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Study on preparation technology and physical fingerprint of Quhan Zhufeng
Granules based on quality by design

BI Ying-yan, LI Jun-jiang, LI Ji-wen, YAN Zhi-pan, ZHANG Zhi-rui, LI Xi-xiang
Gansu Province Hosptial of Traditional Chinese Medicine, Lanzhou 730000, China

Abstract: Objective To study the prescription and preparation technology of Quhan Zhufeng Granules (QZG, 1%7€i& X fJif) and
evaluate its physical fingerprint based on quality by design. Methods Using dry extract powder as the main component. The
evaluation indicators were granule molding ratio, dissolubility, hygroscopicity and angle of repose. The Box-Behnken design response
surface method was used to investigate the particle forming process parameters and the D-optimal mixture design was used to
investigate the type of excipients. The physical fingerprint of granules was constructed by relative homogeneity index, bulk density,
tap density, moisture, hygroscopicity, hausner ratio and angle of repose. Results The optimum conditions were as follows: Using
soluble starch and dextrin (3:2) as the compound excipient, the dosage ratio of dry extract powder to compound excipient was 1:2,
the amount of wetting agent (80% ethanol) was 30 mL. The similarity of the physical fingerprint of five batches of QZG was higher
than 0.99. Conclusion The preparation process of QZG was stable and feasible, and the physical fingerprint was scientific and
reasonable, which provides a new direction for the preparation process of traditional Chinese medicine preparations.
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%<1 Box-Behnken RIERITHERZRSKEMFRELE
Table 1 Factors with levels and protocols with results of Box-Behnken experimental design

DEnas Xi Xo/%  XsmL Y% Y% V(7)) Y% di d2 ds ds OD f&
1 1211 751 30(0) 81.67 7.59 3882 8127 0.0325 0.3325 0.0883 0.1617 0.1115
2 1:3¢+1) 75 30 89.03 629 39.63 8215 0.6162 0.6650 0.0000 0.2186 0.0000
3 1:1 85 (+1) 30 83.57 5.69 3505 79.66 0.1832 08184 04995 0.0576 0.2562
4 1:3 85 30 87.59 7.89 37.15 8565 05020 02558 02704 0.4450 0.3526
5 1:1 80 (0) 15(-1) 8136 598 38.88 83.50 0.0079 0.7442 0.0818 0.3060 0.1102
6 1:3 80 15 82.82 7.80 38.18 8094 0.1237 0.2788 0.1581 0.1404 0.1663
7 1:1 80 45(+1) 85.60 889 30.53 9423 0.3442 0.0000 0.9924 1.0000 0.0000
8 1:3 80 45 88.26 8.62 3774 9135 05551 0.0691 02061 0.8137 0.2832
9 1:2(0) 75 15 8126 7.15 3294 7877 0.0000 04450 0.7296 0.0000 0.0000
10 1:2 85 15 85.13 829 3845 83.06 03069 0.1535 0.1287 0.2775 0.2025
11 1:2 75 45 81.83 498 3898 80.13 0.0452 1.0000 0.0709 0.0880 0.1296
12 1:2 85 45 83.57 7.63 38.06 8186 0.1832 03223 0.1712 0.1999 0.2120
13 1:2 80 30 8635 7.56 3046 84.08 04036 03402 1.0000 0.3435 0.4660
14 1:2 80 30 89.23 7.32 3504 84.64 06320 04015 05005 03797 0.4686
15 1:2 80 30 9387 6.70 3839 8261 1.0000 05601 0.1352 0.2484 0.3703
16 1:2 80 30 93.63 858 3156 89.11 09810 0.0793 0.8800 0.6688 0.4626
17 1:2 80 30 90.26 8.09 3739 8529 07137 02046 0.2443 04217 0.3502

IH—{d (OD) PI,

OD=/(d1dz**d)"*
d NFebRIA— LRI, & abaE

Horb, BORLEC T 2P Y 2 . I MRS
BRI R SRR BN R G, MeR A
Hassan J7 V53T 8UFH K. dmin M dimax 1o

Amin=(Ymax— Y7)/(Ymax— Ymin)

dmax=(Yi— Ymin)/(Ymax — Ymin)

FEbR A —E A S PP —E TR A R AR 1.

