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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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Pueraria lobata (Willd.) PF-SLN Wr PF-SLN
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Wr We)! Ws  Ws
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4 23 PF-SLN
(-12] PF-SLN
solid lipid nanoparticles SLN P8O GB PF-
SLN GB PF 8542
P80
Bl SLN 4 000 r/min 10 min 10
min
[6] SLN 10 min
PF
PF 10 150 MPa PF-SLN
PF-SLN PF-SLN polydispersity index PDI  Zeta
4 GB-P80
PF
1 2.3.1 GB-P80 GB-P80  PF
NanoGenizer ! @ ¥ AL 75N 1.0% 2.5% GB-P80 PF-
INAKACHR 80 P80 SLN Zeta 1
F20091214 GB-P80 2 1
W2 PF-SLN Zeta GB-P80
21 PF 8 13 PF-SLN Zeta
GB-P80
PF 2 1
14 PF 62.19% 2.3.2 GB-P80 GB-P80 2 1 PF
22 PF 71 2.5% GB-P80 PF-SLN
PF Wg PF-SLN 1.0 mL Zeta
14 000 r/min 30 min 2 GB-P80 2.0%
“€2.177 PF-SLN PDI
1 GB-P80 PF-SLN (X+s,n=3)
Table 1 Effect of GB and P80 ratios on parameters of PF-SLN (X +s,n = 3)
GB-P80 /% PDI / nm Zeta / mV
301 85.27 0.57740.391 548.7416.9 ~19.29-43.04
21 90.13 0.46320.234 517.8418.3 ~20.3342.37
11 79.66 0.5390.272 537.3%17.7 ~19.372-2.82
12 63.49 0.44840.193 508.3213.1 ~18.5942.72
13 51.91 0.419220.261 489.9416.2 ~17.8122.41
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2 GB-P80 PF-SLN (Xts,n=3)
Table 2 Effect of GB and P80 dosages on parameters of PF-SLN (X +s,n = 3)
GB-P80 /% /% PDI /nm Zeta /mV
0.5 85.19 0.464=+0.183 522.6%x17.1 —18.3122.03
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 —21.31%297
2.0 93.45 0.451=%0.171 509.1%12.8 —21.59%2.79
2.5 93.91 0.50940.294 529.3*18.6 —19.88+2.49
Zeta GB-P80 2.35 PF-SLN
2.0% GB-P80 A GB-P80
233 PF GB-P80 2 B PF
2.0% PF PF-SLN 3 150 MPa
3 15 Lo(3% 5
PF 1.0% 2.5% PF-SLN  PDI PDI Zeta
Zeta 5
PF 2.5%
3 PF PF-SLN PDI
(X+s.n=3) B A CACDBB C A A1B,C,
Table 3 Effect of PF dosages on parameters of PF-SLN ABrCr AsByCy
(Xts,n=3)
PF /% /% PDI /nm Zeta ! A ° g g F 31G fgspg(jp
mV :
1.0 93.39  0.419=%0.231 505.3%+16.8 —19.97%2.11 0.05 GB-P80 B
1.5 93.41 0.43940.274 513.9%+16.9 —20.37%2.31 Fo9L613 P 001 B PDI
20 9346 045420282 5163177 —21.3822.91 F 39333 P 005 PF C
25 9345 0.4570.174 509.1212.8 ~21.592.79 £ 22817 P 005
30 8393 05130372 53862199 18894267 236 PF-SLN
PF-SLN
234 GB-P80 GB-P80 2 1 20% PF
2 1 2.0% PF 2.5% 2.0% 2.5% “€23.377
PF-SLN PF 1.0% 2.5% PDI
4 150 MPa 2.5% PF
15 20 PF-SLN  PDI GB-P80 2 1
Zeta 2.0% PF 2.5% 150 MPa 15
150 MPa 15 3 PF-SLN
4 PF-SLN (Xts,n=3)
Table 4 Effects of HPH pressure and time on parameters of PF-SLN (X +s,n = 3)
/ MPa / /% PDI / nm Zeta /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 0.451%0.193 508.8%*11.9 —22.76%2.28
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Table 5 Design and result of Lo(3*) orthogonal test
A B/ % C/% D( /% /nm PDI Zeta /mV
1 3 1() 10  1.0(D) 1) 87.02 533.5 0.578 -19.29
2 3 1(1) 20Q) 20 ) 93.46 508.4 0.461 -18.37
3 3 1(1) 303 3003 3) 81.86 554.9 0.526 -20.33
4 2 1) 1.0(1) 202 3) 83.92 504.3 0.509 -18.26
5 2 1) 200Q 300 1) 88.65 509.6 0.476 —20.56
6 2 1) 303 10D ) 82.49 518.1 0.512 -18.67
7 1 13 10 3.003) ®) 84.76 568.4 0.556 -19.81
8 1 13 2002 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
K, 262.34 255.70 261.62 259.28
K, 255.06 274.22 260.99 260.71
K5 260.48 247.96 255.27 257.89
R 7.28 26.26 6.35 2.82
