« 1454 « HEI9EBE6H 2024FE6 H AKX F bl & Drugs & Clinic Vol. 39 No.6 June 2024

Box-Behnken Mg B A HIFTHEE L B B- MBS 8 ERHETIEE
Iz

ﬁ,gﬂmél ;\_ &1L, ﬁxgd_,l,z,a

1. #EZDEER AR AR, Wb A% A 051430

2. ZFERI TR E SR E, ~F M 675000
3. MBS ZNARAR, =5 %M 675000

% E. BM ROTEE R BRSO MM EiE B DI S T2, Ak ERREHRNEM L, Dasmiick.
AT A L A BRI SR AV VRN bR, DA B-PRRIRG S8 Al A% b B DI AN BT V)4 & i TR A %2R &, SR A Box-Behnken
W B THE AT LA T 2404k, @it Design-Expert 13 B4/ i & = A BAE IR i T 24 R  RHEE YL
& FRITFARRFE Sl B-FRBTRS B A i LS H0N B-FIRIE SR Ry 8 1 1, B-HOMIRE SAlfKkfE L 18, B
YA A 40 min, BYPIEEA 7700 /min. 518 AL T ZAA MR R, TAAEAAT, WE875 51
R —ERSIER.

KRR TP RO B- MR LA mRETY): BE T W A4 % Box-Behnken Wi IE

FEDHES: R284.2 XHEIREE: A XEHS: 1674 - 5515(2024)06 - 1454 - 06

DOI: 10.7501/j.issn.1674-5515.2024.06.011

Optimization of high-speed shear inclusion process on Schizonepetae Spica volatile
oil - B-cyclodextrin inclusion complex by Box-Behnken response surface method
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Abstract: Objective To optimize the high-speed shear inclusion process on Schizonepetae Spica volatile oil - B-cyclodextrin
inclusion complex. Methods On the basis of single factor test, the inclusion process was optimized by Box-Behnken response surface
method with the comprehensive score of inclusion complex yield and pulegone inclusion rate as the evaluation index, and mass ratio
of B-cyclodextrin to volatile oil, shear speed, and shear time as the investigation factors. The optimum process conditions were selected
by analyzing the interaction of various factors by Design-Expert 13 software. Results The optimum process parameters of preparing
Schizonepetae Spica volatile oil - B-cyclodextrin inclusion complex by high-speed shearing method were as following: the ratio of p-
cyclodextrin to volatile oil was 8 : 1, the mass ratio of B-cyclodextrin to purified water was 1 : 8, the shearing inclusion time was 40
min, and the shearing speed was 7 700 r/min. Conclusion The optimized process has high inclusion rate and inclusion yield, and the
process is reasonable and feasible, which has a certain guiding role for the research and production of subsequent products.

Key words: Schizonepetae Spica volatile oil - B-cyclodextrin inclusion complex; high speed shear; inclusion process; yield; inclusion
rate; Box-Behnken response surface method
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1 UESHG

5y LC-20AT & R AH il s 28 2 FHift 2
IR BR AT CPA225D 43 #r K°F; ZK590 HLFK
S CHEATT RIS s KIEHE 2R (Rl
HAE R PR AT ); ZK395 Y i H i XT84 (.
PRI KA SR 3% ): FJ-200 7 i 4 B BpL
( BifgA SR A HIRAF]DD; KQ-300DE ##%
FREDE (RIS ERARAFD.

FEE (or#rdl, #t58 20231026, RiETRIE
RRAL 2R A AR A A D FEE (g, #t5
20231016, RiEmRFERAARAARAFD; B-H
BikS (b5 032211181, ZHuliim 25 R A
PR D5 AR B 0 R D T R I v AR R
HIRAT, L5 AFBI3118, Jii /)% 98.0%. JHlFF
G T Ak B, maEs SAPAMRREA R T
HIEFLIRME, G by 24 WA SR A 7L B P B
g%, ANIEM, HEKNSTHRARRF A
(FPEZ ) 2020 FRR—EER, Hra Sk
0.65%- #HiHi1a7 il 0.265%.

