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Preparation and in vitro release of lyophilized powder of baicalein solid lipid
nanoparticles
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Abstract: Objective To prepare lyophilized powder of baicalein solid lipid nanoparticles (BA-SLNs) and investigate its
physicochemical properties and release characteristics. Methods Ba-loaded SLN was prepared by solvent emulsification-evaporation
method, the formulation was optimized by orthogonal design, with encapsulation efficiency (EE) as reference, the measurement of
particle size, morphology, Zeta potential, the polydispersity index (PDI), and ir vitro drug release behavior. The lyophilized powder of
appearance, color, redispersibility as indexes, the differential scanning calorimetry (DSC), X-Ray diffraction (XRD), Fourier transform
infrared spectroscopy (FT-IR) were used to analyze its material phase of the drug in nanoparticles. Results The Ba-SLNs assumed a
spherical shape with an even distribution of diameter and particle size was (82.64 £ 6.78) nm, the PDI was 0.242 + 0.013, Zeta
potential was (—25.7 = 0.5) mV, EE was (81.3 £ 1.2)%, and drug loading was (7.16 £ 0.14)% (n = 3). The 5% mannitol was the best
protective agent for lyophilized powder of Ba-SLNs. Through the characterization indicated that the drug to amorphous state dispersed
in a lipid. In vitro dissolution experiments showed Ba-SLNs compared with pure drugs had obviously sustained release. Conclusion
The technique of preparing Ba-SLN by solvent emulsification-evaporation has small particle size, high EE, and good stability, and the
process is simple.
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ZKki (solid lipid nanoparticles, SLNs) PLRAREL
A BRI IR TR A B SRR Aok 45 2 248, AR
P PR A BEAH A A SR U], 2 B g T I o Bl )
BCPEGRRE R T P B oK 25 2 2R, B KRR
FEE R T S 25 40) 5 A1 SRR 8 BRI F s, WERS N T
PR ENE, KT AR, BT 4
WK 22 (P AL, 3BT e o M P 2 K R )
FEE. RN SLNs X HAgeKkiZiymittdz b, &
PEAG ERAERT RSO0, w2 B T KRS AR
AR 25 RGOS A0 ik LA 7% A Ik
Tkl # B2 L AR A Kok (Ba-SLNs), HLJif
VR R AT B AN .
1 UE5HH

UV-9100 RUEAMM I EETE,  Abat b id FH A
BERTHEA T AL204 HL TR, s -464) %
IS ATBR A ) s JEM-1010 3B 5 HLBE, HACHL FRE
otk TI270-30A HHLLLAMGRE, R
A MAT; DF-101S T #E B FEas, M
FANAT PR A 7] s KQ-250B R Ay vt o, B 1L
MHBFEE AT Nano-ZS90 WKL,
[ 2 SR SCAX AR AT PR 23 7] 5 2500 PC X SR AT,
Rigaku Corporation; DSC-60 %= i #UY, HA
IS /N

WS, kil AR A IR AR, iR
$=98%, L5 20140129; KGUNMEAG, A
2k, #'5 201410275 A3 VP A 188, T i
W TRARABR AT, b5 20140219, ARG R H o
B, R Al TR A B A ], #i5 201306225
ToKCHE, Srirals ZRiIALER 80, JRKEET A ks 4l
W THRAT, L5 201320604; BRI 50,
R R AR AR, #it5 201412205 IEHT
48, REKGmIL AT, #5 20141108, # B AHXS
53 TR 8 000~14 0005 H &, R mEucit T
WA G R A A, fitS 20141211, FLHE, LS
20140211, HERE, L5 20131026, FKETiK Bk 40
L TABRA
2 AEEER
2.1 Ba-SLNs 894 %&

K FUA 75 R IR [ 4627 % Ba-SLNs. Hiih

JrE AR PR TS SVBENREE T 6 mL
TR LEET, T 80 CIHIR KB I FA il H 78 /v
filt, FIRSATHIAR . I RS U 188 FIER
A4 G 80 ¥ 18 mL /K H K4 /KA, K5 AT WA A2
1 500 r/min HiFE NOEM2EANIKAH Y, A YEFELE
(80£2) C, HHEAAM FZEKFR AP RIEASG
% 10mL, 73208 (0P 0E AL K P ie FLfe
1 500 r/min #it £ N R IE T 0~2 ‘CH 10 mL /KH,
RUREAE 2h, 0.45 um AL IEREL 1S 2] Ba-SLNs
T

