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Abstract 0 The purpose of these studies was to determine the
distribution of a lipophilic antimalarial agent, halofantrine hydrochloride
(Hf), in fasted plasma from hypo-, normo-, and hyperlipidemic patients
that displayed differences in lipoprotein concentration and lipid transfer
protein I (LTP I) activity. To assess the influence of modified lipoprotein
concentrations and LTP I activity on the plasma distribution of Hf, Hf
at a concentration of 1000 ng/mL was incubated in either hypo-,
normo-, or hyperlipidemic human plasma for 1 h at 37 °C. Following
incubation, the plasma samples were separated into their lipoprotein
and lipoprotein-deficient plasma (LPDP) fractions by density gradient
ultracentrifugation and assayed for Hf by high-pressure liquid chro-
matography. The activity of LTP I in the dyslipidemic plasma samples
was determined in terms of its ability to transfer cholesteryl ester from
low-density lipoproteins (LDL) to high-density lipoproteins (HDL). Total
plasma and lipoprotein cholesterol (esterified and unesterified),
triglyceride, and protein levels in the dyslipidemic plasma samples
were determined by enzymatic assays. When Hf was incubated in
normolipidemic plasma for 1 h at 37 °C, the majority of drug was
found in the LPDP fraction. When Hf was incubated in human plasma
of varying total lipid, lipoprotein lipid, and protein concentrations and
LTP I activity, the following relationships were observed. As the
triglyceride-rich lipoprotein (TRL) lipid and protein concentration
increased from hypolipidemia through to hyperlipidemia, the proportion
of Hf associated with TRL increased (r > 0.90). As the HDL lipid and
protein concentration increased, the proportion of Hf associated with
HDL decreased (r > 0.70). As the total and lipoprotein lipid levels
increased, the LTP I activity of the plasma also proportionally increased
(r > 0.85). Furthermore, with the increase in LTP I activity, the
proportion of Hf associated with the TRL fraction increased (r > 0.70)
and the proportion of Hf associated with the HDL fraction decreased
(r > 0.80). In addition, a positive correlation between the proportion
of apolar lipid and Hf recovered within each lipoprotein fraction was
observed within hypo- (r > 0.80), normo- (r ) 0.70), and hyperlipidemic
(r > 0.90) plasmas. These findings suggest that changes in the HDL
and TRL lipid and protein concentrations, LTP I activity, and the
proportion of apolar lipid within each lipoprotein fraction may influence
the plasma lipoprotein distribution of Hf in dyslipidemia.

Introduction
Lipoproteins are macromolecules of lipid and protein that

transport lipids through the vascular and extravascular

bodily fluids.1 Great diversity in the composition and
physical properties of lipoproteins are possible, particularly
in disease states. However, it is becoming apparent that
lipoproteins have a wider biological significance than
simply in lipid transport. It has been demonstrated that
the interaction of several compounds, including ampho-
tericin B (AmpB)2,3 and cyclosporine (CSA),4 with plasma
lipoproteins modifies the pharmacokinetics, tissue distribu-
tion, and pharmacologic activity of these compounds. In
addition, recent studies have suggested that not only the
relative levels of individual lipoproteins but also their lipid
composition define the distribution of a number of hydro-
phobic compounds among plasma lipoproteins.5-7

Halofantrine (Hf), an effective agent in the treatment of
malaria, has been shown to bind to lipoproteins upon
incubation in human blood8 and plasma.9 Cenni et al.8 have
suggested that Hf interacts and binds mostly to low-density
lipoproteins (LDL) and high-density lipoproteins (HDL)
upon incubation in human blood from noninfected and
malaria subjects. However two drawbacks of this work
were that the Hf distribution experiments were not done
at a physiologic temperature, but rather at 20 °C, and that
the total Hf recovery from plasma was as low as 40%.
Humberstone et al.10 have demonstrated that the lipopro-
tein distribution of Hf within fasted and fed beagle plasma
samples may be influenced by the relative pre- and post-
prandial lipoprotein profiles. Furthermore, McIntosh et al.9
have recently concluded that these differences are regu-
lated by the respective masses of core apolar lipoprotein
lipid.

