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encapsulating costunolide and dehydrocostus lactone

WANG Wen-jun', YAN Xiao-min!, CHEN Zi-qgiang', LI Qi-juan', XIE Yu', HU Hui-ling', WANG Zhan-guo®

1. Key Laboratory of Standardization of Chinese Herbal Medicine, Ministry of Education, State Key Laboratory Breeding Base of
Characteristic Chinese Medicine Resources in Southwest China, School of Pharmacy, Chengdu University of Traditional
Chinese Medicine, Chengdu 611137, China

2. Collaborative Innovation Laboratory of Metabonomics, Standard Research and Extension Base & Collaborative Innovation
Center of Qiang Medicine, School of Medicine, Chengdu University, Chengdu 610106, China

Abstract: Objective To prepare pegylated long-circulating liposomes co-encapsulated by costunolide (Cos) and dehydrocostus
lactone (DL), optimize the formulation and process, and evaluate the quality. Methods The pegylated long-circulating liposomes
co-encapsulated by Cos and DL were prepared by film hydration method. Single factor test and Box-Behnken response surface
methodology were used to optimize the preparation process with encapsulation efficiency of Cos and DL as the index. The particle size,
surface potential, encapsulation efficiency and in vitro release of the liposomes were evaluated. Results The optimal preparation
conditions were as follows: drug-to-lipid ratio was 0.14, ratio of cholesterol to phospholipid was 0.05, mPEG-2000-DSPE addition
amount was 6%, hydration time was 30 min, and probe ultrasonic time was 4 min. The obtained liposome was round and uniform in
distribution, with an average particle size of (104.8 + 2.48) nm, a polydispersity index (PDI) of (0.245 £ 0.031), and a Zeta potential of
(—9.7 £ 0.23) mV, the encapsulation efficiency of Cos and DL were (91.9 + 2.6)% and (94.41 £ 1.23)%, respectively. Conclusion The
PEGylated long-circulating liposome prepared by the process and prescription optimization has good appearance and high
encapsulation efficiency, which can meet the application requirements.
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JNF=TE R IR BT RUER2 2, FiE
MK« g g YE SEREN, R EE MR K
$& M g (costunolide , Cos ) Al 2 & K #& W fig
(dehydrocostus lactone, DL) & 2 FRZjHEyE M 72
IR ik N R . IARZG R 200 bt . Bl
BT T REMHF, AMURSE T HAAEESGH 2
FI697 B M R ES), B — T R T AR
b b ST g, gL A . JRTIX 2 A
JNIARFNBRKIEERZ . B e tEAE. A&
Pk H AR FEARET8, RO sg e 1 A i 71
RINLH o

JE B 2 e TR IR BN T 2 N TR
B B AL v AR ) 7R, A3 245 5 T s 254K
WEIEAFRENE, GRS E R S ) 1, AT
2T 25 D> 25 a T R T R Y
PEUNOI6] SRR BUAAE NG RS )a, L i
B BERER, ZkAME, GEMAIaE
BN, R G A 2 i R A R H R &= 48 (RES)
PR, B B 2 IR T, BRIk 4
) B Aw, AITFRAR 1R FHAME . DR s 70 o i
P BRI T IR B S 2 DyRet: . IR PR £ o /K 1t
HH, WL 8 (polyethylene glycol, PEG) X
HEME A SN SRR R KAE R R F s, Hal
REHS B A% 7 M 40 Bl R 48 (mononuclear phagocyte
system, MPS), JFfd/b 5K i3 a4 &,
T BG N FEAE M R e 1, ZE K257 LV
I ()3 B B ]S SIS B A T A 2 Fh)IR
AN BERCLHY PEG fLfliiif& (PEG-Cos/DL-Lips),
K P B K 2525 . Box-Behnken Wi N [EVEMAL, 15
B A& T2, FR g T A AN A SR TR RE g
ATZRAE
1 NESHH
1.1 {425

DD5 & AR B & O ML, W Rk Fa X a5
#HIRAT: UV7S6CRT 4T WA, b
WM AR A R A W) ;s YMNL-ITYJ 8 75 40
A, R LA WA SR W& A IR A 7] JEM-
2100Plus ZESF TR (TEM), HAHTHA
24k (JEOL); /R Zetasizer Nano ZS90 24K KL
FERALA, BUMNALER AR AR BN NE &
THIRIEFRREIR, B HP R & AR A A .

