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of quality by design (QbD) and evaluate their quality. Methods PG-NP suspension was prepared by ultrasonic crushing and high
pressure homogenization method. A fishbone diagram was used to evaluate risk factors that could affect the particle size, polydispersity
index (PDI) and ¢ potential of PG-NP suspensions as critical quality attributes. A Plackett-Burman experimental design was used to
screen the key process parameters, based on which the prescription ratio of the PG-NP suspension was optimized in conjunction with
the Box-Behnken Design, then a single factor test was used to determine the content of lyoprotectant in PG-NP. The scanning electron
microscope (SEM), X ray diffraction (XRD) and differential scanning calorimetry (DSC) were used to characterize the optimized PG-
NP, and the in vitro dissolution properties of puerarin in PG-NP were investigated. Results The optimum preparation process and
formulation ratio of PG-NP were as follows: the adjuvant ratio was 17.5:1; the content of glycyrrhizin acid was 0.13%; the stirring
speed was 470 r/min; the homogenizing pressure was 1 283 MPa, and the content of mannitol was 5 %. The particle size of the
optimized PG-NP was (228.00 + 7.80) nm, the PDI was 0.29 + 0.05, and the { potential was (—23.10 + 0.93) mV. PG-NP was light
yellow powder with needle-rod crystal form, and in vitro dissolution performance was significantly improved compared with the PDI.
Conclusion In this study, the preparation process of PG-NP optimized by the QbD concept was simple and feasible, the formula
design was reasonable, and the quality was controllable, which can effectively improve the dissolution of poorly soluble components.
Key words: quality by design; Pueraria total flavonoids; glycyrrhizic acid; nanopowder; dissolution; quality evaluation;

ultrasonication and high pressure homogenization method; fishbone diagram; Plackett-Burman design; critical process parameters;

Box-Behnken design
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Fig. 1 Fishbone diagram of PG-NP nanosuspension

T Mintab ZE T PB Beitilat, 3 [m] )45
RN ¥1=-279.03+18.68 X1+29.68 X>+2.75 X5+
9.63 X4+0.48 Xs—13.87 X—7.53 X;—27.68 X5, Ri=
0.961 7, Riaj=0.859 5; Y,=0.37—0.030 58 X+
0.082 7 X>+0.011 43 X340.018 48 X4+0.011 42 X5+
0.010 77 Xs—0.015 48 X;—0.009 1 Xz, R,=0.952 4,
R2agi=0.8255; Y3=—33.175+3.287 X;+2.092 X, —
1.503 X3+0.880 X4+0.375 X5s—0.448 Xs+0.108 X7+
0.063 X3, R3=0.9857, R3.i=0.9475. UiHHLL LA
B SR E RN, AR R 45 A A TR B

&3 PG-NP XEFMWMERMN PB ZITREHERKFE. RELRHRER n=3)
Table 3 Factor level, test arrangement and results of PB design test of PG-NP key influencing factors (n = 3)

RIS Xi X2/%  X3/(rmin!)  Xa/'C Xs/Hz  Xe¢/min X7 Xs/MPa Yi/nm Y2 Y3/mV
I 6:1(-1) 0.1(-1) 100(-1) 40(-1) 50(-1) 10(-1) 6(-1) 60.0(-1) 273.7 0359 -3843
2 2201 (+1) 0.1 2000 (+1) 70 (+1) 50 20(+1) 6 60.0 290.0 0378 —33.77
3 611 0.1 100 70 65 (+1) 20 6 140.0 (+1) 2160 0405 —35.40
4 2211 0.1 100 40 65 20 14 (+1)  60.0 2549 0308 -31.70
5 6:1 0.1 2000 70 65 10 14 140.0 210.2  0.402 -39.07
6 2201 0.2 (+1) 2000 40 65 20 6 140.0 293.8  0.364 -30.70
7 6:1 0.2 100 40 50 20 14 140.0 216.8 0.357 -34.57
8 22 01 0.1 2000 40 50 10 14 140.0 2513 0.294 -33.23
9 6:1 0.2 2000 40 65 10 6 60.0 3259 0435 -35.70
10 22 01 0.2 100 70 50 10 6 140.0 320.0 0.330 -25.70
11 6.1 0.2 2000 70 50 20 14 60.0 319.5 0.431 -35.60
12 22 01 0.2 100 70 65 10 14 60.0 3763 0361 —24.23

