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Study on inclusion process of decomposed volatile oil from Atractylodes
macrocephala with hydroxypropyl-p-cyclodextrin
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Abstract: Objective To optimize the inclusion process of decomposed volatile oil from Atractylodes macrocephala (DVOA) with
hydroxypropyl-B-cyclodextrin (HP-B-CD). Methods The inclusion complex was prepared by the freeze drying method. The
preparation process was evaluated using fluorescence spectrophotometry. The inclusion process conditions were screened by the
orthogonal test, with the inclusion ratio and oil ratio as indexes, and mass ratio between HP-B-CD and DVOA, inclusion temperature
and inclusion time as the impacting factors. The inclusion complex was characterized through ultraviolet-visible spectra (UV-vis),
fluorescence spectra (FL) and microscopic imaging, and the stability test was performed. Simultaneously, the chemical composition in
DVOA before and after inclusion was analyzed by GC-MS technique. Results The DVOA and HP-B-CD had formed inclusion
complex, the optimal inclusion conditions were as follows: The mass ratio of HP-B-CD to DVOA was 10 : 1, the inclusion temperature
was 30 C, the inclusion time was 2.0 h, and the ratios of average inclusion and oil were 73.32% and 10.43%, respectively. The
chemical composition of DVOA was consistent before and after inclusion, the inclusion just had the slight effects on proportion of each
component. Conclusion The preparation process of DVOA/HP-B-CD inclusion complex under the optimal conditions is reasonable,
stable, and feasible, and can provide the reliable experimental basis for the anti-tumor new drug research and development of DVOA.
Key words: decomposed volatile oil from Atractylodes macrocephala; hydroxypropyl-p-cyclodextrin; fluorescence spectrophotometry;

inclusion process; inclusion ratio
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PR YEZSN il KR Sl By TS s A (8
mR. FEEEMAIRESY, BET, AR ZRE p-
WHIFE (B-CD), (HHKEMRN, HHEA M
AR iR S -B-ARE (HP-B-CD) /K&
PEIF, SFesetks, mEE S W IE R &R
PRSI, ARV T2 4 A R vt
ARSI R A UR T 11 % DVOA-HP-B-CD &
Yy, I NE S AE RS MAR, ik s
H& L2, FNFH GC-MS B AR L4 #r
DVOA B&FIEIE s, ¥ DVOA kN
PR 2 B AR o
1 XEEHR

LGJ-25C AU T L, ALt PR AR A
FRAT; S UV-1601 487 We e, H
A Shimadzu /A @]; Varian Cary Eclipse %¢ 6436
JEit, EETE2PEARAR;: Olympus J2 R
W8, HZA Olympus A 7]; 7890A “AH (1i5-5975C
JREEREFIAY, 5 Agilent A7 ; SK250H ##H4Y,
RIS A NERA R AR YC-HSI-A FURHIE
PSS, B A st A R AR ; DHG-9123A
R PVER TR, Bl EREARA A
KDC-1044 {3 500, BEREIHT A G R A A .

RIS G T8, REVUAMW T s obraido
KCEE, AR T) s AlilE (30~60 C), KR
TRFE AR AR A A LB FK.

HP-B-CD (3it'5 20131105) WF-HBEg E K 3R
WS AR AT, DVOA A (4 HPLC yEME
DVOA I ARE A 1.92%) M,

2 FAEEHER
2.1 DVOA Bi&kBIHI%Z

F& 5 FREL DVOA 100 mg, FESER 2 Ba Vi iR 5 €
T 50 mL &, ISR EREN 2 mg/mL K
DVOA i & -

22 BEYRINIERESYNTIE

HERFRE — € & ) HP-B-CD, JNZE1E/K 20 i,
B B2 BN 5%F% HP-B-CD /K¥EW, & T1EIR
WED IR s I — E R DVOA, H%E
To/K G R ARSIV @ FIEEEE R BA 1200 r/min
(P18 e A i R 218\ iR HP-B-CD 7K ¥
W, GRS — e R R R A 2 s, H
0.45 pm G HURFLIERESE , JEMAE-80 CUKAH - il
A5 24 h JETIONE R T BACH BT R R T 1%, T2