1.2 IR
Cos (#it'5 M-022-180427). DL (#It5 Q-016-

180427), JRENHIN=98%, Ml H: T B4R
BIRAT]; BERREZM (PBS), 0.01 mol/L, pH
72~74, JHEREVHEHRERAF; =& HFET.
TKCEE, S3iral, DUNISEARMAL THRAF; JH
WEE. KEONBERE . T e e, 1AL 80
(Tween 80, T80), JKHSTH BIEIL 2= AR A A
R T IR TR 2R e - 5K 4 B 2000 (mPEG
2000-DSPE), EHiAH AR AT #EE, iRt
VIR BR A A B IRBEER G-50, & M T MR
VUH AL SR e dhs RS, tanlal, FRBRKiIR
B (PED HBRAT; Triton-x100, _F#E 76 L
MIRHEA R A HARETI it
2 HESHER
2.1 PEG-Cos/DL-Lips By &

K KAk i1 % PEG-Cos/DL-Lips. {44t
7 B ARG B HREL Cos DL JH [ . K 5P IE - mPEG
2000-DSPE, fIAEAS 10 mL, IRshHEEIMEILIEH
Vi, PRI R e i 28 AR A R e A L
RS, BN PBS 5 mL, A% 25 RAXERE 30 min,
i 2 R 3 B K 4k e &, RSk S 5 BT AR
PEG-Cos/DL-Lips.

Cos/DL-Lips X H [A] V2 il £, il #& B AN
mPEG 2000-DSPE.
2.2 Cos #1 DL 2 EMEHFZEEN
221 R RS (REZGHL) 2015 ERRIIR

SEMFEINT Cos 1 DL HIAIM &4 E . il

A Uranus Cis #£ (250 mmX4.6 mm, 5 um); i
AN EE-/K (65 1 35); AFUE 1.0 mL/min;
FEIR 30 C; HEFEE 10 uL; A K 225 nm.
222 HEAAEMH S B Cos. DL X Sl &,
WERRE, LAET S mL &F, INPERREE
Cos JFi B IR ERBE A 323.04 162.04 65.0+ 32.3. 16.2.
6.5 pg/mL, DL JREIREHER 110.0. 55.0. 22.0.
11.0~ 5.5, 2.2 pg/mL ] Cos. DL X} & Shid, it
0.45 pum FRFLIEME, RIAS0H R VA
223 LMERRFEH FEEWI “2227 BT R5)
JRE RN IR AR 10 L, 4% “2.2.17 TRt
A, MAETR () H, LAl (V) XHE
WRE QO BATEAEEA, 3 HHT7HE Cos Y=16 747
X+6292.5, ”=1.0000; DL Y=12 870 X+ 13 443,
2=0.999 9, Z5REH Cos 7£ 6.5~323.0 pg/mL,
DL 7£ 2.2~110.0 pg/mL £i1%: 5% & B iF
224 RGENEFES RPN B R R
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JBE, N2 R BRI VAR, R B IR TR
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TR g F R T, EaSE LK 1. 45 1R
AR R GOE R RAF, XFE g R T .
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Fig. 1 HPLC of Cos and DL reference substance solution
(A), and drug-loaded liposomes (B)

225 FEEEES HUEENRMERFEE Cos
5 DL A% (70.0. 233 pg/mL). ' (50.0. 16.6
ug/mL). fi& (30.0. 10.0 pg/mL) 3 PMFEIKE)E,
R 10 uL, 23 ARELLRERE 3 Ik, difm. .
i& 3 NEEIRE T Cos WEHIAR T RSD 437 0.84%-
0.73%- 0.77%, DL W) RSD 45124 0.54%-
1.54%- 1.98%, F5%EHUT .

