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Establishment and preliminary evaluation of multiple drug
delivery system of effective components of Angelica sinensis

LIU Jia, LIU Xin, ZHAO Ying, WANG Yongjie, LIU Xin-yan, SUN Ming-yi, WU Qing’

(School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China)

Abstract: The multiple drug delivery system of components of traditional Chinese medicine is a system
composed of multiple components and multiple units. According to the characteristics of each component,
different drug delivery units are designed and combined to achieve the purpose of improving bioavailability and
enhancing drug efficacy. In this study, supercritical extracts, phenolic acids, and polysaccharides derived from
Angelica sinensis were examined as research objects, and a pellet-based vehicle was applied to construct a
multiple drug delivery system for the treatment and chemoprevention of colitis and colorectal cancer. The
extrusion-spheronization method was used to prepare pellets of Angelica polysaccharides which should be
released in the stomach. The yield in 18—24 mesh and plane critical angle served as the index. The Box-
Behnken design and the orthogonal design were used to optimize the formulation and parameters of pellets.
According to a previous study, the colon specific pellets loading supercritical extracts and phenolic acid extracts
were prepared by the optimized process. These two units of pellets were combined into the multiple drug
delivery system of effective components of Angelica sinensis, and the quality evaluation and in vitro release
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study were conducted. The dynamic observation of pellets in mice was evaluated using small animal in vivo
imaging system. The prescription of the Angelica polysaccharides gastric releasing pellets was: microcrystalline
cellulose 6.5 g, polysaccharide 3.3 g, silica 0.2 g and 7 mL of 60% ethanol as wetting agent. The process
parameters were as follows: extrusion rate at 75 r-min ', rounding rate at 1800 r-min *, and rounding time for
3 min. Both in vivo and in vitro studies indicate that the prepared multiple drug delivery system of effective
components of Angelica sinensis produced good release properties.  The polysaccharide pellets could be rapidly
released in the artificial gastric fluid and in the stomach. The colon specific pellets showed good targeting.
They released little in the artificial gastric fluid within 2 hours, released less than 20% in the artificial intestinal
fluid for 4 hours, and released more than 90% in artificial colon fluid for 6 hours.

Key words: Angelica sinensis; components of traditional Chinese medicine; multiple drug delivery system;
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A TT, IR FH Box-Behnken i 56 ¥ 1+ A 1E 52 IR 56 1
i, BL 18~24 HUCRAEHE G S/ v e ks, 7l
WAL TT 5 T 2250 M4 R I oL 5 B R
WA AF A 2 R4 R G, HITHRINE
R TE, 85 A NS R B R BT RN B A
BER, WM Z 0B A Ra—SE S4BT, R
WAL IR A RENIH TSRS %

MR 5%

FENEE Thermo Ultimate 3000 = R0 AR {13
1~ Ultimate A 2R KA 85 (36 B 28 Bk CRH A IR
AT]); UH5300 XUGH 4066 e (H A Hitachi 2
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Caleva Process Solutions /A w]); BY 300A % /)Y 41,
KM BRI 88 . CIY-300C Y fie Bl &4 (b
IO AR PR A H]); RC806D ¥ il ia . (K
HERRKRKREBHEARAA); TDL-5-A BE.0HL (-
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o FR ) 5BV FE Y 400 pgmiL TN IE SR VA . ©
FIZERZ: HPLC (il 2% 4 A (1% 44 Inertsil ODS-3C18
(250 mm x 4.6 mm, 5 um); s R 2 FE-0.085% i
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B 30 min, FERREE R, FHVEFIANE IR R E
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T BUREZG FS, 2 L3R 5 32 4 25 VA TR
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(W), w= my/m, x 100%, my y 18~24 HiLE &, m,
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Table1l Factorsand levels of process parameters for the prepa-
ration of polysaccharides gastric releasing pellets

Extrusion rate Rounding rate Rounding time

Level /r-min? /r-min? /min
50 1600 2
75 1800 3
100 2000 4
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KEARL, FIHGEANY=0.8344X-01229, RP=1;
R B | FeE ME AN B VRS R, IR RIS ¥ RSD
BN T 3%.