25 ([ A IR Kok (BSLNs) 4 i, BRAS
ik, HAb#EEAE S/ F Ba-SLNs.
2.2 Ba-SLNs BIFEZS. RIfR. Zeta FEALNE

Ba-SLNs % H 28 R/ R — e 52, T 14
M b, 2% SRR (1, A HARE T, FEIES
B TG RLTEA B 1D 53 Ba-SLNs ¥,
INZEKFGRE 20 £, WOCK AN ERfE K Zeta
HAT (I 200 ATk £ B M KRR /N oA LU )
5], Figkife (82.64+£6.78) nm, PDI 24 0.242+
0.013, Zeta A FH4 (-25.740.5) mV,
2.3 GHFMFHEHNE
231 R RERE R ARPUR S RIGE, D
To/K LSRR S 5 pg/mL, 7E 200~400 nm
A, SRR K 276 nm (] 3-A),
1M BSLNs 7RI KT T30 (B 3-B), Ut
KM K 276 nm.
232 LMERRFH FERPUEESZA M 10
mg T 10 mL &, Jo7K LB AR A RE 22 10 mL
YRR AW R EL 204 304 40, 50, 60.
70, 80 puL T 10 mL &, INJG/K SEERRE 2 %)
FERIABTEIREE (O 0510 24 3. 4. 5. 6. 7. 8
ug/mL [P RN TR, 276 nm K AR i W

- _ W

E 1 Ba-SLNsi%E
Fig. 1 TEM photograph of Ba-SLNs
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Fig. 2 Size distribution (A) and Zeta potential distribution
(B) of Ba-SLNs
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Fig.3 UV spectra of Ba (A) and BSLNs (B)

200 300

FE (4 1, BEIHJRE 4=0.100 8 C+0.100 6, r=
0.999 7, FWITHAZAE 2~8 ng/mL ZkE R R Uf.
iy e EREIREE (20 5. 8 ug/mL) (K%
WH AL HIa RSD “FEMES A 0.25%F1 0.51%
(n=3); & " =R 4 101.16%-

100.07%-99.28%, RSD 43514 1.69%-0.82%-1.05%
(n=3), BIFFE TR,

2.3.3  MaEAERUHS EFE Sephadex G-50 A AT:
(20 emX 1.5 cm) 4} Ba-SLNs Flj# % Ba,
Sephadex G-50 i& &, & kst 100 'CA 3 h, 1E
AWK IBCER ], R E AT, EE
Pty QUL i - S E LN

234 VeI, RS Ba-SLNs %l
0.5mL [Ff, VEBBCN 281K, il Foelii, A
mEREHIE 1 mL/min, W4 1 mL/AE, B3k 20 %,
ST K CWEMFER 5 mL, i JiE 2 min, £F 276 nm
FERAMEIE A E L 4 {H. Ba-SLNs ' 3~9
EAPOTOCMRER, SN A (B4 BR, 2
T Y AR TRANKRL, 12~15 &N TEI T
KIS 20, 9~12 &N 29 AR LE i R ki
W25, B R=2.63, il HDERES,

10r
08t //\
o6
=
04k
02k \ _\\
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B

4 Ba-SLNs jtRtgh4k
Fig. 4 Elution curve of Ba-SLNs

235 QEFFEAEMNE FHERI 0.5 mL
Ba-SLNs %l _LAE, DAZEIRACHVERIR, W L
RSy, K CBEERZ 10 mL, 5L, PR
WH 1 mL, RS SmL; 5k Ba-SLNs i
= 0.5 mL, TKAEEHE RS 10mL, #EFL,
KEEWHEL 1 mL, ©&ZE 5 mL, {fHZ0eE
ACZE 2 FIFES,, R AMR— e . FIH
AR B R K.