2.2.6 FeEtkikEe  HESMERE, A S fEEE
PN, I 0.45 pm TUFLUERR, HUERIER 7 T
0. 1424 4. 8. 12h % “2.2.17 Wi R i & H &,
S5 Cos UETHIFHM) RSD A4 0.78%, DL WEHIAR Y
RSD 4 1.22%, 25 RF AP SIERAE 12 h WiRsE
PEELLT

227 HEEMRE BEZAERE 6 4, A 10
SENEFPEERE, 3T 0.45 pum PRFLIEME, EXSHER
F “2.2.17 TR REAFNE, 455 Cos AR
) RSD 4 0.41%, DL Jii &K E 1) RSD A 1.03%,
HE MERUT

2.2.8  IIFEEISCRIREE  BOE RIS ISR R
Cos 5 DL Jyi& (70.0. 23.3 ug/mL). 71 (50.0. 16.6
ug/mL). i (30.0. 10.0 pg/mL) 3 MFREIKRE)E,
FHC1 mL, &R BN A E R R 200 pL,
RIERST, NS fis & HEEAIR, IR IR 2T, i 0.45
um FRFLIENE, EXARIEW, %R “2.2.17 TNl
FAHAT R ENE, SRES. T A3 DBREK

FER, Cos BIINFEEIZ-IIME 530N 96.92% .
96.07%+96.00%, RSD 43714 1.21%-0.56%- 1.31%,
DL FIH0FE B P 3ME 53 38 96.82% 96.59%
97.06%, RSD 43 51°4 0.77%- 0.77%- 0.44%, KM
HE AR IS A X Cos A1 DL 2 5l 5 JC W & 50
23 WHEEOLENERIER
231 FSEBEBERAL M A K SRR R 25
IKFEMVENKE, TEANE] 2 mL FVES 7R QRS
JERIBIEA 2 2 UEAR LA i SN e R MR ) » 4 25 A
MR VRS B 2 N IR 2 R &0
Ao i B O AR RS R B O, T3 000
r/min &0 3 min, [FEERH KK ELE, &,
2.3.2 AEFNE B 200 uL PEG-Cos/DL-Lips i#
PO E AT, T 3 000 r/min 2.0 3 min, I
A 200 pL Zi7KBEML 3 Ik, W& IFBEMR, A
100 pL 5% Triton-x100 FEATHEF.; 53H 200 pL A
FERES:, I 100 pL 5% Triton-x 100 #EATHEFL,
HPLC HEFEATI, THE il =,

BHR=1—Cus/C s
C s A Cos/DL &, C o WISV E Cos/DL &
2.4 PEG-Cos/DL-Lips & 75 H 8 F &L 1k

%if B 7K Ak s il 4 PEG-Cos/DL-Lips K4k 513k
TR L5, a2y IRt IHE R L . mPEG
2000-DSPE A KACHFTE] $RGH AR (A3 5
MONPSES RN SRS il I R IF Y = Y 1PN
BN AH FH BRI IR TR AR S5 MR T4, HPLC iEFE Sy
B, iEAEE, ARILE 1. R\LERIT, £
ZiflRtoN 0.3 0 1. IHEEEBEAR LN 0.15 0 1. mPEG
2000-DSPE A& N 2%, KALEHEIA 30 min. #£
LR (A 2 min B, PRSI RRLE. 4
KW, PEESHERNNN, SRR IR
JEEE A 025 11 B, BE ARG EE, HEEH
BB RG22, (LB, HEM A AR H [ R
OO S8 R AN R e 1, HE T — e e e 2
5IgEr2imsid, SEEE%E TR mPEG 2000-
DSPE I\ ETE 2% 4% 6%, WH KI8T 5,
EIINER 8%, LR N, KA A FI
PR SR 5 A 1) B i . R e AN o
2.5 PEG-Cos/DL-Lips 475 Box-Behnken fg 5z
ARG
2.5.1 Box-Behnken M [HZEIREE 78 #8252
Bt b, DA SRR LLG] (ZGRREE, AL JHE
S5mAstb (EAEEL, B). mPEG 2000-DSPE SN
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Table 1 Design and results of univariate experiment

RIS 248tk MHEEE#EAELEL mPEG 2000-DSPE A /% sKALKS [E)/min  #AR [Al/min  Cos 3%/% DL i Z/%