D- JG 7K i %) B AE it 89K JE ly 1.032 5~ 103.25
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21 BERFELT
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I 2 7] PRI P

212 HHE MEERGEEKR, PR LM

Sfeksn, FISMAL 18~24 HUSCRIRK, H4#zhE
=5 g B}, R G Be 3 BRI 2 TR AL
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213 MFMFIBE AR B ) R R
BIPLRR A, O DACSCE BOM 1 B o AN I = A RE
B, ORISR AR, HLIRRE R R Y A A
TN 0.2 g (T 2%) B, BHL IR (5]  FE Ffie R
Bhr. Bk, EHELTHMA 0.2 g ~EAREE BT
.
214 SEHEFIAE HERFHERNS5 &6 mL K,
R M T, BFHEDER B R R A Gk, #4
B 2 AWERIRAG R, ML, 4E0E55 H 2 F)
10 mL B, B HEEKR, FFHEAKZIR, A
TR B FE rR O B A BN I, MR K, ANRER RIS
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PR WS 26 RS- T Il 5 AR 3, MO BRI R 2N
7. 8 F1 9mL 1E AT RAL I K YE
2.2 Box-Behnken i{i&i% it Rtk

Cra F R e A5 R, 0k 0 R i A [
FESZIRELR 1) 3R 2 B = (A)EIZFIKRE (B)
MUEE R (C) #47 Box-Behnken 3% ikit, LA
18~24 HY & AT 5 A R debs, XAk 75 i
1T I &4 R & 2,

Table 2 Design and results of Box-Behnken tests. A: Drug
loading capacity; B: Concentration of wetting agent; C: Volume
of wetting agent

Factor Response value
Y g B%  Cmb 18—21dn(:£1/% " a:u?gclgtfl’cal
1 3 40 9 68.78 9.79
2 2 50 7 70.79 11.54
3 3 50 8 87.51 9.40
4 3 60 9 87.68 9.98
5 2 40 8 86.82 10.95
6 4 60 8 55.84 9.98
7 2 60 8 48.09 14.87
8 4 50 7 36.71 10.18
9 4 50 9 234 15.66
10 3 50 8 80.78 8.05
11 3 50 8 86.21 8.63
12 3 40 7 90.18 7.66
13 3 50 8 87.78 10.18
14 4 40 8 0.16 15.07
15 3 50 8 86.07 9.40
16 2 50 9 80.47 13.10
17 3 60 7 88.13 9.01
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R4 Box-Behnken i 4% 5 i i G 1H 2 2K, SR
BORE S /N IR G N IR Z BT R, KA
Design Expert 8.0.6 £ f1-x 5 b5 18~24 H W A1~ [f
I 5 A1 15 5 W0 R 3% 2 [ FR 0% R kAT 2 Je B 40,
SLEEFAEAY . 18~24 HWEE M xR (1) A w=
85.67 — 23.89A + 4.23B — 5.82C + 23.60AB — 11.01AC +
5.24BC—37.03A%—0.91B>— 1.06C?, 2&1L% v 0.061 6,
RP=0.987 6; ~Ffi I 5 #f1 1 — k7 BERL (2) Ayt =
9.13 + 0.054A + 0.047B + 1.27C — 2.25AB + 0.98AC —
0.29BC + 3.55A? + 0.04B%— 0.059C?, 1L\ ¥ 0.306 6,
RC=0.9377. JAZMLAE RAF, TiWi% Rl LA 4T
Hb TR S5 25 2R

BH [0 R ) R PR AT, B (1), AL B

Yield in 18-24 mesh

B: Concentration of weitting agent

2.00 250 3.00 3.50 4.00
A: Drug loading capacity

Yield in 18-24 mesh

(" Volume of wetting agent

bRV Ak ERV) A0 4y

ATy loading capaetry

Yield in 18-24 mesh

(" Volume of wetting agent

40.00 45.00 50.00 55.00 60.00
B: Concentration of weitting agent

C. AB. AC. A’ RS TF EER YL (P<
0.05), A& IS ERAE L. B (2 +,
C. AB. A’ [ RIS EKT B E X (P<0.05),
HAD S AL % ERA R L BRG & R E
AR 77 P B X 18~24 H U 5 V-1 s 7 £ 52 i
LK 1.

MR AR R, PR % T ISR e L T I A
BN DT #Z5E 3.3 g, WHIRAIN 60%Z 1, JE1E
FUF R 7mL. 3HLIGUESE R WK 3, b5 HIAF AL
(1) 18~ 24 H Yig =2 F0SF T I 53 1 45 90000 45 SR AH 22 5008,
AR TR AR T DA g b T S 56 4
23 EXRBIHMHHIEIEESH

M7 Z Tl n, SN RBEE BEMER, 4

Plane critical angle

60.00

B: Concentration of weitting agent

2.00 2.50 3.00 3.50 4.00
A: Drug loading capacity

Plane critical angle

(: Volume of wetting agent

200 250 o0 3 A

A vy lawding capaeny

Plane critical angle

(" Volume of wetting agent

40.00 45.00 50.00 55.00 60.00
B: Concentration of weitting agent

Figure 1 Response surface plot with yield in 18 —24 mesh and plane critical angle of drug loading capacity, concentration of wetting

agent and volume of wetting agent
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Table 3 The measured and predicted value of indexes of the
optimized prescription. n=3, X+s

