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PEGylated Nanostructured Lipid Carriers Loaded with Artemisinin:in vitro
Releasing Characteristics and Uptake by Mononuclear Phagocyte Macrophage
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Abstract : Three long-circulating nanostructured lipid carriers loaded with artemisinin ( ART) were prepared with poly-
ethyleneglycol stearate of different polymerization degree (PEG -SA,n =25,40,55) by the high pressure homogeniza-
tion method. The in vitro drug release, phagocytic uptake by J774 cells and fixed aqueous layer thickness ( FALT) of
nanostructured lipid carriers loaded with ART ( ART-NLC) and three PEGylated nanostructured lipid carriers loaded
with ART (PEG,-ART-NLC,n =25,40,55) were examined and compared. The profiles of ART release from ART-NLC
and PEG -ART-NLC were studied at pH7.4 with or without human plasma by high-performance liquid chromatography
with post-column derivatization and UV detection. The ART release from PEG, -ART-NLC increased as the increasing of
polymerization degree of polyethyleneglycol (PEG). When plasma was added in release media,the ART in vitro releasing
from NLCs was remarkably up-regulated. On the contrary, ART release was reduced as the increasing of polymerization
degree of PEG. The ART in vitro phagocytic uptakes of PEG -ART-NLCs by J774 cells were significantly lower than that
of ART-NLC. ART phagocytic uptake by J774 cells increased as the increasing of polymerization degree of PEG or incu-
bation time. Human plasma can noticeably up-regulate ART phagocytic uptake by J774 cells. The FALTs of ART-NLC
and three PEG,-ART-NLC (n =25,40,55) were 0.31 nm,1.76 nm,1.86 nm and 2. 04 nm,respectively. These results
suggested that the prepared artemisinin PEGylated nanostructured lipid carriers exhibited sustained release and anti-
phagocytic uptake characteristics.
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HATAEYN NLC HA7TR I P98 H 42 15 EK, O
B RIFART S, T PEG 431 A9 26 7K % A Z2 5
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T e 2 b o an (b R 2 R e B T, it
20100609 ) ; H 4% H i iR = Hs (MCT, {82 E 5* R /K ) 5
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WSUD I 188 (F68, 1# [ [ 7 5K ) 5 4l 4k 7K ( Heal
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Table 1

Formulations of ART long-circulating nanostructured
lipid carriers ( PEG,-ART-NLC,n =25,40,55) and
ART nanostructured lipid carrier (ART-NLC)

S PEG, -ART-NLC
I;ﬁgﬁtl(i:r)lt PEG,s  PEG,  PEGs ARTNLE
ART 0.1503  0.1503  0.1503  0.1503
GMS 1.5028  1.5028  1.5028 1.8676
MCT 1.5028  1.5028  1.5028  1.5028
RH40 1.0508  1.0508  1.0508 1.0508
F68 2.0000  2.0000  2.0000  2.0000
PEGn-SA =25  0.3648 - - -
n =40 - 0.3648 - -
n=55 - - 0.3648 -

1.3.2 ART 4ks94-F M 2

KA S % O # L #9 HPLC-4 5 AT A= fk-UV
K7k M ART &, H 8RS T8N E
g R U AE 24 X 203 nm Ab A7 5% 55 ) R Ui T
o SIS 53 F N S S A A, FHE
TE N ALHE L, P20 289 nm A Fe KW IR, T
SN AT BRAEAE , PR AT, AN LA, DR I
FHRE R AT A A A T E

IR TS C o WA A (5 pum,
150 mm x4.6 mm) ;7ishAH : ZJiE-0. 1 mol/L fitifig£h
SR (77:23 ) i i s AH 0. 7 mL/min, £ J5 17
A3 (1 mol/L KOH 90% Z, B ) 0. 2 mL/min;
FEIR 30 C s M5 RV IRE .70 °C ;i .20 pL; &
WP :289 nm,
1.3.3 MR LR
1.3.3.1 Bl B py ik

SWF5E ART-NLCs {40 B o A, 283050 1%
pH 7. 4 BEEREh 2% v ( PBS) VEREIU I
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o GFL Y8 IR A i, B8 20 L, 4%241.3.27
T HPLC-#E S5 A7 24 A-UV K 7 Bl 5 25k i
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AR WA YR S, W O 774 40
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I 774 AR 1 mL, #4 0.5 mL (PEG, -
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Gouy-Chapmann BB 2R A58 e K02 R EE
(Fixed aqueous layer thichness, FALT) ,2AZC80F .
/G,
0.3
Hr & Ry Zeta AT YL XS E, A W HL K

