+ 1360 * FEIBHEFE6H 202346 H PR XYY 3 Drugs & Clinic Vol. 38 No. 6 June 2023

ETRERT®IT (QbD) BZHNEAREFELMAVIXNIRZEZGETZ

R

BT, RN, EIER, THE, AE, HWRA, Kiz-F
JTRTIRIAARAT JTARE PRI B AL E SR, TR il 528244

% E. BM ETHREETOHESRAEARERMATISRENEE LE. B UaEMER, SRAREEERN
Fabm, I RS 5 300N A3 AT e S 255 VF 43 R D R REAT IR Al o SR FH Plackett-burman design it xhB e G812
SR — B, hORSROHRIE R BN . MBEARIFERMA VI SIRKEEE LERH 2, it 2 k7%
k. 53R BN TESEONBIUEE . BTN, G&EE. p-HREHE. KAE. BTU5E. B-IpE
SRR N SR E VR BN B2 . BT DV SIS A AR (P<<0.01), T B-PRRITRS 5 HE il
X AR R A A EG REMERM (P<0.0D). BIUIFHEM B-HME SH LM E LML BEANAEMINEER. BRERAA
RN E . e MBI #43E 4 300~4 450 r/min, B-MARIFE S AMMBAREL N 111 1~12 0 1, I0IESE R SLE
RFME BT . 48 MEMBARIERM AT RS TERETNT, AERERMEAWN Tk 1S,
KR AR, WAL BE T MEETRIFEE; Plackett-Burman #it: O E AR IS
FESHS: R282 NHEREE: A XEHS: 1674 - 5515(2023)06 - 1360 - 07

DOI: 10.7501/j.issn.1674-5515.2023.06.009

Inclusion process of internal homogenate method for Atractylodis Rhizoma volatile
oil based on QbD concept
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Abstract: Objective To optimize inclusion process of Atractylodis Rhizoma volatile oil based on the concept of quality by design
(QbD). Methods Yield of inclusion and the inclusion rate of atractylone were taken as indicators. Risk assessments of factors that
affect the comprehensive score were conduct by FMEA. PBD test was used to further optimize the selected key process parameters,
and CCD test was used to investigate the interaction. The design space for inclusion process of internal homogenate method of
Atractylodis Rhizoma volatile oil was established, and then was verified. Results The key process parameters with potential impact
include shear speed, shear time, inclusion temperature, p-cyclodextrin dosage, and water dosage. The shear speed had a significant
effect on the yield of inclusion compound (P < 0.01). The mass ratio of B-cyclodextrin to volatile oil had a significant effect on the
inclusion rate of atractylonin (P < 0.01). The interaction between shear speed and the mass ratio of B-cyclodextrin and volatile oil had
no significant effect on the yield of inclusion compound and the inclusion rate of atractylone. The operating space is 4 300 — 4 450
r/min for shear speed, the mass ratio of B-cyclodextrin to volatile oil was 11:1 — 12:1, and the measured value of validation results
was close to the predicted value. Conclusion The optimized internal homogenate method for inclusion of Atractylodis Rhizoma
volatile oil is stable and feasible, which can provide reference for the industrial production of Atractylodis Rhizoma volatile oil inclusion
compounds.
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AR RNERAEY AR Atractylodes lancea
(Thunb.) DC.EZJt# AR A. chinensis (DC.) Koidz. )T
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21 TEARER HPLC ENZE
211 i3 Agilent Zorbax SB- Cig ik it
(250 mm X 4.6 mm, 5 um); FBNIAH N HEE - K (79 :
21); Kl KA 340 nm; AR EA 1.0 mL/min;
N 30 C.
2.1.2 WREEERTIH S SRR AIEE,
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652.930 6 pg/mL (2R VG N 2t R 4T, B3 7772
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Table 1 Risk assessment results of process parameters of inclusion compound preparation by FMEA method
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NTHE—BIHIERR 1R, s R, &
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R, GARRBERMEZEEVRS (Yo AN TETF,
SKH PB Bitxt 5 MEERH T2 S8BTV R
(A). BIUIIIE (B). & (C). B-HMikE 57Kk
2 (D). B-FRWIE SHE MR 2L (B) #HT7 %%,
e wIt R R 5K F R E 2. iz H Design-
Expert.V8.0.6.1 HAFHEATHIE /4T, ik XA
R MY KEAE T2 EA B 2E 7 m )
KEER R, SRR 3. @ HHEET 2 JuhH
Sy BT AE E RS, 433 BBy Y1=0.450+
0.210 Xo—0.006 Xg—0.059 Xc+0.084 Xp—+0.160
Xe, JTZENHTEE RN 4. 7TABAL P 154 0.015
6, /N7 0.05, RUIBY A BEMEER, GEBAEN
TN SRR R Y RECR?{H Y 0.858 7, 3£
B AR 2R 1) S B -5 P B 2L A B A A B

