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Summaty 
Comparative determination of halofanlrinc tabids by 
titrimctry. ultraviolet spectrophotometry and liquid chro-
matography (LC) is described. Non-aqueous til ri met ry'on 
halofanlrinc hydrochloride tablets was carried out using 
glacial acetic acid as solvent. perchloric acid as litrant and 
crystal violet as indicator. Simultaneous potcntioinctric 
monitoring of end point delineated an exact color shade of 
indicator at the end point. Direct measurement of metha-
nol solution, at 254nm. was adopted for UV spectrophoto-
metry method while re versed-phase liquid chromato-
graphic (LC) method employed a C8 column (4.6mm x 25cm) 
with mobile phase consist ing of methanol / 0.05 M 
NaH.PO, (76:24. v/v) containing 55mmol/L perchloric acid 
(pH 3.4) at a flow rate of 1 ml / min. The three methods gave 
prccisc and accurate results. Mean percentage recover) 
were obtained respectively as 100.73± 0.41. 100.36±0.79 
and 99.93±3.74 % while coefficient of variation were 0.41. 
1.36 and 3.74 % for non-aqueous. UV spcctrophotomctiy 

and LC. The three methods were successfully applied to 
analysis of halofanlrinc tablets (HalfanW) and showed no 
statistically significant difference in accuracy (P>0.()5. 
ANOVA). Validated assay methods for halofanlrinc tab-
lets have been developed. The titrimetric and spectropho-
tometry methods arc of equivalent accuracy with the liq-
uid chromatographic method and could be used for rou-
tine qualitv control of halofanlrinc tablets where LC method 
is not readily available. 

Keywords: Halofantrine hydrochloride tablets, non-
aqueous litrimetry spectrophotometry, liquid chromatog-
raphy. 

Resume 
Cctic elude comparative dccrit 1 analyse des comprimcs d 
halofanlrinc par titrimetric. spcctophotomciric a ultravio-
let ct par chromotographic liquidc.La titrimetric non 
acquctisc des comprimcs d hydrochloride d halofanlrinc 
ctait faile ulilisant I acidc glacial comme solvent. 1 acidc 
perchloriquc comme litrant ct le crystal violet comme 
indicatcur.La surveillance simultance polcnliomctrique ctait 
a base du point final dc debellation a line coulcur prccisc 
dc 1 indicalcur. Lcs mesures dircclc dc la solution methanol 
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a 254 nni ctait adoptc pour la m e l h o d c dc 
spcctopholomclriquc alors que la phase reverse dc 
chromotographic liquidc(CL) ulilisait la eolone C X (46nun \ 
25mm) avee la phase mobile consistant du ineihanol/0 05 
N a 0 H 2 P 0 4 ( 7 6 . 2 4 . \ / v ) conlcnanl 5.5 nunol/L d acidc 
pcrchloriquc(PH= 3.4) avee tine coulee dc linl/min. lcs 3 
mclhodcs ctaicnl bicn appliquces pour analyscr ccs 
comprimcs ct donnaicnl des rcsultats prccisc el juste sans 
d i f f e r e n c e s ta t i s t iqucmcnt ( P > 0 . 0 5 . A n o v a ) Lcs 
pourccntagcs dc rccouvrcmcnt du product ctaicnl dc 100 7a 
+ 0.41.100.36 ± 0.76 cl 99.9 ± 3.74% rcspcctivemcnt avee 
un coefficient dc variation dc 0.4.1.36 ct 3 74 pour la solu-
tion non-acqucuse. u\ -spcctophotomciric cl LC Lcs 
mclhodcs dc validation des comprimcs d halofanlrinc oni 
etc dcvclopcs ct pcuvcnl el re utilisccs en routine pour le 
controlc dc la qualilc des comprimcs ou la technique de 
chromotographic liquidc n est pas disponsiblc. 

