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S u m m a n 
The physicochemical properties of halofantrine hydrochloride 
( H F MCI) - a phenanthrene methanol antimalarial, were deter-
mined practically in this study since such experimental values 
are still unknown. The solubility in different solvents were de-
t e rmined and found to be 0 .67%\v/v in methanol (s l ight ly 
soluble); 0 .4%w/v in both n-octanol and acidified acetonitrilc 
(slightly soluble); 0.09%\v/v (very slightly soluble) and less than 
0 . 0 0 2 % w / v in w a r m w a t e r (50°C) (prac t ica l ly inso luble) . 
I lalofantrinc hydrochlor ide was found to be practically insoluble 
in water (at room temperature) , n-hcxane and phosphate buffer 
solution of pH 7.4. T h e partition coefficient between n-octanol 
and water gave a log p in the range of 3.20 3.26 (mean 3.20 ± 
0 04) and this w a s at var iance with the log P of 8.5 estimated 
theoretically in literature. The value also confirms the lipophilicity 
of H F HCI. T h e ionisation constant (pKa) detennined in partly 
aqueous solvent ( 4 0 % methanol) ranged between 8.10 and 8.20 
( m e a n 8 . 1 8 ± 0 . 0 5 ) a n d c o n f i r m s t h e m o n o b a s i c i t y of 
halofantr ine. Th i s value also differed from the theoretical esti-
mation of 9.6. T h e values obtained confirm the often unpredict-
able and erratic absorpt ion of HF HCI.which bears direct rela-
t ionship to the phys icochcmical properties and support the need 
for better formula t ions with improved drug delivery potentials. 

K e y w o r d s : Halofantrine. solubility, partition coefficient, and 
ionisation constant 

R e s u m e 
Les proprictcs physicochimiqucs de P halofantrine hydrochloride 
( H F H C L ) un antipaludien /antimalaria de phenanthrene methanol 
ctaicnt de te rmines practicallement dans ccttc etude du fait que 
telles va lour s e x p e r i m e n t a l c s ne sont pas encore connu. La 
^.olubilite dans d i f fe ren t solvents etait determine ct variait de 
0 6 7 % w/v dans du methanol , 0 .4%w/v dans du methanol ct 
Pac idc ace ton i t r i l c*0 /09%w/v( fa ib le solubil i tc) ct m o i n s de 
0 .002% w/v dans de I 'cau chaude(insoluble). L 'halofantr inc 
hydrochloride etait pract iqucment insoluble dans I 'cau ( a la 
temperature nomia lc ) , n -hexanc et solution ncutre de phosphate 
et de sulfate d ' u n PH de 7.4. Le coeff icient de partition entrc n-
octanol et I 'cau donnaicnt logP variant cntre 3.20-3.26 ( moyenne 
3.2±0.04). II avait une variance avec un logP de 8.5 cs t ime 
thcoriquemcnt en Iitterature. Cette valeur conf inne la lipophilicitc 
du H F H C L . La c o n s t a n t c d ' i o n i s a t i o n ( P k a ) d e t e r m i n a n t 
partiellemnt dans du solvent acqueux (40% methanol) variait de 
8.0-8.2 ( moyenne 8.18±0.05) et con f inne la monobasic i tc de 
I 'HF Ccttc valeur etait different do la valeur thcoriquc de 9.6. 
Les valours obtcnucs confirment le plus souvent 1'absorption 
unpredictable ct crratiquc du H F H C L qui montre une relation 
d i rec te en t re les p ropr i c t c s p h y s i o c h i m i q u e s ct 1c suppor t 
nccessairc pour une bonne formulations avec des potenticllcs 
amelioration en livraisons. 

C o r r e s p o n d e n c e : Dr . C . P . B a b a l o l a . D e p a r t m e n t o f P h a r m a c e u t i -
c a l C h e m i s t r y . F a c u l t y o f P h a r m a c y . U n i v e r s i t y o f I b a d a n . 
I b a d a n . N i g e r i a 

In t roduc t ion 
Halofantrine (HF) (Fig. 1) belongs to a new class of antimalarials 
- phenanthrene methanols and is available as the hydrochloride 
salt. HF is effective in the treatment of acute uncomplicated 
malaria and multi-drug resistant malaria [1,2], where it is ad-
ministered orally as the tablet or suspension. HF is reported to 
be highly lipophilic and poorly soluble in aqueous media [ 1 ]. Its 
poor and erratic absorption after oral administration has been 
implicated in treatment failure [3]. Oral absorption also shows 
wide intra- and inter- subject variability and fatty meal is re-
ported to increase the bioavailability of HF by 6-9 fold due to its 
high lipophilicity [ 1,4,5]. Dose dependent cardiotoxicity has been 
reported with its use 17] leading to sudden death in some case [6]. 