Target Predicted Measured Mean
value value

Yieldin 18-24

mesh% 88.39 88.92

88.15+ 0.67

87.69

87.85

Plane critical angle/° 7.55 8.79
9.09

9.21

9.03+0.22

B EMATE R, KO 20 S8 45 5 52
R, FLUOR VR T R], 5 T 20 0] Ak R W 5% T
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Figure 3 In vitro release of polysaccharide gastric releasing
pellets
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Figure 2 Scanning electron microscope photographs of polysaccharide pellet (A), no coating pellet loading supercritical extracts and

phenoalic acid extracts (B) and colon specific pellet (C) (x50)
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Table4 Release equations fitting of polysaccharides

Model Fitting equation R?
Zero-order Q=0.1633t+0.774 0.6495
First-order In(1-Q)=-1.0381t—- 14891 0.760 4
Higuchi Q=0.23561t"2+0.6988 0.7810
Ritger-Peppas INQ=0.09111Int-0.0711 0.8898
Niebergull (1-Q)¥?=-0.2036t + 0.474 6 0.7059
Hixon-crowell (1-Q)¥®=-0.185t + 0.608 4 0.724 4
Weibull In(1/1-Q) = 0.450 2 Int + 2.439 1 0.9605

100~
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Figure4 Invitro release of colon specific pellets (n=3, X*S)
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Table5 Releaseequations fitting of ligustilide and ferulic acid
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HA AR FE 697 SR G250 K e A /L, (H 2
T I 4 ) T R B A A B 5 T T R H )

Component Model Fitting equation R?

Ligustilide Zero-order Q=00947t-0.1719 0.867 9
First-order In(1-Q) =-0.242 3t + 0.587 9 0.876 6
Higuchi Q=0.4188t2-05501 0.806 4
Ritger-Peppas InQ =1.560 7 Int — 4.030 3 0.906 8
Niebergull (1-Q)¥2=-0.0722t+1.1535 0.8746
Hixon-crowell (1-Q)**=-0.0565t+1.126 0.8765
Weibull In(1/1-Q) =0.941 1 Int — 0.542 9 0.6476

Ferulic acid Zero-order Q=0.1037t-0.187 0.844 3
First-order In(1-Q) =-0.3345t+0.772 2 0.8335
Higuchi Q=0.4545tY2-0.609 4 0.797 2
Ritger-Peppas InQ =1.805 Int — 4.4339 0.943 6
Niebergull (1-Q)*?=-0.086 t + 1.178 0.8347
Hixon-crowell (1-Q)**=-0.0702t+1.1512 0.8334
Weibull In(1/1-Q) =1.33321Int - 0.762 6 0.6487
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Figure 5 Fluorescence and X-ray imaging results of gastric
releasing pellets (A) and colon specific pellets (B) in mice

J oy B B AT R, R A BEAR, AN T A% 2
Ao TR, SCRRUSHRIE 2 09 2 BEE 1R Sk 45~
90 min {F VLR . BAIE, 5 24 5 I F S ) 5 R
S 7 G AT ) ol 5 o BE TR R, R R 1 AR ZE A A
PEAR D TR0, K =4 U9 22 W ] S Al L, S A 8
BER, KA B e e TR R, AR B DU B4R
I H (1o AT TR B TR VA i 46 24 )1 2 B
PSR TBCTA AL AT 8 A T I 5 ) R g TR 2 ) (4
gt JEL 18~24 HUYCER APl SN
bR, K H] Box-Behnken 36 B it XS 22 BRI Ab 77
BEAT TR, RATIESS R B Lik T Hl & TZ25
H, BRI RE. SR AATHHIS LZ. USRS
HIT 330 P 2 45 1D 24 V1 45 P 4 1) Rl AL 45 5 22 B
UL 2 VA ALy 2 U RS R G, MR AR UTE
B RAF, RN iid iR gk, VR T ROLAE N B
RN RIZh AL, SRR T LLSEEL B SRR, 450
FUIA AL AR A BE A R, SEASIR B TR BB
FLE, a8 55 R e 45 L 1 e A 2 TUT HE SR T 9T
BEGE LA SR /NEI A R S R G AT DL E L T
P 750 B AR A R S L R, O 2 TR 2 R ST IVE
et 17— MR 7k . PO H TR T2
AN THEDBEE AL B, X 2SR
oy T I AR & S PRI D, ASON ZERA
AR SR —E IS BRSO 2 ok
HRGRTINE FUEAT THIBRTTE, W TiZ RSN

5 PR AT I B B Z MO AT Rt — SR AR

References

[1] Sun E, Jia XB, Huang Y, et a. Thought and application of
traditional Chinese medicine multiple drug delivery system
based on material basis component [J]. Chin J Chin Master
Med (FF [ H Zj 44 7)), 2012, 37: 2181-2185.

