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Preparation of lyophilized powder in oral Pueraria flavonoids loaded solid lipid
nanoparticles and determination of release rate of its four effective components
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Abstract: Objective To prepare the lyophilized powder of Pueraria flavonoids loaded solid lipid nanoparticles (PF-SLN) and
determine the dissolution rate of its four effective components: 3'-hydroxypuerarin, puerarin, daidzin, and daidzein. Methods
PF-SLN was prepared by the high pressure homogenization (HPH) technology. The lyophilized formula contained mannitol as
cryoprotectant. The release rates of the four effective components from the PF-SLN lyophilized powder as well as the physical mixture
were determined, with artificial gastric juice (pH 1.2) as dissolvent. Results The technical parameters of PF-SLN preparation
optimized by orthogonal test were as follows: The ratio and the dosage of lipid-surfactant were 2 © 1 and 2.0%, PF dosage was 2.5%,
and 150 MPa homogeneity was 15 cycles. The optimal PF-SLN lyophilized powder was loosen with the particle size of (517.1 +10.3)
nm, polydisperse index of 0.484 + 0.210, and Zeta potential of (—21.91 + 2.03) mV, respectively. The in vitro accumulated dissolution
rates of PF-SLN lyophilized powder were slower than those of the physical mixture. Conclusion The method employed to prepare
PF-SLN lyophilized powder is feasible. PF-SLN lyophilized powder could delay the in vitro dissolution rate notablely. It might be a
novel vehicle potentially for nano-drug delivery system of Pueraria flavonoids.
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RN GRS Pueraria lobata (Willd.)
Ohwi [ THRIRMY, Hofb2pliy 84 Romie, =
W, B, HURBLEME RS A,
AR (Pueraria flavonoids, PF) & &R
oA, HATIS AR 2 2, i vk ) £
28 ST I BB K 48 E D). A5 5% PF AL 22 553
2R I R AR e A R P R i it 5 A S wi ™
e K, EIRAEIR .

1A NG L4l K i Csolid lipid nanoparticles, SLN)
A AR . R IR HERIFUK AL, BERARA
Yigh K kAR e M i DA, S
HRTAR . LSRR, B S N, 2
— PP R RS ET RA AR R A, 2 B
RIEEFIZ B, SLN w1 54 i 56
BEpE, S 2 8 I 1% R0 B IR R B I ),
A7 R = 254 A R

iR PF OfRbE. R tE AR R, A
SR e IR B AR H % PF A4 IR S 4h Kk
(PF-SLND, It A H 82 B4 11545 PF-SLN % T4}
KR8 58 Hrp 4 B o s B, AL
I PR BT 58 B4 5 3 A
1 5

1 &7 BR H vl BE ( glyceryl behenate, GB,
Compritol“888 ATO, EEMAEFEAT); FiLiFLNE
80 (P80, R IXFARAA, T
F20091214); AR KA A5 B SCrviE™ .
2 HESER
2.1 PFEENE"

P th 2R 146 K PR e 5 7 2 WL STk AR
W, I LR R 1 PF RN 62.19%.

22 PFAHZERFHEUEHE

JiE 25 PF (W) M5E : K52 WL PF-SLN 1.0 mL,
HELOE T, B0 (14 000 r/min) 30 min, B i
WOE AFRE, $4 «2.17 TR 5kl SEEd, BIf.

PF-SLN S 2j5: (W) MIE: K% PF-SLN
0.5 mL, & 5 mL&fH, MALERBERZIE,
REAY, UEI, HUOUEMOE MR, [RIVEDNE S
BN, AR WER=wr— W) | Wy, HE=
(Wr—Wr) | Ws (Ws BRI a &), o
CROREE S
2.3 PF-SLN #|&

KU i s 3 T 2 4% PR-SIN . 4o Fik46:
i T AR PE) P8O, [ 4416 it GB k-1 PF-
SLN 4b7J5 . FRECAL /7 #1¥ GB J PF, 1E (85+2) C
IR ARG, WA, R B s Sy B T =¥ P8O,
IiE AR BRI, KA. LR
FRET, BB AT, HiA), s
HIHL 4 000 r/min 4> L 10 min (PR KB, (KT 10
min, WIFFEG R m R IS, A Re il Ak A
(1) SLN; 1fiEiL 10 min, Z-HUE SRR 2, ™

