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Malaria continues to have a significant impact on the health of the developing world. Efforts to combat this disease now focus on
combination therapy in order to stem the emergence of resistant parasites. Continued efforts are needed to discover and develop
new agents for use in combination antimalarial regimens. MK-4815 is a small molecule with antimalarial activity that was identi-
fied from a large pharmaceutical compound collection using a semiautomated version of a well-established in vitro assay for the
erythrocytic stages of Plasmodium falciparum. In vitro studies indicate that the compound selectively accumulates in infected
red blood cells and is most effective against the metabolically active late trophozoite/early schizont stages. A variety of drug-re-
sistant field isolates of P. falciparum were found to be as sensitive to MK-4815 as the wild-type lines. MK-4815 is orally active in a
P. berghei mouse model of acute malaria. In this model, where untreated animals succumb to infection 10 to 12 days postinfec-
tion, MK-4815 was completely curative when given as a single dose of 50 mg/kg, 2 doses of 25 mg/kg, or 4.5 doses of 12.5 mg/kg.
In pharmacokinetic studies with mice and rhesus monkeys, MK-4815 demonstrated oral bioavailability and low clearance. In
addition, MK-4815 is inexpensive to synthesize, an important characteristic for providing affordable antimalaria therapy to the
developing world. The attractive biological and pharmaceutical profile of MK-4815 demonstrates its potential for use in combi-
nation with other agents in the fight against malaria.

Over half of the world’s population, in 109 countries, is at risk
of contracting malaria. In 2009, there were an estimated 225

million cases of malaria, resulting in approximately 781,000
deaths (23). The Plasmodium falciparum parasite is responsible for
most malaria infections and a majority of the deaths. Antimalarial
drugs have saved millions of lives since quinine was first isolated
from cinchona bark in 1820. However, the cost of therapy is a
major issue, and the realistic price that can be expected for an
effective antimalarial in poverty-stricken areas where the disease is
endemic severely limits the global investment to discover, de-
velop, and distribute new antimalarial drugs.

The most significant challenges to malaria control are drug
resistance due to the extreme selective pressure on the malaria
parasite in areas where the disease is endemic and suboptimal
dosing due to patient compliance issues. Chloroquine is no longer
effective in many regions, and alternative therapies are limited.
The introduction of artemisinin, a sesquiterpene lactone peroxide
extracted from the leaves of the shrub Artemisia annua (and re-
lated derivatives), has helped in addressing the global problem of
resistant malaria parasites. Artemisinin combination therapies
(ACTs) are the best antimalarial drugs currently available (12, 16,
18). Widespread resistance to almost all antimalarial agents has
emerged, and resistance to ACTs has been reported (14, 18). The
current World Health Organization strategy is to use antimalarials
only in combination regimens in an effort to slow the rate of
resistance development previously experienced with mono-
therapy (22). Attention to and funding of malaria drug discovery
activities have increased over the past few years, but there are
limited effective treatments for malaria apart from the ACTs, and
new agents for use in combination therapy are still needed. Based
on the criteria outlined by the Medicines for Malaria Venture
(MMV), the suitable product profile of a new antimalarial agent
includes “efficacy against drug-resistant strains, cure within 3 days
(using single daily doses), low toxicity especially in children and
pregnancy, low risk for emergence of resistance, adeptness in for-
mulation and packaging, and a low cost of goods.” These criteria

make the hurdle of developing a new antimalarial agent quite
high, and MMV anticipates that only 1 to 2% of new antimalarial
projects will enter late-stage clinical development (15).

There have been advancements over the years with respect to
malaria biology, including the methodology for quantifying the
efficacy of antimalarial drugs in vitro. Two very significant events
in the history of malaria biology were the successful cultivation of
P. falciparum parasites in vitro (20) and the discovery that 3H-
hypoxanthine labeling could be used to specifically quantify total
parasite loads (5). Partnering these developments with the advent
of high-throughput screening technology has now provided the
opportunity to take on this challenge. Through miniaturization of
the P. falciparum 3H-hypoxanthine assay in a 96-well format and
the application of semiautomated screening technology, the
Merck proprietary compound collection was rapidly screened for
compounds with antimalarial activity. These efforts resulted in the
discovery of MK-4815, a compound with potent activity against
multidrug-resistant P. falciparum in vitro and potent, curative oral
efficacy against Plasmodium berghei malaria in mice.