1 0.1:1 0.15:1 2
2 02:1 0.15:1 2
3 03:1 0.15:1 2
4 04:1 0.15:1 2
5 02:1 0.05:1 2
6 02:1 0.15:1 2
7 02:1 025:1 2
8 02:1 035:1 2
9 02:1 0.15:1 2
10 02:1 0.15:1 4
11 02:1 0.15:1 6
12 02:1 0.15:1 8
13 02:1 0.15:1 2
14 02:1 0.15:1 2
15 02:1 0.15:1 2
16 02:1 0.15:1 2
17 02:1 0.15:1 2
18 02:1 0.15:1 2
19 02:1 0.15:1 2
20 02:1 0.15:1 2

30
30
30
30
30
30
30
30
30
30
30
30
15
30
45
60
30
30
30
30

2

[NST NS T (ST (S S S I S ST ST S S S S S

—_—

2
3
4

65.24
76.16
79.24
74.47
74.63
76.16
70.62
36.76
75.86
76.16
78.41
69.93
75.38
76.16
76.02
73.91
75.08
76.16
74.77
75.92

49.76
65.88
68.63
63.36
64.23
65.88
63.17
21.28
66.74
65.88
63.99
62.11
66.30
65.88
64.96
65.61
67.94
65.88
67.48
65.74

® (C) NHARE, Cos % (v DL EH%E
(V) NIKAEE:, KM Design-Expert V8.0.6.1 &/t
A7 B T RE 1 1E, 1% Box-Behnken #24Y, 4T
3 RE 3 7KL 17 ASEER A (5 AN s, 2 K]
JHIERZH AR . 3T Box-Behnken M W [ ¥ 118
15 =3t 47305, Box-Benhnken iR5 1% i 7 % M 45
RIE 2,
2,52 BAVESTERIES T RS g R T R
Mo, &id 2 REVAE G, 43 s NAE 5 520
KHZE&E A, B. C ZEMEIETFENRN ¥1=0.454 08+
2.389 83 A+0.934 24 B—0.028 923 C+0.382 95
AB—0.104 60 AC—0.084 498 BC—4.213 31 A>—
6.552 12 B*4-0.013 551 C? (=0.859 6>0.8),
Y,=0.468 92+0.877 90 A+0.681 42 B+0.068 245
C+1.184 83 AB—0.215 63 AC+0.003 607 5 BC—
1.050 42 A2—7.413 07 B*40.003 085 64 C? (*=
0.959 1>0.8).

FFERIEIASHT WA 3. 4. Cos M1 DL 1) 2 1K
[ AR FAE 250 4.76 (P<<0.05). 18.24 (P<
0.000 50, KBTI BA B R

% 2 Box-Benhnken iR i%it R4ER

Table 2 Design and results of Box-Benhnken experiment

T A B C/% Yi/% Y2/%
1 025 005 600 09381 0.878 9
2 0.10 015 200 05402  0.5873
3 025 0.5 400 07906  0.7448
4 025 0.5 400  0.6849 06775
5 025 005 200 08496  0.7403
6 040 015 600 07979 07136
7 040 005 400 06488  0.6587
8 025 015 400 07673  0.7442
9 025 025 200 05552  0.4489

10 040 0.5 200 05901 0.618 5
11 025 015 400 07079  0.7392
12 025 025 600 05761 0.590 4
13 010 015 600 08736 09411
14 0.10 025 400 05012 05571
15 040 025 400 04790 04915
16 025 0.5 400 07547 07114
17 0.10 005 400 06940  0.7954
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&3 Cos BN E 2 RIRB T E N
Table 3 ANOVA for response surface quadratic model of
Cos

&4 DL HNINE 2 RIRBMFENH
Table 4 ANOVA for response surface quadratic model of
DL

KIR  POIA BWmE ¥77 FE PE O BFENE KPR AME ¥ P P REE
BR 0260000 9 0.029000 4.760 0.0259 W AL 0250000000 9 0.028 000 000 18.240  0.000 5 &

A 0.001 089 1
B 0.130 000 1
C 0.053 000 1
AB 0.000 132 1
AC 0.003 939 1
BC 0.001 142 1
A? 0.038 000 1
B? 0.018 000 1
C? 0.012 000 1

