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W OE B8 AR AE ) 3 2k (FATM) Bl 4R RS B 4 R (FATM-SLN) 89 & 7 , S 347 B3R 0. 7 ik« R A SLAL-A8 5 sk &
FATM-SLN, vA#:4% @3 5 A 3647, vA S50 RS BRH ik B L B3 P AR A5 (PC) L7430 48 188(P188) A As Bx 4 A 2 4 A 4 , it £ A
F K Ih Fo 0B XIS P AL FATM-SLN 4k 7 , S+ #4730 3E K 30 . % 527 4 FATM-SLN #9 S35 & ki f2 5 A Zeta A% AL M Fe i 51
B g, SR AT H FATM 10 mg S48 i5 82 H b &5 300 mg,PC 200 mg . P188 200 mg . A% fig &% 44 10 mg . #54L7K 20 mL. P76l
FATM-SLN 2 £ 378 248 5F , S00T SR A 2, 54257 A 40~800 nm, T3 #5424 106.23 nm, % -3k & 44 0.254, Zate W45
A —348mV, LHFEAT7332%,825FH1.20%;4 CF 10d RSP 2 E(RSD<2%)., HAE05~1hABHZ M, 1hth &
AR L LB 60.47% ;8 h G B4 T -F48, RRBMIEH 93.46% , i R ABR 4, 4 RAHEALFATM-SLN 4 4 7 ; B 41
FATM-SLN &9 4542/~ | 6L3F 5 3 A8 8 AT
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Formulation Optimization and Quality Evaluation of Ferulic Acid Ligustrazine Solid Lipid Nanoparticles
SUN Taoli"*, DAI Zhi'*,JIANG Pengcheng"*, WU Zhu'*, LIU Weiping"*,BU Zhenjun’, TANG Jing.* sWANG Ji-
anfen"”, MA Ning'*(1.School of Pharmacy, Changsha Medical University, Changsha 4102194 Chinaj;2.Key Lab-
oratory Breeding Base of Hunan Oriented Fundamental and Applied Research6f Innovative Pharmaceutics,
Changsha 410219, China;3.Hunan Jiudian Pharmaceutical Co., Ltd., Hunan, Litiyang'410329, China)

ABSTRACT OBJECTIVE: To optimize the formulation of feruliclacid ligustrazine (FATM) solid lipid nanoparticles (FATM-
SLN), and conduct the quality evaluation. METHODS: Emulsification’ ultrasonic method was used to prepare FATM-SLN. Using
particle size and entrapment efficiency was indexés, amount of glyceryl monostearate, egg yolk lecithin (PC), poloxamer 188
(P188), and sodium stearate as factors, single factor test and orthogonal test were used to optimize the formulation; and verifica-
tion test was conducted. The appearance'morphology, distribution of particle size, Zeta potential, stability and in vitro release de-
gree of prepared FATM-SLN awere investigated. RESULTS: The optimal formulation was as follows as FATM of 10 mg, glyceryl
monostearateyof 300 mg, PC of 200 mg, P188 of 200 mg, sodium stearate of 10 mg, and purified water of 20 mL. The prepared
FATM-SLN showed spherical solid particles, appearance morphology was round, distribution of particle size was 40-800 nm, parti-
cle size was 106.23 nm, polydispersity index was 0.254, Zeta potential was —34.8 mV, entrapment efficiency was 73.32% , drug
loading was 1.20% ; the appearance had no obvious changes within 10 d in 4 °C (RSD<{2% ). The drug-release in 0.5-1 h was the
fastest, the cumulative release degree reached to 60.47% ; it tended to be stable after 8 h, the cumulative release degree reached to
93.46% , and drugs were basically released completely. CONCLUSIONS: FATM-SLN formulation is successfully optimized, and
the prepared FATM-SLN has small particle size, high entrapment efficiency and good stability.

KEYWORDS Ferulic acid ligustrazine; Solid lipid nanoparticles; Formulation optimization; Orthogonal test; Distribution of par-
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HAiv 44 P BIR )1 2% (FATM) o B, KERFFEIE ,
FATM TEH I/ M SR AR A 1l 44 78 B e A K Bl O AL
NPV A5 0 1 R A T T, BRI AR 1 W R B AR
%, HA R e R SR, B H AT 5& T FATM [R5 22
A5 TR 2 BT R B B T, R R A R 4K
A BRI R T

