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Optimized technical conditions of immediate released artemisinin
solid dispersion prepared by using dual carriers
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Abstract : This work aimed to study the impact of carriers on artemisinin solubility in solid dispersion and to optimize the
technical conditions. Soybean lecithin with polyvinylpyrrolidone ( PVP K30) or PEG 6000 were used as dual dispersion carri-
ers to prepare artemisinin solid dispersion by solvent method. Better carriers and the optimal preparation parameters were
screened by single factor test,and characterized by infrared absorption spectroscopy (IR) and differential scanning calorime-
try (DSC). The results indicated that a higher drug dissolution from immediate released artemisinin solid dispersion was ob-
tained when prepared using lecithin and PVP K30 than lecithin and PEG 6000 as dual carriers. Total dissolution within 50
min for artemisinin was found to be over 87% which was significantly higher than artemisinin alone and physical mixture with
raw material and carriers. The optimal conditions were as follows : the ratio between soybean lecithin and PVP K30 was 1:7,
stirring time was 30 min, and solvent volume of anhydrous alcohol was 20 mL. IR and DSC methods demonstrated that artemis-
inin in solid dispersion exist in an amorphous state. In this study, therefore , the optimal conditions of immediate release arte-
misinin solid dispersion prepared by using dual carriers is simple and feasible ,which can significantly increase its dissolution

and lay the basis for the improvement of artemisinin clinical efficacy.
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Fig. 1

Ultraviolet scanning spectrum

HAHEZ; B RIS BEER ; C. RGBS ;D I 2 — % 6000, Note:A:ART;B.PVP K30;C:Soya bean lecithin; D :PEG 6000.

3.2 FiEEEE
3.2.1 AR & a9 25

AN BEAR UE S OB FE AR L3 1, An i th & an
K2, [mH75F2 R :A =0.055C +0. 108 5,7 =0.999
6(n=5),45 %30 ART 7£ 2.0 ~ 16.0 pg/mL 3 [l
DAL B3 5 T B 2R M O R LA

x1 ARKREmRERREER
Table 1  The absorption values of different

concentrations of standards

e
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W ERE
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Fig. 2 The standard curve of ART
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il 77 5 I RSD #4/h T 2% , RTTIE R AR
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Table 2 The precision(n =6)

5 ] 2 3 4 5 o Mk
A}fﬁ)ﬁr‘}ﬁ)fce 0.976 2 0.976 0 0.976 3 0.9759 0.976 1 0.975 8 0.02
®R3 BREMEMNELER(n=8)
Table 3 The stability test (n=8)
P 1] WOt AHXS AR O 2
Time(h) Absorbance RSD(% )

0 0.976 4

2 0.978 9

4 0.963 4

6 0.986 6 0.87

8 0.968 5

10 0.963 8

12 0.982 2

24 0.976 6

#4 BEMNELR(1-3)
Table 4  The repeatability test(n =5)

5 pemm et PR e
No. Sample percentage(% ) pm;’mﬁm (%) RSD(% )
8.23 4.00 12. 11 97.00
8.04 4.00 11.95 97.75 97.75 £0.75 0.77
8.08 4.00 12.02 98.50
8.00 8.00 15.85 98.13
8.03 8.00 15.95 99.00 98.58 £0.44 0.44
7.90 8.00 15.79 98.63
8.23 12.00 20.12 99.08
7.93 12.00 19.86 99.42 98.89 £0.65 0.65
7.94 12.00 19.72 98.17

3.2.5 JmEEkE
s Jrow A% bR BE A I WCT 2 A [
W45k 98.33% 98. 11% 98. 12% ,RSD /N F
2% FFEITEFEDR
3.3 aENE
128 6 BORTT 20, %22, 2. 1. 37 Tkl 45 iy ART-
SD 1 ART & & (A% PSRt s 15 94. 97%
+0. 31% , 4% 5 Bb 25 5 i 5 8 B & | ol

