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1.1 Zm 53R

BB R (BITREPEG L E R ITE, 65 99%) + KGR (rira, Lig
KDV EBR AR « BREEE Criral, E25ER LigARma R AR ¢ d i (=
Ky BGEEE, MTRIEAEY TREARIUEATD ¢« B (G54, TEDIA AFD ; A4+
i (BUNUZEF Y TR ARD . THZEEZMEE (MTT, SunShine A #]) ; DMEM
15973 (3£ [H Thermo scientific 22 ) ; k8 H EIE R (3 1H Gibco A F]); —HIEEAL(DMSO,
F R RAE IR AT 5 2% JRESHD IR (LR EREWRBABRA 7Ky E 7
KD s HAbiR RIS Ao At
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P DR SCANERAFD 5 B HEE (JEM-1200HC, HA JEOL AF]D 5 B I 41U FEHL
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1.4.1 RAH B 2 A

FEBRREUGE ARRALZOE R, N VA AR 2 25 3 50 mL A &, DIREAT A
XFHE, T 200~600 nm A AR, 45 R IRAE 425 nm H I ORI, O 425 nm ks
MK AiF )y C18 A (250 mm>4.6 mm,5 pm) , VSN FEE—K (10 mL/L BEERVE )
(AL 87:13); ¥k 1.0mL/min, HEREE 20 uL, AEENEE. BB AR K. AR
LT F AR TS A 4L 3R REVA A 20 pl VENRA A, oS th itk & .
1.4.2 briERHZR 2]

FE BRI A BRLLZArAEAD 10 mg (SEPRFREME 0.010 13 ¢) , HT 50 mL A&,
TN R LI, FHIRIR A 0.2 ma/mL (K8 A BELL B SN 5. BRI N
100, 50, 20, 10, 5, 1, 0.5 pg/mL, FEAKREEDHIBEEE 3K, Z3EFE 20 pl, AR & %

L, LTI Y SR SRk X AT M [l

1.4.3 ¥4 % BEAAE N Bl R TR

EUE AL R bES IR, BERRAR. By = 3R (0.5, 10, 100 pg/mL) ()
W, TE—RNEZIRE S K, R HNR®RE: &2 5d 3, B8R 1K, THEHEE
FE o REIAF MR P 5 5 BRI E LLAEcAS AR G [ W
1.4.4 EE MR

HUTE A BRZLZ A IR T4, 20 kG 2 e & 0.5, 50, 100 pg/mL % 343 (K. 1y
w3 , EEPME SR, Bk 20 uL, TR RSD.
1.4.5% E MEAALS:

HUTE A RRZLZ AR R 43, 0 kG 25 O & 0.5, 50, 100 pg/mL % 343 (K. .
B3 AR , AR 10mL, T 0, 2, 4, 6, 8, 10, 12h PEEEA, HitFIEHEAK RSD.

STHUER AR ZE X RIS 348, ARG ECHI AR 0.5, 50, 100 pg/mL %% 344 (fiK.
iy w3 FNRED) , Y 10mL, —AE 4 CUKF R 3d, 14 F=IEMAF 10h, —H7E
-20 “CUKFH PP 20 do HZERE S IR E 1
1.4.6K WU R AN 2 B IR

TR SE MG SR T, BT A R L1 2 VA WM R A [RIR B2 R AT 8 B0 A 1% (HPLC)

SVHT, DME SR (SIND Jydiths, U AR B 2 R
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B a7 E B 60 mg. HIEEE 10 mg FIE ABELLER 1.5 mg AT 10 mL /&G (K
FALL 1:4) RRGVERIT, BT 250 mL A, FREMRIG, 18 40 CKH T Tk 2K AX
(B33 100 r/imin) _EIRERR ZHA NI, Sl BRI, T°-20 CHRAF 24 h JF I T80CE £ % 1),
IINE B R T B , HE T 40 TR NI, REMA TR 10 mL,
TeEE 2 A (5K 100 r/min) KAk 30 min, R 5 A 4 M AR L B T UKIB I Ig
JRRIREW T, #8 2s, [AFR3s, JLfEAI 180 s, THER 100 W, SRJEKk i (i B A4 TR
BRCET B AL, KK 0.45 um A1 0.22 um FIRFLEEIEE Y, (g ARcRi42 201k, BIAR
THARRA RN FER S A ST AL RN AN
1.5.2 AHERW 2

