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Preparation and characterization of APGA modified artemether liposomes
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Abstract: Objective To optimize the formulation ratio and preparation process of the APGA modified artemether liposomes, and
evaluate its physical and chemical properties. Methods The encapsulation efficiency of artemether was evaluated as index, and the
preparation method of APGA modified artemether liposomes was optimized. The preparation process of APGA modified artemether
liposomes was optimized by orthogonal experiments. Laser particle analyzer and transmission electron microscopy were used to
evaluate the particle size, Zeta potential, and appearance of liposomes, and dialysis method was used to study the release of
liposomes in vitro. Results The best prescription was as follow: EPC-Chol-TPGS at 95 . 0.5 : 3, 5% APGA-PEG-DSPE, the
artemether-lipid ratio at 1 : 20, film-forming temperature 30 ‘C, probe ultrasound time 8 min. The resulting liposomes exhibited a
pale blue opalescent appearance. The average particle size, polydispersity index, and zeta potential of artemether liposomes was
(99.97 £ 1.67) nm, 0.185 £+ 0.021, and (—0.023 + 0.080) mV, respectively. Transmission electron micrograph image showed that
artemether liposomes were spherical vesicles with uniform sizes. The encapsulation efficiency of artemether in liposomes was (90.06 +
1.15)%. In vitro cumulative release rate of artemether from the liposomes in the simulated body fluids was (57.07 + 6.09)% after 48
h. Conclusion The optimized APGA modified artemether liposomes was successfully developed. It had the following characters:
round shape, uniform particle size, high drug encapsulation efficiency and good sustained-release effect.
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T TR RE U S R Al
1 XEEHR
1.1 MR

RHUPBERE (EPC), LS EMFIERIES
FRA ], 65 1601165 JH[EEE(Chol, #£5 108D102)
R BEEER G-50( Sephadex G-50, fIt5 727A0610).
B4 (S 20161026), bR ZEFERHLA R
ANFE; BOTEE 1000 454 % E BRI (TPGS),
SRR AR A A RS- L -
AR TRE I I I S SL Y (APGA-PEG-DSPE,
HlD; & BT (S 11529015, g E>
98%). EHIEE (fIt'S G1430027, FiE4r% 98%),
BT T AR R A O, Bkl 2R
TG A F] s IEATRE, B AR TR E A 12 000~
14 000, dbRlEFEAF; Fibah. S, BERE
TN, BERR A, rbral, B2
HARAF.
1.2 {48

T TR —kER TR, LR HEA R
NFE] s TY92-TIN 75 Y 4 Mok i AL SB-5200 i
WL, T Z AR AR A St-2000 Jei 7% K
3, FEFTVRAMALES; Zetasizer Nano-90 %
FEEEA, JEE BRSNS AR AF]; ZXY-48 BUfH
BRRIK, WHHEEHIARAR; Waters 2695
ESORFH B, 2998 PDA Kol g%, 2 ERER
A+ Tecnai G2 20ST A% i B 7 R sE (TEMD,
% [# FEI A # .

2 FHEEHR

2.1 HPLC EEMEFE

2.1.1  BIEHD) @ik Agela Innoval Cig A
(250 mm X 4.6 mm, 5 um); JBIAN ZME-/K (62 :
38); AR 0.8 mL/min; I K 216 nm;
I 25 C; FFEEN 20 uL.

