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ABSTRACT

Albitiazolium is the lead compound of bis-thiazolium choline analogues and exerts powerful
in vitro and in vivo antimalarial activitics. Here we provide new insight into the fate of
albitiazolium in vivo in mice and how it exerts its pharmacological activity. We show that the
drug exhibits a rapid and potent activity and has very favorable pharmacokinetic and
pharmacodynamic properties. Pharmacokinetic studies in Plasmodium vinckei-infected mice
indicated that albitiazolium rapidly and specifically accumulates to a great extent (cellular
accumulation ratio > 150) in infected erythrocytes. Unexpectedly, plasma concentrations and the
area under concentration-time curves increased by 15% and 69% when mice were infected at
0.9% and 8.9% parasitemia, respectively. Albitiazolium that had accumulated in infected
erythrocytes and in the spleen was released into the plasma, where it was then available for
another round of pharmacological activity. This recycling of the accumulated drug, after the
rupture of the infected erythrocytes, likely extends its pharmacological effect.

We also established a new viability assay in the P. vinckei-infected mouse model to
discriminate between fast- and slow-acting antimalarials. We found that albitiazolium impaired
parasite viability in less than 6 and 3 hours at the ring and late stages, respectively, while parasite
morphology was affected more belatedly. This highlights that viability and morphology are two
parameters that can be differentially affected by a drug treatment, an element that should be taken

into account when screening new antimalarial drugs.
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INTRODUCTION

Malaria remains one of the major human infectious diseases, with more than 40% of the
world’s population at risk, and is responsible for 150-300 million annual clinical cases with
around 430,000 deaths, mostly children under five years old and in sub-Saharan Africa (1). In the
absence of a marketed vaccine and facing the recent emergence of resistance to the artemisinin
derivatives, the need for new antimalarial drugs has never been greater. These new drugs must be
structurally unrelated to existing antimalarials and should have a new mechanism of action (1, 2).

In this context, our laboratory has developed a new class of antimalarial drugs that target
membrane biogenesis in Plasmodium falciparum, the most lethal malaria-causing parasite, during
its intraerythrocytic development. During its blood stage, Plasmodium synthesizes considerable
amounts of membranes for its growth and proliferation. These membranes differ in lipid
composition from those of the host. Cholesterol is almost completely absent while phospholipids
with phosphatidylcholine (PC) and phosphatidylethanolamine constitute the bulk of malarial
lipids (3-5). We designed and developed compounds which mimic the structure of choline in
order to target choline metabolism and thus prevent PC biosynthesis that is essential for
Plasmodium during the asexual blood stage. Over the past years, compounds were optimized for
In vitro antimalarial activity (6-8) leading to bis-thiazolium salts which inhibit P. falciparum
asexual blood stages at concentrations in the low nanomolar range (9, 10). These compounds are
also able to cure in vivo malaria infections, at very low doses, in rodent (< 1 mg/kg by
intraperitoneal (i.p.) route) and primate models (10). The lead compound albitiazolium (formerly
named T3 and SAR97276) (Fig. 1) (10) was successfully evaluated during ADME (absorption,
distribution, metabolism, and elimination) preclinical studies and human phase I and phase II

clinical trials. Due to the absence of an oral formulation to treat uncomplicated malaria,
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albitiazolium was developed by Sanofi for the treatment of severe malaria by the intramuscular
route. After successful phase II trials in adult patients, trials in a pediatric population revealed
higher drug clearance as compared to adults without significantly changing the highest observed
concentration (Cp,x). The high Cax value did not allow increasing the dose without risking
potential toxic effects. This constraint stopped the clinical development of albitiazolium.
Nevertheless, understanding the mode of action of this drug is of utmost interest for future
developments.

The bis-thiazolium salts exert their antimalarial activity, through inhibition of de novo PC
biosynthesis, by blocking the parasite choline carrier (10-12). An additional interaction with
heme inside the food vacuole contributes to the antimalarial activity (13). The impressive potency
and specificity of these dual effectors are likely due to their ability to accumulate several
hundred-fold in a non-reversible way in P. falciparum-infected erythrocytes. Drug accumulation
in in vitro cultures is so significant that it depletes the incubation medium. Accumulation is
restricted to infected erythrocytes and the major part of the accumulated drug is found in the
intraerythrocytic parasite (10, 13, 14).

We observed that albitiazolium rapidly and irreversibly affects P. falciparum viability
(contact of less than 2 h at 80 nM) and condemns the parasite to death before the end of the cycle
(15). However, morphological changes and arrest of the cell cycle progression are apparent only
at the late trophozoite stage (11, 15). Here, we conducted in vivo studies in P. vinckei-infected
mice to quantify the level of accumulation in infected erythrocytes and to analyze whether this is
accompanied by depletion of albitiazolium from plasma. The results demonstrated that massive
accumulation also occurs in vivo in P. vinckei-infected mice and showed unexpected
pharmacokinetic (PK) and pharmacodynamic (PD) properties of this choline analogue revealing

that plasma concentrations increased with the degree of parasitemia. This unique property is
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likely due to the release of the drug from the infected erythrocytes into the plasma, leading to the
recycling of pharmacologically active albitiazolium, and a subsequent extension of its
pharmacological activity.

Dissociation between the pharmacological effect and the effect on parasitemia was measured
using a new in Vivo viability assay. This led us to conclude that albitiazolium exerts its
pharmacological activity through a Trojan horse effect leading to the rapid reduction of parasite

viability as a consequence of a high cytotoxic drug activity.

MATERIALS AND METHODS

Chemicals. Albitiazolium (albitiazolium bromide, 3,3'-dodecane-1,12-diylbis[5-(2-
hydroxyethyl)-4-methyl-1,3-thiazol-3-ium] dibromide) and [thiazole-2,2’-'*C]albitiazolium were
provided by Sanofi. In the entire document, doses of albitiazolium in mg/kg are expressed in the
form of bis-charged compound.

Animals and parasites. Specific-pathogen-free female albino Swiss mice, weighing 22 to 26
g were obtained from Charles River Laboratories (Saint Aubin-les-Elbeuf, France). They were
kept at constant temperature (20-24°C) and 40-70% relative humidity with a standard 12 h
light/dark cycle. Animals were housed in stainless steel cages with suspended wire-mesh floors
(maximum of 9 mice per cage). The mice were fed with a standard rodent controlled pelleted diet
(SAFE, Epinay Sur Orge, France) and allowed free access to tap water. All animals underwent a
period of one week of observation and acclimatization before treatment. Mice were randomly
distributed in three different groups. They were infected with P. vinckei petteri (279 BY strain)

(16, 17) (I. Landau, Paris, France) maintained by weekly passage by i.p. administration.
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This research is conform to the national and European regulations (EU directive no. 86/609
modified by the directive 2010/63 regarding the Protection of Animals used for Experimental and
Other Scientific Purposes) and the laws of the member states of the partners. The animal studies
were performed at the “Centre d’Elevage et de Conditionnement Experimental des Modé¢les
Animaux”, Montpellier, under permission n°. B-34-172-23 (University of Montpellier) after

approval by the animal experimenting commission.