Recent studies have suggested that the binding of Hf to
lipoproteins may also alter its pharmacokinetics and
pharmacological effect. Humberstone et al.10 have observed,
following intravenous Hf administration to fasted and fed
beagles, that a decrease in Hf clearance and a decrease in
Hf volume of distribution was correlated with an increased
binding of Hf to plasma lipoproteins in the post-prandial
state compared with the fasted state. In addition, they
demonstrated that the concentration that is inhibitory in
50% of test subjects (IC50) of Hf within an in vitro culture
of Plasmodium falciparum was significantly decreased
when incubated in the presence of 10% post-prandial
serum.11 Taken together, these studies suggest that the
effect of human dylipidemias (aberrant plasma lipoprotein
and lipid concentrations) on the plasma distribution of Hf
merit further investigation.

Most patients infected with malaria may exhibit distur-
bances in their lipid metabolism resulting in modified
lipoprotein-lipid composition,8 so we conducted studies to
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determine whether the human plasma distribution of Hf
was influenced by changes in lipoprotein concentration and
composition. Our working hypothesis was that the associa-
tion of Hf with different lipoprotein classes would be
influenced by the relative abundance of these lipid-protein
complexes and apolar lipid content. In addition, because
Hf is lipophilic, we believed that lipid transfer protein I
(LTP I), an endogenous glycoprotein responsible for the
transfer of lipids between lipoproteins,12 may influence Hf
lipoprotein distribution in a similar manner as it regulates
the transfer of AmpB13 and CSA14 between HDL and LDL.

Materials and Methods
Chemicals and PlasmasHalofantrine was provided by Smith-

Kline Beecham Pharmaceuticals (King of Prussia, PA). Sodium
bromide was purchased from Sigma Chemical Company (St. Louis,
MO). Liquid chromatography grade acetonitrile and tert-butyl
methyl ether (TBME) were obtained from Fisher Canada (Mon-
treal, Quebec). Electrophoresis grade sodium dodecyl sulfate (SDS)
was obtained from Eastman Kodak (Rochester, NY). Fasted
human plasma samples from hypolipidemic, normolipidemic, and
a hyperlipidemic subjects were obtained from the Vancouver Red
Cross (Vancouver, British Columbia). Ten microliters of 0.4 M
ethylenediaminetetraacetic acid, pH 7.1 (EDTA; Sigma Chemical
Company) was added to 1.0 mL of whole blood. In this study, a
hypolipidemic plasma sample was defined as having a total plasma
cholesterol of <130 mg/dL and total plasma triglyceride of <100
mg/dL, a normolipidemic plasma sample was defined as having a
total plasma cholesterol of 130-200 mg/dL and total plasma
triglyceride of 100-200 mg/dL, and a hyperlipidemic plasma
sample was defined as having a total plasma cholesterol of >350
mg/dL and total plasma triglyceride of >280 mg/dL.1 For all Hf
plasma distribution studies, Hf was dissolved in 100% methanol.
The addition of methanol alone did not modify lipoprotein-lipid
composition or plasma LTP I activity (data not shown).

Lipoprotein SeparationsThe plasma was separated into its
HDL, LDL, triglyceride-rich lipoproteins (TRL), which consists of
VLDL and chylomicrons, and lipoprotein deficient plasma (LPDP)
fractions by ultracentrifugation.15,16 Briefly, human plasma (3.0
mL) samples were placed in centrifuge tubes and their solvent
densities were adjusted to 1.006 g/mL by sodium bromide. Fol-
lowing centrifugation (L8-80M; Beckman Canada) at 50 000 rpm
for 18 h at 4 °C, the TRL-containing and TRL-deficient plasma
fractions were recovered. The TRL-deficient plasma fraction was
readjusted to a density of 1.063 g/mL and respun at 50 000 rpm
for 18 h at 4 °C to separate the LDL-rich and TRL/LDL-deficient
plasma fractions. This fraction was readjusted to a density of 1.21
g/mL and respun at 50 000 rpm for 18 h at 4 °C to separate the
HDL-rich and lipoprotein-deficient plasma (LPDP) fractions.

