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Preparation of lyophilized powder of oral Pueraria flavonoids nanosuspension
and determination of dissolution rates of its four effective components
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Abstract: Objective To prepare the lyophilized powder of Pueraria flavonoids nanosuspension (PF-NS) and to determine the
dissolution rates of its four effective components (3'-hydroxypuerarin, puerarin, daidzin, and daidzein). Methods PF-NS was
prepared by the high pressure homogenization (HPH) technology. The lyophilized formula contained mannitol as lyoprotectant. The
dissolution rates of the four effective components from lyophilized powder of PF-NS as well as the physical mixture were determined,
with artificial gastric juice (pH 1.2) as dissolvent. Results The optimal lyophilized powder of PF-NS was loosed with the particle
size of (479.7 + 14.7) nm, polydisperse index of 0.524 + 0.220, and Zeta potential of (29.68 + 3.97) mV, respectively. The in vitro
accumulated dissolution rate of lyophilized powder of PF-NS was higher than that of the physical mixture. Conclusion The method
employed to prepare the lyophilized powder in PF-NS is simple and feasible. The lyophilized powder of PF-NS could improve the in
vitro dissolution rate notablely. It might be a novel vehicle potentially for nano-drug delivery system of PF.
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. KETIC. KETF. 3-BEEHE, JohAR%.
Jupl AR 1 H PF (R /K P AR S MESA 8
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5.45%"Mm% 3.95%", I HIGEN . A PR
FEEBEA W EDRII B, A0 T ks
B R Rk R R St %, (H
gE RN ELFRAR,
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M TR IR, 8 IS B R s 1
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MEL. NS A5 fai s, dl ok, AL
ARG, PERIAUR, £ T 2990 ml e |
YRR P R s i 718 NS T g ot 5 A
(IFRERE,  FEK B e () 80 B B 1) R B I 1), A
R B 2 A AR

¥ PR OWSfENE. FRoE RV EYIRIHE, A
SR H v R B BB R i 4 PF-NS, I H BRlEve
U543 PE-NS W W o R IR 5 4 Fp
AR R, A IR R TR 25 e Bl
1 NEE5RH

IKA T18 basic ULTRA-TURRAX® & 43 ##l
(fE[E IKA AF); APV—2000 5355l (fi
APV /4 7]); Nano ZS90 Fifaill sz 4% (JEE Malvern
/A¥]); NETZSCH DSC 204 F1 22744 & #u Ciif
U] D; D/max—IIA 4= Hg) X FHEATHA (HA
F%); ZRS—8G A fiei i (RiFER¥ gk
HL )5 Waters = 2808 AH i { (Empower Pro 1%
AR, 996 A FESIEINES , 600 PUITEE, 717plus
HaHERESS, ELRIANL); Sigma 1—13 =ik &0
ML (Sigma A 7#]); BP211D HLF K (Sartourius
D HgizkAs (Millipore 22 A )

FMEENTR S, (LS 110752200511, sy
$=99%) WA E AR 2 A E T b, KA
JCRHR AL (LS 09020513, JRE/5=99%) W H
R HAEYMEARE WA, 3-RIEERELKG
TN HEGT AR S = B ] OFTE 20 2039 >95%) .
Poloxmer188 (P188, F&[E LK), N 4%
(HPMC, E[EPRAAY), HEEOytapbal, At
FIR o3 HTalie PF JFUR R A SZIG S )4 (UV LA
DLES AR 25 v S s i i i 3 200K 62.19%, HPLC ¥4
WA 3-FRILEME . BRE . KT ARG IR

EBY N 1.04%. 10.39%. 1.46%. 0.52%)
2 AEEER
2.1 PF BRI 2 EHIRESNE

R BRI AR 20 R TG R, ] 95% S A
TR E 0.1 mg/mL (R0 B ATR .  RS 25 R IDOG)
TS 0.21 0.4, 0.6, 0.8. 1.0mL, Zr%]'E 10 mL
T, N 95%4RESE 1 mL, FIVKEZIE, 84,
DUAH B BRSO 25 o 45 R Ab- 0] WL 23 6 e v
(R E 258 2010 FERF K V A), 7 250 nm K
AP WEIE (4D fH, Lh A4 AR (V). Ji
IR ARARER (XD, ifilbrdEihd, 15100 572
Y=0.068 1 X—0.006 8, r=0.999 9. Eji &%
1.645~13.160 pg/mL 5 A i & RUFZME &R,