RO G SRERAE), 1L, I S 38 T LA
10 & (150 MPa), HIf3 PF-SLN. LIKife. £Z7rHk
F84 (polydispersity index, PDI). Zeta A7 f3f
KR EEIRER, itk GB-P8O Lufyl L HH & .
PF JsUR} . 3850 S R
2.3.1 GB-P8O Lt#] [#l GB-P80 J% PF iUk &
I3 1.0% K 2.5%, %< GB-P80 AN[A] LL{5l %) PF-
SLN Hiff. Zeta HUAISESHMIHM, 58 NEK 1.
g Jonl 40, 24 GB-PSO Hefilh 2 0 1 1, Frfs
PF-SLN ffud# ) Zeta HLAHEL R, 24 GB-P8O L
B4 123 I, B3 PF-SLN [fER K Zeta HLAT
B L5575 18, KRR M4 0T e V& 1 771 GB-P8O
el 2 0 1.

2.3.2 GB-P8O fi& [#l& GB-P8O Lhfil 2 1 1. PF
JERL ] & 2.5%, % %X GB-P80 [ ] f %} PF-SLN
B, RifR. Zeta FAALESEMIE M, 450
*K 2, MFLER I, 4 GB-PS0O HHEN 2.0%
i, Frf3 PF-SLN [¥ 44 5 . PDI AR Bz /i

%1 GB-P80 K[ LLBIx PF-SLN SEMEM (x+5,n=3)
Table 1 Effect of GB and P80 ratios on parameters of PF-SLN (x+s5, n=3)

GB-P80 L/l HEE /% PDI HifE /nm Zeta A7 / mV
3:1 85.27 0.577+0.391 548.7+16.9 -19.2943.04
2:1 90.13 0.463+0.234 517.8+18.3 -20.33+2.37
1:1 79.66 0.539+0.272 537.3+17.7 -19.37+2.82
1:2 63.49 0.448+0.193 508.3%+13.1 -18.59+2.72
1:3 5191 0.4194+0.261 489.9+16.2 -17.81£2.41
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Table 2 Effect of GB and P80 dosages on parameters of PF-SLN (x+ s, n=3)

%2 GB-P80 REHEX PF-SLN 28/ (x+5,n=3)

GB-P80 H& /% HWEE /% PDI Fife /nm Zeta FBAL / mV
0.5 85.19 0.464+0.183 522.6+17.1 -18.31+2.03
1.0 90.13 0.463+0.232 517.8+18.3 —20.33+2.37
1.5 91.69 0.464+0.214 519.1+18.1 —21.314£2.97
2.0 93.45 0.451+0.171 509.1+12.8 —21.5942.79
25 93.91 0.509+0.294 529.3+18.6 -19.88+2.49

Zeta WA, ARETERE, WOLHE GB-P80 HIH
A 2.0%.

2.3.3 PF UBHH & [ GB-P80 thfil 2 & 1. H &
2.0%, %% PF BRI & PF-SLN Fife. H
RrEEZH e, g5 R WAL 3. HBERE a5,
4 PF Hl &0 1.0%~2.5%0, B3 PF-SLN [#] PDI.
FIAR IR/ Zeta WAL IRy, RE PERLIE o 8
DGR CIRFE, WOk $E PF EURHH RS 2.5%.