Isolation and Purification of Lipid Transfer Protein (LTP
I)sLTP I was purified from human lipoprotein-deficient plasma
as has been previously described.12 Briefly, citrated human plasma
was made lipoprotein deficient by the dextran-MnCl2 procedure
of Burstein and co-workers.17 LTP I was then partially purified
by sequential chromatography on phenyl-Sepharose and carboxy
methyl cellulose gel (CM-52, Whatman Inc., Chifton, NJ). Partially
purified LTP I (1.05 mg protein/mL), enriched 800-fold relative to
lipoprotein-deficient plasma, was stored at 4 °C in 0.01% disodium
EDTA, pH 7.4. The CM-cellulose fraction of LTP I was used in all
experiments.

Radiolabeling of Plasma LipoproteinssHuman LDL was
labeled by the lipid dispersion technique as previously described.12

Briefly, human plasma was incubated with a lipid dispersion
containing egg phosphatidylcholine (PC), triglyceride (5 mol %),
and [3H]cholesteryl ester (CE) (12 mol %) at 37 °C for 20-24 h in
the presence of LTP I and diethyl (p-nitrophenyl) phosphate. Then
the LDL fractions were isolated from the total lipoprotein pre-
cipitate by centrifugation as previously described. LDL had a
specific activity of 3.423 × 106 cpm/mL (1352 cpm/µg of total
cholesterol).

Lipid Transfer AssayssTo assess the LTP I activity within
the different human plasma samples used in this study, the
following protocol was used. Lipid (CE) transfer was performed
within the lipoprotein-deficient plasma samples as has been
previously described.14,18 Typically, 10 µg (total cholesterol) of

radiolabeled donor (3H-CE LDL) and unlabeled acceptor (HDL)
are incubated ( LTP I source (which are the different delipidated
human plasma samples used in this study), pH 7.4, for 90 min at
37 °C. Lipid transfer between donor and acceptor lipoprotein is
then quantitated by scintillation counting. The fraction of lipid
and drug transferred (kt) was calculated as described by Pattnaik
and Zilversmit:19

where D0 and At are the amounts of radioactivity in the donor at
time 0 and in the acceptor at time t, respectively. The constant k
is the fraction of label transferred per unit time (t). Acceptor
radioactivity in the absence of LTP (usually < 2-3%) is subtracted
before calculating kt values. Calculations assume steady-state
conditions, where all lipid transfer is an exchange process. To
minimize calculation errors due to mass transfer, all values were
determined from assays in which the extent of radiolabel transfer
was small (e15%).

Quantification of HalofantrinesPlasma lipoprotein and
lipoprotein-deficient samples containing Hf (1-mL aliquot) were
mixed with 2 mL of acetonitrile and 8 mL of TBME; the mixture
was vortexed for 30 s after the addition of acetonitrile and TBME
and centrifuged (2000x g for 2 min). The supernatant was
transferred to another tube, dried under nitrogen at 30 °C, and
reconstituted with 0.5 mL of acetonitrile. The reconstituted
extractant was analyzed against an external standard calibration
curve for Hf by a high-pressure liquid chromatography (HPLC)
procedure developed by Humberstone and co-workers.20 The
internal standard used to account for variation between samples
is 2,4-dichloro-6-trifluoromethyl-9-{1-(2-(dibutylamino)ethyl)}-
phenanthrenemethanol.20 The HPLC system consisted of a Beck-
man model 110A pump, a Shimadzu SIL-9A autoinjector, and a
Shimadzu SPD-6A variable wavelength detector. The detector was
set at a wavelength of 257 nm, with absorbance sensitivity of 0.05
absorbency units, full scale. Results were recorded on a Shimadzu
C-R3A chromatopac integrator. For chromatographic separation,
a ultrasphere ODS column (4.6 mm × 25 cm) packed with
trimethylsilyl particles (particles of 5 µm in diameter) was used
at ambient temperatures. The mobile phase consisted of 75:25 (v/
v) acetonitrile:water with 0.2% (w/v) SDS and 0.2% (V/v) glacial
acetic acid at a flow rate of 1.5 mL min-1. This assay had a limit
of quantitation for Hf of 39 ng/mL and external calibration curves
in total plasma, lipoprotein, and lipoprotein-deficient fractions that
were linear in a concentration range of 39-5000 ng/mL of Hf (r >
0.90), with an intraday coefficient of variation of 5-8%.

