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Abstract

Recently, the global trend in the field of nanomedicine has been toward the
design of highly sophisticated drug delivery systems with active targeting and
therapeutic functions, as well as responsiveness to biological stimuli for improving
therapeutic efficacy. But offering sophistication generally increases their complexity
that might be disadvantageous in pharmaceutical development. We hypothesize that
using clinical anticancer drugs methotrexate (MTX) as both a targeting ligand and a
therapeutic agent to interact with natural product phospholipid (PC) and thus
self-assembly will lead to an efficient but simple and flexible, and multifunctional
system. The main work is as follows:

(1) MTX-PC complex was prepared by co-sovlent method and the reactive
conditions such as reaction tempreture, reaction time and ratios of MTX and PC etc
were optimized. Then, differential scanning calorimetry (DSC), Fourier transform
infrared spectroscopy (FT-IR), X-ray diffractometry (XRD), thermal gravity analysis
(TGA), and etc. were used to investigate the distribution state of MTX in the
pharmaceutical MTX-PC complex matrix.

(2) The self-assembled MTX-PC NPs were self-assembled by the amphiphilic
MTX-PC complex with a novel lipid-drug complex film dispersion technique. The
size, shape, potential, stability, and drug-release property of the self-assembly of
MTX-PC complex were evaluated by several experiments. Results indicates that
MTX-PC NPs possess amphiphilic property, high drug-loading effciency and
enhanced permeability.

(3) In vitro cell study and in vivo antitumor efficacy study of MTX-PC NPs:
investigate the targeting efficacy and therapeutic efficacy of MTX-PC NPs towards
FA receptors over-expressed cells by cellular uptake experiment, flow cytometry

analysis, intracellular drug delivery, and cell cytotoxicity assay; evaluate the



antitumor effect in H,, bearing mice after i.v. with MTX-PC NPs by observing growth
condition, tumor size and weight.
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B 2814, 000 EFE T . BEERDEANT S, & ™ =R AT
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71, TR MA AR ER T IXFrRE Sy, 0 H ARG, 0 R0 A i 254,
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acid, JETE 60 T KM Seeger SEE i, MALAZER b AT AL R R4 e
[ F IR B R I R AT AT, Bkt sh MR, JLPABET K. &
B, =& HFkE. A RS AR, 7E 20T T MTX /K ARE N 0.01 mg/mL.
MTX ZESRPEE I ATETE , WElE 2ok AR, A A B RTINS IR 11 2 0 1k
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Fig. 1.1 The chemical structure of Methotrexate
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ZEAMEI. Ak, MTX A I AR A% i & AR O3V T, (E 3] RNA
B R A AR F B 55, 5 SR T 40 M8 1Y) S 3, Ja 4 R SR S 2,
X GL/S MAM ANt ZEZAEF, X GL AN I /E T . MTX Z5# i N
55 S R S R PR R 1) A SR IR R FE T U e I 45 6 T 2, DT 4 i e A1
TEAMRIE R EEIE R . BRAh, KB MTX X R s kg (TS) thAg e
F 5 X BT 4 P B R R AR S P 7 A B (MR
1.2.2 REIRI B Z5ER(E A R IR R 2 FH

MTX #EAGH AR LR P FE LS KiRe R FA Z N S E
R 1) 25 G i JE M BRI ) E Bis i . U R EUE M BE NGRS, Al B a
M 1) R 4 I S 9828 e — s ST A 700, 24 8 o St e SRR T
FHEE TER N €128 N8, HIHA 2-3h, ZOKHH 8-10h. TARMRIR R 4F, 1-5h
I35 259k FE TR B B e, B AT (409%-60%) HEME, K7 AR 25 X HE
Hifkgh, IR (<10%) AR HEML, PR F A T a T S A i
Wi 9B L N A R AR SRR . PR SRR, (A
IRy h AT A T B A E
1.2.3 PRI TR R IR

T B e TGRS (R AR R R B L SR T T L 18 R S e 2 1 A
TERT, JEJLAESR, AATTHEAT T 1R 2 56T 5 il FR U Ene A F R B 2 A% 3 R 4t
W, HorRMmEpm B 1.2 fon, ZRERGE—EREE Bitm 1P
IR TT RBOR AN 2 bk, a0 FRUENe IR AR . H U A B R 7 7 FR LIRS
RAEVIEHRAE, b o gt — D A P #E e A U, Al B B .
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Fig. 1.2 Comparison of published researches and developments of methotrexate
for treatment of cancer and rheumatoid arthritis according to involvement of

each delivery system
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T SRR, A2 i B A8 K PR M ) LR~ 0 L 3340 e o7 2R SR AT
R S I S ) 3G SRR A . Kong 28 A\ #RiE T LL PAMAM. PEG fl MTX
il % PAMAM-PEG/MTX E &4, 455 BoR & A W0AH tb T 2i 25 16 g /N Bk 3%
B O A 0 5 e A I ), SR RS, Ak, Zhang A
R LL Generation 3 PAMAM N2k, H5G1E G3 PAMAM K 5| A/K
VEREH], RIS KIEE MTX Z2MILHELs &, #WE T PAMAM-MTX BC& 2541
ARG T pH BRI T, MR K TR IR A B L, 51ERECR
Kor+5 MTX BHEFIER, AR MTX. SEigh R R0 T3
R FA ZARRME A0 i 4 KB 4 i H A IR LF I E a7 24OR, A Rt 1 &l
VERIFARG S8 T 97 R0, [R5 — @ I R R FH 7 77

