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Abstract

Magnetic liposomes not only have good biocompatibility but also have excellent magnetic proper-
ties, so it is widely used in tumor tissue to enhance MR angiography in order to achieve prevention
and early diagnosis of tumors. Here, we describe synthesis of magnetic nano-composite liposomes
(HMLs) by a thin film dispersing method, based on hydrophobic magnetite (Fez04) nanoparticles.
We studied the effect of lipid concentration, lecithin and cholesterol mass ratio for the properties
of HMLs. The results showed that the size of the HMLs containing Fe;04-0OA NPs mainly in a sand-
wich-structure is 125.3 + 12.9 nm obtained by transmission electron microscopy (TEM) and dy-
namic light scattering (DLS). The optimized prescription of HMLs has been obtained by orthogonal
tests in which encapsulation efficiency of Fe is used as index and phenanthroline absorption spec-
trophotometry is used to determine Fe content. The results showed that the best prescription pre-
paration process of HMLs is: 0.5 - 2.0 mg/mL of lecithin, and [lecithin]:[cholesterol] = 2:1 - 6:1
(w/w). And while the initial Fe concentration in the solution varied from 0.25 to 3.0 mg/mL, an ef-
fective Fe304 NPs loading was achieved, with encapsulation efficiency (EE%) from 91.0% to 71.0%.
In a word, the results affirm the HMLs possess high Fe concent and can be potentially used to en-
hance Magnetic Resonance Imaging (MRI) in tumor tissues.
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Tkt P R A B T R A R A A At AR 38 S LA R SR o g 2 R T R A LU MR SR R, DA
SEPLT B TR A R RSN . A SCIE 2 S T A RO 1R 2 HY T — R G M T B I R A AR R Ak B
BRI K EFes 0. K L F IR B4k BFFL T AR¥REE B AR A0 RE B2 3R B bh 25 TR 3 oo mik ek i R 42 Py ek
RERNH, JHEIITEM. DLSZEFBURTHAMBARIE. Bt BRAITRASIED W E LN EFed
B, DEEENHER, SHEmHEHMLs K H T HTER LK. &RRH: LERERRERERFFE0.5~2.0
mg/mL, SIBEREFHEIE N RELAE2:1~6:12 A, FEREREISANBEERET, BHEKND
S, FEBPROLAFEH, BAN125.3 £ 12.9 nm; SHEEIRE0.5~3.0 mg/mLi;, HMLsH)
AHFEHNI0%~71.0%. I HHMLsHARBHSE, XRPLMET SR HEMERSER R E (MRI)
YT DS SR R i B B AR

XA
GORTENERE B, BKEFe;0.90K0 T, MRS B, BIIRME

1. 5l8

JE AR — PR T AN T, B R A AR . 3L S5 RETEGK FesO4 K F-(Magnetic
FesO, NPs)SE AT, AN AT A2 i tth 45 A 7E 9K BURL R THT, 17 LI mT DA 25 D503 7' 3R 0, 7 S o 1 40 oK
RifE MRIIE 2T SRR U N . R R[] [2158 AL, MG MR BRI ELEE, S i
WIS A R R . Zhang 55 N[, A3 FH IR B A8 0 7 g il 35 3 s e MR 1 I AR 10 2808
IR IR, 45 MR BB LLEESR &, I BN vRE A SR U R AN o R AR B A — A
T RARN R RGO EER], aTHT R B, RS B s = & R o R A ZH 2R3 B 1 MR 3
SRFH[4].

AR E , WEVENE PR RERT LAAr N EUR IR . 1) SR /K1 ARG E 9N KoRL -0 3T IR B Ak
f P 7K A% 51 (MLs-W is liposomes with hydrophilic Fes04 NPs in the inner aqueous core); 2) &7k #1444k
R R N S X431+ J2  (Hydrophobic Magnetic Fe;0, NPs-Liposomes HMLs).  H i & 22 $ohif 5t 2 fii 1) T
MLs-W 4R Z([5] [6], TMixF HMLs IR S AR D Ko X T MLs-W T &, AfE & AR, MRI
BRRZE: VR FIEERR. GUHE. 551 K —Sx R R i B PR AN S8R s [ 7] AR SOR B 7K
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Pk FesO, NPs SRS &, A — A S BOHTROMENE R T, M HL 45 R e S M ok 3d
W, FEASCH, 15 SR K SRR 45 B 7K P FeaOq NPs: VR FH IS /) B4 2 1 BT 4% 1R B /K
PEREPEANRRL T LB T A PB4 1)

