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Study of Doxorubicin Liposome Modified with Transferrin and Folic Acid Targeting to Glioma in Vitro

LU Qing'?, HAN Min®, LI Liming®>, ZHEN Yanrong®, LI Fanzhu'", GAO Jianqingz*(l.Department of
Pharmaceutics, Zhejiang Chinese Medical University, Hangzhou 310053, China; 2.Institute of Pharmaceutics, Zhejiang
University, Hangzhou 310058, China)

ABSTRACT: OBJECTIVE To carry out the optimization of formulation and preparation process of the transferrin and folic
acid co-modified doxorubicin liposomes [Tf (FA)-DOX-lipo], investigating the glioma targeting therapeutic effects. METHODS
Tt (FA)-DOX-lipo was prepared by thin-film evaporation method and ammonium sulfate gradient method. First, folic acid was
connected to 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[amino(polyethylene glycol)-2000 to get the DSPE-PEG2000-
Folic. Further, the phospholipid species, ratio of drug to lipid, hydration medium concentration and drug loading time were
examined, particle size, encapsulation efficiency and stability were utilized to determine the formulation and process of the
liposomes. Rats brain blood capillary endothelial cells (bEnd3) and astrocytes were used to construct in vitro blood-brain
barrier(BBB), combined with rats glioma C6 cells to construct the composite BBB model, investigating glioma targeted therapy
in vitro. The uptake mechanism of doxorubicin liposomes in bEnd3 cells, transport ratios through the BBB and toxicity on C6
glioma cells were investigated. RESULTS The results of NMR showed that folic acid was successfully connected to the
DSPE-PEG2000-NH,, while identifying DSPC as the main components of phospholipids, 120 mmol-L™" ammonium sulfate as
the hydration medium, the drug to lipid ratio was 1 : 15, drug time was 60 min, and stable dual-ligands modified liposomes with
high encapsulation efficiency was successfully prepared. BEnd3 cell uptake was much larger than conventional liposomes (P
<0.05), which demonstrated the brain targeting mechanism of Tf(FA)-dox-lipo were likely clathrin-dependent and caveolae
dependent endocytosis pathway, subjected to the impact of transferrin and folic acid as well. In the BBB model, drugs transport
ratio and toxicity on C6 cells after transport were significantly higher than other liposome groups. CONCLUSION  Transferrin
and folic acid modified doxorubicin liposomes have good glioma targeting and therapeutic effect in vitro.
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(S-NHS)(Sigma); SephadexG- 100(%fi #t Pharmacia
Biotech 22 H]); BCA Hx [ FE Ml i A 771) 6 (P 1t 24
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Fig 1l The chemical reaction of folic acid attached to DSPE-PEG2000-NH,
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i iz -2 £, 1 2000-1fR)F-PEG2000-DSPE 1 mg.
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J32:1:0.11:0.021 : 0.017)% T 15 mL &4
KAV 02, RGN 10 mL R 8 B v ik
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8 Ak 5 9 32 15 3] d5e A2 114 A 7 4 Js R i) £
2, M50 % B0 85 2 g LR (DOX-lipo)-
B 5 2% 4 Bk A IR A4 (TE-DOX-lipo) . - P 25 2 1t
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Fig 2 Transmission eleetron micrograph of Tf(F)-DOX-
liposome
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HeB-FAIRE (R 5 g L), BEEIIHI B U4
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7% 7de FEMERFRH 500 uL, N EMNEFRH 1500
pl, & 2 d 4 1 IRBGFRM. SEUOHT, BP0 1Y) 5
J5£ P i s W BELASCR I 5 ' ) 5 F% b 2 HBH . TEER
(IR e ek (= a2 B R O T LI AR 2% (P V=R A
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R E AR T 255 2012 4E 11 H 55 29 545 11 3]




lipo . F-DOX-lipo 1 X fic 4 1& 1fii ({) DOX-lipo
[Tf(FA)-DOX-lipo], 45 A 30 pg-mL~" bl 2 2 &
AR |2, DL Hank’s 1E A IZEA . 48 h ),
I MTT YLK R 2 C6 i i 41 s i) A= A7 75k
SEAESS: A RITE A 1 mgmL " kR
(1, 1 mgmL ™" 88 AR HIEE 30 min,
SRR R _ER S
3 &
3.1 KT e SRR

R M 45 S Ui 0 R Th M) 4% 7 He BT TR
724 DSPE-PEG2000-F, & J& AT il 771 4b 5 1) 95 3%
Fl TEMA L. LA DSPC ki i s 20 1) g i

Rl AT TLMmEMRAER

W e B AR E YT 8 T HSPC IR,
SER LK 1 AR 20 ANFZ R IR TR, R
AL, (HZGAEEE A 1015 I G Bk 24 0 )
A A, HHA e MR TARLE R 12 8 I i
JRAR o H 8 K AR A R E (250 mmol- L™y af
e 2 SR e M P= A — 2 IR, WS R AR
AR AR BR TR B vk 7 (120 mmol-L ") 4% 241 1 Jlig Joit
e, RAHIFMReERaEE. 54h, 2t
] 60 min B, FEFARIRAZRE N B —, Faetk
KU o Wi Z A I 500 A 5 T2k i i R
DSPC, Zjfigtth 1:15, KA Rk 120
mmol-L™" FIBR IR4AR, #24HA] 4 60 min.

