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[ Abstract ] Objective; To optimize polymer materials and preparation process of puerarin sustained-
release microspheres. Method: The microspheres were prepared by emulsion solvent evaporation method. Taking
composite score of encapsulation efficiency, drug loading and yield as index, polymer materials and formulation
process were optimized by orthogonal design. The microspheres were characterized by different techniques, such
as scanning electron microscopy ( SEM ), thermogravimetric analysis ( TGA ), differential scanning calorimetry
(DSC), X-ray diffraction (XRD). Result: Optimum polymer material of puerarin sustained-release microspheres
was polylactic acid (PLA), optimum preparation parameters were as follows: dosage of 37.5 mg, PLA of 80 mg,
polyvinyl alcohol (PVA) of 0.5% . Surface of puerarin sustained-release microspheres was smooth and round
without adhesions, average particle size was 104.3 pm, drug loading was (26.20 +2.24)% , encapsulation
efficiency was (68.92 £1.88)% , yield was (83.97 £2.55)% . TGA, DSC and XRD were indicated changes in
physical form of molecular spatial relationship of copolymer and puerarin in the microspheres. Conclusion :
Puerarin sustained-release microspheres can be successfully prepared by emulsion solvent evaporation method,

optimized process is simple and reasonable.
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7 S 0 A B AR 2R /R 40 T A ORE A M BT, 1B TR
RILM (PLA) (R & -8 2 X e N 2 BiR ( PEG-
PLGA) RFALFR-FZ I LR IL R Y (PLGA) (75/25)
1 PLGA (50/50) i 43 F 8 A4 b4 R}, SR F 2L Ak 9 741
PR B 4 B R R B2 ek, Ao 3 28 Rl
RWLEE AT 43k 46 b, 38 28 1F 38 3 560 0 12 55 49
TAERE, DL 16 55 43 7 4R R 8 4A, R IE 38 3050
DLk B9 AR R Bk 1 il 45 T 2000 AT RAE, A 5
R 2 1 78 43 ) FH AN 700 0T & SR 2 2
1 #a

BS223 #l - K- (18 [ 3§ £ A W AU E8 A BR A
) ,08-2G RYfE R g 40 FF % (v A 8 AN 4% A
T EEABRA ) ,XW-80 %I HE IR 4 #% ( I E R}
REFALRE ) , UV-PC2401 K148 43656 B 31 ( H 4%
B HEN A ), S-3400N A 4 B BE ( H A Hitachi 22
Fl) ,XDS-1B B8] B i e (5 K& ot AR A
PR\ H]) | Bettersize2000 35 S RL B 43 A AL (FHAR
ER AL B BR/N ) , D/ Max-2200 B4 (1 3 X g8 f7 4
AL HACH2E /N 6] ), STA-449C 1 2% 75 1 45 = pA Y (7
[# Netzsch A F]) , YXJ-2A R 3 B 3 BLO WL (VL0 4
Inhife B A RA R ) o B R U2 (B VE K
WAL T A FRZS AL b5 BN022201311251) , B AR 3
Xt B (b BB 2 R E E ST B, It 5 110752-
201313) ,JRFLIR (M XT3+ it 3 7, L AR BF e 1S 12
Y TRABRATR]) &7 4E MD25 (b 5 &3 5 A R
ANFE) BB (PVA, A6 5T A% BE R A BR A
wl)  HAl R 35 R o Bt
2 HEEER
2.1 EAREMN G RIE
2,11 MK A E B H 16 mg- L7
5 R ZE o R VA R, DAH O A LI R, #E 190 ~

puerarin; polylactic acid;

microspheres; emulsion solvent evaporation method;

