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WE  ETHRABLEN S RO OS2, R R H05 & R AL R IR, JFE 1 1F 38 L5808 1k b
T, MEAMLARIBFARRAR . Zeta AL, JEA . RN ARSI AT UST MG e 40 g 484 58 1y 300 okl /6 FH 647
5. BERBRE AL ZNR TR ARIN T kR m 17, Hl8H ARSI . iR 140, %
Jig S IR B R L 6:1, KAEABR 10% ( Bk sr 40 ) M soRiA . St i 7y il 45 (4 Bg AR 1R A2 29 160 nm, Zeta HL
fi4-35 mV, WERIKF] 80%LL I RAMEI IRV T AL RN B IA R A ZRAEN, HE AR R
U87 MG 4 Ma¥4 5 M/ SR T A RELL R ISR, IR (ICso ) 5 7.93 pmol/L. £5 I, & T AL R N ik
THERRE AT, DR BTARR AL BT R 47 HA RAF A U87 MG I8 240 M 35 A 7E ]
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Preparation of the celastrol liposome and its anti-proliferative effects against U87
MG glioma cells

YANG Qinlei'-2, HAN Qiuhui! , WANG Xiumin?*

( 1. Pharmacy Department, Fuzhou Second Hospital Affiliated to Xiamen University, Fuzhou 350000, China; 2. School of Pharmaceutical Sciences,
Xiamen University, Xiamen 361102, China )

Abstract We establish a HPLC method in vitro for celastrol determination, and celastrol-loaded liposome were prepared by
the thin film-hydration method. Orthogonal experiments were conducted to optimize the prescription. Entrapment efficiency,
particle size, zeta potential and the anti-proliferative effects of celastrol-loaded liposome were evaluated. The results show
that the best optimization prescription is as following: the mass ratio of drug and lipid is 1:40, the mass ratio of phospholipids
and cholesterol is 6:1 with 10% (by mass) trehalose solvent as hydration medium. The entrapment efficiency of celastrol-
loaded liposome is above 80%, the average particle size is about 160 nm, and the zeta potential is -35 mV. celastrol-loaded
liposome were generally spherical and vesicle-like shape and owned a good release behavior. Release profiles in vitro
demonstrated that celastrol-loaded liposome possessed a preferred release feature. Furthermore, the MTT assay showed that
celastrol-loaded liposome had better anti-proliferative effect to U87 MG cells than free celastrol, the 1Cso value of celastrol
liposome is 7.93 pumol/L. In conclusion, the celastrol-loaded liposome have good properties of anti-proliferative effects
against U87 MG glioma cells.

Key words celastrol; liposome; thin film-hydration method; anti-proliferative
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FE o BRBRARIEAIGIR S R 25 e 240, RAAEmE. fRatE. mIERMRSER AL, & HiE
JR AR FL DU 25, A L e 6% R F AR 5 R IR Bl i XU oy 2, d i ot i B B A FH T o R 5 R 4T
PE =PI 25 ) LR R B

T E (celastrol) &AM (Tripterygium wilfordii Hook.f.) 442 B )G AR B LY
HIR=REFRRAY), N A DU A R s 2 — B U A R R 3 LA B 1 B i K R 9T 4
FAAEFT, A SNSRI B 1 B 2 e 20 < BV mT 00 ) 106 e o 0 44 M 3 5 Can i R 5% SHGA44 4l C6 4
fil. U251 iR Us7 MG Ziffe) 1100, Guys Ak R IIEH AL R F @ LA R4 Bax &
BN, Bel-2 FIA TN B AT {2 3k 4 R T 1Y

TR T NKMEB DI, ANRERE /N2, BiEv 2z, BHEMER, DORRUkkz, H5r
A A B A R SR, R, AR SRR DUIR IR AR v Bk, Bl AR KRRk, BIEIREAY
BARVE, (REEZVRIL, BRIRZENE, AR SB RO R AT AE DAY FEXT & 1 AR R
JIg o A BE AT HR AL RPN S AR AP0 UBT MG 41 A 3G 5 A R 78, Atk — B ik 90 T8 3 R 40 3 e Ho bl 571
PR S IG AR 3