Tab 1 The screening and optimization results of formulation and process

FERIIR bR Hi e /mm % )y EUA KL PDI 35 5%/%
WA HSPC 212+21.1 0.194+0.02 91.92+3.2
DSPC 193+13.5 0.21420.04 95.62+4.1

ZillgLt 1:8 212£15.3 0.179+0.04 84.49+3.3
1:10 202+18.9 0.194+0.01 91.9243.1

1:15 209+21.4 0.235+0.07 99.63+1.2

KA R IR )W 120 mmol-L™ 218+8.5 0.191£0.05 98.02+4.2
250 mmol-L™' 200+6.5 0.178+0.04 95.82+3 .8

LI A 30 min 193+9.6 0.214+0.05 91.02+1.1
60 min 175£11.2 0.159+0.02 99.63+2.9

T2 MEFRTE 4 CHIR R M
Tab 2 Stability of liposome at 4 C

g~k 0 JEki4%/mm 1 JHki42/mm 2 ki e /mm 3 JikifE/nm
WERRFNE HSPC 212421.1 223+24.8 352+433.4 363+49.6
DSPC 193+13.5 238+12.9 241424.5 255+32.2
gLt 1:8 212+15.3 227£17.5 309+33.2 361+4.4
1:10 202+18.9 233+9.8 268+23.6 298+24.2
1:15 209+21.4 331+7.2 274+14.7 297+26.8
KA T (B IR ) 120 mmol-L"! 218+8.5 216+5.9 228+15.9 241+15.6
250 mmol-L™! 200+6.5 2344243 255+28.6 277+33.8
B[] 30 min 193+9.6 196+4.7 268+22.2 298+13.5
60 min 175+11.2 215+6.3 2244322 253+13.4

3.2 IR AR I Bk M T ¢

F AR R FRARRLAR ) 4 200 nm A 47, H
BN, MRRAARRTAEM T 78 E A MRS
BRI E W AR, HRR A —, ALY
E-10 mV Ay, Ut WTHE ) T RE S I A 25 o s
A P 2 TR AT 27t A 5 i ol 570 ) A e
M BCA J7 0045 i 2 5 A IR 45 5 %64 (56.06

I ILACR T 2557 2012 4F 11 H 55 29 4555 11 )

4.51)%. FI FH 3 8 2570101 2% 10 1057 4 B R AR
He SRR 3,
3.3 DOX I H s 56 Fl 55 4 1k S50

R E A A8 (0 I A B BRI R S T
DOX-lipo k8 (A NG 4 DA K W I 2 2k 2 1 )T
JRAK(P<0.05), 2591 3. B ECAARTIG & )G
BT 85 25 1A B X e e PRI, i — 2D B E T R A
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Tab 3 Characterization of various types of liposomes

iRt bi4%/mm EZ N e ) A2 /% ¢ B /mV
DOX-lipo 165+1.6 0.226+0.12 99.2+0.1 -9.9+0.8
Tf-DOX-lipo 180+7.5 0.276+0.05 98.3+0.3 —-10.3+0.8
F-DOX-lipo 188+5.6 0.256+0.07 98.0+0.2 —11.0+0.8
(THFA-DOX-lipo 195+6.3 0.248+0.02 97.5+0.5 —13.1+0.8
(THF-lipo 19243.5 0.283+0.03 - —9.3+0.8

Tl E NGB 1 — AR IE AR S AR T AN AR IR B 2 TR P 4L =
1% o bEnd3 41 H Xo) Bl 7 25 5 R (1) B o s T 45 41 B YRk g 7T A =

MR BRIE, S5ICEAHART . —Fhar RE Y IR K2
F 3 1 50 328 ok 40 2 e ek B A AR, T RO
RSy HER, RS @M. A R
AIREM IR R, B NI e, Hodhn] g
PR, SR AR EAR RSN S i
B DOX B2 By 3 N40 I, AHAEAR NS LA —
FE, HIKES T 210 DOX J&, i &1 DOX {E4k
VA A8 Ik 4 i e e A A B, S 0 24 9k R TR
TR, Mo S 80U 4123 DOX 9 FE ik
T DOX-lipo.

S TE R FA TRET F 21 -
i 25 FA TIEE 7741 I 1
5 TF FEE & 41—
TRFA)-DOX-lipo IE—
FA-DOX-lipo } I: I
i}

T-DOX-lipo R~
DOX-lipo &
DOX-solution IINNNNNNSS————
0 500 1000 1500 2000 2500

DOX 7t bEnd3 4 4 (1) AL (ng/10° cells)

3 bEnd3 4ffi WE M E ZHEME (=3, X*5)
B8 3R 10 pgrmL ™", PP<0.05
Fig3 DOX uptake by bEnd3 cells
DOX concentration at 10 pg'mL™", "P<0.05

WS PRI A R . L B-IRRIRE . &
UM & 5, KRG ARG U (1) 1 o 44 v 1) B 5 3R
PRI A W M 2 51 (P<0.05), 4RI 4.
Na'/H A e A i 77 BT K i ) T8 75 7 5 O TC A4¢ 6l
) DOX $ekH &G i & AR AL, X 3 WO A4 A&
i FRY o) 1) A A e A T e Tk A A 1 R
Yogae, M/NE N AT AR IR AR AT W] S
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