[2] Wang YJ, Han W, Li H, et al. Application of traditional
Chinese medicine pellets in sustained-release and controlled-
release preparation [J].  Chin J Exp Tradit Med Form ( H [ 5z
907 % Ak ), 2011, 17: 256—250.

[3] Li X, Zhang LH, Wang XX, et al. Research progress on
chemical constituents and pharmacological action of Angelica
sinensis[J]. Chin Med Mat (4 Zj#1), 2013, 36: 1023-1028.

[4] Li XN, Yang YH, Zhao BC, et a. Optimization of super-
critical CO, fluid extraction process for volatile oil from
Angelica sinensis [J].  Chin J Exp Tradit Med Form (77 [ 5£
907 M%), 2013, 19: 27-29.

[5] ZhaoBC, Kang Q, Peng Y, et al. Effect of Angelica sinensis
root extract on cancer prevention in different stages of an
AOM/DSS mouse model [J]. Int JMoal Sci, 2017, 18: 1750.

[6] WenY, Fu ZY, La Y, et a. Research progress of pharma-
cological action of angelica polysaccharides [J. Chin Med
Herald (' [ [£ 24 5:42), 2012, 9: 27-29.

[71 PengY, Zhao BC, Kang Q, et al. Colorectal cancer preventive
effect of combined administration of phenolic acids and
supercritical extracts from Angelica sinensis [J]. Chin J Chin
Master Med (' [ 2444 ), 2018, 43: 1235-1240.

[8] AnJ  Study on Synergistic Anti-inflammatory and Antioxi-
dant Effects of Different Groups of Angelica Extract (2432
By AN R 2 BEAR B B R B 4% . PSR AE ATBIEJE) [D].
Beijing: Beijing University of Chinese Medicine, 2014.

[99 Ru QG Preparation and In Vitro and In Vivo Evaluation of
Effective Colon Specific Pellets of Angelica Sinensis (X444
B Gy 45 M s L TR ) & B 4R 9 AhPEAY) (D). Bedjing:
Beijing University of Chinese Medicine, 2017.

[10] Zhao BC. Evauation of the Chemoprevention Effect and
Mechanism Study Using Effective Combination of Angelica
Sinensis on Colorectal Cancer (24345 R4 73 Bo AR S 1 45
B T RO VRN A HLELEFL) [D].  Bejing: Beijing
University of Chinese Medicine, 2015.

[12] Xi JZ, Qian DW, Duan JA, et al. Effect of p-cyclodextrin
inclusion complex on transport of major components of
Xiangfu Siwu decoction essential oil in Caco-2 cell monolayer
model [J. Chin J Chin Master Med (' E 12524 &), 2015,
40: 2970-2974.



MBS BINAMHS L TR R G E SYIE

+ 1985 -

(12

[13]

[14]

Zou QF, MaK, Lu R. Research progress in pharmacokinetic
study on ferulic acid [J. Drug Eval Res (Zi¥1iFMN it 70),
2013, 36: 297-301.

Hou JP, He X, Xu XF, et a. Application of an in vitro
DDASS to evaluate oral absorption of two chemicals simulta-
neously: establishment of alevel A in vitro-in vivo correlation
[J. DrugDev Ind Pharm, 2012, 38: 1305-1312.

Yi Y, Wang HX, He JR. Research progresses of pharmacoki-
netics of polysaccharides [J]. Acta Pharm Sin (Z52%224R),
2014, 49: 443-449.

[15]

[16]

(17]

QiuLP, Lv QT, Zhang FK, et al. Extraction and separation of
Angelica sinensis polysaccharide and serum fingerprint study
[J. ChinMedMat (" %j#4), 2008, 31: 65-67.

LiuY. Study on the Preparation Process and Quality Standard
of Wenluotong External Granules (i 4% 38 41 F Uk i) il 4% T
&R R AR HEDT 5T) [D].
Chinese Medicine, 2017.

Beijing: Beijing University of

Huang Y, Jiao XB, Chen B. Effect and influence of water/
ethanol on pellet preparation by extrusion-spheronization [J].
Chin Tradit Herbal Drugs ("' %:24), 2010, 41: 845—-848.



