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Preparation and pharmacokinetics of gambogic acid long-circulating liposomes

WANG Li-ying, LIU Yu-meng, WU Li-yan, ZHAO Cheng-guo, WANG Yan-zhen, JIN Yuan-bao
Zhuhai College of Jilin University, Zhuhai 519041, China

Abstract: Objective To optimize the preparation process of gambogic acid (GA) liposomes and study the in vitro and in vivo release.
Methods The detection method of GA was established, using the Box-Behnken experiment design to optimize liposomes formula,
GA liposomes were obtained with the highest encapsulation efficiency; Using scanning electron micrographs (SEM) to observe
liposome surface morphology, using the dialysis method to study the liposome release in vitro, we also measured the stability of
liposome in 15 d; Male Wistar rats were injected with GA or GA liposomes (1 mg/mL) via tail vein, UPLC-MS/MS method was used to
determine the drug concentration, and differences in pharmacokinetic parameters of the two drugs were compared. Results After
Box-Behnken optimization, the encapsulation efficiency of liposomes was 92.3%, and the optimized liposomes formula is cholesterol
of 440 mg, egg phosphatidylcholine of 1823 mg, ,and istearoyl phosphoethanolamine-PEG 2000 of 705 mg, liposomes had uniform
particle size and smooth surface; In vitro release results showed that the liposomes could be gentle and slowly release and had a long-
term effect. The liposomes were stable keeping in 4 °C within 15 d; In in vivo study, the half-life of GA liposome was 9.97 h, 4.43
times of GA; AUC—41, of GA liposome was 22.55 pg-h/mL, 4.73 times of GA. Conclusion Compared with GA, GA liposome has the
characteristics of long-circulating, high blood drug concentration, and could release smoothly.

Key words: gambogic acid; long-circulating liposome; central composite design; pharmacokinetics; Box-Behnken test design; in vitro
release; UPLC-MS/MS
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h 31.1%, MLIRIEBREFRMR, A0, iv ey
295 R S ELE R R R, R A
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BAR H AT O & A SCHRIRIE 7 B R o vk
FesO ki T JRAEGIF. DRI E (%7,
{REATT 5 IR U AH LUAE RN RERR IR ZR 2. REARK
MBI A IR e e 22 29 AR 5%
B, DRI A S A A% AT B R o 7 T
TEE B TR UL 24 (1 IR 2 e o, TRIINFREAT T Ak 5 Ak
DN R N TPl e
1 {UE5HH

TQ-S —HPULAF ik . Acquity UPLC it
RO AR A, S5 [E Waters 23w s TERIKE, VLI
SIZBEITALES) T Mini spin B OHL, [
Eppendorf /A 7] ; MD-200-2 &AL, AT
ARG A T s BS224S BT 40T R, ifH
FELH AT Nicomp 380DLS HOGKLE /> HHAX,
2 [H PSS 2] ; ISM-6700F 414 Hi 1 BB (SEMD,
HZA JEOL ~wdl; msii ARk, HA Bt
LC-solution; Y] [m i #B € & 4:, Sartorius Stedim
Biotech; Optima MAX-XP #3041, Beckman
Coulter Inc., Pasadena, CA, ZE[H,

IR IR (LS ZL20150713, Jii &4 %
98%). T AMELLEN I (HkS ZL20150615, Jit
T4 98% ), T B IR J5UR} 24 (95%, #it %5 20150409
AL RFERIZ (95%, it 20150326), R
TR AT BR A Wl s SRS ARMEANR (PC), Ji
HOME80%LL b, )T MU IAR H 2T SO R AT PR
AT HEEE, LRSS EMREE AR Al
JIR W 3 1k R 19 & W % 2% < — % 2000 ( DSPE-PEG
2000, PyhitE VIR BR AW 2R 4 1 400
(PEG 400>, 7Byl 2hflikla R AR 5
2T (CMC-Na), [E 25 4L b 24354 PR A+ 5
BEIR 206 (B0 %1 99.9%). 4 (g0, |
i (agg0 . IR (s %k 99.9%), FE[EH Sigma
Awls R, CRESEEERFII N A, 1k
FIE iy R A Al o fl e EPE Wistar KR
(250+5) g, W EEMRRELLZ D b0, VERE
5 SCXK- (i) 2013-0003.
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SORHAERIRIAR N (121.7411.2) nm, £ R
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Fig. 1 Particle size distribution of GA liposomes

