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Optimization of Inclusion Technology of Volatile Oil from Ganmao Qingre Granules

ZHANG Dongge'*, WANG Fengxia®, YANG Yujie', WANG Chunmin®, CHEN Baoxin’, WU Xinyu®(1. Institute of
TCM, Chengde Medical College, Hebei Chengde 067000, China; 2. Hebei Technology Innovation Center of
TCM New Excipient Engineering, Jingfukang Pharmaceutical Group Co., Ltd., Hebei Chengde 067000, China)

ABSTRACT OBIECTIVE: To optimize the inclusion technology of volatile oil from Ganmao qingre granules. METHODS:
Guided by the concept of “quality by design” , taking volatile oil inclusion rate and inclusion complex yield as key quality
attribute, comprehensive score of above two indexes after weighting as response value, inclusion temperature, inclusion time, the
ratio of S-CD to volatile oil as key technology parameters, Box-Burman response surface design was adopted to establish the design
space of key technology parameters and key quality attributes. The design space was optimized and verified by 95% confidence
interval. The stability of inclusion complex was investigated preliminarily. RESULTS: The optimal design space, i. e. the optimal
technology parameters rang, included inclusion temperature 35-40 “C, inclusion time 1.8-2.0 h, the ratio of -CD to volatile oil 9.5:1-
10:1 (g/mL). The results of 3 validation tests showed that the volatile oil inclusion rates were all over 62%, the yields of inclusion
complex were all over 75% , and the comprehensive scores were all over 80 point. The results of preliminary stability showed that
the inclusion rate of volatile oil, the yield of inclusion complex and the comprehensive score did not change significantly. The
difference in evaluation indicators within 7 days was within 5% . CONCLUSIONS: The optimized inclusion technology is feasible,
and the obtained inclusion complex is stable.

KEYWORDS Quality by design; Ganmao qingre granules; Volatile oil; Inclusion technology; Box-Burman response surface
methodology; Design space; Stability
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f , BT ] HE (KRR 5 UG A B i, 5 AL X
A P A A ER A LA R 6 T2 i, Box-Bur-
man M 37 [ TAT 3 T BB 6% P4k 45 52 i DR 38 A 3 A S0 00 X
I P X BR O, TR A DL A3 1 1 A2 B I ki
A 78 T 8 7K SF- 2 A1 B 2 B0 8 bk 0 5 T X — BB 1
FETF I, ABFFE LT QbD S, i it A i R R
JAUBS: R 2 i e OB 1T A8, IR IR G 1 2 4 i
TE SRR B, B s T A A R, AE B
R FHEAE I, 455 A5 SCHk[ 13 — 15], 2R ] Box-Bur-
man I 7 i TR BETHOE AR B 1 BRI E RS 1.2,
S ALA T A B Es [ 3025 R T IAIE , B AR ML
SR E EIURE = TS IR H TR IS

1 ##E
1.1 FE{UEE

ABFFE T FEA LA OA2000 FUEL 22 B £14%
(b TR BRI LA 5 5 A B 23 B] ) \DZKW-C B 7K v (b
AL A BRA ] )  ZDHW B IR B BE (b 5T A%
il A BRZA F]) . SHB- AV /K 2 22 328 5 RS
WAL T A PR 7)) L KQ-TO0DE B K45 4 75 il 5 e 2
(B L vy 8 75 A A7 B> W], 27 % 700 W) | Labonce-
430CSD B 24 it Fa s Mg AR (db 522 DU IR F R A
FRAF]) . 202-3-B8 U PAHE L T4 (BRI B2 TT 8%
WA BRA F] ) 4
12 FEHRSIRF

I8 77 B 25 b4 (415 20200316) | 3 107 25 41 (3t 5
20200122) ¥4 F LB B rp 250k v 24 W) 2R 5 2k
(£ 20200419) M A T AL 22 [ ff AEMB 25 B AT PR 22 7 5 |
IR B R 2 AR AT BR S B F R R AR 20
Y, o3 N BB BHE W1 I JT Schizonepeta tenusfolia
Briq. (8 T4 AE 1 | JE BHAE ¥ 38 i Mentha haplocalyx
Briq. i T #5453 JSTERMEY) 575 Perilla frutescens
(L.)Britt. () T4 ; B-CD (L5 200106) 1 F il 5 KA
245 IR BR 2 B 5 TooK S (A3 B 4l) ) B K HERR L
A TA BRA H] 5 K R Aifb K
2 AESER
2.1 #EXRHARE