10.55% +0.04% ,RSD 4 0.28% .,
3.4 RARUER
3.4.1 REAARA L%

HE 3 FiZ 7 ol LLF H, 76 50 min N, {f K
G ORHEAR A PVP K30 1 R AUER AR i 75 B RN
HRIE TR G I AE RN PEG 6000, 4 K o5
WIS FI PVP K30 N5 A3k,
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Table 5 The recovery test(n =3)
JE A JMAEE S B HIE - IR A b o i 2
Original amount( pg) Added amount( pg) Measured value( pg) Recovery rate( % ) Average recovery( % ) RSD (% )
8.23 4.00 12.11 97.00
8.04 4.00 11.95 97.75 97.75 +0.75 0.77
8.08 4.00 12.02 98.50
8.00 8.00 15.85 98.13
8.03 8.00 15.95 99.00 98.58 +0.44 0.44
7.90 8.00 15.79 98.63
8.23 12.00 20.12 99.08
7.93 12.00 19.86 99.42 98.89 +0.65 0.65
7.94 12.00 19.72 98.17
%6 ART-SD d1 ART S ENELR(n=3)
Table 6 The contents of artemisinin in artemisinin solid dispersion(n =3)
“HIE I;‘(I I:l/\:’ A A B .
e A(‘)Jgﬁt %JflJEfj oSy fﬂJag ‘ T
N Measured value Sample content Average percentage RSD(% )
o (%) in preparation( % ) (%) ¢
1 94.70 10.52
94.97 £0.31
2 94.90 10.54 (10.55 0. 04) 0.28
3 95.30 10.59

3.4.2 A ABAARLE Gk
HI &l 4 FIER 8 AT LI Y, V5 Hh sl S s 1 B2 3
HES, HIERH 30 min 5, B HEBTFRE., Y
KGUIBERE A PVP K30 LR T 12 7HE, AR5
PRI Hh RS R R S AR LU E L. RS
SUHEHE AT PVP K30 Lh ] T 12 78, B S3BlA
T RS W AN T RE R T ERD
FoE ST AR B i PVP K30 FH &% 0 0%
SO, 0E BRI A 2R R K S BB s Al PVP K30
Ll 1:7,

(5]
Time (min)

3 AEMEARZIE ART RFRE H £
Fig. 3 The dissolution curves of ART impacted

by different dual carriers

A KBRS PVP K305 B: K G II#E I 5 PEG 6000,
Note : A : Soybean lecithin and PVP K30 ;B : Soybean lecithin and PEG

6000.

®7T AREMEFIEM ART RRBHESRNELER (n=3)

Table 7 Accumulative release percentage of ART impacted by different dual carriers(n =3)

7% 4 & Dissolution rate( % )

VA R TR o -
Dissolution time( min) KT IR#ENR: PVP K30 KT IR#EAR: PEG 6000
Soybean lecithin: PVP K30 Soybean lecithin: PEG 6000
10 29.88 +0.73 25.91 +1.22
20 69.67 £1.71 52.71 £0.58
30 85.42 +1.35 60.86 +1.42
40 87.21+1.34 62.97 +0.88
50 87.48 +2.28 63.05 +1.21
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Time (min)

B4 AEHMAKLEIRMm ART 7 H 2k
Fig. 4 The dissolution curve of ART

impacted by different ratios of carriers

3.4.3  FEAEEFE Rk

S A1 9 vl LA H, 8 HE I Rl 7E 20 ~ 30
min 22 [A]E B 1P A (] (0 B 335 B A Bl 2 3
e ABBEFERFHIZE 30 ~40 min Z [A]E], 7§ H B SEAC
TeAB A 43T I R AT BB S i HE A [R] /N T 30 min

A, ART #8453 ARLARE A7 AE , 15 8] 30 min 5, ART
Z LATGE BB A0 BT 3R b BGE 5 30 min i
mﬂd‘lﬁjo

f—

BS AEHEHERERN ART 74 H 2%
Fig. 5 The dissolution curve of ART

impacted by different mixing time

*8 AEFHMKLILGIZIE ART ERBFHESRNELER (n=3)

Table 8 Accumulative release percentage of ART impacted by different ratios of carriers(n =3)

it i ik B2
Dissolution time Dissolution rate( % )
(min) 1:5 1:7 1:9
10 25.13 +0.66 29.88 £0.73 39.97 +0.56
20 45.77 0.99 69.67 +1.71 80.04 £1.21
30 54.82 £1.41 85.42 £1.35 95.22 +1.45
40 54.94 £1.75 87.21 +1.34 95..48 +1.62
50 55.02+1.89 87.48 £2.28 95.55 +1.96

RO FREHHEEZNART RRBALHBIENELER (0 =3)