2. SCUGER4y
2.1, AFISYEE

WA Emek. LKAMRITS. ok, MR, ZUK. TKOEE. &fi. KZ#E(SPC).
AR[E B2 (CH) oK B AN S B IR 2R G2 v i S5 35 B 4l Z80°50(99.9%) s iR Al 7K N2 FH T #E AN S 46

2% NI R T (BS-124S LA RAEHRAF), THIRRL/IHPEA(S21-2 Filg =] KA A
PR, A I VEAR(SK2200H iR AR B R AR, @l B0 0L (Centrifuge5810 i [E Y Al
BB RAR), PEHKREZHESESHB-I _EEBFERZHES S ERAR), HeEAR(ZX-98 L
HEPTHARAR), BHBETRMBEMHTTI700 HAH), 85K LR RS(3T Signa HDxt GE 2
wl), i BLIH20 AN (Avatar380 55 [ #4 L 8E []) .

2.2. BRAKMERENE FesO, KR T (FesO, NPs)BIHI &

ASLLL FeClg-6H,0 Fl FeSO,-7H,0 HIE G N/KAH, 38 ke A, @i — o 00 3 K 7 vk
W& BKTE FesOs GKKLF . FREGRE T H=E/AKB T, BESIZ )G, M HER 2R T MR
FTBKEAE R, Ba FRERIA 6.0 M FIE/K 10 mL, TERSRY FHEFER 4 ho [N 25 R 5 R BR/K IR
BEAE RS THRAL 1 h, 25805 B A A K e K LB B ki 3~5 Ik, A B &,
TRAESH

2.3. AEHKM: Fe;0, NPs BIBE R (HMLS) oI &

SR FH 22 i ()3 520 6241 4% HMILs 1) BY 100 mg SPC 1 25 mg CH 76 70 iA R T & A 20 mL &477- s
IRAEA RN 22080, 2 1 FIRIE SR P IS R Fes0,-0A NPs ST, TRA
&) 2) B IR EA RGNS T 45°Cokis el 28 2.0 h B2 LRI A1 E A IHE: 3) m&H
TP i FE AR A T R I N 50 mL PBS 2l (pH = 7.2), B AR 4Rk 3% EdtRE 4.0 h B 2%,
Fra i P O3 B H TR i % W VR R R - B 5 R TS IR TR 2 UE i D B e AE A 44k, BI73 3] HMLs,
Wik 2 Fros

3. GRATL
3.1 FT-IR 94f

Vel 3 A& K ST V2 £ (1) FesO4 NPs (UL AN . H R B2 AER: R RTIEEIRE N LOM, &
KIREER 6 M, LIS TEN 4 h, FHorrimER i & 50508 2.0 mLy 1.0 mL % 0.5 mL. BB AR, AS[EH
i B 2 A D R FE I A — 3, AT 0 45 3] Fe-O ##£(604.95 cm ) FITHER R A1 (1416 cm ' Al 1525.43 cm ™)
IR A R AT U6, 3 2 W FH TR LA 1) T FesO4 NPs FIZRIHT o (RIS, [t 25 Yok R 22 (38 m, 1416 cm ™ Al 1525.43
om b FR IR AT e B SR 3 R, B B FesO,-OA NPs MR B 5 58 4. Wb, i TIhR i R s A7
FEAG I BA B AE, 1 o (03 B AT W 22 5] Fes0,-OA NPs 1R A E AR AE T A HLIAT T . DA_E 3B 3 B3
TR T HE M B T FesO4 NPs FIZETH, A8 H ELA BRI
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Figure 1. Schematic model for magnetoliposomes with Fes04-OA NPs in lipid bilayer
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Figure 2. Formation process of HMLs for MR imaging
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Figure 3. FT-IR spectrum of Fe;0,-OA NPs
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3.2. HMLs By Zeta BB R DERMAER