K5 PF JEURHKY 10 mg, & 50 mL &,
N 95% LRERZIRE, #54), K% B 1 mL, & 25 mL
B, NamEE 25mL, FINAKEZIEE, w2,
DAAH Y. RIS 25 1, ARVEIE A (E, AR bRt
At FAL AR D B R AR, LR ZTH PF
JrORE R B 1R R 62.19%
2.2 PF-NS #&

R P w5 R 35 Tk PO 4% PR-NS. i Filik it
s T LARINE TR P188. 2 [Alf&E 71 HPMC %%
I FE M) PE-NS 477, FREUETT &1 P188. HPMC
K PF 5Ok, i@ Bl Ko iy s), demidiar i
Bl 4 000 r/min 43 5 min (FAK: & L, KT 5 min,
W5 14K e 28 BT, A RIS A 1 RAT IR TR A
W AT 5 min, AHUERENEED 2, TER
Wi Ji5 2254 ), 4k DL IR 3T 150 MPa 35 )5 15 IR,
% PF-NS. LIkife. Z4r#daE (polydispersity
index, PDI). Zeta I M 3R 25 555 % 52454k,
1k P188-HPMC LUf5 J2 FH & PF Mt ¥ Sy Al
2.2.1 PI88-HPMC Lbf [ P188-HPMC i
2.0%-. PF JsURHH 10.0%, *%%¢ P188-HPMC A Jr
LB %F PF-NS Kife. Zeta AL ZESE1 MY, 451
L2 1. 824 nT 4, 24 P188-HPMC ELfi o 1
2 I, A3 PF-NS [{) PDI. Kif2 i /il Zeta FEAT i
fars Ao ETER, WORRER TGRSR 2 (AR )
P188-HPMC HILLHI R 1 2,
2.2.2 PI88-HPMC f= [fl& P188-HPMC Lt
1:2. PF J5URH AR 10.0%, %%% P188-HPMC A ]
X PF-NS Rift. WA SESE0 g, 455 W
2. ML T4, 24 P188-HPMC 4 1.0%
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%1 P188-HPMC A [ Lbf5I3T PF-NS RIS 589520

(X £s, n=3)
Table 1 Effect of P188-HPMC ratio on parameters

of PF-NS (X +5,n=3)

T4 HMREHFUREFT PF-NS fIiEESHAS
(X x5, n=3)

Table 4 Effect of homogenization time and pressure

on parameters of PF-NS (X s, n=3)

P188-HPMC PDI ifE /nm  Zeta 7 /mV
2:1 0.476+0.290 5458+19.7 26.39+2.61
3:1 0.431+0.360 518.7+£17.4  28.21£2.99
1:1 0.428+0.210 478.4+14.3  29.32+3.02
1:2 0.4081+0.170 458.3+10.1  31.38£3.29
1:3 0.414+0.220 469.7+£13.3 27.83+4.01

J&J5 /MPa » Zeta WL /
- PDI Fift /nm
GRED mV
100 (15) 0.407£0.190 496.8+14.6 31.03%£1.74
100 (20) 0.393£0.180 4499+16.1 31.63%2.93
150 (15) 0.387£0.170 441.6+£14.8 32.21%£2.92
150 (20) 0.381£0.140 430.1£129 31.91%£291

%2 P188-HPMC A E A EXF PF-NS RIZZESHHH T
(X £s, n=3)
Table 2 Effect of P188-HPMC dosage on parameters
of PF-NS (X =£s,n=3)

P188-HPMC / % PDI Fife /nm  Zeta W7 /mV

0.5 0.39310.140 4452+£15.3 24.78+1.53
1.0 0.387£0.170 441.6+14.8 32.21%£2.92
1.5 0.396+0.280 462.7t15.6 30.81+2.81
2.0 0.408+£0.170 458.3£10.1 31.38%3.29
2.5 0.434£0.460 551.7£16.9 29.12+3.94

i, FTf5 PF-NS [¥) PDI. Kif2 /N Zeta AT B
FasePEi e, WMokt P188-HPMC R4 1.0%.

