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Abstract: Objective The aim of this investigation was to use a quality by design (QbD) approach to optimize andrographolide solid
lipid nanoparticles (And-SLNs). Methods The And-SLNs were prepared by melt-emulsion and followed by high pressure
homogenization methods. The And-SLNs with ideal encapsulation efficiency (EE) and particle size distribution were used various
experimental statistical design modules. Plackett-Burman design for independent variables was first conducted to prescreen various
formulation and process variables during the development of SLNs. Selected primary variables were further optimized by
Box-Behnken design. The particle size distribution, Zeta potential, morphology, and in vitro drug release behavior of And-SLNs were
studied by Malvern Particle Size Analyzer and Transmission Electron Microscope (TEM), respectively. Results The EE, particle size,
and Zeta potential of And-SLNs were found to be (91.4 + 3.7)%, (258.4 = 42.1) nm, and (—36.1 £+ 3.4) mV, respectively. The And-SLNs
were found to be small and spherical with uniform particle size and smooth surface as seen in TEM. The in vitro accumulated release of
And reached up to 52.4% within 48 h. Conclusion This study demonstrates that the QbD approach could optimize the formulation
and process variables to achieve favorable responses for And-SLNs.
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(quality by design, QbD) F¥J RIS LB Wi B> Tl
FEPTNA] IS0 . N 250030 B Sk e i i
4> (international conference on harmonization of
technical
pharmaceuticals for human use, ICHQS8) H1ii8 T 5&
Jiti QbD #FEE LA 5 ANEEER : O HbRy™ bl i kE
P4 (quality target product profile, QTPP); @] H X,
B 3 B T, e 7= 1 G B st i B M Ccritical
attributes, CMA) FI5HE T. 254 (critical
process parameter, CPP); @HILSLE 11 (design
of experiment, DoE) #3777 i AL = L &R vh 4% ]
(design space, DS); @JF Ak H il 5M% (control
strategy, CS), JERIEHIZ M @ KA,
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2.1 37 And-SLNs A QTPP

3 SCHR A RS, 5 R B R A 25
e ARFIFIRFEL, AR, Hiks. BRAEHEHR
GiaEfE L, #3577 And-SLNs [ QTPP, W% 1.

%=1 And-SLNs 8y QTPP
Table1 QTPP of And-SLNs

7 it H 5

bk YA AV T
EapZTp e H ik

Firg 20 mg/3Z

2R 2 mg/mL

(R ZE [z Vi)

2.2 And-SLNs 89%%&

And-SLNs % H$ves 3L Ak- i T 24 5 bl 4. U7,
FREXAL T 50 And ALl gr R HlilE, 2T 2 mL G
IK IR, AEER (754 1) CRIBHE I PEEE i,
TE R AH s FREAL 77 5 1) R 5 Ml i 0 B 2 1 3 P 77
(F68 H 2R 1AL 80) # -+ 20 mL 4ifk/KH, 7EfH
W (7521 CIKIBEA N5, TERUKA; 18
I ETYIHL (10 000 r/min) 2} SAE R, KK AHZE
M B A, R (751 1) CHEES S min,
VET I, HIPIFL. BRI FLAE RS 1E T s R
P R UaE— 5 /IR A% 8 3k 1 1 380 J5 s ) A4 sk
HOnT 45 23R WE 1007 W 1R ARV W SR UK K T
¥ SLNs 72434 #1, EI75 And-SLNs.

[l H 2 AN And 1] SLNs, HI#4%% 1 SLNs.
2.3  And-SLNs B XU 43 4

A TR A i EEVEAL 1T BE 2T And-SLNs
PTG R 22, & = AT HE AR b, 4K

M And-SLNs PEJBURI#&AP R 25, 45 R LI 1.
24 FEFER
240 (AEAMS AR T Cig B (250
mmX4.6 mm, 5pum), GishAHNHEE-K (60 : 40,
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Fig. 1 Fishbone diagram of And-SLNs
R AC 225 nm, AR 1 mL/min, #2330 °C,
HEFE 20 pL.
2.4.2  XTHEGERIECE] RSB FREC And 6 R
10 mg & 50 mL &), PEEEM, £ % 50 mL,
MR ZI5, RIS 200 pg/mL And X HE 5l 2498
BB iR A4 5 mL B 100 mL &, LA ShAIH
BERRZE, 1045 pm MFLIERL, HUELIER,
N5 10 pg/mL And X J S8V

2.4.3  FEMEBMIBCH] R FREC And-SLNs %
5mL, & 50 mL &), M 30 mL FHEEHE S #
i, NG KFRERZE, GRS . W RS
5 mL & 100 mL =), CLALBIAH R RS 2 %1 B
i 0.45 um AALIEME, HUAZIEH, BPASAE S
244 LMCRFELE REEFI And 0 EG6E
W, IS IR BE R 2,04 5,04 10.0. 20.0+ 50.0 pg/mL
(PIXT SV, FRA), JERE, RSSO 20 pL, 4%
“2.417 WERELAFNE. L And JREIKEE QO
XPUETHAFUME (V) JEATEREMDE, 3 RE R
Y=79.416 X—116.4, r=0.999 9; A W, And 7F 2.0~
50.0 pg/mL U RIFRZEME G R R 4F.

