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 OE: BM WIS HAEBBBEESY (CuB-PLO), XIHEATEAGME VEM RIS U E e . A3E R HIE
RiF:H# CuB-PLC, H Box-Behnken ¥ 1 -RAW AR ILHI% T2, HHRILEMMK AT, WA H X Hir
SEHE (XRDD ZLAM61E (IRD 2564341 CuB-PLC HYTE AL, FIH MTT 320 & HARSM ORIt 8858 46K CuB-PLC
Hl 4 T2 LUK AF b R VIET, BElRS#% B MR REILy 101, RNVERKEN 1.5 mg/mL, KVHEE
o R TE] 3990k 60 CHT 3 h, EAZFWIL 97.15%. XRD Al IR /TR W #iE R B S#ENE AR EEGH ALY &4, i
RWEIEEAY; CuB-PLC 7E/K P (KW ARIE R s B SR 25 10 3.9 15, ZEKh E Skl (521.30£10.50) nm, %2> EEE
(PDD 24 0.133 2+0.024 0; MTT 5286 £ 8], #7524 B 5 CuB-PLC % HepG2 4 JJH 3 (1) 21 He3m il ik B (1Cs0) {2051 g 42.55.
27.61 pumol/L. £&i FINHI#% T CuB-PLC, T EfAn4T, HARE, KRGS, HX HepG2 41 a3 1E
FEER, R % B GRSt T 5% .

EHEIE: HrE B BEIESAY: HepG2 41M: HUMJRTEYE:: Box-Behnken Wil WAL, MTT ik

RESES: R283.6 NHEFRERS: A XE/HRS: 0253 -2670(2015)01 - 0048 - 07

DOI: 10.7501/j.issn.0253-2670.2015.01.011

Preparation and characterization of cucurbitacin B phospholipids complex
and its in vitro antitumor activity
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Abstract: Objective To prepare cucurbitacin B phospholipids complex (CuB-PLC) and evaluate its physicochemical properties and
in vitro antitumor activity. Methods CuB-PLC was prepared using solvent evaporation method and optimized by Box-Behnken
design. The oil-water partition coefficient, particle size, and morphology of CuB-PLC were investigated; X-ray diffraction (XRD)
spectroscopy and infrared (IR) spectroscopy were used to analyze the formation machenism of CuB-PLC. MTT method was used to
determine the in vitro antitumor activity of CuB-PLC. Results The optimal formulation protocol for CuB-PLC was as follows:
Tetrahydrofuran was taken as the reaction medium, phospholipids-cucurbitacin B molar ratio, reaction concentration of cucurbitacin B,
reaction temperature and time were 1 © 1, 1.5 mg/mL, 60 ‘C, and 3 h, respectively. The complex rate and particle size for the optimized
CuB-PLC was 97.15% and (521.30 + 10.50) nm, and the polydispersity index (PDI) was 0.133 2 + 0.024 0. MTT experiments showed
that the half of the HepG-2 cell proliferation inhibition concentration (ICs,) values of CuB and CuB-PLC were 42.55 and 27.61
pmol/L. Conclusion CuB-PLC is successfully developed under the optimized protocol, possessing high complex rate, and enhanced
solubility in water, and the inhibition on HepG-2 cell proliferation is significantly enhanced, which provides the reference for the
further research of CuB.
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#% B (cucurbitacin B, CuB) & M#if5 R}
PR Cucumis melo L. a5 At P RHE Y
W AR —FPO R = 5, R PR
TR R i s e, JrdEsk, CuB ZEMVRIATT
JI TR AE N 5 T BN A8 s R . 24
PIWFSCRE, CuB X 2R A HIEH, bt
Ji g WL A o] R b BH T 5 4 Tl % (STAT3 i
MAPA), 75540 I 1 B iR 4 it 1 S ey 2,
SR, CuB #PE K. K¥EPEZE, TUIRAEYIRH AR,
7 PR T LR R R, X — s, A
Ah o CFHI 2 Fh CuB BT ALHIF, A dE E P IR
B AR RGN KR K-BEEERE . SR ILIRYIK
Fi. B-PLGA PIRUAs, K14 I 45 7 b Ak DR e
WA BT BEEAEY (PLC) fEA—FiHT
SRS RS, ARG 4 i T
BAE TGP R AL B IS &9, Tk
YIRS, SRR T R B IR $2
e R R R O Bk AT OC T #Y % B B
H4E5Y) (CuB-PLC) MIWFFLE A AR NARIE . ALK
TR ARSI 28R -, SR A Box-Behnken Wil 45 &
BN CuB-PLC HIHI% T2, XL Fifb
TV, FEYED R ARSI MU IR e
1 NEE5RH