Counting of parasites. Parasitemia was routinely monitored on thin blood smears fixed in
methanol and stained with Diff-Quick™ (pH 7.2) (Dade Behring, France) or by flow cytometry
on blood samples using Yoyo-1 iodide (491/509) (Invitrogen, France)(18). For microscopy

determination, at least 1000 cells were counted.

Pharmacokinetics/pharmacodynamics study of albitiazolium.

Two groups of 94 mice were inoculated intravenously with 107 (first group) or 10® (second
group) P. vinckei-infected erythrocytes (resuspended in 0.2 ml of sterile isotonic saline solution).
A third group of 90 mice remained uninfected. Thirty additional untreated animals were used to
provide pre-dose blood and tissue samples to prepare calibration curves and quality control
samples.

Mice were fasted overnight (12 h) before drug administration and then weighed. Drug
treatment was initiated when the parasitemia was between 0.5 to 1% (first group) and between 8
to 12% (second group). In each infected group, four mice (control) did not received treatment to
evaluate the development of parasitemia. Albitiazolium was prepared in 0.9% sterile isotonic
saline on the day of administration and was administered i.p. at the dose of 3.7 mg/kg. The

administered volume was 3.12 ml/kg (i.e., ~ 100 pl per mouse).
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Parasitemia counting was performed on samples at each blood sampling time.

Blood and tissues (heart, liver and brain) were obtained at the following times: 5, 15 and 30
min and 1, 2, 4, 6, 11, 24 and 35 h after treatment. At each time point, 9 mice were sacrificed and
three pools of 3 mice prepared. Blood samples were collected in heparinized polypropylene
tubes. Thereafter, tubes were gently agitated to prevent coagulation and then centrifuged (2,000 x
g) at 4°C for 15 min. The plasma was separated and immediately stored at —80°C. The cell pellet
was washed twice with an equal volume of 0.9% sodium chloride to limit plasma contamination
before storage at —80°C. Tissues were washed twice for 30 s in 0.9% sodium chloride to limit

blood contamination, dried on gauze, placed in a polypropylene tube and then frozen at —80°C.

Quantification of albitiazolium in erythrocytes and plasma. Albitiazolium was quantified
in red blood cells (RBC), infected red blood cells (IRBC) and plasma using a liquid
chromatography/electrospray ionization mass spectrometry (LC-ESI-MS) method (19). Briefly,
the method involved solid phase extraction using Oasis“HLB columns after protein precipitation.
LC separation was performed on a Zorbax eclipse XD8 C8 column (5 um) with a mobile phase
of acetonitrile containing 130 pl/l trimethylamine and 2 mM ammonium formate buffer (pH 3).
MS data were acquired in single ion monitoring mode at nVz 227.3 for albitiazolium and m/z 326
for the internal standard. Precision was below 14% and accuracy was 91.4-104%. The lower

limits of quantitation were 3.65 nM in plasma, and 7.26 nM in RBC.

Quantification of albitiazolium in tissues. Albitiazolium concentrations were quantified in
tissues using the rapid resolution LC-ESI-MS method (20). Before sample pre-treatment using
Oasis® WCX cartridges, tissues were powdered under liquid nitrogen. LC separation was

performed on a Zorbax Eclipse XDB C8 (1.8 um) column using a mobile phase consisting of
7
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acetonitrile-trimethylamine-formate buffer at a flow rate of 1 ml/min. Assay precision was <13%
and accuracy was 90—-107%. The lower limit of quantitation was 7.26 nmol/kg in brain and 72.6
nmol/kg in liver and heart.

Animal samples were processed with a standard curve, and quality control samples were
included in each analytical sequence to verify the stability of study samples during storage and

the accuracy and the precision of analysis.

In vivo cellular accumulation ratio. At each time of sampling, in both infected groups,

albitiazolium concentration was calculated in 100% infected RBC (Cirpc) as follows:
Cirec= [Cree+ire— (100 — P) X Cuppar] / P

where Crpcrrpe 18 the measured albitiazolium concentration in the erythrocyte fraction
(infected + uninfected); Cunpar is the concentration in uninfected RBC, assuming that it

corresponds to the concentration found in treated healthy mice; and P is the parasitemia.

The cellular accumulation ratio (CAR) was defined as the ratio of the concentration of
albitiazolium in 100% infected cells to that of albitiazolium in the same volume of plasma. The

CAR was also calculated in the uninfected group.

Pharmacokinetic analysis. PK analysis was carried out based on the average concentration

values at each time point using the Pk-fit software (21, 22).

From plasma, RBC or IRBC data, PK parameters were determined using a compartmental
approach. The following parameters were calculated: the total area under concentration-time
curves (AUC.inf), elimination half-life (t;/; ¢lim), total clearance (CL/F) and steady-state volume of

distribution (Vd/F). CL and Vd were uncorrected for bioavailability (F). The highest observed
8
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concentration was designated Cp,x. The time of the Cp,, concentration relative to the time of

dosing was designated Tax. Cmax and Trax were observed values.

From tissue data, AUC and t;, cjim Were calculated using a non-compartmental approach.

Comparative pharmacokinetics of [**C]albitiazolium administered in saline solution or
in loaded-IRBC.

Radioactive experiments were performed in a room dedicated to radioactivity manipulation
at the UMRS5235 (under permission n°® T340403 delivered by Autorité de Streté Nucléaire) after
approval by the animal experimenting commission.

Naive mice received intravenously (i.v.) ['*CJalbitiazolium in the form of either 100 pl of
loaded erythrocytes (RBC + IRBC)(50% hematocrit) or 100 pl of saline solution, both either
containing 0.15 or 0.09 mg/kg. Mice were weighed just before the injection. Distribution of
albitiazolium between RBC and IRBC was evaluated. Albitiazolium is almost entirely found in
the IRBC which contain more than 90% of the drug in both suspensions (data not shown). This
means that almost all the drug released in the plasma is provided by IRBC. For this reason and
for clarity, we decided to use the term of “loaded-IRBC” in the text.