400 nm FFATHEH, A5 R R LW K TE 250 nm Lb A
e R, H 28 FERAE I i Kb B T4
2.1.2 ARAEM A ST R B PR IR AR R X IR
10 mg, i /P B2 A 0 22 45 T 50 mL s b, 1568 &
W o A5 % W % B 45 Wk 0.25,0.5,1.0,2.0,4.0,
8.0 mL, 43| & F 25 mL &, B B e 25 2 40
JE ARV B AR X W, T 250 nm &b e
JCRE(A) LU A X ot v B2 (C) AT P Il H b 2,
BEIETHE A=0.072C +0.008(r=1.000)
2.1.3 HHEERXE HEZBRK. P& (4,8,
16 mg-L™") Jo vk JBF 1) 56 A 28 oF B B ¥ 30, 40 0l
0,1,2,4,8 hilll, B RME 1k, ELS d, 458 H
P H TEDRS % B2 1% RSD 35 < 0. 8% , & BHZ J7 I K %
JE R
2.1.4 [ICRRE FEEE0.2 g- L B R E X
PRI 0.5,1.0,1.5 mL(n =3), 7050 A %S F ik
Bk(10 mg) I A Z i 1 mL, #7530 min fif f3 2k
VAR, M B 2 4 mL AT U0UE TR EOR T 10 000
remin " B0 10 min, EER R E 25 mL BT,
IR GE 25, 7E 250 nm AR E A, 35 [
99% ~103% , -3t % 100. 73% ,RSD 1.2% , 3 W
IR WET T AR
2.1.5 FERVIGE ORE AR AR RCE AR R BER 10 mg, B
10 mL 208, 4% 2. LA ALK 1 mL”
ZUMABEER A EE RIS mL £ 25 mlL &
S, B E 2, T 250 nm 2RI E AL TS OER Y
2.2 BRBRZEBEHMIRMHELS RH 0/0/W ALF
s Rk 4 BB —Em B RRETH
B AR O A 0T i A AR U b
FPN BRI A W, e FL AL 070 WIFL . 7R UK
ST R RSN R — o W PVA K IR
1, F 1400 r-min ' $EFEE 0/0/W EF,,10 min 5
JAGE &K ,20 min J5 15 % 800 r-min "' HitHE 4 h LS
FERANLE R, Bk E A, # &8 U0, LBk BE
W, RIS K VR 3 W B T T RSP EIRT
H 48 h BDAE . a5 A ERY O, A0 B AR R .
2.2.1 @EorFEARMORH SRR fE 0SS A -,
PEHUAR 25 50 L G R e - B L = TR R R
O H R DIk i 22 i A B SRR R o 25
G VE FR AR BRI 45 8 B 6 SBR ) T4 Bk R/
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25 5 45 T A R AU R B0 (302 B 40% , f Hf
40% W% 20% , FIal) , #% Lyo (47) 1E 28 % % 4k
B L HE R AR IR 1, T 22 LR 2, SR

W45 DR 200 56 AR R ok o B A R i X B e
HSCHAASB>D > COBURTE R oy T B R
PLA #EAT i # T2 %%,

x1 ERFZFEBRHEAISSFMBEZKESHF
Table 1 Orthogonal test analysis of polymer materials of puerarin sustained-release microspheres
. AR B S W - CH&aT D =5y T MR E RER% W% W% AT
/mg TR R FHE/mg (%H)
1 15 8.5:1.5 PLA 75 1 15. 15 84. 86 93.33 88.34
2 15 8:2 PLGA(75/25) 100 2 10. 16 59. 61 76.52 63.51
3 15 7:3 PLGA(50/50) 125 3 8.03 67.49 90. 00 66. 13
4 15 6:4 PEG-PLGA 150 4 7.58 70.78 84. 85 65.73
5 20 8.5:1.5 PLGA(75/25) 125 4 11.94 71.65 82.76 73. 84
6 20 8:2 PLA 150 3 7.85 56. 14 84.12 59.18
7 20 7:3 PEG-PLGA 75 2 13.36 49.45 77.89 65. 00
3 20 6:4 PLGA(50/50) 100 1 9.82 45.19 76. 67 56. 10
9 25 8.5:1.5 PLGA (50/50) 150 2 11. 66 69. 05 84.57 72.49
10 25 8:2 PEG-PLGA 125 1 14. 05 66. 32 78. 67 74. 40
11 25 7:3 PLA 100 4 15.40 64. 05 83.20 76. 82
12 25 6:4 PLGA(75/25) 75 3 16.25 51.34 79. 00 71.52
13 30 8.5:1.5 PEG-PLGA 100 3 19.33 70.23 83.85 87.22
14 30 8:2 PLGA(50/50) 75 4 21.39 56.31 75.24 82.67
15 30 7:3 PLGA(75/25) 150 1 13.56 59. 68 73.33 69.22
16 30 6:4 PLA 125 2 16. 85 74.12 85.16 84.70