&3 PFEHAEIREX PF-SLN ZHH2 M0
(X+s,n=3)
Table 3 Effect of PF dosages on parameters of PF-SLN

(x*xs,n=3)

Zeta AT /
mV

PF /% =X /% PDI $ife /nm

1.0 9339  0.419£0.231 505.3+16.8 —19.97+2.11
1.5 9341  0.439%0.274 513.9+16.9 —20.37+2.31
2.0 9346  0.454+0.282 516.3+17.7 —21.38+2.91
25 93.45  0.457%0.174 509.1+12.8 —21.59+2.79
3.0 83.93  0.513%0.372 538.61+19.9 —18.89+2.67

2.3.4 PR KB NTE] [ 2 GB-P8O LL
211, I 2.0%%% PF J5UR 1 2.5%, H523 0k
FIFNEF A PE-SLN Rife. HAISES BRI, 45
RN 4. i gaE R4, 43 FiHk J) 150 MPa i,
BIJR 15 J 20 XFTf5 PF-SLN [f] PDI. Hif2H) /)N
I Zeta FEATIGH , (HE B EVEZE R AT RERFFE,
WOZE PR 0 I RS 8] 43530 R 150 MPas 15 iR

2.3.5 IEACIREGALIE PF-SLN 45 T2 ALl B
2R SEmt B, DL GB-P80 ELf (A). GB-PSO
i (B). PFJEURI &R (C) AEENE, H40H
FIEH 3 AR, ] 34 5 3 R[] 150 MPa.
15 W, $ Lo(3Y) NHEACFRBTIRE: (% 5), L
B, kife. PDI. Zeta BT Ky dEbn ik fpe f b
T, LRI S,

KIEM ML, B S a4, %K%
XPALdF AR RiAT K PDI (15 W R 5 K e A 7 43 il
4 B>A>C. A>C>B. B>C>A K AB,C.
AsByCon ArBoCos 11145 IR Z ) FELAZ IR A ZE {1 5 R 22
TRR ZEAHFEA 3R A5 R WA g /N e SR
TS, WK 6 T F ALK PAHWA, GB-P8O Lk
#i (2 A XRASA B 5Em (FAH 31.365. P<
0.05), GB-P80 fiiE (KZF B) XfAudfRgmdEs
B (F{91.613. P<0.01). [XI%% B X} PDI 5 &
FW (FH 39.333. P<<0.05), PF & (A% C)
ST B (FAE 22.817. P<<0.05).

2.3.6 PF-SLN {il% T2KIE iR R R
IEAZ RIS PE-SLN 4% T 2S5 A
7], GB-P80 LUl & FHEI A 2 01 J 2.0%, PF H
NN 2.0%5 2.5%. R “2.3.37 R4 5]
B0, 24 PF &N 1.0%~2.5%F, H: PDI. kifety
BoNTITRAL R, AR IR, R 2.5% PF.
Rk, fefk T 2440 GB-P8O Lhfil & HE A 2 1 1
J¢2.0%- PF FH& 2.5%. 150 MPa #J)i% 15 k. #iitt
T E&MES S 3 ik, JIT#3 PF-SLN [t %4

R4 MREHFEE PF-SLN SHEEE (x5, n=3)
Table 4 Effects of HPH pressure and time on parameters of PF-SLN (x+s, n=3)