1] FEL 34 1) 00 2 P R AE G R TR SR TS M L, rB A S5 (e 1)R W, = B i 4 (Blank
Liposomes, BLs)[#) & 1f FL A N—3.8 mV, YJlg At b2 5, HRMHBEHIAH 7-26.4mV, X
FEE T Feg04-OA NPs RIHIAFA K EIETEHEE], W5 BUH M NG A R T B 34 5 25 A IR ik 22 7 o
WIEL[8], X — 45 AIE Ui W Bk M Fes0,-OA NPs CL gl s N 1 gl Ak o

3.3. DPH SR EHEME HMLs B4

DPH R —Fpektb i o7, AR bl s E MK X N . 24 DPH M T B XL
ST RS, AT AT IR RO B A2 B IR B TR s R . 4k 2 BoR, 5 BLs il MLs-W AHLE, 7E
298 K i}, HMLs "' DPH & [a] s A B i R 1%, IR BRI AR FE AR /N o 3X R RN R XU 23+ J2 1) A 28k
AT Fes04-OA NPs, [ /I 58 1) 25 6 R AR O RA B, BRAOUR BN I FEIE PG I, S BURR B2 /N, & 1)
SEVEAR N B 10 MLs-W H ) DPH %[5 PR 55 BLs (RIARBL, SE A1 R 9K b 15 T Fig JoR A (160 PR 7K AH
AR i RS RO AROR, BE = AR Rg i, DRI DPH %% Al R AE LR R A B . DL R 25 gt — 20 S B /K 1
Fe30,-OA NPs LRl Dy i A0 5 T B HE X732 1 N 36

B 318 K i, —SHEFAH) DPH & [a v a3 A KAEHE 2R, XA ERainE T, B
HEAL T BN M SR AR R A, R IRLRE T AR 0 I () R B0 AN K [9] 6
3.4. RNFHFRABESBGES K HMLs B9

FHHEISE 7 HOE S 45 HMLs R R, A 2R EREm RN R, RO ES ik RIOIERE. DI
R e 1 0 B T % Fe WD AR VR B 45 LR 3R AT IR AR
3.4.1. BEMRER HMLs g R 51 A0F M

V| 4 AN B2 4% 10 B AR IR Y HMLs B TEM [, HR R 464 J9: 7R R BIHI8E Fe IR
fE29 1.0 mg/mL, [SPCL:[CH] = 4:1 (wW/w), 7KALES B 4 he MEHAT LIRSS, R BR B K AR FE R
0.5 mg/mL B il %5 ) HMLs JESUSERTE , (AR &b, P 8. M4k IR 1.0~2.0 mg/mL B, A

Table 1. Zeta potentials of BLs and HMLs
7 1. EEERGMEMEERGHREEE

#£51(2.0 mg/mL) KEEH(mV)
BLs ~3.97+0.80
HMLs ~26.40 +0.01

Table 2. The DPH anisotropy loaded in liposomes in different temperatures

= 2. ARELIRE T =MAER A+ DPH EEF14EE

RA%EE T (K) e R A2 A DPH & [l 74A (r)
BLs 0.0859 + 0.00133

218 HMLs 0.0475 + 0.00215
MLs-W 0.0846 + 0.00128

BLs 0.0422 + 0.00063

318 HMLs 0.0400 + 0.00550
MLs-W 0.0428 + 0.00168

£ BLs AT AN, MLs-W Jy GuBEsr/K R R T IR IR i, HMLs 5 3t K M REEgh oK
BiFHIIE 1A, Notes: BLs is blank liposomes; MLs-W is liposomes with hydrophilic Fes04 NPs in the inner
ageous core; HMLs load with Hydrophobic Magnetic Fes04 NPs-Liposomes
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Figure 4. TEM micrographs of HMLs with various lipid concentrations. (a: 0.5 mg/mL, b: 1.0
mg/mL, c: 2.0 mg/mL, d: 4.0 mg/mL)

[E 4. NEIRERE T#lZH HMLs TEM E. (a: 0.5 mg/mL; b: 1.0 mg/mL; c: 2.0 mg/mL; d: 4.0
mg/mL)