K2 BAFHMBBETESN

Table 2  Variance analysis of optimization of polymer materials
5 23k PR SS MS F P

A 2 494.56 831.52 18. 16 <0.01

B 1427.34 475.78 10. 39 <0.01

C 666. 50 222.17 4.85 <0.05

D 974.26 324.75 7.09 <0.01

E(2%) 137.35 45.78

T F, 05 (3,16) =3.24 F, ,(3,16) =5.29,
2.2.2 fERGI& T2 IERKE AHEKRRAK AR
PN S A 25 W e 5t v B A A0 S A 8 2O B
A S5 AT O e K2 & 37.5 mg; 45 5
i AL R 2 G % 18 B N I A AR R 300 WL, b

®3 ERIEBUWAHETIZETHXBOWT

A S H BE - R (8:2) s AR K AH R AR 150 mL,
¥ 2y  PLA i f1 PVA JiE 50 B8N &R,
f B B2 RCR LR AT MR AR, 35 L, (3Y)
IERFRZHAR, B9 ERE 3 k. K2 HE &
SRR 3, MR 4, GHREBHKLHRXTE
R 2R F0K ot 1) 5% W) 339 A7 0 3t B S, 5 I Ry
A>B>C, My EmtEd & T2 8 AB,C Rl 24 &
37.5 mg,PLA f4& 80 mg, PVA /%0 0.5% . #%
LA J7 6 %6 3 #HE B AR | ek, 45 R ¥ 82 &
(26.20 £2.24) % , ¥ 41 5 % (68.92 = 1.88) % ,
S R (83.97 £2.55)% ,RSD # <3.0% , i W]
il & T2 E EREHERL.

Table 3 Orthogonal test analysis of preparation process of puerarin sustained-release microspheres

No. A/ mg BPLA Hiiit/mg CPVA Jit e 53 %0/ % D(z=F) #HHAE/%  WEHR/ % W/ % LEGVER/ 0
1 28. 125 70 0.5 1 21.77 61.53 81.02 83.33
2 28.125 80 1.0 2 21.19 68. 20 83.70 86.73
3 28. 125 90 2.0 3 19.96 67.78 80. 85 84.07
4 31.250 70 1.0 3 24.06 63.95 81.98 88. 16
5 31.250 80 2.0 1 23.97 70.58 82.70 91.79
6 31.250 90 0.5 2 22.02 73.96 86. 60 91.71
7 37.500 70 2.0 2 27.78 58.81 73.95 88. 89
8 37.500 80 0.5 3 25.89 69. 04 85. 11 94.27
9 37.500 90 1.0 1 24. 86 70.93 83.92 93. 54
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Table 4 Variance analysis of preparation process of microspheres

UE- 3 SS MS F P
A 280. 42 140. 21 117. 45 <0.01
B 81.95 40.98 34.32 <0.01
C 11.71 5.85 4.90 <0.05
D(iR%) 2.39 1.19

TE:Fo.05(2,18) =3.55,F, , (2,18) =6.01,

2.3 [HERIRAE

2.3.1 RiRRME =R AT ERERE PLA Bk
HER SR BT ISR ©) % A5 VT D QUL DR €2 4 T
K H A, 45 BBk 42 104, 3 pum, B5 0. 952, ki
FEAE 50 ~ 140 pm MYTRLK 5 1L >80% .,

2.3.2 JBEAME B EMRE PLA (43K, £ 45
ORI R (SEM) TR O SR BBk 1
HMIRTE A o D62 U T UL SR Tk i T8 2 R, &
TG, s I 5], ok %, WKl 1, SEM T W%
FN Gk EBRIE BROE B R4, R BOLWH, WA 2,