B2 BEEBRAERI SEM E (X 10000)
Fig. 2 SEM of GA liposomes (x 10 000)
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25 RO, Sl T S R KA I TR AR BV T
IR pH EL 1.2, {FRIAEER, Ri54 C.
200 000 X g #BH B> 30 min, 35 A B 254,
DU AR RAR . 2 “2.47 T4 I E L
Ui B T B R (1) B VR B2 (Co)s

IR AR 1 mL I 0.5 mL B, iRiE 1
min IR TR TE T, 15 “2.47 TSN E
PR PR IR I R TRIRIE (Codo HHIE T HE T R
e ARPRRCA Vo, BRFARZL 7 AR I N IR G 445
4 Woo

L =1—Cy/Cy

i5?%52(Co_cl)Vo/Wo
24 BREBRBNERE

it 454 Agilent Zorbax Eclipse XDB-Cig
(250 mmXx4.6 mm, 5pum); LLFEE-0.1%0K G R
W93 17D At KKy 360 nm, AR
35 °C, MIZATH}E 10 min, #EREEN 20 uL, i
PERCBOZ B SRRV SN AL T 3 0001, Ll 50% 2
IR A s £ it , DU SRR U T AR A
ARER (YD, TR TR IR B A REAR AR (X0, It A
PREZ bR e T £, T SR AE R B 5~100
no/mL Gtk RAF, etk RIAT7 N Y=182 534 X+
86 228, R°=0.999 1; 7FC AT IKIHEIRIW (45
ug/mL) A 10091 i 55 F 6 B TS INAFE ]

5%k 101.60%, RSD fH4 0.57%; 45 pg/mL [k
TR A VEVRIESL 6 Y0 E K 2 2 RSD {20 0.62%; 45
ng/mL (1 B S A o L ) 6 Vel 2 FE 1 RSD
54 0.76%; 735l Tl (45 pg/mL) 4% )5 0.
0.5. 1. 1.5, 2. 4 h s HAGE M, RSD {4 0.79%.
25 BERIR&FHML

70D AR (O FE A b, [ R R N
300 mg, *f 3 MW EREEE (Y) KEERH
F AT, BUHEREH & (XD, PC HE (X)),
DSPE-PEG 2000 % (X3). K Box-Behnken %
7 (BBD) 3 1% 3 /K F4L 15 41ikES, sk 1 fis.
D52 AN [ S5 A AL T 25, R v A
RUORAR 5 0, 5 23 (1 S DR = A B A . AITH
Wi T J92 (RSMD 43 #T 3 AR 25 2 1) (A AH 5% i
KFZ, ok e siidls. BBD &K
IREG 45 R SAS 9.2 BAF 5.

BBD 77 %M 15 dlikie g R Wk 1, R4
SER WK 2. B P /T 0.01, RP=97.48%, K1
RO AT — 2 BUERRTE AN T AT M, %R0 & R
R, SERRZER/N, AT CAR AR R AT 2 b R0 T
Mo 1522 70 R IFHTTFE N Y=92.45—3.85 X; +
2.20 X,—0.12 X3—4.61 X412+ 1.77 X X,—4.00 X X3—
8.59 X,°—1.09 X,X3—3.61 X5°.