[ AR i 0 40 K (SLND J2 20 140 90 4R AR 24 1 —
Tl 76 22549 3o 126 791 784, 2 P Z2 P SR AR (o = -3l
NG ) I A A ORL , B Wy RS E M L T
YRR bk G 24 R g st O A e b R AT E S
s SRS 2RI A L R 25t B e A AR 2R
L SPGB SIN 48 rp ] 32 2 254 A A= W A R D 0,
AWFTERIR F FL -8 75 75 1 £ FATM-SLN, H- {0 HoAb
J5 s VA Ry s PRI BRAS P 1 IR L IR /N
R FATM 5

1
1.1 {88

TG16 & 205 H B DML (K IR FRA W) 5
Nano-ZS90 A A2 I 72 44 (H2 [E Malvan 23 7 ) 5 7598 45
Hh-FT L A Ye BE T (b3 AR B AR AT BR A A
LVEMb 75 0% i H 1 2 8% (3215 Delong A F] ) o
1.2 Zy@m5idH

BT ERIR )11 R Rk 2 (g BT T AR AR B 1
AR LS 2 20160303, 20160212, 4 JF : 98.1%
98.0% ) ; FATM (K VDB 22 Bi 2522 LI = A 8, it e
20160416, 21 Jif : 98.0% ) 5 H B (Hit 5 : 20160223 A
ali) BEIR (L5 : 20121114, 9%l 8 W I ePC, Hit
5:20151222, 43t 2l A ARRR N (HE5: 20131209, 34
afi) B [ E 25 8 P WA IR R s SR T g (V195
S B IRE fee A e A BR 2 | L 145 : 20120910, 404k ) 5
PAREAG ERH VPR ( E RS AL AR A BR A L S
20130107, 21 :95.0% ) ; I VO 4 188 (P188, XY
W B AR A PR 7], LS . WPWI625C, BiA% . F68, 4l Jif
98.5% ) ; #i ML I G50 (13 475 A= A BR A A L it
5:20151112),

2 FHiEE&R
2.1 FATM-SLN B9 &

Buab J5 5 /) FATM \PC |, Z. 2 T 1 . B0 I 2 H i
fi& , & T 50 mL ABERR R, 70 CoK B 1 FLs R, VE M
AH s FRERAL Jy /1 P188 T AR R AN L 4lifk 7K , B F 20 mL
BERRH, 70 CARM ML , VR /KA s KA A KA
H1,70 °CF 5 000 r/min B4 5 min, #83k#75 (2% . 30
kHz) 5 min, 3 & T 7KK i, % 20 2= = 0, B
FATM-SLN.

2.2 FATM &=ENEFHERESL
2.2.1 KIEKMHE K EFRIFATM £0.010 2 g,
BT 50 mL &I, 0 RERE R A IR 2 15 FATMIE
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B FEEBE LA &AW 1 mL, BT 10 mL i,
T FR A R % DR Rk 23 6 B, FH 8 90T ULy
FEHRETHHE 200~500 nm P KT B NP T . 45 R R
7R, FATM $i K WIS 4 A 320 nm, BAf 2 320 nm Ay 46
MK
2.2.2 MPRSYIYEES  BUFATM-SLN 1 mL, J FF
FLHEARZE 25 mL, A AR K% PRI FATM-SLN
b7 BT A SR, A R 1 FATM %3 11 SLN, /8
BFV A St 5 K 2 W BB AR 5 1 mL, P R Al L e 25
%25 mL, RIAS28 (I Rl S i A 28 (1 WA
200~500 nm P T BN BEF T . A5 BN HRE
320 nm P AN WA, X FATM 05 TE 4.
2.2.3 trfEMZetil KB FRICFATM 0.014 2 g, &
F 50 mL ) b, FH A A A O 2, A T R
0.284 mg/mL FYXT B T4 T o A B8 B b A0 BE L T
#¥0.1.0.2.0.4.0.6.0.8.1.0 mL, 4> 3 & F 10 mL )i
e R 2, 45, IS 2R 90) o v 3 6 R
VS o TE 320 nm KA 5 72 41 5 o v JEE X B A U
4 2 S R, AV 8 I o W 3 R s A b () TR K S8
g PN AR () 2 3 A e il 2, 7540 o 2R R RN y =
0.075 01x—0.029 71(+=0.999 4) . FATM I 10 vk i
LR A 2.48~28.40 nghmL .
2.2.4 K% EERTS RN 455,68 .11.36.,22.72 pg/mL
% ey i 3 B TR 19 FATM-SLN FH 3 ¥, 7E 320
nm PERAEIN E HOGEE , % 8 5 0 31K, LG .
VI A5 0 5% B (R 9 RSD 4351 4 0.24% .0.94% . 0.55%
(n=3) , R RGBT, Wl R D oK
225 ERPEEIEE  HREAL Ty Rl 9 345 F SLN, 4y
S AL 7 R 80% L 100% | 120% (1) FATM, 1827 ,
B AT HIAE 3o BRSO L mL, R E A &
25 mL, 2398 . 7F 320 nm < A0 I FLIR G AR A TH]
P R L R R B, B O sk R . SRR
I A R KO i 34 1 DI 43 1) 98.9 %
99.2% .101.1% ,RSD 435114 0.72% .1.11% .1.23% (n=
3) Ry P ERA B AT AP A A E .
2.3 FATM-SLN 8#ZRMBAEMNEFHiE