YIRS 1 MPa CRJRINR] / 70 fEE /% PDI FifE /nm Zeta A /mV
100 (15) 87.63 0.471+0.313 533.1+18.2 -19.93+2.18
100 (20) 90.46 0.469+0.291 527.8+17.7 —20.31£2.72
150 (15) 93.45 0.457+0.174 509.1+12.8 —22.59+2.79
150 (20) 93.51 0.45140.193 508.8+11.9 -22.76+2.28
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Table 5 Design and result of Ly(3*) orthogonal test
IR s A B/% C/% D(FH)  HHFE /% kit /nm PDI Zeta H1f7 / mV
1 3:1 (1) 1.0(1) 10(D 1) 87.02 533.5 0.578 -19.29
2 3:1 (1) 2002 20 Q) 93.46 508.4 0.461 -18.37
3 3:1 (1) 3.03) 300 3) 81.86 554.9 0.526 -20.33
4 2:1(@2) 10() 20(2) 3) 83.92 504.3 0.509 -18.26
5 2:1(@2) 202 300 1) 88.65 509.6 0.476 —20.56
6 2:1(@2) 303 1.0Q) @) 82.49 518.1 0.512 -18.67
7 1:13) 10 3.00) ®) 84.76 568.4 0.556 -19.81
8 1:13) 2012 1.0Q) 3) 92.11 543.1 0.468 -17.65
9 1:13) 303 20(Q) 1) 83.61 538.4 0.486 -21.10
HWHE K 262.34 25570  261.62 259.28
K,  255.06 27422 260.99 260.71
K 260.48 24796 25527 257.89
R 7.28 26.26 6.35 2.82
p K K, 1596.8 16062 1594.7 1581.5
K, 15320 15611 15511 1594.9
K; 16499 16114 16329 16023
R 117.9 50.3 81.8 20.8
PDI K 1.566 1.644 1.557 1.539
K, 1.497 1.404 1.455 1.530
K; 1.509 1.524 1.557 1.503
R 0.069 0.240 0.102 0.036
2R A K, -57.99 -57.36  —55.61 -60.95
K, -5749  -5658 —57.73 —56.85
Ky —5856  —60.10  —60.70 —56.24
R 1.07 3.52 5.09 471
F6 HENH
Table 6 Analysis of variance
(IR hife PDI HLAr
ESE N Cli)i 4 , , S o
MZE VTR FAE RFEME WZEVoT M FAH WEME WZEVTM FE B2 WEVITH FE BENE
A 2 9.537  7.198 2324340 31.365 P<<0.05 8.69X107* 3.625 0.191 1.000
B 2 121.387 91.613 P<<0.01 510.127 6.884 9.44X107° 39.333 P<<0.05 2278  11.927
c 2 8.160  6.158 1116.827 15.070 231X107° 9.625 4358  22.817 P<0.05
D 2 1.325  1.000 74.107  1.000 241X107*  1.000 4374 22901 P<0.05

Fo05(2,2)=19.00 Fop1(2,2)=99.00

(93.774£3.91) %. PDI } 0.421+0.16. Zeta {7 K
(=31.07+1.97) mV, Kifek (497.3+12.9) nm.
2.4 PF-SLN &4l & & IIE

JREF PF-SLN e, ¥ “2.3.67 I NKE
A== 11) 3 4tk PF-SLN 23 5l 0 0.5% H #2180 C

UKAE IR 8 hy, Wikt (=40 °C, —0.01 MPa)
20 h, PR EERAAR TR o
2.5 PFYNIBRREMETHHE

FRELAL 751 GB. P80. PF JiBl & H 5& %,
IniG s AR o §E5), [FEA R, 15 PE W)
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2.6 PF-SLN HTH#RIE

2.6.1 PF-SLN % T#Hkift. PDI J¢ Zeta FELAZI
R FBOCREESGI E PF-SLN R85 R A%
PDI % Zeta Hi47 . PF-SLN FJHE4I/KFiRE 25 50052
Fift, R EBE Zeta AL, PF-SLN Tk H
B 2 7K T ST T B R B (R R, e KA A Zeta
HLAT o W R4 4041 WL 1. PF-SLN ¥ (1134
Fite. PDI K& Zeta H14743 704 (517.1£10.3) nm.
0.484+0210 A (—21.91+2.03) mV; & T Hf
PF-SLN 454 (371.24+6.4) nm. 0.466+0.190 X
(=23.13+2.24) mV.

A
10 100 1 000
Bt /nm
B
-100 =50 0 50 100
Zeta L7 / mV

1 PF-SLN ZTHHIE (A) K Zeta L (B) H#HE
Fig. 1 Particle size (A) and Zeta potential (B)
of PF-SLN lyophilized powder

2.6.2 PF-SLN %1k ZnfiE#is (DSC) 7
¥t K5 GB. PF. PF HIR &M% T¥; M PF-SLN
URTHHEAT DSC 2. DLEAE S, RS
WA, 30 CEI100 C, LI5S C/min R THE
4, S5 R IE 2. BT E R AT A, PF £ 66.9 C
AWkIE, PF YIBRGYICE 73.4 CHMHWE, 5
Hikl GB WA REIT (74.6 °C), 1 PF-SLN ¥ T
e 70.6 CHWEIWE, Uil PF LUJGE EARG T
Hp S AR

