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Preparation and stability evaluation of artemether-loaded mixed
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Abstract: In this study, artemether (ARM)-loaded mixed micelles (MM) composed of the sodium glycocholate
(SGC) and soybean lecithin (SL) were prepared by film dispersion method. The effects of hydration medium, SL mass
ratio and total concentration of excipients on the solubilization of ARM were investigated and the stability of MM
was evaluated. Results showed that the particle size distribution of SGC-SL-MM prepared by phosphate buffer
solution (PBS, pH 7.4, 0.05 mol-L") was uniform, with an average size of 3.58 + 0.14 nm and the polydispersity
index (PDI) value was 0.16 £ 0.04. The solubility of ARM increased significantly from 0.64 + 0.04 mg-mL" to
13.7 £ 0.13 mg-mL" along with the concentration of total excipient increasing from 1.0% to 30.0% (w/w). The
calculated results of Arrhenius parameter and storage stability showed that the degradation rate constant of ARM in
MM was smaller than that in acetonitrile-PBS (pH 7.4) at either 37 °C or 60 °C. The experimental ARM-MM was
clear after storing for two months at 25 °C and the degradation of ARM was less than 7.0%. In conclusion, the
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SGC-SL-MM can not only improve the solubility of ARM in aqueous solution, but also improve its chemical

stability in aqueous solution at low temperature.

Key words: artemether; sodium glycocholate; soybean lecithin; mixed micelle; solubility; stability
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B i (artemether, ARM) J& 2141 A 4 JE J5t 5%
K, HYUEMR R EEHZM 10~20 5. 50AH
RN S BEER A L, ARM 7E 4L B I W se i b B
B ) AR RS, AR R R v TR T = H
ARM V5 fift BEAR, 7RI IR L 1¥125 245 7% 5K 3= 2 DL B4 1 571
AR BE T R 2, A 5 4 245 1 70 8 DAL PRI 32 55 1) ek 9
M (Larither®) 4y 3. JES VAR 2 R T 2 A
TKF S5 R A B BRIV 77, AN REF I 5, AR AE T 9K
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4.6 J2 8 hHUAE, BT 0 °CUk/K i H £ 1k e )7, HPLC il
5E AN A ()R i B ARMUR B

RARKRYWEBREMMR ik AR WKE
(CMC) LA F (1 BNV Bl A, 2 1 3 4 791 DA 38 Y6 0 iR o
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(7% AT AFAE2, T SGC-SL-MM i lfs 7 i 3R
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AUARM 8 . ARAE O SCHRUS2HRIE, AN [ 1) E 6
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Figure 1 Transmittance of mixed micelles (MM) prepared with

different soybean lecithin (SL) mass ratio
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Figure 2 The particle size distribution of ARM-loaded MM
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ARM 7E SGC-SL-MM H [ fift 1% 5% SL FH 2 1 5%
M. 24 SGC Al SL &K & 4 10.0%, SL/(SGC+SL) ()i
F 518 0.0.2.0.4.0.5 F10.6, pH 7.4 PBS A4 B/
JF I, ARM 7E MM H R f# P 5 SL/(SGC+SL) i & b
SIEMSE (E3). HE 1TATHL 2 AR R SGC Al SL A&
W B M 10.0%, SL/SGC+SL) Jii & H i1 0.6 28 % 0.7 B,
VRN R 2 R, LU B A vy, 1 A5 AR
15 31 7735 W IO i AR, SL/A(SGCHSL) i & kL 0.6 &
BRI AR . N 7 38 % ARM [N 52 Wi Ji o ) 465 44
HERWIVETE L, #£ ARM-SGC-SL-MM 1] J5 20 7T
H, B SLA(SGCHSL) i Lol 0.5 HE4T 5 %2, RERE 4L
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Figure 3 Effect of SL mass ratio on ARM solubility in different
MM at 25 °C [total concentration of 10.0 % (w/w) in PBS, pH 7.4,
0.05mol'L'].n=3,x+s

Table 1 Effects of dispersion media on artemether (ARM) solubility in mixed micelles (MM) and size distribution of MM (total concentra-

tion was 10.0%, w/w) at 25 °C. PDI: Polydispersity index; PBS: Phosphate buffer solution; DL: Drug loading. n =3, x £ s

