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Preparation Technology Study on Oridonin A Oral Liposomes Based on Supercritical Fluid Solution-
enhanced Dispersion

WU Honghua', WU Yuan’, ZHANG Huifang® (1. Dept. of Pharmacy, Quzhou People’ s Hospital, Zhejiang
Quzhou 324000, China; 2. Dept. of Pharmacy, the Affiliated Ninth People’ s Hospital of Shanghai Jiaotong
University School of Medicine, Shanghai 200011, China)

ABSTRACT OBJECTIVE: To optimize the preparation technology of Oridonin A oral liposomes (ORI-LIP) by using
supercritical fluidsolution-enhanced dispersion (SEDS) technology, and to investigate its advantage with routine liposome
preparation technologies. METHODS: Using particle size as evaluation index, orthogonal design was employed to investigate the
influence of pressure, temperature and flow rate on the preparation technology of ORI-LIP by SEDS. At the same time, thin film
dispersion and reverse evaporation method were used to prepare ORI liposomes. The particle size, encapsulation efficiency, drug
loading amount and stability (accelerated test for 6 months) were compared among 3 methods. Moreover, the difference in
dissolution behavior in vitro of ORI crude drug and 3 kinds of liposomes was evaluated. RESULTS: The optimized preparation
condition of ORI liposomes by SEDS included temperature of 50 °C, pressure of 18 MPa, flow rate of 1 mL/min. Compared with
thin film dispersion and reverse evaporation method, the liposomes prepared by the SEDS method exhibited smaller particle size
[(147.4 + 4.8)nm], better encapsulation efficiency (67.8% ), drug-loading amount (7.8% ) and stability (particle size increased
slightly, encapsulation efficiency decreased only by 4.4% ). Results of in vitro dissolution test showed that compared with crude
drug, release rate of each liposome was slow and persistent, and the cumulative release rate was higher. The accumulative release
rate of ORI-LIP prepared by SEDS could achieve to 67.2% , and reached to dissolution equilibrium at 24 h. CONCLUSIONS:
ORI-LIP prepared by SEDS has smaller particle size, higher encapsulation efficiency, drug loading amount and stability, which
can improve the in vitro release of ORI. Compared with conventional methods, SEDS technology has certain advantages.

KEYWORDS Oridonin A; Liposomes; Oral preparation; Supercritical fluid solution-enhanced dispersion; Particle size;

Encapsulation efficiency; Drug-loading amount; Stability; Dissolution

ARG : B AR R Z 5L S RHIFHRIH (No.1814090- &% B H % (Oridonin A, ORI J& T D 58245 k2
3502) 5 b ASH A B TAXWIFE R4 "I H (No. YG2016QNO08) EY, NISTERI S E A A8 B 1K) 2P s 1k

By, AT 2, G :0570-3055135, E-mail: Jﬁ]}’/\xj‘gﬁ*g*ﬁ @H“Fﬁfjﬁxﬁl eI r—ijzgﬁﬁa:
1641939470@qq.com

WG # - R UL S5 g oo DR TERTAR RO R SEROTRYT G BER AR
23271699, E-mail:89447894@qq.com R IUEREIE] B DIRESZ I EAS RN B A A

HPEZGE 20194755 30 555 1040 China Pharmacy 2019 Vol. 30 No.10 - 1361 -



2 {H ORT YK R PER B2, S & T IR
We 22, S T I PRI RCR o DAk, FE P AN R
1l 5 ARG FRCAS L A IREPL L R i B A S5 5 B D figp e
R AR

