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Optimization of solid lipid nanoparticles of silymarin by using Box-Behnken
experimental design
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Abstract: Objective To optimize the formulation parameters of solid lipid nanoparticles (SLN) of silymarin by Box-Behnken
experimental design. Methods A three-factor and three-level Box-Behnken experimental design was employed using emulsion
evaporation-low temperature solidification technique to prepare SLN with silymarin as model drug. Response surface methodology
was used to investigate the factors affecting entrapment efficiency (EE), drug loading (DL), and particle size. Binomial mathematical
model-optimized formulation was established with EE, DL, and particle size as response values. Results The optimal formulation
was as follows: the amount of glycerol monostearate was 5.05%, the concentration of Poloxamer 188 was 7.25%, and the amount of
drug was 15%. Conclusion The Box-Behnken experimental design could be used to optimize the SLN of silymarin.
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JY 92— TN HRLHE T I A MO AN (T8 2 A4
BHER AR AT BEts ool a4 (F LC—
10AD 7%, SPD—10A £illgs. 7225 #AEds. C—R6A
HARAFEZR), A E.0L (H A Hitachi A 7))
Mastersizer 3 000 ¥/ Z 3 H74¢ (FE[E Malvern 4] );
Zetasizer Nano A3 HTA (FEEE/RCAF] ;s Eyela
FDU—1200 A4 THEHL CH AL SRR G241

FRERE IR H e (orbTal, RETIRFERRLA
IRFIT & HH00 )5 PluronicF-68 (Poloxamer 188, BASF
AT KA R LS 20090726, KK
K KB A I B) 93.2%, BRpbAR b EME A
FRA AT /K Q] (iS5 100281-200903,
Hh L 24 AR RS BT D s KA K, oA BT
RT3 B 2l ol i 4l
2 FEEHER
2.1 JKTk&[ZE SLN HIFI&F

KA S IR Ak 7 b 4 SLNMT, Fk
b Ty B K A 28 JRUR 2 SR TR R TR,
FiEE KOS, BT 80 ClEk/KiHiz e
DR, TERGNAH. [RRPE G 5 Poloxamer 188 %
+ 25 mL WZEKHF, fHEKBEE 80 CAATERIK
Ao B Rl (1) e AR R IR i bl ds HAE
PEFESAF (400 v/min) FERZEMAIKH, HIFFFL A
BHIFL, 15 (80+5) CLRlh &AM N HHL A A an
HOAR AR R 10 min (B3 700 W), 15 3 417 B
IR, K SLPE 5T 50 mL 0~2 CXUZ
IKH, KB T ARERBE 2 7 A, 8 284 100 mL,
BI75/K K #1125 SLN 7K 70 Bk .
2.2 JKKETRHINE
221 miGE&MH GBS Kromasil Cig A (150

mmX4.6 mm, 5um), JaIHA FEE-0.35 mol/L i
PRV (48 1 52), MAFULE 1 mL/min, ASMIYEK
288 nm, HEAFEE 20 pL.

2.2.2 RSO S  ORE S RRIUK K] S0
i 10.3 mg T 50 mL &R, 0 F A AR T 2%
B, 135l 206 mg/L R R AR, B
4 CUKFafRAE, M.

2.2.3 /K K#[ZE SLN 25 (1 SLN AR Sh % i 1 il
% K EBUK K& ZE SLN KBS 1 mL, &
25 mL SO LS 1, 7K 80 C A 10 min
Ja, AHEIEFR, 25000 r/min &0 15 min, B LT
WP R R AR, PRSI TS 2 mL &
10 mL &=JHT, WmaAHER, £ 0.22 pm AL
JEIL, BPA3/K RH 3 SLN SRS [RVEHIA %
1 SLN FH it 5 o

224 ENERRFEL Jp ok DO G Al A
0.5. 1. 2. 3. 4mL T 10 mL &I+, HRshHH
BEEZIRE, 2rBE 20 pL FERENE , 30 S0 AR
DU (YD) ARR, s (XD RALER
AT LR 007, FEIETRE Y=52 168 X+
143 142 (r=0.999 1), ZiRFPIK CH A 103~
82.4 mg/L 4 RUFHILMER R

