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The antimalarial drug halofantrine is bound mainly to low
and high density lipoproteins in human serum
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1 The major serum proteins which bind halofantrine were identified by size ex-

clusion chromatography. In addition, the binding affinity of halofantrine to human
erythrocytes and serum proteins was measured by an erythrocyte partitioning tech-
nique. The influence of serum-drug binding on the distribution of halofantrine in
whole blood was estimated by simulating several disease-related changes in the
levels of the most important binding proteins.

2 The chromatographic resolution of serum preincubated with halofantrine allowed
a quantitative analysis of binding to low density lipoproteins, high density
lipoproteins, al-acid glycoprotein and albumin using the erythrocyte partitioning
technique. Very low density lipoproteins did not bind halofantrine to a significant
extent.

3 In whole blood halofantrine is bound to serum proteins (83%) and to erythrocytes
(17%). Low density lipoproteins (affinity constant nKp = 44.4 1 g-1) and high
density lipoproteins (nKp = 14.4 1 g-1) were the most important binding proteins
in serum. a,-acid glycoprotein (nKp = 4.39 1 g-1) and albumin (nKp = 0.27 1 g-1)
had relatively low binding affinities.

4 The concentration of serum proteins influences both the fraction of unbound drug
and the fraction of drug associated with the erythrocytes. Changes in serum

protein concentrations often encountered in malaria are likely to increase both the
unbound fraction and the fraction bound to the erythrocytes.
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Introduction

Halofantrine was introduced for the treatment of chloro-
quine-resistant malaria [1]. The drug is generally well
tolerated by adults and children and is highly active
against both chloroquine-sensitive and chloroquine-
resistant Plasmodium falciparum. Recent reports of
cardiac side effects emphasise the importance of a
better understanding of factors that influence the dis-
tribution of halofantrine and which could modulate
its pharmacological and toxic effects [2-4].

It is generally accepted that the pharmacological
and toxic effects of drugs often correlate better with
free (= plasma water) drug concentration than with

the total plasma or blood drug concentration [5].
Halofantrine is thought to bind extensively to plasma
proteins, but quantitative information is lacking.

Since halofantrine is a highly lipophilic drug that
avidly adsorbs to various materials, methods to deter-
mine drug-protein binding, such as equilibrium dia-
lysis, ultrafiltration or ultracentrifugation are difficult
to apply [6]. Consequently, an alternative method as
described by Urien and coworkers [7-11] was used in
the present study. This method uses a dialysis system,
in which protein solutions and erythrocytes are the
two dialysis compartments, separated by the erythro-
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cyte membrane. Since this method avoids the measure-
ment of low concentrations of free drug in aqueous
solutions, the assessment of the protein binding of
highly lipophilic and adsorbing drugs is possible.
The purpose of the present study was to identify

the serum proteins involved in the binding of halo-
fantrine and to estimate their contribution to serum
and blood binding under normal and pathological
conditions.

Methods

Chemicals

All chemicals were of analytical grade. Halofantrine
is (±)- 1,3-dichloro-a-[2-(dibutylamino)ethyl]-6-(tri-
fluoromethyl)-9-phenanthrenemethanol. Halofantrine
hydrochloride and ring-labelled halofantrine hydro-
chloride ([14C]-halofantrine hydrochloride) were kindly
supplied by SmithKline Beecham (Welwyn Garden
City, UK). The radiolabelled drug was purified by
h.p.l.c. using a Varian Micropak SP-C18 reverse-
phase column (4.0 mm i.d./15 cm length) and a
Kontron isocratic pump system. Elution conditions
were as described by Mberu et al. [12]. The final
specific activity was 31.75 ,uCi mg- and the radio-
chemical purity was >97%, as measured by high per-
formance thin layer chromatography (aluminium
sheets precoated with silica gel G60 for nano t.l.c.
from Merck; Darmstadt, Germany) using the elution
system toluene:methanol:ammonia = 90:10:0.001 v/v.
A stock solution of [14C]-halofantrine in methanol
(3.75 gCi ml-1) was stored at 40 C until used. No sig-
nificant change in radiochemical purity was observed
over the experimental period.