I S AR 2 W08 i AL T I S ) 0 i XL 2312 1A
EIE U /N A ARG, BAT 55 A IR F AR LA P o
DR A AR A R s FLnl S mE PG My e, F
A TR/ 5 TR 5 S8k A A 7 24
S EET, BRI #5A B 2 U AR R )
I 00 ) 2 RTE S R AR IR 55 TR, H
X B AR i A7 HELE R, A GRORDR A 20 A A LA
il AT AR T AR N A BV R B
RSO NNNPI LGS AR/ RO d S S il R RN
MW T AR (SEDS) A S — i RO il 45 7
W, ALy e B IR L BRI P
P URLAR I, ORI A 150 BB 30 B2 iR
HICH R SR e U8 H 452" FHAT, ORI
(4 i S A 5 20 24 5 X RO TS 45 25, 25 T ) 1 AR R
J A AT A PSS TR B /N LR R 38 MM B2
TR AR 2 R Y SEDSS £ AR il 5% ORI 14 fI Jii 14
1 ke 57 (ORI-LIP) , Ff-3id i 1 A2 i ) il o T 25 A T
DU s RIS , 55 MUIR B A 48 D7 156 AT FUAR, ELASEANTR]
il 76 J7 15 T4 ORI-LIP HRLA L a2 i ASsE 1
LRGN AT, S SO AR B AR A E s p 2 M
L3 i JRE 5 o7 PR (RS20 Al

1 #
1.1 {28

BP211D % 3 4 H 43 B K °F (1 [ Sartorius 2
A ) 5 1260 Y = 00 A 635 [ (36 F Agilent 23 F ) 5
SFE121-50-01 B 5t CO. il 4255 B (B 8 A8 2441 Y
A BRAF]) s R206 BU el 258 AN (11 AR AT FR A
7] ) ;Nano ZS90 Zetasizer K747 E 1Y (2 [E Malvern 2y
) ; RC-806 AU th A (R R PERHE & SR AT IR A WD) 5
ARUE .04 (318 Millipore 28 /], # B 43 F 1 : 10 kDa) 5
5804R 7! 5 A #5.00HL (T [E Eppendorf /A F] ) .
1.2 #ARE5RF

ORI JFR 25 (VTP AR 5 K TR A R AL S
28957-04-2, 4 Jif : =98% ) ; KL BR#fE (KiE R LAY
HARAGBRAN F), 46 . =90% ) 5 JH [ 5 (£ [ Lipoid 2
F) LA . =98% ) 5 CO( A8l R 2F a5 B, 4l i . =
99.999% ) ; Ry il , LA 3 ot ali, Kok 2
EFK.
2 HiEEHR
2.1 ORIRERENERHE

T 0RO €33 (HPLC ) M <& ORI B vk JiF
2.1.1 fOgEsF ikt . Agilent Eclipse XDB-C (250
mmx4.6 mm, 5 pum) ; i g AH : B EE-7K (60 : 40, 17V) ;s K

- 1362 - China Pharmacy 2019 Vol. 30 No. 10

M K 2 238 nm; JiEad : | mL/min; AEJE < 25 °C; gEFE .
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Note: 1. CO, cylinder; 2. refrigerator; 3. high-pressure pump; 4.
stabilization tank; 5. pressure sensor; 6. temperature sensor; 7. nozzle;
8. filter; 9. visual stillpot; 10. air bath; 11. high pressure constant flow