225 LEMEES I “2.2.37 NI HAER N
W, % “2.2.17 IUN AR SAAFERE 20 uL, S5 %
TR N, 2 AGIR K €S 5= I
T, ik ILE 1.

2.2.6  FEEPERE RSSO U i SRS R
10 mL s, F sl e 25, Bofilfik. B & (10.3,
41.2.82.4 mg/L)3 AN USRI B S 0y, $442.2.17
TR s 4 EHERE 20 uL, 20 EEAIRE 2 h e 1
R, LT 5k, ELE 5d, kg, It
SH AFIH RS2 R, 2528 3 Pl ik B RS i
W H P RSD 430514 0.79%- 0.83%- 0.67%; H 1]
RSD 2514 1.25% 1.69%- 1.43%.
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1 ZASLN (A). KXEEMNES (B) Fi/k ¥&Z SLN (C) A9 HPLC &ik[E
Fig.1 HPLC chromatograms of blank SLN (A), silibinin reference substance (B), and silymarin-loaded SLN (C)
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227 RaEtERE HURl K RET R SLN A
VR 0 IAE 04 24 4. 6. 8. 12, 24 h HEATIIE,
S5 KRB TEIE AL RSD 0 1.12% (n=6), %
AR I E 24 h INERE
2.2.8  HIFE[EICARIRES 40 ol ks B RO JE i i 4
W01, 2. 4 mL, & 10 mL 8+, L% SLN
IRARVAWUE RS, 4% “2.2.37 TR J7 vk iR i
W, LA “2.2.17 TN SRR e, VR RN
o B 3 iR R AR U 3 (R Ay
514 98.93%- 99.76%- 99.82%, RSD 4354 1.04%.
0.78%- 0.97%.
2.3 KkEZE SLN HERMFHERNE
231 BEFRAIE R ROkl E 7K
KHE]F SLN [l k% mHUK © A2 SLN 2.0
mL EHEH S0P, 25000 r/min #5015 min,
BN 2SR, 4% “2.2.17 TR (0 4 ) 5 3 125
K RETRA R (M we), [HBFEIUK CH 2 SLN
W 0.5 mL, MINGERTKLEE, Kk, B
J& 25 000 r/min 250, FF FIEHE 10 mL SR
SRR R ZIE, I i K R 25 AR R T
(M y), HHZWEEZE (EE).

EE= (M yu—Muys) | M un
232 EWARMINME KRBT E K G
7 SLN B2y, K% s UK a2 SLN % 2.0
mL W TR ENER TR AR (M g, A
A AR R YL E (DL,

DL= (M gu—Mux) | (M ur—M )
2.4 SLN hifZR9NE

Pl & K RETZE SLN Ay v o (035 W IR A
o R B EUK KA 2 SLN ¥ 5.0 mL & 25 mL
s, INAZEKMR R Z S, KA Malvern ¥
DL E T3 AT A 8 REAE o
25 AAKMKIRE
251 R R Box-Behnken RV i
PEACAETs o 70 B DR 5 52 (M A b, JEEOR 7K % A
# SLN HHH, WA EMRLLWE AN EEN 3
ANRFE, RIARTT A s s o 2, SR &
e o34 78 3 SR BT T ARG,
DIZK REI# SLN Ml (Y. Kift (o) FE
2yt (Y3) NWNVAE, S ECERRA 5. 3
AR R A AR I H e ) R o 2 FLAR A
HOHL PN ITER B A E X X X
ANRFERES s &3 ANACES e E-1. 00 +1,

T 1IN T S EBAFIKT
252 HARALEL ARIE Y LA Y3 AR,
LR L 1, FIFH Box-Behnken SZE& ¥ B0 &
PR BT AT, 15 Ik Z oA ERL

Y1=99.06+0.26 X;+0.93 X,+0.27 X3—0.32
X Xo—0.12 X\ X3+1.53 XoX3+044 X2 —1.28 X, —
0.71 X5* (r=0.9525)