Table 9 Accumulative release percentage of ART impacted by different mixing time(n =3)

%5 i Bt ] Dissolution time

%t £ Dissolution( % )

(min) 20 min 30 min 40 min
10 20.22 +0.86 29.88 +0.73 29.75 £0.97
20 49.79 0. 90 69.67 £1.71 75.04 +1.50
30 62.66 +1.13 85.42 +1.35 85.37 £1.57
40 62.78 +1.99 87.21=1.34 87.34 £1.66
50 62.82+2.12 87.48 +2.28 87.39 +1.93
3.4.4 RAAFHL mg ART,50 mg K 5 IS, 350 mgPVP K30 ( ART:

HIE 6 #1510 ATLLE i, 24 ART Mgk 5873
IR AETR TR R 7E—E FRBE N, 50 R I A 22
ML o BB R WA B e, ik $% 95% &
A 20 mL,

3.4.5 ART-SD mtt& 7
i IR SR, ART-SD R fIi Ak 75 o - FRHL 50

KPR PVP K30 = 1:1:7) % F 20 mL 95%
S BEPE 30 min J5 T RERE 28 A AN 128 A AR
Ja BT HAE A ,50 CHHE24 h BHE S,
id 80 HiJe , #EIFAE 4 COKREIRAT o
3.4.6  mARA T EIE

1P 7 F1Z& 11 7] ART-SD 7 30 min PAPRjH
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B 1]
Time (min)

B 6 AEIAFIAERM ART A H 2k
Fig. 6 The dissolution curve of ART impacted

by different volume of solvents

—8— ART
—g— ART-SD1
—$— ART-SD2
—/— ART-SD3

0 10 20 30 40 50
I [e]

Time (min)

B 7 ARE#LKEIE ART-SD f1 ART ERIABRHEMEZER
Fig. 7 Variation of the dissolution curves between ART-SD

prepared by three batches and ART raw materials

F10 ARBAFAEXLW ART RRBHESRNELER (n=3)

Table 10 Accumulative release percentage of ART impacted by different volume of solvents(n =3)

5 s ] ¥ Dissolution( % )
Dissolution time
(min) 20 mL 30 mL 40 mL
10 29.62 +0.66 29.88 +£0.73 29.73 £0.56
20 69.77 £1.37 69.67 £1.71 69.60 £1.32
30 85.45 +1.54 85.42 £1.35 85.53 £1.04
40 87.35+1.12 87.21 +1.34 87.29 +1.39
50 87.82+1.72 87.48 +2.28 87.69 £2.21

B30 min JEIRBIES V-, i B R BT 87% , B
—HERE O A R R — 35, BRI R R R E B R

4o ART JUELZY 50 min NI HEE/NT 0. 06% , B XX

BRI A5 R ART-SD Rt 4 ART 5B

F 11 FEHRHIE ART-SD #1 ART RHARMBLH B RNUELE R (n=3)

Table 11 Accumulative release percentage of ART-SD prepared by three batches and ART raw materials(n =3)
75 Dissolution rate( % )
¥t I i) o
Dissolution time( min) 51 it 2 =3 HEEE R 2y
Batch number 1 Batch number 2 Batch number 3 Artemisinin raw material

10 29.57 £0.94 29.88 +0.45 29.64 £0.88 0.00 £0.01

20 69.21 £1.24 69.67 £1.93 69.98 +1.24 0.01 +0.08

30 85.13 £1.66 85.42 +£1.35 85.81 £2.56 0.05 £0.06

40 87.24 £1.90 87.21 £1.22 87.65 £2.11 0.06 £0.08

50 87.69 £2.14 87.48 £2.09 87.77 £2.08 0.04 £0.19
3.5 WIHERIE I, PVP K30 75 108 °C Zc A5 A — > W B A Xk Y 1

e NN N S

3.5.1 fkShE R EE Wi, i T B R AKYER G, AR T K i

HIPE 8 AN R4 bl A 375 H T 2 T DLt 75 50
min N, ART J5URL 25 75 35 A B b A3, 48 al
ART-SD J&, W B0 T . MTHE T ART OB
25, W ENR-A ) (PM) b 25 3 1 RS AR AR, i
HA A0 2 2 R B 2 Sy B A
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*12 BEEREGSHE VERSYREMAZNBUHESIERNESER(n=3)
Table 12 Accumulative release percentage of ART-SD,raw materials and PM(n =3)