MATERIALS AND METHODS
Chemicals. MK-4815 (2-aminomethyl-3,5-di-tert-butylphenol; Fig. 1) is
a white crystalline powder with a molecular weight of 271.8. Tritium
(phenol-6-3H; specific activity of 10.6 Ci/mol)-labeled MK-4815 was syn-
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thesized by Merck Research Laboratories. Chloroquine was purchased
from Sigma-Aldrich (St. Louis, MO).

Parasite maintenance and in vitro assay. P. falciparum parasites were
maintained in culture with human type O� red blood cells (RBCs) and
serum according to the methods described by Trager and Jensen (20). A
modified version of the in vitro [3H]hypoxanthine incorporation assay
described by Desjardins et al. (7) was used for determination of the MK-
4815 IC50s and IC90s (effective compound doses required to inhibit incor-
poration by 50 and 90%, respectively) for the Dd2 and NF54 strains of P.
falciparum. In order to screen a large compound collection using semiau-
tomated methods, the assay conditions were modified so that the total
volume of each well was reduced to 125 �l while still maintaining a 2 to
2.5% hematocrit level. Tritiated hypoxanthine (0.5 �Ci/well) was added
at the start of the 48-h incubation period. The in vitro activity of MK-4815
was also measured against an expanded panel of P. falciparum strains that
included (i) the drug-sensitive 3D7 clone of the NF54 isolate; (ii) the
chloroquine-resistant (CQ-R), pyrimethamine-resistant (PYR-R), and
cycloguanil-resistant (CYC-R) K1 strain (Thailand); (iii) the CQ-R,
PYR-R, and CYC-R V1/S strain (Vietnam); (iv) the CQ-R FCB strain
(Colombia); and (v) the CQ-R FCR3 strain (The Gambia). Strains in the
expanded panel were evaluated in a similar manner; however, [3H]hypox-
anthine was included only during the final 24 h of the 48-h incubation
period (4). Mefloquine-resistant organisms were not readily available at
the time this testing was done.

Mouse efficacy studies. P. berghei (strain KBG173) was maintained by
routine passage in BALB/c mice. An animal model of infection was estab-
lished with BALB/c mice (20 to 25 g; Taconic Farms) infected by intraper-
itoneal (i.p.) injection (0.5-ml volume) of 106 P. berghei-infected RBCs. In
most studies, treatment (oral gavage, 0.2-ml volume) was initiated 2 h
postinfection. MK-4815 was given in a 10% dimethyl sulfoxide (DMSO)
solution (0.2-ml volume), once or twice daily for up to 5 days (see figure
legends for specific dosing parameters for each experiment). In this
model, 100% of the untreated mice succumb to infection 10 to 12 days
postinfection (�50% parasitemia). Efficacy was determined by observing
survival and by monitoring parasitemia in mice via microscopic exami-
nation of Giemsa-stained smears of tail blood (21). In all studies, mice
were examined for at least 70 days postinfection. Parasitemia in surviving
mice was monitored every few days for a month and then weekly thereaf-
ter. Mice were considered parasite free after three consecutive tail blood
samples showed no detectable parasitemia. All animal studies adhered to
the guidelines set forth by the Merck Institutional Animal Care and Use
Committee for the humane treatment of animals in research.

Effects of MK-4815 on early- and late-stage P. falciparum parasites.
Synchronized cultures of P. falciparum were prepared (10) by suspending
culture pellets in a 1:10 ratio of RBCs (pellet volume) to 5% D-sorbitol and
incubating them for 5 min at 37°C. The pellet was suspended and washed
twice with equal volumes of RPMI 1640. This procedure lyses all of the
parasites but those in the ring stage (13). To determine the effect of MK-
4815 on ring stage parasites, 1-ml aliquots of the culture were exposed to
500 ng/ml MK-4815 and incubated for 0.5, 1, 2, 4, 7, or 16 h. After incu-
bation, the aliquots were washed three times with RPMI 1640 and used in
the [3H]hypoxanthine assay described earlier. In order to evaluate the
effects on later stages of parasite development, synchronized cultures were
incubated for 22 h before being exposed to MK-4815 for 1, 2, 4, 7, or 16 h
and then washed and assayed as described above. The data are expressed as

the percent inhibition of [3H]hypoxanthine incorporation relative to that
in untreated cultures.