Bloodfractions

Blood was collected fresh from healthy volunteers
into Vacutainer® tubes containing EDTA-K3 (Becton
Dickinson; Meylan, France). Plasma was separated
from erythrocytes by centrifugation at 2800 rev min-1
for 10 min in a Sorvall RC3 centrifuge. The erythro-
cytes were washed three times with NaCl (0.9 g 1-1)
and the buffy coat was discarded. Normal human
serum (NHS) was prepared from fresh blood in SST
Gel and Clot Activator Vacutainer® tubes (Becton/
Dickinson; Meylan, France) and used individually or
pooled. Human serum albumin (HSA, fatty acid free;
A-1887) and al-acid glycoprotein (AAG; G-9885)
were from Sigma (Buchs, Switzerland). High density
lipoprotein (HDL, density range 1.063-1.21 g ml-1)
and low density lipoprotein (LDL, density range
1.019-1.063 g ml-l), both isolated from fresh human
plasma by sequential isopycnic ultracentrifugation, were
from Cappel Research Products (Durham, USA).

Size exclusion chromatography

Normal human serum (NHS) was spiked with ['4C]-
halofantrine (final concentration 4.7 ng Yl-') and in-

cubated at 200 C for 1 h. Aliquots of 100 gl were
chromatographed at room temperature on a Fast Pro-
tein Liquid Chromatography (f.p.l.c.) system (Phar-
macia, Uppsala, Sweden). A Superose 6 HR 10/30
column (separation range: 5000-5 x 106, Pharmacia,
Sweden) was used with an elution buffer consisting
of 20 mm HEPES pH 7.4, 5 mm EDTA and 150 mM
NaCl. The maximal amount of serum that could be
injected was 100 ,ul. The samples were eluted at a
flow rate of 0.4 ml min-' and fractions of 500 1l were
collected over 75 min. The protein concentration was
monitored by measuring the absorbance of the eluent
at 280 nm. The chromatography system was cali-
brated for molecular mass estimation. The fractions
were collected and either assayed for [14C]-halo-
fantrine in 5 ml Ecoscint A (National Diagnostics,
USA) scintillation counting cocktail in a Kontron MR
300 (Kontron, Switzerland) ,-counter, or used for
protein characterisation as described below.

SDS-PAGE and Western blot analysis

SDS-PAGE was carried out in a discontinuous system
with a 3% stacking gel and a 5-15% running gel [13].
The proteins were separated under non-reducing con-
ditions at 10° C with a constant current of 20 mAmp
for the first hour and 30 mAmp over the following
4 h. The running buffer was 50 mM TRIS, 385 mM
glycine and 0.1% w/v SDS. The proteins in the frac-
tions collected from the size exclusion chromato-
graphy were precipitated with an ice cold solution of
80% v/v acetone in water. The protein pellets were
washed twice in ice cold acetone and redissolved in
sample buffer to obtain equivalent protein concentra-
tions. The proteins separated by SDS-PAGE were
either stained with Coomassie Brilliant Blue R-250 or
transferred electrophoretically onto a nitrocellulose
sheet for immunological detection using specific anti-
bodies [14]. Phosphate-buffer saline (137 mm NaCl,
2.7 mm KCI, 8 mm Na2HPO4 and 1.5 mM KH2PO4,
pH 7.2) containing 5% w/v milk powder was used as
blocking agent. The markers for HDL and LDL
(apolipoprotein Al and B, respectively) were detected
after reaction with monoclonal antibodies and colour
development using a commercial alkaline phos-
phatase/BCIP/NBT kit (Immun-Blot; Bio-Rad, USA).
The antibodies were generous gifts from Dr R. W.
James (antiApoAl; University Hospital, Geneva,
Switzerland) and Dr B. Schlapfer (antiApoB; The
Swiss Red Cross, Berne, Switzerland).

