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Abstract 

Since artemisinin is known to be absorbed very fast from gastrointestinal fluid, while its solubility is very low, the 
formulation of the dosage form may be an important factor that might limit absorption after oral administration. The 
purpose of this investigation was to study the influences of some formulation variables on the time required to achieve 
a fast and complete dissolution of artemisinin. An experimental design that generated a maximum of information for 
a minimum of experimental work was used. The response selected for the factorial design was the time required for 
dissolution of 50% of the content (Ts0), determined with a previous described two phase partition-dissolution method. 
© 1997 Elsevier Science B.V. 
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Artemisinin (ART) and its derivatives have 
gained increasing attention as new promising anti- 
malarial drugs since their low toxicity and high 
efficacy against malaria parasites, including the 
cases caused by multidrug resistant and cerebral 
strains, were known (Klayman, 1985; Li Guo 
Qiao, 1982; Thai Thong and Beale, 1985; WHO, 
1981; Woerdenbag et al., 1994). The major draw- 
back of this compound is the occurrence of a 
recrudescence after treatment. The reason for this 
is not known, but the observation that the re- 
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crudescence rate is higher with tablets than after 
parenteral administration (Hien and White, 1993; 
Luo and Shen, 1987), suggests that a limited oral 
bioavailability may be one of the contributing 
factors. Because first pass metabolism has been 
suggested to be an important factor accounting 
for low oral bioavailability, a sufficient high con- 
centration over a sufficiently long period of time 
is required to obtain a parasiticidal action (Tiu- 
laer et al., 1991), and may reduce the prevalence 
of recrudescence. Fast and complete dissolution 
of the active compound from oral dosage forms is 
one of the most important factors to reach that 
goal. 
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T a b l e  1 

F i v e - f a c t o r ,  t w o - l e v e l  f r a c t i o n  f a c t o r i a l  d e s i g n  

F o r m u l a  X l  X 2  X 3  X 4  X 5  T r e a t m e n t  c o m b i n a t i o n  R e s p o n s e  

F D I  - - - + + X 4 . X 5  Y I  

F D 2  + - - - + X 1 . X 5  Y 2  

F D 3  - + - + - X 2 . X 4  Y 3  

F D 4  + + - - - X 1  . X 2  Y 4  

F D 5  - - + - - X 3  Y 5  

F D 6  + - + + - X I  . X 3 . X 4  Y 6  

F D 7  - + + - + X 2 . X 3 . X 5  Y 7  

F D 8  + + + + + X 1 . X 2 . X 3 . X 4 . X 5  Y 8  

The techniques of  experimental design com- 
bined with optimization are well documented in 
the pharmaceutical literature (Doornbos and De 
Haan, 1995; Wehrle et al., 1989) and textbooks 
(Armstrong and James, 1990). In the factorial 
design, each variable is evaluated at several levels 
of all other variables. The levels of the factors 
involved can be set at will. Under such conditions, 
a complete factorial study is possible, but would 
involve a large number of  experiments. A frac- 
tional factorial design can give a solution to this 
problem. This work is an application of fractional 
factorial method for the formulation optimization 
of ART tablets. 

The method used for response measurement is 
at least as important as the proposed experimental 
methodology. In this study, dissolution rates of 
the ART tablets in the factorial design are the 
responses to analyse. Because of  the low solubility 
of ART (Trigg, 1989) and the high content in a 
unit dosage of the commercially available prod- 
ucts, all official dissolution methods described in 
pharmacopoeias were demonstrated to be unsuit- 
able for ART solid oral dosage forms (Ngo et al., 
1996). To ensure sink conditions during the total 
dissolution experiment, a two phase partition-dis- 
solution method (Ngo and Kinget, 1996) was 
used. The results reported are mean values of 
three experimental runs. 

For  a very high hydrophobic compound as 
ART, wet granulation was chosen for the prepa- 
ration of  tablets. During compression of the dif- 
ferent formulations with an instrumented 
KORSCH MP1 tabletting machine, compression 
forces were adjusted in order to produce tablets 

with similar crushing strength (Table 2). Dissolu- 
tion rates of the tablets will mainly depend on the 
ingredients used. 

On the ground of the data obtained by a series 
of preliminary test in order to select the excipients 
to be used and the parameters to be studied, a 
basic formulation was developed to set up the 
fractional factorial design. 