245 LEMEESE B “227 WUF J5iEHIE T
And-SLNs Wi~ 2% SLNs % LA And X
WL i “2.4.17 TR AEIE, ik
W 20 GiRKY, EAREIEALTN, Hikb And
WE o+t BB EIRECH 4 000, H6REK 18
0.95~1.05, FF&leEEisK.,

4

0 s BT I 5

10 "0 ' 5 ' 10

2 =A% (A). And-SLNs (B). And 385 (C) &9 HPLC
Fig. 2 HPLC of blank excipients (A), And-SLNs (B), and And reference substance (C)

2.4.6 FEEERK 4% 2427 TURHIE 1 X
WA, 7E “2.4.17 TN (kS ERE 6 1K,

W5E And TR, FETEEL 6 40X JE it v v Ve TRIAR
SPEIE I RSD . 453 RSD 4 0.79%, KW
XA FE R, 56 € il e 2K

24.7 HEEMIRE B And-SLNs & 6 1, %
“2.4.37 TR ECHIRE MW, L “2.4.17 TR Al 4
PEVERENNE o 455 And-SLNs VW 254 F ik i
(1) RSD 4y 1.25%, FWIELZHERLT.

24.8 RIS FEdIAAE T = 80%

100%- 120% L A1Rs 2 82 B And X B 5L 28 20 mL
s, 25 34, A 5 mL 251 SLNs, i
YRR LI, IRGES), HlE. Ty RE
WRFER DRI W, EFEIE , V15 And 1[H]
WeR, SRRWPE. PG 3 ANREIRE P
WE N 99.4%, RSD 4 0.94%, [FIRCE [ UT .

2.4.9 FRUEMERK: B And BN 43 AE 0.4+

8. 12 24, 36. 48. 72 h BEFEME, 0 k& THIAN .
459 And WETHIFAMY RSD 4 1.94%, RWIFES
76 72 h WEE .
25 BHEMNE

SR PRI B 250095 %2 And-SLNs H' And 1)
fE% . B 2.0 mL And-SLNs #2508
£ 50 000 r/min [P 4544 F &0 1 h, WL BIEW; [
NG 25 % B And-SLNs 1.0 mL J* 10 mL &4,
H i 35 And-SLNs Jf e AR 2% %, KA
“2.4.17 TUF AR AFNE And-SLNs H' And [f15
TR . A AR5 And 78 And-SLNs H 140
B,

18 % = (And 7 And-SLNs " [ 5 i &Kk B — ¥ 25 And
(1) 5 S )/And 75 And-SLNs H [ b 5 ik Ji
2.6 SRt
2.6.1 Plackett-Burman SZ50 B vH e R & 1l kX
And-SLNs 4b77 K iil#& T2, L2 ik
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B (Xy, mg/mL). (hagBe HmEs 2R E (X,
mg/mL). KR EKE (X3, mg/mL). K
WA (X BIFUE ) (X5, MPa). BIJ5GH
B (Xs, C) BIREL (X7) 5%, Lad
(Y, %) KifesrAn (Y, nm) NiFA$EFR, F
HJ Plackett-Burman =4 % 117 1% H X%} And-SLNs %
FUZMA R Z R K TRE e 2 HE &
PR 2.

i Pareto P (B 3) w50, gy H yiifs it &
S KGR T > 406 And-SLNs {35647 12
Fm (P<0.05); ¥l Ji% And-SLNs FIRifE
A BE R (P<<0.05). [KIk, [E 5 254 55
Y. MR EFRIRIE . ¥ BRI IA T A AR,
K FH L 8 H vl R LR B 50~100 mg/mL, K
NG TR S 40~80 mg/mL, 15K 11 A 60~
100 MPa, M Box-Behnken & HIERE— 5404k .