2.1.2 SRR AE U v PR T o s 4t VA )
TR AT S 1 A T LT, R BRI
YR &L 88 1 3.5 1 3 1 3 ] EPC. Chol. TPGS.
APGA-PEG-DSPE A1 ik (HEAL-7E FHE 20 1)

&, T 100 mL A AU, N =S B AR

40 CKI KA T e THEE, N 4 mL B2 #h
ZZ VAW (137 mmol/L NaCl, 2.7 mmol/L KCI, 8
mmol/L Na,HPO4, 2 mmol/L KH>PO4, PBS, pH 7.4)
KA, JBrEKB A 1 min, REKRILAA
BT RLIE AA JE LR 75 10 min GEE S TAE R[]
N 10s, [EETESY 10s), {RIIEE N 20 C, I
Y200 W, SR 5 R R R IS IR DA JE R 1
JRIEE ALY 400, 200 nm B RBREEIE & 3 R, i
P A B FL O ) -7 I 2 SRR 51 1) 35 FE TRk AT
AR KB FAARFE S 0.1 mL, B110.9 mL &
SRR, I 0.45 um FFLIERE, JEI, HUSRpE
W, BPASE 25 IR BRI A

2.1.3 FARRARMRKSER  BRAmgmsL, H
by B A 2% A ) S S M A 12 A 2 Y T T o A 3K T ¥
T £

2.1.4 SPGB RS RREGE R T R
WG B, IR BNAH R IR R EIKEE N 1.96.

3.92. 7.84. 15.69. 31.38. 62.75. 125.50. 251.00-.
502.00 pg/mL RFIX ISR, 1T 0.45 pm HALEE
L, pER, HeRuEM, HPfS.

2.1.5 RGEENMEFE  REEIOS I REER. =
1 B IO AR A A AR S 2 R M MA A 1 s P T 1 I A
BER ST 20 uL, %08 “2.1.17 IR ik 41k
FESY MY, OB A 1. 45 FR 02 08 R A
FR ik 0 7 T4

2.1.6 ZMERRFEH FEEWIN “2.1.47 BT R5
o B AR P 7 PR R VAR 20 L, RHR 20117
TR i sk fF, AR (O E, Pl 4 EXE
Ik o B VR FE AT e PR R, B EIATTREN 4=
1011.1 C+556.24, r=0.999 9, 5501 P REE
1.96~502.00 pg/mL £ 1455 & B 4F

2.1.7 KEHREEARE  REERI “2.1.47 TF 0 R
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Fig. 1 HPLC of artemether reference substance (A), blank
liposome (B), and APGA modified artemether liposomes (C)

R (125.5 pg/mL) 20 pL, %0 “2.1.17 Ti Nt
WA, SRR 6 IR, 453 IR AR RSD
N 0.45%.
2.1.8 etk HU “2.1.27 TR & LS A1
EHER AR, DL 4 SR OIEBER, iR s), o
0.45 pum FFLIERE, HUEEIEM, 70T 04 1. 24 4.
6. 8h iz “2.1.17 Wi il acfFle, 4558 EH
Tk THI AR B RSD N 0.58%.
2.1.9 FEEMERK B “2.1.27 TR RIEMES
(e AR TR 6 1, DL 4 52 CHSBR, IRiEiR
5], 1 0.45 pm TALUENE, HEUEREM, 1R “2.1.17
TR G %A E - 45 58 H KR o Bk L 4 A
85.72. 85.03. 86.49. 86.34. 85.47. 86.00 pg/mL,
FHIF R E N 85.84 ng/mL, RSD A 0.64%
2.1.10  AFEREERREE BUC2.1.37 R E R
6, B 100 puL, A4 73 5 DN G FE KT I
EW (502.0 pg/mL) 100 pL, WAlEiRs], UL 4 &
CRERIR, WREiRE), i 0.45 pm FAFLIEME, Hus:
JEV, IR 2007 TR Ak T E 2 E,
S5 BLIIRERIRCR 43508 98.35% 100.62%- 98.90%-
101.34%-+ 99.31%- 99.11%, “FIJEICE A 99.60%,
RSD /N 1.14%.
22 BERASHENNESE