Fie 10 5 AL J5 12 43 I FR ORI ST BE 24561 1 600 g i iy
ZhF 480 g EE TR 2 b 480 g, SR /K ZE AR IRTE R L%
FMY, SR AR AN BT 27.14 g, R 29.50 mL,
PRI (R ETT) h 1.06% .
22 EZRMBEERNE

RS 2.1 U 4400 2 mL, B T E AR BT i
SRR, PR P S BT, TSR T B PR A
= (FE A 5 RS P — SRR ) /2, S EK 5
Wo SR R AR 4% 8 0.929 8 g/mL, RSD
0.50% (n=4),
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2.3 Ehimz=AaEKENIE

R ERL 2,17 500 4 %30 0.50 ,1.00 . 1.50 mL, 435
BT 500 mL B, iluK 300 mL, JiAGE SEBEESER , 3%
FEAR MBI , FHRR B A R g im0 3
h 30 min, TR A0S ISR 45 00 2 1 e
W3 = HE R R AC AE AIMIAiEx 100 % o 25 5L,
925 (DR 96.00 % , & B A i AR BN Rl 22 T
o, R L,

F1 ERMZARKENELER
Tab 1 Results of blank recovery of volatile oil

ERMMAE mL BEWEE L SAEER, % FHEHERE, % RSD, %
0.50 048 96.00 96.00 0.65
0.50 0.48 96.00

1.00 0.96 96.00 96.00 0.65
1.00 0.96 96.00

1.50 14 95.00 96.00 0.65
1.50 145 97.00

24 p-CDIHELMZT B B ZERA T

FE WL 2.1 R #2 % 90 1.00 mL, 3L 44y, 43 5] &
F 500 mL B3 A, sk 300 mL, H R 43 A B-CD
10.00 g, FIAFIHAMB-CD , A2, 3" W F “hn A&
PRI RIS h S ERE 30 min”#RAE, JF R
RN AS e, 2508328 1 DR 4 96.00%
F B B-CD [ Jin A #5223 25 F D3 652 | 1 I
2,

&2 P-CDIHER M= A EKEREZIE
Tab 2 Effects of f-CD on blank recovery of volatile oil

FRMIMALE, BCOMAR,  BRmEGE, Sk, FHEAFEIE, RSD,
ml g mlL % % %

1.00 0 0.96 96.00 96.00 0.65
1.00 0 0.96 96.00

1.00 10.00 0.96 96.00

1.00 10.00 0.96 96.00

25 AREBAFENELHEERNPIT

YRR AL A i B A B L A AR R
TR, AT DA RIS R R TR AT A
BRI A ORI . R AR = (1
B VBRI R IR R AL A T ) /(45 1 RTR
PRI SMAT A SR ) < 10096 ™
2.5.1 WFESYE  HUB-CD 10 g K&k , 244y, ok
100 mL, FH i 3 He B Jin B aE 4 A | o e B2 B &2
25 CHY W ILE TR, R SR 2218 A &l e
IK R W (AR &0 1 mL, IIATG/K 2 1 mL, B4,
BIA5, FIal)2 mL, 0FEE 2 h, AL G, T4 CIe 24
h, R, g, 3R JCK CREDE % 3K, BRIR 15
mL K IIREY) BT 40 °CHUIVE IR T4 gk 4 h, B
A (FREIFic B R . BRI E5.0 g,
PR, BT 500 mL B, #42.37 50 F I A &
YFETR -+ FEHU3 h 5 5 B 30 min” #4E , FHRETAR ik
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TR AR, R WK 3,
x3 AEEBEAFENELMEESENZMN
Tab 3 Effects of different inclusion methods on inclu-

sion rate of volatile oil

[EREN HRMEAR, % TR AR, % RSD, %
TS 6823 66.77 25
0823
6531
6531
i 3485 3496 036
3507
3485
3507
TRAUK 7054 7152 148
7134
7011
72.08