[ ] .'q

Bl BiRZPLARBKEZFEMBERE (x100)
Fig.1 Light micrograph of puerarin sustained-release microspheres

( x100)

B2 ERZE PLA ¥k SEM( x 1 000)
Fig.2 SEM photographs of puerarin sustained-release microspheres

( x1000)

2.3.3 ZEE M (TGA) Ik 78 S0 < imt
20 mL-min ~"HFEAT, FHETE F 20 ~ 300 °C, FF
10 C-min~', EHRE HREE PLA 4 HIR
EY) EARE PLA Bk Sz PLA 9 TGA 43 b7 WK 3.
SR WoR AR R ER 25 7E 3 AN B (20 ~ 120,120 ~
240,240 ~300 °C) (2 TR 4N 5.22% ,5.79% ,
12.25% , Ja 2k TR 23.26% ; ¥ BRR & ¥ 16 A FF
MR SR E A 11.27% , B R PLA R &

R AR 8. 88% , i B R H AR AN 3 A BT
i, HLARE BN 1, Ul 5 MR A ) s el Bk, 34
e PP o

120
100wy ~A
X 80 % =B
3 60 —+C
40 D
K 20
0 50 100 150 200 250 300 350

r/c

B3 HiRE(A),PLA(B) , BiRES5 PLANYMEREMW(C).E
iR % PLA 3k (D) iy TGA

Fig.3 Thermogravimetric analysis of puerarin (A),PLA (B),
physical mixture of puerarin and PLA (C) and puerarin sustained-

release microspheres(D)

2.3.4 RPN (DSC) WA R
20 ~300 C,FFEH K 10 °C +min "', H <4 20 mL-
min "', BHRE FREE PLA (YIRS Y HR
Z PLA f3k Jz PLA iy DSC 7347 WL 4, 45 R K B
TCBR 7 J5URE 25 A0 N A 8 JF JC W AR, H 4 B 7E
178 °C 5 244 °C Zc A7 th BLW B e | d B o) 45 1) o ok
FIREAS 2 2 Bl 5T B4 T B IR A T RT RE R AR T
R AR BRI A ) A AR A L A I A
W A e PLA AW AR XS LU A B e # , mlRE T Tl
LR PLA B4 8 Rl 0 55 AR 3R 25 W) o B ) A — Y
M JT 35, [ A T di o A v R 40 i TR A
IR T BE B0 S, B 231 RN IV B 3 A e e
WE(T) T

50 100 150 200 250
T/°C

B4 BIRE(A),PLA(B) BRESPLANYMEREYW(C).B
R % PLA 33k (D) 8 DSC

Fig.4 Differential scanning calorimetry analysis of puerarin (A),
PLA (B) ,physical mixture of puerarin and PLA (C) and puerarin

sustained-release microspheres (D)

2.3.5 X GFEATH L (XRD) 704 AR4E DSC /953
PP SR R AT X-RAY i 5 i WL 8¢ 5 AR AE 244 R
PLA i 20 HCIR &5 o K 25 1 O Cu 48, B B R
40 kV, HL 30 mA  FH B 4/ min ' L

0 ~80 i, WK 5. 4R BR B MRER W BIR & W iy
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RS LE 10 ~ 30 J32 1 A5 AR 5 A 5 AR 28 405 11T 20 1 5
PLA BFFAEIEIHETE 10 ~20 JEATAR 3R A PLA 45 ST 5T
W o Bk A PR T JC T B B AR K PLA B9 45 S A
SFOREE UL A 9 B AR R PLA fEROIF A 2 fif S A
Py BRIRA 4D 5 AR 3R A BBk R A B R A T AR A
25l g UG E TR 0 BT 2R AR
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20/8
BS ERZHEA),PLA(B) BERES5 PLAMYERENW(C). B

RZE PLA #{3k (D) 8 XRD
Fig.5 X-ray diffraction diagram of puerarin (A), PLA (B),

physical mixture of puerarin and PLA (C) and puerarin sustained-

release microspheres (D)
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