B R SEPRERES  . JER 12 KisfTiEL 8 A
K, LARifE. PDI BAK ¢ BN TR, e 3%
SR 2 CPPs. i1t ANOVA F12 jek 4[5l 93 47
PR B PRSP 22 R4, AR AR 40 45 R R I
FE 2 R R A T7 TR 2R 25 LR R
(P<<0.05), & R4 & F35RAR ) 52 M A I 25 R
(P<0.05), HBHEEN BB BE T (P<
0.05). [KIAER: T KA BBD Wit Hhdt—5%5¢2y

Fite. HERME. AR R 4

2.6.2 BBDfft ik PB ik, fiiik H X PG-
NP VBRI BLE 1 4 MEER: X Xos Xos
Xso IZEAKF T RAGRIGEE R IER 5. 5 ik 4
MRAEEAEZENS, Ll Y. LR s AR e,
K H Design Expert 12.0 S AT E 04, XERE
W 58 HBERHEZ PR RBAT 2 T RS
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Table 4 Statistical analysis of Y1, ¥2 and ¥3

N7 25 HT, R AR : ¥1=255.47—30.53
X1+5.07 X>+0.210 8 X3—24.66 Xs+41.39 X;2+14.27

5H Y Y> Y3 Xs%, Ri?=0.922 5, Radj12:0.901 4; Y,=0.303 0—

MR PEH BN P BN P 0.039 1 X;—0.010 1 X2—0.017 6 X3—0.046 0 Xz+
X1 3737 0440 -0.061 0.014  6.907 0.002 0.041 3 X1.X>1+0.047 1 X12+0.020 8 X32+0.042 7 Xg?,
X2 59.37 0.013 -0.016 0.252  3.157 0.013 R?=0.8920, R.>=0.8488; ¥Y3=-35.29—8.37X,—
X3 550 0.656 0.022 0.145 -3.340 0.016 0.014 17 X>,—0.445 0 X3—0.504 2 X5s+12.25 X%, R>=
Xa 1927 0.183  0.037 0.051 1.427 0.123 0.9170, Ra.i3>=0.8990, H AT IEARA & R 1T
Xo 097 0936 0023 0145 1083 0204 &JrEAHTEIRZGHERAR . PDI A ¢ R
Xe —27.73 0.089 0.022 0.162 -0.897 0.273 R, IREL A TR % K 3R 5kif2 . PDI Al ¢ H
X7 -15.07 0.270 -0.031 0.077 0.217 0.768 A7) 3D g E 2~4.
Xs  —5537 0.016 -0.018 0.217 0.460 0.542 FR 4 Design Expert 12.0 SZ56 Wi 428 A 1PN

#F5 BBDAWZHKRER (n=3)
Table 5 Box-Behnken experimental design and response value (n = 3)

RIS X1 X2/% X3/(rmin!) Xg/MPa Yi/nm Y  YiymV [iRES X1 X2/% Xa/(rmin™') Xg/MPa Yi/nm Y2  Yi/mV
1 10:1 020 1050 60.0 374.6 0.528 —-35.03| 16 10:1 0.15 100 60.0 290.4 0.276 —36.60
2 6:1 020 1050 100.0 262.1 0.365 —39.43| 17 10:1 0.15 100 140.0 253.4 0.310 —36.83
3 10:1 0.10 2000 100.0 256.4 0.441 —39.23| 18 6:1 0.15 100 100.0 246.9 0.257 —38.07
4 10:1 0.15 1050 100.0 247.7 0.355 —36.67| 19 10:1 0.10 100 100.0 245.6 0.313 —37.57
5 10:1 0.15 1050 100.0 249.3 0.340 —39.37| 20 22:1 0.15 2000 100.0 320.5 0.381 —31.37
6 10:1 0.15 2000 140.0 225.0 0.401 —36.07| 21 10:1 0.20 2000 100.0 272.1 0.336 —35.60
7 10:1 0.10 1050 140.0 257.9 0.429 —34.80{ 22 22:1 0.10 1050 100.0 260.3 0.271 —34.43
8 10:1 0.15 2000 60.0 305.4 0.302 -36.67| 23 6:1 0.15 1050 140.0 233.6 0.357 —37.13
9 10:1 020 1050 140.0 244.8 0.418 —31.27| 24 22:1 0.15 1050 60.0 306.8 0.366 —30.93
10 6:1 0.10 1050 100.0 260.7 0.499 —43.17| 25 10:1 0.15 1050 100.0 274.7 0.309 —38.30
11 10:1 020 100 100.0 263.5 0.264 —35.73| 26 10:1 0.15 1050 100.0 265.5 0.329 —37.43
12 22:1 0.15 1050 140.0 243.6 0.342 —30.00f 27 10:1 0.10 1050 60.0 274.1 0.331 —40.33
13 6:1 0.15 2000 100.0 248.1 0.386 —37.27| 28 10:1 0.15 1050 100.0 254.9 0.345 —37.50
14 6:1 0.15 1050 60.0 246.3 0.329 —40.10f 29 22:1 0.20 1050 100.0 291.7 0.361 —28.07
15 2211 0.15 100 100.0 265.1 0.280 —29.67