Fifteen mice were inoculated intravenously with 10° P. vinckei-IRBC (resuspended in 0.2 ml
of 0.9% sterile isotonic saline). When parasitemia of mice was between 20-50%, blood was
collected in heparinized polypropylene tubes. RPMI 1640 (Invitrogen) was added to obtain a
suspension at 5% hematocrit. This suspension was pre-incubated during 5 min at 37°C before
adding 500 pM (suspension at 29% parasitemia) or 100uM ['*C]albitiazolium (suspension at
50% parasitemia) with a specific activity of 23.8 mCi/mmole to each tube. Suspensions were

incubated for 90 min at 37°C then centrifuged (805 X g) at 4°C for 10 min and cells were washed
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twice with 0.9% NaCl. Cells were resuspended in 0.9% NaCl at 50% hematocrit.
['*C]Albitiazolium contained in IRBC incubated at 37°C was quantified by liquid scintillation
counting as described below for total blood. After quantification, we determined that injection in
mice of 100 pl of these suspensions corresponds to a dose of 0.15 mg/kg or 0.09 mg/kg
albitiazolium for IRBC incubated in the presence of 500 uM or 100 uM albitiazolium,
respectively.

Blood, spleen and liver were collected at 1, 5, 15 and 30 min and 1, 2, 3, 5, 8, 11, 23, 33 and
46.33 h after the i.v. injection. At each time point, parasitemia and hematocrit were determined
for each mouse (3 mice/time point). Blood samples were collected and aliquots of blood were
taken to dose radioactivity in total blood, IRBC and plasma. After collection, tissues were washed

twice in 0.9% NaCl, dried on gauze and frozen at —80°C.

Quantification of ['*C]albitiazolium. Albitiazolium in total blood was measured directly in
a scintillation vial. 100ul of total blood were lysed by the addition of 200 ul distilled water and
then solubilized and decolorized by the addition of 500 ul of a decolorization cocktail containing
5 parts of tissue solubilizer (SOLVABLE®, Perkin Elmer), 2 parts of 30% H,0,, and 2 parts of
glacial acetic acid.

For IRBC, 100 pl of total blood were overlaid onto 400 pl of dibutylphtalate and were
centrifuged at 10,000 x g for 1 min at 4°C, sedimenting the cells below the oil. The supernatant
was removed and the walls of the microtube washed once with 200 ul of 0.9% NaCl. After
centrifugation (1 min at 10,000 x @), the washing buffer and the dibutylphtalate were discarded.
Pellets of cells were lysed and treated as total blood samples (see above).

Albitiazolium concentration was also determined in the plasma. After centrifugation of a

blood aliquot at 4°C for 10 min (1,800 x g) the plasma was transferred to scintillation vials.

10
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Samples of total blood, IRBC and plasma were then counted by liquid scintillation counting
after addition of 2.5 ml of scintillation cocktail (Ultimagold®, Perkin Elmer).

Spleens were powdered under liquid nitrogen in scintillation vial. Then, cells were
completely lysed with 300 ul of H,O, frozen/thawed and solubilized and decolorized by the
addition of 500 pl of the decolorization cocktail. Radioactivity was determined by liquid
scintillation counting after addition of 3 ml of scintillation cocktail.

Livers were crushed directly in 20 ml scintillation vials. Then, residues were completely
lysed with 1 ml of H,O, frozen/thawed twice then solubilized and decolorized by the addition of
2 ml of the decolorization cocktail. Radioactivity was determined by liquid scintillation counting
after addition of 10 ml of scintillation liquid.

The quenching factor was determined for the different sample types and the values corrected

accordingly. PK analysis was carried out as described above.

Pharmacological activity of albitiazolium released in mouse plasma. Plasma samples
containing released albitiazolium were collected from mice that had received 0.14, 0.15 or 0.18
mg/kg albitiazolium injected as loaded-IRBC. IRBC had been loaded with 100uM non-
radioactive albitiazolium as described above but albitiazolium had been quantified by LC-MS.
The three batches of loaded-IRBC (batches 1, 2 and 3) contained 7.1, 6.9 and 8.6 nmoles per 200
ul of suspension, respectively. Naive mice received intravenously 200 pl of these suspensions
(five mice per batch) corresponding to doses of 0.11, 0.10 and 0.13 mg/kg albitiazolium for
batches 1, 2 and 3, respectively. Blood was collected 15 min after administration and the plasma
fraction, containing released albitiazolium, was obtained by centrifugation of blood sample at
4°C for 5 min (1,800 x g). The three batches of plasma containing released albitiazolium were

dosed by LC-MS and contained 404, 315 and 395 nM albitiazolium for batch 1, 2 and 3,
11
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respectively. Then, an independent batch of P. vinckel-IRBC collected from one mouse with a
parasitemia of 26% was incubated with the three batches of plasma containing released
albitiazolium or with plasma from naive mice (control) at 10% hematocrit for 1 h at 37°C.
Thereafter, 200 ul of these suspensions (IRBC + plasma) were injected in naive mice (3 per
batch). The development of parasitemia was followed by Giemsa stained smears in the recipient
mice and is a function of the number of infectious (viable) injected parasites after incubation in

the plasma.

Effect of albitiazolium administration on parasitemia and parasite viability. The number
of parasites visible in a blood smear after albitiazolium treatment does not necessarily correspond
to the number of viable parasites. To distinguish between both, we determined the number of
viable parasites using inoculation of treated parasites from donor mice in recipient (uninfected)
mice and monitored their parasitemia. Initially, we investigated the effect of a single dose of
albitiazolium at ring or mature stages. Donor mice were infected by 2 x 107 P. vinckei-infected
erythrocytes by i.v. route in the caudal vein on day 0 (at about 11:00 am). On day 1 (at 5:00 pm),
parasites were predominantly at the ring stage at 2.6% of parasitemia. On day 2 (at 5:00 am),
parasites were at mature stages with a parasitemia of 5.8%. At each of these stages, the donor
mice were treated (or not for controls) by a single dose of 7.4 mg/kg albitiazolium by i.p. route.

Subsequently, we compared the effect of repeated doses on mature parasites. Donor mice
were infected as above on day 0. On day 1, when parasites were at 2% mature stages (To), one
group of mice was not treated, the second group received a single dose i.p. of 7.4 mg/kg
albitiazolium at Ty and the third group received two injections at 12 h interval. The dose at T
was 7.4 mg/kg and the dose at Tj, , was 3.7 mg/kg to avoid a possible toxic effect of

albitiazolium.
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For both experiments, blood of control and treated mice was collected at different times after
the treatment (two mice per point), the drug was washed off and the cells were immediately
injected in two recipient mice (100 pl reconstituted blood/mouse). The parasitemia in these
recipient mice is a function of the number of injected infectious (viable) parasites. This number
was calculated on the basis of the parasite multiplication ratio (PMR), which we had observed to
be linear up to 30% parasitemia. The PMR over 24 h is the number of parasites on day (x)
divided by the number of parasites on day (x-1). As expected, the PMR was similar between
recipient and donor mice.