Uptake of [3H]MK-4815 by infected RBCs. P. berghei parasites were
harvested from infected female BALB/c mice (40 to 60% parasitemia)
after CO2 euthanasia. Blood was collected in phosphate-buffered saline
(PBS) containing heparin. Cells were washed in PBS and centrifuged
(4°C) at 1,500 � g for 5 min. The pellet was suspended in twice the volume
of PBS and passed over a column containing cellulose powder (Whatman
CF-11) for removal of leukocytes and platelets. P. berghei-infected RBCs
in the eluant were washed in PBS. Control uninfected mouse RBCs were
prepared in the same way.

RBC fractions infected with developmental-stage-specific parasites (of
P. falciparum from in vitro cultures and P. berghei from infected mice)
were enriched using a variation of the Percoll gradient method described
by Dluzewski et al. (8). A 90% Percoll bottom layer was overlaid with a
60% Percoll cushion, and infected RBCs were applied to the top. After
centrifugation at 8,000 � g for 10 min, two of the three prominent frac-
tions were harvested. The top layer was enriched for mature trophozoite/
schizont-infected RBCs, while the middle layer consisted largely of in-
fected RBCs containing ring and early trophozoite stage parasites. The two
fractions of infected RBCs were collected, washed with PBS or RPMI 1640,
and utilized in the [3H]MK-4815 uptake studies described below.

Equal numbers (�4 � 107) of RBC fractions that were uninfected, or
infected with developmental-stage-specific parasites were incubated with
[3H]MK-4815 at room temperature for 20 min. Specific uptake was de-
termined by competition with a 1,000-fold molar excess of unlabeled
MK-4815. The cells were centrifuged and washed twice with ice-cold
Hanks balanced salt solution. Pellets were suspended in 100 �l 0.1% Tri-
ton X-100 and 6 �l 30% hydrogen peroxide and incubated for 10 min at
37°C. Scintillation solution was added, and samples were counted for 2
min each using a Beckman scintillation counter.

Pharmacokinetics of MK-4815 in mice and rhesus monkeys. The
single-dose pharmacokinetic parameters of MK-4815 were determined
for the mouse and rhesus monkey. BALB/c mice were dosed with MK-
4815 (2 mg/kg orally [p.o.] or 1 mg/kg intravenously [i.v.]) formulated in
ethanol-polyethylene glycol (PEG) 400-H2O (5:15:80). Samples were
taken by cardiac puncture at 0, 0.083, 0.25, 0.5, 1, 2, 4, 6, 8, and 24 h. Blood
was collected in heparinized tubes, and the plasma was separated by cen-
trifugation. Plasma drug concentrations were determined by liquid chro-
matography-tandem mass spectrometry (LC-MS/MS) following protein
precipitation with acetonitrile. Rhesus monkeys were dosed with MK-
4815 (2 mg/kg p.o. or 1 mg/kg i.v.) formulated in ethanol-PEG 400-water
(20:25:55 at 2 mg/ml). Serial blood samples were taken at 0, 0.083, 0.25,
0.5, 1, 2, 4, 6, 8, and 24 h. Blood was collected in heparinized tubes and
separated by centrifugation. Plasma drug concentrations were deter-
mined by LC-MS/MS following solid-phase extraction on Waters Oasis
hydrophilic-lipophilic-balanced reversed-phase sorbent. Standard phar-
macokinetic parameters were calculated for MK-4815 in both preclinical
species.

RESULTS
MK-4815 inhibition of P. falciparum viability in vitro. From an
empirical whole-cell screening of a synthetic chemical sample col-
lection, MK-4815 (2-aminomethyl-3,5-di-tert-butylphenol, Fig.
1) was identified as an inhibitor of P. falciparum growth and de-
velopment in human RBCs. Using the incorporation of [3H]hy-
poxanthine as a measure of parasite viability shows that MK-4815
is as potent as chloroquine against the chloroquine-sensitive NF54
strain of P. falciparum (IC50s, 38 and 35 ng/ml, respectively) and
more potent than chloroquine against the chloroquine-, pyrim-
ethamine-, and mefloquine-resistant Dd2 strain (IC50s, 40 and 70
ng/ml, respectively). The in vitro activity of MK-4815 against an
expanded panel of geographically diverse, drug-resistant clinical
isolates of P. falciparum is illustrated in Table 1. Like artesunate,

FIG 1 Structure of MK-4815 (2-aminomethyl-3,5-di-tert-butylphenol).
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MK-4815 has broad-spectrum and potent activity against the en-
tire panel. Of particular significance are the potent MK-4815 IC50s
for the K1, V1/S, and FCB strains of parasite, which clearly dem-
onstrate reduced susceptibility to chloroquine.