Dispersion medium C/mg-mL"! DL/% Z-Average/nm PDI Zeta potential/mV
Water 3.94+0.14 3.79+0.13 3.03+0.17 0.33+0.07 —-47.6
PBS pHS5.8 3.54+0.23 342+0.21 3.14+0.21 0.22 +£0.04 -37.9
pH 6.8 3.88+0.20 3.73+0.18 331+0.16 0.23+0.05 -29.7
pH 7.4 3.95+0.22 3.80 +0.20 3.58+0.14 0.16 +0.04 -31.8
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24 SL i & Lb o 0.5, i RE SR B 1.0% 35 Jn 2
30.0% (w/w) I, ARM 7£ SGC-SL-MM 1A % H {1 15 i 1
Bl SGC Al SL e % 52 [ 488 o S22 4388 0 £ 0.64 mg-mL!
B HANF] 13.7 mg-mL, ARM 7E 7K H R VA il 15 32 v
TS5~114 15 (F4). BB, 765k K E KT
3.0% I, B % SGC Al SL UK FE 114 i, ARM £ MM
HH I 2K 24 B A 6HE E (2 3.8%), H AR T ARM/HP-B-
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Figure 4 Solubility and DL of ARM in different total concentra-
tions of SGC and SL at 25 °C (PBS, pH 7.4, 0.05 mol-L") . n = 3,

xts
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FhiBE 100 fi5 5, & A 1 PDIE N 1.00, H A &
S3HCE; HH 0.9% S ALENE AN PBS (pH 7.4) i % A
F 5805, FHkiE & PDIME LR & %5 (%2). Hit
AT, A BGTF 0 2 T AN AR FRL RS, MM TE SIS &4k
FNAN PBS FELAR SIS MR IR T AR OE, T 0.9% FALENE
WA PBS (pH 7.4) 5 A ARA H IR S A AL, i B MM 7£
AT B AR R R E .
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VAL T IR I N % s 2 R, BB A% 3G N 25 P 11 Fa
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46 5B IR B 9 900 pug-mL I, ARM 7E & 4 AL 5 1 %
(1) pH 7.4 ¥ WP 3 B 2008 4.8 W), A Fi 45 L 5%
BH, 7£ 37 °CHAF T, W46 i E K FE R 500 pg-mL (1 &
i5-PBS (pH 7.4) (1:7, v/v) ¥, ARM [ 5 KT
8 h; [ FETH LT, ARM-SGC-SL-MM £ i 7 F% 8 1
W ARM XL PBS (pH 7.4) HEEFa5E . 1H 60 °C
FAF T, ARMTE MM H R85 0E 1R B 2 R B, 259 B A
W (B S). FH ARG RNIEF TS ARM 18
SGC-SL-MM ¥ i H (1 B g 5 71 5 0K, 45 IS 1Y
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SO TR RE 2 IR, T AEAES X — SR A B R A% A
N, VR 2 R AR OB, T OB () 6 5 90 i BT Ak
R IE IR 2 A <. IR, 7] LR AR Arrhenius 75 2
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Ak S Aa e v, 8 L Se a4 BT IR AL
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Figure 5 Stability of ARM in acetonitrile-PBS (pH 7.4) at
500 pg'mL"' and ARM in MM hydrated by PBS (pH 7.4) with the

same concentration at 37 °C and 60 °C. n =3, x + s

20

43 ARMAEARRERERRERZRPHUFRENE &
37 °CHI60 °C&AT T, HFEHRAZFMFEN MM H1 ARM
f R s M, 45 2R B 37 °CIF ARM 7 MM H i F2 5 1k
JIii 57 A PBS (pH 7.4) > PBS (pH 5.8) ~ PBS (pH 6.8) >
K (Bl 6A), M{E 60 °CH %A W& 2 7 (B 6B). S5itk[A
i, BL PBS (pH 7.4) 1E N4 B0/ KAk, 25 24N A BS Fll
PC il % ) MM & 2 H ARM [ R 5E 1, 45 &1 37 °C
I AN [6] MM 1 ARM ) [ A 0 B W 22 5= (] 60), T 7E

Table 2  Stability of ARM-SGC-SL-MM diluted by 0.9% sodium chloride solution, 5% glucose solution or PBS (pH 7.4, 0.05 mol-L™).
#10: Diluted for 10 fold; *50: Diluted for 50 fold; *100: Diluted for 100 fold. n =3, x + s

Dilute solution Z-Average/nm PDI
*10 *50 *100 *10 *50 *100
5% Glucose solution 8.16 £0.15 98.4+0.43 763.1+22.13 0.22+0.03 0.25+0.03 1.00 + 0.05
0.9% Sodium chloride solution 43.6£0.32 34.6+0.03 34.3+0.03 0.12+0.01 0.16 +0.02 0.17 +£0.02
PBS (pH 7.4, 0.05 mol-L™") 24.35+0.34 25.46+1.12 30.3£0.57 0.17 £0.02 0.18 +0.02 0.16 £0.03
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Figure 6 Stabilities of ARM in SGC-SL-MM hydrated by different dispersion media and BS-PC-MM systems prepared from different bile
salts (sodium deoxycholate, SDC; sodium cholate, SC) and lecithin (egg lecithin, EL) at 37 °C (A, C) and 60 °C (B, D). n=3,x £

60 °CH, & T SDC-SL-MM H' ARM P& fift i 55 b, Ho4x
T EZES (F6D).