The parasitemia in the recipient mice just after inoculation of treated parasites was back-
calculated by the formula: Parasitemia of mice treated on day 1 = Parasitemia on day (x)/PMR™
D, Parasitemia of mice treated on day 2 = Parasitemia on day (x)/PMR*?. The total number of
viable parasite in donor mice was then calculated (total blood volume of mouse ~ 7 ml/100 g of

body weight, and 9 x10° RBC/ ml of total blood volume).

In vitro P. falciparum culture. P. falciparum 3D7 strain (MRA-102 from MR4) was
cultured in human RBC (Etablissement Frangais du Sang, Montpellier, France) at 5% hematocrit
in complete medium composed of RPMI 1640 medium supplemented with 25 mM HEPES buffer
(pH 7.4) and 10% AB" human serum (23). Cultures were incubated at 37°C in a culture gas
chamber under a gaseous mixture of 5% CO,, 5% O, and 90% N,. For in vitro parasite viability
assays, asynchronous cultures at 2% hematocrit and 0.5% parasitemia were maintained under

shaking to reduce the number of RBCs invaded by more than one parasite.

In vitro parasite viability assay. Drug effects on parasite viability were determined as

described in Sanz et al. (24). IRBC were treated (or not) with albitiazolium at concentrations

13
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corresponding to 3, 10 or 100 times its ICsy (concentration required to inhibit the parasite
viability by 50%) (albitiazolium ICso = 3 nM). Culture medium with or without drug was
changed every 24 h during the entire treatment period. At times 0, 2, 4, 6, 24, 48, 72 and 96 h,
thin blood smears were realized to calculate the number of visible parasites, and samples of
untreated or treated parasites were taken to determine the number of viable parasites. Samples
were washed twice to eliminate the drug and then added to 96 well plates and 3-fold serial
dilutions were performed. Parasites were cultured during 21 days to reach detectable parasitemia
in wells started from only one viable parasite. Culture medium was changed twice a week. The
presence of parasites was detected by [*H]hypoxanthine incorporation during 24 h. The most
diluted well with significant [*’H]hypoxanthine incorporation corresponds to the well containing
initially only one parasite after serial dilution. The numbers of viable parasites were back-
calculated by using the formula X™' where n is the number of wells able to render growth and X

the dilution factor (24).

RESULTS

Pharmacokinetics of albitiazolium in healthy and P. vinckei-infected mice

The goal of this study was to investigate the PK and PD properties of albitiazolium in a
murine malaria model following the administration of a single dose of the choline analogue to the
mouse. The capacity for choline analogues to clear high parasitemia in mice (10) incited us to
perform these experiments at both moderate and high parasitemia using a dose able to cure both
levels of infection. Control groups (n=4) and two groups of P. vinckei-infected mice with 0.9 +

0.29% and 8.9 & 1.92% parasitemia (n = 9) thus received a single i.p. administration of 3.7 mg/kg

14
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albitiazolium. The erythrocyte fraction collected from mice was composed of either RBC (control

mice) or both RBC and IRBC (infected mice).

Albitiazolium plasma concentrations are increased in infected mice.

The plasma, RBC and IRBC concentration-time curves were modelled according to a two-
compartment model (Fig. 2A and B). The PK parameters are presented in Table 1. Following
albitiazolium administration, similar Cy,,x values of ~8 uM were found in the plasma of the three
groups of mice. Plasma concentrations and AUC, however, increased with the parasitemia of P.
vinckei-infected mice. This increase was more important at high parasitemia (Fig. 2A, Table 1).
In uninfected mice, albitiazolium concentration was below the limit of quantification after 12 h,
but was measurable for up to 24 h and 36 h in mice with 0.9% and 8.9% parasitemia, respectively
(Fig. 2A). In addition, the terminal elimination half-lives in the infected mice were significantly
longer. The AUC ratios (infected / uninfected) of plasma indicated an increase of 15% and 69%
of AUC for 0.9% and 8.9%, respectively, compared to uninfected mice. In plasma, the total

clearance decreased with the increase of parasitemia.

Albitiazolium accumulates in infected erythrocytes.

Uninfected erythrocytes do not accumulate albitiazolium. Following albitiazolium
administration in uninfected mice, Cyax value in RBC was 0.35 uM after 15 min (Table 1) while
at the same time plasma concentration was 5 uM. Thus the cellular accumulation ratio (CAR),
i.e the ratio of the intracellular concentration in RBC to the plasma concentration, was
below 1 (Fig. S1).

The AUC of the erythrocyte fraction increased from 0.57 pmolxh/l in healthy mice to 1.9

and 11.7 pmolxh/l in 0.9 and 8.9% infected mice, respectively. Both AUCrpc were largely
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increased compared to AUCggc in healthy mice. The AUCRrpc (deduced from AUCgrpcirpc but
corrected from contribution of uninfected erythrocyte) were 187-190 umolxh/l i.e. remarkably
similar in both 0.9 and 8.9% infected mice (Table 1). The ratios of albitiazolium content of IRBC
to the one of RBC (AUCRrpc/AUCgrpc) were 335 and 331 for 0.9% and 8.9% of parasitemia,
respectively, i.€. also very similar (Fig. 2B and Table 1).

Remarkably, in both infected groups, the CAR in the IRBC was very high indicating an
important accumulation of albitiazolium in IRBC (Fig. S1). The CAR increased until 4 h after
drug administration with maximal values of 527+ 126 at low parasitemia and 145 + 14 at high
parasitemia (Fig. S1). Considering that the concentrations of albitiazolium in IRBC in lowly and
highly infected mice were comparable (Fig. 2B), the difference in the CAR values was mainly
attributed to the albitiazolium concentration in the plasma of the two groups of infected mice

(Fig. 2A).

Tissue distribution of albitiazolium.

Albitiazolium was widely distributed throughout the major organs with high concentrations
found in liver and heart tissue, but not in brain, in both healthy and infected mice (Fig. 2C, D and
E). Maximum tissue concentrations were obtained between 30 min and 1 h after administration
for the three organs. For the liver, a decrease in AUC was observed in the infected mice
compared to healthy mice and was dependent on parasitemia (Fig. 2C and Table 2).
AUCiver/AUCjasma ratios were 38 in healthy mice, 29 in 0.9% infected mice and 10 in 8.9%
infected mice. In heart tissue, similar concentrations were observed in all three groups of mice
and concentrations remained relatively stable over the 35 h study period and the elimination half-
life was very high (> 100 h) (Fig. 2D). For the brain, AUC in infected mice was higher than in

healthy mice (Fig. 2E and Table 2). However, AUCpain/ AUCplasma ratios were 0.39, 0.46 and 0.52
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in healthy, 0.9% and 8.9% infected mice, respectively, demonstrating that albitiazolium uptake in

the brain is very low.