Determination of Plasma Lipoprotein Triglyceride, Cho-
lesterol, and Protein ConcentrationssTotal plasma triglyc-
erides (TG), cholesterol, and protein concentrations were deter-
mined by enzymatic assays purchased from Sigma Diagnostics (St.
Louis Mo.) as previously described.17 The external calibration
curve for plasma and lipoprotein triglyceride was linear in a
concentration range 10-300 mg/dL (r > 0.95), for cholesterol was
linear in a concentration range 10-450 mg/dL (r > 0.96), and for
protein was linear in a concentration range of 5-2000 mg/dL (r >
0.90). Free cholesterol was determined using an enzymatic assay
purchased from Boehringer Mannheim and was linear in a
concentration range 1-100 mg/dL (r > 0.90). Cholesteryl ester
concentration was determined by calculating the difference be-
tween total and free cholesterol.

Halofantrine (Hf) Distribution Studies in Specific Human
Plasma Samples of Varying Lipoprotein Concentration and
Composition and LTP I ActivitysTo gain an understanding
on how lipoprotein lipid and protein concentration and LTP I
influences the plasma distribution of Hf, Hf (1000 ng/mL) was
incubated in 3 mL of plasma samples (total amount of Hf in plasma
was 3000 ng) from three different patients (hypo-, normo-, and
hyperlipidemic) of varying total and lipoprotein cholesterol, tri-
glyceride, and protein concentrations (Table 1) and composition
(Table 2) for 60 min at 37 °C. A Hf concentration of 1000 ng/mL
was chosen as a value broadly representative of serum concentra-
tions expected in a clinical enviroment.21 Following incubation,
the plasma was cooled to 4 °C to prevent any drug redistribution
(data not shown) and separated into its lipoprotein and lipoprotein-
deficient fractions by density gradient ultracentrifugation, and
each fraction was quantified for Hf by HPLC.20 To ensure that
the distribution of Hf found in each of these fractions was a result
of its association with each lipoprotein or lipoprotein-deficient

kt ) -ln(1 - At/D0) (1)
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fraction and not a result of the density of the drug, the density
profile of Hf reconstituted in 100% methanol and incubated in
lipoprotein-deficient plasma was determined by ultracentrifuga-
tion. The majority of Hf (>85%) was found in the density range
>1.21 g/mL (data not shown), suggesting that the Hf distribution
within the ultracentrifuge tubes following incubation in human
plasma is not a function of drug density.

In addition, to provide further evidence that LTP I may facilitate
the movement of Hf between lipoprotein fractions, the lipoprotein
distribution of Hf within normolipidemic human plasma (contain-
ing 1.0 µg protein/mL of LTP I), which has been supplemented
with exogenous LTP I (0.67 µg protein/mL), was determined.

Data and Statistical AnalysissCorrelation coefficients be-
tween the amount of Hf recovered within the TRL, HDL, and LDL
plasma fractions and the amount of cholesterol, triglyceride, and
protein within these fractions (Figures 1-3), proportion of apolar
lipid within each lipoprotein fraction (Figure 4), and LTP I activity
(Figure 5) were determined using Pearson’s test. Differences in
the human plasma distribution of Hf following incubation in
human plasmas of varying lipid and protein concentrations were
determined by a two-way analysis of variance (PCANOVA; Human
Systems Dynamics). Critical differences were assessed by Neu-
man-Keuls posthoc tests. Differences were considered significant
if p was <0.05. All data are expressed as mean ( standard
deviation.