pump; 12. graduated flask; 13. separator; 14. flowmeter
E1 SEDSHAF&REZE
Fig 1 Schematic diagram of the apparatus used for
SEDS
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Tab 2 Design and results of orthogonal test
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1 45 12 0.5 1814
2 45 15 10 142.7
3 4 18 15 146.6
4 50 12 10 1622
5 50 15 15 1448
6 50 18 0.5 144.6
7 55 12 15 2027
8 55 15 05 1814
9 55 18 1.0 1529
K 156.9 182.1 169.1
K 1505 1563 152.6
g 179.0 1480 1634
R 33 3.1 1647
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Tab 3 Particle size and PDI of 3 kinds of liposomes
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E2 3R EHRMENE
Fig 2 Encapsulation efficiency and drug-loading
amount of 3 kinds of liposomes
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Fig 3 Changes of particle size and encapsulation effi-
ciency of 3 kinds of liposomes in accelerated test
2.3.6  AIEJy Il B BRI RS R e
ORI J5 8} 24 F11 5% ] TFD . RPE . SEDS J7 2 ] 4% 1) ORI-
LIP & T A3 BT 48 N, M A PR FL 2K | [ e 78
PR b R BT B (55 0.3% T e SEARBR B 1Y
pH > 6.8 ) il 12 £5 2% #P ¥ W ) 100 mL | 15 B 5% 3 oy
100 r/min 3 &4 37 °C, 7385 F 10,30 min }2 1.2.3 .4,
6.8.10.12.24.36 .48 h BT HURE 1 mL ([R]F#h 72 5E AR 23
FUA AT o FESTIRES 0.45 pm AL IE I , 2K
“2.17 35 F HPLC 052 ORI (9 vk BE . #e AR iHH44
ZREHRE . BRBEHE (%) = [cx Vet (crtegte+
Co-)VLx100% , I, ¢+ c, A 45 B a] 55 BTl ORI ¥k &
Vi R BREIRTR, Vo s iR A R R, LA R R . 45
BN, ORLJERIZ i Hh sl R 25 T I8 iR, 7 1 h
PUERIA B T H A T A5 B IR TE 12 h e A R 200
1 P17 ; ORI-LIP-SEDS i H 34 4 2212 T ORI-LIP-TFD
FIORI-LIP-RPE. [R], £5 1 B fA ik ¥ 1 i et i 240
Ve Hh R S R v T R 2, o JRURE 2 R 40.6 % | TS
B JBURHR 155 T 50 % 5 ORI-LIP-SEDS 7E 24 h B3k 37
S, BB R B L A B 67.2% , TEILIK 4.

—— ORI 5tk 24
ORI-LIP-TFD

—— ORI-LIP-RPE

—+— ORI-LIP-SEDS

1
+ T
T % <
T 1 ~ 1
20 30 40 50
1] h

4  ORIEHIZ5HN 3 TS BRI AINA H #h 2
Fig 4 in vitro dissolution curves of ORI raw material
and 3 kinds of liposomes
3 itig
JiR B el T SR R U0 - A AE B B AT S 1 2
FES 240 0 A= Rl LR AR A E T, (8 254 RS & i
A B 1 38 B R R TRLAR /N R AR 2 TR
B PE 7 BE b, 3800 1 245 i B ) 3 flh e 1) AR 4 Sk
AR T 2500 25 RLAR B L R R
1, B2 RO SR LA SRR A AT ER
AW R T SEDS FANE Ay il % 771k LAFEAIR ORI AR

- 1364 - China Pharmacy 2019 Vol. 30 No. 10

AR LA I 3 i 25 Wi HH R, I 2 k8 ORI IR e
1 H B
1 SEDS H AR Ml 25 it 2 v, iR B i A 452 DA

TR (1DIRE, A RET &, CO.%E

Bl N , COL VR 4% AR AR B 2 ARG, S OOk A

K IR, 35 50 ZhREIG N, J3 = ] il e AR 44 4

I, AL AT S BORURRLAR 3G R TOVE R TR (2) BT

BEA TR T, COLAEIA R H A4 HIGH EE b, W ik

ST et Ly N | P 371 DO 729 ine s = ) BN

FS A% R A3 R, TOVE B4 U o (O Lo 35 1 B K, B

B fi A% RT3 N, TR DU R 2 A 0N 1 9 o

TIORLE 2, (3) BERE I . FEHERE R BRI LR L I

G T BCO. 5 R Fesi )N , 1 1 3 3504 R ik

AN, T JHE R A8 0K , DT i) 5 T Bt

TR Y HE— 2GR R S AR RO R B T AR,

JIT LATES J8C B0 SORE R AR D /N =2 L B 45 i S 4 252 496 o

“GEARRO A R RLAR B SR

AWFFEEE IR R, % e L %5 £OR (TFD \RPE) ,

SEDS i A il 4 1 i 1A B AT 5 i i) A0 e AR A2 2y it

AT RE BRI A B BR BT HA TE N R RS A

BIRETTH5R AN Sy A R, A1, ORI-LIP-SEDS

78 6 N0 0 P L R I S S A RS e L X 2

H1 T ORI-LIP-SEDS (7% 7 5% BA 1 4/, g PR 2

BTN 5 ), G R4 F s R o A ) T 4 s T R A

PE RSN I A5 A i, 25 BB TR T ORI Ay BE 2

HORZRT ORI JSURHZY , IX 2 T 25 ) 2858 3 W R XL5)