B 100 pL 75 ABRLL R RM, PGS PR AL, e AT smLAEMY, WIERS)E,
10 000 r/min B5.C» 5 min, B _iEW 20 pL #EKE. HPLC IE 254 80K (Co) + HEUEH A
ZLFERRARTAT 100 uL T3 S H: (Sephadex G50) , FHEIREh g2 (PBS) Jfiit,
WCAE TR B A 2, VR TIR4E, JERFECE AT SmL AR, WITRAIE, 10000 rimin &
O 5min, BUEIEW 20 uL BEFE, JEIKE C1, ARFE A 30 Ree=C1/Cox<100% i1 5 AL F Reeo

1.6 K75 ik 5440
16.1 BEREE

VI 2y WO R A S B AR % 07 vE, ikfai e, How T RRIE 29l %04, &
ONFRRLL B MV T /K2, R M3 56 VRS 43 P ) 6 o AN R L 3R MR A, A1) 6 J A B 52 )
NIRRT R KA BRI . KA BRI BEIRHOIREZ . Z9IRE L (F
NRELER: B  BHIR SIHFE R R AR, SRR R SEI T, DRBUA R EE RN
febr, HEATAITIRAL.
1) BEAERHE
2 PR E AL 75 B AR E B 10 mg FIER ABELLER 1.5 mg, 85207 FREL 60 mg K & IR
& SAR GRS OB MR, DL 10% (RE5ED R 10 mL K4,
FoAt 25 PEAAZHEIR 15,1 /N5 BT 26 IR DA . DAASIRI B i) 25 i o A P A DR AR 74 i s
(A e MR A 5240 AR .
2) KA o e

R SRR 7 2R 60 mg. AH[EEE 10 mg FITE AL 1.5 mg, [Ew Mk, K
TR 2> H3%$E PBS (pH 7.4)  AFEEh/K. 10% HEEHE. 5% (iENHD A, 9% 5k

)

e
a3



BHD FERE 10 mL, %88 151 /N IS IR, R EOREKA AR AR T AR 1
PR B4 R R A e 1k
3) WilRE =

Sy BIFREUAL 5 B RG 20. 40, 60, 80mg , FZMEZGARIRELL N 1: 40, WS- HE [ g
JRE A 6: 1 FREUAL 7 B IRE AN R AL R, KA TN 100 504 10 mL, 1%
I 15,0 /N5 10 5 R 48 AR, SN g 0 ) 8 o P W T VAR A 0 A ) 8 (1 g o A 2
I NSEE b
4) i FiE L

Sy HFREUAL T E R 60 mg, ME[EEE 10 mg, #ZMEZG gL (&) N 1:5. 1:10. 1:20.
1:30. 1:40 FREUE ABELL K, KALA TN 109%HF R 5 10mL, HAb 4 F A4S, 4% 1.5.1
AN IR R B, RN T 2 B L R B AR KR AR R B g 2
5) Tl i L e o L

Sy BIFREUAL 7 BTG 60 mg, FEAMELLZ 1.5 mg, 1ZIEBEAN SRR EELL A 3:1. 41,
6:1. 8:1 FRHLIH[EEE, KA FA 10%IEEMATR 10 mL, FARKMAAAL, $%H 1.5.1 /M7
(RO & IR T, RS D) 28 (4 i B AR (R R AR A 3 2
1.6.2 EXR AR

i LR SRS, XHBEIR, Zifgtl, BERRRRERELL, KA TRAIEREA T —Em
TEE, SR N T RAGARTT, FRATIRI IE ARG 22 R S IR BE AT EL(A) « ZfiREE(B). /K
WA (C) =K 38 =K B A R AL 3 R T A B O R ), 448 1.5.1 /N7 4k 75 R0 5 V5 1l 4%
10 mL IR BAA,  FERIIAS F A T g AR B 2 . B R AR W3k 1o

F 1 IEAS SR R AR

Tab. 1 Factors and levels of orthogonal experiment

K A B C

1 3: 1 1: 40 10%f F A

2 4: 1 1: 30 EREEIVIN

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

1.7 BRI & EABRARRB R LT ABRLEREBH
171 BEABA KIS RIEH &



KRR 1E AR I B R e LR A 7 #208 1.5.1 /N (R 7k 4% 3 L AL KR Ak,
TR TT Y BRUE . J5 SR T A ER A6 P 5T 1 25 G2 AN UBT MG fir 83 48 334 4 FH RO ¢«
1.7.2 B ARRLRE RN

FEEVRIER ABRLLR 7.2 mg, BT 50 mL AEHM, SEhnidsE = HEEM (DMSO) #
ffE, BRI 0% IR, A EZIRE, BHIAL 320 pmol/L (BRI . WRELEER 43 i L