0.001 089 0.180 0.682 5
0.130 000 21.690 0.002 3
0.053 000 8.840 0.020 7
0.000 132 0.022 0.886 1
0.003 939 0.660 0.443 9
0.001 142 0.190 0.675 3
0.038 000 6.320 0.040 1
0.018 000 3.020 0.125 8
0.012 000 2.070 0.193 7

% 0.042 000 7 0.005984
JAIT 0.034 000 3 0.011000 6.030 0.057 6 N3
H#iRZ 0.007 582 4 0.001 896

BEZ 0300000 16

0.020 000 000 1
0.120 000 000 1

0.020 000 000 12.910  0.008 8
0.120 000 000 78.950 <<0.000 1

0.066 000000 1  0.066 000 000 43.200  0.000 3
AB  0.001263000 1 0.001263000 0.820 0.3948
AC  0.017000000 1 0.017 000000 10.890 0.013 1
BC  0.000002082 1 0.000002082 0.001 09717
A? 0.002352000 1 0.002352000 1.530 0.2560
B? 0.023000 000 1 0.023 000000 15.050  0.006 1
C? 0.000991 100 1 0.000991 100 0.640 0.448 4

B#  0.011000000 7
AU 0.007374000 3
HHRZ 0.003389000 4
EBZ 0.260 000000 16

0.001 538 000
0.002 458 000 2.900
0.000 847 200

0.1650 A%

B394 6.03 F12.90, PAEIIKT 0.05, #iHi kI
T PR ZEANEE, BIEHTEUAERET. ok,
M LUEH, By C A A?TRZE, RUIMMAG
A PEG A INEXT Cos (L3 26 B A7 B35 5200, 1M A
B. C. AC. B* I3, RMZNELL. JHAGHL . mPEG
2000-DSPE & 25/l b5 mPEG 2000-DSPE #&
I A2 BAE X DL ) ads R H A 03 5 m .
Wi 7 g T P O b e e T ORE AR EE . ZE R L.
mPEG 2000-DSPE ¥8 il 1928 FATE F X i S A 152
M, ULE 2. Cos Al DL #a#AHAL, 7EAEARLAAR )

1.0-
s |
X ¥
g = 06
o e
i g
2 Q
& |
> 0.17 .
: . - 007 A N
010 g 033 A 0.33
© |
e kG
=
5 =)
— 07 0.17 -
. B 020  ° 033 A

A033 — 3

TEULR, Cos Fl DL ML % (B E & 2 16 L i3
Kifi 2 et m e RGBS, B mPEG 2000-
DSPE ¥ INE 3G KT 2202 FARER 24
FEEAAS BN, Cos F1 DL FA 3 5 4 it %5 i
JIE bE B 3G K 2B R RS, B mPEG 2000-
DSPE ¥ & (1938 K1 2 2618 ET % £ mPEG
2000-DSPE ¥ INEAE R 24 T, Cos 1 DL )4
E Ol N iEz) e A NI T apa g =1 ) =k B i
[N = i N Al =E 2

2.5.3  AERTT TEHE KHIE £ Design-

1.0-
E 06 4
g . '
8
© 0.2t
) . s ) - 010
3% c% 5 - 020B

o\\°

g

@

—

Q -
——— e 010
3% cr% s 020 B

2 BEMERMIEEE 3D

Fig. 2 Response surface 3D map of various factors



)

Chinese Traditional and Herbal Drugs 25 50 % % 17 3] 201949 A

* 4073 °

Expert. V8.0.6.1 #f} Responses Tl & 2 M MAEH
(Y1v Y2, SN ZM e 45 R AT o0 0, 3K
%} Cos F DL WA T FERHATER A SRR, S0 ik
MG B AT T2 NZ5E 0.14 1 1. JEAR
0.05 : 1. mPEG 2000-DSPE #s Il 6%+ /KA E (A
30 min. FRLFAAEIE] 4 min, Cos. DL Fiill & dsf
RN 94.11%H1 96.15%, F#16 T2 FEHTIRAE
R (n=3), 458 Cos BEFEN (91.9£2.6) %,
i Z{H 2.34%, DL B3ZHN (94.41+£1.23) %, f
ZEHH 1.81%, STNMER 23N T +5%, KX
TR 5 BGAIE 45 SR A — 3

2.6 PEG-Cos/DL-Lips HIZR{E

2.6.1 TEM W% PEG-Cos/DL-Lips FH MWL
V) £ A9 IR A N 6 IR T3 R 2l Ak /KRR R I L T4 D)
b PRARIR L 2 IR, SY MRS ER ISV G G H SR
T, TEM FMEHEE, WE 3. 4587 KWNE 4
& TEM FRMABIRE, B0 TR ELL .