2 FEEER
2.1 IR L MAYHRER

IR REAMBR £ 00, AR . FREURIFT AR

F 2509, BT 5000 mL [H L, F 95~100 C

BRZKEE 2 Wk, 55 100 13 58k H K, B 1h
IR SR A D5 57 2 U0 11 R AR A K, RIE
1 h (RS R D R B 5 R A,
. HA 1.0 mL A S T4 24 200 g.
22 BEYNHIEEE

a8 FH v 3840 O3S S AL OGS 3R T R O v kAT L
Hro FREL—E 2RI B-FAMIRGE E T M, TIANER
At K, BRI B I NI R . S R I
TN FEEE JEiC I U (8], FE 150 e AH B () e il gk 4T
B, BEEMER R, B KBEEY/IMEE 4C
VKAEA I 120 5, i, FEEITKOEERER (G
% 3K, 10mL/R), BT 50 CHFEH T 3h, 15
FTFHREEY)
2.3 HPLC AEMERTFIEEL M - HEEEY
A S feT B
231 ok 4B Waters Symmetry Cig {03 K%
(250 mm X 4.6 mm, 5um); FENHH: FEE - /K (70 :
300; R K: 252 nm; AFE: 1.0 mL/min;
FEiff: 30 'C; #EFEE: 10 pL.
2.3.2 N SLVA TR A O v e I X R
B, FEEFRE, 0B R 40.26 ng/mL [FVEWR,
HIFE
2.3.3 MHRSVER M H S BORSTHEEE R0 B-3
WAL 059, FEEMRE, BHMRY, B
O 7T0%HEE 25 mL, #%E, FREieE, @A
(Th3 250 W. #1i 50 kHz) 30 min, 4, HHRE
i, F 70%9HEEANERCRII R, RS, 1045
um TFLIEME, AR, RITE.
234 BMEXRRFL ARERI 40.26 pg/mL
T 756y G R A 24 64 10, 14+ 18 uL HEFE,
e VETHIAR . DABERE S AR AR, T AU AR,
HATE AR, 13 [HA77F2 Y=2475670.0199 X—
24286.7500 (r=0.9995), %553 WA 8 fay B HEAT
H1E 0.080 5~0.724 7 ng SR L% 8 R RIF.
235 REEFERES R % R G AT 0T R
W, TR 6 Ik, Mg, tHEAH RSD A
N 1.42%.
236 HEEMERK WLZWIE1GEYFEN,
FRRE, “PATHI 6 OBk A, W A v e
WETHIAR, R4S 5 B4 20 RSD fE4 1.58%.
237 FEMiRE WL ZEKAE 1 FENER, 6%
BERSETL 2 BITE 0L 2. 4. 8. 12, 24h FEFEN
JE AT W R AR, TSI RSD HN 1.27%,
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TR S B RATE 24 h WHEAFRE
238 [ACRIAL: WL ZEWAE 1AM ERE, BE
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far i 0.625. 1.127. 1.790 mg, il Rk v, it
FENE, THE AT R (1)~ 33 RS 2 97.76%,
RSD {54 1.37%.
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HmAED
25 SEEVIEEIZHERERER
251 HIUINERESE HR R B-FRRIRG S0 T AR
FERMPIREL 8 ¢ 1, B-MBIKS S5 aitb /KM i & Lt
N 16, BIYJEEE 4 000 r/min, BIYIEA A 15,
25. 35. 45, 60 min & RATEL G, 40 i E 1
AT A F MO, 4RNE 1. 4RE
ANBT VIR ARG, e S ZE AL A U e
K, BV )N T 35 min I S A ISCR R A 225
%, 4 ET) ] A 2] 45 min IS, ST IR A4 M0
HWEVCRIEREA T, LRE6FEEIEFE TN
[E] 35~45 min #E47J5 8456
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Table1 Effect of shearing duration on yield and inclusion rate

e
in

SIYIRS () /min  AEIUCE% A%
15 56.51 43.92
25 61.28 46.73
35 72.62 58.11
45 74.25 60.32
60 72.11 57.53

252 AIMOKMERHEE  [E p-HMIKE 51K
TR ELE A 6 1 1, AR 20 min, BYYIEEEE

SE 4000 r/min, 75 B-MRIKE 4> A 4. 6. 8.
10. 12 FEERAAK, EiZFMF THITEE. B8
G5 ORI W 5E AN (7] S 56 25 1) 1 3 4y T 0, 5 R R B
P, 2R 2. WA KA K I &,
L5 PSRN ST I & R B ORI s . EA
TR RE AR T, ETERANERE, #e T
B-PAMiAGE S Al IR E LA 1 8, RIS HHT
Je 52 M N T S 6 o
&2 TRANKAENEEYREMEEEHNZIT

Table 2 Effect of different purified water dosage on yield

and inclusion rate
B-MWIRE At EEIL  BAEMKREYR BERY%

1:4 65.24 62.36
1:6 63.52 60.18
1:8 67.81 63.69
1:10 65.84 58.42
1:12 70.96 59.71