X H Design-Expert 8.0 #f4-%} OD {E 347 %W
8T, FFRE 77N OD=-33.13—0.43 X, +
0.80 X>+0.069 X3-+0.010 39 X1.X>+3.79X 1073 X .X5—

4.00X 107 X2X3—0.12 Xi2—4.95X 1073 X2—7.28 X
1074 X32, R2=0.9120 A8 MIMEE, I ED 4
R 2, SRR, FrE R ANA B R K
F(P<0.01), RPIIAEE (P=0.2178), Uil
P Sr B T . Xo RIER (P<<0.01) %) OD A E
AR, 3 ANFZEX OD EMFIAHE R Xo>
Xi> Xz

FIH Design-expert 8.0 BAFAE HAH N 1) =4k
o7 ity T P A A i 2R I, ] 1 g SR R OR, OD B
B 2458 L fe £ BEAR AR A B 3G I S 18 Ja ek, AR
fE; OD 1B 24 % bt [ 20 FH 2 A3 in S 38 )5 ek,
AWKAE; OD {HFE LEEAAFR 4. L REF 2

%< 2 Box-Behnken iR i%it HESHT

Table 2 Box-Behnken experimental design variance analysis

HEFRE CEFEM ABE ¥ FE O PE REW|FERE CELM A@RE ¥H 0 O FME O PH O RBEHE
A 038 9  0.043 8.06 0.0059 HRRE| Xi2 0.060 1 0.060 11.40 0.011 8 &3
Xi 0.013 1 0013 2.48 0.159 4 X2 0.064 1 0.064 12.15 0.0102 &%
X 0.076 1 0076 14.43 0.006 7 HEFE| X3 0.110 1 0.110 21.32 0.002 4 HRFE
X 266X1073 1 2.66X107 0.50 0.501 8 k2 0.037 7 5.30X107?

Xix: 0011 1 0.011 2.04 0.196 4 KPI 0.024 3 7.84X1073 231 02178 A&
Xixs  0.013 1 0013 243 0.162 8 iRz 0.014 4 339X1073
XoXs  3.61X103 1 3.61X1073 0.68 0.4367 MIRZE 0420 16
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Fig. 1 Three-dimensional response surface and contour maps of each factors
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2.3.3 Box-Behnken {4 Wit 4 uE SEE @I
Design-Expert 8.0 3% OD Frad 7.0 =X =477
FRIAT R AR, BRRERN LZSH A X N1 1228,
X> N 82.24%, X3430.95, OD N 0.451 6. 45&
AP AR S SEBR TARRDL, e i T2
YN 1 12, ORI 80%, LEEFEN
30 mL. #%MEMRIE T ZTIAESE, S5 0% 3,
USAUF 5256 T2 OD {5 N 0.440 7, RSD N 2.10%, #J
D SIAE 5 FAE w22 500, SR T QZG

il & T 2S5k

2.4 D-ERNZIHLE s EHR

2.4.1 GRDMSRRES BB T, B
REW 50 g, alEA AR . FUNE. TR,
BikS 100 g EATHIRIRIE, THAERIE. TR,
Ribf . weE, SR WER 4. ATEVETERE T
BHNF, R B A, AR IR RO,
HIRLJEAIR 2 o THPRAS BRI VR 2 B iR I, UKL
AB5], FERERCRYE . AN VERLLE, (AR O o
FUETNWAR LI, AEAE RO R A A W I 25 W
A EACIRDY, - [R] F R Y 2R A, IRANTEZEA
Gyde, WORBERTIETEVERY . WIKG . REREIEATRE—