1.2.3.2 RRIEM IR R A

i A R 45 B BRI 52 70 5 B0 B 2R 7K B 0 T BRI IR N R T I 454, 5 o ik
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BRI IRCR, a2 ARR A MTX 42, MTX JR Ao KRS 7 High T
Bk ST, 45 SRR MTX R B35 s 3 & e TS, 78 59 — TR e

E& XFa i, Z = HEWESAE A (multilamellar vasicles conjugated MTX,

MTX-MLV) AR F- 4 25 /0858 MTX g SRR i ik 5 v AR A S s A 5T R 2K
S, Prabhu 25 NS R K £k e L — 2 S K A AR 2 SR A 0 S
[R5 % T MTX BaTEig i (Stealth liposomes) (210-260 nm) 18, JEyp4
FLAEGUEIF T B 71T R K SR A4 N AR o R FH 52 SR 0 A 2 i o Ak F 0, B 6 17
i R AR ) AR e AT R, BN T MR AR IR (], M EEF 22y MTX, s>
TR IR YRR AR A
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RO RE(PEG)Z& — M) 2 F TR m i 2576 7 e B 2R & W) . Yousefi
L NHI% T MTX 5R[FES T8I PEG ERRIEE MTX-PEGs, FHRMAE 7 HEL
PERE, % MTX-PEGs o' MTX 5 PEGs 25 B /R LI, Shukla 25 A fd FH AR L.
7B A T MTX-PEG BL& 918 A 99mTe 1EAREPY, 254R3h 1155 %
T MTX BB R U S AR, fd ] USTMG 5 J6 40 M i A & M 40 o 25 7k
LI L R R MTX 5 PEG ZE A5 1 MTX IR O 40 A 25 1
1.2.3.4 GRS EE KR

BT R, BEPEAKRIAME T J& R L4 S 52 70 T g e 12 W, 1
H& rvE e I BB ST 25 AT SR B 2030 97 FNRL IR SLVR YT, 34 W] P A B TR A 3
k. Kohler 2 AN Zhifl & T HEME MTX A8 KR 2, 2R R 90 KA 1 Se 4k
— GRS TR AR B S R 50, AR5 5 MTXC IR e s 4% (MTX
) S St R 35 5 KR T (R T ) 5 45 AR I MITX FEAB UL VA Bl AR 3R B2 IR
pH 260 T RELH BT R BhAh, {E Hela 40 A1 MCF-7 41 i 47 1 41 A
VPR SR SR B T MK E BE 17 440 6 v 1 i P g PO 4 P 40 282 90 il B 78 - Zhang
S5 NA KT HEVE SRR BERERER: MTX AOHE R 259045 33 2R G0 T 25 045 BT
B2, E el MTX 552 RpEsEma I8, AR5 DUR BV E A GTR P A2
IR A ) 4% T 7 SRBE IR BR
1.2.3.5 ASIRKRERNKE
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TR VRO, B T R K S5 (1) T e 2411433 248 Chen
S5 NI K F RIS HARES S PIRRL T (AUNP) SRH& L I MTX-AUNP,
AR TR0 T A bL T 20 24500 T3 2 fre 4 P 2 B0 L S R ) 0 B, e A R AT
) Lewis i /N B BboRg 1 & B2, Samor &8 A 22 23 T 10 22 kAN K
MTX R Z B ANKE b, SEI R IX R MTX BrRaiAKE 45 &% T MCF-7
A0f B R AU ER v, TR AR P 22 A D R AR
1236 R EHRIRI AT ERF RS

BBTBL, MTX IR A AT A IR 0 5, R e © 2
FRA T S R Rk BB R S i —, AR AR TR bR ERRIE T
SEATY AR 7 B b R A PR SO I PR NP o ARGRI B MITXC (8 A= R R B fEL
T I AE R B R 10%-20%, MTX H 255 & 4 sl fE i mr L, (=
FIE & S0 ERIER. BEBLT, MTX 697 LT #8278
I EIEH RIZL, A7 AE 1 B B v B E s . B Am. &0, HER
S, EIXUEREIVERT, BRIEAREMEEEE S RS S EEAR, HTX
SOAH SUB AR D, XTSRS KRR X RIE R E
M) 55 PR G0ME 4 PRI S I PR, BT A BRE T39I R 750 28 D AR R UM PR AN 1R S B
053 AR TR M 0 B A FH R T PR S e . L AT 4, A
SCRPIF R — Rl 2 e . BEIEAC. FLAT S ) R ) FR RS B R 2 A B L3R K
WL 5T

1.3 IR & SRR A
1.3.1 BEENEHEHEMR

38 A A2 PV TR A AT 3 BT K AR B SR 237, AE S R b B AR AT 3R
Mtk RS A, e BEER AR I RE R R BB FR, EEH B (PC). Mt (PED.
ALERERE (PD. Bifig: (PA) %20, pC #1 PE KEAFET R IR+, &A1
SEAMIE A AR, 3R 1.1 R 7 BB IR 45 R vh %5 s B EE . BREAE 2 B
A o AR I AR T AR B, SR T X TR 4, B g i s —A
VRIEE AN — A AN BEL2) 2 R A IR, (RS R B AR S T2
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