B, TR RNFOIR, TRAREEE, S b il 2% 10 s
JRAR R & R T

2.6.2 RifRMRTHEAIES WHlSIRMAEN
i It IR A F A K R B0 2R B, TN e L
F Zeta A% AN 52 R4 S e T FELAL, A2
Kz Je 253 BEE (PDD . IR R A B~ ki 4%
Ny (104.80+2.48), PDI &y 0.245+0.031, Zeta i
il (=9.704+0.23) mV, FKUHIIF AR AR R
AN, B—MERLE, W 4.

2.6.3 AEFFELGEN T

G

i “23.27 TRk

100 nm

3 PEG-Cos/DL-Lips B TEM
Fig. 3 TEM of PEG-Cos/DL-Lips

110 100 1000 10000
Rt /mm

B4 PEG-Cos/DL-Lips #1257 [&
Fig. 4 Particle size distribution of PEG-Cos/DL-Lips

1T#:4E, HPLC #EFERIIELE Cos 5 DL B 254
JREWRE SIS AR EIRE, TR AR
KM ER (n=3),

BUE=1—W /W
W s OB R, W PR ST

TR B0 IS Cos BLEERSN (91.9+
2.6) %, DL [{JH% (94.41+123) %, Cos #i24
& (2.66+£0.21) %, DL #Zj= (3.02£0.15) %,
Cos 5 DL B3 521G RIT.
27 HOMNEREER

I3 Al A EATAS CGEUBE AR 5> 1 & 5 0000 H
A 5.0 mL PEG-Cos/DL-Lips. Cos/DL-Lips ¥
Cos- DL AR, FHE NIk mumIe B 5, N 25.0
mL BT (1% SDS 1 1% T80 HITR A KIE WD
1, F 0. 05, 1. 2. 4. 6. 8. 12, 16, 24 h I,
1 mL 3@ U5 4ME 1 mL B M A, ZERREHT
WAARIRAR ), HEAT HPLC R UiE Ml b 29 & &
PLIZE AT IR (8] Ayt A A%, LLE AT Cos. DL B
WETHRIRR AR, 2l iR SMRE i 2 (n=1). S5 3
(Bl 5) SR, WEAYIERT 4 h BARGE 4
Cos/DL-Lips fEH] 8 h BEZjl M, RBHjmik
74.55%+61.40%, 8 h J5 Ff 241l AP 2% . PEG-Cos/DL-
Lips fEHT 6 h B2, BAEILT 65.53%-
50.51%, 6 h JE B2l F A8 57 . 45 R W HE A PEG
NG AR5 B 22 RAE R, 6~8 h i, Cos/DL-Lips
FR2GE LR, [ PEG-Cos/DL-Lips 7] 22 R il »
24 h BRBEMLT Cos/DL-Lips, #AMENL T PEG
AR 5 A EL BT o i B ORI R E R, X ]
RE/E tH T PEG B 0 1 N ot JE 225 4 1) s e 12k o
3 g

YR BT 28 )1 IRF 1 36 B M R A3 AL VR T
FE—MEA RS, KA RO [F B A] e R

100

80

60

=+ Cos
—=—DL
—+—Cos/DL-Lips (Cos)

—+— Cos/DL-Lips (DL)
—+—PEG-Cos/DL-Lips (Cos)

—#— PEG-Cos/DL-Lips (DL)

0 4 8 12 16 20 24
t/h

40

BRI Y%

20

5 PEG-Cos/DL-Lips {&5MNgi 2k
Fig. 5 Releasing curve of PEG-Cos/DL-Lips in vitro
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FEC A R AR VR I T R I XU o B T 3R sk I
AT RFELREAT AL, AR BRI T 324 U 259))
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