253 PB-MHIKE SR MEREIRESR  BIEAil
IKIMNE B-ARIHGH) 6 1%, BT UIH: 3 1% E y 4 000
r/min, A& 20 min, TR 2RI GRS RS
MR 4. 6. 8. 10, 12 fF &K B-FAMIkE, ik
TP 51 SR 2 SR S P EAT B 5, 00 5 W T
GRMEEINE, SRILE 3. A B-HH)
RS AN R T i oK, ST i B A R AR S
WK, 24 B- VI SR 5 R EE 10 & 11,
BEFMOEREBTIRE, AR,
ST IMNIE R 4 £ B B-FORIRG 6,45 IR 53 1
A& RSP EAC, MR 10 5
12 510 B-RIRE B & RORZ 0 A K, [FI =5 & )4
PERLE, RATAE B-MEIRE SR B AR 6
1~10 : 1 TR R85

&3 TR p-HMESELHEELENEEEENES

A
Table 3 Effects of different proportions of f-cyclodextrin
and volatile oil on t yield and inclusion rate

BIMMIKS SRR BAaYCER%  BEE%
4:1 65.95 49.22
6:1 70.32 53.54
8:1 76.46 58.17
10:1 78.23 60.61
12:1 77.65 61.80
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254 EBUUVEEEMIE S R B-POMIRG S5 ali K
et A 16, BUIEEHIE 20 min, B-FAHIFE S
FITF R R B R L 8 ¢ 1, BYYIERIHE S 2 000,
4000. 6000. 8000. 10000 r/min [T A,
53 0 S EH A AL S AL AR, AR AR
4, R BIREIVIR G, A A PRI R AR
1, BT L5 R SE NS PRG, #2334 8 000
r/min i, ST I AL S R R . SRE B EE SR
A2 48, 1B V)% 1E 4 000~10 000 r/min i
17 e 8tk .

&4 TREIFEYIEEERS B EPERMEEEHNFIT
Table 4 Effect of shearing speed on yield and inclusion rate

BUIRENr min ) AamieRe  BER%
2000 59.73 45.32
4000 60.15 46.94
6 000 58.60 49.71
8 000 62.52 53.85
10 000 61.97 52.48

2.6 Box-Behnken MR EEMIEFITFIEELHE
AI1IZ

26.1 ZEEVFA A DUSH G A A R AL
HUCREILE GV E RVEN T A%, 14/ SPSS 22.0
B BV EE AT, H e R S R AL
HRHON 06183, WAYICEIIFE 5% 0.381 7,
P AT R AL A AR yas Y2 o,
HE AT (Y=y1X0.618 3+Y>X0.381 7).
2.6.2 Box-Behnken iRZ6 it M4k AN & 824k
R FEERHSIR I B-FIMIAS 8 M2 4K,
52 B-IORRE SRR L (A, BIYIEGE (B)
FNBYIEL A I TA] (CO S FRITFREFE R iR & UR 1 52
i, HAFEZREE 3 NKE, oAl HARE-1. 0. 1
Foorno FIFTRIE R MAE K HFME R K ILE 5,
Box-Behnken i 5 [ 1036 e vH A1 45 - W3R 6.

=5 HEHRS5KE

Table5 Factors and levels

iSES
K
Algg™h B/(rminY) C/min
-1 6:1 4 000 35
0 8:1 7 000 40
1 10:1 10 000 45

7 6 Box-Behnken M N HiR I 1% T FIZE R
Table 6 Design and results of Box-Behnken response
surface methodology test

"Es A B C yil%  yol% Y%

1 1 1 0 69.97 8237 74.70
2 0 0 0 8145 87.99 8395
3 -1 1 0 66.79 76.54 7051
4 -1 -1 0 57.23 69.84 62.04
5 0 0 0 8256 9244 86.33
6 0 1 -1 70.08 8250 74.82
7 -1 0 -1 55.04 65.64 59.09
8 0 0 0 82.11 90.02 85.13
9 1 -1 0 68.84 80.08 73.13
10 0 0 0 80.94 89.26 84.12
11 -1 0 1 6237 7416 66.87
12 1 0 1 67.65 8149 7293
13 0 -1 -1 6189 7281 66.06
14 1 0 -1 69.75 80.73 73.94
15 0 0 0 79.38 8517 8159
16 0 1 1 7134 8443 76.34
17 0 -1 1 68.75 80.22 73.13

