

Waters 2695 t4i{% . Alltech ELSD 2000ES 7!
ZRICHUR R 2e (SE[E Alltech A7), DL—720
A GV AR AEs) D, BT125D )7
Iy —HL TR (Sartorius A1), FI—200 =g s>
B AL CRHAR AR ), LD5—10 AU &
DHL BB EOPL D, 101—2 B3 KT
FRAH (AL RHI AU AR AR, WD—A 254
FE A CREETIT 25 BUARTEAL S Do

ADS-1CZ5%y, fIt5 111028, JiRE > HOK T 99%,
S E AHD, BIER (PLA, St AR
FRATD, BOWEE (PVA, 17-88, 1 [EEE 254 4]
i EER AR A FD, S (NaCl, sr#ral, *6
IR JEAA T, e (rfrall, RETHE
RAEARA) D HEE (Eikal, S Fisher A ] );
IKZEAK R AED .

2 HESHR
2.1 ADS-I-PLA-MS #8951&

K FH AL 38 53 FLAGYS T 28 A (BRI 832D
4. RSB RI—E & PLA W TodE & S Thed,
R AL 2 70 O R R LRI . R B —
HI1 ADS-1 FEEE, il ADS-1 FEAHR Y PLA
TR IOE e e, B AR 2 4.5
mL, 5L 60 so PUERE I BEFE NI R A 1L
B FAERE 51 0.5% PVA 1 1% NaCl 7K
L, 0 HE 1S min J5, CBTREEE 60 C TR PR )
PP ZE AW o K35 WL 7 1) R A
2 500 r/min 33 T 2.0 10 min 5 lE, K¥E 3 %,
AT 3d, WfH ADS-I-PLA-MS.

22 ADS-1 EEMNEFEREL

221 k&M @S AN Welch materials INC
Cig#E (250 mmX4.6 mm, 5 um), ViahAH A -
K (75 1 25), AR E 1.0 mL/min, #2575 &
WEE 82 C, R R4 AL 2.0 L/min.
222 ADS-I ARG BEIECH]  FREC ADS-T 4
b 12.53 mg & 50 mL &, FIREE AR, e
% 50mL, B[75250.6 pg/mL ADS-I X} i Sh i«
223 FEAIAE RSN 100 mg ADS-I-
PLA-MS, %1 3mL —&FLit, #7515 min, fff
PLA 7843 %# )5, N S mL B, &34, 1 PLA
DUUE, 2 500 r/min %534 T 250 10 min, JERE, FEE
Ve, eI TR, N R,
ERE SmL B i 0.45 um THALUENE, BUsE
W, B4R, MR “22.17 IR a4 E4T HPLC-
ELSD JlI5E .

224 ZMERRFEE M 045 pm THALIENRIE
It “2.2.27 TR FTEC S, IR “2.2.17 T
NS, R B OEA T HPLC-ELSD Wl i,
HERERE 0 4. 64 8. 104 20 uL, LRI F Y
L B AR BCA P A RR (Y, N EERE R
SRATBCARA R (XD, BHATERAPERNE, A RH77 R
Y=1.3116 X+5.897 2, r=0.999 9, 45 . %] ADS-I
7E 1.00~5.01 pg ZePEX R R4

225 LREERE &M “2.2.17 TUF A&,
¥ ADS-I 25 (0} R IE W ADS-I % I S T ADS-
I-PLA-MS i AT e, FHEaabiiol. 45817
AERELLET, ADS-T B RAFm, SFIRTGT
P, LM, AR E LK 1.

22,6 FEEEEK RS 250.6 pg/mL X,
W 8 uL EEBERE 6 I, 1% FiR ik AHIE, of
H15 ADS-1 ALY RSD 4 1.1%.