A study of the physicochcmical properties of a drug sub-
stance is a prc-rcquisitc for product formulation and an aid in 
understanding the intcr-rclationship between a drug molecule 
and drug action [8]. Physicochcmical properties help to control 
the absorption, distribution, metabolism, excretion and interac-
tion of a drug at the active sites (8]. Although HF hydrochloride 
(HF HCI) has been in use since 1988, its physicochemical prop-
erties such as solubility in various solvents, partition coefficient 
(log P) and ionisation constant (pKa) arc yet to be fully eluci-
dated and documented in literature. However, theoretical esti-
mates have been reported in the product manual of SmithKlinc 
Bcccham [9] namely: solubility in water at room temperature as 
0.01 % w/v, ionisation constant (basic pKa) as 9.7 and partition 
coefficient (log P) as 8.5. There is therefore the need for practi-
cal determination of these physicochcmical properties. This study 
is therefore aimed at elucidating some of the properties of HF 
HCI such as solubility in different solvents, partition coefficient, 
UV-VIS spectral characteristics in some solvents and ionisation 
constant experimentally. 

Methodology 
Apparatus and reagents 
UV-Visible scanning spectrophotometer (CAMP SEC M 350, 
double beam and pH meter (Metier Delta 340) were used for 
analysis. Halofantrine hydrochloride reference standard was 
obtained as a gift from SmithKlinc Beccham PLC, Nigeria and 
Hal fan <£> tablets (SB Francc, Batch No. 550) were purchased 
commercially. All reagents used were of analytical grade. 

Experimental 
Extractions of HF HCI from the tablets were pcrfonned in dif-
ferent solvents such as methanol, acctonitrilc and 0.7% acidi-
fied acctonitrile. The 0 .7% acidified acctonitrilc (0.7 ml conc. 
HCI, 11.4M in 100 ml acctonitrilc) produced the largest and most 
crystalline yield with comparable properties (such as Rf and 
melting point) with the reference sample. TLC determinations 
were carried out in different mobile phases but the best resolu-
tion was obtained with methanol : water (100:1.5) and this gave 
the same Rf values for reference and extracted sample. The melt-
ing point of the extracted sample (200-202°C) was also in agree-
ment with that of the reference sample. 
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Solubi l i ty in d i f f e r e n t so lven t s (me thano l , / / -octanol , 
acidif ied acctonitri lc, acetoni t r i le and wa te r ) w a s carried out by 
placing 10 nig o f H F MCI in a test tube and adding 0.5 ml al iquots 
of solvent with con t inuous agi ta t ion until all particlcs were com-
pletely dissolved and at a point w h e n addi t ion of few crystals 
will remain undissolved i.e. sa turat ion point . Solubil i ty in wa-
ter, buffer solution and n - h e x a n c w a s d o n e by placing 10 m g of 
the drug into 500, 250 and 500 ml f lasks respectively. Solubil i ty 
in water at e levated t empera tu re (50"C) w a s carried out by soni -
cat ing for 2 hr. 

Log P w a s de te rmined acco rd ing to Leo Hansch m e t h o d 
for lipophilic subs tances us ing a rat io of organic phase to aque-
ous phase of 1:100 [10], 2 ml o f 1 mg/ml of H F HC1 in n-octanol 
was placed in a separa tory funnel and part i t ioned wi th wa te r 
(200 ml). 100 invers ions w e r e m a d e and the solut ion w a s al-
lowed to settle for 4 5 minu te s b e f o r e separat ion of the t w o lay-
ers. The n-octanol phase w a s ana lyzed spcc t rophotomctr ica l ly 
while the d rug in wa te r layer w a s obta ined by d i f fe rence as the 
levels were be low detect ion limit in UV. T h e parti t ion coef f i -
cient was a lso carried out us ing w a r m wa te r at 40"C. Prior to 
this, HF HC1 w a s scanned in U V spec t rophotometer to obtain 
max imum absorpt ion (Xmax) o f 2 5 7 . 9 n m in n-octanol and 205 .3 
nm in water. Cal ibrat ion cu rves o f H F HCI (0 —20 jag/ml) w e r e 
obtained at these fo r n-oc tanol and water respectively. Par-
tition coeff ic ient , P w a s ca lcula ted as conc. of H F HCI in n-
octanol d iv ided by conc . o f H F HCI in wa te r {P = [ H F ] ^ / 
[HFJ,n o}, f r om which log P w a s de te rmined . 