Introduction 
Halofanlrinc (HO is a synthetic phcnanthrcnc-mcihanol 
antimalarial 111. currcntiy marketed as the hydrochloride, 
under the trade name Halfam*. Although ils use as an 
antimalarial is banned in certain countries, on account of 
reportedcardiotoxicily. |2-3| . it i sa highly cflcctixc drug 
for the ircatmcnl of malaria. The drug has proven efficacy 
against infection w ith chloroquinc and or py rimcthaminc 
resistant strains of l\ falciparum |4. 51. Moreover. there is 
on-going mechanisticdcli\cry research, with the view to 
developing alternative formulation strategics that could 
alter the biopharinaceulical outcomes, and hence the safety 
profile of the drug | 6 | These facts require accuratc and 
prccisc assay methods for evaluating the quality of the 
delivery systems. High performance liquid chromatogra-
phy (HPLC) has been used for the analy sis of Hf in solid 
dispersions |7 | . whole blood |X| and also loi the dcicrmi-
nation of Hf and ils metabolites in plasma |9-111. packed 

red ccll and urine 110| 
Although no titrimetric or ultraviolet spectropho-

tometry method has been reported for the assay of Hf 
tablets these methods arc still relevant in the assay of 
pharmaceutical s u b s t a n c e s . Aspccirophoto.nciric method 
was rcccntlv reported for the analysis ol ascorbic acid 
with reported superiority of performance oxer the ofiicia 
( B P) assav method 112|. The discos e n ol widespread lake 
a . tcsunate t a b i d s . . . Cambodia generated a ser.oi.s public 
health concern. Th i s was informed by the poor-resource 
economy of Cambodia and the unafTordabil.iy ol the so-
phisticated methods of analysis commonly reported. 1 
analytical literature for its analys.s. The lack of local ca 
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pacity to effectively c a n y out market survcillancc of qual-
ity warranted the combined efforts of USAID and Center 
for Disease Control and Prevention. Atlanta. USA. to de-
velop a simple method for detection of artcsunate in a 
tablet 113). 

The control of the quality of pharmaceutical 
preparations that requires the use of sophisticated equip-
ment such as HPLC often presents difficulties in many 
developing countries where such instrument arc not readily 
accessible. This often necessitates the use of alternative 
methods [ 14-I6| . In order to effectively control the quality 
of halofantrinc hydrochloride in developing countries such 
as most countries in sub-Saharan Africa where HPLC is 
not readily available, there is need for the development of 
simple inexpensive and readily available analytical meth-
ods that arc of equivalent accuracy with HPLC method. In 
this paper, we report a comparative evaluation of non-aque-
ous titrimctric. U V spcctrophotomctric and liquid chro-
matographic methods of determining halofantrinc in tablet 
dosage form. 

M a t e r i a l s a n d m e t h o d s 
C Itemicals and Reagents 
Pure Halofantrinc.HCl reference substance (Smithklinc 
Bcccham pharmaceutical SKF 102886-A. Batch No 3). 
Halofantrinc hydrochloride tablets. (Halfancu). 25()mg. 
Smithklinc and French lab. Batch No 743 and 748). Con-
centrated HC104 (70%). Glacial acetic acid. (BDH. Analar. 
Poole. UK). Acetic anhydride. (BDH. Analar. Poole. UK). 
Potassium hydrogen phthalatc (BDH. Analar. Poole. UK). 
Cry stal violet. (BDH. UK). Mercuric acetate (99.9%) (BDH. 
UK). Methanol (Fischer's. HPLC grade). NaH PO (BDH. 
Analar.Poole. UK) 2 1 

Equipment 
pH meter (model no 7020. Electronic Instrument Ltd. En-
gland). UV Visible scanning spectrophotometer (Unicam. 
Aurora. Hclio Scan Software, v 1.1 Cambridge. UK). HPLC 
CE 1100 scries 1000 liquid chromatography pump (Cecil. 
England). HPLC CE 1200 variable wavelength monitor 
(Cecil. England). C-8 column (5 jim. 250 x 4.6mm I D.). 