Effect of albitiazolium administration on parasitemia.

Simultaneously, we determined the parasitemia in all infected mice treated or not with
albitiazolium. At 0.9% initial parasitemia, parasitemia rose to 13.8 + 2.2% at 35 h in control mice
while albitiazolium treatment decreased the parasitemia to 0.42 + 0.08% (Fig. 2F). At 8.9% initial
parasitemia, the treatment induced a decrease in parasitemia from 6 h on; at 35 h, parasitemia was

2.4 £ 0.3%, as compared to 47.3 + 4.6% in the untreated mice (Fig. 2F).

Taken together, this first set of experiments showed that high accumulation of albitiazolium
in IRBC also occurred in vivo and most interestingly, that the PK profiles in plasma were
different in healthy and infected mice, the plasmatic AUCs being substantially increased with

high parasitemia.

Albitiazolium contained in treated P. vinckei-IRBC is released into the plasma.

The increased albitiazolium concentration in plasma of infected mice could be due to a
release of the accumulated drug from IRBC and/or alternatively to a lower drug uptake in the
liver. The first case would constitute the recycling of albitiazolium that had accumulated in
IRBC. We investigated this hypothesis by comparing plasma concentrations when equal doses of
albitiazolium were injected intravenously either as a saline solution or in the form of loaded-
IRBC. In the latter case, albitiazolium recovered in the plasma must have been released from

loaded-IRBC.
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In two concomitant but independent experiments, ['*C]-albitiazolium was administrated
intravenously to healthy mice at 0.15 and 0.09 mg/kg, either directly in the blood circulation as
saline solution or after being accumulated within IRBC collected from a set of infected mice.
Albitiazolium was then quantified in the different RBC compartments, plasma and spleen at
different time points after injection.

When ['*C]-albitiazolium was injected directly into the blood circulation a classical plasma
concentration-time curve was observed (Fig. 3) with a profile similar to the one determined by
LC-MS in the above PK/PD experiment (Fig. 2A). When data were normalized with respect to
the injected dose, similar plasma C.x values were found. Trace levels of albitiazolium were
found in RBC (Fig. 3B) while concentrations were relatively high in liver (Table 3) and
corresponded to those detected in the PK/PD study (Table 2) after normalization (not shown).
Concentrations in the spleen were very low, not exceeding 0.2 umol/kg (Fig. 3C and Table 3).

When ['*Clalbitiazolium loaded-IRBC were injected, substantial amounts of drug were
detected in the plasma and the kinetic profile suggested a continuous and progressive release of
the radioactive drug from IRBC. The plasma level of albitiazolium remained very high over time
as compared to the injection in saline solution (Fig. 3A). With ['*C]albitiazolium loaded-IRBC
(Fig. 3A) an AUC increase of 3 and 1.6 times was observed after administration of 0.15 and 0.09
mg/kg, respectively as compared to injection of saline solution (Table 3). We observed a
concomitant decrease in albitiazolium levels in the total erythrocyte compartment (RBC + IRBC)
(Fig. 3B). The spleen whose function is to remove infected or damaged cells from the circulation,
showed a rapid and important increase in albitiazolium concentration in less than 3 h. The Cix
(2.1-2.5 pmol/mg) was 10 times higher than after administration of similar doses in saline
solution (Fig. 3C and Table 3). This strong increase in drug concentration in the spleen likely

reflects the capture and/or destruction of the loaded-IRBC. Compared to the injection in saline
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solution, the spleen AUC was 20 and 193 times higher for doses of 0.15 and 0.09 mg/kg,
respectively (Table 3). There was no significant difference in Cp.x and AUC between saline

solution and loaded-IRBC administration was observed in the liver (Table 3).

Released albitiazolium is pharmacologically active.

The detection of substantial quantities of drug in plasma after administration of IRBC loaded
with ["*C]albitiazolium indicated that plasma can be supplied with the albitiazolium released
from loaded-IRBC (Fig. 3A). But is this recycled albitiazolium still pharmacologically active?
Degradation or metabolism of albitiazolium has never been observed in IRBC and albitiazolium
is only weakly bound by human plasma proteins (33% at 20 ng/ml) (unpublished observations),
suggesting that the drug remains active. Also, a part of the accumulated albitiazolium is strongly
bound to hemozoin (13), which could prevent drug activity.

We thus investigated the pharmacological activity of the released albitiazolium by measuring
its capacity to block the proliferation of P. vinckei-IRBC injected in naive mice. Three groups of
mice received loaded-IRBC at 0.14, 0.15 or 0.18 mg/kg albitiazolium. Their plasma was
collected and the released albitiazolium content quantified. These plasma samples were mixed
with fresh P. vinckei-IRBC suspensions (10% hematocrit) resulting in final albitiazolium
concentration of 315, 404 and 395 nM. Albitiazolium-free plasma served as control. After 1 h of
incubation at 37°C, the treated IRBC were injected in naive mice and the development of
parasitemia was followed. As compared to the control, parasitemia was strongly reduced (by 48 +
3%, mean + sem for the three batches after 1 day) indicating that the albitiazolium released from

IRBC still affected parasite viability and was at least partially pharmacologically active (Fig. 4).
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In vivo albitiazolium treatment induces a rapid loss of P. vinckei-parasite viability.

In P. falciparum in vitro cultures, the accumulation of albitiazolium in the intraerythrocytic
parasite has been shown to be a rapid process requiring less than 2 h to reach the steady state
(14), and being associated with a rapid irreversible toxic effect. However, morphological
alterations and the destruction of the parasite were observed only much later (15). It is difficult to
extrapolate in vitro PD data to in vivo models because both PK and PD properties of the
compound must be considered. However, morphological alterations of parasites seem also to be
delayed in vivo, since we observed that after albitiazolium administration to P. vinckei-infected
mice (PK/PD study), the parasitemia decreased only 6 h after the treatment (Fig. 2F). In order to
determine whether albitiazolium acts as rapidly in vivo, we designed and validated a test that
measures the viability of circulating parasites in mice treated with albitiazolium. IRBC taken
from infected and treated mice at different times after treatment were washed and then transferred
to healthy mice. The viability of the transferred parasites was assessed by their ability to
proliferate and was deduced from the parasite multiplication rate (PMR) over a 24 h period (P.
vinckel life cycle time). The PMR method has been validated in independent experiments
conducted with untreated infected mice where development of parasitemia between 1 and 30%
was linear and the PMR appears constant. Analysis of the parasitemia profile in the recipient
mice allowed tracing back the number of initially injected infectious parasites. Simultaneously,
the parasitemia was determined by counting unaltered parasites on Giemsa-stained thin blood
smears.