B E N1, 2, 4, 8, 16, 32 umol/L TR A BELL R IFW -

1.8 fE B EAL M R 52
1.8.1 R K Zeta HBLALIIE

WRCHX — 5 58 I o Ak FH 28 TR K M R 38— e A8 3, SR S 2Rk SCOGRE B2 LA 2 B SO 5 7 4
REZLRNE AR 2 BRI T2 kite . 270 HUR % (polydispersity index, Pdl) A Zeta H
(o
1.8.2 FEA ML

K AR GOV &Rl KGR BUARRE 10 6%, BGRVESIR 1 mL, BnpiiiE 0.02% (AR
HO Hh, WA RSB G BUA R S T SCEM BN, {F 8 2~3 min, H
2%BEESIR et 2~3 min, UEARRE 2 R, HIR TR A BB A NI,
1.8.3 i B4 fa e STy

Kb &I R AR PR E T 2~8 CUKFATIE 0, 1, 3, 5, 7, 9, 12/120d )5,

70D 5E R AR RO RAR AN 25 ) BB %, B SR AEIX— B[R] 3 IR E 1k

1.9 B AR 8 B A A SRR IEPPA

KR A R R B AR TR AR R IR AR AR RE, BBENTEF, M
LB 3 40N 20%1) PBS (pH=7.4) J9iZEtf /v it , BEsn iis#R 2 100 mL, 37 °C . 50 r/min
AR, ER 3R B — e B —E BN AR, HEANTHRL AR, 4kt
A, BCHIIA A 0.45 pm FELIERIEE, BAIERERS FRT, HIFEESEE, HOm
B R RGRAR , THERE TSRV AN R AL R SR TR
1.10 #Pfi| UB7 MG 4t ffa 38 5/ A Al

MTT 206 Sy A\ R 2 200 AR B BEAE FH . BRGS0 UB7 MG 4,  JRli v AL 1 5
AR, 4TS0S F DMEM 55353k (S RZE LT 10%) JREE4H K& £ 9 1049mL,
BeFPF 96 LA, LI 200 uL, F 5% CO,, 37 CHEE K 12hJ5, ZHIMAESH — &5
VEASEEN SR S RN N SR S I = G PN TAR N R (VN AR



FHFBHIRIE N0, 2, 4, 8, 16, 32umoliL) , 4k&:I%9% 24h J5, RRREIRME, Ml
A 20 uL 0.5% MTT ¥, BEOGHEFE 4h, ZbEEEFR, INOIRESLNIEFRR . BFLIIA 100 uL
DMSO, BRI MCHEIRS 10 min, E45&EY 700 Wik BEEE G2 RO 7 %41 550 nm
SEHIROGEAE . RIS B RSl (G552, 4. DMSO) , XfHEfL (FEFRdk, 4. MTT.
DMSO) . ZHMIAEEHZE= (A waalA wwn) X100% o S SPSS i i3E47 2 77 9041, p<0.05 I
NERFALFER, p<0.01 W AIET B2, LI RDYRARER, ARG DAL bR A A 2k,
THEEAHIRE (1ICs0) fH.
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1 LEMESHTHI HPLC K (A) SbrdEfhZ (B)

Fig.1 HPLC chromatograms of specificity analysis (A) and standard curve (B)

R2FRHW . HIEREEEY) /N F2%, HIEWCRETEIS% ~105% 1], RSD/NT-2%,
FEUAAZA T 7 VA 255 B D [l SCR A S HPLCIN S J7 vk B3Rk, iZ 7 iR UER T AT, Al e A
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R 2R, AR T g

Tab. 2 Results of precision and recovery rate

Jr R ] HANREE%  HIERE %% [T 1% RSD%
(pgemL1)
0.5 1.13 0.82 99.241.32 0.68
10 151 0.76 101.2+2.35 1.07
100 0.74 0.87 96.8+1.86 0.96

A RS e T AR FRIRSD 9 0.32%, A s TR 1056 OV T ARSD /N §-3%, I PR A 52 B 45
735 9501150 ng,  PRIR BIIZ 70 My 753 (1 B 2 PEANAR E PEAF A HPLCIIE TR 2R, %
JHEMERATAT, RN A BRLL R BRI & BRI SR AT I A i

2.2 HAMRLRE B &AL J5 e 54k

2.2.1 BERRR
D WiaFhk

SR E WG R EHE G T % R R AT R B, MBS TUF 2, SRR 55
Uik, T H AL R AR TR S SRR A IR B A R AR BN, TRE A G TR, FarE
VI s USRS B DA M 1) R A0 € Dy ik 35 €, T K S A DA BB 1O R A B € g 7L 1 £,
SRR R 45 LTI, 9288 b K S R IR 1 A A
2) KA

PBS (pH7.4) . AHEIK. 10% - 3ebE/E KA B 5 O AR o AAoRL A 22 B2 2T,
7E 4 CIRE 3d WA 77 ZI S, 1M1 HbAH IR B 3 3338 5] 75%LL b, AR A B 1
TR A ACRAE KT HIE 225 5 R 2, B e sl 5k £ Bk KA i
3) WS

WEAR IR R, WA IR PRS2 B Uik . REE, HBRAREA NI s ztg.