Erythrocyte partitioning method

The erythrocyte partitioning method assumes that the
free drug concentration in plasma is in equilibrium
with the drug associated with the erythrocytes. To
minimise losses due to non-specific drug adsorption,
all glassware was siliconised by treatment with
Sigmacote® (Sigma; Buchs, Switzerland). Washed
human erythrocytes were resuspended in buffer (20
mM TRIS, 120 mM NaCl, 5 mM KCI, 2.5 mM CaCl2,
1 mM MgSO4 and 5 mm glucose; pH 7.4) containing
increasing concentrations of isolated proteins or of

C 1995 Blackwell Science Ltd, British Journal of Clinical Pharmacology, 39, 519-526



Serum protein binding of halofantrine 521

NHS. The haematocrit was set to 0.2 with the total
volume being 2.0 ml. The erythrocyte suspensions were
spiked with a constant amount of [14C]-halofantrine
(5 gl of a methanolic solution), yielding a final drug
concentration of 0.59 gM (= 41 000 d min-'). All in-
cubations were performed at 370 C under continuous
shaking for 30 min.
At the end of the incubation the haematocrit (H)

was measured in each sample and [14C]-halofantrine
concentration measured in duplicate in the whole sus-
pension (Ctot) and supernatant (Cp) by liquid scintil-
lation counting in a LS 6000LL 13-counter (Beckman,
USA). Counting efficiency was in the range of 70-
80% for all samples. Drug concentration in the whole
suspension (Ctot) was determined after digestion of
50 jl aliquots with 200 g1 of a 1:1 mixture of Iso-
propanol/Soluene 350 (Packard, USA), and bleaching
with 200 g1 H202 and addition of 18 ml Ultima Gold
scintillation liquid (Packard, USA). The drug con-
centration in the supernatant (Cp) was measured after
separation of the supernatant from erythrocytes by
centrifugation at 2500 rev min-' for 5 min in a
Heraeus Medifuge. Aliquots of supernatant (100 g1)
were counted directly in 5 ml Ultima Gold scintilla-
tion liquid. In order to minimise temperature depen-
dent variations the whole experiment was performed
in a hood maintained at a temperature of 370 C until
the final separation step. Each tube was rinsed twice
with cold suspension buffer to remove protein- and
erythrocyte-bound halofantrine. The drug adsorbed
to the tube wall was collected by washing with 4 ml
methanol. The radioactivity in these samples was
determined as described for the supernatants.

Calculations

The concentration ratio CEICp defines drug distribu-
tion between erythrocyte and supernatant and is cal-
culated from the following equation:

CEICP (Ctot/Cp) - (1 - H) (1)
H

where H is the haematocrit and Ctot, CE and Cp
denote the total drug concentrations in the whole sus-
pension, erythrocytes and protein solution, respec-
tively. Using halofantrine concentrations of 0.59 FmM,
which are orders of magnitude lower than nKp, the
total and free drug concentrations in the protein solu-
tion and in the erythrocytes were linearly related as
follows [7-1 1]:

Cp = (I + nKp - P) * Cu (2)

CE= (1 +NKE) * CU (3)

where Pt is the total concentration of protein, Cu
is the concentration of free drug, nKp is the total
binding constant for each drug-binding interaction
(product of n, the number of binding sites, and Kp,
the association constant for each protein). N is then
the concentration of binding sites (N = n * Pt; product

of n, number of binding sites, and Pt, the receptor or
protein concentration). Thus, NKE is the binding
capacity of the erythrocyte (dimensionless, defined as
the concentration ratio between erythrocyte-bound
and free drug). In this model no distinction between
intraerythrocytic and erythrocyte bound drug is
necessary. Dividing equation (2) by equation (3)
yields:

(1 + nKp . Pt)
CP/CE =

(1 + NKE)
(4)

If only serum binding is considered, equation (2) is
modified to:

(nKp. Pt) NKp
CbCP ==

(nKp * Pt) + 1
(5)

(NKp + 1)

where Cb is the concentration of bound drug.
Thus, the ratio Cp/CE is linearly related to the

protein concentration (Pt) in the solution. The CP/CE
ratios were measured for several proteins and a series
of concentrations. The data were analysed according
to equation (4) by an iterative non-linear regression
program using the least-squares criterion (Micro-
pharm, INSERM 1993).