In a first experiment, two groups of P. vinckei-infected mice received 7.4 mg/kg
albitiazolium (7 x EDsy) when the synchronous growing parasites were either in ring or 12 h
later, in mature stages. Analysis of thin blood smears revealed a significant decrease in

parasitemia only 12 h after the drug administration, for both groups. Then, the parasitemia
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decreased slowly to ~15% of the control, 12 h later (Fig. 5A). To the contrary, the viability test
revealed a very rapid and drastic effect for both treatments. When treated with albitiazolium at
the ring stage, the number of viable parasites decreased by 22.4% after 3 h and by 99.93% after 6
h and did not decrease further, thereafter (Fig. 5B). When treated at the mature stages, viability
was affected even faster, decreasing by 43.6% after only 10 min of treatment and by 99.98% after
3 h, again without further decrease thereafter (Fig. 5C).

It can thus be concluded that albitiazolium exerts its toxic effect on 99.9% of parasites very
rapidly, in less than 6 hours at the ring stage and in less than 3 h at the mature stages. The fact
that beyond this time, there was no further decline of parasite viability indicates that at least one
additional albitiazolium administration would be required to kill the 2.4 to 5 x 10’ of parasites

that escaped the first dose.

We therefore monitored the effect of a second dose of albitiazolium given 12 h after the first
administration. The first dose showed the same delayed effect on morphology and very rapid
irreversible toxicity (Fig. 5D and E). The second dose again eliminated 99.9% of the remaining
very low number of viable parasites in less than 2 h (Fig. 5E), reducing the total number of viable

parasites to less than 650 per mouse.

A highly sensitive assay confirms that albitiazolium treatment also rapidly affects
parasite viability in vitro.

Considering the difference between the very rapid effect on parasite viability and the delayed
appearance of morphological alterations in treated mice, we analysed this phenomenon in vitro
with P. falciparum parasites. The number of viable parasites after treatment was determined

using an assay recently described by Sanz et al. (24). This method is based on serial parasite
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dilutions and shows higher sensitivity compared to the direct incorporation of [*’H]hypoxanthine
in parasite cultures.

Similarly to the effects observed with P. vinckel in mice, P. falciparum morphology was
affected late. After one developmental cycle (48 h), parasitemia decreased by 80% for all
albitiazolium concentrations. After 96 h, the decrease in parasitemia was 97%, 99% and 99.98%
for albitiazolium concentrations of 3x, 10x and 100x% its ICs, respectively (Fig. 6A). On the other
hand, the viability assay revealed that parasites were rapidly affected (Fig. 6B and C). After only
6 h, the number of viable parasites already decreased by 50%, 79% and 72% for 3%, 10x and
100x ICs, respectively. After 48 h, parasite viability was reduced by 67%, 98.8% and = 99.99%
for 3%, 10x and 100% ICs, respectively, while the number of untreated parasites tripled (Fig. 6B
and C). Finally, after 96 h P. falciparum viability was reduced by 92%, 99.98% and 100% for 3x,

10x and 100x 1Cs, respectively, reflecting continuous drug action over time (Fig. 6B).

DISCUSSION

In P. falciparum in vitro cultures, the massive accumulation of albitiazolium in infected
erythrocytes results in a concomitant depletion of the drug from the incubation medium. In
infected patients the consequence could be an extremely short in vivo half-life of the drug or low
plasma concentrations. We thus investigate the fate of albitiazolium in vivo in the P. vinckei-
infected mouse model.

As observed in vitro in P. falciparum, albitiazolium rapidly and massively accumulated in P.
vinckei-infected erythrocytes in vivo, while no accumulation was observed in uninfected
erythrocytes (Fig. 2 and S1). This massive accumulation, however, did not lead to albitiazolium

depletion in plasma. Unexpectedly, albitiazolium plasma concentrations and their AUC
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significantly increased with the level of parasitemia and the total drug clearance decreased (Table
1, Fig. 2). These results suggest that the plasma level of albitiazolium in infected humans would
be similar or even higher (depending on the parasitemia) as compared to healthy subjects. Data
obtained during phase I and II clinical trials showed that there was no albitiazolium depletion
from the plasma in P. falciparum infected patients. PK profiles were similar between patients and
healthy subjects except for a longer half-life in plasma of patients (Sanofi, unpublished data).
This extended elimination half-life was also observed in mice (Table 1). These results indicate
that the P. vinckel mouse model is a reliable model for exploring the PK/PD profiles of new
antimalarials even if we must keep in mind the shorter life cycle duration of P. vinckel.

There was a rapid and high uptake of albitiazolium in liver and heart (Fig. 2C and D). It is
noteworthy that albitiazolium concentrations in heart tissue remained relatively stable during the
35 h of the study period. These high concentrations likely reflect a rapid uptake of the drug when
plasma concentrations are high, followed by a slow release of the drug into the plasma (Fig. 2C,
2D and 7). Given that, at 35 h, plasma concentrations were low or even below the limit of
quantification, the elimination rate of albitiazolium from the body was thus likely controlled by
the slow release of the drug from the heart tissue. In contrast, there was a low uptake of
albitiazolium in the brain even at high plasma concentrations (Fig. 2E, Table 1 and Fig. 7). The
slight increase in brain AUC with parasitemia may be due to the presence/sequestration of IRBC
in the blood capillaries.

Administering IRBC loaded with ['*CJalbitiazolium to healthy mice showed that
albitiazolium plasma levels were up to 3 times higher than those observed after administration of
an equal dose of albitiazolium in saline solution (Fig. 3A, Table 3). The drug release
phenomenon was demonstrated by incubating the loaded-IRBC in vitro (3 h in RPMI 1640 /10%

FCS). Under these conditions, albitiazolium concentration decreased by 20 uM in the cellular
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fraction and concomitantly increased by 15 puM in the supernatant (Fig. S2). This clearly
indicated that albitiazolium can be directly released from IRBC into the bloodstream and behave
as a drug reservoir.