Dose-response study with P. berghei-infected mice. In order
to determine whether MK-4815 is orally active, we treated in-
fected mice once on the day of infection and then twice daily for an

additional 4 days (a total of nine treatments). In this study, control
infected mice developed an acute infection by day 10, while 100%
survival was observed in mice receiving 25, 12.5, or 6.25 mg/kg
MK-4815 or 10 mg/kg chloroquine (once a day for 5 days, Fig.
2A). Mice were completely clear of parasites (determined by mi-
croscopic examination of blood smears) for the duration of the
study (74 days). No mice in the 3.13-mg/kg MK-4815 treatment
group survived for the duration of the study, although there was
an approximately 10-day increase in survival versus that of in-
fected control mice. No significant efficacy was seen at 1.56 mg/kg
MK-4815.

Duration of treatment study. To identify the minimum oral
treatment regimen required for MK-4815 efficacy at a dose of 12.5
mg/kg, P. berghei-infected mice were treated once on the day of
infection and then twice daily for 1, 2, 3, or 4 additional days (a
total of three to nine treatments at 12.5 mg/kg). Full efficacy
(100% survival with no detectable parasitemia for up to 95 days
postinfection) was achieved in mice treated for �2.5 days (Fig.
2B). Forty percent of the mice treated for 1.5 days remained par-
asite free throughout the study, while the remaining mice showed
an increase in survival relative to that of controls (13, 15, and 21

TABLE 1 In vitro efficacy of MK-4815 versus drug-resistant P.
falciparum

Drug

IC50 (�g/ml) for P. falciparum isolate:

3D7a K1b FCBc V1/Sd FCR-3e TM90f

MK-4815 0.030 0.004 0.010 0.007 0.010 0.03
Artesunate 0.004 0.001 0.002 0.001 0.002 � 0.01
Chloroquine 0.008 0.484 0.221 0.370 0.17
a Clone of the NF54 isolate (unknown origin); drug sensitive.
b From Thailand; CQ-R, PYR-R, and CYC-R.
c From Colombia; CQ-R.
d From Vietnam; CQ-R, PYR-R, and CYC-R.
e From The Gambia; CQ-R.
f From Thailand; CQ-R, PYR-R, and CYC-R.

FIG 2 Oral administration of MK-4815 is efficacious in a mouse model of P. berghei infection. In each panel, BALB/c mice were infected by i.p. injection of 106

P. berghei-infected RBCs. MK-4815 formulated in 10% DMSO was dosed orally as described below. Sham-treated animals were dosed with vehicle. (A) Efficacy
of MK-4815 in a dose-titration study. P. berghei-infected animals were treated with a single dose of compound on the day of infection (2 h postinfection) and then
twice daily (b.i.d.) for the following 4 days (a total of nine treatments). MK-4815 was given at 25, 12.5, 6.25, 3.13, or 1.56 mg/kg (three mice per treatment group).
Chloroquine was included as a positive control, using a once-a-day dose of 10 mg/kg for 5 days beginning on the day of infection. (B) Number of MK-4815
treatments, at a dose of 12.5 mg/kg, required for in vivo efficacy. Parasite-infected animals (five per group) were treated with 12.5 mg/kg MK-4815 once on the
day of infection (2 h postinfection) and then twice daily for 1 (1.5 doses, a total of three treatments) to as many as 4 subsequent days (4.5 doses, a total of nine
treatments). An additional treatment group received MK-4815 at 12.5 mg/kg once daily for 4 days beginning on the day of infection. (C) A single p.o. MK-4815
treatment at 50 mg/kg is sufficient for efficacy in the animal model. P. berghei-infected mice (five per group) were treated with either a single oral dose of
MK-4815 (administered at 2 h postinfection) or two doses administered 24 h apart. Treatment groups included MK-4815 at 50, 25, or 12.5 mg/kg. (D) Efficacy of
MK-4815 in a delayed-therapy study. Parasite-infected mice (five per group) were treated with a single 50-mg/kg oral dose of MK-4815 at 2, 24, 48, 72, or 96 h
postinfection.
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days postinfection). All control mice succumbed to infection by
day 10 postinfection.