Five parameters of the basic formula were se- 
lected to study, each at two levels: 

XI: amount of  lactose 
X2: amount of sodium dioctyl sulfosuccinate 
33% 
X3: amount of sodium starch glycolate 
X4: amount of  gelatin 
X5: amount of magnesium stearate 
A complete factorial plan studying all interac- 

tions would include 25= 32 formulas. However, 
since the aim of the study was an evaluation of 
the variation of experimental response depending 
on the formulation and the dissolution method 
used, only eight formulas were envisaged, afford- 
ing a fractional factorial design 25 2 with a gener- 
ator I -  = 134 --- 235 = 1245. The purpose is a study 
of the main effects and the two-factor interac- 
tions. 

The factorial design with code variables is pre- 
sented in Table 1. As usual in a factorial design, 
low levels of  a factor are presented by a ' - ' and 
high levels by a ' + '. The real data are reported in 
Table 2. 

All dissolution experiments occurred under sink 
conditions in the water phase. Concentration of 
ART released in the water layer was always below 
12.5% of the solubility (Fig. 1). 
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Table 2 
Composition and the data concerned of tablets in the factorial design 
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Formula X1 (mg) X2 (mg) X3 (mg) X4 (%) X5 (mg) Compression force (N) Hardness (kP) Tso (h) 

FD l 40 5 5 1.8 3 5300 4.6 4.69 
FD2 60 5 5 0.7 3 5300 4.7 7.29 
FD3 40 20 5 1.8 1 4200 4.5 2.14 
FD4 60 20 5 0.7 1 4550 5.0 1.56 
FD5 40 5 25 0.7 l 6900 4.7 3.01 
FD6 60 5 25 1.8 1 5900 4.7 3.24 
FD7 40 20 25 0.7 3 8100 4.2 2.3 
FD8 60 20 25 1.8 3 7000 4~ 1 1.79 

The  t ime requi red  for  d i sso lu t ion  o f  50% of  the 

conten t  (Ts0) was ca lcu la ted  (Table  2), and  ana-  

lyzed by the A N O V A  (analysis  o f  var iance)  tech- 

nique using the S O L O  stat is t ical  sof tware  ( B M D P  

stat is t ical  software,  Los Angeles ,  CA).  The  

A N O V A  t rea tmen t  resul ted in the fo l lowing con-  

clusion: (1) changing  the level o f  any  ingredient  

used within the a m o u n t  l imited by  the fac tor ia l  

design d id  not  exhibi t  any  significant influence at 

the 95% confidence level; (2) sod ium dioctyl  sulfo- 
succinate gives the largest  posi t ive  effect; (3) an 

a m o u n t  o f  magnes ium s teara te  exceeding 1% gives 

a negat ive  effect; (4) the effects o f  the o ther  

c o m p o u n d s  were no t iced  to fol low the order:  

sod ium s tarch g lycola te  > gelat in > lactose.  In  a 

s tudy on influence o f  fo rmula t ion  on d isso lu t ion  
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Fig. 1. Dissolution profiles of ART tablets studied in the 
factorial design ( I  = FD1; • - FD2; • = FD3; • = FD4; 
• =FD5; [ ]=FD6;  V=FD7;  + =FD8 (mean_+ 8.44 (n= 
3)). Above part: cumulative concentration of ART in the 
chloroform layer. Under part: cumulative concentration of 
ART in the water phase. 

rate,  F inho l t  (1974) also found  s ta rch  to be more  
effective than  gelat in and  lactose.  

F r o m  the results,  depic ted  by  the g raph  in Fig. 
1, it is c lear  tha t  fo rmulae  con ta in ing  a higher  

a m o u n t  o f  sod ium dioctyl  sulfosuccinate  (e.g. 

FD3 ,  FD4 ,  FD7 ,  F D 8 )  show a higher  d isso lu t ion  

rate  than  those  with a lower a m o u n t  o f  this 

c o m p o u n d ,  even if  they con ta in  a higher  a m o u n t  

o f  o ther  ingredients  such as lactose,  sod ium starch 
g lycola te  or  gelatin.  

To con t ro l  the re l iabi l i ty  o f  the results ob-  
ta ined,  some add i t iona l  tests were carr ied  out  and  

these add i t iona l  d isso lu t ion  tests conf i rmed the 
conclus ions  resul t ing f rom the A N O V A  treat-  

ment.  

Wi th  a l lowance  for  fac tors  such as the appea r -  

ance o f  tablets ,  tab le t  weight,  d isso lu t ion  rate  

(Ts0) and  occlusion o f  the d isso lu t ion  processes,  

fo rmula  Fopt (Table  3), compr i s ing  the conclus ion 
of  A N O V A ,  was inves t iga ted  in a final test. Wi th  

a Tso o f  1.64 h, F,,pt belongs  to the g roup  of  
fo rmula t ions  with the fastest  d issolut ion  rate  (Fig. 