KQ-100E A i vtas, Bl asf
B 85-2 fEIE ML i dEas, N E 25 R
AF]; LC-20A EyEsyiAH i, HASEA A
DZF-6020 BLZ25F4f, il —aRA S H A
Al; Winner801 KGRI, 5 BTl MR
RIRM AR AT XDS-1B 5184 M Biss, Jbnt
HEER PR AR 7] Forma Series 11 /K% CO,
Rig7#46, Thermo Fisher 24 #); Multiskan GO 4% K
fiihR{%, Thermo Scientific 23] .

a4 137 , 26 [ HyClone A 7, #it 5 DPEO167;
TIRFE YA MRS (MTT), #6%5 1325B38, 3 [# Sigma
ol HIEWHK (DMSO), #it5 20130505324,
I 1 9 [E Amresco A Al ; A &40 bk HepG2 41 2
&, A E A EEFEY) O 0 RPMI 1640 1
Fr4k, 5E[H Hyclone & W), b5 2013120817; CuB
PR, HES 130111, BRI AR A PR A
HPLC i 50 $0=98%; CuB J& K1 2, i 20 47 95%,
KEZYW B, 5 120301; K& G, #t5
20130414, bR ARAR], HHg; Wi
ytaiali; DU, it 120304, BRI

HIRAF]; AT A 7 brat.
2 HEEER
2.1 CuB-PLC 89%& R T2 Mz
FIFH CuB AN T DU SRR , 17 I AT CuB-PLC
5 5y v T VUSRI 1R PR, FREC CuB J5UR Y 0.1 g
KRG T 100 mL BEBHRT, AR
PUSRIR, 76— IR N hidt s N — e il )=,
PR BR 2 ROV SRR & DY S, 7
IR, DERE, TR DS RRR SRS UTED),
LU, TR BRI, IO A,
TR E A1 145 CuB-PLC.
FEUTTEDNIE T — 2 AR I RS W, HPLC
P e CuB MRS R 2 R CuB (R
Hytieh CuB (W& (W, W,=ill#3 CuB KRk
5 XARBD 1 ZE(E JI A JE B CuB-PLC [1J CuB [f1E .
PL CuB-PLC [IE &% (CR) NIEFRIFEHM CuB-PLC
I T2, HHEAKA CR=(W—Wy)/W.
2.2 HPLC ;%lE CuB®
2.2.1 (il (kA Diamonsil-Cis A (250
mmX4.6 mm, 5pm); JsIAHNHEE-K (62 ©38);
AR 1.0 mL/min; 284MGIYE K 228 nm; FEi
hEWR: BEAEE 10 uL.
2.2.2 WREBIIEIE R PR A T E T
B CuB XIS 11.28 mg, BT 100 mL &I,
FH PR K 112.8 pg/mL (16 457
223 MK K 2.7 BN BUER T
JEVIBEN 10 mL s, I B R R A s v
HE, QRSP RZI . 0L 0.45 pm TALIE
fEpEL, %M.
224 LREMEFEE KB EE A CuB 1)
AR T RS D, CuB X IS A
RS, R “2.2.17 TR i 4R T I
E, SRR, PR SRS CuB X AH )
PR B B ) A A WL (2 350, M0k FEAth e 23 % CuB 1)
WHE T, AR E 1.
22,5 ZMEXRRFELR  KEWBUTEIKES 112.8
ug/mL [¥) CuB XJ f 0 fifi 2 od &, 1 EA% A
A LR Re, 45 iRk R 0.112 84 0.564. 2.820,
5.640. 11.28 ug/mL RF% B AR 43I 10
ul HERESM T, DUSTERIREEAREARER (X0, (il
TR PARKR (YD, DL F A 8 0 e T A FH /s
FerL AT RHIZ 5, SRAGIME LRI A Y=
103.28 X+2.986 6, r=0.999 7, &iREW CuB 7E
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cuB/| A

t/min
1 CuB3 B (A). #iXm (B) FARMEIMEBRER (O
B HPLC &iZE
Fig. 1 HPLC of CuB reference substance (A), sample (B),

and negative reference solution (C)

