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Preparation and characterization of dual-targeting nanostructure lipid carriers

loading mitoxantrone hydrochloride for bone tumor
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Abstract  Dual-targeting nanostructure lipid carriers loading mitoxantrone hydrochloride ( ALN-FOL-MTO-
NLCs) were prepared by solvent evaporation. ALN-FOL-MTO-NLCs was quasi-spherical shapes observed by AFM
and the mean particle size, Zela potential and entrapment efficiency were (45.9 £2.7) nm, —(16.78 £2.17)
mV and (99.7 £0.1) %, respectively. In in vitro studies, ALN-FOL-MTO-NLCs showed good binding ability to
hydroxyapatite, a model component of bone minerals, whereas unmodified NLCs yielded only nonspecific bind-
ing. The cellular uptake efficiency of ALN-FOL-NLCs were 3. 19 times more than that of unmodified NLCs. The
pharmacokinetics in rats and biodistribution in mice of NLCs loading MTO after intravenous injection were inves-
tigated by HPLC. The AUC of the blood PK profile of the drug formulated in ALN-FOL-MTO-NLCs were 5. 0 and
63. 1 times that of unmodified NLCs and free drug ( MTO-INJ), respectively. The AUC of the bone PK profile of
the drug formulated in ALN-FOL-MTO-NLCs was 3. 7-fold and 5. O-fold higher than that of FOL-MTO-NLCs and
MTO-INJ, respectively. Compared with FOL-MTO-NLCs, ALN-FOL-MTO-NLCs displayed a reduction in drug tox-
icity because of the reduced accumulation in liver, spleen, heart and kidney. In turn, this allows administration of
larger and more efficacious drug doses. In conclusion, compared with MTO-INJ and MTO-NLCs, ALN-FOL-MTO-
NLCs displayed longer circulating capability, better bone targeting ability and tumor cells targeting efficiency.

Key words bone tumor; dual-targeting; mitoxantrone hydrochloride; nanoparticles; preparation; pharmacoki-

netics; biodistribution
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P LA R EN 10 mg, B 250 mL AHIE A, H LA -
TAMLE1 1) IREH 10 mL %37 CHUEZE
KB B 25 1B, iINA 2% Cremophor EL 7K
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S100)20 mg ¥ Bi] 18 il iR - R 4 i 1R 2R 4 & 0 T
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1640 157345 B R 51 e (0. 02 ~40 pmol/L) .
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150 wL, iy li4h b Fe i o Fe B S
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T MTO 2 mg/kg) . 454150l T 4 25 )5 0.08,
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EFEMCETE W 20 W, HPLC 00 259 1 .
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MTO-NLCs B B340 (6 nm vs 3 nm) , A] GEZ KK
Hi SNER PEG #EIE N 1T — 2808 1 5o R 451,
FELAE 1 AR B E AT # i BE B . ALN-MTO-
NLCs 1 FOL-ALN-MTO-NLCs | & 4Ly ALN
FET (CPERIE S, far ) S Bt L o7 S G
ALN-S100 F1 FOL-S100 EfEH PEG 4% 1943 [a] {3 FH
YEAME A KL R AR 2 — 2P BEAG . A 524 40 KL
RARMESE 50 nm A2 4y, EZILTF LN A OB
55 FEWPRIARAC T 100 nm F44 K HE 1 2 00 1l 2K
R T 2 17T 3% AP JHF T ) 80 @28 ' /N ek
i i A5 RE MR FEE L U8 BR Y AR kL 7R — i T
5 nm' ;BB N B4 1M BE AL B2 80 ~ 100 nm,,
Jir CAAS 98 48 1 K FE JECE 48 KR L B AT R4 ek 20 i
Gk UM Ik i Aok 2 TR U 2 B o A, i
PRS2 AR S AT AR 0 A T 20 S 3 1T EL AR 24 60 nm 1Y
NG RTIATT Y R IRLAR AR T 60 nm [ IR
e VA i 4 A B 5 e A e P A

Table 1  Physicochemical properties of nanostructure lipid carriers

(NLCs) (x £s,n=3)

Preparation Size/nm  Zeta potential/mV ~ EE/%

MTO-NLCs 52.3+2.6 -3.38x1.25 99.5+0.3
FOL-MTO-NLCs 50.5+2.0 -3.04+1.57 99.3x0.2
ALN-MTO-NLCs 45.3£2.9 -17.85+2.06 99.6+0.2
ALN-FOL-MTO-NLCs 45.9+2.7 -16.78 £2.17 99.7 0.1

MTO : Mitoxantrone ; FOL: Folic acid ; ALN ; Alendronic acid

For the preparation of modified NLCs, ALN-S100 (2 pmol/mL) ,FOL-
S100 (0.4 pwmol/mL) ,or both of them (2 wmol/mL and 0.4 wmol/
mL, respectively) were added into the lipid matrix. Based on the modifi-
cation of agents, the NLCs were named in order as ALN-MTO-NLCs,
FOL-MTO-NLCs,and ALN-FOL-MTO-NLCs, respectively

HE R ) L s L L )
100 200 300 400 500 600 700 nm

_0 = N W AR

T00 200 300 400 500 nm
Figure 1 AFM images of MTO-NLCs (A) and ALN-FOL-MTO-NLCs
(B)

3.2 HhRA6) HA RN

ALN-S100 A [F) & i - #8 fm] 99 K KL 1Y) HA 1)
BRYRE ST INIE 2 Fim . 5 3m 4Kk H kA AR R S
W B, ALN-S100 (1% 6 1 D] R X R 2 25 44 KL 17 1
B RE 7, ELANACHRE 1) W B RE 77 Bifi ALN-S100 & 1 f2:
RGNS N . FOL-S100 fyfE— A& M - 5 A7 i
F RARGARL Y IR AR F7 (P >0.05) , H A 2 A
XF4rF iR 4 400 (1) PEG H5 HL & A3 55 K i R
TP R | AR S R AR I R T 1 FH B
T RIFmEER