% 3 Box-Behnken {38 1% I8 IESLIR4E R

Table 3 Box-Behnken test design to verify experimental results

SIS Y1/% Y2/% Y3/(°) Yal% di d2 d3 da oD
1 90.38 8.25 31.85 84.77 0.723 2 0.163 7 0.848 4 0.3881 0.444 3
2 90.23 8.13 32.35 83.59 0.7113 0.194 4 0.793 9 03118 0.430 1
3 90.11 7.95 32.86 83.75 0.701 8 0.240 4 0.738 3 03221 0.447 6

® 4 TRERHSIRE AL
Table 4 Comparison of granulation of different excipients
AT g HBLE % WRIRHE % RIEA/C) W% [Nk pa

1 81.26 7.12 31.32 9240  HMIEE. WREMELF. BRRE, BRI

2 ANAMEER 8455 8.59 30.59 85.69  HMIEE, MEMEELF. KRG, MTESEL B2

3 FLpE 78.21 7.56 37.69 80.12  HMEL, ALY, BAMEf O, BREZK

4 JEEHE 80.35 8.13 32.25 90.59  HMIEE, Hlk, AL, REE, Bk
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242 D-IfRiREHZE  RA D-ImfLiREH T, B
TYAETEVER (x) K (). JERE () HEN%
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(y3) FIRIRZEE (po) AFELARIR, X 3 FPfikHEHC
LEEAT A . IR IR 5, RIS 4551 0
% 6. Hfab 70, “2.3.27 T,

X H Design-Expert 8.0 4%} OD {347 70 #7
OD=-4.232X10"% x;—0.019 3 x,—0.018 x3+
6.351X107% x1x2+6.078X1073 x1x3+2.014 X 1073
x2x03+2.588 X 1075 xpvaxs, R2=0.970 0 H K & &