Y,=108.4+60.8 X;—131 X,+24.67 X;—52.17
X X+27.5 X X;—5.83 XoXs+6.71 X°+79.55 X+
5.88 X3° (r=0.9943)

Y;=8.884+0.016 X;+0.033 Xo+4.11 X3—0.059
XX>+0.053 X.X3+0.054 XoX3+0.10 X2 +2.250 X
107 X2 —0.11 X5* (r=0.999 5)

% 1 Box-Behnken E38i& it RN {E (n=3)
Table 1 Box-Behnken experimental design

and response values (n=3)

i =
oy Yi/% Y./nm Y3/%
X1/% X/% X3/%
1 51 21> 10 (0 96.20 207 8.85
2 10 (D 8 (1D 10 (0) 99.60 78 9.00
3 51 8 (D 10 (0) 99.20 55 9.06
4 51 5 15 (D 9940 63 12.94
5 75 (0) 5 (O 10 (0) 99.07 119 9.00
6 10 (DD 2 (=1) 10 (0) — — —
7 75 (0) 5 (O 10 (0) 99.05 92 8.99
8 75 (0) 5 (O 10 (0) 99.07 124 9.00
9 75 (0) 2 (=D 5 (=1) 97.90 300 4.70
10 75 (00 5 (O 10 (0) 99.07 102 8.70
11 10 (D 5 (0 15 (1) 99.20 234 13.05
12 75 (0) 5 (O 10 (0D 99.05 106 8.70
13 51D 5 5(-1) 9814 63 4.79
14 75 (0> 2 (=1) 15 (D) - - -
15 10 (D 5 (0 5 (=1) 9840 124 4.69
16 7.5 (00 8 (DD 5(=1) 9620 44 4.63
17 75 (00 8 (DD 15 (D 9930 76 1294

M3 AUE I I R A O R ECR G, U
WV RS A FE IR AT, AR A, AT e
PR X6 7K K 0 25 SLN R34k 77 HEAT 23 B A0 F5000 o
MGETZE R AL, B (YD) Xy XoXas X
(P<<0.05) &3, HAAEE; B (V) X,
X Xos XiX; (P<<0.05) 53, X1\ X Xo? (P<<0.001)
W, HAMARE; B () F X5 (P<0.001)
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Fig. 2 Three-dimensional plot of independent factors and response values

&2 JKTEEIZER SLN EEIGHE Ry FUNME RN STR(E
Table 2 Predicted and actual values of silymarin-loaded SLN formulation

L EE/% kir4t/mm DL/%
w5 X X X N — - . - -
W SSIE e TN SEIME e TN SellME e
1 —081 067 100 100.11  99.27 0.84 51 56 -9.80  13.01  12.95 0.46
2 -086 075 096 10024  99.23 1.00 66 52 -2121  13.01  12.83 1.38
3 -097 069 096 10022  99.12 1.09 54 48 -11.10  13.01  12.79 1.69
4 -098 075 100 10026  99.09 1.17 57 58 -1.65  13.02  12.94 0.64

ZE= (TEME—SSIMED /Fi(E

error = (predicted value—actual value) / predicted value

WA EARAR WL 20 TAN, DR 4SR5 I SEEG W
SAG AR TR LU, w22 dme /)y BRI T
TUPE BT, WOREE 4 ST VE Akt )y .

254 TTHAE KoK RETER SLN WRAE  FAUH
Pk B IS 51 A A AR I S B 251

RIS = CEBFAH — SERME I TYMED /SERRE I 22
AR R % =2.5 (X)) +7.5
FMFITR S E%=3 (X)) +5

IR BU%=5 (X3) +10
RUAAK JG BT AL T7 ok 5.05% Fo A g 18 H il 15
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7.25% Poloxmer 188 1E A FALT, 2501 ot &5 %X
K 15%, KH “2.17 TR 7kl K K82 SLN,
AT BT EE, e SRR AT L S ¢ AT,

SRR R 58.41 nm, £ 3 HEFRE (PAD 24 0.301,
¢ HLA —15.8 mV. 45 LK 3.
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3 JKKEIER SLN WENH R BALE
Fig. 3 Particle distribution and {-potential
of silymarin-loaded SLN
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