Ja 2 I B AR & 4 . PR 5 H R EAN
175 1. HERHEN 0.13%. #EFEHEAN 470
r/min. =5JELFRE /108 128.3 MPa. 3 LI E R 5
BRI A R S A AL 5 2% A » DA PG-NP TR AR PR
&, PDI fl ¢ HLAZ,

2.6.3 MMALATTIUE  HHE Design Expert 12.0 5256
WM R VPN S 45 I PG-NP TR R 1 i £
Hlg TEMATT: 234t 17.5 0 1, HERAERN
0.13%, TPEEEHE N 470 v/min, &IELHEIE A
128.3 MPa. %/ “2.17 Ti T J7 ik & s i ab 77 PG-
NP3 #t, %M “2.27 WiJ7ikE PG-NP ~F-3Ri42
PDI 1 ¢ HLA7, SME 5828 Piili{E 45 SR W3 6, ]

S0 SR AR SO bl A e, 0 B ASE 2R T e
EY/5
27 BEHRIZER

PL PG-NP fJ4MALAT RDI AfEFR, HEGHT 1R
P H BN R (1% 3%, 5% 7%), 458 WFE
7. B H B BER TR 280, TR RimiE
BrorEE, RDI REMREM RS UH S
AN 5%M, PG-NP NEESIFRE AR K, i
B IAY)—, TTIWEIMER, BRI E PRGN,
SFERIAE N (228.00+7.80) nm, 4> E A, RDI
90.970. Rk, &R 5% H 2 A EA1E N PG-NP
TR B TR 77
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Fig. 2 3D Response surface of independent variables X1, X2, X3 and X4 and dependent variable ¥1
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Fig. 3 3D Response surface of independent variables X1, X2, X3 and X4 and dependent variable ¥>
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£ E E
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B4 BTEX. Xo» oM XeSETE V403D YNEE
Fig. 4 3D Response surface of independent variables X1, X2, X3 and X4 and dependent variable ¥3
*6 SIRFTMMEREAIE 2.8 PG-NP REITMN
Table 6 Predicted and observed response values for each 2.8.1 SEM WA BUEE PF FEIZHM PG-
index NP, ZEMETAE Al b, SRR T s < b 2 DA n
PRikdiin WU SRWIE =% G, 7E SEM RSP R TV ARl ik PR 4514
Yi/nm 235 235 85 HIE] 5 7L PF JEURLZG RN S], BRIBCRIBUR .
Y- 0.300 0.275 -8.3 e N TS
YZ/ v e o o ifi PG-NP 7Em s SO B8 R AU 4h /N oIk
3m o/ 720 : V7 o PAAN a7 A
y M y IR I
ey ———— Eﬁ% RLAZ K3 0 A 7E 200 nm A2 A7, 50EEE ]
deviation = (observed value—predicted value)/predicted value 7E é}d:l: %* H ﬂ@ % °

®7 FTRIPFISENFIELSER (Xts,n=3)

Table 7 Screening result of lyoprotectants content (X S, n=3)