2.5.2 AV BE-CDZ 10 g, K% HE , T4 4y, ok
100 mL, 9% 5k i BRES Jn SRt e £ 0 A, o Uk BB o 22
40 CHE, BT, B2 08 I AFE & i oK
SR 2 mL, B AR 40 °C A% 40 kHz O f
BFE] 2 h, RIS, FR4% “2.5.17 300 F “ T 4 CIR i
24 he-----$RHU3 h 5 EE 30 min AR, FEHERTAR )y it
BRI AR, AR RS,

2.5.3 MWAUKER I HB-CD Y10 g, K& FRa , k4
y, Jin7K 100 mL , FH i F S I 1l 7 A, TR
R 22 40 CH, B T 40 CERAE I D, 15 HH0D 2 B
FEAL, FUE S 2R 28 I AFE R TooK S BEHSE 2 mL, 1%
BAUATRE 40 °C %554 200 r/min ALAEHA] 2 h, BIFHY,
BV, TRHE 2.5, B F “F 4 CHR K 24 hee--$2HL3 h
JE R E 30 min"HRAE TR T TR R MR AR,
i3,

2.5.4 WEITENE  RIRKERE NS F iR
&, HRSD/NF 2% (n=4) , BUCR FIR MUK B WL A T
(Dt

2.6 XEBIZSHAPHI

2.6.1 fEEMEE R A E PR E E AR
FERMMBMAKBRIECQEG TZMEETZSH
(pCPPs)®, Z55L, A 01 5 WEWEY k& . T2
[ 444 pCPPs, FE LI 1,

262 MAERFE MEATA S5, G E T
pCPPs KT 73 {H . #5 A& AL 56y 22 i OB i s
PR, ARG, REE ORGSO 8 L imaA %
FUEE R BOE R 0.7 FEFE LA = [ PS5 T,
PSR i, IR R G RO BT, el a4 i
A RO i JE M R R EUE R 0.3,
A XA LA (%) =E1 6P 80/
(B-CD Atk -+ 5 7 88 > 45 2 I AR FR) x 100 9%
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Fig 1 Fishbone diagram of pCPPs identification of
the inclusion of volatile oil of Ganmao qingre
granules
() ALA TR BUB-CD 24 10 g K25 FkE , 35543, i
7K 100 mL, ¥ “2.5.3” 35T FI V] ik iy BAES i Al e el %
fiff -+ $2I3 h 5 HHE 30 min " #RAE , BHEAR LA B
(0.5.1.2.3.4 )X ERCRAEI . S55R, A5 ]
70.5~2 hit, # ARG R AEYIATR LRG0
¥5 FIHEaS ARy 2~4 hi, FiRSEI A
FoE , OB I 1] 0.5~2 h, TEIL £ 4,

®4 AREEHEXEEFRBRELHE AR
A1)

Tab 4 Effects of different inclusion time on the inclu-

sion of volatile oil of Ganmao qingre granules

ALRE,h e R, % Gattr o
05 am 71 7551
! 53.06 7766 8085
2 718 7892 9987
3 7162 7868 923
4 717 79.26 999

()AL  JUB-CD 29 10 g NS B FRE , 2543, i
7K 100 mL, #%2.5.3" U “ FH i ikt A fin PR g e ol 7
it FEH 3 b EE 30 min"FRAE , BB AL AR
(20,30,40.,50,60 C)XLARERAEM . 4551, HE
AR T RS R SR R e TR R
FEAR S, S YIRS T R i )5 iR
JE 0 30 CH, A5 8CR fcb L SO P40 5 TR B2 Oy 30~
60 °C,1EILFKS,
x5 AREERENRBREFANMAIZEL HEEURM