7% Dissolution( % )

7 s ]
Dissolution time (min) HER I A S WHNRE AW
Artemisinin Solid dispersion Physical mixture

10 0.00 £0.01 29.88 £0.73 0.05+0.12

20 0.01 £0.07 69.67 £1.71 1.49 +0.32

30 0.03 £0.04 85.42 +1.35 3.81 +0.74

40 0.07 £0.08 87.21 +1.34 3.60 £0.41

50 0.05 +0.15 87.48 +2.28 3.45 +1.68
T T KRSy . KBNS TE 1 738 cm™ 75 W i 1
: o (C =0 [gdRE)) . PVP 431 FIK o 5RBIG b 1
e AT BRI AT ART 43 b 3636 1 19 SR IR AL
G, PM RYBRILIEAS 5 PVP 23 T-RIK o BRI — 5
e o ( 1655.1738 cm™ ), M) ART 54 {4 HUR R38R

iwfE
ne  (min)

min

B8 BEZREGSHEK MEBEREY
EEMGRMNBHBEESR
Fig. 8 Variation of cumulative dissolution

curves among ART-SD,PM and raw materials

3.5.3 4obkigk(IR)

A& 10 B UL, ART 761 738 .1 116 724 2 870 ~
30001 450 ~1 380 em™ WL, 4331 C =0, C—
0-C.0-0 .C-H,C-H #Ay 4Rzl ; A 1738 cm’
1) C-O {47 4i sl e ok, W 4y, Al Bl e oA 1
e, PVP K30 7 1 655.2 950 .1 289 em™ 45 % Ui
W, i C =0 MgaiRsh .C-H By 4aiik sl .C-N
AR IR SN , 1 3 446 cm™ T H5R A9 Mg 2 i T3

E

80 B0 100 120 10 160 180
B9 E=TRPAFEE
Fig. 9 DSC spectrum
TE: AR B RZIBR ; C: R LIRS Beli s D M BHR 54 5
E .78 2 EAR A, FIA, Note:A:ART;B:Soybean
lecithin; C; PVP K30;D.PM;E; ART-SD, the same below.
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Fig. 10 IR spectrum
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(AN, AR S5 B S 53Ry TR TR 28 4 R AU R A V5
RIS BA . AR SOk BGE K R 384 b R, ) H
R AP ART MAHUBEAY ART-SD rh e g
FEIL,50 min PSS EE I s T3R5 Y AL ART Ji

B2y A F) T ff e ART 1R 25 25 WK 58 4 Y B
i
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Y, K IR EAE B AT BG4, PVP K30 HA7 1
PR AR A B 1wk ) A 25 45
R 02 AR A P 2 W O T T I
FH PVP K30, 1fif PEG 6000 78 H ok 5 BB 1R & 1
R AR T il %5 ART-SD, {H R [7] &2 & 2 AR XF
ART M\ ART-SD Hrigs th B2 5% i H i 3 A B, 30K
il 25 ART-SD T 245t i R ATk . A SGE
1 ERHERR 4315 PVP K30 \PEG 6000 21 & XL
BARIEXT ART ¥ B2 52, & 300 % ig-PVP K30
TG, T B B He ), 7E DL 3R b AT TR
BRI F) ) 45 HURE R ART-SD T 25 4044k,
ART B0 BRI A B8 o H B It
5 #ig

ARSEEG L ART 35 0 B R PPN 6 4 , i B 3R
1 LB AR NS 52 B M Le g1 L S g Bt (] 5 75
A B SR A £ R ) ART-SD 1) se L Ak T
47:50 mg ART,50 mg K& Bp#E,350 mg PVP K30
(K ELIIBEAE A PVP K30 L] 1:7) , $edetl T 25l
15 AR AR T 259 & 5 10.55% +0. 04% , 7
30 min B} 35 B 1O i, 50 min N 1R
87.21% +2.28% , 5 & T PM 3.45% =1.68% Al
ART 5B 25 0.05% +0.15% . DSC Hl IR 44775 11
ART 5 3% R 2 W] 98 A S0 HL DUHT 0 6 2 ROIRAS A
1 JR SR IR ABFIY ART-SD 2 A5 fEfS 3% ART 1R
IMES 25 F IR A R AR AR R B S BE
TR, I IR T A S PTIE 2 .
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