Results and Discussion
Total and Lipoprotein Lipid and Protein Levels in

Plasma from Human SubjectssThe differences in total

and lipoprotein plasma cholesterol (esterified + unesteri-
fied), triglyceride, and protein concentrations and composi-
tion between hypolipidemic, normolipidemic, and hyper-
lipidemic human subjects chosen for this study are reported
in Tables 1 and 2.

Distribution of Halofantrine (Hf) Following Incu-
bation in Plasma from Human Subjects with Varying
Lipid ConcentrationssTable 3 reports the plasma dis-
tribution of Hf at 1000 ng/mL within plasma obtained from
hypolipidemic, normolipidemic, and hyperlipidemic human
subjects following incubation for 60 min at 37 °C. A
significantly greater percentage of Hf was recovered within
the TRL fraction following incubation in hyperlipidemic
and normolipidemic patient plasma for 60 min at 37 °C
than following incubation in hypolipidemic patient plasma.
At the same time, a significantly lower percentage of Hf
was recovered within the HDL fraction following incubation
in hyperlipidemic and normolipidemic patient plasma
samples than following the incubation in hypolipidemic
patient plasma samples. In addition, a significantly higher
percentage of Hf was recovered within the TRL fraction
and significantly lower percentage of Hf was recovered in
the HDL and LPDP fractions following incubation in
hyperlipidemic compared with normolipidemic patient
plasma samples.

Table 1sFasted Total and Lipoprotein Plasma Cholesterol (Esterified + Unesterified), Triglyceride, and Protein Concentrations in Plasma Samples
from Three Individual Patientsa

patient profile TRL, mg/dL LDL, mg/dL HDL, mg/dL total, mg/dL

cholesterol (esterified + unesterified)
hypolipidemic 20.6 ± 2.6 70.8 ± 3.1 32.3 ± 1.7 123.7 ± 5.6
normolipidemic 43.9 ± 1.8* 108.2 ± 9.9* 44.7± 6.1* 196.9 ± 4.0*
hyperlipidemic 112.6 ± 9.4* 180.7 ± 16.1* 105.2 ± 13.9* 398.5 ± 18.1*

triglyceride
hypolipidemic 31.1± 2.1 22.7 ± 1.1 21.4 ± 3.4 75.1 ± 2.1
normolipidemic 92.1 ± 8.5* 45.3 ± 7.8* 33.0 ± 3.6* 170.4 ± 4.8*
hyperlipidemic 153.5 ± 16.9* 80.3 ± 11.3* 61.4 ± 6.6* 295.1 ± 18.6*

protein
hypolipidemic 7.4 ± 1.2 25.0 ± 2.3 132.4 ± 11.8 164.7 ± 11.8
normolipidemic 34.8 ± 2.8* 94.4 ± 2.8* 217.6 ± 9.0* 346.8 ± 10.2*
hyperlipidemic 77.9 ± 6.8* 156.3 ± 11.1* 936.9 ± 111* 1171 ± 115*

a Data are expressed as mean ± standard deviation (n ) 4 replicates for hypolipidemic; n ) 6 replicates for normolipidemic and hyperlipidemic). Abbreviations:
TRL, triglyceride rich lipoproteins, which includes very low-density lipoproteins and chylomicrons; LDL, low-density lipoproteins; HDL, high-density lipoproteins. (*)
p < 0.05 versus hypolipidemic patient profile.