FE, TFESMERNE 7, 455 DR ER

I R EKFE (P<0.0D), KWIHWARE (P=

0.160 4), UiBAATESTBIAY AL, D-e iRk
£5 D-RREHRITHEZERATE

Table S Factors and levels of D-optimal mixture design

IKF
FSfEN
TR IR
x1/% 50 90
x2/% 0 50
x3/% 0 50
LR KA x1+x2+x3=100

*6 D-RIUERZHTHERSKFMABLZHRER

Table 6 Experiment planning of D-optimal mixture design

SEISE S xil% /% xs/% /% % yl(°) yal% dh d2 d ds oD
1 90.0 10.0 0.0 90.06 8.18 30.53 89.96 0.000 0 0.4513 0.5235 0.2857 0.000 0
2 90.0 10.0 0.0 90.15 7.56 29.21 89.32 0.023 7 1.000 0 1.000 0 0.000 0 0.000 0
3 69.8 30.2 0.0 90.96 8.13 29.54  90.24 0.2375 0.495 6 0.880 9 0.4107 0.4542
4 69.8 30.2 0.0 91.07 8.12 29.25 90.34 0.266 5 0.504 4 0.9856 0.4554 0.4956
5 50.0 50.0 0.0 90.87 8.22 30.64 91.56 0.2137 0.4159 0.483 8 1.000 0 0.4554
6 50.0 50.0 0.0 91.47 8.06 3140  90.60 0.3720 0.5575 0.209 4 0.5714 0.396 9
7 59.1 394 1.4 93.85 8.18 3143 90.10 1.000 0 0.4513 0.198 6 0.3482 0.4203
8 77.5 11.3 11.3 92.54 7.96 31.83 90.38 0.654 4 0.646 0 0.054 2 04732 0.3226
9 50.0 36.3 13.7 90.29 7.75 31.98 89.59 0.060 7 0.8319 0.000 0 0.1205 0.000 0
10 63.9 22.1 14.0 92.35 8.55 30.59  90.50 0.604 2 0.1239 0.501 8 0.526 8 03751
11 754 0.0 24.6 90.85 8.10 30.12  90.13 0.208 4 0.5221 0.6715 0.3616 0.4032
12 754 0.0 24.6 90.78 8.15 3024  89.79 0.190 0 0.4779 0.628 2 0.209 4 0.3306
13 50.0 245 25.5 92.59 8.69 31.55 91.26 0.667 5 0.000 0 0.1552 0.866 1 0.000 0
14 58.7 8.1 332 92.32 8.03 31.38 90.15 0.596 3 0.584 1 0.216 6 03705 0.408 9
15 50.0 0.0 50.0 93.12 8.30 30.35 89.75 0.807 4 03451 0.588 4 0.1920 04212
16 50.0 0.0 50.0 93.63 8.58 31.56 89.11 09810 0.0793 0.8800 0.668 8 0.462 6
£7 D-RIERLRITHFED TH 3D MR S S A LT 2. KBTI IR
Table 7 D-optimal mixture design variance analysis EEGRE T RE, BRARENLTESEN a0 A~
FEKIR CPOIR AmE ¥ FE PH 61.898, x, A4 38.102, x3240.00, OD {H}4 0.4990.
A 0.51 6 0.085 48.50 <0.000 1 GEE TR AR S SRR AR, S5 280 e R Y
X1x2 0.094 1 0.094 53.55 <<0.000 1 I%jjﬁf{%fi{ﬁ*j} 60%, i[%ﬂ)l%f 40%, ﬁ*};ﬂ‘ 0.
xixs o 0.12 1012 66.05 <0.000 1 243 HIF T EE U UE 2 IR %k A e 1) e £
xoxs o 0.22 1022 128.40 <<0.000 1 T2, BFRER, A2 fSRRAE (v
xuos - 0.013 10013 7.58 0.0224 TER-BIRE 30 2), HH 80%ZKE, 30mL Hl#At,
WE - 0.016 9 175X107 ki, TR, Bk B4R . ARAERAL T2 T IR R
AT 0.011 4 266X103 261 0.1604 I, ISIFLER N FE 8. INIFSZISIEY) OD 15N
ALRE 5.10X107° 5 1.02X107 0.496 4, RSD A 2.94%, W] WLSZE -5 TR fin 2=
BiR%E 053 15 BN, @SARTETH T QZG & L2 Sk .




* 5896 » F8 B 2021F108 #5238 B198  Chinese Traditional and Herbal Drugs 2021 October Vol. 52 No. 19

1.00
I

0.52

OD

0.04 ——

| X2 (OO)
x1 (100.0) = =

5 (0.0) H/,W)*’f " x; (50.0)

X

X2 (5})_/6)_/

 (500) N 1 (50.0) + (50.0)

2 D-HAURRNEIT 3D MR R F S %k E

Fig.2 Three-dimensional response surface and contour maps of D-optimal mixture design
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Table 8 D-optimal mixture design to verify experimental results

SERS y1l/% y2/% »il(°) y4l% d2 ds ds oD
1 91.90 7.95 30.36 90.15 0.4855 0.654 9 0.584 8 0.370 5 0.5123
2 91.76 8.06 30.12 90.05 0.448 5 0.5575 0.6715 0.3259 0.483 7
3 91.55 8.12 30.05 90.28 0.393 1 0.504 4 0.696 8 0.428 6 0.493 3

2.5 YRIELEIEEN

2.5.1  W)ERARAR IR E RARAEILFE e R UL 1Y
—PE MRV B RRE AN — A EEAR bR
PRI R IAB . PRI Koy
LSS S8 T3] S N NI Tl L/ B L = TN D
UNGIE{1RY€ b vt &/ BLiE: =0 T o) o o /SO =1
PRSI KR IR 9. 10,