BERRVREE RS, AR IFIC. LG RRAEE— T IREEEIN, AR & =1,
R TR, 1 EARB AR E Ve AT, (H ARG & 80 mg I, AR /EA LA P
FERFENS, ] 45 BRI AAAE O BORGA, TBCE S A DTTENT o DRI, B2 3% 60 mg (AR & &
BEAT HAR R 3R I 52
4) ZiflaliEtt

PEm R A R e S AR LA B R, RAEL L, WHBRIAEE T, W
RES TR G PR R 4, BRREE & ARIE %2 1 25/l i oy 15, 1:10, 1:20, 1:30,
1:40 Vi A 14 8 AR BB A5 0. 78 15 IR RAA R BB R BT A 34, HE
— BRI I RN R AR R, 2 le & LE 1:10, 1:20, 1:30, 1:40 Yo, K
FHWERG RN, WHEEARWHN.
5) Tl 5 EL ] 9 o B

I R AR [ e e 5 L o o B DG o LT e LA X v Y RS e PEVE L, &
Hi, BRI ECE NAHBIRIIILS, IR RE, HEL 2R 58, EREMRRAR R K
FH R R IR IR B R 28 2 AR SRR R o R, FESEIG ORI, it IEL [ B ) 1
I A ) A0, 26 i o AU LD [ s A 5 S (LR i 5 MR T o B LU 7E 301, 401, 60,
8:1if, WERMIRFaE, REIEZRLEH L sl
2.2.2 IEXT R

PhELd SN e dbn, BHATIERS SRS, SRNEK 3, HEaRRH=ARRNERKRZZ
B>A>C, HiEitE i N BiAsCy, BIZGNIREL A 1:40, BER SAHMEREZ LA 6:1, KIS
N 10%i FEE R .

% 3 IE R

Tab. 3 The results of orthogonal experiment

B C Ree/%

S
=
=t
J
>

82.81+1.13
70.0840.89
59.04+1.21
86.0040.83
67.60+1.35
61.80+1.52
87.5240.50
84.75+1.46

0 N o o~ W N P
W W N NN P R e
N R WN R W N e
PoWw R, W N W N e



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

23 BABARER A EHE

RS IR AR B AL T7, 4% 3 ARV TR A BRLL R AR A, 005 15 i o A .
Iy 9 81.41%, 83.54%, 84.29%, “FHKiftly 83.08%. HIMLAG R AIA, 1EAT AT 2
B AR T 4% A i A L s 2 241 31 80% A b, Kb R FTAT

2.4 B AR R A AR BB AL P R
241 R RIEE

R 4 TTE0, PIFRSSLAE AR ORI AR 7E 160 nm 247, HA B R BT LUE kAR A L
B mE 2 5 R I A R T LAE Y, A AR R R iUk 5 A iR B — A,
R FIZEBRIE, T HIHRIAR AT LB 2T, U B2 IE AR TS R 47

KA TERBARI AR AE R KA Zeta B1AL (n=3)

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

Prilpit! Ree/% SEki4%Inm Pdl Zeta HLAT/mV
25 A8 Ak 159.5#.78 0.26040.072 -30.9640.26
N LT 2 R 83.0841.26 163.742.20 0.30240.046 -35.0540.28

(A)x F IR (B)d ABRLLER A

P 2 ANTF i B A PR32 S P 5

Fig.2 TEM image of different liposomal formulations
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P 3 e (AR 2-8 CIAZHY 20d P9, FRBRIRRY OB SEALERFTE 160 nm /245,
B R ) (A ELE P1 f EB0  ) (E K R W, 20 o i e
{E6H] 75% 00T, BLHITE 20 d P ELA BekP RO RATE 1«
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Fig.3 Stability of liposomes at low temperature

2.4.3 RAMREIBRR

B AR RN I 4 fos. X FEARRLLRWR, 75 12h WRBLS,
AR R BIRLE] 80%LL L, 24 /N JERTRCEIAS] T 90%. 1 AMELLREHAK, 1E
12h WA RBEIG, 72h WEILRERER, £ 96h N, BsFiA3)(86.0422.1)%, KT