Simulations of blood distribution

Theoretical calculations were carried out using the
same software to simulate the fraction of halofantrine
bound to erythrocytes and to each protein fraction in
blood, as well as the amount of free drug, as de-
scribed by Urien et al. [7] and Albengres et al. [15].
Serum protein concentrations were chosen according
to Graninger et al. [16], Mohanty et al. [17] and
Braunwald et al. [18].

Results

Halofantrine-binding to serum proteins

In order to restrict quantitative analysis of binding
parameters to the main drug binding proteins and to
estimate their relative contribution to overall binding,
we identified halofantrine-binding serum proteins by
size-exclusion chromatography. To obtain a measurable
number of counts in the eluent, a high concentration
of labelled drug (470 ng 100 p1-F) had to be used.
The recovery of radioactivity in the eluent did not ex-
ceed 40% of the injected amount, owing to extensive
non-specific adsorption of halofantrine to the chro-
matographic system. For the same reason it was not
possible to produce an elution profile for [14C]-halo-
fantrine alone, as no radioactivity could be recovered
without an additional washing step requiring an injec-
tion of unlabelled serum proteins. The elution profiles
of serum proteins were reproducible and unaffected
by the addition of methanolic drug solution. The vari-
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ation between individual serum samples and pooled
serum was negligible.
As shown in Figure 1, the elution profile of ['4C]-

halofantrine indicated two major peaks of radio-
activity in the fractions from 10.5-14.5 ml (peak 1)
and in the fractions from 15.0-19.5 ml eluent volume
(peak 2). The proteins in these fractions had a mol-
ecular mass in the range of 1000-450 kDa and 400-
10 kDa, respectively. The serum proteins in this range
generally known to bind drugs are human serum
albumin (HSA, Mr 66 500), a,-acid glycoprotein
(AAG, Mr 44000), high-density lipoproteins (HDL,
Mr 0.3 x 106) and low-density lipoproteins (LDL, Mr
2.5 x 106). Lipoproteins of very low density (VLDL)
have an apparent molecular weight of 3-130 x 106.
Because the upper separation range limit of the
column was 5 x 106, the VLDL eluted in the void
volume of 7.7 ml. Since no radioactivity above back-
ground was detected in the region of the void
volume, VLDL were not considered in further bind-
ing experiments. The presence of HDL/LDL and
HSA/AAG was verified by subjecting the collected
fractions to SDS-PAGE and Western blot analysis for
the lipoproteins.

Figure 2 shows a Coomassie Blue stained gradient
SDS-PAGE of proteins collected in the fractions from
7.5 ml to 22.5 ml eluent volume. The most prominent
candidate binding proteins visible are HSA and AAG,
mainly in lanes 7 and 8 at apparent molecular weights
of 60 000 and 45 000 under non-reducing conditions.
Figure 3 shows a Western blot of the SDS-PAGE
lanes 3-8 developed with monoclonal antibodies apo-
lipoprotein Al and B. HDL and LDL references were
run in both blots in lanes RI (HDL) and R2 (LDL),
respectively. As expected, LDL is mainly present in

l. l

!i i

lanes 3-5 and HDL mainly in lanes 5-7. Thus, in the
serum protein elution profile LDL is mainly found in
fractions from 10.5-15.0 ml and HDL in the fractions
from 13.5-18.0 ml.
The [14C]-halofantrine found in peak 1 of the size-

exclusion chromatogram is attributed mainly to the
drug bound to LDL, whereas peak 2 is attributed to
drug associated with HDL, HSA or AAG.