Non-aqueous titrimetry 
Acetous perchloric acid (0 .01M) was prepared and stan-
dardized using potassium hydrogen phthalatc crystals. 
0 .0500g of pure Hf.HCI was dissolved in 15ml of glacial 
acetic acid with addition of about 1 nil of mercuric acetate 
solution 117|. The solution was then titrated with the stan-
dardizcd 0 .01MHC10, using ciysla! violet ns indicator until 
a blue colour end point was obtained (colour at end point 
was determined potcntioinetrically in the presence ofcrvs-

c t , n d , c a l o r ) I • 7|. The same procedure was carried 
out using 0 .0100gand 0. lOOOg 0 rpure Hf.HCI with S 
"on of 0.2ml and 2ml of mercuric acetate solution respec-
tivcly. 1 

The assay depends on equation 1 
C V H , 0 C F . N O H C I + Hg ( O A c h + 2 H C I O , 

HgCI, + 2 C H l C O O H + 2CIO -
" (1) 

^ ; H „ , C , > ; n o h - + 

.\ hlhequivalent of li Irani O.005 /62g of II/.//('I 

Ultraviolet spectrophotometry <U\') 
0.0200g of pure Hf.HCI was weighed into a 50ml volumetric 
flask and dissolved with methanol and made up to volume 
1 ml of the solution was taken with pipette into a 20ml \ olu-
mctric flask and made to volume with methanol to obtain 
20j.ig/ml slock solution. 1.1.5.2.2.5.3.3.5.4 and 5nil of the 
stock solution were each transferred into a 10ml \oIuinet-
ric flask and diluted to vo lume to prepare solutions with 
concentration 2 .3 .4 .5 .6 .7 .8 and I0ftg/ml respectivcly. Ab-
sorption spcctrum of methanol solution of Hf.HCI (8 | ig/ 
ml) was recorded to determine the absorption maxima. Cali-
bration line was plotted using methanol as blank and stan-
dard solutions of 0. 2.4.6.8. and lOjig/ml ofHf.HC'l in metha-
nol. Linear regression analysis was used to compute the 
slope, intercept and correlation coefficient (r) of the cali-
bration lines. 

Iligh performance liquid chromatography (IfPLC) 
HPLC assay method was carried out on a C-8 column (5 

Hin. 250 x 4 .6mm I.D.). The mobile phase consists of metha-
nol / 0 .05 M NaH : PO, (76:24. v/v) containing 55nimol/L 
perchloric acid (pH 3.4). An ultraviolet detector was used 
to monitor cluatcs at 254 11111. Calibration line was plotted 
by using standard solutions of 200. 500. 2000. 4000. and 
8000 ng/ml of pure Hf.HCI in the mobile phase. Linear re-
gression anal )s i s was used to compute the slope, inter-
cept and correlation coefficient of the calibration line. 5()fil 
aliquot of the samples was routinely injected into the liq-
uid chromalograph which was equipped with a 20ul sample 
loop. 

Analytical recover,, accuracy and assay preasmn of the 
three methods: 
Analytical rccovcry using titriinciric method was estimated 
by comparing amount found by experiment with amount 
taken while the precision was assessed b> replicate a n a h -
s i so l known amount ol the compound. t h e a n a l M i c a l re-
covery lor the UV spectrophotometry method was dctcr-

u r ' u ^ i ";P c a t c ; l l l a l - v s i s ^ s a m p l e solutions from pure 
Hf.HCI such as to contain 3. 5 and 7 ug/,,,1 and compaiin-. 
concentration determined with concentration taken for the 
experiment. Analytical rccovciy for liquid chromatographic 
method was estimated bx analx sing samples prepared from 
pure Hf.HCI such as to contain 1000. 2500 and 4()oo uu ml 
and comparing concentration determined with concentra-
tion taken for the experiment. The precision for UV and 
HPLC methods were assessed by replicate analx sis of 
know n concentrations of the compound These determi-
nations were carried out as previously described 11S| 
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.l.v.vm' of Tablet Dosage form (Half anbatch 743 and 
~4S) 
Twenty tablets (Halfan ". 25()ing) were powdered and the 
amount of powder equivalent to 0 .0500g of Hf.HCI was 
weighed and dissolved in I5inl-ncutrali/.cd glacial acetic 
acid and titrated against the standardized perchloric acid 
in replicates. 

Pow dered tablets equivalent to 2()nig Hf.HCI were 
weighed into a 50 nil volumetric flask to get the stock solu-
tion. 5jig/ml solution was prepared from the stock solu-
tion and absorbancc was measured at 254nm. Content of 
Hf.HCI in the tablet was then determined by interpolation 
from calibration line. 2000ng/ml solution of powdered tab-
lets was prepared from the slock solution. Appropriate 
aliquot was injected into the liquid chromalograph and 
monitored as described above. Content of Hf.HCI in the 
tablet was then determined by interpolation from calibra-
tion line. 