In the spleen, the AUC increased to a much higher extent after administration of
albitiazolium loaded-IRBC, compared to drug injection in saline solution (Fig. 3 and Table 3).
This likely reflects the capture and/or destruction of the loaded-IRBC in the spleen. The amount
of albitiazolium in the spleen (calculated using the weight of the spleen and the albitiazolium
spleen exposure) of 0.027 umolxh was similar to the total amount of the drug in the intra- and
extracellular space (0.029 umolxh, calculated using the initial distribution volume and the
albitiazolium plasma exposure). The spleen was thus a substantial source of albitiazolium and
also constituted a reservoir that slowly released the drug into the plasma. Therefore, the observed
albitiazolium concentrations in the plasma seem to be the result mainly of spleen activity and, to
a lesser extent, of the direct release from IRBC (Fig. 7).

Our results presented here clearly demonstrate that released albitiazolium has antimalarial
activity (Fig. 4). Whether the totality or a fraction of the drug is still active is currently unknown.
Previous studies had shown that a part of accumulated bis-thiazolium salts is bound to hemozoin
(13, 25), forming a complex that could prevent the pharmacological activity of the bound
compound. This study revealed that the albitiazolium accumulated in vivo, by infected
erythrocytes, can be released into the plasma when the parasites die. This allows drug recycling,
thereby extending its pharmacological activity.

Treating Plasmodium with bis-thiazolium salts results in delayed morphological alterations
and in the destruction of the parasites in vitro (14) and in vivo (Fig. 2F). We therefore wanted to
define the timing of the irreversible damage done to the parasites through the measurement of

their viability early after treatment. Every marker of cell death processes such as necrosis,

24



568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

apoptosis, mitotic catastrophe or arrest of metabolism possesses its own limit (26). The test
developed here quantifies the viability of parasites collected from in vivo treated mice by
measuring their ability to proliferate in healthy mice, thereby changing from morphological to
biological definitions of the pharmacological activity.

Our results showed that the pharmacological activity of albitiazolium is indeed very rapid.
The number of viable parasites was reduced by 99.9% in less than 6 h when treatment started at
the ring stage and less than 3 h for mature stages (Fig. SA to C). A second drug administration
had a similar efficiency, killing 99.9% of the 0.1% parasites that had escaped the first drug pulse
(Fig. 5D and E).

Knowing the number of viable parasites after the treatment allowed us to determine the
parasite reduction ratio (PRR), which is the ratio of the total parasite burden of the mice at the
time of treatment to the count one cycle later (24 h for P. vinckel). This represents the fractional
reduction per asexual life cycle, or the killing rate (27). The PRR were found to be 1138 and
3380 after treatment at the ring and mature stages, respectively. After two doses at 12 h intervals,
the PRR was 2.8 x 10°. These high PRR are similar to those obtained for artemisinin derivatives
(27) indicating that albitiazolium might be suitable for short course treatments.

Very similar results were obtained in vitro with P. falciparum cultures. As controls we tested
atovaquone and dihydroartemisinin and obtained similar results to those published by Sanz et al
(24) (data not shown). Parasite viability was rapidly affected by albitiazolium treatment, and long
before parasite morphology was affected. The PRR was 1.4 x 10" at 100x ICso. The viability of
P. falciparum was less rapidly affected than that of P. vinckei. This discrepancy could be due to
the different lifecycle duration (48 h for P. falciparum and 24 h for P. vinckel) and/or to the
difference between in vitro and in vivo experiments, i.e. the action of the spleen in the removal of

infected erythrocytes.
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The rapid onset of the pharmacological action is likely due to the fast and irreversible
accumulation of albitiazolium within the intracellular parasite that is then condemned to die, even
though morphological effects occur only later. Thus, the parasite accumulates the drug and
creates a "Trojan Horse' to its own detriment. This also means that the real pharmacological effect
is dissociated from the effects on parasite morphology and on the parasitemia.

We hypothesize that this Trojan horse effect explains why the dose leading to the total cure
(0.37 mg/kg) is very close to the efficient dose to decrease the parasitemia by 50% (EDso= 0.22
mg/kg) after four days of treatment by i.p. route at initial parasitemia of 0.5-1% (S. Wein and H.
Vial, unpublished data). At higher initial parasitemia (5-10%), both the EDsy and complete cure
were 0.37 mg/kg. We explain this lack of difference by the fact that the parasites still counted
under the microscope are already condemned to death, thereby distorting the determination of the
EDs, value.

The new in vivo viability test that we present here discriminates fast- and slow-acting
antimalarials by determining the time needed to impair parasite viability. Indeed, this is a crucial
parameter in the development of new antimalarials and should ideally be as fast as possible. In
this test, PK parameters are taken into account and the effect on the viability is the result of both
the mode of action and the elimination half-life unlike under in vitro conditions. Moreover, this
test can be helpful to determine the minimal time of exposure to lethal drug concentrations for
clinical development.

In conclusion, we determined the fate of albitiazolium in vivo and the kinetics of its
pharmacological activity. Comparison with our clinical data showed that the P. vinckei infected-
mouse model is a reliable model to understand drug fate in vivo before starting phase II clinical

trials. Comprehensive PK/PD experiments and the new in vivo assay of viability could be a
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valuable support during the development program of new antimalarials and could be used as a

guide for the future design of clinical studies.
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FIGURE LEGENDS

FIGURE 1. Structure of the bis-thiazolium salt albitiazolium. Albitiazolium has potent

activity against the in vitro growth of P. falciparum with an ICsy of 2.3 nM (10)

FIGURE 2. Pharmacokinetic study of albitiazolium in healthy and P. vinckei-infected mice.
Panel A to E show albitiazolium concentration-versus-time curves after a single 3.74 mg/kg i.p.
administration. Concentrations in plasma (A), RBC or IRBC (B), liver (C), heart (D) and brain
(E) are given as mean + SD (n=3) in healthy mice ({J) or P. vinckei-infected mice at 0.9% (A)
and 8.9% parasitemia (@). All dosages have been performed until 35 h after albitiazolium
administration. Data not shown on the graph(s) were below the analytical limit of quantitation
(3.63 nM in plasma, 7.26 nM in RBC, 7.26 nmol/kg in brain and 72.6 nmol/kg in liver and heart)
(F) Follow up of parasitemia in mice treated (closed symbol) or not (open symbol) with 3.74
mg/kg albitiazolium. Treatment was started when infected mice had an initial parasitemia of 0.9

(A,A)or8.9% (@,0). Values are given as mean = SEM (n>3).

FIGURE 3. Comparative fate of albitiazolium after administration in healthy mice of
['“C]albitiazolium in saline solution or loaded in P. vinckei-IRBC. Naive mice received by
intravenous route 0.15 mg/kg of ['*CJalbitiazolium either in 0.9% NaCl (A) or loaded in IRBC
(LJ). At different time points after the injection, mice were sacrificed and plasma (A), RBC or
RBC + IRBC (B), and spleen (C) were collected and albitiazolium concentration was determined.