Estimation of binding to serum proteins

Preliminary experiments showed that equilibrium dis-
tribution of halofantrine between suspended erythro-
cytes and protein solutions was achieved in less than
5 min and was stable for at least 2 h. The incubation
time was therefore set at 30 min. The data obtained
using the erythrocyte partitioning method were fitted
by the theoretical model for all proteins. Figure 4
shows representative experimental data for halo-
fantrine binding to diluted serum, HSA, AAG, HDL
and LDL. The binding parameters obtained from
these curves are summarised in Table 1. The binding
affinity constants (nKp) of the isolated proteins were
0.27 1 g-1 for HSA, 4.39 1 g-' for AAG, 14.4 1 g-1 for
HDL and 44.4 1 g-1 for LDL. In all experiments the
goodness of fit could be improved by correction for
the amount of drug adsorbed to the tube. Adsorption
only occurred to a measurable extent at the lowest
protein concentrations of each series and never ex-
ceeded 5% of the total drug concentration. The total
binding capacity (NKp) of NHS was 244. The sum of
the binding capacities of the individual proteins, as
calculated using physiological concentrations of each
protein investigated, was slightly lower (216). Never-
theless, the sum of the corresponding serum binding
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SDS-PAGE
Fraction number: 1 2 3 4 5 6 7 8 9

Figure 1 Resolution by SEC of serum preincubated with [14C]-halofantrine. Column: Superose 6 HR 10/30 (separation
range: 5000-5106). Injection of 100 g1 NHS preincubated with 470 ng [14C]-halofantrine. Elution with buffer consisting
of 20 mM HEPES pH 7.4, 5 mM EDTA, 150 mM NaCl and a flow rate of 0.4 ml min-'. Solid line: absorbance at 280 nm,
squares: d min-1 recovered in the eluent. The numbered peaks of radioactivity are discussed in the text. The bottom bar
shows the fractions used for SDS-PAGE and Western blot analysis.
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Figure 2 Non-reducing gradient SDS-PAGE of fractions
collected from 7.5 ml to 21.0 ml eluent volume, stained
with Coomassie Blue. The volume of each fraction was
1.5 ml. The lanes were numbered according to the elution
sequence (e.g. fraction 1: eluent volume 7.5-9.0 ml in lane
1). In each lane 50 gl aliquots of equivalent protein
concentration were loaded. Apparent molecular weights
and running distances of isolated protein references are
shown. The most prominent candidate drug binding
proteins visible are HSA and AAG, mainly in lanes 7 and 8
at apparent molecular weights of 60 000 and 45 000.

percentages calculated according to equation (5) showed
that binding to the chosen proteins accounted for
more than 99.5% of the total serum protein binding.

Estimation of binding to erythrocytes

Binding to RBC was measured in several experiments
both with isolated proteins and diluted serum. The
mean value of the total erythrocyte binding capacity
(NKE = concentration ratio between erythrocyte
bound and free drug) found in these experiments was
52 ± 14 (n = 5, s.d.). This is equivalent to an erythro-
cyte/serum concentration ratio of 0.2, and a blood!
serum concentration ratio of 0.65, as calculated for a
haematocrit of 0.45. This value was in good agree-
ment with the blood/serum concentration ratio (Ctot/
Cp) of 0.66 (H = 0.48) measured for [14C]-halo-
fantrine, and which was independent of total drug
concentration up to 2500 ng ml-1.

Mathematical simulation of blood distribution

Using the estimated binding parameters of halo-
fantrine to the different blood fractions, the distribu-
tion of the drug in blood was simulated for physio-
logical and several pathological conditions. The pro-
tein concentrations used in the simulations are shown
in Table 2. Changes in protein levels were assumed
according to patterns typically found in patients
suffering from malaria, from extreme hypolipopro-
teinaemia to hyperlipoproteinaemia. To simulate
the distribution changes associated with malaria, an
erythrocyte binding capacity NKE of 82 instead of
52 was used which reflected the accumulation of
[14C]-halofantrine found in P. falciparum parasitized
erythrocytes in vitro incubation experiments in the
presence of total serum with a population of erythro-

ANTI APOB ANTi APOAI
R hR2 AA I I . o Da>e I

oP eB

APO Al

Figure 3 Western blot analysis of SDS-PAGE fractions 3-8 incubated with monoclonal antibodies against
apolipoprotein Al and B. In both blots the fractions RI are apolipoprotein AI containing HDL references and the fractions
R2 apolipoprotein B containing LDL references. Apolipoprotein B is mainly present in lanes 3-7 and apolipoprotein Al
mainly in lanes 5-7.
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1 2 3