196 FH 1 RN S AV AT T o A S5 Ui S 25 1)
o108, BAR T NFRELZ S g (AT BB R G-50,
FZE KGRI, SNBSS (30 ecm X 1.5
cm) W, B 20 cm, HEHASIE, FRHEFE AR E DA
J&, F pH 7.4 PBS “Ffi it k3B ICE 2R
& 1 mL At 3EH A, BL pH 7.4 PBS 1E ¥l
0.5 mL/min [P 7RF 00 & 38 AN 23 B 25 254 5 6 i
i, SZFTRBBON 1. el L 2.

a
10 20 30 40 50 60 70

B
2 FEIREIHHSHEERE (a) MFESHE (b)
il
Fig. 2 Sepadex G50 PBS elution curve of APGA modified

artemether liposomes (a) and free artemether (b)

53 AR 0.1 mL Peflii, £/ 0.9 mL LG
JIEE, i F R LI e 30 s YRAT, AR5 1 e
LML 12 000 r/min 250 10 min {254 5 8 AR 2 55 .
B0 55 5 0 S W F HPLC v 5 45 5 8 R R 1)
JREREE, WCERNRIARES 7, [T B A
AT O ENE, MK A A2 =W/ (Wt W)
(W RN BBEIERRAR NI & &, WoRmAH,
M EAYE), TUAHEEE,

2.3 [EMRIEIHAE RELRE FRAHI & LT ZiHE
2.3.1  JlEJi A 2% 7 v I

(1) EEHE: DA EL 88 135:3 13
¥5 25 FREL EPC. Chol. TPGS. APGA-PEG-DSPE
W, P10 20 MZGARE DN E FRE, LRI TR
Pidsid, JEBETE ORI, e 2R KA
T 40 C/K¥, 50 r/min £51F Nk E 28 2 & VAT
fHRE FEBE L EE LT I 21 R R . NN 4 mL
pH 7.4 ) PBS & WUKAL, KA 1 min, #R3k
AR 10 min GBS TAEREIY 10's, [AJEKIS [A] 9 10
$), PRIFIRIEA 20 °C, ThEA 200 W, RJEHE
JEREFLAEA 400, 200 nm I RBRERIE S 3 K, Hl15
A R 0 L - 175 B S MG A2 1 1) 85 Y T T i
&, BEFRRN (73.39+0.94) %.

(2) P NIEUS: RS2 HREGE H % EPC.
Chol. TPGS. APGA-PEG-DSPE ( LL 45| [7] 74 543
%), FLENETTK CBEH, FERFERI R TR
TERIE VAR FE R 5 200 S T 28 0 3 N BRI 1)
PBS ', RHEFEZAKIITTRE O )G, iR
BIEARSLEA 10 min (Th%E 200 W, #iHE 10s, 1%
1k 10s, fEIREA)D, RVEE @ RARE, H143
RIEAFOEMAR MR, B3%FN (5034+0.61) %.

R FIRSEIG 5 R, T CEEE N TEH % IR e
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2.3.2  EHEER AL T & T 2L

(1) BRI T K T2 LARFAARR F
B N5 EPC-Chol-TPGS A EIF I E L (A
#UIH] 4> ¥ APGA-PEG-DSPE &% (B). Jigh% i
BE (O, Zifigte (D). Hk@Ara (BE) N
%, DEER RN, BiF S &R 3 KFIERCRE:

=1

HHE, FREKFRE 1, EZRIEEER Ty
PR 1. 2. BT ZE s R SR, AL B, C.
D. E 5 MH&EF, Al D xR A BENY
W, HWRF A A>D; B. C. E 3 MAREME
FREMM RN, A GER S TN
E>B>C. EX BT AHEXRESNAERN
A3B;C1DsEy, Bl EPC-Chol-TPGS #5i [ & E N 95
0.5:3, #4>F APGA-PEG-DSPE BifiZ N 5%,