227 FE RIS FEER “2.17 TR T VR A
1 LGB, $M “2.2.37 TR RE S AL BE T Ak

*

¢t/ min
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B 1 ADS-IZEH (A). ADS-I XBEF (B) #0 ADS-I-PLA-MS #& (C) A HPLC-ELSD &iZ[&
Flg.1 HPLC-ELSD chromatograms of ADS-I blank (A), ADS-I reference substance (B), and ADS-I-PLA-MS sample (C)
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PEFE S, RS2 S, 43 IAE 04 24 4.
6.8+ 10 h FEFFME, BEFEFA 30 uL, 1HE15 ADS-I
TR RSD 24 1.2%, &5 GL38 A6 i WAE 10
h WESEPE R .

228 HEEMERAE KSR 1 #ik ADS-I-PLA-
MS 6 11, B 50 mg, %M “2.2.3” T FFES A
FEIPVERC TR, HERE 30 pL FEATI0E,  LAAMR S 5
TRV EFESL T ADS-T 53 501 RSD K 3.5%.
229  [FICRRES BRI O e 22 = 1) ADS-I-
PLA-MS (ADS-I 5 0.62%) 6 4}, &4 50 mg, 4>
S ADS-I X} 2.00 mg, %88 “2.2.37 K
FEMACER AN S, HEFE 10 uL AT E, HdE
[ 75 FEvH 55 ADS-I R [EDfce, &5 B3 [l
99.20%, RSD 4 1.9%.

2.3 ADS-I 5 PLA.PVA K NaCl B E{EHiKIE
2.3.1 il InERE: I ADS-L R K730 5 PLA
PVA #%—E LR &%) B ADS-1 RS
PLA S M. PVA KB NaCl KiEsiie

—E R RAIS); BEEEMAN 60 CRikE
10d, T35 10 REEE, WAL AN i 281k .
ZiR WA 1.

232 AR ERLE  HU ADS-T R K45 PLA.
PVA 44— WA, BRI AR R <
10 mm, #1775 B ADS-T FEE S PLA 5 4x
YU PVA KR NaCl /KW — 2 i iR &
Bis), BRI R 92.5% M EIE TIREs N, =il
(25 C) FJCE 10d, T3 10 REFE, MEHE Ak
M R, g5 R ILE 1,

233 SEOGHURINEIALK: I ADS-1 KR 20l 5
PLA. PVA #&—@2 LLBIR &5, ERRE AN MR
JERE <10 mm, #{; B ADS-1 RS 5 PLA —
SR BRI . PVA KIS NaCl 7K & i &
LLiR A5 BEYEIAEN (450015000 1x HES 10
d, T 10 REFE, MEREMIMU. FTE AR,
SR WA 1. W54 ]EW] ADS-1 55 PLA. PVA,
NaCl Z [alJeAH HAEH .

1 58, SERCEmMBEREER

Table 1 Acceleration tests of high temperature, humidity, and light
e AR 4 He duess Pt /me
0d 10d 0d 10d
e ADS-1 B R 426 423
ADS-I-PLA (1 :10) Y] i#EW] 401  3.99
ADS-I-PVA (1 :50) SRS S 437 440
ADS-I-PLA-PVA-NaCl (1 :10: 50 : 100) VN LT 408  4.10
Fn I ADS-1 oy i) WA 419 416
ADS-I-PLA (1 :10) & BERIAS N 413 4.14
ADS-I-PVA (1 :50) A SHEN 443 440
ADS-I-PLA-PVA-NaCl (1 : 10 :50 : 100 VN T 428 426
SR REUT Bk ADS-I I i) 450 449
ADS-I-PLA (1 :10) =W FEWIRRAE N 438 437
ADS-I-PVA (1 :50) Sha) SR 416 413
ADS-I-PLA-PVA-NaCl (1 :10: 50 : 100) VI T 405  4.06

24 BHEMFHEITE

Pl “2.2.37 TN P EALEERE S, 4 HPLC-
ELSD Wll5E/34 IRy ADS-1 e, 65 K
i,

10345 =R ADS-T it/ ADS-T #0h}Hit

WG E=1IkN ADS-1 i E/ADS-1 Bk R &
2.5 ADS-I-PLA-MS #I|& T2k

ARSI R 75 K154 % ADS-1-PLA-MS,
72 M FLIRIB Y B3 25 3 O P 7] DA o 46 sk 1)