Ionization constant (pKa) was determined potcnt iomctr i -
cally according to the me thod o f Benct and G o y a n 1967 [11] for 
poorly soluble c o m p o u n d s by us ing part ly aqueous solvent of 
methanol: water (4:6) o r 4 0 % methanol . Titrat ion w a s by 0.01 M 
NaOH af ter s tandardisat ion. pKa of the ha lofant r inc hydroch lo-
ride salt was de te rmined graphical ly as p H at half-neutral isat ion 
(pH = pKa) and con f i rmed wi th first order der ivat ive plot [ 12]. 
From that value the basic pKa of halofantr inc base was ca lcu-
lated as p K w - pKa(sal t ) . 

All de te rmina t ions carried out in this s tudy were done 
in quadruplicates and at room tempera ture (27"C) with both ref-
erence and extracted H F HCI except whe re indicated o therwise . 

R e s u l t s 
The solubility in different so lvents (methanol , n-octanol , aceto-
nitrile. acidif ied acctoni t r i lc , water , n -hcxanc and phospha t e 
buffer), UV-VIS spectral character is t ics (in methanol , / i-octanol 
and water) log P and pKa of H F HCI are shown in Table 1. 

water , n -hexanc and phosphate buffer pH 7.4. The solubi l i ty in 
w a t e r o f < 0 .002% w/v was effected at 50"C, and the d r u g 
crystall ised out on cooling. The log P ranged be tween 3 . 2 0 a n d 
3 .29 (3 .25 ± 0.04) when water at room temperature w a s u s e d 
and ranged between 3.36 and 3.40 (3.38±0.03) w h e n w a t e r at 
e levated temperature (40°C) was used. The ionisation c o n s t a n t 
(pKa) w a s between 8.10 and 8.20 (mean, 8.18 ± 0.05). S i m i l a r 
va lues w e r e obtained for reference and extracted ha lo f an t r i nc 
samples . 

T a b l e 2 : Interpretation of solubility of halofantr inc hydro -
chlor ide in var ious solvents [ 13] 

Solvent Mean Solubility Pans of solvent 
(%w/v) per I part of solute Inference 

0.685 ± 0.02 
0.400 ± 0 000 

Methanol 
n-octanol 
Acidif ied 
acctonitrilc 
Acctonitrilc 0.091 ± 0.001 

I part in 145 parts 
1 pan in 250 parts 

Slightly soluble 
Slightly soluble 

0.400 ± 0.000 

Water 
n-hexane 
Phospha t e 
buffer (7.4) 

0.002 ± 0.000 
0.000 ± 0 000 

I part in 250 pans Slightly soluble 
I part in 1100 parts Very slightly so luble 
I part in 50.000 parts Practically insoluble 
1 part in >100.000 parts Practically insoluble 

0 OOO ± 0.000 I part in >100.000 parts Practically insoluble 

D i s c u s s i o n 
T h e U V - V I S spectral character is t ics ob ta ined for ha lo fan t r inc 
HCI in these solvents used will se rve to ident i fy and au then t i ca t e 
batch samples , tablets and active pharmaceut ical ingredient .When 
c o m b i n e d with mel t ing point and T L C s tudies , f akc ,adu l tc ra tcd 
o r subs tandard HF HCI will be de tec ted . 
Th i s s tudy a l so con f i rms the poor solubi l i ty o f ha lo f an t r i ne in 
m a n y solvents especial ly in aqueous m e d i a [15.16] . Solubi l i ty in 
n -oc tano! w a s 200 t imes m o r e than that o f wa te r t h u s c o n f i r m i n g 
the lipophilic nature of the drug. T h e solubil i ty in wa te r (< 0 . 0 0 2 % 
w / v ) at 50"C w a s 5 t imes less than the e s t i m a t e d theore t ica l 
va lue of 0 . 0 1 % w / v at r o o m t e m p e r a t u r e [9J. In te rp re t ing the 
so lubi l i ty accord ing to s tandard t e r m s spec i f i ed by A l f r e d et al 
( 1 9 8 3 ) [13] s h o w s that H F HCI is pract ica l ly inso lub le in water , 
p h y s i o l o g i c a l b u f f e r and n - h e x a n e ; v e r y s l igh t ly s o l u b l e in 
acc toni t r i lc ; s l ight ly so lub le in ac id i f i ed acc toni t r i lc . n-oc tanol 
and me thano l (Table 2). T h e moie t i e s con t r ibu t ing to this char-
acter is t ic a re the C F V the bu lky d ibuty l alkyl s ide cha in and the 
p h c n a n l h r c n c nuc leus (Fig. I ). T h e on ly polar g r o u p - O H s e e m s 
to be s ter ica l ly o v e r s h a d o w e d by the h y d r o p h o b i c moie t ies . The 