2.6.3 PF-SLN T8 X S AT (XRDY 73 #T R
F XRD 43 il iRk s (P188. HPMC. PF J5ikl,
PF-NS #1H1) o MRS h CuKa 1A %R, T
B} (r=0.154nm), 40kV, 154 mA, L,
HHE 5°/min, [HJRE 0.1°. B[R] S & AL HT
TINS5 B R 2 AT, DAAS 2IRE S AR 2 1)

UL T RIS e T4 R ILE 3. bR
A4, PE-SLN T35 PF J5URI 251 XRD i A1
BL, ATREAE 2 A T I 5 T SR 2R A E K
SRR AR RTE B

PF fVJiJ'__'(tm &4

PF-SLN {fFJrffﬁz

30 40 50 60 70 80 90 100
W / C
2 PF-SLN A T#METRHBERSTEILL
Fig. 2 DSC curves of PF-SLN lyophilized powder

PF-SLN ¥ T-8

0 10 20 30 40 50 60 70
20/ (°)
3 PF-SLN AF#} XRD [Ei&
Fig.3 XRD spectra of PF-SLN lyophilized powder

2.7 HPLC 7 PF-SLN & 4 S F
RIEST
#E37 PF-SLN T8 4 B 20843 HPLC

SETFERE, AR B . Ik AR ke
UUJBE'JZ IR MR R B R R E AR S W
mkE!

2.7.1 it ﬁtuu WIS RS FRE PRF-SLN %1
W BEN 29 0.20 g, & 25 mL &3, IO 30%
LBV RRE 220, LI e, RifE.
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272 AFAMKEH GRS A TT O BIRREGER ORI, R, R 42717 AR

PF J5URHRI AR}, H1755 1 SLN ¥ 18, FREL 0.40 g,
(A3l 2% B A5

273 RGEMNPEIRE R E RO A AR
W A IR IR A TR 10 ul, YEA
ARG, 08, SR ILE 40 B0 45 R w4,
RIS 8 S Y 1S NI Y5 NSRS NI A S v 3
I3 RAE,  HPRDAHI E T

274 EEMHRE  FEEHI PF-SLN %8 0.20
g 611, & “2.7.27 TN SR ) % 7]
o BEREIMT, PS5 B it 23 4800 il 0.576.
5.776+ 0.812. 0.291 mg/g, I RSD 4374 1.33%.
1.09%. 1.04%. 1.29%. FWPAVEEE MR I
275 REMERE: T 0. 1. 2. 4. 8h, G
W B AR SV, RN T, DA A0
AL RSD 73514 1.37%. 1.91%- 1.44%. 0.97%.
TR RAE 8 h WARE .

2.7.6  INFEEDCRIRE R R PRI CIIE ) PF-
SLN #1851 0.10 g, 6 1y, 2 ilks S I AAH (1)

WA TEALEE, W, SRR, LERILE
7. RIREHRAN], R AL

2

A
4
A
2 B
1 3 4
C
0 10 20 30 40 50

¢t/ min

I3 IR . 2-8MRE 3-KEY 4-KEHG

1-3"-hydroxypuerarin  2-puerarin 3-daidzin 4-daidzein
4 BAMEBS (A). PFSLN AT# B) BRZ
#iXMA(C) # HPLC
Fig. 4 HPLC of mixed reference substances (A), PF-SLN
lyophilized powder (B), and blank sample (C)

#z7 PF-SLN EZTHRET 4HEOMERENEER (x25,n1=6)

Table 7 Recoveries of four components in PF-SLN lyophilized powder capsules (x + s ,n=26)

D%ix M RE /mg AR /mg MR /mg R /% RSD/ %
IR EMNE 0.057 6 0.058 8 0.116 8£0.001 6 100.62+2.74 2.72
B 0.5776 0.5552 1.1258£0.011 8 98.74+2.12 2.15
KEAf 0.081 2 0.083 3 0.164 10.003 1 99.56+3.69 3.71
KEHT 0.029 1 0.026 3 0.054 90.000 9 98.42+3.46 3.52