Short-term treatment with MK-4815. In the same P. berghei
infection model, single p.o. treatments with MK-4815 at doses of
50 and 100 mg/kg on the day of infection were fully efficacious
(data not shown). In order to identify a minimal dose required to
achieve this level of protection, P. berghei-infected mice were
treated p.o. with either a single dose of MK-4815 (50, 25, or 12.5
mg/kg) or two doses of the compound (25 or 12.5 mg/kg) admin-
istered 24 h apart. One hundred percent survival was observed in
the groups treated with a single dose of 50 mg/kg or two doses of
25 mg/kg (Fig. 2C), and no parasites were detected in these mice at
any time during the course of the study (out to 107 days postin-
fection). Only one mouse in the 25-mg/kg single-dose group
showed a complete cure (1/5). All control infected mice suc-
cumbed to the infection by day 11 postinfection.

Single-dose delayed-treatment study. The impact of a delay in
treatment following parasite infection was tested using a single
50-mg/kg oral dose of MK-4815. Treatment groups in this study
included mice dosed at 24, 48, 72, or 96 h after i.p. infection with
P. berghei. A single 50-mg/kg dose of MK-4815 was fully effective
in animals treated following a 24- or 48-h delay (Fig. 2D). Forty
percent of the mice in the 72- and 96-h delayed-treatment groups
were parasite free at the conclusion of the experiment (107 days
postinfection); the remaining three mice in each group showed a
significant increase in survival (�10 days) compared to that of
sham-treated animals.

Differential effect of MK-4815 on early- and late-stage P. fal-
ciparum parasites in vitro. Cultures of the Dd2 strain of P. falcip-
arum parasites were enriched for ring stage parasites using D-sor-
bitol and exposed to MK-4815 for various lengths of time. The
viability of ring stage-enriched parasites using this assay format
was not affected by exposure to MK-4815 (Fig. 3A). When ring
stage parasites were allowed to progress in culture to a population
enriched for trophozoite/schizont developmental stages (22 h in
culture following release from synchrony) and then treated, MK-
4815 had a substantial effect (Fig. 3B). In contrast, when late-stage
trophozoites and schizonts were exposed to MK-4815, there was a
25% reduction in subsequent parasite growth after only 1 h of
exposure (Fig. 3B). Longer exposures had an even greater effect,
with almost 85% inhibition after 7 h of exposure to MK-4815.

Selective uptake of MK-4815 into infected RBCs. The uptake
of MK-4815 into P. berghei-infected mouse RBCs was measured
using a tritium-labeled analog of the compound. Infected RBCs
enriched for mature trophozoite and schizont developmental
stages of the parasite (prepared by Percoll gradient centrifugation)
accumulate [3H]MK-4815 in a dose-dependent manner, while
only minimal compound is associated with uninfected RBCs (Fig.
4A). The association of the compound with these P. berghei-in-
fected RBCs was not saturated even at a concentration of 1.5 �M,
the highest level tested.

The uptake of [3H]MK-4815 was also measured in P. falci-
parum-infected RBC preparations. In a representative experiment
(Fig. 4B), a considerable amount of MK-4815 is detected in the
Percoll gradient fraction enriched for mature trophozoite/schi-
zont parasites. Association of [3H]MK-4815 with RBCs infected
with this developmental stage of P. falciparum can be competed
with excess unlabeled compound. In a manner that parallels the
developmental-stage-specific sensitivity to MK-4815 (Fig. 3), very
little compound uptake is measured in ring stage parasites. The

amount of [3H]MK-4815 in uninfected human RBCs is also neg-
ligible. Both compound uptake and the impact of MK-4815 on
growth are much more profound in the metabolically active tro-
phozoite/schizont developmental stages of parasites.