AR =W /Wy

WHE=W o/ W g
W} Ba-SLNs it i3I Sephadex G-50 (il F: {2 5 2 1y o,
W 53 Ba-SLNs ZWERESL IS 355 20T, W e PR
P H Ve R ) P
2.4 HEFEZEIRIEE Ba-SLNs #l &8I0 EE
241 KWHERIE BoE IR 80 °C, #1500
r/min, ZjELG 1 2 10, BAE R IR H i EE-BR B 1 ¢ 2,
HHUA-KAARIEE 123, IER N E R,
G AT I 90 00 ) o B LA S Kb R i, 45
TR I LA B 24 [T 14 77 1) 46 7 Ba-SLN's 73 HU I AN
Uf, HERDMHEIL, LIERILALER 80 F1 F68 ¥k
A 2 1 PE ) R R P G, AR e, 3R Ll A
80-F68 MITR A HLhy 122, HELE 1.5%M (%
i

TEVORGE (3 b, DAt ) B 5mds, X)
il T2 R AT AT T SR 2 R0 5 4% Bl
FUAHR B A HUH-ZKARRRR LG B IR 1R - BN A I o
T IR, GORILIKRGE b AR Ho ) 55
242 FULIRERIER W FLIERE R 65, 70,
75, 80, 85 C, HAZRAFR “2.4.17 Ti, LILdfE
KSR, H SR X Ba-SLNs [540, 450K
B, 65 CHH AL, FLUAMIK, Ba-SLNs Y
AN 85 CHR L &, 2B HANEE; 80 C
JIT A A AR A e f
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2.43 HHUAH- KA BB HUAH- KA AR
11y 1020 103014, 155, HARSAR
“2.4.17 i, DEFRAFEERSGIR, FHEAPAH-K
FHARFALEXS Ba-SLNs [¥1520, &5 9 &, 10 3 thfl
YPUOREBIRCE 1 8GR Es S, FaeEtEer,
SRS =

2.4.4 TR HUhEE-ONBE AR 2 b Yo i
B H hEs-ON B2 b 1002501 205,12 1.1 ¢
2. 14, HAWSKAER “2.4.17 T, DLALE N %5
fabr, 252l g 8 H i ME- 5P 8% 5 2 LU Ba-SLNs
FISEM, S5 SRRIN, 1 02 O Rl s v 0 daf 4 dt
. CERPIDUE, RS RERE,

245 ZyfiRL WoEZiiEE N 1050101041 ¢ 15,
1:20. 1:25, HAmSEAFR “2.4.17 T, Dl
NN, %525l HEX] Ba-SLNs K540, 451
RIL, 1110 LR g K i el ds % ey

2.4.6  HUOKFLIKRGE N AT LB e 4 L gl
S 12, 1730 1/4, HABSAER “2.4.17 T, DL

F 5 RN LA RbR, 5 8RAE LLAGI%) Ba-SLNs [¥152
M, SRR, IRAARUL /N, RREMATE,
YRR T IR FEORATIRN, 55 L0 8 WA LA
12, Bl %R, KRB

2.5 EXRRWIFITAIL Ba-SLNs HIETLZE

R ARG 3R b, DLl kiR A
thfekr, EEFALEE (A, 255 (B). BA
TG PEFRI S (C) SR A R S P57 1 L gg] (D)
X HSEMRR, 1% Lo(3Y) BHATIEAS IR, ik fiefd:
AbT5 o N FH A 3 TRt IEAZ IR B 45 T 456 4%
FrUO, kAR () FHEERR () 405034 55%F1 45%
MRERy, L5600 () =55X(1—1/103.9)+
45X y,/81.5. I AR WAL 1, J7E70 L
*2.

R R AN D>C>B>A, Uil 7 IR& K
TEPEFIM LG IRERIEERLS R, 2R, T
AT FE XS AL B R BRAR I B N, S5 5%
SR, 56 it 77 AsBLCoD,, B

F1 LG EXRERITE4E
Table 1 Design and results of L9(34) orthogonal test

W5 A/C B Cl% D $i 1% /mm /% y

1 70 (1) 1:5(1) 1.0 (1) 1:1(1) 86.55 51.7 37.73
2 70 (1) 1:10(Q2) 1.5(2) 1:2(2) 62.13 61.5 56.07
3 70 (1) 1:1503) 2.0(3) 1:4(3) 86.58 40.2 31.36
4 75 (2) 1:5(1) 1.5(2) 1:4(3) 102.80 80.2 44.86
5 75 (2) 1:10(Q2) 2.0(3) 1:1(1) 65.33 66.1 56.91
6 75 (2) 1:150) 1.0 (1) 1:2(2) 103.90 715 39.48
7 80 (3) 1:5(1) 2.0(3) 1:2(2) 77.88 80.5 58.22
8 80 (3) 1:10(Q) 1.0 (1) 1:4(3) 107.40 68.2 35.80
9 80 (3) 1:1503) 1.5(2) 1:1(1) 89.75 81.5 52.49
K, 125.16 140.81 113.01 147.13