Jiik

251 HEEAL  ERERIIERS ,  BAP KA
HIKFE 10 mg/mL, W/KAHAER S PLA AAFRLE A 1 :
10, PLA JiEKEN 50 mg/mL, #ELEMHAE 1%
NaCl (1) 0.5% PVA /KW, HiFFIE 2 15 min, 4
JKAARA 200 mL K[ 5E 45 F, X ADS-1 HIREH
UKL . ADS-1 I 5 PLA U e s iiAA
FU. PLA SUHe i i f ik 5 ). PVA AR 53
WIBEITHE S, SR WL 2. 4R, 75 ADS-I H
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BRSO IR E N 10 mg/mL I3 Rk, 15
mg/mL W& FEHE K, H 3 KPFHEGREY<
0.20%; 6+ 15 mg/mL %5 10 mg/mL 1227
KK, Wi /NG FEIRHT IEAS RS ADS-1 H R

#2 BRHZABRRITSER

Table 2 Design and results of single factor test

5 PLA R MG BUARRLE ) 10 11 a3
Ko 3 KRR Z 3/ T 0.25%, (AL E 5 L2
RFZEAK, MUBOTEHEBEAT IEAS RS ; PLA —
SR BEE BT Bk B 2 70 mg/mL B E K, 50
mg/mL B 2524 5 b5 K, MOE RS 3 # AT IEACE
PVA AFUA 400 mL B (3R K 25 834 5K, 1
£ 300, 400, 500 mL HEAT IEATIRIG

PSS AKFE BEE /% WHAE /% - - ) )
ADSI PR 6mgml 1876 o 252 IEACRI T AR AR A SR
s lomgmL 3019 o SERY L, %4 T3 BRI ADS-1 BT R A,
ISmgmL 1349 0.20 ADS-I I 5 PLA — S FA AT LL (B,
ADS-1 FifEsvsws 1: 9 27.03 021 PLA "SR kg (C) & PVA £ (D)
PLA —&(fH:  1:10 30.19 0.19 4 N2, 23 BIECE 3 AKTFHTIEAS RS, N Lo(3%)
WAL 1:11 31.95 0.23 IEA R HERR:, %M “2.17 TN R 7 AT
PLA 4 THE#M 30 mg/mL 9.73 0.18 X%, L HPLC-ELSD MillsE J7i, R AE 2
SRR 50mg/mL  30.19 0.19 BN E VY (GRATE =B X 0.8+ 2 & X
70mg/mL  36.45 0.18 0.2) ANFRFREHTH S, W LR NE 3, 7
90 mg/mL  32.41 0.15 ZEHT AR 4.
PVA 1h# 200 mL 30.19 0.19 253 WIRAIRINT NGRS VE B s R
300 mL 34.29 0.57 KE, ARSI A D>C>A>B. M
400 mL 60.73 0.63 JiZES T, XTI B, FE D AR S R
£3 L3 EXRWZITEER
Table 3 Design and results of Lo(3*) orthogonal test
W= A/ (mgmL™") B C/(mgmL™) D/mL W /% AR % ZEEVP Ay
1 8 (1) 12 9(1) 50 (1) 300 (1) 65.48 1.15 52.61
2 8 (1) 1:11(2) 70 (2) 400 (2) 65.30 0.66 5237
3 8 (1) 1:13(3) 90 (3) 500 (3) 89.60 0.61 71.80
4 10 (2) 12 9(1) 70 (2) 500 (3) 71.65 1.15 57.55
5 10 (2) 1:11(2) 90 (3) 300 (1) 64.84 0.64 52.00
6 10 (2) 1:13(3) 50 (1) 400 (2) 65.40 1.00 52.52
7 12(3) 1:9(1) 90 (3) 400 (2) 70.65 1.04 56.73
8 12 3) 1:11(2) 50 (1) 500 (3) 74.36 1.38 59.76
9 12 (3) 1:13(3) 70 (2) 300 (1) 58.04 0.76 46.58
K, 176.78 166.89 164.89 151.19
K, 162.07 164.13 156.50 161.62
K; 163.07 170.90 180.53 189.11
R 13.71 6.77 24.03 37.92
R4 HENH WERmW, FHEA. B, C LEEME. REH RN,
Table 4 Analysis of variance Y PLA JREWE R 90 mg/mL, ADS-I A 59 5
WERI  mZETM BHE F{E M PLA SRR A 10 13 B 45 0 0 e
A 45.039 2 5.830 H PR F RIS MNEAZ R W5, I3 el
c 99.160 2 12.835 PHER, BN SN, T PVA AR K,
D 255823 2 33112 P<0.05 MPSCEETUER R M o 255 DL B A 2, i+ ADS-1-
B (IR %2) 7.726 2