NIEAFR IR R ZERAE o



120%

100% -

80% -

60% -
—— EARERL EARA A

a0% —m BB R

BEABTR W EREY

20%

0% T T T T T T T T T
9] 12 24 36 48 60 72 84 96 108

Bt 18] (h)

4 AR E IS (n=3)

Fig.4 In vitro release curves of celastrol (n=3)

2.5 BEABAREREMH UST MG fFivE M5 K/E

TS MTT 8 P T 2 7 20 3% i o R 75 2 T £ 3R VA B o Jii J e 4 i, U87 MG 4
MR BEAE L o il 5 TR, (E—EREEVEIEI Y, R A BRZL R ARSI UST MG 4 a4 i
EFH BT B A BRLL R . T AR RV A RLL R R BUARX UB7 MG 4HAff) 1Cso 1B
7373179 15.86 A1 7.93 umol/L, & 2 HELLZR AR A 1Cso B EL 7R 24 R ZL ZVA A AR 173 50%
FMWYER A R L2 ] BSONR B4R S5 A ) T 20 M SRR 2 Wi i N4, HETTT e 1 X usT
SR M o 7T RE R R PR R BEIE B 2 5 AR 2 B0, B 22 B 25 A IR A Y
BT RENANN A, 23 5L A 40 M S B AR
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Fig.5 Invitro inhibition of U87 MG cells proliferation by different concentrations of celastrol liposome and celastrol

solution after 24 h treatment (n =3)

354t

AW RS T H AR RN RARRIARSS HPLC 204 7%, fERMETaEEN, 45 R ukm, R
Wy, TEEREE. JRARIE A —FB E 2 RS A 50 Z4EMI DL, N8BS 411
FER 715 BRIy B0, TENTE, PRk, Wim zE RIEERT, R A BRLLE MR AR
Hil &k R, d A AR B W 2 RE R ELE TR, & TR K
P RoFHEYEEYR PR, B KRS, HISRERARNKEECR, HREH
KEMAPIAEFILN, LEEENER RE, ZARRM, (R FTE SR i BEAR PR ) 1
SRR IR, AR PRGN A 25 Gy R N R AR b H iy LR FH A N 9231 % R g o
A I8 HRLAR AR, ANIE Tk 9 45 24, B T A LRI, HL R 25 A WLV AR B ey, AN idE
TR UK 2508, T A B LU R B, & AR A, G TR R 24,
THARRAZ NS, TR, EH SR, B2 RS B HE R,
AN T 1) s Ve PSS T 308 3 AN BT ) T 2 28 B ) ML B0 [ 72 R R NV 2D, AR S R
FHER R AT, AU K T A A2 i i i, i B R, BRI 4 19 B o
PRRLEEASS), Al S AR S ST B, FRARIE AR R B A 2 202, 225G 0L EA
F, TADERER S BOES] & T A BRI, &K L AEF .



AR F R NRIE LY, AL T IR BUA R BEIE 0712 o, AN g AR TR 25 SoRiAz,
DRI R R 283K, T ELREARAE 160 nm /ey, AREFREOHRIE, g BUiARrki4e 100 nm A
HAWIEHM, 100~200 nm AWA B R ERE. SR80, ASCHI% K8 BARLE 160 nm /&
s FIT 2GR NAEIA R GERE T 2 AN NS, B2 Zy i O\ PR 200 B PAY 5 00 ) e e 4 i ) 6 B

A SR AP R ] % (A RLR R FUAR BB 71%,  ASEE0 i 4 1 e B AR A 4
FAE 80%LL L, fw 1 A AR,

FEASMEI RGBT R ABLFAEE T/K, HIETHRCOEE, FrodeEgEiiidn
NCEE, HHTIREEARLRNEN . A EEARALRE, MULE 7 E AL
KN, T HEBRA T @ NEREACR, ERKFEEY. Gaenld, HABLERSA
i B s R UBTMIG 4 it EL AT kI VE . 24 h 1K) 1Cso v 16.83 umol/L, 17 A S 56445 5 /A IR 41
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Preparation of the celastrol liposome and its
anti-proliferative effects against U7 MG glioma cells
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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 ICso value of celastrol liposome is 7.93 umol/L. In conclusion, the celastrol-loaded
liposome have good properties of anti-proliferative effects against U87 MG glioma cells.

Keywords: celastrol; liposome; thin film-hydration method; anti-proliferative