GEA T ZE A HT G RN Pareto I (] 1) Wl %,
BIE (A B-HHIE S R &L (BE) XFEx
AV R, P {E4) 124 0.004 2, 0.014
3, MHARF WK =T P {HIKT 0.05, FKAHHAR
S R 30 SR VP s AN R 3
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Table 2 Factors and levels of PBD test

ES
K - —— - — —
Al(rmint) B/min  JRE/C DIff  EME
-1 2500 1 25 4 6
+1 6 500 5 55 8 10

#*3 PBDHEERITS5LER
Table 3 PBD experiment design and results

Py A B c D E LREVEy
1 6500 5 25 8 10 0.9707
2 2500 5 55 8 6 0.2308
3 6500 1 25 4 10 0.9057
4 2500 1 25 8 0.1275
5 6500 5 55 4 6 0.366 2
6 2500 5 55 4 10 0.2933
7 2500 1 25 4 6 0.2477
8 2500 1 55 4 10 0.061 2
9 6500 1 55 8 10 0.943 4

10 6500 5 25 4 0.3203
11 6500 1 55 8 6 0.4453
12 2500 5 25 8 10 0.480 2

&4 PBD IR EVIEENFEST
Table 4 Analysis of variance of regression model of PBD
experimental design

TERIE PR AHE BT F P
il 0.960 0 5 01900 7.2900 0.0156
A 0.5300 1 0.5300 20.0000 0.0042
B 0.000 4 1 00004 0.0150 0.9058
C 0.0420 1 00420 16100 0.2518
D 0.0840 1 00840 3.1900 0.1241
E 0.3100 1 03100 11.6500 0.0143
BRZEIRZE 01600 6 0.0260
it 1.1200 11
WRERK 08587
2.447
A | |
e |
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C
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IR%

1 Z&TSH Pareto

Fig.1 Pareto diagram of comprehensive score
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BHEERDABE 3 KT (a=1.14), FEETY]
I 1E) 3 miny EAIEE 25 C. B-HMIAS Sk R A H
104, WRRITRER5KFHE 5. DEaEYIRs
E (Yo, GARAREERE (Y NG ENR, BH
Design- Expert.vV8.0.6.1 3417 CCD 3% it
iR EAETE, KRkt 548 R NE 6.
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Table 5 Factors and levels of CCD test

ES
K- - —
A/(r min) E/f%
-1.14 2 000 4
-1 3000 6
0 4000 8
+1 5000 10
+1.14 6 000 12
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%6 CCDRIWIITE4
Table 6 CCD test design and results

wEwl BARRE

A B A%
1 -1 (3000) -1 (6) 77.71 27.46
2 -1.41(2000) 0 (8) 60.36 25.61
3 0 (4000) 0 (8) 84.24 51.82
4 -1 (30000 1 (10O 72.92 66.45
5 0 (4000 0 (8) 82.43 58.51
6 0 (4000) -1.414) 67.34 20.38
7 0 (4000 0 (8) 79.08 45,55
8 1 (5000) 1 (10) 83.51 72.44
9 0 (4000 0 (8) 82.37 50.27
10 1.41 (6 000) 0 (8) 80.24 4559
11 0 (4000 0 (8) 82.76 55.27
12 0 (4000) 1.4112) 79.68 78.38
13 1 (5000) -1 (6) 76.03 24.42

T8 R AT LA R R IR 2 Rl A
AL o EIE AT E (YO . AR ZEAEFE(Y)
(L& TR Y2=82.31+8.11 Xa+4.56 Xg+12.27
XaXe—11.84 X24—8.63 X2 (P<<0.05), Y3=52.37-+
7.15 Xa+33.84 Xe+9.03 XaXe—16.66 X24—2.88 X%
(P<<0.05), JKALLII P fH KT 0.05, KBS
ERE, RUTUFAEE, StiRzEECN, Tk
RSy, "THTRERENAS T Z. mER 7 L
B, BTUN A YIS R B 2
(P<<0.0D), 11 B-M#IkE S Kt o s R &= A
HFRAREMERN (P<0.0D.