% 2 Plackett-Burman 3R351& 1+ 58 M E

Table 2 Plackett-Burman experimental design and effect values

RS X/(mgmL™")  X/(mgmL™") Xy/(mgmL™) X, XsMPa  X/C X, Y\/%  Y,/nm
1 5(-1) 50 (—1) 40 (-1) ZiA40E 80 (+1) 100 (+1) 80(+1) 6(-1) 85.5 4135
2 5 100 (+1) 40 F68 (—1) 60 (1) 80 10(+1) 762 7524
3 20 (+1) 50 40 F68 100 80 10 835 3298
4 20 100 80 (+1) F68 100 80 6 820 3795
5 20 100 40 F AL 80 100 60 (1) 10 746 3370
6 20 50 80 F68 60 60 10 90.1 4287
7 5 100 80 Z AL 80 60 80 10 80.0  739.1
8 20 100 40 F 1AL 80 60 60 6 77.5 12745
9 5 100 80 F68 100 60 6 827 5278

10 5 50 80 F 1AL 80 100 60 10 953 2141
11 20 50 80 F 1AL 80 60 80 6 889  473.6
12 5 50 40 F68 60 60 6 853 6378
|

X X ‘

X; XA ‘

X X | ‘

X X

] W7 g L e 3 X W7 g T PR A

X7 1 X

X 2.776 X1 2.776

0 1I 2I 3I élt 5I 6I % 0 OI.S ll.O 1|.5 210 2{5 3|.0 3I.5
FRUEAL R

3 Plackett-Burman 356§ 1125 = fF S FTARAE LB AT Pareto & (o = 0.05)

Fig. 3 Pareto charts of standardized effect values on variable screening by Plackett-Burman experimental design (a = 0.05)

2.6.2 Box-Behnken RN [VEALA  THid Plackett-
Burman SE56 801, ik X And-SLNs #5545
WER 3 AR e HEE R ERE (X,

mg/mL), KT IEKE (X, mg/mL). )i
£ 11 (X5, MPa). LLi% 3 MHEZ Lg%, LI
HE (Y, %) kR (Y, nm) WIFR$ER,
FJH Box-Behnken Z4 W [fili% % And-SLNs &b 77 1 T

ST . N AT ARG e HE R 45
WA 3o IRI LR i 2 AT R0 T2 S EC 298
JRERAE 15 mg/mL, L IVETEFRIFSE F68, ¥)iix
8 Ik, B E 70 Co

M2 4 PEARE R, T X X XiXos
X2 X WP R B, B R BT 4
AR 5 L ATIR H s PR IR ARG, 5K
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Tl g o VR B 2 A OG (I 40

M 4 P s T an, AR XL Xy X
XiXow XiXse XoXas X2 XA X2 XRS5
B, HAKCRETA, PR e R H
B R B SRR DG, 5K REIR IR 30
JEJJ AR (B 5.

%3 Box-Behnken X%t 5% (&
Table 3 Box-Behnken experimental design and effect values

X/ X/
X as) » .. X/MPa  Y\/% Y,/nm
(mgmL ) (mgmL )

1 50(-1) 80 80(0) 692 256.4
2 75 (0) 40(-1)  60(-1) 85.1 4652
3 75 80 (+1) 100 (+1) 76.1 289.1
4 100(+1)  60(0) 60 91.2 4653
5 75 80 60 822 3123
6 75 60 80 88.4 2654
7 100 60 100 83.7 383.6
8 75 60 80 90.6 281.5
9 50 40 80 82.6 3419
10 75 40 100 87.4 3143
11 100 40 80 915 531.1
12 50 60 60 63.5 369.1
13 50 60 100 65.6 2825
14 100 80 80 925 3177
15 75 60 80 88.4 257.1

P
S T
=

0.5 %

Xo/(mg'mL )

£ EE
z;zlllllllgf{'f{'f
sy

-0.5
Xs/MPa

F4 WMEFEPZTIMARREEHREER
Table 4

significant test results

Each coefficient in fitting equation and its

HH Xty [ AR XY, [ 4R
MR FE P HCRECFE P
WA 89.13 2612 0.0011 286.00 22.040.0017
X 9.75  141.68 <0.000 1  55.97 50.33 0.000 9
X, -329 1611 0.0102 -59.63 57.11 0.000 6
X -1.19 210 02068 —42.80 29.430.0029
XX 3.60 9.66 0.0266 -31.97 8.210.0352
XX; 240 429 0.0930 123 0.010.0168
XX, 218 353 01193  31.93 8.190.0354
X7’ -598 2459 0.0043  61.84 28.350.003 1
X’ 0.80 044 05384 3194 7.560.0403
X7 -7.15 3521 0.0019 4529 152100114

YOrry
SOy
Lo LT
TR P g s
Irr b s =

LT
PRI IS TP
KT irr i radasprrs s o
llllllff‘l'llllll;;{}’
B L T e

SR TR R T it
IIIIII”I’
WY e

\
—0.5""70.5
Xo/(mg-mL ™) X/(mg-mL™")

4 BEEX,. X, 5ELE Y, 893D YELEE
Fig. 4 3D Response surface of independent variables X;

and X; and dependent variable Y,

i
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TALE
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T
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s

-0.5 —0.5 =0.5
X,/(mg-mL™") X3/MPa Xo/(mg'mL ™"