Debye-Hiickel S0, % T2 C HH MR L

Iné =InA —KL =1InA - L (3)

> FALT/nm,

14 0.0.01.0.05.0.1 mol/L f NaCl i fif i %
¥ ART-NLC ., PEG,;-ART-NLC , PEG,,-ART-NLC
Hl PEGss-ART-NLC #i B¢, 45 Zeta LA, FEA AR
3R L,

2 GRSt

2.1 ARTfK4pEENE
ART 7£ 2 ~20 pg/mL ¥ SO BN R R
I ARiEIhZk h A =63.468x + 9.7071,r =0.9999
ART & 1 I 3 ANk (18 .10 .5 pg/mL) (1
PR 45k 99. 6% 99.4% 99.3% (n=3),
H RS 2 B (RSD)0.32% 1. 17% F1 1.70% (n =

2 ART-NLCs EHERHHGE(n=3)
Table 2 Entrapment rate and drug-loading rate of ART-NLCs (n =3)

v o (IS =R

Ffh .
. Entrapment Drug loading

Sample . .

efficiency (% ) efficiency (% )
ART-NLC 80.5+1.32 0.149 +1.01
PEG,s-ART-NLC 66.7 £1.26 0.141 +1.32
PEG,,-ART-NLC 68.2+1.24 0.145 +1.21
PEGss-ART-NLC 67.3+1.03 0.134 +1.43
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KA, PEG A BE n 43514 25,40 .55 B, PEG,-
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NLC B 75 5 28 15 W0 VR S0 R T il £k, &5 28 L 18] 1
(A) o IS G LA b 45 il 350 i R A R i il 26, &5
FULE 1(B)

&S
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D
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SR

1 BSEEMEIMFEMEL: (A)PEG,-ART-NLC(n =25.40,55) (ART-NLC 15 & R A K% PBS IR #L; (B) PEG, -
ART-NLC(n =25.,40,55) #1 ART-NLC 7ZEAM N A M 3Z#9 PBS R RE R # £k (n =3)

Fig. 1 In vitro release profiles of ART:(A) Release profiles of ART from PEG, -ART-NLC (n =25,40,55),ART-NLC and ART

solution in PBS; (B) Release profiles of ART from PEG -ART-NLC (n =25,40,55) and ART-NLC in PBS with human

plasma (n=3)

&1 o A B AL, B PEG,-SA A FEXE K,
PEG,-ART-NLC(n =025 .40 .55 ) R #M Bk 38 i, 48
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() PBS r RS P {H Bifi PEG,-SA R & B4 K,
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SR FH AT 5 10 2% 355 A7 WO R 7 7598 ART-NLCs
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KMiHG hm, Ho K AT e & NLC R Y PEGn-SA 5
GREERR, SR KR, 3259 5 NLC BRI )
PHRUZRERI IR, 5 TR, 3Ky A8
% ART-NLC .PEG,-ART-NLC (n =25 40 .55) U ffi i
SRR SR 3 JAT A b e, R S AL AT 82 Tl
Hrh Z i H U R T NLC R0, & AEAH B
YERT, 50 1 B I i A e Ve, S B Wi aE A BT
S 5 2 b HA R 53 n i TT BB i 25 ) L NLC
I REHGEE . {0 PEG,-ART-NLC 5 1fil 3¢ 1R A RE ik
JEBEAR Y J5 R AT 2 PEG, -SA ffi i 21 NLC (3R 18 ,
T — 2RI = )27, 5 T 0Kk ] (Y 2R
8 IFBHIE AR AW 5 2 KM EAEH , ff PEG, -

ART-NLC FEEHT fin 3 2, M 25 9 A B 9 e il i
*
2.3 J774 AR SMEELLIG

5 ART-NLC M, 1774 408 % PEG, -ART-NLC
(B8 B B S /N (P < 0..01) , 332 PEG,-SA R4
JE Ry, PEG, -SA & &t — & i}, PEG,-ART-NLC 5
J774 41 37 CHFE 43510.5.1 .2 h J57,J774 4 XT
PEG, -ART-NLC (35 B IRE PEG, -SA B84 BEH
MREAG . o J774 4%} PEG;-ART-NLC )45 it
5 /NF PEG,,-ART-NLC F1 PEG,-ART-NLC ( P
<0.01),

J774 4 ffi %t PEG,-ART-NLC #1 ART-NLC [#){4
S5 SR FH 32 5% 5 HsF () 1% 52 1), 462 B o il 07 75 Bk (1)
MIERC TG K o A0 5IFE 1 h A2 h f5 i a0 e 25 Pk 22
S (P<0.01),

J774 ffIXT ART-NLCs 14512 i 45 B FE H 52 2
F1 IR B B2 M, 55 AN o L2 B, A I 2 5 #5358
W J774 4iffaxt ART-NLCs f¢) 45 B 9 IF @ 3% K (P
<0.01) ,Hrp J774 4%t PEG,,-ART-NLC %45 B
B E W i K F PEG,,-ART-NLC I PEG-ART-NLC
(P<0.01), J774 4ifi5 ART-NLCs 5% & A [R] B[]
J& A5 I TE] AT UL, 55N o A LU, AL S 25
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BAF Tt 1774 4fI%T PEG,-ART-NLC F1 ART-NLC 19
T B R (P <0.01) .