#

Tab 5 Effects of different inclusion temperature on

the inclusion of volatile oil of Ganmao qingre

granules
fAE, T BERiG%,% i, % Gait, 2
2 68.35 80.25 95.94
30 7141 812 98.17
40 6780 7846 9475
50 5353 7978 80.49
60 39.26 $3.18 68.48
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(3)fL B  BLB-CD 29 10 g A% FRE , 2L 4453, i
7K 100 mL, #%2.5.3” 501 “ i 1 Tl L A B 1Al 1
fifg------ PEHL 3 h 5 #5830 min (% B AR 30 €))7,
22 N [ 4,4 7 3 (200,300, 400 , 500 r/min ) %4554
SN AT S NG LS D OE YR L aRE R & 5 e 52
M), & WY Sl PT RS 2 43 ATl 120 Y SR 5 ) K]
3 HONSERR & BERRAL A R 200 r/min, PEILER 6.
*6 AEGEHEMNEEFATAELHESHRN

=2

Tab 6 Effects of inclusion rotational speed on the in-

clusion of volatile oil of Ganmao qingre gra-

nules
5 r/min ERMBAR, % WAMER, % AR
200 71.86 79.95 99.81
300 71.93 79.02 99.54
400 71.56 79.85 99.48
500 7203 79.99 100.00

(4)B-CD SR B HL-CD 6.8.10,12.14 g,
7K 100 mL, 4% “2.5.37 35T FH 8] i FpL PR B i g 14l
VS e $EHC3 h 5 #FE 30 min (1% B A& E
30 C)7, BHEAIFS-CD S LM A (6:1.8:1,10: 1,
12:1.14: 1, g/mL) X ERCERIEM . 4558, Bi# B-CD
SR LR, RS R RSP BT
i e BB S, LG P R 8 B AT R % 24 6-CD
SRR G 10 T, 8 5 5 BOR R AT, Sk £
B-CD SHERIMILGI A 6:1~10: 1, KT,

RT AEP-CD 5L LLGIXEE 5 R BAIE R i
BRRBIFM

Tab 7 Effects of different ratio of #-CD to volatile oil
on the inclusion of volatile oil of Ganmao qing-

re granules

fCO SRR gl BRMARE e GniidiR e SR
6:1 9.0 7830 8546
8:1 6124 7705 87.00
10:1 7194 79.02 98.12
12:1 67.04 8301 9471
14:1 6197 8431 9030

2.6.3 TESEMTHE  7E Rk s R 28 i ik
b RN 8T (FMEA) X & A 1. 278 5
(1 T2 B0 7 RS PEA , 2R FH 2R 880 =X B R 4 A
8 K v 1 pCPPs A T IEAS I 315 KU I 56 8 (RPN
RPN=8x0xD, X H',SF/R/MHEHE, 5 F LA
SRR ; O R S F R AE BURME R , 18 I R A
(AT REME 3 D 2R 2880 g Wi i e 7 =0 RPN >
10, Bl SR KB, 255 3k B-CD S & il L
) A0 B 1] A5 R A RPN 2051 816,12, 12, H:
H1B-CD 55 & H ] AL A s ] A A5 T 1 RPN 4K

HEZED; 2021455 32 5 14

T 10, hm MBS 8K 8) . [, 456 R F 54
R AW e AP A I ] AL AR E B-CD 5k
T EL 13254 T Box-Burman i 57 il RT3
R8 TZHUMIFRLER
Tab 8 Screening results of process parameters

RES S 0 D RN i

573 42 18 AREE100,200,300,400,500 /min) AN

JCOSHRMIG 4 2 2 16 NFFCOSHAEMM(6:1.8:1,10:1,12:1,14: DB
T

AT 43 1 1 FRAAHM05.1.2.3.4h)HERNE

A 403 1 12 KAEATEE0,30,40,50,60 TR

2.7 Box-Burman 5 HEZIHALEETZ

BT QbD HUE, i o 6l Al B B KU T R
i VG HE T 2280, IR A G T 204 0 DB
it i P 5 RIS, 7 R R S A Lt b 255 A OGS
k13— 15], 2R ] Box-Burman i Ji f 187 % 10 (084 B 1
PR ML S L B A T AR ).
2.7.1 Box-Burmani%it PIIAEE (4) S-CD 545k
B (B) LA IR (C) M H R, LR 4553 (V) S i 1
{& , K H Design-Expert 8.0 4 1E47 3 [ 2 3 KFEi5 11
S PR R AL A T AR 5K R 9, 58
Bt r RAGEER A& 10,