Lis(3%) EXREKITSEER

Table 1 Lis(3°) orthogonal experimental design and results

{Eras A B/% c/c D E/min /%
1 88 :3.5:3(1) 1(1) 30 (1) 1:15(1) 5(1) 61.63
2 88 :3.5:3(1) 3(2) 40 (2) 1:18(2) 8 (2) 62.54
3 88 :3.5:3(1) 503) 50 (3) 1:20(3) 10 (3) 73.39
4 90:15:3(2) 1(1) 30 (1) 1:18(2) 8 (2) 77.48
5 90:15:3(2) 3(2) 40 (2) 1:20(3) 10 (3) 82.16
6 90 :1.5:3(2) 503) 50 (3) 1:15(1) 5(1) 71.25
7 91:05:3(3) 1(1) 40 (2) 1:15(1) 10 (3) 74.15
8 91:05:3(3) 3(2) 50 (3) 1:18(2) 5(1) 79.27
9 91:05:3(3) 5(3) 30 (1) 1:20(3) 8 (2) 89.96
10 88:3.5:3(1) 1(1) 50 (3) 1:20(3) 8 (2) 79.62
11 88:3.5:3(1) 3(Q2) 30 (1) 1:15(1) 10 (3) 69.13
12 88:3.5:3(1) 503) 40 (2) 1:18(2) 5(1) 71.82
13 90 :1.5:3(2) 1(1) 40 (2) 1:20(3) 5(1) 83.15
14 90 :1.5:3(2) 3(2) 50 (3) 1:15(1) 8(2) 71.79
15 90 :1.5:3(2) 503) 30 (1) 1:18(2) 10 (3) 72.52
16 91:05:3(3) 1(1) 50 (3) 1:18(2) 10 (3) 79.36
17 91:05:3(3) 3(2) 30 (1) 1:20(3) 5(1) 88.54
18 91:05:3(3) 503) 40 (2) 1:15(1) 8(2) 81.33
Ki 418.13 455.39 459.26 429.28 455.66
K> 458.35 453.43 455.15 442.99 462.72
K 492,61 460.27 454.68 496.82 450.71
R 74.48 6.84 4.58 67.54 12.01
w2 EXHRWAENH Jigs BB 30 °C, Z4flREE Y 1 1 20, KA
Table 2 Variance analysis of orthogonal test [d] 8 min. BELWAMTLEER, iz R oLk BN
BRKE WmETR AdmE FE BER FARAE EEI Y A>D>E>B>C, AHEtLk
A 463.26 2 21893  P<0.01 77N AsBsCiD3Ea, 5 IEZE 73 i fLadk th i) S5 A — 3L
B 4.14 2 1.96 NIEZRZ R AR 9.
C 2.12 2 1.00 (2) JEPRRERUE: 288 FIRTRE ) A T7
D 424.85 2 200.78  P<0.01 K T2 % 3 IR BUARFE M, JRukabJ7 iAo M.
E 12.14 2 5.74 ZirE 3 HEFBMAHE RSN 91.23%.

Foos(2,2)=19.00

90.03%- 88.93%, “FHJEHF N (90.06+1.15) %,
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RSD M 1.28%.
24 FEIBEWE ISP RABUMERYS

R
241 R K Zeta HAL  AFH S /R Zetasizer

Nano-90 WO LG & Jg BUAAR FIRLAR . A L
TR KA E N 633 nm, NS5 BURHE A e
N 90°, MEIRE R E N 25 C. BUE BN A
YRR G AT E , DA S I M A 2 1 1) v FY
g AR IRRLAE 20 38 98.23. 101.56 100.12 nm,
SEEIRIAE N (99.97+1.67) nm, RSD N 1.67%; £
B (PDD 205105 0.205. 0.187. 0.163, P
PDI 24 0.18540.021; Zeta H{7A—0.113. 0.039.
0.005 mV, P Zeta AL (—0.023+0.080) mV.
242 JEAY KM TEM 3D HE 5 kg i
RIS o A FH 25 8 7 7KAE 9 23 B0 o 4 R i o 44
F 0.2 pum TALIE MR 5 5 Rl A e ) [ V2 T
R T E, 1 min JFEUH, FME4RT)5,
FEAFIRA R LA 0 A O TLE 1% T T R 4l
AR E, 1 min JEEUH, FIEART. SEBE
R, [ TEM £E 120 kV R T0gt, miE 3
AL IR TR AR R 5