Table 3 In vitro uptake of ART-NLC and PEG,-ART-NLC by J774 at 37 C (n=35)

AR 3, K2,
%3 ART-NLCs 55 J774 4880 37 CHEE 0.5 h BEBIREMILE (n =5)

J774 4%t PEG, -ART-NLC F1 ART-NLC [y#5%

- e HaEmERs HHRY Ry
m Uptake” /0 mL plasma Change Uptake” /0. 5 mL plasma Change"”
Samples

(%) (%) (%) (%)
PEG,5-ART-NLC 17.30 £1.9* 55.91 38.50 £1.9* 52.05
PEG,4,-ART-NLC 15.52+2.1°* 60.45 18.30 £2.2°* 77.21
PEGss-ART-NLC 8.32+2.6" 78.80 16.90 £2.4* 78.95
ART-NLC 39.24 £1.4 0.00 80.30 £1.2 0.00

control 0.00 - 0.00 -

7E : change percentage = ( ART-NLC uptake value — PEG, -ART-NLC uptake value)/ART-NLC uptake value x 100% , 5 ART-NLC Akt * P <0.01,

Note ; Compare with ART-NLC, * P <0.01.
1204
100+
80+
60+

80.5h m 1h m2h

Uptake(%)

B2 37 C J774 45 ART-NLCs 433 E5 0.5.1.2 h
ERIRERE (n =5)
Fig. 2 Uptake of ART-NLCs by J774 after incubation at 37
°C for0.5,1and2 h (n=5)

PRI L 0 240 i 4 S S 2 AR S PR A PEG-NLC
KRS % FOTED

Bl MPS GRS HLHI A 2 S ik
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1774 40Xt PEG,-ART-NLC 5 ART-NLC A94%
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BuAr gk, AT RE 2 PEG,-SA X ART-NLC i#17
&M 5 , PEG K& 1) 22 ) M fff PEG,-ART-NLC 1y
25 [ S5 M 20 J A AR AR T 0774 4 B xfE DA X H 7
A RR S, T 1774 40 i %t PEG,-ART-NLC
PAREOR D — BT, PEG K485 i B i,
FER R G, AT A M F6 UV FH B, A S 56 AT
LI PEG,-SA (n =25 .40 55) B4 BEHE K, 1774 40
Jfgx} PEG, -ART-NLC fy 45 O3 . w4 250 19
AT T AR 45 54, AT A8 5 PEG,-ART-NLC A
A SRR 1Y) 2% 1T 1 72 7K AR 2 RS R 1Y) PEG 4% %% B
TSR )T B0 AR 1 R R 30 B S5 A K R K T Y e A
x,
2.4 EEKUEEENHE

1 0.0.01.0.05.0.1 mol/L [ NaCl Hifif Jii 7
Wi B¢ PEG,5-ART-NLC .PEG,,-ART-NLC # PEG,,-
ART-NLC, 15 Zeta HLA 55 L3 4. MRIPGAK 3

¥ g 1 AT T, L 3, FERVRED Y L.,

ART-NLC, PEG,-ART-NLC, PEG,-ART-NLC flI
PEGs;-ART-NLC 19 [& %€ /KALZ 2B L 4358 0. 31,
1.76 .1.86 F12.04 nm,

&4 ART-NLCs fEAR[E NaCl iREETRY Zeta BB{L
Table 4  Zeta potential of ART-NLCs in different concentrations of NaCl

NaCl ART-NLC PEG,5-ART-NLC PEG4,-ART-NLC PEGss-ART-NLC
(mol/L) (mV) (mV) (mV) (mV)

0 42.8 £1.24 23.4+1.25 25.3+1.27 21.8 £1.54
0.01 -38.6 £1.30 -15.1+£1.34 -13.2+1.25 -13.5+£1.32
0.05 -33.7 £1.01 -6.73 £0.78 -5.86 £1.43 4.38 £1.26
0.1 -30.8 £0.89 -3.77 £0.67 -3.63 £0.98 2.85+1.20
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