Statistical analysts 
The relative merit of the three methods was evaluated by 
one-way analysis of variance (ANOVA) and P value less 
than 0.05 was taken as significant. ANOVA was performed 
by GraphPad Prism Version 4.01 for Windows 119| 

Results 
The indicator colour at end point which was monitored 
potcntionictrically corresponded to blue. Mean percent-
age recovery of varying sample s i /cs of Hf.HCI is 100.73± 
0.41 % with a coefficient of variation of 0.41 % (Table I) 
The limit of quantitation was O.OlOOg below which the 
method was not reproducible Assay of the dosage form 
by this titrimclric method gave 100.77± 0.28% for batch 
743 and 100.66* 0.89% for batch 748 (Table 2). Titration 
was carricd out in the presence of. and also in the absence 
of undissolved particles of powdered Hf.HCI tablet and 
the undissolved particles did not interfere with the end 
point litre values. 

Halofantrinc has a fairly extensive cliroinophorc. 
due to the phenanthrene nucleus (Figure 1). Absorption 
spectrum of Hf in methanol indicated that it has absorp-
tion maxima at 254ninand 3 lOnni (Figure 2) Assav regres-
sion equation for the calibration line is > = 0.1014.\ - 0.0066 
wilh rofO.9995. The overall recovery is 100 36± 0.79% and 
the coefficient of variation is 0.79%. The limit ofqualilation 
was found to be li g/ml Assay of dosage form gave 
100.21 ± 0.72% for batch 743 and 100.62± 0.81 for batch 748 
(Table2). 

Hfhad a retention time of 13 minutes in the chro-
matographic system employed. Assay regression equa-
tion for the calibration line isv = 0.0004 \ + 0 0299 with r of 

Table 1: Three-day assessment of accuracy and precision of the three assay methods for halofantrinc 

Day 1 Day 2 Dav 3 
M c a n i S D * RSD.% McaniSD* RSD.% McaniSD* RSD. % 

Non aqueous titrimetry' 
Wt. of Hf.HCI (g) 
0 .01 

0.05 
0.10 
UV spectrophotometry1. 

Cone. ((|.ig/ni!) 
.s 
5 
7 
Reversed phase liquid 
chromatography 
Cone, (ng/ml) 
IfXX) 
25(X) 
4(XX) 

I00.40il.55 1.54 
100.07i0.63 0.63 
100.70±0.16 1.59 

99.20il.97 1.99 
101.80i4.09 4.02 
I00.36±3.26 3.26 

98.51 ±5.91 5.91 
101.79il.32 1.30 
99.69db0.87 0.87 

100.4i 1.55 1.54 
100.6 l i 1.40 1.39 
I01.22il.33 1.33 

101 >0±0 0 
|00.97i| 14 1.13 
100.89±l.23 I 22 

99.97±4.89 4.89 
101 32i0.30 0.30 
IOO.28iO.37 0.37 

99.70±2.53 2.54 
100 >X±I 82 1SI 
100 2 3i 1.96 1.96 

93.97±| .00 1.06 
105.08±0.8() 0.76 
102.8i0 0 

94.98il.3I 1.38 
103.22i0.72 0.75 
98.93il.20 1.21 

it Between day .statistics l()0.73±0.4I%(mea»r±s.e.m). RSD(oJ s e nt) 0.41% 
b Between day statistics I00.36±0.79% (mean±s.e.m.). USD (ofs.e.m) 1.36% 

regression equationy=0.1014 x-0.0666, r =0.9995 
c Between day statistics - 99.93±3.74% (mean±s.e.m), USD (oj s. e. in) 3.74% 

regression equation y= 0.0004 x+ 0.0299, r = 0.9995 
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0.9995. The ov erall recovery is 99.93± 3.74% and a cocfil-
cicnt of variation ol 3.74%. The limit of quantitation is 
200ng. Assay ofdosagc form by this method gave 101.08± 
2.65% for batch 743 and 101.61 ±2.67% for batch 748 (Table 

One-way Analysis of variance indicates that the 
relative performance of the three mclhods show no statis-
tically significant difference in their accuracv (p>0.05. 
ANOVA) (Table 3). 