*9 BEBRATNELZHEEIZHERSKTE

Tab 9 Factors and levels of volatile oil inclusion tech-

nology of Ganmao qingre granules

KE 4,C B,g/mL C,h
-1 30 6:1 0.50
0 45 8:1 1.25
1 60 10:1 2.00
F 10 REFHUBAIELHMES LT ZE Box-Burman i%
TARSER

Tab 10 Box-Burman design plan and results of vola-
tile oil inclusion technology of Ganmao qing-

re granules

W 4,C B,g/mL C.h SATR B

1 -1 -1 0 1327
2 1 -1 0 5632
3 1 0 81.10
4 1 0 60.84
5 0 -1 69.69
6 1 0 -1 59.07
1 0 1 82.68
8 0 1 58.15
9 -1 -1 65.03
-1 75.69
68.98
98.82
76.86
7310
7116
76.77
7150
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2.1.2 MR-G5 208 K Design-Expert 8.0 #
PR B 7 AR IR FH B D B 2 B 4% K 3R A B AC
HIFE . 450 13 T IRE LR Y=9.47+2.8734—
0.318B—5.138C—0.3094C+3.197BC—0.0344*, %} H: 3}k
AT 22000, A5 R AR 11 MR 11 AT DL, 15 80 ik 2
56 1 PR/ T 0.000 1, 2R 4PLIR 22 Y P (B 0.212 3
(>0.05) , F/RRIREARE , WH T FEAEFEA WIH X
BNLA TG BT, RIBERY AT 457 5 Ab IR R 1
FE(R?) }91.68% ,METEA K R EL(R') 4 89.90% , 4
TN AL RCF A R EERGE , AT LU R PPN i
HERERZ B, REARNEKBHYPENT
0.001, [FlAF R 4° [N &K CHI PIE/NT 0.01, R AR
J&E B-CD 545 A L A9 DL R AL A B ) 644 & T AL A 1)
RORB R % R ACH PR T 0.05, RUARES
A BT AE BAE IR G 8RS /)N s [ 3R BCHY P
{E/NT0.05, KB B-CD 5545 it Ho 5] A 45 B[] X 45
BORA — 22 A B

x11 BEBFABNEZELZHWEEIZHNAEINER
Tab 11 Results of variance analysis of volatile oil in-

clusion technology of Ganmao qingre granules

HERR TR F i) FI Pfii
fiH 1559.93 6 259.99 1835 <0.0001
4 55046 1 55046 3886 <0.000 1
B 4.9 1 4.9 3036 <0.001
C 191,59 ! 191,59 1353 <001
AC 4837 | 4837 34 0.0944
BC 9197 1 91.97 649 00290
£ 24463 1 24463 1727 <001
Hh 141.65 10 14.16

FflliRz 11048 6 1841 236 02123
Jyil 1701.58 16

2.7.3  WaREH AT SR FH Design-Expert 8.0 #4422 il
= A P SR L 2, i 2 L AR
B-CD 55 3 LeAT LA R A B[] 79 79 5 B X6F Iz 14 i 1T
BEE , 2R W] =38 X SR B TR ORI A B R 5 )
3 BE A TR S A RO, B — R
JE I PR A5 R 4 2% s B G B-CD S48 & il L
(B3, 45 2 A ORI AR b B AR ; B A A
B3, A A RO B 47 2 I A [T A P [ B-CD 5 4%
KAmH B R 8 1 (g/mL) , Bl B o [ A G L EE
45 °C, ¥l C Hr [ 2 B[] 24y 1.25 h].