T a b l e 1: P h y s i c o c h c m i c a l p r o p e r t i e s o f h a l o f a n t r i n c h y d r o c h l o r i d e 

UV-V1S spccl ra l l og P s p K a 1 S o l u b i l i t y ( % \ v / v ) d 

charac te r i s t ics * 
Solvent X>t-t A(l%,1cni) 

m e t h a n o l n - o c t a n o l a c i d i f i e d a c c t o n i t r i l c W a t e r * 
a c c t o n i t r i l c 

Me thano l 2 5 5 3 1 7 3 . 2 5 1 0 . 0 4 X 1 8 1 0 . 0 5 0 6 8 5 1 0 . 0 2 0 . 4 0 ± 0 0 0 0 4 0 ± 0 OO 0 . 0 9 1 ± 0 . 0 0 5 0 0 0 2 1 0 0 0 0 
n-oc tanol 2 5 7 . 9 1.09 
Water 205 .3 0 2 6 

a "Xante result obtained for both reference and extracted samples. h - log /' for reference sample S.2S± O basit pKa for reference «V / Si O OJ.d-~ / / f / /O m u j 
insoluble in n-hexane and phosphate buffer pH 7 •f.solubihty assessment done with reference samples e • solubility effei ted in SOO mis of water at SVC 

T a b i c 2 . S h o w s t h e i n t e r p r e t a t i o n o f t h e s o l u b i l i t y r e s u l t . S o l u - s a l t f o r m o f t h e d r u g ( h y d r o c h l o r i d e ) d i d n o t i m p r o v e s o l u b i l i t y 
b i l i t y w a s b e s t in m e t h a n o l f o l l o w e d b y a c i d i f i e d a c c t o n i t r i l c , n - i n a q u e o u s s o l v e n t s . T h e i n s o l u b i l i t y i n r e a d i l y a v a i l a b l e s o l v e n t s 
o c t a n o l a n d w a t e r . H F H C I w a s p r a c t i c a l l y i n s o l u b l e in o r d i n a r y s u c h a s n - h c x a n c . w a t e r a n d b u f f e r s o l u t i o n w i t h p h y s i o l o g i c a l 
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pi I wi l l p o s e a p r o b l e m in analysis and af fec t absorpt ion and 
d is t r ibut ion a c r o s s b o d \ t i s sues 

1 -̂D»diloro-a-<2-<diiwtyl*mino)-cthyl)-6-<(tnfIuoromethyJ)-9-pbcnamhici>e) methanol hydrochloride 
I iy. Sit in urn it/ Jnihi/anti un- h\<// in hh» uU-

T h e log P in n - o c t a n o l - w a t e r ob ta ined in th is s tudy 
( range , 3 . 2 0 - 3 . 2 9 ) is a b o u t 2 .5 t i m e s lower than the log P o f 8.5 
e s t i m a t e d t heo re t i c a l l y [9 ,15] , H o w e v e r , the present va lue of log 
P is h i g h e n o u g h to g u a r a n t e e easy p a s s a g e th rough ccll m e m -
b r a n e in t he b o d y o n c e t he d r u g is in so lu t ion . A c c o r d i n g to 
F i c k ' s l aw, t he h i g h e r t h e log P, t he h i g h e r the ra te o f d i f fu s ion 
[12] . T h i s v a l u e o f l o g P e x p l a i n s w h y h igh ly lipid mea l s in-
c r e a s e a b s o r p t i o n o f H F b y u p to 9 - f o l d [5]. T h i s is b e c a u s e 
so lub i l i ty in l ip id c o n t e n t m a k e s the d r u g un ion i sed a id ing e a s y 
p a s s a g e a c r o s s ccl l m e m b r a n e . Pa r t i t i on ing wi th wa te r at h ighe r 
t e m p e r a t u r e ( 4 0 " C ) g a v e a s l igh t ly h i g h e r log P va lue , an indica-
t ion that t e m p e r a t u r e c a n a f f e c t par t i t ion coe f f i c i en t d e t e r m i n a -
t ion, a n d p o s s i b l y h e l p in a b s o r p t i o n a n d dis t r ibut ion o f H F HCI 
in a c u t e m a l a r i a a t t a c k s s i nce there is a l w a y s a ra i sed b o d y 
t e m p e r a t u r e . 