Table 2sLipoprotein Composition of Plasma from Hypolipidemic,
Normolipidemic, and Hyperlipidemic Patientsa

lipoprotein fraction hypolipidemic normolipidemic hyperlipidemic

triglyceride rich lipoproteins
TC/TP (wt/wt) 2.8 ± 0.3 1.2 ± 0.1* 1.5 ± 0.2*
TG/TP (wt/wt) 4.3 ± 1.0 2.5 ± 0.1* 2.0 ± 0.3* **
TG/TC (wt/wt) 2.2 ± 0.4 2.9 ± 0.1* 1.4 ± 0.1* **

low-density lipoproteins
TC/TP (wt/wt) 2.9 ± 0.3 1.2 ± 0.1* 1.2 ± 0.1*
TG/TP (wt/wt) 0.9 ± 0.1 0.5 ± 0.1* 0.5 ± 0.1*
TG/TC (wt/wt) 0.30 ± 0.03 0.4 ± 0.1 0.44 ± 0.05*

high-density lipoproteins
TC/TP (wt/wt) 0.25 ± 0.02 0.13 ± 0.03* 0.12 ± 0.03*
TG/TP (wt/wt) 0.16 ± 0.01 0.11 ± 0.02* 0.07 ± 0.01* **
TG/TC (wt/wt) 0.66 ± 0.06 0.87 ± 0.17 0.59 ± 0.07**

a Data are expressed as mean ± standard deviation (n ) 4 replicates for
hypolipidemic and n ) 6 replicates for normolipidemic and hyperlipidemic);
(*) p < 0.05 versus hypolipidemic; (**) p < 0.05 versus normolipidemic; TC,
total cholesterol (esterified + unesterified); TG, total triglycerides; TP, total
protein; wt/wt, weight/weight; plasma type, hypolipidemic (total cholesterol <130
mg/dL and triglyceride < 100 mg/dL); normolipidemic (total cholesterol 130−
200 mg/dL and triglyceride 100−200 mg/dL); hyperlipidemic (total cholesterol
> 350 mg/dL and triglyceride > 280 mg/dL).

Figure 1sDistribution of Hf at 1000 ng/mL incubated for 60 min at 37 °C in
hypolipidemic, normolipidemic, or hyperlipidemic plasma samples: (A) triglyc-
eride-rich lipoprotein (TRL) protein; (B) TRL cholesterol, (C) TRL TG; and (D)
TRL apolar lipid (cholesteryl ester and triglyceride) content versus the amount
of Hf within the TRL fraction.

Journal of Pharmaceutical Sciences / 187
Vol. 88, No. 2, February 1999



When correlations between the amount of Hf recovered
within the TRL, LDL, and HDL plasma fractions and the
amount of cholesterol, triglyceride, and protein were
calculated for all three patient plasma subgroups, the
following relationships were observed. As TRL cholesterol,
triglyceride, protein, and apolar lipid (cholesteryl esters and
triglycerides) levels increased, the amount of Hf recovered
in this fraction proportionally increased (Figure 1; r > 0.70).
However, as HDL cholesterol, triglyceride, protein, and

apolar lipid levels increased, the amount of Hf recovered
in this fraction proportionally decreased (Figure 2; r >
0.70). Although no correlation between LDL lipid and
protein levels and the amount of Hf recovered in this
fraction was observed (Figure 3), a positive correlation
between the proportion of apolar lipid and percentage of
Hf recovered within each lipoprotein fraction was observed
within all three plasma groups (Figure 4; r > 0.70).

We have further observed that although HDL choles-
terol, triglyceride, and protein concentrations increased
3-fold, 3-fold, and 7-fold, respectively, from hypolipidemia
through to hyperlipidemia (Table 1), the percent (Table 3)

Table 3sDistribution of Halofantrine Hydrochloride (Hf‚HCl) at 1000 ng/mL within Fasted Plasma from Three Individual Patients Following
Incubation for 60 min at 37 °C (following incubation plasma samples were assayed by high-pressure liquid chromatography for drug in each of
the lipoprotein and lipoprotein-deficient plasma fractions)a

patient profile TRL fraction, %b LDL fraction, % HDL fraction, % LPDP fraction, % percent recoveryc LTP I activity, %kt