1 MRS 7%

1.1 #mEiRkA

TAEAER (FEITRFAGFEGEZ 2GS, i 99%) ; KGO (obral, LR
AR ARD 3 HEE (Oiral, EZALR BB lGiaRARD » BEME (2K, sS4, ™
FrEAEM TREAGR T EAR) » HEE (Gikd, TEDIA A& ; WRAEME WM UEEEY TR
MEHRATD ; PYREEEMEE (MTT, SunShine A%]) ; DMEM ¥:3:3: (£[H Thermo scientific
AT 5 BREABER (EE Gibco AF]) ; “HETM (DMSO, BREMFERFERAA) 5 2%
(REDED MR (LHESAEMRHEERA TR ANERZK) 3 HARFI o Hra.
1.2 125

7R (4 E %2 A ) . B A8 (MK3, Thermo Fisher 2 &) ; 18 & ¥ 3% 48
( FORANT) , WAHEHE{C (LC-20AD, HABEAF) 3 HI/RCYKRE KA /3 H{X (Zetasizer
Nano ZS, #[H I /R CAXEE AT ; BESHE (JEM-1200HC, HA JEOL AWF) ; #7 4l Mok rEAL
(SCIENTZ-1ID, T ZEMBERMARARD 5 HFHAC CINEK Northern Lipids A#]) 5 JEd
ZRAC (N-1001, f#[E EYELA AF]) o
1.3 HEE

N LR 2 5 B 4 B R 4 P CUBT MG 4, whRH b M 4 B D
1.4 ERBOEERIMN A ENEL
141 HHEEEEYE

REMRNEABRAIREE, MAFREEMFEES 50 mL FEERS, DHE T AGE, F
200~600 nm YK N FHE, 45 R EIRTE 425 nm ISR, Bk 425 nm ORI K . BRERE N
C18 #¥ (250 mmx4.6 mm,5 pm) , JRANAHANFE-—K (10 mL/L BSERVEW) (AL 87:13); ik 1.0
mL/min, HAEE 20 pL, HEAZE. 2 5EE AR T A B Z IR AR T A B &R BRI
% 20 uL 3 ENRAR A, il EiE .
1.4.2 tREMZKETH

KPR A BEA R e, 10 mg (SEPRFREE 0.010 13 g0 , BT 50 mL FEEH, I B
BRZIEE, BRI E A 0.2 mg/mL ()5 2 B 2L R AR it 25 W . FRARXFBE Y 100, 50, 20, 10,
5, 1, 0.5 pg/mL, RS ABERE 3 WK, FHEFE 20 pL, RXMEETE, DU Y XS
X AT &R .
1.4.3 BEEMENEKRITE

EIUE AR RPRAER &, B & . 3 NIRIE (0.5, 10, 100 pg/mL) IR, 7E
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—RNEEIFES K, FEHNESE, &L 5 didtkE, &K 1K, HEHRSE. BiE ke
55 52 BR 9 BE LA 20 AR X ISR .
144 EEHLW

BUTE A R AL 206 IR S 4690, 2> SRS S BCAI K 0.5, 50, 100 pg/mL %% 3 £ (fik. . % 3 Fhik
FE) , EEBERE 5 R, B 20 pb, HEIEmE AN RSD.

1.45% E MR8

BUEE A THELL 20 IR S 40, 0 RS Bk 0.5, 50, 100 pg/mL % 3 4y (fik. 1. & 3 Fhik
B, My 10mL, 0, 2, 4, 6, 8, 10, 12 h M@ WA, FFitHIEH AN RSD.

T HUTE S R AL R R IR 3 0, o AR B L AR 0.5, 50, 100 pg/mL % 34y (k. H. =3
FRRPE) , B 10 mL, —{n7E 4 CUKFE P/ 3 d, 1 i F=IRMAAF 10 h, —437E-20 CUKFE F A7
i 20 do B EEAE AR E 1
1.4.6%6 N FR 0 £ = R

TEI%E 8 S 26 T, W T A R 20 25 3 VR B A TR 9 B8 3R AT 8 SR AR 3 (HPLC) 2, LA
F5 R (SIN) MRS, DU AT I R A1 & FR
15 FEREMNHERSHRHNE
151 HESBGEHEEABAZERE. =AKRE