FEATFARHOTE, b, ORI-LIP-TFD 1 ORI-LIP-

RPE ¥ i} 38 & 2t F ORI-LIP-SEDS, i 1] fiE & i T Rif

P R 2 W 25 AR, B oy B i 44

JUT £, 1M ORI-LIP-SEDS [KH: B 47 1) £ $f g ) FiR 2

PEMZIH ARG R, LSk, ORI-LIP-SEDS

F1%) SRR R T HA R IR B (AR, AT B2 A Sy HORE

PR/, AT BRI HE AR TR, A A T 25 W07 th A s

2i FRTR AT i SEDS Fi A £ TRiAR/N A

AR AN AR B R PR 1 B A VIR AR L A

Rk T ORI YA R PERE . {H ORI-LIP 2 171 i il

H, ARSI P BE 5 2 T AN RE T L 1 IR (A g i

W SR T AR BT, DR A EAR 2 Sl 22 R I A T i

— 5T

Sk

(1] PR, BRELIHL A B P R BT 1S M R R (0],
¥ E % AH34,2016,23(1):125-126.

[2] YED,DING C,YE N,et al. Discovery and development
of natural product oridonin-inspired anticancer agents[J].
Cheminform ,2016,122(43) :102-117.

[3] MING M, SUN FY,ZHANG WT,et al. Therapeutic ef-
fect of oridonin on mice with prostate cancer[J]. Asian
Pac J Trop Med,2016,9(2):184-187.

FPEZG 2019455 30 55 1034



[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

LI S,LIUY,LIU T,et al. Development and in-vivo as-
sessment of the bioavailability of oridonin solid disper-
sions by the gas anti-solvent technique[J]. Int J Pharm,
2011,411(1/2):172-177.

ZHANG P,LIU Y,FENG N, et al. Preparation and evalua-
tion of self-microemulsifying drug delivery system of ori-
donin[J]. Int J Pharmaceut,2008,355(1) : 269-276.
WANG C,LI W,HU B. The anti-tumor effect of folate-tar-
geted liposome microbubbles loaded with oridonin as ul-
trasound-triggered tumor-targeted therapeutic carrier sys-
tem[J]. J Drug Target,2016,25( 1):83-91.

DING Y,CUI W,SUN D, et al. In vivo study of doxorubi-
cin-loaded cell-penetrating peptide-modified pH-sensitive
liposomes : biocompatibility, bio-distribution, and pharma-
codynamics in BALB/c nude mice bearing human breast
tumors([J]. Drug Des Dev Ther,2017. DOI:10.2147/DDDT.
S149814.

ZHANG H. Thin-film hydration followed by extrusion me-
thod for liposome preparation[J]. Methods Mol Biol 2017,
1522:17-22.

TAKEUCHI I,KISHI N,SHIOKAWA K, et al. Polybo-
rane encapsulated liposomes prepared using pH gradient
and reverse-phase evaporation for boron neutron capture
therapy : biodistribution in tumor-bearing mice[J]. Colloid
Polym Sci,2018,296(7) : 11371144,

VL VLRI, 2230, BRAE , 4 JEAME i T A il 25 55 2RAE
D% B ER%,2016,27(7):1647-1650.

SWAT LR, BB, AT AR B ] o B
TER BRI 258 =58 0], F B 25 % ,2016,27(16)
2213-2217.

AN, X, S, 4 R SR AT TIERAR S HAEZ5 )
il 390 T 18 ). P B B R 26 Je &, 2009, 29 (18)
1567-1569.

PN, AT BSHE I I SR AT B A T 8 X8
PELG PR WS R D]. F B 25 5 % &, 2016,51(7)
526-532.