%NHS

cytes having a parasitaemia of 1(0% at a haematocrit
of 50% [19].

t *The results of the calculations are summarised in
Table 3. They reflect the extensive binding of halo-
fantrine to serum proteins and erythrocytes. Only
0.4% of the drug was found to be free under physio-
logical conditions, whereas 83.0% was bound to
plasma proteins and 16.6% to the erythrocytes. The
main fraction of the protein-bound drug was asso-

4 5 6 ciated with LDL (55.8%) and HDL (20.9%). The con-

tributions of HSA (4.7%) and AAG (1.6%) to overall
drug binding were minor. The simulations of patho-

v logical conditions showed that a decrease in lipopro-
tein binding capacity, resulting from a decrease in
lipoprotein concentration caused by malaria or other
diseases, was strongly compensated by redistribution
of drug to the erythrocytes and by binding to HSA.

i-1

0.5

g i-1

Figure 4 Partitioning of halofantrine between normal red
blood cells and total serum, HSA, AAG, HDL and LDL.
At equilibrium the ratio of the drug concentration in the
protein-phase and in erythrocytes was determined and
plotted against protein concentration. The lines represent
linear fits (according to equation 4). X-axes are % dilution
of total serum and g 1-1 concentrations of HSA (v), AAG
(Li), HDL (A) and LDL (*). All values represent the
means of duplicate measurements. * Normal human serum
(NHS).

Table 1 Affinity constants for binding of halofantrine to
single proteins (nKp), binding capacity of serum (NKp) and
normal red blood cells (NKE) with corresponding regression
coefficients r of the fitted curves. The binding capacity of
normal red blood cells (NKE) is the average value from five
independent experiments with serum and each single protein
(s.d. = standard deviation)

Protein nKp (1 g'I) NKp' NKE r

HSA 0.27 13 0.9936
AAG 4.39 5 0.9913
HDL 14.4 54 0.9965
LDL 44.4 144 0.9921
NHS 244 0.9839
nRBC 52 ± 14 s.d.

'Dimensionless.

Discussion

The chromatographic separation of serum preincu-
bated with [14C]-halofantrine allowed to identify LDL
in the first peak and HSA, AAG and HDL in the
second peak as the protein fractions probably respon-
sible for the binding of this lipophilic and basic drug.
The drug-protein interaction with serum proteins
might be disturbed during chromatography by the
adsorption of the drug to the column, since the elu-
tion conditions did not allow equilibrium between
free and protein-bound drug to be reached. However,
this effect would influence drug binding to proteins
of low affinity, rather than to those of high affinity.
Since it was possible to detect the drug bound with
low affinity to AAG and HSA, we conclude that size-
exclusion-chromatography is an adequate method to
identify the major drug-binding serum proteins.
The binding data obtained from the erythrocyte

partitioning experiments revealed that LDL and HDL,
are the main binding proteins in serum. Such prefer-
ential binding to lipoproteins has been described for
other lipophilic and highly protein-bound drugs, such
as retinoid analogs [11]. HSA had a very low affinity
and contributed only moderately to the overall bind-
ing. Binding of halofantrine to AAG, however, was

negligible. This pattern differs from many other
lipophilic basic drugs, which bind preferentially to
AAG [20].
The site of action of halofantrine is the intra-

erythrocytic malarial parasite. The concentration of
drug acting on this target is dependent on the ability
of the free drug to reach this site [7]. The changes
in halofantrine distribution resulting from disease-
related changes in protein-levels are determined by a

dynamic equilibrium between unbound drug and the
binding capacities of the different blood fractions as

well as by the affinity to other compartments in the
body. In the simulations the free fraction of the drug
increased as the levels of the major binding proteins
decreased. However, in whole blood this was com-

pensated by an increase of the drug associated to
erythrocytes. The calculations of the distribution of
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Table 2 Serum protein concentrations used for simulations of halofantrine
distribution in blood under physiological and pathological conditions