Fig. 1: Chemical structure of halofanlrinc 

Fig. 2: Absorption spectrum of halofanlrinc in methanol. 

Table 2: Assay of halofantrine tablets by the three 
assay methods 

Batch of 
Hal fa n * 

Mean ±SD* 

riirimctry UVspcctrop- Reverse phase 
hotomciry liquid chroma 

tography 

743 I00.77±0.2X% l(X).21±0.72 10l.08±2.65% 
748 100.66±0.29% 100.62i0.81% 101.61 ±2.67% 

'II 

Table 3: One-way analysis of variance (ANOVA) of 
I he mean percentage content of Halofantrine tablets 
obtained bv the three mclhods. 

Halfan R P value* P value summarv 
Batch 

743 0.6900 Not significant 
748 0.5652 Not significant 

* V 0.05 is taken as significant. 

Discussion 
Non-aqucous litrimctric assay method was considered 
because of the weak amino group in Halofantrine. Hf is a 
weak base and not vcrv soluble in water. It dissolves m 
acctic acid readily and it acts as a relatively stronger base 
in acctic acid than in water. The solvent used was neutral-
ized to avoid interference oftilritablc impurities with assay 
results. The colour at end point using crystal violet as 
indicator was determined potcntiomctrically in the prcs-
cnccof indicator bccausc there is no established end poinl 
colour for Hf.HCl. with this indicator 117|. Filtration ofcx-
cipicnis from dissolved powdered tablet before titration 
was found unnecessary, as titrc values in the presence of 
and in the abscncc ol undissolved particlcs were the same 
From the results obtained (Table 2). titrimciric mcihod dc-
veloped is simple, accuralc and prccisc in the determina-
tion of Hf.HCl. 

Spectrophotometry determinations were carricd 
out at 254nm. an absorption maximum, as show n in Figure 
I In measuring the absorbancc of a sample from the tab-
lets. methanol was used as blank solvent. Liquid chro-
nKitographic mcihod has been used in the determination 
of Hf in pharmaceuticals |7 | and plasma |9-l 11. it is also 
increasingly been adopted in compendial assav methods 
for routine quality control. Hcncc. Ihe application of HPLC 
was found relevant for the assay of Hf.HCl tablets in this 
study. 

All the three methods investigated were reason-
ably prccisc and of equiv alent accuracy in the assay of 
Hf.HCl. This relative performance was assessed bv one-
way analysis of variance (ANOVA) of the percentage con-
tent of the two batches of tablcls evaluated bv the three 
methods. However, titrimctry was more prccisc than UV 
spcctrophotomctric method and this in turn more prccisc 
than liquid chromatographic method. This is typical of clas-
sical methods as they arc usually more precise than instru-
mental mclhods 120). UV spectrophotometry assav method 
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developed in (his study is however faster in the determi-
nation of Hf.HCI than litriinctry and liquid chromalogra- 7. 
phy. The tilrimctric method requires painstaking standard-
ization of volumetric solutions. Liquid chromatographic 
method takes the longest time as each sample has a reten-
tion time of 13 minutes, it however has the distinct advan-
tage over the other assay methods in requiring less sample 8. 
size. Titrimetry requires the largest sample size for cffcc-
tivc quantitation on account of its much higher limit of 
detection, but it requires no reference standard for routine 
application. Ov erall, litrimctiy is more affordable than UV 
spectrophotometry and this in turn more affordable than 
liquid chromatographic method, which requires sophisti- 9. 
catcd instrumentation. Acquisition and maintenance cost 
of LC chromatograph often put routine use of methods 
based on this technique at a disadvantage especially in 
poor resource economics. 10. 

Conclusion 
Validated litrimctric. spcctrophotomclric and liquid chro-
matographic methods have been developed for the assay 
of halofantrinc tablets. The tilrimctric and spectrophoto-
metry methods arc of equivalent accuracy with the liquid 11. 
chromatographic method. These alternative methods 
could therefore be reliably employed for routine quality 
control of halofantrinc tablets especially in poor resource 
economics w here liquid chromatography is not generally 
available. 
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