PR 2 A 0, AR IR 4RI X Xo, A I X1 X3,

%1 BBD AERIRWLR
Table 1 Matrix of BBD and corresponding test results

RIS Xdmg  XJmg  Xodmg Y% RIS Xdmg  XJmg  Xgmg Y% |RES Xdmg  XJ/mg  Xdmg Y%
1 300(-1) 1400(-1) 600(0) 83.11| 6 600(0) 1400(-1) 1000 (1) 80.41| 11 300 (-1) 1800 (0) 1000 (1) 90.11
2 300(-1) 2200(1) 600(0) 84.65| 7 600(0) 2200(1) 200(-1) 82.26] 12 900(1) 1800 (0) 1000 (1) 75.97
3 900(1) 1400(-1) 600(0) 70.31| 8 600(0) 2200(1) 1000(1) 81.96] 13 600(0) 1800(0) 600 (0) 93.02
4 900(1) 2200(1) 600(0) 78.91] 9 300(-1) 1800(0) 200(-1) 84.48] 14 600(0) 1800 (0) 600 (0) 91.98
5 600(0) 1400 (-1) 200(-1) 76.35| 10 900(1) 1800(0) 200(-1) 86.35] 15 600(0) 1800 (0) 600 (0) 92.34

#2 EAEAXHER
Table 2 Statistical results of regression analysis

KRR AW CPAM )y FHE P1H JiZERE BEE CFAM ¥ FE P1H
X1 1 118.66 118.66 38.47 0.00160 | [9])H 9 595.83 66.20 21.46 0.00180
X, 1 3872 3872 1255 0.01700 | #Z:tt 3 15750 5250 17.02 0.004 70
X3 1 0.12 012 0.04 0.85000 | ~FJr 3 357.04 119.01 3858 0.00070
X2 1 7846 7846 2544 0.00400 | AH 3 8129 27.10 8.79 0.01900
X1X5 1 12.46 1246 4.04 010000 | %% 5 15.42 3.08
X1X3 1 64.08  64.08 20.78 0.006 10 | LI 3 1486 495 17.76 0.054 00
X5 1 27258 27258 88.37 0.00023 | iR 2 056  0.28
XoX3 1 475 475 154 027000 | Rz 14 611.26
X32 1 4811 4811 1560 0.01100
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2 I X2 X X 3 (P<<0.05. 0.01), #*H]
FA AR N R WA R RREEXR, B
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[E] =1 43T 445 SR Fg i 1 T Pl G ) 3 ke MU
3 r AT LU DT PRl P O 3 3 i g T ¥k T
CUR) RIS i, ERA S EGE T A maRAE (YD)
AR, IR AR B R A L S AP AE T
BTt IR K Pa 2 W 1B 3-B a5 2k S A
R, AR 0 R (il 2 2 TR AP e B2 1
Jeff, WX 2 MAZE (XiXs) Z AR AT
HAEH . A3 B SRR I A g R X, =

BE 1%
BE 1%

0
Xi/mg

—0.520 79, X,=0.057 861, X;=0.262 86, Hlff:4b
J7 4 H[EEE 444 mg. PC 1 823 mg il DSPE-PEG
2000 705 mg, [r] B i [R5 P24 21060 358 2 (1 TR A
h 93.5%. Kk LK 56 BBD R 56 AR T i MR
PES AIATIE, R B AUAL 7 IE LU 25 7 2 R KA ER
MR, AT 3 UCPATIMERIERSS, Al 000h
92.8%. 91.9%. 92.2%, “F¥JHE N 92.3%, 5
TR AT 25 1.28%. TR 5 1 SR B0 i 40 )
4 0.97. 0.95. 0.98 mg/mL, #&2ZyH 3% 8.81%.
8.58%. 8.82%.
26 KIMBRRIR

SR FH 32 A V2 9t 9 IR DT A A4 AR RO L, H
NaHCO; F1 EDTA ¥ 2£0E T AE (A7 1 i

BE 1%

B3 mEmESLE
Fig. 3 Response surfaces and contours

A & 12 000~14 000) 5% B 1 H oA 24 i, HY 2
mL JE R BRI CE TIEAT R R IS 0.2%(1)
CMC-Na, BBl 5%-2F I i 1o I 25 28 Pl
(PBS, pH7.4) 500 mL, 37 “CHaiid, i 300
r/min. FE] & (RIS R I 1 mL BN, R4
H B R TR TR R BN s
2.6.1 MM TR TR
WPEA 1 mg/mL BB SR E FUAA I 0.2%11)
CMC-Na P il s B s, 7E “2.67 TigcfF
JESUREIIR o 0 FR SRV 2% 0 FERE K 0.2%
ff) CMC-Na BBl p 1 mg/mL B RV, JEE S5 )R
JEAAAR A 2 A e LR T80
2.6.2 UPLC-MS/MS 772l 5 i i L)