2 BT, R 44 T, ARM 7E MM H i Fa e 1
Bt HAE=EE%M N %% SL/(SGC+SL) i & kit it
FE P R B, ARM 7E 1 SGC B — 2% [l 1 77 4L A ) e TR
W AFTL2 A H G & BB A8 4k 11 76 SL/A(SGC+
SL) Jii & Lk K+ 0.2 1) MM U JL-F BB AR 4k . iX
Al REAE BT SL A IE FLAaf FRIAZTE, (2 M8 IH 2R 75 S A R 8L
Tob I A O A B R e R AR, 1T ARM 5 SL B
UF ISR Jg, # B 22 4E MM A [ B /K X ek, BB T
ARM 5 AR B
4.4 Arrhenius 2H R EFEREMITE  Arrhenius J7
FEA— R A sl 15 T S R I (3R 3), LR 37 °C
A& 60 °C, MM H ARM (1) B4 fifi i 56 3 035 b HAE 2
JIG-PBS (pH 7.4) ¥ B/, SIGIEE, 737 °C& T,
¥ PBS (pH 7.4) il 4% () MM i Bt & 5 ARM 1) 2 )i -
PBS (pH 7.4) AT E (29500 pgrmL) B, ARM [

AR R BB T /N . BRI, MM AT i) K 3% ARM
Fase v, i A Uit 578 25 °C44F F, ARM-SGC-SL-
MM 14 % 7E PBS (pH 7.4) Hkee Medsc £, A )R 5 5 ik
JIg 1 % ¥ MM A & 1) i A7 A2 € PEIRDT 4. SDC-SL-
MM > SGC-SL-MM > SGC-EL-MM > SC-SL-MM.

4.5 ARM7ESGC-SL-MM FiifiEEiaEM KA PBS
(pH 7.4) #| % ] ARM-SGC-SL-MM, 25 °C % J5 4 T
it 47 2 A H oA DLV b, R A2 0 2 25 BB B OR, AR o A
AR, i A R Eiiz e . B ARM
P ES 1 R 3.95 £ 0.22 mg-mL #] 2 M H 5
f1)3.74 + 0.14 mg-mL", FEAEZ /N T 7.0%, 45 Rt i
Arrhenius 5 FEHE S AT 19 FAE A7 A2 e M S 4, SRR A] BEAE
T ARM B3 AN 2 B — 1) SN ML 7281, Arrhenius
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Bl A0 AR I R A B K X, 20 70 A) Al 4R s LA R
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Table 3 Arrhenius parameters and shelf stability of ARM in different mixed micellar systems. A: Frequency factor; £,: Activation energy

System LS In A E/KJ-mol’ Ly/day L/ day
37°C 60 °C 4°C 25°C 4°C 25°C
SGC-SL-water 0.006 1 0.0114 4.0 233 13.9 6.8 2.1 1.0
SGC-SL-PBS (pH 5.8) 0.003 0 0.010 6 125 47.1 84.9 20.1 12.9 3.1
SGC-SL-PBS (pH 6.8) 0.003 4 0.0112 11.6 44.5 66.4 17.0 10.1 2.6
SGC-SL-PBS (pH 7.4) 0.002 2 0.0107 16.8 59.0 201.0 33.0 30.6 5.0
PBS (pH 7.4)-500 pg-mL"! 0.028 0 0.074 6 10.6 36.6 5.6 1.8 0.9 0.3
MM-PBS (pH 7.4)-500 pg-mL"! 0.022 6 0.1199 20.4 62.3 22.7 3.4 3.5 0.5
SGC-EL-PBS (pH 7.4) 0.002 6 0.0133 17.7 10.6 36.6 28.8 28.2 4.4
SDC-SL-PBS (pH 7.4) 0.002 0 0.018 5 26.0 83.0 670.0 52.8 101.9 8.0
SC-SL-PBS (pH 7.4) 0.003 9 0.0112 9.7 39.4 45.7 13.7 6.9 2.1
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