2.74 ISR ERENSEGEEN, T4k
JNEAEL >80 43 14 P A B T4 18], SR TT by AR AR ) 13 )
PE5 BUSE AR R 225, N B0 T2 R i i LA
i AU, DRI Ry VR 22, AR5 R JH Design-
Expert 8.0 F {4 , 76/ 2 1 125 [0 PO A 95 % B {7 X [A]
HATOLAL , S5 R UL IE 3. H B 3A AT L, i T2 (8] oy
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Fig 2 Response surface charts of influential factor in-

teraction on the inclusion of volatile oil of Gan-

mao qingre granules
WA R 30~48 C, f-CD HH KM LB 9: 1~10: 1
(g/mL) , LA i) 1.5~2 h, i FEEAT —5 i KU
HFSHCT B e A AT REAS BB T A2 e 2 5K (>80
1)U, | [ 3B AL, 2N 95 % B A X B AL IS 1Y
it ) (RIsE 2 @ ER 70 ) BA AR , Sy 52 br 75 i1
VE TR BT 23 (8] /20 R AR DL 48R | e 245 31482
VE 23 18] Jp 4245 T BE 35~40 °C, 434 I ] 1.8~2 h, B-CD
SERME]9.5:1~10: 1(g/mL) , L HERAESS 8] P 45
565 T BB M S AF > 80 43 ALK 10,

overlay plot overlay plot

10:1 10:1
9:14 ol 9: 1 |
) \___@ 2
£ 5 - £ s
< <
7:14 7:1
6:1 T T T 6:1 T T T T
0 36.00 42.00 48.00 54.00 60.00 0 36.00 42.00 48.00 54.00 60.00
A,C A,°C
ARNA 95% {51 1] B.JMA 95% A5 IX ]
B3 RBEBFATNEZELRESIZMNEITZEE

Fig 3 Design space charts of volatile oil inclusion tech-

nology of Ganmao qingre granules

2.75 ISIFSZEY  AE“2.7.47 T T f 445 B M HERAE 2 )
AT B PRI 3 AN S0 5, $422.5.37 300 4 A K I T i 7l
B IR M E A, AR AP T EAE 3
UCBCEBIME, 2550 RIS R KT 62% . 05
ARSI K TF 75% , L7540 KT 80 4, $&/R Ir o4t
VEZS RIS HGE R TR 12,
2.8 BAYHNMTHREEEE

16 PR AL T2 S B0 AT B 2 5250 A
A3 A 2,537 TR PRI K VA R T T % 8% B T R BOR 4
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F12 BREBATNELANSSRMAIZSHMNRIE
SRIRER

Tab 12 Results of validation tests for the optimal in-

clusion technology parameters of volatile oil

of Ganmao qingre granules

F5 AT Beml  Ch ERMERE % ORYNGEE% SRR S
1 ¥ 009%1 18 6225 7575 89.1
2 NS X 65.54 7621 926
3 40 0:0 2 7002 14 9.2

KA, S50 BT U BOAEEE 60 °C 3%
JE 75 % i Fe g Mg A v, 430 A5 0.1.3.5.7 RELE
LA 5.0 g, K% PR, BT 500 mL i, #242.37
TUR PG B RSB ----- $R I3 h J5 ##E 30 min” 45
VB I RTAR Dy B B AL AR AL W ilas =
RGBTy . S5 5 0~T R, BFES I R I A2
WAL R A T B AR, 7 dZ N
IR bR 22 3 97E 5% AW, RIAFEBL T 50 R, BT
IR B T BRI LS M R AP RRE M R AT, TE L
F13,
=13

2l

BREFABNERHESYNYTRESERRE

i
!

Tab 13 Preliminary stability test results of volatile oil
inclusion complex of Ganmao qingre granules

TR EL7EY)
Tir 37C.98:1(g/mL).19h 40 C.10:1(g/mL) 2 h
FOKFIR FIKHSKETR H0X FIX F3X FSRKHTK
BRMAE, % 663 660 654 6.1 642 712 07 02 695 692
AAMER, % 759 54 753 750 AT M3 90 T84 0 TIS
SRR 933 97 921 917 907 93 987 980 971 965

3 Wig

W B R ) K R, 2 i O S A
e BT, 25 T R I TR SR (QbT) 2 i I T A=
7 (QbP)FFE QbD Fy Fr Be™ . S o i Jag 1 1 1
PIBPRIE™ i T 2 — RS E A SEA R AEN, HAT, &
I rp 2l A i R P SR RN RS B, Ao
TR P s S o i PR, AR i T2
ST WA AR A . B0 — R, 2 R
TSl FFUE AT AT E H AR i O B T
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