T h e i o n i s a t i o n c o n s t a n t ( p K a ) ob t a ined in t he p r e sen t 
( m e a n , 8 . 1 8 ) s t u d y a l s o d i f f e r s f r o m the theore t ica l e s t i m a t i o n 
o f 9 . 6 [9 ] . H o w e v e r , t h e p r e sen t p rac t ica l v a l u e is a p r o o f that 
H F is a w e a k b a s e j u s t a s m o s t an t ima la r i a l s . T h e pos i t i on o f o n e 
m o l e c u l e o f n i t r o g e n in its s t r u c t u r e (F ig . 1) m a k e s it r ead i ly 
a v a i l a b l e to f o r m a m o n o b a s i c sa l t s u c h a s t he h y d r o c h l o r i d e . 
U s i n g H e n d c r s s o n - H a s s c l b a l c h e q u a t i o n fo r a w e a k b a s e [ % 
ion i s ed = 100/1 •+• 10, ,, .. ], a b o u t 9 9 . 9 % of H F wi l l b e ion i sed (pil p M r 
l e a v i n g 0 .01 % u n i o n i s e d in t he gas t r i c j u i c e o f t he s t o m a c h ( p H 
1.4), w h i l e in t h e i n t e s t i n e ( p H 6 - 8 ) a b o u t 9 3 % o f H F wi l l b e 
u n i o n i s e d [14 ] A b s o r p t i o n o f m o s t d r u g s t a k e p l a c e in t he in-
tes t ine d u e to its l a r g e s u r f a c e a r ea a n d o n l y the u n i o n i s e d m o i -
e t ies a r e c a p a b l c o f t r a n s v e r s i n g t h e cel l m e m b r a n e [ 10]. T h e r e -
fo re the h i g h a m o u n t o f u n i o n i s e d H F a n d its log P wi l l f a v o u r 
a b s o r p t i o n in t h e i n t e s t i n e bu t t h e p o o r so lub i l i t y in w a t e r a n d 
p h y s i o l o g i c a l p H [7 .4 ] m a y l imit its a b s o r p t i o n o ra l ly b e c a u s e 
a b s o r p t i o n is s u b j e c t t o s o l u b i l i t y o f the d r u g in b o d y f lu ids . A n 
i n t e r p l a y o f all t h e s e f a c t o r s m a y c i the r c o n t r i b u t e to c f f c c t i v c or 
e r r a t i c a b s o r p t i o n w i t h c o n s e q u c n c c s o n t h e o r a l 
b i o a v a i l a b i l i t y . T h e v a l u e s o b t a i n e d h o w e v e r c o n f i r m t h e o f t e n 
p o o r . u n p r e d i c t a b l e a n d s o m e t i m e s e r r a t i c a b s o r p t i o n o f H F 
H C I . R e c e n t s t u d i e s h a v e a t t e m p t e d t o f o r m u l a t e H F a s 
n a n o c a p s u l c s [ 1 7 ] , c o l l o i d a l m i x t u r e s [ 18] a n d f o r m a t i o n o f 1:1 
m o l e c u l a r c o m p l e x e s w i t h c a f f e i n e a n d n i c o t i n a m i d e [16] ,a l l 
a i m e d at i m p r o v i n g its o ra l b ioava i l ab i l i ty . 

In c o n c l u s i o n , t he d i f f e r e n c e s b e t w e e n the e x p e r i m e n -
tal v a l u e s o b t a i n e d in o u r s t u d y a n d t h e theo re t i ca l e s t i m a t e s 
s u g g e s t that e x t r a p o l a t i o n o f t heo re t i ca l da t a to e x p e r i m e n t a l 
s h o u l d be d o n e w i t h c a u t i o n . 

R e f e r e n c e s 
1. t i o u r d r e a u 11F, P a n g L W , D i x o n K E , W e b s t e r U K a n d 

P a v o n a c o l K . M a l a r i a t r e a t m e n t e f f i c a c y o r t i a l o f a n t r i n c 

( W R 1 7 1 , 6 6 7 ) in initial f ield t r ia ls in T h a i l a n d . 
Bulletin Bullet in o f Wor ld Hea l th Organ i sa t ion 1988; 
66:227 - 235. 