T 2 ) IR 22 o el VA T R v 2k ) T
M, SR FERR S & R R Z BRI AH R R .
HH & 2 7T, BTN E S B- PRI 5 44 R o & L
AS EAE XA IR . AR R AE R
BIANRZE, 5HESEIM 8, RIWATFEE
HEE R, WNIABCONT2E. 24 B- MRS 5% &
JRE L —E R, A YIS 2R I B D) G N2 I
REHINEE T T8 4 B-IHTRS SHE R i 2= L
—IEI, AR F A R BT ) A R I A S
s T,

2.6 MEEITEERIEIE

Nt BRI E T EM, JERTRENG & 4
A SEBRA B L, HORYE CCD e 1 % K 2 5 i
PRIIREM, N A T 2R 2 [ A i 2 A

Fz 7 CCDIRIEITEIIRE W FE N
Table 7 Analysis of variance of regression model of CCD
experiment design

S of ‘ Y2 Y3
FJ7 A P ~EJ7H P

it 5 54151 0.0013 4011.20 0.0005
Xa 1 19740 0.0012 153.44 0.0939
Xe 1 6243 0.0217 343442 0.0001
XaXe 1 3764 00564 2039 0.5029
Xa2 1 20081 0.0012 397.63 0.0169
Xg2 1 10669 0.0063  11.90 0.6062
BRI AR 7 5056 286.16
SRAUIN 3 3627 01348 18886 0.1904
a7z 4 1429 0.0013 9730
MEZE 12 592,07 4297.35
T REL 0.91 0.93
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Fig. 2 Contour and response surface curves of inclusion
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FFE 8. LER IR, TIN5 SLIE T &3 2=
S, RUFTESLI BT A AR A B v . [H
BT 125 18] P s 383 e Hbs, it vh 2 (| 4
(1) s R R 3 2 BE H AR, R IIAE BT =% (] P 45
PR > T2 %A S AV R BRI, A )
TREeE TEMRE TN, WReswr-
it LR R Y — i
3 g

KT A ARIE R AT A%, AN
S)FAEAE G E TR, 5 S0 B A 45 A

10 .
. te, Ga L N A2 —, AR R K
5 8- . . S A AL T A 5 NIRRT 7T 45 2R AH
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= mT AR 5ERENI R ML, THEES
4 S e PETINE HAEE, W IRAEREE, SFE, X
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Fig. 3 Inclusion process design space *, B PREEFRE.
*x8 Wit EIEIERE KRR
Table 8 Test conditions and results of design space verification
. T Y2/% Y3/%
SHME TOmE SRlME TOE
1 CEEND A4400rmint, B3min, C25 C, D4f%, E111% 82.08 83.87 78.16 78.24
2 (A A4300rmint, B3min, C25 C, D4f%, E12f% 83.19 81.04 84.31 85.37
3 (ZAAhD A5000rmin?, B3min, C25 C, D4f%, E10f% 81.19 83.41 50.01 51.78
4 (A A4300rmin?t, B3min, C25 C, D41%, E9f% 80.71 84.33 61.73 61.68

IR, ABFFE5I N QbD HLEX H T2 T4
I HIRN B Mo B, SR RS 2 T L ik th
SO SV E TR O T 228 (BYPIHEE
BYDIE AL REHRSE . B-HOINE S 1 A B R L
B-HWIRG S KB L, JFEE—PiaH PBD ik
THETE B VIR E . B-MOMIRG 545 A0 i & L £
SR BAT RE V. )5, 8 CCD lds i
th#r CPPs 5 CQAs ZIE s HAFM, IFH Ik
Z IR AR R HEAT RAL, B A R, HARM
BIAEZ . CCD IR BIHER 7 it 2500, Zie
FRE R AR ARt SR A

TEOL, i BB s ) SR, i AR S
HIRZAREIET 2 BE H AR, AT E NN 95% &
BRI 23 (8 N BT 1% 38 4 300~4 450 r/min,
B-I MG SHE R MR N 11 0 1~12 ¢ 1. TEHIE
AR N, Bk RS E A E R, R
e ME s T2RANEAYMRERE. .
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