0.112 8~11.28 pg/mL SUETHIAN I R R U $%
IR T RTURAR BE R R
DA E P9 0 TRDRE 25 BE1 RSD 378 T 2.10%.
2.2.6 FEMERE  H“2.2.37 TR AR TR,
S TERIRE 04 1. 2. 4. 8 h JadkRE, 4R 5
U 5E 14 5 3 BCPYI(E A 99.4%, RSD 24 0.66%
gE PR WIFE I 8 h IWHRE

227 EEMERE B “2.2.37 TR MR MR
F “2.2.17 TR A4 E CuB [IEHIF, RSD
7 1.05%. ZRFEW, ARTTEESNE R

2.2.8 IFEMISCRRES etk “2.2.17 TR 5
EALR T CuB [ )y mECIE AR, 3t
94, ¥k 3 4l A3 INAR G T BT HORE
bRt 80%. 100%. 120%[1) CuB X M S, 44
“2.2.37 TR iSRRG, KEe, tHE
FICR, 28R 88 CuB [PFIRIBCER S 99.54%,
RSD 4y 0.83%, #&HIAERISCRETLF, HERBER .
23 BEZREZRRE

231 ROVIEFIERE AR SCHRHGE & 1A,
WE CuB HBEIRIHCEIEE A 10 1 ()RR,
SOV E R 60 C, NI 3 h, FUEIRE A 1
mg/mL. LA CuB-PLC [f] CR ANPfhibrifE, X 1, 4-
THEONFR. R VUSRI TR LA A
AT, IR A ROV, 45 CR 431N
10.9%-. 32.2%-. 84.6%-. 45.3%-. 51.5%. #2400
SR NI, 290 CR B, SREGH%IE,
PRI U Ay S N 5] o

232 ROVIRBERIEEM  DLPUSUE A R N7
IR EEAE 40, 50, 60 ‘C K CuB-PLC f CR, 4%
Iy RN 38.3%. 76.5%. 79.1%.

233 JRNVITRFIEEN S NINEY 1. 24 3.
4 h () CR, 45 593514 20.3%+60.6%- 88.3%- 88.1%.
234 OVAITEA LR 255 N ) i R
J& CEA CuB 1) %t CR B0 o 5T B 43 1 A 1.0
1.5.2.0 mg/mL i CR 4374 80.6%- 84.6%- 62.7%.
235 BORLLLBI s %% CuB SRR AR
BORLLE (P ) 5 GO B CR BB 4300000 1
1.00 10 L.5F11:2.0 1 CR 7305814 83.7%- 81.1%
65.6%:

2.4 Box-Behnken & it-3N E ALt CuB-PLC
fl&ILZ

2401 REBE RN EFE AL AR L DL
CuB-PLC ] CR AE#r, LR CuB-PLC [f] CR 5%
W 2511 3 AN ROV (AD RV
fE (B). CuB H#§RMEEM =L (C), R
3 [A% 3 /K~F¥) Box-Behnken #1144t CuB-PLC #
£ 1.2, Box-Behnken il L HER L 1.

% 1 Box-Behnken I8 2 HE R 45

Table 1 Arrangement and results of Box-Behnken design

e A/C B/(mgmL™") C CR/%
1 40.0(-1) 1.0 (-1) 1:150)  95.02
2 60.0(1) 1.0 (-1) 1:1.5(0)  96.80
3 40.0(-1) 2.0 (1) 1:1.5(0)  77.06
4 60.0(1) 2.0 (1) 1:1.5(0)  96.24
5 40.0(-1) 1.5 (0) 1:1.0(-1) 9550
6  60.0(1) 1.5 (0) 1:1.0(-1) 91.10
7 40.0(-1) 1.5 (0) 1:20(0)  57.99
8  60.0(1) 1.5 (0) 1:20(0)  79.70
9 50.0(0) 1.0 (-1) 1:1.0(-1) 96.13
10 50.0 (0) 2.0(1) 1:1.0(-1) 96.76
11 50.0 (0) 1.0 (-1) 1:20(0)  89.04
12 50.0 (0) 2.0(1) 1:20(0) 7410
13 50.0 (0) 1.5 (0) 1:150)  96.81
14 50.0 (0) 1.5 (0) 1:150)  89.04
15 50.0 (0) 1.5 (0) 1:150)  93.70
16 50.0 (0) 1.5 (0) 1:15(0)  98.05
17 50.0 (0) 1.5 (0) 1:150) 9499
242 ZXREIAJTREMESL fiTH Design-Expert