(1) JFigkgcft: ESI M, I3, mi
Z R 3.0 kV, fiffEHL R 30 V, YRS 150 C, JH
AL 500 C, HEALTAMAFRGLE 150 Lh, fiffE=
AR 0.15 mU/min, $4805 24 22 B 3
(MRMD, FHK 12574 miz 451.3—201.1 (FF 2
MELLEE, Pk M m/z620.1—573.2 (iR B,

(2DVEAHSCA T SIAH A H I -0.1% R /K VA
F 0.22 pm pEREPERE; FBIAHLL 0.35 mL/min {44
FUR Rl Acquity UPLC® BEH Cyg £ (50 mmX
2.1mm, 1.7 um, £ [E Waters A 7)), ¥k 30 C.
0~1min, 10%~90%HEE; 1~4 min, 90% HI%;
4~5 min, 90%~10% FE; H ZhEFE I E N
10 'C, #FFEA 5 pL.

(3) LMK R K ITIEEHSE: LIRS IR T A
TR AR R VG TR A DA AR (YD, i
R TR IR B N REAAAR (XD, K AR hbr e
ek, BEIMRLE 5~5 000 ng/mL £k & R 4f, |7l
4774 Y=0.004 9 X+0.005 2, R*=0.999 3; 7F
TN HE BRIV (2 000 ng/mL) A 100%
(T SRR LS, THEUINAE[RI % 98.30%, RSD
fH 4 1.62%; 1K, Hh. =R AL (104 1000, 4 800
ng/mL) FESUERIEE (O RIH1% T 6 Mtk bh,
SR e LR B, VI (E S BRI %
S 4310k 97.65%. 98.47%. 100.10% (n=6), ¥
B RSD b 1.48%. 1.25%. 0.63% (n=6).
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2.6.3 MEAMEBONEL IR R A S JEOR 2 E PBS
RSN 4 R, IRTUA 48 h BEURESCE KT
95%, 4 h BRIBCRLh 50%, 5 k] 2 AH LLRE i
P2, K. 0~5 h PIRFIARE B, 5~12 h
FETHCH PN, AR RE PR T R R A A ot A i)
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Fig. 4 Release of GA liposomes in vitro (X £s, n = 6)

2.7 BERIATEEMER

He 3 SR ARG A S TP, A
WL 4 CHAF N RAr, ELFHSE15d, B 5 R
WM fdr e, PEIRAR . TR PR 4
R 3. 3 HERE SR A G FUAAEILE 4 Co%
PERORTE 15d Ja, AMULEH] WAL, Kite W] W Ae
K, JEPUABT . BEERAEM DT 5%, W
AR T LA e B B IR (R AR e

*3 BEBRERAREM
Table 3 Stability of GA liposomes

vd  CFERARAm EERce R (ugmL )
0 119.2+10.4 924403 0.99+0.03
5 121.6+11.2 91.8+0.4 0.99+0.06

10 126.8+13.7 89.2+0.6 0.97+0.04

15 130.4+12.1 88.1+0.6 0.95+0.07

2.8 {KAHHZHAR

VT SRS T S BT EAH BE 100 mg/mL
VRV, T PEG 400 Fik 4 1 mglkgt™, #5 12 JUifE
PE Wistar K RUBENLZ A 2 21, —41)2 iv IRy
1 mg/kg, 5 —4)2 iv BEERRKIGHE TR 1
mg/kg, Z5%5J5 5. 10, 20, 30min & 1. 2. 4. 6.
8. 10. 12. 24 h KHUARHER M 0.2 mL, JIAMZE
WP, 2827Xg B0 10 min, 2B, .