K, 141.25 148.78 153.42 153.77

K; 146.51 123.33 146.49 112.02

R 21.35 25.45 40.41 41.75

&2 RESH

Table 2 Analysis of variance

FERIR BT AmE FE BEE
B 112.97 2 9.05

C 311.32 2 2495 P<0.05
D 335.54 2 28.48 P<0.05
A(RZE) 12.48 2

F0_05(2, 2) =19.00 F0_01(2, 2) =99.00

wPE 80 C, Ziflgtk 1 10, WA R MIETER BE N
1.5%, Z1LIALEE 80-F68 1 & 2.
2.6 HEIRIE

DLt Ab 5 i 4% 3 41t Ba-SLNs, 435513 i Fi 4%
Zeta W7 QLB LR, G5 R ARAR 7 0k
86.58. 86.55. 74.81 nm, Zeta FLA74> 9 4—25.3,
—-26.2. —25.6 mV, HLEEHIHN 81.3%. 82.5%:
80.1%, WZAEDHN 7.31%. 7.04%. 7.13%, %
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H S 73258 6 1) Ba-SLNs 55 PE# T .
2.7 RIMREHZIE

P (P E 2 ) 2010 SERRCE =3 R FENTAS
R RE S o SR HETAEIENE Ba-SLNs {1 PBS
pH 7.440.2%5 ILALEG 80 H IRIREISAT 1y, RETRUIARTR
23100 mL, HY Ba-SLNs ¥ 4 mL (HI24 T35 %K
e 2 mg) MEE R B R E T E T AR
W, B4 100 v/min, HEA (37.0£0.5) C, f£
PUER T 0.5¢ 1.04 1.5, 2.0, 2.5, 3.0. 4.0, 6.0,
8.0, 12.0. 24.0v 36.0 h HUFf 2 mL, [A]I#h 7o 5544
USRI . A AN — i, it 254y
fﬁy‘ﬁiﬁ%ﬁ'ﬂ%%%%frﬂﬁﬁﬁzfﬁ (K5,

80F

60F

RBRETRL %

40H4

20

0

0 lb 2I0 3IO 4I0
t/h
5 EEEHERRS Ba-SLNs {KINEMBER L (n=3)

Fig.5 In vitro release profie of Ba and Ba-SLNs (n = 3)

ARSI A AU TR A A BRI A AT
1E4F pH 7.4 [MBEIR RS2 A E I RETBON BT, H %
FAHE T K, ToIE AR OB SR IR I i 2% AT
Pt AASSEIS AERE TR B InN 1 3 v e, (et
LA O A P S IR 451, I BAN S AL
WA, ARG DA, AR 6 h [P R
BEEIEE] T 98.74%, 1M Ba-SLNs ¥ AE 6 h [ 2
TR A2 48.26%, MZER T T3, 20 el
KRR T 25 70 R R, 2k BBt g
KL SR T AT 25 B 2590 531 RIS gl Kokt B K L
TR R 5 RIS A R R AR T 29900
BRI LARR BT I 257 AR T s,
FETBUG SRS I o S8 ()38 25 B AR AT 25 ) AN T 1R R
i, 7E 36 h AR T 82.62%. LA UL, SLNs nJ Lk
FERZIPIIREIN, IE BSR40 AR ORI
2R Higuchi J7F£. Ritger-Peppas 7 F£X%] Ba-
SLNs {RSMEL LTINS, AN A MART &
Higuchi /7 F%: 0=15.137 1 /?4+5.187 (;*=0.982).
2.8 Ba-SLNs & T#H9H & &iFm!