2.2.3 PF kB H&E 4 P188-HPMC Lufif 1 : 2,
& 1.0%, #%%¢ PF AN[EH X PE-NS Kift. HAL
LSRR, SRILE 3. mHERER M, Y
PF H &4 5.0% /% 10.0%0, Frf3 PE-NS ] PDI.
RIAE 5/ Zeta HAAT %L, RRE PEACIF o U8
DI IR O R, #OE$E PF &R 10.0%.

224 UL D) K REC [EE P188-HPMC b4l
1:2. H#E 1.0%/ PF & 10.0%, %55 )
RIS PR-NS Fife . M4 SESEEm, 4558 W
K4, MG, MRS 150 MPa i,
BIRIREL 15 e 20 YK FT4S PF-NS [¥) PDI. Rif2¥y i

%3 PFARAEN PF-NS fii2 SN

(X £s, n=3)
Table 3 Effect of PF dosage on parameters of PF-NS
(X £s5,n=3)
PF /% PDI Kift /nm  Zeta AL /mV
50 0.373+0.110 439.7+ 139 31971191
100 0.387%+0.170 441.6+ 14.8 3221+2.92
150  0.591+0.470 6619+ 752 27.88%3.03
20.0 0.989+0.690 986.7£113.6 24.17+£2091

/NI Zeta HAZ I8 R, HIG R EMEZE . AT RERE
FE, MOEFRIHE IR 150 MPa. IXECH 15 K.
2.2.5 PF-NS % TEHAF MR LL_E P 2R
gER CRBIEARZHAND, 14 PF-NS % T 255
4 P188-HPMC Lbsl 2y 1 2. &N 1.0%. PF
o4 10.0%. 150 MPa 345 15 K. ik T2 4%
PREGIEAER7 3 ik, BT PF-NS [ PDI. “F-#5kite K
Zeta W73 504 0.38440.130. (434.7+13.1) nm
K (32.03£2.71) mV.,

2.3 PF-NS ZT# & RIIE

JUREF PE-NS 08, ¥ FiR T 250 uE 131
PRI BE AN 2% H #E 1 T80 CUKAH T 1%k 8
h, W% T (—40 °C, —0.01 MPa) 20 h, B1f5.

F LU BIARBUR ARl 30E PF-NS K& VR Rl
%12, 135 PF-NS T8 .

24 PFYIEREMEI&

FREUAL J5 1) P188. HPMC J% PF, flidisitd
4K EESA, N 2% B SR EERNEA T, B
PF ¥)HR 5
2.5 PF-NS GF#ERIE
2,51 PF-NS % FHrkife. PDI M Zeta HIAIIE
K ORI 52 PE-NS M HZk T kife. £
I E N Zeta WA . PE-NS RlEB2IKFRRE 25 1%
M kifR, JE E B E Zeta AL, PE-NS T4}
FH R 407K Tl S0 B R FE B, D R AT . Zeta
HAT o DU R A0 A1 WL 1. PR-NS T8 1°F3)
Bifek (479.7+14.7) nm, PDI 4 0.524+0.220,
Zeta A7 4 (29.68+3.97) mV.

2.5.2 PF-NS %8 ZRHi & (DSCO i F
P188. HPMC. PF JiiflZy. PF #HE R 54 ) PF-NS
BT EEAT DSC 20dr. LA I S ), fEAA
WA, M 30 CH 300 C, L 10 ‘C/min 3R TF
WA AR WL 2. AT S5 BRI 4, PF AR 66.9 C
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Fig. 1 Particle size of lyophilized powder in PF-NS
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Fig.2 DSC curves of lyophilized powder in PF-NS

AR, PF Y)EVRA WA T 29 RS RHARRE
U, JEAE PF 5 %40 W AR 1) I, 17 PF-NS
TR DSC B L 66.9 CHRHIEN 2%, il PR
PATGSE B/ BT 9ok

2.5.3 PF-NS %8 X H&ATH (XRD) 4087 %
i XRD 2 MWk A (P188. HPMC. PF JRk}.
PE-NS 181 o MASAT A CuKo 1E A Ha S5 U5 AT 5
(r=0.154 nm), 40kV, 154 mA, ESAH, FH
M 5°/min, [AIE 0.1°, JHIEAS[R] & i & 28 H4T 5
LG5 FER L BIRT I L, LAAS ZIHF i it A4 45 1) F
WEEETT G e g R WK 3. o tfrgi Rl
411, PE-NS %185 PF U2 1) XRD 3 B AHAL,
AT REAE 2 RO AH LS M 5 T 55 A8 38 55 2 B R A0 1)
mn AT B