B AL T = AR 60 mg. AH[EEE 10 mg FIFE ABELL R 1.5 mg & T 10 mL FHEE/& 15 (IR EE 1:4)
FRRAHRY, BT 250 mL A+, FREfa, 78 40 C/KR T Thei 78 kA CiEE 100 r/min)
FURUEBREANER, B BEIERE, T-20 C4AF 24 h B CE £ =R, IGE BB T 2L
i, BT 40 C/AKM R, RIEIMATIHKIAN R 10 mL, Fheg k4 (F3E 100 r/min)
KAk 30 min, AR JE KR RS 41 R IR OCER Sk B T UKIB I R AR B, B 2s, EIBE 3s, JEAEH
180 s, Lh# 100 W, SRJEH¥n i Ja i I ot f VR =2 i it 55 A, KR d 0.45 pm A1 0.22 pm M TRIAL
JFEREET L, AR RI ARSI, BRI ABAREIIAR. FVESRI&A ST ABO RN A6
152 SHEFMUE

100 pL FFABORZAR A, HOEREREIAL, FeRT 5 mL ZEmY, WigRA S, 10 000
r/min &0 5 min, B EJEW 20 pL #E8E. HPLC M2 290 80K (Cod 5 B EUE AL & g B IA
100 uL THi R PEERCH: (Sephadex G50) , FHEER L rhil (PBS) B/, WCAERRFIAAER 7y, T
45, FHAHEEAET S mL&ZEHlF, WigiR2 )5, 10000 r/min &0 5 min, H_EER 20 pL JEFE,
WE W E Cr, MR A 3 Ree=C1/Cox100% 11 5 L 3 K Reeo
1.6 &FHESHKMK
161 BEEER

B Ay Bk AR G I MR AR & vk, ik R, HUOR TR R ) 4 04, B A A A
T T K12, A i 45 0 B0V ) 4 T A R LD MR AR, o) A% IR R A S S T S R 40 2 R AR
RGBS, KA TR RS, BB, BEREL (FAMAOR: Bl . i S5IHE
B LS, RABREESLE M, IR R iR, S T7 .

1) BRI

s 25 R A 7 B B BE E B 10 mg I ABEZLE 1.5 mg, SR )5 F20 MIFREL 60 mg K ORBEAR . Sk
KNG EIMOPBENE A, LL 10% (R H0 WERE 10 mL kWA, HA& A E R
1.5.1 /NI 7 9 28 MG R A o DAAS [ Bl g o) % Mg Jo 4 110 A DR AR 4 T3 B 1RO AR 0 TR D 25 R A o

2) JKALAY i

¥ 25 FR AL J5 BB s 60 mg. H[EEE 10 mg I A BELL K 1.5 mg, [ @ HA 40k, KALE 2 5
%P PBS (pH 7.4) . AFREE/K. 10% W3R, 5% (FiEDHD W&, 9% (RESHD w10
mL, %M 1.5.1 /N R VAR &R AR, FEE SRR TR BE AR PR R A B E R AR
G
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) HEEE

3 PR AR 77 BB TG 20, 40, 60, 80 mg , IZMEZGERIELLY 1. 40, BG5S H R E A
6: 1 FRECAL TS & IH B BRI ABRLLER, KA N 10%iE SERE W 10 mL, FHRIZHE 1.5.1 /AT 1Y
T3 V) 2% B T, ARSI A 5 A ) % ok R 1l I VS A A 0 RN A& R AR MR L B

4) ZifiRii

Oy HIRREL AL T B #EE 60 mg, MHEEE 10 mg, #%MEZGARLL(F &) A 1:5. 1:10. 1:20. 1:30.
1:40 FREUER ABRLL R, KA TN 10%M 3R 10mL . HADZAEAAS, %08 1.5.1 /N5 1977 14
S A, R IAS R 25 8 bR g PR R AR AL R

5) T g 55 AE ] R o L

Sy IFRECAL 5 BB R 60 mg, FAREL R 1.5 mg, 1EMEBEE SHE R N 3:1. 4:1. 6:1. 8:1
FREUAH B EE, KABA RN 10%E AW 10 mL, HAB LA, %08 1.5.1 /N1 7 50 4% 6 i
A, R WU ) A %) IR 5 AR )R A2 R A
1.6.2 EXREMHL

e B R R SR, WHEAR, ZiRHL, BEfsPHREEELL, KN FREEBAHE 7 —EmEE, R
Ja N TR T, BATRIH EASRIGE L &g SHE R A) « ZigH(B). KN HEC) =&
ZOKE R A BELL R IR A R R, R 1.5.1 N R T 4 10 mL R, R IR
[E) 405 g AR R . R AR L 1.