8.0.7.1 X F*%f Box-Behnken ¥ i1 H a4 TAbHE, DL
CR M¥abrEE T Z JugkbE A Fn — Iy R A o
CR A Z=mixC st H k2 ol A
CR=94.51+6.91 A—4.10 B—7.71 C+4.35 AB+
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10.78 AC—3.89 BC—3.46 A>+0.23 B*—5.73 C* (R*=
0.978 9, P<<0.000 1).
243 JrESHTREEMRR BIATTREMAE R
KUl AT RS R R, n DR AL X Ak Ty
TAPHTRITN . R 2 [B1UH R E ) 8 PEA 5 T
K, BEAL CR H A R30I, B IR
ORI, C ORI, IR, 5 PR B A LA
IBF W FE K (P<0.05).
2.4.4  PRIEALTT T S5 AE K H Design-Expert
8.0.7.1 LI WK AE, 4y MLV FEkr CR 5L
W2 AN HA R OV E, WL 2.

#2 ZDAEPEAFERNEEHEE

Table 2 Significance of coefficients in second order regression

equation

Kz P B hE F1H P1H

A 381.85 9 78.89 <0.000 1
B 134.73 1 27.83 0.001 2
C 475.24 1 98.18 <0.000 1
AB 75.69 1 15.64 0.005 5
AC 464.62 1 95.98 <0.000 1
BC 60.61 1 12.52 0.009 5
A? 50.34 1 10.40 0.014 6
B’ 0.22 1 0.045 0.838 1
c? 138.25 1 28.56 0.001 1

4 2-a TR A fE 50 CIZ&MET, B Al C Xt
CuB-PLC ] CR [J5£1i. CuB-PLC /] CR Ffi% B 1
B AR PERRAR, BEAE C MBS T E B

Kl 2-b fongE B 4 1.5 mg/mL B4R, A
C %} CuB-PLC f] CR [{5¢4. CR Bf% C 38 n &
JELRPERRAC, A A B0 2 ARLEME R,

Kl 2-c BRAE C N 1.5 0 1 ISR, A F1 B Xt
CuB-PLC ) CR M1, CR bi% B [ w2 IRk
PERRAG, B A (BN 2 AR PE & .

e Fabn MR e Hbs, 19300 A 75 4%
PERHBENRS CuB MR R RIS 101, RNV
WEEA 60 °C, NI 3 h , RN E KL
1.5 mg/mL. WG4 T #4534 CuB-PLC, I
JE &M N FERR . SRR CR 24 (97.01£0.79) %
(n=3), BRFRFRIITMAE N 97.94% . &5 EoR
S Wl B AR P A, 2 B A2 ol
PERAF, FUNZH& AT AT
2.5 CuB-PLC RYIBILMERIAR
2.5.1 X B (XRD) 48 4514 CuB-
PLC. YBIREGY). WA CuB ¥4 XRD 73047,
SR WA 3, W8T CuB-PLC. WFIREY. Wil
F1 CuB ] XRD I§. CuB FINIEYY Bon 24 ik
RIS, MBIV ST CuB FIBE G IR 7 55T e 1)

fAAE, ERIRE G, P R se e Ae,
YL CuB DA R HUAERE IR

B2 5 3R N o B 2 M Y = 4 52 i T
Fig.2 3D Response surface plot for effects of each factor

( A
\gAA,AJ\N S R PN ,M»»""AM,N B
WU NS
/L/\/\_/V]\ ‘j \’]N\/ Y 7 UI,J\ ’\\/\/\M/W\//\/\AA/\,\/»Q,A
10 20 30 40

200(°)

B3 CuB-PLC (A). ¥ERE
B XRD [E

Fig. 3 XRD pattern of CuB-PLC (A), physical mixture (B),
phospholipids (C), and CuB (D)