R A g (30~60 CHPeskbR 2K 5% 1 DVOA,
E XA MEFRIS DVOA-HP-B-CD &I H Bt
kAR, FINHZREL 1 10 HIEEES DVOA 5
HP-B-CD, 4.
2.3 BA41Y% DVOA Bi&REH &

K& FREL DVOA-HP-B-CD .44 30 mg, M1 1
mL ZE1R/KVEM, A FRE 10 min /50N 5 mL B
MR R 7 R IE AL, F#E . B 3 000 r/min &0 10
min, F3EHA 0.22 pm SFLIEREIE 545 . LAH
I (1) 77 v il £ HP-B-CD BEER Z.Ba = (AFES, &
24 WHRDSWHENEM
24.1 DVOA Wk RMEK B “2.1” Ol
DVOA %W, FIBSR LEMBEREIRE N 0.5
mg/mL, BWEERPEEETE LN 5 nm, FFRIEL
WK 1. K 1 A48, DVOA WM R K H
370 nm, KK N 455 nm.

1807 kit
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WA SE /au
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Fig. 1 Excitation and emission spectrum of DVOA

2.4.2 FRAEMTZREIZ ] BRI “2.17 i
DVOA i & 0.05. 0.1, 0.2, 0.4. 0.8, 1.6 mL T
10 mL £, NESER LB 205, i U =ik e
BAEE A 104 204 40, 80, 160. 320 ug/mL ] DVOA
AU ER . DABERR OB = E, AT E
PABOGERIE (F) AR, DVOA EIREE (O
NEEARKR, bz, 45K, DVOA B
£ 10~320 pg/mL &R RRL, HIAKEA F=
124.79 C+1.78, r=0.999 8.

243 FEEERK L “2.17 i DVOA fif %,
ME5aimfE, =HE 6K, H RSD ¥/MT 1.5%.
244 BEEMRE 1% 237 Hirh kbR asy
1 DVOA W, 3% 6 fn, MEsOtsmfE, 4RH
RSD #J/h T 1.2%.

2.4.5 EEREIRCRREE  HEAREE S DVOA &
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FIEEY 30 mg (24T DVOA3.1mg), 94,
I 1 mL KRG E 10 mL HIZERE i A 2
HY 10 min, 2RJ5%E 3 343 0MA “2.1” it DVOA
B 1.2, 1.5, 1.8 mL, WEEFRAEESE 6 mL, 7
SVRFEAEL, #E . L3000 r/min B0 10 min, |k
TERA 0.22 pm FRFLIEREIET . BEIR O FE M F R
J&» UL HP-B-CD B&IR ZFR A2 1, e 75k
J& , AR A 5 FEAF 2 IFRFE & DVOA IR &k
B, THEECR, DVOA [FIE A 98.5%~100.3%,
SEE AR R 99.6%, RSD M 0.74%.

2.4.6 FaEMERE B “2.37 WA UER, 4 HITE 0.
1. 2. 3. 4h MERIEHEE . 4558 4h P DVOA %
JeaE R E, RSD A 1.08%.

24.7 BEYH DVOA EHME B “2.37 L
JEWR, LA HP-B-CD BAIR BN = M, e 7k
SRIE, SPAT 3 U Ak [N T R T R AA Y4 DVOA

Wi, HEdANR: B5E=685%% DVOA i
#=/DVOA A&, ZHE=85%9 DVOA Ji&/
BEVRE, THEAERMEHE.
25 BAILEZRMERMIE
251 FEERSKFRER RIBTORRS R, &8
HP-B-CD 5 DVOA it (A). W&RE (B)
A FERART (C) NEmER, SHEHREHE 3
AACFPIE T RE, R SAKFIE 1.
252 ERRBHIFH  EH LGY #HTELR
5, RS RS K&, 4% DVOA-HP-
B-CD W&, FiltAT e e, KARsarridtiT
WETZWM, LZEWH=08XWER/RANELE
RA02X EZ/ RN ETME SRE 1, HES
Pras R 2.