HUIfs 50 ub, A0 300 ng/mL &AL EN
BRI 10 pl, TR A 2 min, IINBERZ 2.5 1 mL,
WER A 1 min, 6 000 r/min 20> 10 min, Wi |
JEANAH, 37 CHEAMRT, I 50%HE 100 pL
2%, 6000 r/min .0 10 min, H 80 pL £ 5 A5 .

KM “2.6.27 T UPLC-MS/MS J5 il & ifi ¢
HBE G . X UPLC-MS/MS J7 325 il 4T EA T IAIE
JEREYERL, TTAUEMETIE: RIEER 5
ng/mL; DA B R UG [ BB Z0 L/ T 23 TRE A1 2% U1 X
R E AP AR (YD, JHE B R T B 9K 8 0y R AL
(XD, bR, DAL 5~1 000 ng/mL £
PERRRAF, [MIHFEA Y=0.003 4 X+0.013 7,
R?=0.999 6; fi.. ' i ¥k J (10.40.,800 ng/mL)
FE S IRHERRE 53530 A 91.54%. 104.58%. 101.05%
(n=6), F# % RSD 737k 3.87%. 6.19%. 6.02%
(n=6); *F-3J R F 45351 71.79%.69.93%.68.88%
(N=6); KT O IR A, AT
AR FEE PR 0T Lt i N 380 Ak BB 4 i 5 00 453 £ 0 TR AR
B, B A MEGAE N SE TN, 30 3 A4 B
A 005 H P 5 A TR AT U PR 5 e ) & S 4300k
95.31%. 90.48%- 94.31% (n=6); P ¥x (300 ng/mL)
(1035 [ 2 RN AN 43 3l Ay 76.78% 11 96.77%
(n=6),

KER iV T SR VRN 5k 2 R A B4 T
PRI 2k WK 5. R FH Winnonlin 5.2 243))%7:4)
WA 25825 280, BB S UL =
PRI ILER 4. S5RW, HERIR KGR
ST I 24 P55 B S o T R, Pk 9.97 h,
SERETIRIN 4.43 {5 IR I BIRIY AUCo-24 1
h 22,55 pg-h/ml, SEBETHRIN 4.73 1%,

. 12

7

E

EX —— SR RS M T 1
= e AR

5

g

0 5 10 15 20 25
th

5 KR iv BRERRARFIHRERICIEIRNE FUAZ R fhZk
(n=6)

Fig.5 Concentration-time curves of rats after administration
with GA long-circulating liposomes or GA in rats (n = 6)
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x4 BEBREFAEBRKBABREEXREANEZZESRDF electrosprayed particles for site-specific treatment of

SH (X £s,n=6)
Table 4 Main
administration with GA long-circulating liposomes or GA in
rats (X £s,n=6)

pharmacokinetic parameters after

S B ETE TR JHE R TR M A
tira h 225+0.15  9.97+ 1.83
Vv mL 66.64+4.94  56.40+13.57
cL mLht 2052+0.62  3.89+ 0.40
AUCy »n pghmL? 12174035 57.62+ 6.34
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Jig A, At 3 a7 Rk K ] BDD Al RSM
FIR AT 3 AKEAE PRt dh R A R 3=, 15
PRI N ALy, AR 92.3%. JIF
JRARTRIRLAR A 121.7 nm, S IE S B,
BT AR Y], IR AT A S [ T B
AL, RSN, Mg AR MURRE | “F2%.

TRE S RN AR FH 2R & B, IR “Ba B ”
J A, AR A IR B AR A R U R L, AR
TP BAT B ) 5 A It 2R AT
AR R o BB KA IR AR A T, 5
JBE B MRAT LU AE AT o S A B 290 s HIAR i 243k
PERL o ARSEIG T 46 (R R SR AR PR A R %
i AANBIRE . R IEA I RIS, BAT R AP0

e AR TE T 5% o
53 3Lk
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