2.6 HPLC JUE PF-NS A T#Hd 4 MELRS
SRR

2.6.1 il Kromasil 100-5 C13(250 mmX 4.6
mm, 5pm) %A, FiAE (Security Guard, Cig,

P188

HPMC

PF Jik}

PF-NS %14

0 10 20 30 40 50 60 70
20/ (°)
3 PF-NS AT# XRD Ei%
Fig. 3 XRD spectra of lyophilized powder in PF-NS

4.0 mm X 3.0 mm, Phenomenex); LLFFE-0.1%M)#%k
MRV W WA, BRI Ve AR E N 1.0
mL/min; FEilh 40 °C; dEFEEN 10 L A
4 250 nm.

2.6.2 AU KRR PF-NS Rk
0.1g, & 25mL &ET, NN 30%LEER IR 4
ZIBE, 0.45 um PRALIERIEL, BIfS.

2.6.3 PRSI EI  F b Ty LA RRE G
PF 14k, A2 AR E IR T8, [/ “2.6.27
T 2 B4

2.6.4 XTI R S PRI R R

i, 20 I RS 3R R BT #E 0.294 mg/mL.
% 0.721 mg/mL. K& 1 0.317 mg/mL M K5
1FIC 0.219 mg/mL I, RIFF . R 3 I A4 0) 1
A BOE B, RS LA LB (R S sl A I B 3Rk
2% 29.4 pg/mL. B 2% 144.2 pg/mL. K1 31.7
ng/mL N KA IC 21.9 ug/mL HIE A6 O

2,65 FROGUIENTEREE R E DO A
W BRI R AR R A 10 ul, A
WAREIEA, b, S5 R 4. i Ll %,
IFEILENE . B KT ARG o fiog
IYE RUF, AR E T
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4 ZABIKS A). BEXERSE (B) & PF-NS AF# (C) HPLC &iLE
Fig. 4 HPLC chromatograms of blank (A), mixed reference substances (B), and lyophilized powder of PF-NS (C)

2.6.6 IR A e SR R8I s I H )
5 5 AR S AT LR, 43 ] LA
FEoA 301 10 0 1 By NS 1 d A s A DU P
ERPR. 50 3-RAERMR AR WR. KRR
G TR PR 5> )4 9.41. 8.65. 10.14. 7.01 ng,
SEH PR30 29.40. 28.84. 34.87. 21.90 ng.
2.6.7 ZMERRFEE 4 nilkE I IR A0
AR R, BERE AT, DAETETRL (YD) R R
MREFE TR (X, ng) FHATEERIE, #3077 R
MM 73 0 3B 2R Y=2 889.3 X+
811837, 81.28~406.4 ng; Et#E: Y=4892.7 X—
429161, 670.4~3352ng; NE1f: Y=4151.7X—
69 893, 136.96~684.8 ng; N {ft: Y=7807.3
X—43 979, 31.04~1552ng; r1J>0.999 5,
2.6.8 HELLRLS  ORTE R  IREE, TEA
WA EAESCHAT 08, B 6 Ik, Iifd 3- A
. WA KRG oA ) RSD 43
M 1.03%. 1.18%. 0.97%- 1.26%, FRWI{LAKE
R

2,69 HEEMIRK FEEIPE-NS %1 0.1 g,
6 1, ¥ “2.6.27 Wi N7kl & . BT, BT 3-
IR BARE. KU HHRE o E S
4390 1.0364 10.396. 1.462. 0.524 mg/g, H: RSD
SRR 1.61%. 1.21%. 0.98%. 1.57%, FHWIAE
HEME R

2.6.10 FEtRE T 0. 1. 2. 4. 8h, A0k
AR SR TEANERESU T, WA 3-FR
FARE. FRE. KU o mBUY RSD
SRR 1.21%. 1.34%. 0.96%. 1.13%. #£HHtR
AIVATRAE 8 h WERUE .