2.8 BRENE

I PF-SLN T S H PR GH) 45 4.8 g, %
6 4, KA (FEZGI) 2010 R HI s XC R
SE [P I s TR A vk RE, AN T H W
(pH 1.2)300 mL A¥ A Jit, W (37£0.5) C,
34 100 t/min. 4399F 0.5, 1.0 1.5, 2.0, 2.5.
3.0, 4.0, 5.0, 6.0 h HUFE 1 mL, [AJI4h 78 [)i B
ali7k 1 mL, 0.45 pm ALIEIESERL, K% B IR
10 pL, HPLC 73047, tH5 4 Bl 80y it R0 H
&, DU Do AR A 2, g5 R LA 5.

i DDsolver #f4: Univariate ANOVA 3 #75# ,
AT PF-SLN VR TR IR geh 4 P 2o s th 2
AR, 1 h KRB CEDT 70%L,
by Th ZJERBOH W8 2%, 6 h I BRI 95%
KA, MHERSY 2 h B Ok 95%, PE-
SLN ¥ T-H1 £ B 7 B TS0 246 1) B A T LA 3V

EH (P<0.001), 4 B 80853 R BOE 2 G
WIE 25 (P>0.5).

i DDsolver 4 Weibull Model 73#7 (& 8)
S5 U], PF-SLN #RTH Al il 2% 18 22 20 i 3 55 HfE
TR R TBGESE 4 Bl o 3L A [R5 R
3 itig

BRI T — 44 T I
RIS B RIRR L, Pl 24 1y i) 7)o 1 11
AN 535 o R TBCRE R0 ] 5 43 g e o] Ak i ) v 2
SRR BT Ay AL AR P B B
Aepr TR HET, ARSNEE GRS CAE b A 44
TR R TFBZ —o W25 U8 o R U
PR PRI IR DA LR 4, B S i L 25 R0 4
JEE PF A AEYIRI I FE o), AR SE56 R H v R 2
ik il#% PE-SLN, Jfll 2 PF-SLN ¥ T-¥3H 4 Fify
ROy A SNER IR « PE-SLN 5 T-Hh 4 Rl 2%
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100

80t

60+ 3R

40r —+—PF-SLN M T4

20t —— YR A

BRUAHE /%

100

80

60

40t

FREE /%

20

t/'h

100

80F

60}

401

BBUFILE /%

20

t/'h
1001

80F

60}

40t

BBUFILE /%

20t

t/'h

5 PF-SLN A T# 4 #h8 SUK  HOFR B h 2%

Fig. 5 Release curves of four effective components in PF-SLN lyophilized powder

=8 4TMEBEMS DDsolver MELR (x+5,n=6)
Table 8 DDsolver results of four flavonoid components (x + 5,71 = 6)

Weibull BRREE R WARE

NS KEHT

240 PF-SLN %8 YIRS PF-SLN T4 YIRS PF-SLN T8, #HIE &Y PF-SLN &4 RS

Tso/h 0.55£0.01  0.82%0.01 0.55£0.02 0.77£0.02 0.58+0.02 0.80%£0.03 0.59+0.02  0.79%+0.01
Ty/h 0.6910.02 1.04£0.02  0.77+0.03 0.98+0.02 0.81%0.05 1.02+£0.03  0.83+0.02 1.02£0.02
B 0.36£0.01 226%035 0.42%+0.02 1.51£0.28  0.44%0.03 1.561£0.30  0.45+0.02 1.33£0.13

Tso % Ta 53 AR5 50% % 63 2% it IS i), B 2 Re Al £k T ARS8

Tso and Ty are time required for 50% and 63.2% drug dissolution, respectively; B is the shape parameter which characterizes the curve

WM AFAESR RIS, 1 h 2GR B s%, 6h &
BUREIR 95% /i A7, TR AW 2 h SR R
R ENIL 95%, JLREIH A W g T H A ER AW .
VEH %% PF AURTRBIAE TR 4 Bl 204>
¥ RE, R 15 min FEAR SR, B GH 2 1
BT PR S E TR KRR AR .
DNREHE . A7 VDU 188 4177, R FLALZE R MG 4]
1hikiH% PF-SLN, HHRif2 200~300 nm, 5 h {4k
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