Pharmacokinetics of MK-4815. The pharmacokinetic proper-
ties of MK-4815 in the mouse and rhesus monkey were examined
(Table 2). The oral bioavailability of MK-4815 is 61% in rhesus
monkeys and 99% in mice. While the volumes of distribution at
steady state (Vss) were similar in the two species, the drug has a
longer half-life (t1/2) and lower clearance in rhesus monkeys, sug-
gesting that the pharmacokinetic parameters of MK-4815 are su-
perior in the higher species.

DISCUSSION

MK-4815, a compound identified by screening of the Merck
Chemical collection, is considered a Mannich base, a class of com-
pounds previously reported to have various degrees of antimalar-
ial activity (1, 2, 3, 6, 9, 17). SN 7.744 (2, 3, 6) and WR-194,965
(17) are Mannich bases which have reported antimalarial activity.
WR-194,965 was active against multidrug-resistant parasites and
cured four of six patients of an experimental P. falciparum infec-
tion. Since there is limited information available, it is unclear
why this compound was not pursued further. In order to under-
stand the efficacy of MK-4815, a series of studies was conducted to
determine the optimal dosing regimen in the P. berghei mouse
model. The P. berghei model used in these studies was designed to
achieve 100% lethality of control infected mice at approximately
10 to 12 days postinfection and to demonstrate a 100% cure rate
with chloroquine as a positive control. Several parameters were
examined in these experiments, including dose, duration of dos-

FIG 3 Differential in vitro activity of MK-4815 on synchronized early- and
late-stage P. falciparum parasites. Synchronized P. falciparum parasite popu-
lations (ring stage- and trophozoite/schizont-enriched parasites; see Materials
and Methods) were exposed to MK-4815 at 0.5 �g/ml for various amounts of
time (1 to 16 h). Following exposure to the compound, the parasite prepara-
tions were washed and placed in fresh medium containing [3H]hypoxanthine
to quantitate the impact of MK-4815 on viability. (A) Results for ring stage
parasites. (B) Results for parasites enriched in trophozoite/schizont stages.
Data are expressed as the percent inhibition of [3H]hypoxanthine incorpora-
tion relative to that of untreated cultures.
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ing, and timing of the first dose postinfection. The results of these
studies indicated that a 100% cure rate can be achieved in this
model with MK-4815 at a minimal oral dose of 6.25 mg/kg twice
daily for 4.5 days. Higher doses can be used to achieve a 100% cure
rate with a shorter dosing period, such as 12.5 mg/kg twice daily
for 2.5 days, 25 mg/kg once daily for 2 days, or a single dose of 50
mg/kg given only once at 2 h postinfection. The total dose of
MK-4815 required for full efficacy translates to total cumulative
doses of 56.25, 62.5, 50, and 50 mg/kg, respectively. An additional
mouse study demonstrated that a single oral dose of MK-4815 at
50 mg/kg provides a 100% cure rate when given up to 48 h postin-
fection, while intervals of 72 and 96 h between infection and treat-

ment were much less effective. These results have an interesting
parallel in in vivo data reported for WR-194,965 in owl monkeys,
which suggested that the total cumulative dose in mg/kg deter-
mines efficacy (17).

MK-4815 has good oral bioavailability in mice and rhesus
monkeys and has lower clearance, a greater area under the con-
centration-time curve (AUC), and a longer t1/2 in the monkey,
confirming good pharmacokinetic properties in a second species
and suggesting that a lower dose might be required to treat malaria
infections in higher species. Further studies are required to deter-
mine the key pharmacokinetic parameter(s) that best predicts the
efficacy of MK-4815.

With respect to important drug-resistant isolates of P. falcipa-
rum, MK-4815 was fully effective in all cases, including multidrug-
resistant strains, with IC50s in the low ng/ml concentration range
(Table 1). Using synchronized P. falciparum cultures and [3H]hy-
poxanthine labeling, minimal efficacy was seen against ring and
early trophozoite stages exposed to 500 ng/ml MK-4815 for up to
16 h, while a �80% reduction in parasite-specific labeling was
seen when the schizont stage was exposed to the same concentra-
tion of MK-4815 for 7 h. It is not clear why infected control label-
ing is so low for the 16-h exposure in the late-stage experiment; a
possible explanation is that the PBS washes interfered with the
reinfection process since it would be expected that a significant
portion of the parasites would be extracellular by this time.