hypolipidemic (n ) 4 replicates) 8.2 ± 0.7 17.5 ± 1.8 12.2 ± 3.3 59.1 ± 3.4 97.0 ± 2.6 2.2 ± 0.8
normolipidemic (n ) 6 replicates) 18.5 ± 2.1* 15.6 ± 3.2 11.1 ± 1.9* 53.5 ± 5.2 98.7 ± 2.8 11.6 ± 0.6*
hyperlipidemic (n ) 6 replicates) 31.4 ± 3.3* ** 21.0 ± 4.4 4.9 ± 1.0* ** 37.5 ± 4.8* ** 94.6 ± 4.8 14.6 ± 2.5*

a Data are expressed as mean ± standard; (*) p < 0.05 vs hypolipidemic patients; (**) p, 0.05 versus normolipidemic patients. b Percent of initial Hf‚HCL
concentration. b Percent of initial drug incubated; LPDP, lipoprotein-deficient plasma; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TRL, triglyceride-
rich lipoproteins, which includes very-low-density lipoproteins and chylomirons; LTP I, lipid transfer protein I; k, fraction of labeled lipid transferred; t, time; plasma
type, hypolipidemic (total cholesterol < 130 mg/dL and triglyceride < 100 mg/dL); normolipidemic (total cholesterol 130−200 mg/dL and triglyceride 100−200
mg/dL); hyperlipidemic (total cholesterol > 350 mg/dL and triglyceride > 280 mg/dL).

Figure 2sDistribution of Hf at 1000 ng/mL incubated for 60 min at 37 °C in
hypolipidemic, normolipidemic, or hyperlipidemic plasma samples: (A) high-
density lipoprotein (HDL) protein; (B) HDL cholesterol; (C) HDL TG; and (D)
HDL apolar lipid (cholesteryl ester and triglyceride) content versus the amount
of Hf within the HDL fraction.

Figure 3sDistribution of Hf at 1000 ng/mL incubated for 60 min at 37 °C in
hypolipidemic, normolipidemic, or hyperlipidemic plasma samples: (A) low-
density lipoprotein (LDL) protein; (B) LDL cholesterol; (C) LDL TG; and (D)
LDL apolar lipid (cholesteryl ester and triglyceride) content versus the amount
of Hf within the LDL fraction.

Figure 4s(A) Correlation between the percentage of Hf recovered in
triglyceride-rich (TRL), low-density (LDL), and high-density lipoprotein (HDL)
fractions in hypolipidemic human plasma and the proportional distribution of
apolar lipids (cholesteryl esters and triglycerides) within the individual lipoprotein
fractions. (B) Correlation between the percentage of Hf recovered in TRL,
LDL, and HDL fractions in normolipidemic human plasma and the proportional
distribution of apolar lipids (cholesteryl esters and triglycerides) within the
individual lipoprotein fractions. (C) Correlation between the percentage of Hf
recovered in TRL, LDL, and HDL fractions in hyperlipidemic human plasma
and the proportional distribution of apolar lipids (cholesteryl esters and
triglycerides) within the individual lipoprotein fractions.

Figure 5sLipid transfer protein I activity in hypolipidemic, normolipidemic, or
hyperlipidemic plasma samples versus the amount of Hf within the (A) high-
density lipoprotein (HDL) and (B) triglyceride-rich lipoprotein (TRL) fractions.
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and amount (Figure 2) of Hf recovered within the HDL
fraction significantly decreased. However, in these same
plasmas, TRL cholesterol, triglyceride, and protein con-
centrations increased 5.5-fold, 5-fold, and 10-fold, respec-
tively, from hypolipidemia through to hyperlipidemia
(Table 1). This resulted in a significant and proportional
increase in the percent (Table 3) and amount (Figure 1) of
Hf recovered within the TRL fraction. These findings
suggest that Hf lipoprotein distribution may be regulated
by mass plasma lipoprotein triglyceride concentrations and
the number of TRL particles present within plasma. Thus,
Hf moved from one lipoprotein class to another and its
movement could be influenced by different disease states,
such as malaria, and adjunct therapies, such as Intralipid
infusion,3 where lipoprotein composition and plasma con-
centrations are altered. Furthermore, not only are triglyc-
eride mass and particle number important factors in
determining Hf lipoprotein distribution, but to which
lipoprotein subfraction changes in composition ocurr may
also be important in determining to which component the
drug binds. It further appears that TRL may be more
effective at binding Hf than either HDL or LDL as you
increase lipoprotein lipid-load and particle number.