R IEAZRE P ZFKF

Tab. 1 Factors and levels of orthogonal experiment

KFE A B c

1 3:1 1: 40 10%3iGHERE

2 4: 1 1: 30 ALK

3 6: 1 1: 20 PBS (pH=7.4)

17 MMM FHEELBRAZERERELABARAR
L7l EABRORBEREH &

MR IE A2 I A1 B ) s FE AR 5 % R 1.5.1 /NI v & 3 R A A R IE AR, H T &fE
RO BOBGAIE S5 22 R B A EE AR M R A S SR AN FI ] U8T MG e 4 it 48 B 4 FH A 5
L72 ERBROERRH&E

IR AR R 7.2 mg, BT 50 mL A=A, JenidsE —HEK (DMSO) ik, AR5
b 10%HE R A T, EAREZE, EHIE 320 pmol/L KRR . WEXREM 2 B ECHI UK E A 1, 2,
4, 8, 16, 32 umol/L HITE L R EW
1.8 BERAEIEL M RER
1.8.1 HIfE K Zeta BALE

W B — 5 & T A T 28 TR /K MR 31— e A5 8k, R 5 2R SO R BE FB A 23 A A3 o i A R 41 3R R
Bk FEMBRARKFRSE. 2080520 (polydispersity index, Pdl) F1 Zeta H 47 .
1.8.2 M

K ey O R KSR AR 10 £, BURIRE 1 mbL, JOP 0.02% (AFIA%¥0 H
W, WRTEIRS) . PRSI — W IR o AR B T S I, 4 2~3 min, 2% R 4L £
2~3min, JEAGEZ R, HARTE. FEREEN B FWE,
1.8.3 FERETRE ML

BHl SRR ARLRERAE T 2~8 C kKA EO, 1, 3, 5, 7, 9, 12 1 20 dJ5, 74l
WE g AR RLAR 2 W E Bt 26, 25 AR 1X — Bt 1) 9 B A e k.
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1.9 ERBROEERENMEIMERITRY

RN EABIZSEMANEABLEZRRA. BEABRIRER, BENET, UOERE
580N 20%1) PBS (pH=7.4) NBEMNTA R, B FiAFN 100 mL, 37 ‘C . 50 r/min fREE#EHE, &=
2 3 K. B @R M —E R ENT A, R TR AR B A T, kSRR, B BN
0.45 um FAFLIEMLPE, BEIEMERS FRT, HHEER, SO0 G 20fHE, TR
ST A5 AN R 751 284 1 4k o R TS A R
1.10 #P#) US7 MG ZHAEILE 5E /E A&

MTT JEUOIE 520 /0 R 20 5 i B8 A A F . OG0 U87 MG 4, Rl b i 1 8 40 i B
W, 0t EUs F DMEM 5983 (S R4 10%) MK E N 10YmL, EMT 96 FLIK,
LI 200 pL, T 5% CO2, 37 C WE T 12 h )5, D MANEH — R5IWKE KT A BELL R Tk
HE AR RBMAERIE (FABAENRTAEME AR XU FEMBERIKE N 0, 2, 4, 8,
16, 32 umol/L) , 4k&:K59% 24 h J5, BBREEsRik, MFLIMA 20 uL 0.5% MTT ¥, BOLEFE 4 h,
KRR, N ESLAR IR . B 100 L DMSO, B#EK FCHEIREY 10 min, #4557
Oy TR . TR G % A A B A FL 550 nm AR TROCREME . RN R EEE AL (RFFEIE. 410
DMSO) , WHEFL (7%, 40, MTT. DMSO) . ZUMIfEIHEH= (A waalA wwa) x100% .
SPSS #AFREAT 27 43 #T1, p<0.05 WM& E A 2R, p<0.01 WAAER B3, LA [RAREALER, BAROG
NP FR 2 B A A 2R, TS MERE (1Cso) fH.