F 1 GRER, ZKNEN DVOA B4 MR MR
ik A>B>C, HRE A+ K>K>K . [H

%* 1 DVOA-HP-B-CD BEIZEXRRELER n=3)
Table 1 Results of orthogonal test on inclusion of DVOA-HP-$-CD (n = 3)

st A B/C C/ D (i%%) HEH/% ERESRA ZEE TPy

1 6:1(1) 30 (1) 2.0 (1) (1) 51.90 7.60 72.02
2 6:1(1) 40 (2) 2.5(2) 2) 39.73 4.39 52.32
3 6:1(1) 50 (3) 3.0 (3) 3) 35.42 4.06 47.58
4 8:1(2) 30 (1) 2.5(2) 3) 59.35 6.96 78.95
5 8:1(2) 40 (2) 3.0 (3) (1) 55.58 5.22 71.38
6 8:1(2) 50 (3) 2.0 (1) 2) 52.66 5.54 68.80
7 10:1(3) 30 (1) 3.0 (3) 2) 71.85 10.15 98.98
8 10:1(3) 40 (2) 2.0(1) 3) 72.78 9.58 98.87
9 10:1(3) 50 (3) 2.5(2) (1) 61.80 8.70 85.07

K, 171.92 249.95 239.69 228.47

K, 219.13 22257 216.34 220.10

K 282.92 201.45 217.94 225.40

R 111.00 48.50 23.35 8.37

2 DVOA-HP-B-CD 84T ZEXRIEHEDH
Table 2 Variance analysis of orthogonal test on inclusion of
DVOA-HP-B-CD

FEKRE BEYAHM O HBE  FE 2EM
A 2 068.772 2 173.090 P<<0.01
B 394.219 2 32,984 P<0.05
C 113.427 2 9.490

D (iR %) 11.952 2

"P<0.01 HEFWEFE "P<0.05 HEFEH
P <0.01 is very significant P <0.05 is significant

= B H K >K>Ks &R CH K >K>K,. HE
2 HESHATAL, A R SKPRAREEEER,
B &S/ TPHAREEZER, CRHE 3 ANKTHE
TRENEER, GEaF 1 FE 2 4151, DVOA-
HP-B-CD &ML % L Z&MAN AsBCy, B
HP-B-CD 5 DVOA &N 10 1, BEREN
30 C, WAERTE N 2.0h.

253 BAAETZRIERE % ERRETZHE 3
L&Y, MetER5EmE. SR 3IMMas
HAY RN 73.26% 72.75% 73.97%, & HIZ5 5109



¥4

Chinese Traditional and Herbal Drugs 3£ 46 % %5 12 3§ 201546 A

* 1771 ¢

10.28%- 10.55%- 10.46%, FREHASZIGAIE IS
Vi & LA, REn1T.
2.6 DVOA-HP-B-CD £ &HIRIRAE
2.6.1 ‘HHh-AT Wi (UV-vis) AL 435 FH7%40%
JKE S HP-B-CD & DVOA-HP-B-CD &4, BElR
ZEEHR DVOA K& DVOA 5 HP-B-CD HIY IR &
Y, SR JEHEHAT UV-vis 94, HHETEE 200~480 nm.
5B LE 2. DVOA. DVOA 5 HP-B-CD 4 H R
EWIAE 252 nm A RHER I, HP-B-CD JoM i,
M DVOA-HP-B-CD 4494 DVOA FIHFAETR I g
JH2K, W DVOA &5 HP-B-CD ik RIF & .

HP-B-CD

20 320 400 480
¥ /nm
% 2 DVOA. HP--CD. DVOA 5 HP-B-CD ¥3ER&
X DVOA-HP-B-CD €& ¥IH UV-vis [
Fig.2 UV-vis spectra of DVOA, HP-B-CD, physical mixture
of DVOA-HP-B-CD, and DVOA-HP-$-CD inclusion complex

2.6.2 WG (FL) RIE  DABAER LB N,
7£ 380~700 nm %f DVOA. DVOA 5 HP-B-CD
YIFIR A . DVOA-HP-B-CD & ¥i3k4T FL $33,
EETEE N 5 nm, SR WIE 3. ALLEH, DVOA
5 HP-B-CD ##IE-&Y)H) FL 5 DVOA M, i
DVOA 5 HP-B-CD JE L&Y, DVOA 41 ik
A HP-B-CD [IHi/K P i, SR SRR S A P B AR I
PEXG I, M FL B KR RN 455 nm
2T 430 nm, ZOGIREENGIN, 1245 KK DVOA
£.5 HP-B-CD KR 1 REFH A1,
2,63 EWUSERMLE  EHP-B-CD f1 DVOA-HP-p-
CD WaME v, H 9swnsllEdl ), BT Lt
PR IS, R ILE 4. HP-B-CD N HLN
FEH AR, 1 DVOA-HP-B-CD A& 4 B o ik
Ky, RPLEW LK.
27 BEYREMER