Influence of Lipid Transfer Protein I (LTP I) on
the Plasma Distribution of Halofantrine (Hf)sThe
LTP I activity within the plasma of these patients were
determined by measuring the transfer rate of [3H]CE from
LDL to HDL. As the total plasma and lipoprotein lipid
concentrations increased from hypolipidemia through to
hyerlipidemia, LTP I activity increased from 2.2 ( 0.8% kt
to 14.6 ( 2.5% kt (Table 3). Furthermore, as LTP I-
mediated transfer of CE increased, the amount of Hf
recovered in the HDL fraction decreased (Figure 5A),
whereas the amount of Hf recovered in the TRL fraction
increased (Figure 5B). In addition, a significantly lower
percentage of Hf was recovered in the LDL, HDL, and
LPDP fractions and a significantly greater percentage of
Hf was recovered in the TRL fraction compared with
controls when fasted normolipidemic plasma containing 1
µg protein/mL of LTP I was supplemented with 0.67 µg
protein/mL of exogenous LTP I (Table 4).

Taken together, these studies demonstrate that as LTP
I activity increases, the proportion of Hf associated with
the TRL fraction increases (r > 0.70) and the proportion
of Hf associated with HDL decreases (r > 0.80). Because
LTP I is the protein that catalyzes the transfer exchange
of apolar lipids CE from CE-rich lipoproteins (HDL and
LDL) for TG from TG-rich lipoproteins (i.e., VLDL and
chylomicrons), our findings suggest that Hf plasma distri-
bution may be related to its lipoprotein apolar lipid content.
This suggestion is further supported by the observation
within hypo- (r > 0.80), normo- (r ) 0.70), and hyperlipi-
demic (r > 0.90) plasma samples that a proportionally
greater percentage of Hf was recovered in those lipoprotein
fractions that contained a larger proportion of apolar lipid
(Figure 4). These findings are in agreement with our
previous studies in pre- and postprandial plasma samples
from beagles and humans,9 where it was concluded that

the mechanism of Hf association with plasma lipoprotein
was primarily by way of solubilization in the apolar lipid
core.

Summary

In conclusion we have determined that Hf associates
with lipoproteins upon entrance into the plasma component
of the bloodstream and that the distribution of Hf among
lipoproteins is defined by the relative levels of individual
lipoproteins and the proportion of apolar lipid content
within each lipoprotein fraction, and is influenced by LTP
I. Furthermore, the amount of Hf recovered in the TRL
and HDL fractions correlates to lipoprotein lipid and
protein mass and LTP-I activity. The alterations in plasma
lipoprotein concentrations, including decreases in HDL-
cholesterol and elevations in TRL-triglyceride concentra-
tions,8 often exhibited by patients with malaria, raises the
possibility of altered efficacy and/or toxicity of drugs, such
as Hf, which associate with lipoproteins. Recently, Hum-
berstone et al.11 demonstrated that the IC50 of Hf was
significantly increased when incubated in the presence of
10% post-prandial serum (which contains elevated TRL
triglyceride serum concentrations) compared with normo-
lipidemic serum in a continuous in vitro culture of Plas-
modium falciparum. In addition, there is an apparent
linkage between excessively high plasma Hf concentrations
and cardiac toxicity in patients with or without a preexist-
ing cardiopathy.22 As higher plasma concentrations of Hf
are typically observed after post-prandial administration,
distribution of Hf into post-prandial lipoproteins (particu-
larly TRL) may contribute to the cardiac side effects of Hf
observed in these patients. Future studies are warranted
to investigate the pharmacological implications of the
predominant association of Hf with TRL when total plasma
TG concentrations are elevated.
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