ARG SR FH ) SR M O e A € 335 0 B AR R 40 7 O
JELH 43 B9 25 FATM Fl FATM-SLN, #R/EUNT 47 5
WHEERE G50 2l 7K 7843 K , BT T 1 mL FATM-
SLN A, FHZE IR KPR , W5 A LG 7 i e i i
(FATM-SLN) ; W% B2 0.5 mL 3% 5820 PE i & , fin H /s 2 25
mL FEATREEL ; 59 W 0.5 mL FATM-SLN .42 FH F st il
FLIFE 25 2 25 mL B 5 78 320 nm A0 I 5E O
BE L ARAENH 5 B FATM & 1 3 A R R
F#kghim . (%) =cu/c:x100% , 7 ¢ A FATM-
SLN i 1 ) RMEEE AL 5 (259 1, ¢ « F FATM-SLN [ &4
AR (%) =co/cnx100% , 3 e o AL 259
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i, oM IR 25 B .
24 RFARETZMHUL
241 FRRZERE ks R B 5N R A
it PRSI 2 S (300,400, 500, 600, 700 mg) . PC
(400,500,600,700,800 mg) .P188(400,500,600,700.
800 mg) # g R (10.20.30.,40 .50 mg) ¥ FATM-SLN
AR FRAR B, 55 o, BRA A R H ek I FH o
R, AL B R N (KK H 69.8% L 66.2% (53.1%
40.1% .35.5% ) , Bi 158 K (MR M 89.1,98.3,125.1,
143.5.188.4 nm) , A o J A 50 /N T 400 mg; PC &
K, A B RN (KR N 67.2% 57.2% | 45.8%
34.8% . 33.4% ) , KA B R (KUK A 93.2.137.4.166.4
193.5.198.5 nm) , 08 5 Ho FH 2 /N T 400 mg; P188 %if
AR EXTRAE A — & S0, BRI N
96.8.93.2.104.0,108.8.125.3 nm, filt#f & H H = /N T
500 mg; B I 12 A4 FH I X 0 35t Rk AR 39 — 2 52
Mel , Y4 B A R B A L K T 40 mg B, B R S
60% LR Rife2s st Kk % 170 nm LA b, 6 H R 7E
10~30 mg JB PN M.
242 IEE R IRES R BN, A IEER H i
fii \PC .P188 il i iR i Ho AT 2 — il i 3 KR &
512 FATM-SLN 42 4 384 K, [A] I 78 AN 52 1] FATM-
SLN BRI IEOL T RS/ bk 4 Fhdb R $%
WROIE S BTk, VR4 4 D3R [ A AR R T FH & (A,
mg) .PC fil#& (B, mg) .P188 J{I & (C,mg) E SRR 4N =
(D, mg)]3 7K, # Lo (3") F 1115w, DhA B3 Juden
eALAb Ty o R 5K W3 1 ESCE I 1 545 1 I
L2, EMEERIE 3,

Rl EESKFE

Tab'1 Factors and levels

K AE
A,mg B,mg C,mg D,mg
1 200 200 200 10
2 300 300 300 20
3 400 400 400 30

F2 EXREZITEER
Tab 2 Orthogonal test design and results

75 A B C D B, %
1 1 1 1 1 69.12
2 1 2 2 2 50.01
3 1 3 3 3 37.90
4 2 1 2 3 67.00
5 2 2 3 1 71.32
6 2 3 1 2 68.32
7 3 1 3 2 44.09
8 3 2 1 3 50.45
9 3 3 2 1 69.10

K 52.343 60.070 62.630 69.847

K 68.660 57.260 62.037 54.140

K 54.547 58.440 51.103 51.783

R 16.517 2.810 11.527 18.064
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Tab 3 Results of variance analysis