H /% A Hif%/mm PDI RDI
1 FEAIE, TR 385.20412.07 0.430+0.023 1.630
3 R O Ny 354.70+11.11 0.360+0.045 1.509
5 JRHBERAY , A S IR B kR 228.00+7.80 0.29010.046 0.970
7 JRHBERAS , A FE S IR B kR 301.50+£9.94 0.3000.029 1.280

2.82 XRD 7#r KA XRD 7r#rdlidAe s CHE  (ENESEATS (7=0.154nm), 40kV, 154 mA,
2. PF 5k 25, PG-NP & T-H) s MR A CuKo,  JEZHE, HFEEE 5°/min, 8B 0.1°, B A[H
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s TR E AT S BB (0 S BRI RTST I, S 21
Bt i ARG ARL R T TS 2. T4 R LI 6,
PGNP AHXS T H 5 R ) 1T 5 U U 53 /5 W S5 i 2>

‘a~ LA "\ }:
y ",

£

GERERRAR, TUAETZ4M4F PF RS KANE
2.83 DSC 7t K HHEER. PF 5kZy. PFAH

73 4

5 PF [ERZ5 (50 pm, a) 1 PG-NP (50 pm, b; 5 pm, ¢) A9 SEM
Fig.5 SEM photograph of PF raw material (50 pm, a) and PG-NP (50 pm, b; 5 pm, c)

PG-NP

25 45 65
200°)

N -

# 6 PG-NP #1 PF BJ XRD [&]
Fig. 6 XRD patterns of PG -NP and PF

HIRIREY) M PG-NP R TFrifi AT DSC 404, LA
s vz, RS, M 30~300 C, LA
10 C/min FIEFTFHRAH, 45K WE 7, 4R TR
PG-NP % T 7E 163.09. 167.61 CH BB 15w
U, T PF A H ERRYER A YA H DA BLE . JE 6T
FRM 161 CHH ERRERIA IR, PG-NP 145 2
UEABNS R AR T Wt W] Re R AR TG H #E B4 i
IRERA KA. £ PG-NP % T-Hh PF a] fe415 LA
T rE TEASAFAE

R

|

PF FIH HRIE &)

PG-NP

50 100 150 200 250 300
7/°C
7 PG-NP %&F# DSC S #rEiL
Fig. 7 DSC curves of lyophilized powder in PG-NP

2.9 PG-NP {FINAHENE

291 &M AiEHA Kromasil £ (250 mm X
4.6 mm, 5 um): RBNAHN LIE-0.05%E R K W
(10 :90), VEWiFEF: 0~20min, 10%ZfE: 21~
30 min, 10%~20%Z.fE; 31~40 min, 20%~10%
OB B KN 254 nm; FEIR 40 T, AR E
1 mL/min; #H#£E 10 pL.

2.9.2  OFREAR VAT RS RR R AR 30T I
2.02mg, H 30% LBk A A E T 10 mL &, Hp
BRI E N 20.2 pg/mL % R A%

293 HEEEE SIS REREL PG-NP 4T
¥ 3.39¢g, B SO0mL &EHF, A 30%EEH R
BEZIEE, #£2), 15 67.80 png/mL %R VTR
294 LUPERRFEE R IR IE S G
&, H 30%CREMBAS I B EE 2 A 4.04. 8.08.
12.12. 20.20. 24.24. 28.28 pg/mL 15 R 2] 18 4
W, 1E “2.9.17 TUEEFA RIS T, DURE
WREARE AR (X, EISIERBCAPASR (V), %4
HlbRAE 2R, 1525575 FE Y=0.083 44 X+0.208 4,
R*=0.9998>0.999, 25 R EIR KL 4.04~28.28
ng/mL HUETHFL 2 R AR R R .