2 ERESR

21 EABOEEIMNHAENEL

WE LA, AR RS RII/E R BN (] 7.855 min &b 27 40 & PRREE, = H
AE AR TE SE R AR, ] WL AR B I SR A 2 52 B A R LD R BRI . B 1(B) s s AERT 26, |15
JFEY =31577X-11298 (r=0.9999) , THAREL KT 0.500~100 pg/mL JEHEIN & RIFHRIZLH LK.

(B)

a FHMRFRAE; b FEAWARKRRME; c. HABRLRER.

Bl1 EHJEMaim HPLC iR (A Hirdiiizk (B
Fig.1 HPLC chromatograms of specificity analysis (A) and standard curve (B)
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*£ 2 FinHW. HEFEEEL/NT 2%, HI[BICRETE 95% ~105%2 [8, RSD /NT 2%, F*H
%00 M 5 V2 RS 955 B AN [BISCR B & HPLC W8 7Bk, 7 WEmfinl 47, nloNER AR R AR A1
BRI T VR A

K2 REEE [l g5 5

Tab. 2 Results of precision and recovery rate

FREWE/ (ugemL) HWRE /%  HIARE%E%  FCE/%  RSD%

0.5 1.13 0.82 99.2+1.32 0.68
10 1.51 0.76 101.242.35 1.07
100 0.74 0.87 96.8+1.86 0.96

EE MM RSD A 0.32%, iR ST RSD /N 3%, 6 R A2 & 45 58
%124 50 A1 150 ng, R HZ 58 AR EE AR E RS HPLC Ml ik gk, &k kvl
1T, AIRER AR AL 3 MR A 1) F SR U 2 A 7 v 2 AR
22 EABRLAERERELFHFEESRL
221 BRERRE

1) WEAERE

SR EWERR . IR AT 10 B A SRR R K, B S U R, RGN, T
HAE RS MWK 10Kk U0 EH & IR AR AR AT BN, E ARG D%, RBether; CLEWHEBR
9 TR G AR B ik B th, T K SRR NI IR At mFL A, APMECN RIFs 28 BFT
R, S8k A OK S IR R R A A .

2) KA

PBS (pH 7.4) . EFEEE/K. 10% g HEREAE A KA A i & B0 g AR R A2 B L e 38 5], 78 4 °C
B 3 d B EI S, T H 408 A Ik 3] 75% 0L F, A A IS B AR AR R A%
Kiff HIE S B G RIUnE, NG 8856 % 5 Lk /KA i .

3) WEE =

WERE IR KA, IR IR AR A S RE, HBREEIER PR MEE. BERKE
K&, BAERSHMK. LRERRAE—EWRELREN, BEBSESEMEMN, XA, mA
B AR e s 1 R4, {H 2 2488 A & 80 mg i, @R LEA MLV o A A G 521, 1) 4% i o A 4 ot
R, WESEUEN .. B, BRZER 60 mg HIBE S ST H AR R RN E L,

4) ZiflgiELl

R AR AR EE S ANRA EECR, BRAERLZ, BHEBEENAIEGET, WTRSEA
AR AR SUZ S5/, PR AR, AR T 4R E v 1:5, 1:10, 1:20, 1:30, 1:40 Ju[ A Hl &
JEAR B R0l 76 1:5 BPARF R B H I BAR TR 3 A, HiE — Bt &0 g2 24T H 1)
EAREA R, WIMZMEREL 1:10, 1:20, 1:30, 1:40 JEFEN, BEERNS S BN, A5 R A Wiy
JiIp

5 W g 5 H i )i b

JIE Jo A ) B M AR 5 IE [ B A 5 B o0 o JTH R B R O m) A T AR E AR, HEE T, B
HEEAHBIRNIIER, BERERE, HELZELBR, R IRER RIS K HE KD IRRAR
SR Z R MR Sk . R, TESZIG A R B, Bl S RS B A 3G 0, R SR AR 0B R B R AR L
JIEL [ s v AR N B B I o (BTG 5 IR B R R HLAE 301, 4:1, 6:1, 8:1 W, BRI E, MALER
PRIk A B E b
2.2.2 EXXL