Data presented are from one representative experiment and are expressed as mean = SEM (n=3).
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FIGURE 4. Evolution of parasitemia in mice infected with P. vinckei-IRBC pre-treated with
plasma containing released albitiazolium. Mice received 0.14 (A), 0.15 (B) or 0.18 (C) mg/kg
of albitiazolium injected as loaded-IRBC. After 15 min, plasma were collected and dosed for
released albitiazolium concentration. Then, a new batch of 10® P. vinckei-IRBC was incubated
for 1 h at 37°C in the presence of naive plasma or of collected plasma containing 315 (A), 404
(B) or 395 (C) nM released albitiazolium. These parasite preparations were then injected
intravenously into healthy mice and the development of the parasitemia was followed by thin

blood smears. Parasitemia was expressed as percent of control and data are mean = SEM (n=3).

FIGURE 5. Comparative effect of albitiazolium on parasitemia and on parasite viability in
mice. (A) Follow up of donor mice parasitemia in absence of treatment (H) or after
administration of 7.4 mg/kg albitiazolium at ring ( A) and mature (V) stages. (B and C) Follow
up of the number of parasites in the donor mouse treated at ring (B) or mature (C) stages. The
number of visible parasites per mouse was determined by counting thin blood smears (open
symbols and dotted lines). The number of viable parasites (closed symbols and solid lines) was
experimentally determined by measuring their capacity to proliferate in a second set of mice
(recipient mice) (untreated (H,[J), treated at the ring stage (A,A\), treated at mature stages
(V,V). (D) Follow up of parasitemia of untreated (H) or treated donor mice with 7.4 mg/kg
albitiazolium (@) or 7.4 then 3.7 mg/kg albitiazolium (#) at mature stages. Arrows indicate
albitiazolium administrations. (E) Number of visible (open symbols and dotted lines) and viable
(closed symbols and solid lines) parasites per mouse after no (H,J), one (@®,0) or two (4,0)

administrations of albitiazolium. For all experiments, two mice per time point were used.

33



771

772

773

774

775

776

777

778

779

780

781

782

783

784

785

786

FIGURE 6. Effect of albitiazolium on P. falciparum parasite viability. The study was carried
out in the context of the Sanz et al. paper (24) (A) Follow up of parasitemia of untreated (®) or
treated cultures with an albitiazolium concentration corresponding to 3x (m), 10x (A) or 100x
(V) its ICso. (B) Effect of albitiazolium on parasite viability expressed as percent of initial
inoculum. (C) Follow up of the number of parasites per 100 ul of culture. The number of visible
parasites per 100 pl (open symbols and dotted lines) was determined by counting thin blood
smears of treated or untreated cultures. The number of viable parasites (closed symbols and solid
lines) was calculated using serial dilutions of treated or untreated cultures. Results are expressed

as mean £ SEM (n=3) of one representative experiment.

FIGURE 7. Schematic representation of distribution and fate of albitiazolium in non-
infected and P. vinckei-infected mice. The exposition of mice to albitiazolium is represented by
their AUC. AUC of plasma, RBC and IRBC are in pmol x h/l. AUC of organs are in pmol X
h/kg. (*) AUC of spleen was obtained after administration of 0.09 mg/kg ["*C]albitiazolium and
recalculated for a dose of 3.74 mg/kg. The flow of albitiazolium in the body, based on the PK

profiles, is represented by red arrows (high for solid arrows and low for dashed arrows).
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TABLES

TABLE 1. Pharmacokinetic parameters in blood after intraperitoneal administration of 3.74 mg/kg (8.2 nmol/kg) albitiazolium.

Pharmacokinetic Uninfected Parasitemia 0.9% Parasitemia 8.9%
parameters mice

RBC plasma RBC+IRBC IRBC  plasma RBC+IRBC IRBC  plasma
Crnax, UM 0.35 8.05 0.86 64.24 8.73 3.48 39.82 8.22
Timax, h 0.25 0.083 0.083 0.083 0.083 0.50 0.50 0.083
AUC.inf, pmolxh/1 0.57 249 1.9 190.74 2.86 11.73 188.54 4.20
AUC ratio * - 33 335 1.15 20.6 331 1.69
t1/2 elim, D 7.9 4.52 8.01 8.72 9.05 8.8 37.7 8.8
CL/F, /h/kg - 3.30 - - 2.84 - - 1.95
Vd/F, l/kg - 21.5 - - 37.1 - - 24.7

Chax, the highest observed concentration; Ty, the time of the C,,.x concentration relative to the time of dosing; AUC.ix¢, total

area under concentration-time curves; t; iim, €limination half-life; CL/F, total clearance; and Vd/F, steady-state volume of

distribution. *Infected / uninfected
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TABLE 2. Pharmacokinetic parameters in tissues.

Pharmacokinetic Uninfected Parasitemia 0.9%  Parasitemia 8.9%
parameters mice
AUCo.inf, Liver 93.5 82.5 42.0
umolxh/kg Brain 0.98 1.32 2.19
Heart 220 262 204°
t1/2 elim, D Liver 9.0 14.3 11.5
Brain 491 10.80 8.00

AUC ;s , total area under concentration-time curves; t» i, €limination half-life. "AUCy 15,
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TABLE 3. Kinetic parameters after administration of albitiazolium directly in the blood circulation in saline solution or after

being accumulated within IRBC

Saline solution Loaded-IRBC
Dose injected Crnax Tmax AUC Crnax Tmax AUC
(M) (h) (wmolx/1) (M) (h) (wmolxh/1)
0.15 mg/kg* (DRBC 0.059 0.017 0.51 3.91 0.083 28.21
Plasma 1.27 0.017 0.64 0.33 0.083 1.92
0.09 mg/kg* (DRBC 0.018 0.5 blq 1.326 0.25 5.00
Plasma 0.117 0.083 0.40 0.221 0.083 0.64
(umol/kg) (h) (umolxh/kg) (umol/kg) (h) (umolxh/kg)
0.15 mg/kg* Spleen 0.2 0.017 13 2.1 1 269
Liver nd nd nd nd nd nd
0.09 mg/kg* Spleen 0.04 0.083 1 2.5 2 193
Liver 22 0.5 17 1.5 2 21

Chax, the highest observed concentration; Ty, the time of the C,,,x concentration relative to the time of dosing; AUC: area under concentration-time

curves; ()RBC: RBC + IRBC; nd: not determined; blq: below the limit of quantification. * 0.15 mg/kg corresponds to 0.33 umol/kg and 0.09 mg/kg to

0.2 pmol/kg
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