TN 3% 5% 8%IMIFLKE . H#elE. RERE

5124 15 1) Ba-SLNs J24J, HU 3 mL & T FMf,
—80 CHBARIRVKA T 24 h )5, AT 24 h, 15
FRTOBAAE TR, DM, . BN
BN, VFAPRUE LR 3. 4o S 45 R L 5%
H BB OR RSO B L, AR R e
Mo, (RS, R EELE

3 BT

Table 3 Score standard of indexes

oy A P PR HCPE
0~2 Wzl HE, L FaEE >90s
3~5 Azl aE. EFAREAHE 60~90s
6~8 iz il LETEEAUE 30~60s
9~10 FEMWH By LEE <30s

x4 HETHRIPFIRITHIE

Table 4 Screening of protective agents

oA j%TF%UE/‘JFH%% SRR PR PO ELE SR GV
FUBE HERmE R
1 3 - - 5 6 8 19
2 5 - - 6 1 7 20
3 8 — — 8 8 6 22
4 - 3 = 9 7 8 24
5 — 5 = 9 9 9 27
6 — 8 — 8 8 7 23
7 - - 3 3 5 7 15
8 — — 5 4 6 8 18
9 - - 8 5 7 8 20

29 RTMHIEEMERE

KRR E TR E T 4. 25 C R, 40d J5
IFEILSR, 4 CAARCT VR TR AR WA by i 3 (ke
R, RIMDGH-FEE, KRN, IAESH
KRRARRE S5 , HCh TR, s R4,
MAFRIAR Zeta AL BLEZ530000 (261.5+17.5)
nm. (—22.5+12) mV. (74243.1) %. 1fi 25 C
FEIE T, MR IRERMG, 44e, IS
KGR B2, DAFRAR. Zeta AL B2
Wk (529.1430.1) nm. (—12.6+£0.8) mV. 472+
5.2) %, WRERWET R, HREE TERRG, B
INT WKL R (1) 3 E, 520 T 9K 1R E,
AR A SRR IR PR H ek IR R O Bl i il R R, 33
ZIYIIB TR, R PR,
2.10 EXPAWEHRS (DSC)

¥ E 425 . BSLNs. 254 H1 BSLNs #4144« [
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EC BT % I O FE VR 4 . Ba-SLNs % Tk 3E4T DSC
T, AR (ALOS) AZELW, THEJEH: 18~
285 'C, LA 10 ‘C/min MR FHEFIH, DAIBEEE,
BSLNs. AbJ5 Eb@l 4 #4490 Ba-SLNs 1% T-#;
JRER, AT R WK 6. BEA RG24 A HE R
BT 268 CHATWNIE, (HJEE RN, 1)
REETERE B I R v, BRAIC T 29I &5 SR L o TR
TR I7E 268 C RIS 2%, 6 BRI 25 4K br
PR, 299000 AR AR T R, BRI 254
CLIG 52 TR A A7 AE [ AR B R g Kb, /b4y 2
W CAZE A BAE AN KRR, AR SE T AR ANE I
HTH 1) SERE A b T W B A 49 KR 2 T 1) 245 90 s ik
e

Ba-SCNs w T

BSLNs W

R V N
201000 w0

i/ C
6 EZR. ¥MIEEAY. BSLNs #1 Ba-SLNs AJZERH
HWERSH
Fig. 6 DSC thermograms of Ba, physical mixture, BSLNs,
and Ba-SLNs

2.11 X ST 9 (XRD)

Wi XRD 0 nlIiE s %3 . BSLNs., #J#iiR
&%), Ba-SLNs #%1¥r, LA CuKa /50 YE,
SEFFEESE 4°/min, B 0.02 AR 5°~60°, B
ZEZEAE 10.07°4 11,300, 13.22°,15.36°. 16.33°, 24.16°
F1 26.80°F FEAFUEATIH (1 7D, EWERA YT
REAE W FRARARAK SR A7 A, 1T Ba-SLNs 143 (1 254
FEAEATHF IR O, UERHEGNAR T e R, 24
YL TR IRANTE S A AP s s o, R
T 2945 e R, 5 DSC MR LS 3K
2.12 BEMOIKES T (FT-IR)