# (B). A5 (C). CuB (D)

252 AMGIEARI T 40 5IH CuB-PLC.CuB.
ﬁ?iﬂa\ b7 LI R GG &, LD KBr A2 it
T IR 404, D BTG 400~4 000 em ' 45 5 LK 4,
ﬁﬁthf&ﬂu%tﬂ, YHERGY) (B 4-A) IS
KA L& CuB HlliE FZIEMZ M. B8 CuB 5
BENEMIR G h —H Z MR A EAER . M
CuB-PLC HJ S SR AW e A —FE, AR
FF CuB 1 IR EI[WIEAREE, CuB 41 45 f4 R AE
WAL (v 1 372,834 1253.03 em ) T2k,
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| %3 CuB. ¥I2R&YK CuB-PLC EIEFEEBE-KkEFKHER
A "
| MABREL (1 =3)
: Table 3 Apparent partition coefficient of CuB, physical
: s mixture, and CuB-PLC in octyl alcohol-water system (n = 3)
|
| N AR LKL
: c Co/(mgmL™") Cy/(mgmL™") % [lg(C/Cy)]
: CuB 0.113+0.02 13.84%0.08  2.088*0.04
[
| PHNRAY) 0321£0.02 14.73£0.09  1.666+0.02
| D CuB-PLC 0.4511+0.04 86.40%0.05 2.282+0.06
[
[
4000 2 000 1 000

viem'!

B4 #E Q). YMEESY (B). CuB(C). CuB-PLC (D)
IR &

Fig. 4 FTIR Patterns of phospholipids (A), physical mixture
(B), CuB (C), and CuB-PLC (D)

W A U6 1) e ple KR 5, 1 718.220 1694.61 e
AR RS 1 732,73 e, R HE I 4R Sl 0 (e
H1 3 502.66 cm ' A8k 3393.68 cm . B IAEME
i A I 1) 5 LR BE AR A e A A8 Ak, T CuB Bl
W FREE . SRR AE T AR k. B CuB g5
B REM S WEIR 2> T 3L o R AE T e A
1EH

253 MK EC R AWM e SR P v
SE, REUGE B CuB. Ab Ty BB A BEIR A AN
CuB-PLC, 2} 5l i 50 mL Z&18 /K & B 1 =i,
%34y, WU 24 h, EHOESEET, BEEOE
b, L. BUEE 20 mL, SEBEO=MAMT,
FINNIEERE 20 mL, T 5 N RA) 2T (il
RIS L WP 12 h), B0 2SI BUKH .
IE¥REA 2 mL & 10 mL B e, % “2.27 I
NOFNE, RIS . A 3K, R ILE 3.
AW, CuB-PLC £ /K-1E B P 1 AR P T I 2 1
Yy FR &), CuB-PLC % My K 2 i &
[1g(Cy/Cy)] 1K,

2.54 CuB-PLC JE& KRJE5#T B CuB-PLC 20
mg F 3 mL 7&K iE 10 min 23§05, SR
Bk, FHRZEAKRRE 1655, 15 31E R i
WL, LB S BTSRRI, WA 5.
FREAZR I A0S CuB-PLC FRIZK AN B R4
(521.30+£10.50) nm, Z4rHlig# (PDI) A&
0.1332+0.024 0, WK 6.

B 5 CuB-PLC 8 TEM &
Fig. 5 TEM of CuB-PLC

1 10 100 1000
42 /nm
6 CuB-PLC B9k 5> BURRI1ZE
Fig. 6 Diameter distribution of aqueous dispersion of
CuB-PLC

2.6 CuB-PLC B9{R5M7 B &Y

MTT 7502 HepG2 41 M5, il K 2 AR EX
N CuB J5iRl2y. CuB-PLC. #ifg# 02 g, 44|
BT 50 mL HIEHEEH, hi/K 25 mL, FRE T,
AP 40 min, UGS, FERRE R, AN LIk
DI R, 247, B0 10 min (8 000 r/min), it 0.45
um FAFLIERRE, HXSRUEM, RUMSELRKSEM, 5 C
i, ARSI 2 e H