53 HHSEE DVOA 5 HP-B-CD MRS
A DVOA-HP-B-CD @/—*%% 3y, BT HIAS
t, FIRE, T 0. 1. 3. 5. 7 d AERREURE

30mg, % “2.37 Wi Nk, & “2.47 TURR
e TN E SR IR, PRSP S,

S5 WER 3. B BCE I ] 1935 il DVOA-HP-B-CD
a2 T DVOA 5 HP-B-CD K HE
BEY

400 500 600 700
P /nm
3 DVOA. DVOA 5 HP-p-CD #IEE 44970 DVOA-
HP-B-CD 8444 FL
Fig. 3 Fluorescence spectra of DVOA, physical mixture of
DVOA with HP-B-CD, and DVOA-HP-B-CD inclusion

complex

A E% ' B
TGy by
S S @&y »
| jﬁ'{g

El4 HP-p-CD (A) F1DVOA-HP-p-CDEEY B) TR
RER

Fig. 4 Microscopic imaging results of HP-B-CD (A) and
inclusion complex of DVOA-HP-B-CD (B)

#* 3 DVOA-HP-p-CD BEYIREYIERASMIRENY
(n=3)

Table 3 Stability of inclusion complex and physical mixture
of DVOA-HP-$-CD (n = 3)

‘ S 2 % X 1 I %
B ) /d i TE]/d
A REY ALY REY
0 10.28 15.60 5 10.11 12.15
1 10.20 13.45 7 10.09 11.96
3 10.14 12.37 RSD/% 0.76 11.44
2.8 BAHIE DVOA B GC-MS 9%

2.8.1 GC-MS %M GC %fF: HP-5MS E4H
EFE (30 mX0.25 mm, 0.25 pum); i THEARF
YIUGTEE 80 C, f#%F 2 min, J5LL 6 C/min F+5
240 °C, fR¥F 1 min, 285 L 12 "C/min J1 % 280 °C,
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{355 15 min. ZM¥iEE 10 01, SRS (E
U4 99.999%), AR 1 mL/min, FEFTE
49 kPa, HEFffE 1 pL.

MS #fF: BT RTREE 70 eV, B TIRERE
230 °C, DYZGFFiRSE 150 C, LR 250 C,
FFEIR 2.0 min.

282 GC-MS MELR 43 HIEAH DVOA ¥
WA “2.37 T NEAYH DVOA iR, HEEIR 4
FEFfRe, 2022 um JEAEJERS, 4% IR AF3E4T 40
T, 2 NISTO5 HEFER R, 456 ARE—1LiE
& DVOA L& 1T G2 5oy S TR & 04, 4551

WE 4. BEHTE DVOA % et 27 Flkisy,

439 5 DVOA 5 95.04%F1 94.34%; DVOA
s IR G, e a rTE AR R 1,3,3-
-2 (3-F -2 FE R -3 T M A BR U AN
AT PG ELBIAAR, 3-3A 1 5 -6- HY JE-3,4- B — )
2-f . EEARMAEE . EEIORK R A 5B
A ET/SER 6-5 M 2E-4,8a- —H13E-1,2,3,5,6,
7,8.8a- )\ Ab-Z5-2-F . B-FEMHEE. FRPESE 1A
ARWEE T 5 5 L eg A 3G, Hpmon a6 jE
B p#A% . 45 5% W], DVOA 5 HP-p-CD CE T &
&, GAHE DVOA HIb2emsrtHIE, (B G5t