252 VEIRSUEIE AL AL S dr DL
R brez il I8 BE B B fe SO, 4R
b )T 35 48 2 1) 5 0k AR o IR FR ac g . SR
SPSS 17.0 B, R FH e 1 4R 5232 AN R IR AR
an ) ERAR S G 0 FR PR SO RS (AR ABLRE,  AE LS
K, BREER 1, BRI B SRR L,

LR BEfAEE . 200201 200202 200303 200304
200405 5%t HE T S0 B LEEAH U KT 0.99, 5
HUAORL () P B R — . W EE RS WL 3.
3 g
FEFEBRIT AT ETT, NIRIES IR 2
FERE IR R — 2L WA ERIRTT R, HR
BHERG, ooy HAA, IREFIES K, &K
RPRER T 5 JE A R & — 8 2GR
R & AR B SR E R, 2R E N ERH
Jr @ IR LG B, BRI 1 b
QZG kA&, A EE R ER, (HRE
e R, ERETVESRL S g, ANRT KA,
HCR FIMNERE, iDL 0 77 00 Hedh AT T &K

R IEIVEEHRTTE

Table 9 Conversion method of secondary indices

— BT B TR AR bR LA BAETEE () i /NSRY

Bt FHXT 55 FEFR 4 0~0.02 500 x

HER i B gmL™! 0~1 10 x
PRSP gmlL™! 0~1 10 x

R W = % 0~20 10—x/2
Ky % 0~10 10—x

b)) NI ° 0~50 10—x/5
ST LL 1~3 (30—10 x)/2
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Table 10 Determined values for secondary physical indices
- o s
€= LK (YA
200201 200202 200303 200304 200405
AR R R EE/(X1073) 5.340.1 53402 5340.3 53404 5.240.1
4 5 4UE 2.65+0.05 2.67+0.08 2.67+0.09 2.6740.06 2.5840.06
v B MEME/(gmL™)  0441+£0.006 0.441+0.011  0.435+£0.009 0.462+0.006  0.455+0.010
A 5 4UE 4.41+0.06 441+0.11 4.3540.09 4.6240.06 4.5540.10
PR MEME/(gmL™)  0.522+0.008  0.561+0.018  0.536+0.008  0.595+0.020  0.455+0.015
A 5 HUE 5.22+0.08 5.61+0.18 5.36+0.08 5.954+0.20 45540.15
W VR W1/ % 7.84+0.05 7.93+0.04 7.96+0.04 7.78+0.04 7.8540.02
A 5 HUE 6.08+0.03 6.03+0.02 6.02+0.02 6.1140.01 6.0840.01
KAy W1/ % 1.50+0.09 1.51£0.04 1.5040.10 1.5040.10 1.4740.06
A 5 HUE 8.50+0.09 8.49+0.04 8.5040.10 8.5040.10 8.5340.06
RIE £ T EAE/(0) 30.5240.47 30.2340.26 30.2140.33 30.60+0.44 30.2940.17
A 5 HUE 3.90+0.09 3.95+0.05 3.96+0.07 3.8840.09 3.9440.03
SN LE e H 1.18£0.00 1.27+0.07 1.2340.01 1.2940.03 1.1940.06
A 5 HUE 9.09+0.01 9.64+0.36 8.8440.07 8.56+0.13 9.0540.30
200201 200202 200303
HIx B 517 HIXH RIS I 51577
ZEYNHTLL MAEE Eghiintl R BN FAB A
v Rk £
PRk o PR BipE PRS2
K4 L BirE KA ik K5 i3S
200304 200405 S
HIX 5155 MBI TR BB
YN LL AR AN FAB A
NI
PRk RSB PRIYH T

K53

USTES

Ky K4y

LTRSS

El3 QZG ¥IBiagEiE
Fig. 3 Physical fingerprint spectrum of QZG

Eo MEHDRIF AR RS IR AR BRI (R, ATREWGRTEY T, B GERIRTE, B
MTZRARENEW . FEVERER . BEROVR0R. T b 25 0k ) % 12130,
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