HEE g, SRR, 22, 5 SR I AU AR ] O EOR
Je FLAE 2 008K 9 g FH [J]. LR A T, 2011, 31 (11)
17-21.

XUGEHR, FHRE , M, 5 AR BT HOoR SRSk
[J].5F 25 % 2 &,2011,46(14) :1084-1088.

[l K2 T B 2x P e AR A0 B 25 g w9 3R [S].2015 4F
J AL ST : A PR 25 R At , 20152 374-377.

KAGA K, HONDA M, ADACHI T, et al. Nanoparticle
formation of PVP/astaxanthin inclusion complex by solu-
tion-enhanced dispersion by supercritical fluids (SEDS) :
effect of PVP and astaxanthin, Z-isomer content[J]. J Su-
percrit Fluid ,2018. DOI:10.1016/j.supflu.2018.02.008.

o — Bk, 5, A E A AR SR B B H R R
AR UAC[I]. F 25 44,2007, 30(8) :970-973.

HEZED; 2019455 30 5 101

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

8 5 S AR ASE A2 R 5
]2 R 45 A1 7, 2009,9(1) :48-51.
BYRAPPA K, OHARA S, ADSCHIRI T. Nanoparticles
synthesis using supercritical fluid technology : towards bio-
medical applications[J]. 4dv Drug Deliver Rev, 2008, 60
(3):299-327.
FURLAN M, KLUGE J, MAZZOTTI M, et al. Prepara-
tion of biocompatible magnetite-PLGA composite nano-
particles using supercritical fluid extraction of emulsions
[J]. J Supercrit Fluid,2010,54(3) : 348—356.
SU SC, LO WS, LIEN LH. Micronization of fluticasone
propionate using supercritical antisolvent process[J].Chem
Eng Technol ,2011,34(4) :535—541.
CARENO S,BOUTIN O, BADENS F. Drug recrystalliza-
tion using supercritical anti-solvent (SAS) process with
impinging jets: effect of process parameters[J]. Cryst Gr-
owth,2012,342(1) :34-41.
CAO Z,SUN L, CAO L, et al. Production of ursolic acid
nanoparticles by supercritical antisolvent precipitation[J].
Adv Mater Res, 2011. DOI: 10.4028/www.scientific.net/
AMR.233-235.2210.
BADENS E, BOUTIN O, CHARBIT L, et al. Jet disper-
sion and jet atomization in pressurized carbon dioxide[J].
J Supercrit Fluid ,2005,36(1) :81-90.
RANTAKYLA M, JATTI M, AALTONEN O, et al. The
effect of initial drop size on particle size in the supercriti-
cal antisolvent precipitation (SAS) technique[J]. J Super-
crit Fluid ,2002,24(3) : 251-263.
HOLZSCHUH S, KAEB K, BOSSA GV, et al. Investiga-
tions of the influence of liposome composition on vesicle
stability and drug transfer in human plasma: a transfer
study[J]. J Liposome Res,2016,28(1):1-13.
NAIK S, PATEL D, SURTI N, et al. Preparation of PE-
Gylated liposomes of docetaxel using supercritical fluid
technology[J]. J Supercrit Fluid,2010,54(1):110-119.
FUJII S,MATSUURA T,SUNAMI T,et al. Liposome dis-
play for in vitro selection and evolution of membrane pro-
teins[J]. Nat Protoc,2014,9(7):1578—-1591.
HAERI A,SADEGHIAN S,RABBANI S, et al. Use of re-
mote film loading methodology to entrap sirolimus into li-
posomes: preparation, characterization and in vivo effica-
cy for treatment of restenosis[J]. /nt J Pharm, 2011, 414
(1/2):16-21.
IGARASHI T, SHOJI Y, KATAYAMA K. Anomalous so-
lubilization behavior of dimyristoylphosphatidylcholine
liposomes induced by sodium dodecyl sulfate micelles[J].
Anal Sci,2012,28(4) :345-350.

ek A 1:2018-10-17  f&1ul F 191:2019-04~10)

(% BER)

China Pharmacy 2019 Vol. 30 No. 10 - 1365 -



