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Abstract: The therapeutic application of artemisinin (ART) is restricted in application due to its poor water
solubility and stability. In this study, the long-circulating liposomes (L-Lip) were constructed to improve the
solubility and stability of ART. The preparation method, physicochemical properties, serum stability, in vitro
release profile and cytotoxicity of the ART loaded long-circulating liposomes were investigated. Using the
particle size and entrapment efficiency (EE) as the evaluation index, the preparation procedure was optimized
by the Box-Behnken response surface design based on the single factor screening method. The ART loaded
long-circulating liposomes were prepared by filming rehydration method, and evaluated with particle size and
entrapment efficiency. The optimal formulation was as follows: lipid—cholesterol = 5.22 : 1 (mass ratio),
drug-lipid = 1 : 23.15 (mass ratio), lipid concentration = 14.35 mg-mL ", and molar percentage of mPEG = 2%.
The morphology of L-Lip was uniformly spherical shape according to optimal formulation. The mean size
and polydispersity index (PDI) were about (113.3 +4.7) nm and 0.227 +0.022 respectively, the zeta potential
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was (-12.9+2.6) mV, and the entrapment efficiency (EE) of ART was (95.88+4.8)%. The L-Lip had good
stability at 4 °C for 15 days and the particle sizes did not exhibit significant variations in 50% rat plasma over
24 hat37°C. Thein vitro release study of formulation showed a sustained release. Moreover, the cytotoxicity
exhibited that blank liposomes were of great safety. Compared with the free ART, the liposome formulation

achieved lower cytotoxicity at the high concentration.

The L-Lip successfully prepared by a simple filming-

rehydration method exhibited ideal physicochemical properties and were enhanced safety, which may sever as a

promising nanoplatform for clinical application.
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Figurel Thechemical structure of artemisinin (ART)
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Figure2 Effect of the kinds of lipid (A), massratio of lipid to cholesterol (B), massratio of drug to lipid (C), concentration of lipid (D),

molar percent of mPEG (E) on particle size and entrapment efficiency.
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Figure3 Response surface plot showing effect of mass ratio of lipid to cholesterol and mass ratio of drug to lipid on response entrapment
efficiency (A); response surface plot showing effect of lipid concentration and mass ratio of lipid to cholesterol on response entrapment
efficiency (B); response surface plot showing effect of mass ratio of drug to lipid and lipid concentration on response entrapment

efficiency (C)
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Figure 4 Transmission electron microscope (TEM) image of
artemisinin loaded long-circulating liposomes (A); size distribu-
tion of artemisinin loaded long-circulating liposomes (B); zeta
potentia of artemisinin loaded long-circulating liposomes (C)
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PDI 0.227+0.022 0.194+0.016 0.242+0.024
Zetapotentia/mV ~ -12.9+2.6 -13.6 +£ 3.2 -10.8+ 2.2
Percolation rate/% 0.0+0.0 0.01 + 0.002 23+06

T @Ak . KGR AR TATE 24 h WG R
SERYE, ety (B 5A). XAfeR T K
WG A R AR A SR KR PEG, 78 AR i 4 1) &
THI V2 il — J2 K A BB, mT 4 5 IR Jof 4k 58 THD 1) i /K 1 485
AL r, BEURS I B 43 H00 Fig oAk, /b I o A 5 1
HEE A WA B, 0 AR B A AR e

7 BEEKBITFEREMEIIEHNEER HEE
R T R A T R G A A A A
BRI S R BB, fE 1 h I, SRR
T T 8 2 e AR S 7 3 G A i o Ak 1 3R AR T
B 5N 99.10%. 58.22% 1 37.36%, i B R IK
BRI B KB 240 )5, BEERRELEEHEEK
IR R AR ) RAVRE T 73 5 81.49% Fl1 83.63%,
B E K BB E, ZERGE TP, AT
B RVE DR R, PR R R T
R — & I EREBE

8 BFERKMEMERANMAMEME WK 6A A
TESRIG R FEEE BB P, 2% R o Ak 2 2 1 K A6 34 IR I
PRXE ATL 20 30 ) R I B, 2 AR oMk B ik 3
500 ug-mL™* HEH 48 h &, HRFEERIFY KT
80%, FHA T ME MR E AR 4. BRI 40 25 M
A RE A2 BT 0 A ) 2% 0 2 b ik B 1 2D B P
S8, K 6B JER T ART ¥ % B3 ART FIA
A AR TR KT ATL 40 pg 4l . 3k ART fHm
Jig R AR MG FR G 5 A4 AT 200 i F 400 ) 4 FH oR 3%

RH LIRS V. S5 R AR W, AR BT A4 A% 2 DU R 22 . fEARIREERT, RS ART 45 g4
A 1504 e
§ 1001MH' ;3;
% =
E‘ 504 - Lip _E 40 :Ir:u ART
I === LLip E 20 — I.:-Ilj..ip
0 T T T T 1 5 C - T T T T 1
0 5 10 15 20 25 0 10 20 30 40 50

Time / h

Time / h

Figure 5 The variation in turbidity (represented by transmittance) of ART-loaded liposomes (Lip) and ART-loaded long-circulating

liposomes (L-Lip) in 50% rat plasma over 24 hat 37 'C (A).
n=3, X*s

In vitro release profile of ART in 2% SDS (pH 6.8) solution at 37 'C (B).
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Figure 6 The cytotoxicity study on blank and ART loaded liposomes and free ART.  A: Cytotoxicity of blank liposomes against 4T1
cells at 24 and 48 h, respectively; B: Cytotoxicity of ART loaded liposomes and free ART against 4T1 cells. n=6, X+s. P<0.05,
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