HOO HOA N 40 M Hep G2, TR H BT
A B B 40 B B, R A 96 FLARHT (AEFLZ 5< 107
AN, FLARPY JE FHJCH PBS 3 78 LLB 1R AN,
Y0 B 96 FLECTIEE 12 h 5, 96 FLARAM K 3 41
5345 T CuB J5UEHZ (F7 0.1% DMSO [HE5 57 3E%
). CuB-PLC Ffflis, fdlix 4 MRFEHE (R
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£ CuB 0.1, 1. 10, 100 pmol/L), HEANA RS ¥
SAEAL, I S ABAPEX L (4 B AR AEKAD
2 ANEESL, MIRTE 37 C 5% CO, 5 FHEFR
48 h J&, A 5 mg/mL MTT ¥ 20 uL, gk&lEsJ:
4 hjg, PNOWBEETRE, BEfLIIA 10% SDS (%
10 mmol/L HCD) %§¥% 100 pL, $##R{E# %% 10 min
Jei s PRI S 5 RS S 52 #-FLAE 570 nm 4B
JEE (A Al IR LR A 52590 40 i)

BEREINHIR (IR): IR=(do—A,)/Ao (Ao JBATEXT I
HAME, A WHEHA AMED.

M HE S8 45 115449 CuB J5UBl25 Al CuB-PLC
I HepG2 4 MusgAE ¥ ICso fH N 42.55. 27.61
umol/L. ¢ fMai RIBIR, fEWKELA, CuB ik
255 CuB-PLC X 41 Jifd 1) 41 il 28 A7 70 W 35 1k 2
(P<<0.05), CuB-PLC 4155 Jlg 40T 20 i o 41 ) 2
FAEREEZER (P<0.05). WE 4.

%4 CuB-PLC. CuB K#A51EF HepG2 A 48 h BIHIHIFL (X £5,n=5)
Table 4 Inhibitory effects of CuB-PLC, CuB, and phospholipids on HepG2 cells at 48 h (X x5, n =5)

IR/%
ZH 531 - - - -
0.1 umol-L 1 umol-L 10 pmol-L 100 pmol-L
T g 0.0840.10 0.1040.12 0.1240.10 0.194-0.01
CuB 2.57+0.31 8.51+1.07 18.08+1.52 75.6441.03
CuB-PLC 2.52+2.96% 5.2941.28" 26.80+1.96" 79.404+0.21"

5 CuB 41HE: "P<0.05: SR "P<0.05
"P < 0.05 vs CuB group; “P < 0.05 vs phospholipids group

3 Wig

T ARG R I, SR A FIZE R4 T CuB-
PLC, K] Box-Behnken B&iH-Z N AL VE RGE %
SO T I T E, AYSBEIRINE A RN
BHHAT, - H IR B ERSE . §il 3L 55 2 AR AE
WSO PR AR, CuB RS 2 R %S, AT LA
1 i R PRI AN LRI RS 2B S B el o T TRE
PLC 53 % s 5 25 ) (¥ ) BEVR 5 0 A A I
CuB-PLC "' CuB SNEIEAA S5 B KA
APERIAR, BTG G, A RS
MmaE—mME 5.

XRD 7 #raR B R A HaiA A E F 5 CuB A
JEHIAL T F B/ HUIRZAS, CuB A 5 1 S A 1 4l 3
i, CAJCEMATLE, Bl .

CuB-PLC 7£ 7K A Rl IE I rh (v i v e 24 7
B3, — 5T T LT B RS A A K T K
WIS AE 50— J7 T AT e 2 A2 t T2k
ML S WG SR &, T2 SE A 2 B DR, R
PR IR o A BE IR 5 1) S s 48 SRR LA
F 2, BEARMATAE SR AT RHb S T CuB 7E /KAl
IEFERE P AR BE . CuB-PLC BESINT CuB ¥
AKEE, XN T R, Xl s LAY
FIHEE

KH HepG2 41 ffi%5%2 T CuB-PLC [F4&SMLIH
T, SR PN, CuB JsUElZY. CuB-PLC 0%

HepG2 41 IG5 1) 1Cs 431 42.55+ 27.61 pmol/L,
ARG LB A B . &5 R, CuB fEfk
A0 HepG2 4 i B A7 AR s R il H o K L 4%
IR SW )5, 3 1Cso /)y, X HepG2 4 a4 (1)
FHIVEH S . ABFT LI IR AT e S
NG AV REMS TR o 25 A0 O NS PR a0k, 3o 1
Jedl 20 O 20 (R A K

SE Ik
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