LB ZoE 5dabr, HHATIEACSLE, SR NE 3, HERKH = NHREMERXCREZ B>A>
C, WhEREATT N BiACy, BIZGEHE A 1:40, Wi 5 EE 2 tboA 6:1, /KALA TN 10%iE E 5 .
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#*3 IEIRI S R

Tab. 3 The results of orthogonal experiment

SEI6 S A B C Rege/%

1 1 1 1 82.81£1.13
2 1 2 2 70.08+0.89
3 1 3 3 59.04+1.21
4 2 1 2 86.00+0.83
5 2 2 3 67.60£1.35
6 2 3 1 61.80+1.52
7 3 1 3 87.52+0.50
8 3 2 1 84.75+1.46
9 3 3 2 64.68+1.72
k1 70.64 85.44 76.45

k2 71.80 74.38 73.58

k3 78.98 61.84 71.42

r 8.34 23.6 5.03

3B NBRAEBERENEFHE

BB RIS B b T7, Hil# 3 MR A BRLLF AR A, W 15 18 o 4R L 3 22 4 il N
81.41%, 83.54%, 84.29%, “F¥Jkife A 83.08%. HHULLE AT %D, 1EAZ IR 1H B A% £E 4 J7 1) 4% 1 i
JR A AT B 80% LA L, A FA RE T AT
24 EABOEEREHIELER
241 NERES

M 4 W50, PRRRA A ARk AR AE 160 nm 247, I BUR BT DUE R 2 A LL e 18 41 .
MK 2 EHEsERNGE BB UE N, SREABA RN FRASS ARERA—FE, #EIN i 2KEk
W, T H IR A bS5, LR R AR TS R AT .

R4 FABARETARNAER, KiLMZetatiAL (n=3)

Tab. 4 Entrapment efficiency, particle size and zeta potential of Celastrol-loaded liposome ( n=3)

prulpit] Ree/% P4k 4% /mm Pdl Zeta FLAZ/mV
Bl 159.5+1.78 0.260+0.072 -30.96+0.26
FHARARNE A 83.08+1.26 163.7+2.20 0.302+0.046 -35.05+0.28

(M) FNEF R (B)H ATRLLR MG 4.
P 2 A [ g J A 1A 3 S5 P
Fig.2 TEM image of different liposomal formulations
242 8 B R E M
WK 3 proR: (EARIR 2~8 CIAF[) 20 d 9, AR BRRRIRIAR FEALERFAE 160 nm /b, A KAEW
AR, BTG B A B R B A A I 8] R SIS AT R B, 20 d JR R SR EERE] 75%LL R, BEEIAE
20 d P B A B AR E
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200 - - 100
#riz
195 — - 95
— B

190 - - 90

185 - - 85
g 180 - - 80 <
j=4 )
@ 175 - L 75 ur
ey
® 170 - 70

165 - L 65

160 - - 60

155 - H H H 55

150 44—ttt 50

0

2 4 9] 8 10 12 14 16 18 20
B Ja] /d

Bl 3 Jlg BUARAEARIR T~ B A e v
Fig.3 Stability of liposomes at low temperature
243 {KIMBERIBIR
TAMLEOWIERIAME 4 Fim. o THEABLERN, € 12 h WRFUE, TARL
FIRETBULE] 80%LA I, 24 /Mo JE R ERIAE] T 90%. 1T AR FE AR, 1E 12 h WikA BN
%, 72 h WEIEHEMR, 76 96 h W, BHCRIET|(86.042.1)%, KT AL R G ZBEME
H .

P4 AR WSROI (n=3)
Fig.4 In vitro release curves of celastrol (n=3)
2.5 BRBRLAKRBREIME U7 MG i 4 B 18 58 I 1
R MTT 358 Tk 7 23 8 20 22 I S5 A4 0 8 2 Je 20 3 8 VA o) Ji e S5 B8 i i U87 MG 4 i F) 6 B
fER. W 5 s, £ EREEEN, 5oL REFRAMS Us7 MG 41 i34 4F I 98 T8 A B AL
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Fig.5 In vitro inhibition of U87 MG cells proliferation by different concentrations of celastrol liposome and celastrol solution after 24 h treatment
(n=3)
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