Further confirmation of stage specificity was provided by the
use of [3H]MK-4815 labeling of purified parasite stages from P.
berghei-infected mouse blood. While minimal labeling was seen in
uninfected erythrocytes and in those containing rings and early
trophozoites, significant uptake was seen in erythrocytes contain-
ing the more mature trophozoites and schizonts (Fig. 4B). Calcu-
lations based on label and erythrocyte volume suggest that
MK-4815 could reach low millimolar concentrations in schizont-
infected erythrocytes. One interpretation of this result is that the
mechanism of parasite death may be a consequence of nonspecific
effects due to the high concentration of MK-4815 in infected cells,
rather than a specific effect on a parasite target. However, the rapid
accumulation of MK-4815 to high concentrations in the infected
RBC makes determination of the mechanism of action difficult.

In the case of chloroquine, it has been suggested that the mech-
anism of action is facilitated by its elevated accumulation in ma-
ture-stage parasites, which results in the prevention of heme po-
lymerization, an important detoxification process required for
survival of the parasite (11, 19). MK-4815 does have an effect on

TABLE 2 Pharmacokinetic parameters of MK-4815 in mice and
monkeys

Parametera Mouse Monkey

Dose (i.v./p.o., mg/kg) 1/2 1/2
CLp (ml/min/kg) 21 6.7
Vss (liters/kg) 7.2 8.0
t1/2 (h) 4.5 14
Oral Cmax (�M) 0.85 0.44
Oral Tmax (h) 2 7
Oral AUCnorm(0-�) (�M.h/mg/kg) 3.4 6.5
F (%) 99 61
a The i.v. and p.o. dose formulation was ethanol-PEG 400-water at 20:25:55 (vol/vol/
vol) for monkeys and at 5:15:80 for mice. Cmax, maximum concentration of drug in
serum; CLp, clearance from plasma; Tmax, time to Cmax; AUCnorm(0-�), AUC divided by
dose per kilogram of body weight (from 0 h to infinity); F, bioavailability.

FIG 4 MK-4815 is preferentially localized in infected RBCs. (A) Preparations
of Percoll-purified RBCs from P. berghei-infected mice (enriched for mature
trophozoite/schizont developmental stages), as well as normal mouse RBCs,
were incubated with various concentrations of [3H]MK-4815 for 20 min at
room temperature. After several washes, the cell-associated [3H]MK-4815 in
parasite-infected RBCs and normal mouse RBCs was quantitated by scintilla-
tion counting. (B) Preferential uptake of MK-4815 into mature developmental
stages of P. falciparum. Synchronized P. falciparum parasite populations
(RBCs infected with ring stage- and trophozoite/schizont-enriched parasites;
see Materials and Methods) were incubated with [3H]MK-4815 for 20 min at
room temperature either in the absence (black bars) or in the presence (white
bars) of a 1,000-fold molar excess of unlabeled MK-4815. RBCs infected with
parasites enriched for ring stages and uninfected human RBCs were handled in
a parallel fashion. After several washes, cell-associated [3H]MK-4815 was
quantitated by scintillation counting.
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heme polymerization (data not shown). However, it cannot be
determined whether efficacy of MK-4815 results from a direct
effect on the heme polymerization process or from a more general
toxic effect on the parasite, based on the high concentration of
MK-4815 found within parasitized RBCs (Fig. 4A). Regardless, if
the mechanism of action of MK-4815 is similar to that of chloro-
quine, in vitro studies with resistant P. falciparum strains indicate
that the mechanism of resistance to chloroquine does not result in
cross-resistance to MK-4815.

In summary, MK-4815 appears to be a potential new therapy
for treating acute malaria due to P. falciparum. The compound has
good pharmacokinetic properties in preclinical species, efficacy
against multidrug-resistant strains of P. falciparum, and a simple
chemical structure that is inexpensive to synthesize. In vivo studies
with the mouse P. berghei model demonstrate that a single 50-
mg/kg dose of MK-4815 can provide a 100% cure rate in cases of
acute infection. The mechanism of action of MK-4815 is not clear,
but the data provided here show that short-term exposure (4 to 7
h) can kill mature P. falciparum parasites in vitro and suggest that
efficacy may be due to selective accumulation of MK-4815 in late-
stage parasites. MK-4815 is undergoing further evaluation by the
Medicines for Malaria Venture, where it has been accepted as a
preclinical candidate.
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