Table 3 
Composition of ART tablet Fop t 

Artemisinin powder (<0.25 mm) 200 mg 
Lactose 200 mesh 30 mg 
Sodium dioctyl sulfosuccinate 33% 20 mg 
Gelatin 1.8% 
Glycerin 0.72% 
Sodium starch glycolate 20 mg 
Magnesium stearate 1.25 mg 
Compression force 6700 N 
Hardness 4.4 kP 
Disintegration time -~ I min 
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Fig. 2. Dissolution of artemisinin from tablet Fop t compared 
with the formulae with the fastest release tested in the factorial 
design ( l l  = Fopt; • = FD4; • = FD8) (mean +_ 6.52 (n = 
3)). 

2). For industrial production, a tablet weight of 
272 mg and a diameter of 9 mm are acceptable. 
Moreover, the tablets show a good appearance, 
a hardness of 4.7 kP and a disintegration time 
of approximately 1 min. 

In conclusion, the formulation of the tablets 
gave a very fast dissolution of ART when com- 
pared to commercially available conventional 
tablets (Ngo et al., 1996). 

During all experiments, sink conditions pre- 
vailed in the water phase, so that these results 
can be added to those previous reported (Ngo 
and Kinget, 1996), as a further validation of the 
two phase partition-dissolution method. 

Acknowledgements 

N.T.H. gratefully acknowledges a supportive 
research grant from FIP Foundation for Educa- 
tion and Research. 

Armstrong, N.A. and James K.C., Understanding experimental 
design and interpretation in pharmaceutics, 1st edn., Ellis 
Horwood, London, 1990, pp. 7-45. 

Doornbos, D.A. and De Haan, P., Optimization techniques in 
formulation and processing. In Swarbrick, J. and Boylan, 
J.C. (Eds), Encyclopedia of Pharmaceutical Technology, 
Vol. XI, Marcel Dekker, New York, 1995, pp. 75-160. 

Finholt, P., Influence of formulation on dissolution rate. In 
Leeson, L.J., Cartensen, J.T. (Eds), Dissolution technology, 
1 st edn., Academy of Pharmaceutical Science, Washington, 
1974, pp. 106 146. 

Hien, T.T. and White, N.J., Qinghaosu. Lancet, 341 (1993) 
603 608. 

Klayman, D.L,  Qinghaosu (artemisinin): an antimalarial drug 
from China. Sciences, 228 (1985) 1049-1055. 

Li Guo Qiao, Clinical studies on treatment of cerebral malaria 
with qinghaosu and its derivatives. J. Trad. Chinese Med., 
2 (1982) 125 130. 

Luo, X.D. and Shen, C.C., The Chemistry, Pharmacology and 
Clinical Application of Qinghaosu (Artemisinin) and its 
derivatives. Med. Res. Rev., 7 (1987) 29-52. 

Ngo, T.H., Michoel, A. and Kinget, R., Dissolution testing of 
artemisinin solid oral dosage forms. Int. J. Pharm., 138 
(1996) 185-190. 

Ngo, T.H. and Kinget, R., Design and evaluation of two phase 
partition-dissolution method and its use in evaluating 
artemisinin tablets. J. Pharm. Sci., 85 (1996) 1060-1063. 

Thai Thong, S. and Beale, G.H., Susceptibility of Thai isolates 
of Plasmodium faleiparum to artemisinin (qinghaosu) and 
artemether. Bull. Who, 63 (1985) 617 619. 

Tiulaer, H.A.C., Zuidema, J. and Lugt, C.B., Formulation and 
pharmacokinetic of artemisinin and its derivatives. Int. J. 
Pharm, 69 (1991) 83 92. 

Trigg, P.I., Qinghaosu (artemisinin) as an antimalarial drug. In 
Wagner, H., Hikino Hirishi, Farnsworth, N.R. (Eds), Eco- 
nomic and Medicinal Plant Research, 1st edn., Vol. 3, 
Academic Press, London, 1989, pp. 20 55. 

Wehrle, P., Nobelis, P. and Stamm, A., Principales m6thodes 
d'optimisation employ6es en g6nie pharmaceutique, S.T.P. 
Pharma, 5 (1989) 481-489. 

WHO, The development of Qinqhaosu and its derivatives as 
antimalarial drugs, Fourth Meeting of the Scientific Work- 
ing Group on Chemotherapy of Maleria, Beijing, People's 
Republic of China. 

Woerdenbag, H.J., Pras, N., Van Uden, W., Wallaart, T.E., 
Beekman, A.C., Lugt, C.B., Progress in the research of 
artemisinin--related antimalarials: an update. Pharm. 
Worm Sci., 16 (1994) 169-180. 