3 HMLs 7385 —, Ko MERE, RM-FEEE, JUPORHEERMSR . MK IREH SRS 4.0
mg/mL B, #4 HMLs H BT 7™ B Rl ARG HTER LG, TP . didxf begh e, MR mikm)
WEEYERFTE 0.5~2.0 mg/mL, 15201 HMLs B el , TEFRFIES S. Park 55 [7] [9145E 2 Ak iR Mt b 4
IR KEARGURRL T IR A TE S A BONMAL. 5340, L A(b) i b A 4 BT U S Sk 7K S
JITH 4% 1) FesO, NPs 73—, Rife K/NZIN 4.3 nm. A5 SCHRIRIE 10138 — R ~F I A K ks vl L 38 T i iR
WHIBERE X T2

3.4.2. BRI SEEERELLY HMLs B8 E MR M

NT HEEPTH SRR E, BTN ISR E — A Z R R . RN &N kR P I
BRIREE N 1.0 mg/mL, JEAEEA 1.0 mg/mL, ZKAGEFEA 4 he 155 R 6 4350002 FAS (] 4 91 68 A A0 [
B2 11 )53 2 LU BT ) 46 1) HMILs IR MLARE AR AR AL I, W2 B4 LUAE AR 0, 2:1, 4:1, 6:1. WNEIHTTLLE
H, 2 PR A AN E B LU A 0, HMILs P2 AE BUIRTTTE , ARLARAE (b B o 7R ) 43 B 56 IE, LI FRORE ok
BRI, mEEE . YER 2:1~4:1 B, PTDURERRI L ZORYIE =28, RINERIEH IR, kg
299 125 nm. MEAEN 6:1 B, IS VRITEE, (HRBAR/NIGEES 2:1~4:1 B AR ZE . B
ISV, NG R ERE, G R ESR AR BRI R
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Figure 5. Appearance pictures of HMLs obtained with different mass ratio of
SPC and CH (From left to right ratios were 0, 2:1, 4:1, 6:1)
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Figure 6. Hydrodynamic size of HMLs with different mass ratio of CH to SPC
6. TR IP#EAEFNAEEEZ R E Lt T &/ HMLs B9k SIRIFE R/

3.5. BiMREERIENEHENE

AR FE T Fe? (A1 FE 2 Mk e a2l 5E HMLs H 1) Fe & & IR 45 SR 24414 Fe W E N 0.25.,
0.5, 1.0 /2 3.0 mg/mL I, 337y 91%~71%. MIMHKZ, R w] LUK I REE W46 Fe WFERIH K, HMLs 1
BEREHH N, SRS VIEREN 3.0 mg/mL i, BEMERR AR RE RN 71%, B IRIE A EE
JaE PR G AR T 1) B 35 2. (20%~60%)  [10]m tHAR 2 . DA EZ5 S ULHH HMLs REA2 235 (5 my A R 1)
3 BN PR PRI & &, IR0 REnfE, N MRIIESE IS AT 264t
4. &g

R K ST B )24 7 B S, AiFE R BRI FesOq KRR, £LANINRZ B8R 47
FHRINEMIR] T FesO KRR, I ARE FIAFAE T HEHUE R« R 55K Fes0,-0A 41K
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Wk R A E N T R BRI T2 A . TEM WEERIRETE G B 7R b DPH 9% )% %% 1) S PR AR A &%
7€ 1 Fes0,-OA NPs TEJE A 4 & . @i bk BLs 1 HMLs [ Zeta #3147, 7] LA I HMLs [¥) Zeta
P R T SR T A TR 401 R R IR T AR A9 BE A, RORER K1 FesO,-OA AN KRR B DI I EN 1 Jlig Joa 44
o XM HMLs I SRR 45 AR W], St/ N Sf A0 R RNRIEE Y 1.0 mg/mL, Fe B4R E
N 1.0 mo/mL, SR AEAIE [E B R LG 401 B BRI HMLs BB R m . Rt RHs—,
SEIRLAE R /NN 123 nm.

EE&WE
L4152 15XI1-1-28.
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