DERI BEYII AME  B7 F Fus(2,2) P
A 483.760 2 241388 40.499 19 <005
B 11.945 2 5973 1.000 19 >005
C 252.754 2 126377 21160 19 <005
D 578.537 2 289.265  48.433 19 <005

FH 2% 2 Fl3R 3 25 5L W] 1, 45 K 25 X FATM-SLN 4 3
SEE TR BRI I D>A>C>B,A .C . DX E A i
FRZM (P<<0.05) , 1M B X3 R0 g # 520 (P>0.05) o
LEAFH R AP AB.CD AL AL, BV FARE I R
H s (I8 A KE) 300 mg ,PC 200 mg \P188 200 mg ., fif
JEEREN 10 mg.
243 iERE AR AUAL i #% 3 it FATM-SLN, il
E LR SRR LR gy A5 EOR, SHERE
W R A2 43 591 R 107,60, 106.10, 105.00 nm, “F- 3418 Ky
106.23 nm, RSD & 1.30% ; 4 ¥} K 43 %I Jy 71.46% .
73.33% .75.16% , V-1 } 13.32% ,RSD N 1.85% ; 3%
R R115% 1.19% 1.27% , F-3{H N 1.20% ,
RSD 4 0.09% . R4k £ 5 #6000 5 J5 74 0 72 FATM=SLN
R H FATM A28 54 0.35 mg/mL(RSD 4 1.88% ,
n=3),
2.4.4 FaEVEREG ¥ FATMSSLN & T 25 CHl4 CIR
5 i e 10 d 5 S8R B X FATM-SLN Fa g M 1 52 )
SEALNCE 7525 CF 1 SRR MBI R R EE I 2R
RY WG ) RSD >3 % ; iU EAE 4 CTF AR AN TG
B 284k, WG E B RSD<2% , R WARE ST 4 °C e
10 d AT E
2.4.5 ANIIEA iAo A I Zeta iy RIS ST
B W88 FATM-SLN [ R fJE A5 . % FATM-SLN /il
R A 7K A 105, BB 2 i A 2 5 e J 1) 4 1YL,
1% B IR YL 8, IR ACE 20 N RS F i S - i
AR . 25 R HIES A ZRERIE SR T, AL A 5%
[  RiAZ7E 40~800 nm EF N . MH—E it FATM-
SLN, IR 2l /K 7 % 10 4% , FHUSOEARLAR I 2 A0 2 LA
R, 55 O YRS 106.23 nm, 250 B R 5L
(PDI) 4y 0.254, Zeta Hi {7 & — 34.8 mV, FATM-SLN i
BTG UL 1, Rid2 541 Je Zeta LA LT 2,

El1 FATM-SLNRIiES R FRH5EE (%300 000)
Fig 1 Transmission electron micrograph of FATM-
SLN (%300 000)
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Fig 2 Particle size distribution and Zeta potential dia-
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246 KAMBRZ S AR E 1 mL FATM-SLN %
W, A BN, B A 5 mL BB 2% vhik (PBS, pH
7.4), 3BT 44 mL PBS 19 100 mL ) i, 37 CfE
WA . 235 E 0.5.0.75.1.2.4 8,12 h, #& i} 43 5 B
BT 3 mL (BGR FIE 1] 7 FUf AR AN 3 mL 3 fif A
J50) 3 B8 A I G o FATM 55 & 5 BRBUR L
B, 459 R, FATM-SLN 7 0.5~1 h W Bl e bR, 1 h
1 BB R 153 60.47 % ;8 h 5 #4 T 44, 8 h i) 21
FERE N 93.46% , 25 W) SEAS RS i 58 45 . FATM-SLN f#)
PRGN 26 LI 3
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Fig 3 Release curve of FATM-SLN in vitro
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ARF I 188 JyAE 8 7R M 77 , 2 o F A AL v
5P E LA s R e R4 o ] 88 7 R mi s M AR, B
AR AFUALRE ST, SRR TR Tm s PR B S, s
SRR A LA RCR SR . S LA AT A R
IR A KL B REAR 2 s A M, AR BIF 5 38 T PC
P188 M IR 4 B FCFL AL o

FATM-SLN {4 il £ 32 2115 2 [ R 40 5 4 5 JFob) B
AOTR S FU ARFES 1] 5 IR ) B A DR SR . AT
FERET5 BT e 70 P2 B — A « LAFA DR A 6 i e 2
i) FATM-SLN £ 35 SRR AR (19 (K 3% 5 5 20 DA e
NG RR BT IE AU, i — AP o e b O, B 2 HY
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