Normal Abetalipo- Hyperlipo-
concentrations Malaria proteinaemia proteinaemia

Protein (g 1 ') (g I ') (g IlI) (g 11)

HSA 45.00 28.50 45.00 45.00
AAG 1.00 1.40 1.00 1.00
HDL 3.75 1.48 0.20 7.50
LDL 3.25 2.30 0.00 6.50

Table 3 Blood distribution of halofantrine. Results of calculations based on
protein concentrations in healthy individuals and patients suffering from malaria,
abetalipoproteinaema or hyperlipoproteinaemia. (Plasma = plasma-protein bound
+ free drug)

Normal Abetalipo- Hyperlipo-
Protein concentrations Malaria proteinaemia proteinaemia

HSA 4.7 3.8 19.4 2.6
AAG 1.6 2.8 6.4 0.9
HDL 20.9 10.4 4.6 23.1
LDL 55.8 49.8 0.0 64.1
Free drug 0.4 0.5 1.6 0.2
Plasma 83.4 67.3 32.0 90.9
RBC 16.6 32.7 68.0 9.1

All values are expressed as % of the total drug associated to the individual
protein fraction.

the drug in blood indicate that the total drug concen-
tration in the erythrocytes is increased when the
levels of LDL and HDL decrease. Such changes in
lipoproteins are likely to be found in individuals suf-
fering from malaria [16, 17]. On the other hand, in
situations where there is an increase of binding by the
lipoproteins, the level of total erythrocyte-associated
drug will decrease. Such a situation may be en-
countered in individuals suffering from hyperlipopro-
teinaemic disease, which is frequent in industrialised
countries and is increasing in urban populations in
the tropics [21-23]. Since the effect on the parasite is
not likely to be correlated with total parasite drug
concentration, but rather with its free concentration
and since its equilibration is probably not affected in
vivo, changes in protein binding are not likely to
affect the drug action on the parasite.

Toxic effects could be influenced by changes in
lipoprotein levels, as the relative variation in free
drug fraction is large for this highly bound drug. For
example an increase of the unbound fraction from
0.2% calculated for hyperlipoproteinaemia to 1.6%
for an extremely low lipoprotein level may seem
small, but represents an eight-fold increase of the free
fraction.

However, the in vivo situation might significantly
differ from what is found in vitro, since drugs having
a large apparent volume of distribution might com-
pensate eventual changes in free fraction by redistri-
bution of free drug into the body tissues. The volume

of distribution of halofantrine has not yet been
assessed reliably. Reports suggesting a large apparent
volume of distribution (100-569 1 kg-') are in con-
trast with others indicating lower values, probably
resulting from the variable and low absorption after
oral application compared with the only study pub-
lished with parenteral application (3.1 1 kg-' at steady
state) (reviewed in [24]).

Halofantrine is extensively metabolised, but unlike
other quinoline antimalarials it does not inhibit cyto-
chrome P450-mediated drug metabolism [25, 26].
However, interactions between halofantrine and drugs
that are able to displace it from its binding sites and
drugs that inhibit its metabolism have not yet been
investigated. Interactions with quinine which also
shows cardiac side effects should be of concern in
future studies. One singular case of such an inter-
action between halofantrine and quinine has been
reported by Krishna et al. [2]. One patient in this
study was given parenteral quinine (10 mg kg-') for
treatment of a recrudescent parasitaemia after com-
pletion of the halofantrine regimen. This resulted in
an impressive increase of the plasma halofantrine
concentration to more than 4000 ng ml-'. No clinical
signs of increased cardiotoxicity were noticed and
the analytical method used to assess halofantrine in
plasma was not sensitive to the presence of quinine.
Thus, the role of the displacement from binding sites
in blood and tissue as well as the inhibition of drug
metabolism should be further investigated.
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Although halofantrine is extensively bound to
proteins in serum the clinical significance of its pro-
tein binding remains to be determined in specific
studies. According to an algorithm described by
Rolan [27] the protein binding of halofantrine is not
likely to be of clinical significance, unless halo-
fantrine is given parenterally.
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