'ﬁ%f‘

| !___4—-——'——"

NLCs bound/%
N OB ® o
s 3353
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T T 1
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—@— Unmodified;—®— 1 pmol/mL ALN;—a— 1.5 pmol/mL
ALN; —v—2 pmol/mL ALN; ——2 pmol/mL ALN +0. 4 wmol/
mL FOL

Figure 2 Binding ability of MTO-loaded NLCs to hydroxylapatite
(HA) (x+s5,n=3)
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AR FE (R BE T RE G , SEIR BE AR . AE AR
(R 2 S LA, ARTRD S5 T AT 3 o A K 15 X
12 i R FN /N T A : FOL-C6-NLCs , ALN-FOL-C6-
NLCs ,C6-NLCs, %38 1Y) PEG 1k 44 K b7 76 3k /> %
JE R G A W R A EPR SN 114 [7] Bt 2 4 AP A 44
I 5 AR P9 5 R 3, 2 TS o) A 248 L ) B B, AR B
5% PEG {L44 K bL 28 i IR e B4 10 J5 , 76 PR UE PEG
725 (B0 BEL I R , S 2 et v A 200 X ) 5] 4k
L 2 ok 24 ) TR v IR F) 100 ng/mL
BF, 3 4 1 5 BCEZ S AR i, L) FOL-C6-NLCs
F1 ALN-FOL-C6-NLCs F45: B 4351 C6-NLCs [y
3.51 F13.19 £%, ALN-S100 (&It WA B2
M (P >0. 05 ) MR AT A0 4 7 MBI, 124 A [
R i R R AR B TR A A
MTT 35 3F 0 ) 500 40 i 2 PR 25 SR L IE 4. i F
K562 21 it Yo} i P2 T 32 168 s 490 DK R 118 e S P B B
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Figure 3 Cell uptake of C6-NLCs, FOL-C6-NLCs and ALN-FOL-C6-
NLCs (x +s,n=3)
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Figure 4 In vitro cytotoxicity test of MTO-INJ and MTO-NLCs with
different concentrations (x £s,n=3)

3.4 HRFHHNFHE
Wk s MR 2 s, M T2 MK K
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4351 MTO-INJ fi 12.5.18.7 .46.2 Hl 63.1 {%,
HAWE ST 2B, i 5 1) PEG fL A& i 23 il YR i ot 4
KRR K P S A8, 2 T A R i A 1) 4 B
FRE Tk, B 25 W BTl TEAB T, = A H: R
Vg L] R R K T R 5 T o L A R
BATE I B X RETE I — > R 5 A %, FE R
T s RO AL Wi =D il NA Ly Nl s N o
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g L AR
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Figure 5 Concentration-time profiles of MTO in rat plasma after iv ad-

ministration of various preparations (x +s,n=6)

Table 2 Main pharmacokinetic parameters of MTO in rats after iv administration of various preparations (x +s,n=6)

Parameter MTO-INJ MTO-NLCs FOL-MTO-NLCs ALN-MTO-NLCs ALN-FOL-MTO-NLCs
AUC/(mg-h/mL) 1.18 £0. 15 14.71 £0. 64 * 22.03 +1. 11" 54.55+5.19** 74.46 £3.95" "
ewa 0.11 £0.02 0.71 £0.07 * 1.09 £0.07 * 1.54 0. 17" 1.68 +0.16 " *
t1p/h 1.53 +£0.20 9.04 1. 12" 13.13+1. 15" 14.41 1. 15" 14.53 +1.22"
CL/(mL/h, x107%) 33.85 £1.67 2.72£0. 11" 1.81+£0.09 " 0.65+0.05" " 0.54 +0.03" "
MRT/h 1.66 +0.18 3.83+0.25° 5.96 +0.62 " 9.79 £0.51* 10.77 £1.07 "7
Ve(L/kg, x1072) 17.22 £2. 16 3.54£0.51°" 3.47 +0.18" 2.310.13"* 2.19+0.10" "

* P <0.05 v»s MTO-INJ group; * * P <0. 05 vs MTO-INJ, MTO-NLCs and FOL-MTO-NLCs group

3.5 By HATR

¥ likiE 4 )5 MTO-INJ .FOL-MTO-NLCs F1 ALN-
FOL-MTO-NLCs 7/ AR N 4 250 A i 0 an &1 6
fi . ST MTO-INJ il FOL-MTO-NLCs 24 h J&5, &
HZ vk B4R R REE 1. 87 F12. 46 pg/g. FHILZ
T, 74} ALN-FOL-MTO-NLCs J5 , 5 PN 25 %) v i s
HIBITE2 h FAEB L EENIL, Hi T ALN

FEPTXTE P HA W2 B, 48 KA 75 B R8I P 1) i
BRI, 24 h 25 Y AT 4ERR7E 8. 95 pe/g.
ALN-FOL-MTO-NLCs “F 2 41 AUC 43 Ji| 24 FOL-
MTO-NLCs 1 MTO-INJ ) 3.7 #1 5.0 %, & &
PEG LA K BURTE N ARG T 50 nm B9 40 K 2K
fRnl IS st A BRI (H Rt 5 thHE
RUEAT RAFs b (0 B RO A, AR SE IR 3R
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Figure 6 Biodistribution profiles of MTO-INJ, FOL-MTO-NLCs and ALN-FOL-MTO-NLCs after iv administration (x +s,n=3)
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A Sy B ik AL 3 T, R T 0 3 S e D
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