&4 BATHIE DVOA HIHEM
Table 4 Components of DVOA before and after inclusion

g e R T R
A BEE

1 1-ZJEEE-7,7-Z W38 [2.2.1] BR-2-R 10.08 CyH;60 1.73 1.32
2 4a,5,6,7,8,8a-hexahydro-4a,8a-dimethyl-cis-2(1H)-Naphthalenone 13.01 C,H;50 0.82 0.73
3 3-HRHE-6- T HE-3,4- P —H-2- 13.40 Cy3Hy00 2.53 2.68
4 BAEMIE 13.50 CisHy 2.96 2.88
5 1,2,3,4,4a,5,6,8a- )\ Eifb-4a,8- " FHHL-2-(1-FE 2 )53E) 2 14.52 CysHyy 2.30 2.24
6 HEGE 14.72 CisHy, 1.48 1.36
7 RTTIEEY) 15.51 CysH,,0 0.74 0.74
8 UMM 16.21 CysH,,0 0.58 0.52
9 WHWUEEA 16.37 CysH,,0 2.87 2.61
10 9,10-FEIR K1 16.72 CysHy 2.03 1.82
11 ki 17.14 CysHy0 0.70 0.54
12 4,4a,5,6,7,8-7NEMb-4a,5- — HIE-3-(1-H 3L 2.35)-2(3H)-25 18.42 CsHx0 3.01 2.83
13 FARE 18.67 CysHy0 0.87 0.87
14 1,3,3-=HFE-2-(3-FJE-2- 0 HIE-3-T0 T %) 3 g 18.88 CysH,,0 0.79 0.79
15 ZEWE LA 19.38 CysHy0 3.84 3.93
l6  HZEIPRKIEEY 20.08 CysH,0 0.65 0.87
17 isovelleral 20.73 C5H,00, 2.06 1.98
18 S-HEJAR 21.11 CsHx0 0.67 0.79
19 1-FIEJE-2-(1- I 2-2- 0 FE AR 2R I 8 )- 2R 21.69 CisHa 5.62 5.44
20 IEHAR 22.36 C16H3,0, 1.71 1.86
21 6-SFNMiHE-4,8a- — HI %E-1,2,3,5,6,7,8,8a- \ S M- 2E-2- T 22.47 CysH,,0 0.58 0.71
22 B-RgnEE 23.32 CisHyO  19.89 2027
23 JTRENE 23.92 C15sHy0, 1.78 1.78
24 BAARABEI 24.09 CisHy0,  11.55 11.64
25 BEARNES I 24.68 CisHy05  10.76 10.96
26 9,12(Z,2)-T )\ IR 25.18 Ci3H3,0, 1.97 1.86
27 17-(1,5-—HFEEHE)-10,13- - HF#£-2,3,4,7,8,9,10,11,12, 38.05 CyH,60 10.55 10.32

13,14,15,16,17-+UEAL-1H-FR %, [a] 3-FF M)
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DVOA 2 e i& A 520

3 e

3.1 DVOA E=ZMEFEREE
ARSI AT [ R WG EEER DVOA |

SN, IERRERD . FERTRE . SRR ZE DN

REE s, "THTEEY+ DVOA e il e . 5

ik fE e, KB HP-B-CD A TEEFER 2B, 1M

DVOA fERSTR Sl id i vE R i, HEAGEIRZOE

R, WOEFEBEIR CER1E .

3.2 BE&RRF HP-B-CD KiFi&KERIZE
K ER ¥ iTiE4T DVOA-HP-p-CD & T.E

WEFEHT, % HP-B-CD 7K I WA FE X A & i R i 52 e

BT T %%, T HP-B-CD HIARE >60%, it

HOG AR, Ty S E U 5% 20%41 50%

] HP-B-CD 7KIAM AT BLAE I H 2%, 45 R BN,

H 20%F1 50% HP-B-CD WI/KEHRAT AR, T

WH PR K EAEAREN K, WETFZ

DVOA &% T HP-B-CD /K 3K 1, & 5 HP-B-CD

IRIF M E A, T 5%0 HP-B-CD /KB TGHAT

AR RIS, HUERE 5%1) HP-B-CD /KiF

AT EA YT % .

3.3 B4H1E DVOA (LERS R
KA 3% 1) f A T2 i 45 1) DVOA-HP-

B-CD H. &4, & GC-MS 73 i i7r, BA i 5§ DVOA

AR AR R, G R R ) & 20 73 1 B A5 s

HREM, X2 HT DVOA F &4+ K/ JUA

TER . 23 ) A 2 L 5k AT ) 42 o 5 5 e B R A

DVOA 73 T HI%S [ UL E ALk £, s e & )5

— RN LB AR AR, BRI, I IR AT R A 1k

(K8 T8 % DVOA-HP-B-CD B&MINTE

AR, FaE AT 4T, Al DVOA KPR B 250 & 12

AT 5 1) S5 FE A

SE 3k
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