2.6.11  JUAEEISCRYS R EECWE K PF-NS
UKD 0.05 g, 6 1, 3 KT 2 I NAH 4 5 1R 0 L
VWL FE TG, TR “2.6.27 TR Tk ALEE, e,
THEINFERI R . 855 3-FR i 3 B E . K

TR AT JC I S B F 4y i (100.28 £
2.52) %. (100.26+2.33) %. (100.08+3.35) %,
(100.44+3.48) %. ZiREW, [FRCEFE T .
27 AHENE

HY PF-NS T8 L HYHIEAM S 1.2 g, %6
By, R (P EZGH) 2010 4RI SR XC HUE
(Rt P I s 0 5 vk iRk, LN T B W (pH
1.2) 300 mL A H AL, WAEh (374£0.5) C,
#3100 r/min. 731 3. 5. 10, 15, 20, 30 45,
60 min HUAE 1 mL, [A) A b 78 [A) L 5B 467K 1 mL,
0.45 pm TALUEREIEL , K% ISR 10 pL, HPLC
ST, T 4 A0S 1 B AR R, DU A6
SRS SRR g, 4R ILE S,

FH DD solver #f: Univariate ANOVA 23 H1E 4
AT, PE-NS &K 4 B 0o s s )
W1 T HAY RS (P<<0.01), PF-NS % T8
4 B RO IR I S 2 2 e (P>0.05).
i1 DD solver #ftf: Weibull Model 23 ¥ (£ 5) 45
VLI PF-NS R0 nl o 25 48 s B i v B AR 32 55 4
Pl IR A e, 4 TRl 3 FEAS Ny R DRI
3 it

R IR T8 24 T AR g
(P FERFRRE, 2 — R hil 2 0 o M R M
WIT7vE e s o B nl 508 23 e W [ 4 s 77 b 3= 2411
SAeE AR AT AL BRER RN R MR A
TEEZR HET, PRI ARG T b [ 4 5]
TR —.

Hh 2 AT 00 TR HE O A P IR AL ) 4 B
P&, RN R L2 R A . R B AR S B
(R K E B AR F B e, A SIZ 6 R FH v s 38
1%£ T PE-NS, FlE 7 b 4 B 208 (i 44
AN L PF-NS VR0 4 Bl R o3 H s,
HE R BT YR A Y . PE-NS %8
76 15 min B JLF-A s, 1 B S 1 R A0
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Fig. 5 Dissolution curves of four PF effective components of lyophilized powder of PF-NS
R"5 AMEBEM S DD solver MELER (X £s, n=6)
Table 5 DD solver results of four effective components (X *s, =6)
i Tso / min T4/ min B
I
PE-NS % THy  WHESY  PENSETH WHESY  PENSHTRH WHEEY
-FIEMER 3.64+0.26 12.13£0.49 5.4440.32 17.42£0.71 0.9240.06 1.01£0.01
HRE 3.08+0.31 11.03+0.62 4.73£0.36 15.82£0.90 0.86+0.07 1.02£0.03
NGRS 3.40%0.19 12.16£0.45 5.2540.18 17.40£0.62 0.85£0.05 1.02£0.02
KEHIG 3.26%0.09 12.04£0.29 5.06+0.09 17.31£0.49 0.83£0.02 1.01£0.02

Tso J% Ta 53 BTG 2900 50% K 63.2%FT 75 IR A 1]

Tso and Ty are the time required for 50% and 63.2% drug dissolution, respectively

HHEAE 50%.

NS A AT K sk N 2P Rife, 3 IR

N, ASRILVRE M, AN 2400 (1 T R At P R
RIS R T A B SR, B
i TC i RS B Y 1) B A 5 A B 4 il T s 7Y
A, SRR . 925k <1 pm I, 3
WAE R S R AESR RIS . Ak, KexfE
2R NS, HARAM R T4 B ]
%%[lgla

ASEENS PE-NS TR AT 7L 45 KW, NS
A DL 35 G M M i I AR R, TEAE
HAEEYELY) PF MRS S VF vl I N gk —
SIF S H B S5 VR T R R 1 6 PR-NS o5 T4
Fife. PDI J Zeta HUQT LA HHFEAF S0, 464

PF-NS J BB — P L T2, Tt ds
HERTRE RS E o
S 30k
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