2 . tcr Kuilc FO, Dolan G and N o s t c n F. Ha lo fan t r ine 
versus mef loqu ine in the t rea tment o f mul t i -d rug 
resistant fa lc iparum malar ia . Lance t 1993; 341 :1044 -
1049. 

3. Humbcrs tonc A J, Porter CJ and C h a r m a n W N . A phys ico 
chemical basis for the e f fec t o f food on the absolute oral 
biovailabili ty o f halofantr ine . J P h a r m S c i 1996; 85:525-
529. 

4. B room C. H u m a n p h a r m a c o k i n e t i c s o f ha lo fan t r ine 
hydrochlor ide . In: Warhurs t D C , S h o f i c l d s CJ . (Eds . ) : 
Ha lo fan t r ine in the t rea tment o f mu l t i d rug resis tant 
malar ia . Elsevier, C a m b r i d g e 1989; 1 5 - 2 0 . 

5. Mil ton K A , Edwards G , Ward S A , O r m c M L and 
Brcckcnr idgc A M . Pha rmacok ine t i c s o f ha lo fan t r ine in 
m a n : e f fec t s o f food and d o s e s ize . Br J Cl in Pharmacol 
1989; 28:71 - 7 7 . 

6. K a r b w a n g J and N a - B a n g c h a n g K. Cl inical p h a r m a c o 
kinct ics o f ha lofant r ine . Cl in Pha rmacok inc t 1994; 27: 
104 - 1 1 9 . 

7. K a r b w a n g J . N a - B a n g c h a n g K, B u n n a g D, Har inasuta 
T and L a o t h a v o m P. Card iac c f fcc t o f ha lofant r ine . 
Lancet 1993; 342:501. 

8. Olaniyi A. A Essential Medic ina l Chemis t ry , 2nd cd. 
Shancson C.I . Ltd, Niger ia 2000 ; 3 -4 . 

9. Ha!fan R Product Informat ion Manua l , Smi thKl inc 
Bcccham Pharmaceuticals , England. 

10. Leo A, Hansch CJ and Elkins D. Part i t ion coeff ic ient 
and their uses. Chcm Rev 1971; 71 :537 - 538. 

11. Bcnct LZ and Goyan JE. De te rmina t ion of ionisat ion 
constants . J Pha rm Sci 1967; 55:556. 

12. Olaniyi AA. Principles o f D r u g Qual i ty Assurance and 
Pharmaceut ica l Analys is , 2nd cd. M o n s u r o Publ ishers , 
Niger ia 2000 ; 252. 

13. Al f red M, James D and C a m a r a t a A. Physical Chemis -
try pr inciples in pharmaceu t ica l sc iences In: Physical 
Pharmacy. Lea & Fcbigcr , Wash ing ton Squa re 1983; 
600. 

14. F lorence AT, and At twood D. Phys icochcmica l proper 
t ics of d rugs in solut ion In :Phys icochcmica l pr inciples 
o f pharmacy . 2nd cd. 63 - 6 9 . 

1 5. K h o o SM, Prankcrd RJ, E d w a r d G A , Porter CJ and 
C h a r m a n W N . A phys i cochemica l bas is for the 
ex tens ive intest inal l ympha t i c transport of a poorly 
lipid soluble ant imalar ia l , ha lo fan t r ine HCI , a f te r 
pos tprandia l adminis t ra t ion to dogs . J. Pharm. Sci. 
2002 Mar ; 91: 647-659 . 

16. Litn LY and G o M L . C a f f e i n e and n ico t inamide 
enhances the a q u e o u s solubi l i ty o f the ant imalar ia l 
agent ha lofan t r ine . Eur. J. P h a r m . Sci . 2000 Mar ; 10( I) 
17-28. 

1 7. Legrand P. Mosqucr ia V, Loiscau P.Bories C and 
Barratt G. Long c i rcula t ing nanocapsu lc s : Interest in 
the t rea tment o f severe malar ia wi th ha lofan t r ine . Ann . 
Pharm. Fr. 2003 M a y ; 61 : 196-202. 

I 8. Kosscna G A , Boyd BJ, Porter CJ and Cha rman W N . 
Separat ion and charac ter i sa t ion o f the col loidal phases 
p roduced on diges t ion of c o m m o n formula t ion lipids 
and a s ses smen t o f their impac t on the apparent 
s o l u b i l i t y o f s e l e c t e d p o o r l y w a t e r - s o l u b l e d r u g s . J . 
Pharm. Sci . 2 0 0 3 M a r . 9 2 (3 ) : 634-648 . 