5 BBTE (Xiv Xor X3) SETE YV, H9 3D M EE
Fig. 5 3D Response surface of independent variables X;, X;, and X; and dependent variable ¥,

2,63 PUALALTTEUE  HR4E Design expert 7.0 SEG
WA LA TR Ja 45 I B AR a5 45 A 1l R
Hvh B TR R 80 mg/mL . KGN R IR N
60 mg/mL. )5}k )10 85 MPa. LMEALHEmALAL
JiHEIR “2.27 BN 4 3 it And-SLNs, 4%/ “2.5”
HU“2.77 T W [ A4 5t 40 Ko 0 e NP 1R
1, SEME SERYTIE WAR 5, BRI AN S0

SAEAVRRY T I8 A0, it P RS RY Foa u 2F (R &f
2.7 And-SLNs #1125 % % Zeta AL E

H{ And-SLNs ¥ &, HZR/K MRS 2%
£, KA Malvern B2 & (G 5E [ 44 i 5 24 K KL
HIRiA2 5 A Fl Zeta HiA7. H1PE 6 W UL, And-SLNs
SRR RN (258.4+42.1) nm, £y EES (PDD
4 0.215£0.025, Zeta Hf7h (-36.1£3.4) mV.,
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Table 5 Predicted and observed response values for each index

(URER LTS THIIE S 2" %
Y1/% 89.8 914+ 3.7 1.8
Yo/nm 245.4 258.4+42.1 53

"2 = (SE I — TR )/ A

"deviation = (observed —predicted)/predicted

1 10 100 1 000 10 000
FifE/mm
/": \
—200 -100 0 100

Zeta LA /mV

6 And-SLNs RI{25} 7 #0 Zeta FL{L
Fig. 6 Particle size distribution and Zeta potential of
And-SLNs

2.8 And-SLNs 275352

SR FH WS I 4 vk ol £33 S FELBEAE i o X And-
SLNs ififE, JIAEZRMBKRRGE MM,
PR IE SR, P Formvar [ FIR 90 I8N [ 44
JIG BTl KR i M 15 min, F BE AR R K843 7K 45,
TN 2% MBS R/K W, Hth 5 min, FHIBLRI 2
KAy, KRR RE A S RS S L g A IR
JRAKRLTEAS L. I 7 )WL, And-SLNs K
INSBYSY, IR T BAMERTE , R385 BT IR RLAR AE 200
nm 247, RIBS KR, B RS
SCHUE T ORLEE I 2 1 45
29 RIMNERITHER

KB T2 %2 And-SLNs 7 PBS (pH 7.4)
R IAT A o BETAY TR 0.5% 25K L AL 80 [f1 PBS
A ARAE 2 )R TR IR AR S N AT o R S R L]
PN R KRE 2 mL B T AL BRUF (BTSN, TAT 3
By, FLBJEE T BRI RS, B 48 mL B
A A MR, (37.020.5) CKs
t L 50 o/min fEIER:, 00T 1L 24 44 64 8. 124
16, 20. 24. 30. 36. 42. 48 h WL 1 mL FEIRA

Ji CTRI AN IS R AR D, K “2.4”7
TUR 73005 And 15, JF U5 2 259010 RARE
TR o

AN BUFGTEE R (K 8) WY, [HANR gk
R 2P T aa HITERE, 22t T AR gtk
HHE S 245400 LA S BRE GORRT R THT R 24 00 7 ST R
7E 6 h Ja 23R V-2%, 48 h BERBEIUE Hy 52.4%,
R [EARE TR AKRIAT SELE And BEBUTIVEFH o

7 And-SLNs iESTBIER A
Fig.7 TEM photo of And-SLNs

ERURIR %

0 lb 26 3IO 4I0 Sb
t/h
8 And-SLNs {KSMNERHZ (n=3)
Fig. 8 In vitro release profile of And-SLNs (n = 3)

3 itig

QbD [FJFEAS PN 7% A2 LA 56 ¥ 2 11 H b= i i
R W R I A AR T S o 1t AN O
BT 2SH A F, sl semwet, B
KeisEErE. 2 RWREZERT, BLREH 2™
mnPERE H T 2@ w2 8], IR I8 w3 1Al
JE T XS A T ) SR R 2
AR . S QbD S I FR P B AR 5 B & BE LR
N T 2550 T2 R B FE, 30 H BA S KA ™
SRR 22, A N AT A Y A
P ZE AR AIE 7 i P RS PR AR T2

LI (DoE) JE T IEAA I 5L 568 1Kl R0 43
W s o Bs BRI ATV, e i AR N A
2, OUEILAHRY (1) 4t e BV AR AE, - TR HOG T-IX
AN RRR AR, B E 5N DR 3 0 E T DL A&
B N DR = e S me i e N, e s B i
FEMIH 1. ATF5T 1 sGlid Plackett-Burman SE5G i
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