PLA-MS ffF:#]4 L2M AB3;C3Dso
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2.6 ADS-I-PLA-MS B9 7S ER

HL 3 BB g2 (. 2) mlgn, FrfsieR
BRC %S, BRIDGILRGE, ERIEAA D LT,
KANEIA] o TERTC A BRER S, RIA W2 45
it UEPA 23R PLA 3, ADS-I-PLA-MS
B

2 ADS-I-PLA-MS 1% HEE
Fig.2 SEM of ADS-I-PLA-MS

2.7 BRI

F R E e T2 E 9% 3 fit ADS-1-
PLA-MS, % “2.1”7 Il F s b e, 4558
0B 0504 80.99%. 84.47%. 84.36%, # 2y
WA 0.54%. 0.57%- 0.57%. SiRBRIZTEREE
PERLLT
3 it1ie

AR, KT YRR A W B2k
F/IERIRIER 2, A2 HREYIE T &
F P s LA WL T 258, A2 BEF BCNU
A1) TS TR W 2540 1) S LR A 2 kAR T
/b, ADS-T PR FLIR B Ok AL 1 e, (h
Z0) 2010 RO TRER I B 240 T B, iR
ASERAE H W/O/W #5125 K32, K H HPLC-ELSD
BT ADS-T e o0 AT, 0% 82 25 R A2
2Nt ADS-I-PLA-MS )] 4 T 28Tk

RIS A TS T IOR A R
H T8, HEEAEAMRBMILIES, T Nacl
/D> PLA 43 [] 1 H B it 1 A DA 2R3 7715 1 28 7K 2R
AW PVA 5 iR 5 NaCl (3L [/ 4775, 1 PLA 43 F
(B A3 T PVA A1 NaCl, JERIAI 65 PLA TlER
ZERY, AT SR IR A TR B 1
27 HMIKAH PVA 7K NaCl 5T Sy 0] £ 3
R R o 25 5 R I NaCl ol 1%H
HT NaCl A 5ER A A HZ 0] “383E 7 1HIPRAL
Hegd b, s R, HX TR LT LR,
AR M5 521 KAH PVA KT LR 5 75 43

(8] BRI ), R PVA KT AR R 0.5%

1% 2% 3%Mb R Ry B okt fals

IYHUCRERE (2155 s) Ja, 0 HUR D f def 4

MR T B 50, By 5. 10, 15,

20 min I, EdFFRIE L AN O R, (HEHE

)24 15 min J5, FUB PR AR, Mok 24

SEANKAHA 5 1% NaCl 1) 0.5% PVA KW, HH

SrEUN TR 60 s, HEFFIFIE DY 15 min, PAASAFE

ITIEAC S o T I IEAS S50 45 R 0 73 T A5 225

Mrs B e S il 2% T 204 ADS-1 H R i T i

WA 8 mg/mL. ADS-1 FIEEA W5 PLA 5 e

WERAARILL 12 13, PLA S el i ik g

90 mg/mL. PVA #&#1 500 mL. % . & 11T,

A G R R BRGRERNT, SEIL AT 25 2t T

W o
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