K, 1596.8 1 606.2 1594.7 1581.5
K, 1532.0 1561.1 1551.1 1594.9
K5 1649.9 16114 1632.9 1602.3
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
K5 1.509 1.524 1.557 1.503
R 0.069 0.240 0.102 0.036
K, —57.99 —57.36 —55.61 —60.95
K, —57.49 —56.58 —57.73 —56.85
K5 —58.56 —60.10 —60.70 —56.24
R 1.07 3.52 5.09 4.71
6
Table 6 Analysis of variance
PDI
F F F F
A 2 9.537 7.198 2324340 31.365P 0.05 8.69=<10* 3.625 0.191 1.000
B 2 121.387 91.613 P 0.01 510.127 6.884 9.44>107° 39.333 P 0.05 2.278 11.927
C 2 8.160 6.158 1116.827 15.070 231107 9.625 4.358 22817 P 0.05
D 2 1.325 1.000 74.107  1.000 241><10*  1.000 4374 22901 P 0.05
Foos(2,2) 19.00 Foo(2,2) 99.00
93.774391 % PDI 0421=%0.16 Zeta 8h —40 —0.01 MPa
—-31.07%=1.97 mV 497.3%+129 nm 20 h
24 PF-SLN 25 PF
PF-SLN “€2.3.677 GB P80 PF
3 PF-SLN 0.5% —80 PF
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Fig. 2 DSC curves of PF-SLN lyophilized powder
B
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Fig. 1 Particle size (A) and Zeta potential (B)
of PF-SLN lyophilized powder
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GB PF PF PF-SLN . ' ' . . . , '
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20/ )
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70.6 PF
PF-SLN 4 HPLC
2.6.3 PF-SLN X XRD
XRD P188 HPMC PF
PF-NS CuKa 4
r 0.154nm 40kV 154 mA 2.7.1 PF-SLN
5°/min 0.1° 020 g 25 mL 30%
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2.1.2 “€2.7.177
PF SLN 040¢g
7
2.7.3
2
10 pL A
4 4
3'- ! 3
274 PF-SLN 0.20 ? B
g 6 “€2.7.277 1 3 4
0.576 c
5.776 0.812 0.291 mg/g RSD 1.33% 0 10 20 10 40 50
1.09% 1.04% 1.29% ¢/ min
2.15 01 2 4 8h 13 5 5 4
1-3"-hydroxypuerarin  2-puerarin  3-daidzin 4-daidzein
RSD 1.37% 1.91% 1.44% 0.97% 4 (A) PE-SLN ®)
8h (C) HPLC
2.7.6 PF- Fig. 4 HPLC of mixed reference substances (A), PF-SLN
SLN 0.10 g 6 lyophilized powder (B), and blank sample (C)
7 PF-SLN 4 (X+s.n=6)
Table 7 Recoveries of four components in PF-SLN lyophilized powder capsules (x +s,n=6)
/ mg / mg / mg /% RSD /%
3- 0.057 6 0.058 8 0.116 8%+0.001 6 100.62+2.74 2.72
0.577 6 0.5552 1.125 8%0.011 8 98.74%2.12 2.15
0.081 2 0.083 3 0.164 120.003 1 99.56+3.69 3.71
0.029 1 0.026 3 0.054 920.000 9 98.42+3.46 3.52
2.8 P 0.001 4
PF-SLN 48¢ P 05
6 2010 XC DDsolver Weibull Model 8
PF-SLN
pH 1.2 300 mL 37%0.5 4
100 r/min 05 1.0 15 20 25 3
3.0 40 50 6.0h I mL
I mL 045 pm
10 uL HPLC 4
5
DDsolver Univariate ANOVA
PF-SLN 4
1 h 70%
l1h 6h 95% PF
2h 95% PF- PF-SLN PF-SLN 4
SLN PF-SLN 4
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Fig. 5 Release curves of four effective components in PF-SLN lyophilized powder
8 4 DDsolver (x+s,n=6)
Table 8 DDsolver results of four flavonoid components (x +s ,n = 6)
Weibull 3-
PF-SLN PF-SLN PF-SLN PF-SLN
Tso/h 0.55240.01 0.82240.01 0.55240.02 0.7720.02 0.58240.02 0.80=0.03 0.5940.02 0.79240.01
Tq/h 0.6920.02 1.04=20.02 0.77%0.03 0.98240.02 0.81%0.05 1.0240.03 0.83240.02 1.0240.02
B 0.3620.01 2.260.35 0.42240.02 1.5120.28 0.44240.03 1.5620.30 0.4520.02 1.33240.13
Tso Ty 50% 63.2% B
Tso and Ty are time required for 50% and 63.2% drug dissolution, respectively; B is the shape parameter which characterizes the curve
1h 6h I um
95% 2h
95% Bl
PF 4 PF-SLN SLN
15 min
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