1 o 100 1000 10000
FifE/mm

E 3 SEIRLEIHNERRERKONESS A) &FE
SEUE (B)
Fig. 3 Size distribution (A) and TEM images (B) of APGA

modified artemether liposomes (scale bar, 200 nm)

2.4.3 RAMERC  FE SRR IE TR AT BB
TN, 22 Fi M RA B 115 1 5 P Ik Ml o A ST 5 Ly
EEMBBA T (& 10%6 4 135 1) PBS 2234380
AT AR AR RS2y . B 1 mL B4R, N 1 mL

B BRI G TINENTIR N, Piim LR o ¥ &b
ET 20.0 mL BB, £ 37 "C. 100 r/min
4 FERIR LIRS . 2% F 0. 025, 0.5, 1.
2. 4. 6. 8. 12, 24, 48 h, HUH 0.2 mL BHAJ,
AR UHURE S S BRI S5 A AR 138 S 88 TS I
LOTERE, B R, 1% “2.1.17 TR @ik sk
FEOTHT, W R A, IR A S e AR
WAE A 1D v HE Tk IR R R o BRARRR TS, 5 SR AL
K 4,

BRBNCE =5 § ] SRR b 254 i B/ 5 B
FEURE ) i 3 7 i B AV h 25 )

801

(=)
(=]
1

RPBETH A%
IS
(=)

204

00 005 1 3 4 ¢ 8 D 24 4
t'h

El4 SEMEIEIHAE RELRE AR b BRI

BE (X xs,n=3)

Fig. 4 In vitro release rates of artemether from liposomes in
simulated body fluids (X *s, n =3)

GERRE, MG A R R,
WM 2h N, BERERN (21.9542.29) %, 24h
BRRICEN (51.97+3.25) %, 48 h BRVBER
N (57.07£6.09) %.

3 e

PDI Rk R/NEISIFERE, PDI BR/INURE
THEIE], MRFARMRAS 2 . AHIE T & 17 B e
Jii A PDI 58/ HTEAS [, BRI Fig o A e s P A X
B AWFUH & PI R R AARLAE 99.97 nm, F|H]
EPR A58 4 S 58 7] 43 foga s A S A3 Aty [RIB HA
GRS Ry T B, RS IRZ RN TS
B SRR R ORFR . FTIE IR TR B R TPGS
BAKIEHERFINT ABC #35 %E A B ZH1E
FHR02U, 50 Jig SR e 16 PR 7 8 24 0O 1 25 58
IR ESRIE SR

v K 7> T 45 M 3RS 1, SRR B
W, oo R B E R IR RIS 4oy
FEHREVE, AH TSGR R R, T8
PEELZE o AR SIZEG ) FH v PP TR EL A A i B AT PR AR 12
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FE ] SRR 73 2 T B Ak 5530 1 2 P )i A
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PR P R R B R A, R A AR A5 25
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BIG I I AL Ab T 5 T M & Rlg ik, AR
Bramr AR MR, BUYSIRORE A, Ui
A5 A2 A 775 R P TR WS 1 6 T P T i £ ]
GAT o

AT 10% i 4 L7 (1 PBS G2 A E BB IR
Fe N TR AE YA N BB, SE N2 S AR
B MR AR 22 F DA S S AE LB PR v AR
e RR UM I REI 2 h BAURE R 4 R iR
AR B RBE NN, 48 h BB IR L RR A K
FEMB B AR S, HAEMEAEAR I (R 35 SRR T 2
Yy, AT LA S Ak s FRRAR bR S A AR SR . 1A
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