29.5 FEEEALS  FEEWECE R ET ISIAR 6
B, % “2.9.17 TURMEISFMAERE, THRERE
TR RSD A 1.28%, R BAAX A KE 2 B KL 4 o
29.6 HEEMIAE FEEWE PGNP %145 0.1 g,
6 17, $%2.9.3 70 K J 2 4tk s i . £42.9.17
TUT el 25 e RE, AT T AR, 15 2B AR
EKIREDHHIRSD 4 0.12%, RHAEE S M B IT,
2.9.7 FamtEilie  BOE 42K E NS5 5
Wi, THIZE 04 1. 24 4. 8. 12h J3 ks 25 W H 4t
B, FENBAH ISR, Il R R
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N, WIS RSD K 0.80%, R AHERFIAEMAE 12h
W

2.9.8 fIFEEICRALE R RO E SRR
BB PGNP #4145 0.05 g, 61, 43 HlkE =N
NAH AR B AR, AR, 1R “2.9.37 T
N R, WE, tHEIFEEYEE . SRR R
ISP EINEE TR A 100.28%, RSD A 0.68%.
2.9.9 FMEENIE  HUPG-NP J¢ PF JFRIZ5 A1 H 5L
BRI R Y045 500 mg, 4% 12 4, KM (hE
2y L) 2020 R — B IE XC BE A7 H R I 5
TEE-—ERE, L300 mL ACRHE AR, EEER
(37.04+0.5) °C, #3£ 100 r/min. 437F 5. 10, 15,
20, 30. 40. 50. 60. 120 min HUFE 1 mL, [&]H£R
AR EBAEK 1 mL, 0.45 pm SALIERBER,
HEWRMBPERE, DU A RFE H 3 AEE
B 8 fian, PG-NP Tk I s R
R R 23 B I R .

PG-NP % T ¥ 7€ 60 min A 2544 H & ik 5
90.73%, 60min LLJ5 PF 5E &R, 18R FHRRES .
K 8 Hh & B PG-NP 7E /i 20 min [ HE R D44
F 87.10%, 1M K245 (13 HZAH 74.15%, I
AU PG-NP VR0 A9 T8 FIAR AR T R ) 24
A ERR YR G4 (P<0.05).

100 1
PG-NP
80
PF
X
5% 607
=
X8
&40
X
20 4
0 10 20 30 40 50 60
7°C

El8 PF # PG-NP HBIRFFINELHEMZ (X+5,n=3)
Fig. 8 Dissilution curves of puerarin in PF and PG-NP
powder (Xt s, n=3)

3 g
Gk & AR W RS BE . RIEFIDT
TE V] 233 RPN R B AN AR B BUE A LTS
Yo AT FE R FH O FE 75 BRI B 23 A A P el Ak 7=
AT Z R AN, BRAR TR (H R A5 2
PR RLAR A SRR, BT A A RSB TNL, 4
T LAY 51 IR B BT A5 TR R OE I v ZE R R I5)

ST S, EBTY) A T R et
I RTRLAR AR 22), AfE PG-NP YR 2 IR 5 n
S HARARHE— BN . RSN TG 45 R
/NRIAZIF) PG-NP 7E 20 min P IRASMNA H 302 JEORE
i1 116 ff. IX I BT T e b o R A et
2B 55 2500 i VAo i ) 89 231, R4

Noyes-Whitney 752, KAz IR/ 5 025404 K

MEAFR R, 2P 2z o £ AR

AR (R AR
HEBRANRRET IR, SAEGRETE

GER—FERA WRYE, WIS 29 R BUMIR 5 74

BH IR A H 20, /B PF AEKIERPIA

BIRSE RCR . BRI LU S Al e e 1

Z 5 7T HERIENHP), FINA R R

BEN /N b B AR MRS AT DAE R i o i

AHEZUIFY, B9 04 SRR A 1, o 20 oA

SE ARG R AR A, (Rt 2SI AR A AL,

S 25 VIR R 22T, BRI, H IR AR

Kb hrh BE AR S5 SR E L, SCRA —E 23

YERIE 71, ARBL T h 25l “25%h&—" B,

i SEM. XRD. DSC [Zxe5 704, 4 REW] PG-

NP SN S IAHEN KN SIRR 4/ iR, H PF AP

RE LLTGRE T i RS A7 AE PG-NP P o€ TE S iR AT

T2l s, 24 Rodid R A s

IHAGE] THESK.

P QbD B FE F AL PG-NP TR B 14 ] 4515
B, G AR T PG-NP (AR E M il T2 Tk
APERITTATYE, D9 R SRR DAk R A B At
T2k, )R EH PG-NP 29 EMAIE S
P[RR 2 AR I WEFEBE5E 1 LAt
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