I FT-IR DGl e %% . BSLNs. # 2
V7. Ba-SLNs 1y, UL KBrils), HEECE
FEI{E 400~4 000 cm™ ', 43¥E%4 2 em ™", 5E W&
8 7w, WIEXT A 2. YHIEA . BSLNs Al
Ba-SLNs ¥ T8 G 2L Gk, R e G A E D)
R Ba-SLNs ¥R T4 i H L, A A BT IR AE IR
W Ueg , P 5 2 TRAN A TS PR YE A A ) R I

" .ﬂ\, ) Ba-SLNs
A ,,J\\,‘_ M \ BSLNs

R W R s

_MUMULL o

40 20 30 40 50 60
200(°)

7 EZEER. YHEIESY. BSLNs 1 Ba-SLNs £ XRD
Fig. 7 XRD of Ba, physical mixture, BSLNs, and Ba-SLNs

Ba-SLNs

M

1 000 2000 3000 4000
1

viem

8 #EZH. ¥EIEAY. BSLNs 1 Ba-SLNs # FT-IR
Fig. 8 FT-IR spectra of Ba, physical mixture, BSLNs, and
Ba-SLNs

R A N, A 2 T R B e 1 A BRI B
3 i1

SLNs [l T kAR 2, e R34 ik Bl
(VAR S, AR B I BRA A TAR
FIABE A= 7 G KR (1) A2 B v W -8 75 o0 Bk 5 1
i, AR R AT RE S AR OR GOk T, AN
By5y, Girrreamve gy WRIFU L A FE b
VEfRT e, ANTFEINA, AHE Gl — B THHL
WA, BB RIS bR, A e EE. &)
S IEA A T LA ZE AR [ 162 %% Ba-SLNGs,
L AL iEAR L, R R &R ST, BUAK
FL##% H ¥ Ba-SLNs #8 2 H385) o ARS8 DAL
NERR H e A 225 8,  UNANE. Fe8 FniR LAY,
80 A IR A R T & 1 7 - 5 FE BN T4 sk 70~
80 C, LM A 78 C, FUALIREENAF T3,
th, HAWBERGE RS, Wb TBEREE,
[l 252 T AU g, Rift. Zeta WAL, BT
R EER 80 Co FRIMNE AL FHAHEFEL T3
TR T K 7, 1 B T Z9AE NG R R R
H—RTTE PRI, ZEFLE R AL, A
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a6 F18H 201559 A

o ARG ELAGSE AN v TR 5 S TR P 77 PO A8 T
W RER A UEE, AR TR, gk
HIZRAE, KOKIEIN T 25H s it L AR E

SLNs A9 12 20 (1) 73 B I 2 A de R M98 24
RNOCHE, AR SR I 0, 18 000
r/min 50 1h JE 5K W3R, 734 R AT AT RESE SLNs
RiAe LN SRR AR 3 LR T 1.
EE b ineS AN P GV PR ECE 820 (Y SRPN TP
B, WOREL T A SRR (g Ak

R URIEAE RN, Bl A 2, A5 5 T 3
ANBEWEIN AL, AEAPKRRLEA 5 IR, 7EAH
LEROZERPURELIRZE LB AN L G A DNIE R 7 2T ]
£k SUYERIEP S AU IR eI - 7S S I P S e S )3
AR, RAREATHRR S, B R RUE T RE .
BRI, AR ST, P ERREZ B
SMI, S T RIETE A FLBOR, A SRR
KX 1 500 r/min"",

FRYEX T2 JRBE, Zeta FALIF KNS 9K
WRIFEMEEDIM R, N TARRER SLNs,
Zeta FAL— AR HIAE—20~-45 mV, ALK
Ba-SLNs 14 Zeta HIf 41 (—25.7£0.5) mV, 49K
R PR AT, AL TR AR K s A AT R E
RBIAR I AT S), A5 4 CHEAT 30 d Ja AR KRBT Wi 2R
EAREIE . R T AR T BRIEHI S R TRy, BT
PR BRARR IS A A DRI, AKRE A 5
2, MAGRTORY A, W] AR L 55 40 KR ) A%
Hefih, PR 5 M B A SOR RS, AMZE Y
R PER S VU R4 70 7 1 IR R AR B 4 o,
BT “PakAz” R, SO T ARSI Rl e
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