2.6.3 J7ZESH B Design-Expert 13 B A% 17
SIS HAR AT Z n R A, SRR 7.
TRENAR T Z T F BN 46.15, H P<
0.01, R THIMLUEE; KL F {4 0525 7,
P=0.6878>0.05, WA KILIUAHNT T4l 1% 22 A 2
. LRATES (V) X &R ik 2 0 A Ty
TN Y=84.22+4.52 Xpo+2.75 Xg+1.92 Xc—1.73
Xag—2.20 Xac—1.39 Xgc—9.25 Xa2—4.87 Xs2—6.76
Xc? (r2=0.983 4>0.9), ZMHAGAFEEUS, LK
WRZERIN, AT BB AT o AT AT . XY SR
A. B. CHREEEEKF (P<0.05), MLEGIF
s EARERmN, HPRKABRFEKEB. CERE
% (P<0.01), smajflIrisss eGSO R &
HEFIFJ9: A>B>C; ZZHI AC ) P<<0.05, X
Y A RERW, K& AB. BC X HAEHAEZE.
2.6.4 WS A BT ARAL LA BL B3R
WIS S5 R R 2ty BIUDFEE . BT )4 i)
R, CAZRE TR N RNAE, {5 Design-Expert
13 B o] = 2w )97 1] IR0 — 455 = 26 1A, 45 SR A
Bl 1. Y B-HBRE S R b — e, 25
VE B BY )z i s N, 4 8y )L dGEE e 7 000
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Table 7 Analysis of variance

7 ERYR SS df MS F 18 P 1A

it 101589 9 11288 46.15 <0.0001
Xa 163.71 1 16371 66.93 <0.0001
Xs 60.56 1 6056 2476  0.0016

Xe 29.49 1 2949 1206 0.0104

Xas 11.90 1 11.90 487  0.0632

Xac 19.32 1 19.32 7.90 0.0261

Xsc 7.70 1 7.70 315 0.1193

Xa2 360.61 1 36061 147.43 <<0.0001
Xg= 100.05 1 100.05  40.90 0.0004

Xc= 192.52 1 19252 7871 <0.0001
B2 17.12 7 2.45

AT 4.84 3 1.61 0.53 0.687 8
gl 12.28 4 3.07

Mz 1033.02 16

\‘.‘6\‘\ B/(rmin)

E1 SERXEERmNEEMESZE
Fig. 1 Response surface diagram and contour map of each
factor interaction
r/min B, ZREVEET V4, BIVIRIE—ER, £
GVEIrHEE B-FORIKE FH BN ZET G N, = B-F1m)

o SERMEELLRT 811 I, ZaiEnITtal%
K. 4 B- MG S R Rt — e, &80
B 5 BY VDI RS0, 4B ) Rt 40 min
B, LA VR FAA R [ BT, 226V
BEE B-HN RS F &I N, 4 -k 544
RMGEL AT 8 1 LI, LA TP T IRIEIK. 248
VIEid— g}, SR VV53 b A By ) 8] )3 i 3
hn, 4TI EEE 40 min I, ZEE VRO RS
% [E e B UIRSIa], £5 6 VP40 bl G B ) il 36 K
Whn, TP EGELE 7000 r/min N, ZEE1E0RY
PG, H4EE M BT A, AL B C3 4
K&, ROKE A 5K % B, C A fim B A e,
Y TR ABKEB. CHEE, THITAC H
A4k : AB. BC B, #E—iEW T B-SR Rk 5
PR s & L5 B U A I TR A8 EAE R 456
W B REEm.

R P 3k 45 SR A5 290 I B % il v i BY
P& T2 p-IHE S R s Rt 8.427 & 1,
B8y 7 698.131 r/min, BI6 4 1] 40.418
min, 7E1% &M T LAV 85.106. 256 4[R]3k
BRAEF=1EML, J7E N ERAE, BRAME MR T2
AN B- IR S5 R L 8 ¢ 1, B-RAKIAE
Halifh/kKEREA 108, BiY)FEE 7700 r/min, BY
I A ] 40 min.

2.7 UEFSCLE

¥ B-IARIRE S R LN 8 1, B-IRMIAG
itk RN 108, B 7700 r/min, BY
DI At ] 40 min BE4736ER56, TATHI% 3 LR
EW, SR 8. MAEAE T2 EE R,
FOEAAT o AWK A i B VAR AR A
WA T2, 52505 R BIEF/KEBEEA L,
MKELNI 12, WAL 15, BARA
FAFRORIR, REFERUI: 504 75 SRR H e =
AEPM, GERKTHAER 76.2%, fRIET
FITFARRE R A SR o O Ae e M, B T A I R
H P AR R AR A TR I R

x8 BAMNKIE

Table 8 Validation of inclusion complex

s WERY% BAEPICRI%
1 83.35 89.02
2 81.39 90.53
3 79.62 87.75
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