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Trypanocidal Activity of 8-Methyl-5⬘-{[(Z)-4-Aminobut-2-enyl](Methylamino)}Adenosine (Genz-644131), an
Adenosylmethionine Decarboxylase Inhibitor䌤
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Genzyme 644131, 8-methyl-5ⴕ-{[(Z)-4-aminobut-2-enyl](methylamino)}adenosine, is an analog of the enzyme activated S-adenosylmethionine decarboxylase (AdoMetDC) inhibitor and the trypanocidal agent MDL7381, 5-{[(Z)-4-aminobut-2-enyl](methylamino)}adenosine. The analog differs from the parent in having an
8-methyl group on the purine ring that bestows favorable pharmacokinetic, biochemical, and trypanocidal
activities. The compound was curative in acute Trypanosoma brucei brucei and drug-resistant Trypanosoma
brucei rhodesiense model infections, with single-dose activity in the 1- to 5-mg/kg/day daily dose range for 4 days
against T. brucei brucei and 25- to 50-mg/kg twice-daily dosing against T. brucei rhodesiense infections. The
compound was not curative in the TREU 667 central nervous system model infection but cleared blood
parasitemia and extended time to recrudescence in several groups. This study shows that AdoMetDC remains
an attractive chemotherapeutic target in African trypanosomes and that chemical changes in AdoMetDC
inhibitors can produce more favorable drug characteristics than the lead compound.
and tissue (central nervous system [CNS]) distribution characteristics that are essential to meet the improved target product
profile for a new late-stage antitrypanosomal drug (7). We
therefore started a program to synthesize analogs with high potency and better pharmacodynamic properties. Genz-644131,
the 8-methyl analog of MDL-73811, was significantly more
potent in vivo against trypanosomes than other analogs made
at that time (5). Some adenine C-8-substituted analogs were
recently tested as inhibitors of human AdoMet decarboxylase
but not against the trypanosome enzyme or versus trypanosomes in vitro. (14).

Sleeping sickness or human African trypanosomiasis infects
between 50,000 and 150,000 people each year across subSaharan Africa and is fatal if left untreated. Yearly estimates
of people at risk are 10 million on the African continent.
Current drugs for late stage disease, such as melarsoprol,
have significant toxicity and resistance to melarsoprol is
increasing. Another drug, eflornithine, requires 2 weeks of
intravenous infusion, which is highly impractical in rural
Africa (10). A promising new combination regimen for latestage disease that appears to be effective uses eflornithine for
1 week plus oral nifurtimox for 10 days (15). This is a smallscale trial that needs to be reinforced with more data. Nevertheless, new therapies are urgently needed; because of the
extreme poverty in countries with endemic disease, there has
been little interest for many years within the pharmaceutical
industry in discovering and developing new drugs to treat a
disease that occurs primarily in developing countries (10).
Polyamine metabolism of African trypanosomes has been
shown to be a valid chemotherapeutic target for inhibitors
aimed at critical points in the pathway such as ornithine decarboxylase (2), trypanothione synthase (11, 13), and S-adenosylmethionine decarboxylase (AdoMetDC) (6). AdoMetDC
has been shown to be an essential enzyme in the trypanosome
polyamine pathway, both by RNA interference knockdown
(18, 19) and through the use of inhibitors, such as MDL-73811
(8), which kill parasites both in vitro (1) and in vivo (4, 6).
However, while potent, MDL-73811 lacks the pharmacokinetic

MATERIALS AND METHODS
Chemical synthesis. MDL-73811 was synthesized as a benchmark using methods that have been previously described (15). The synthesis of Genz-644131 is
described elsewhere in detail (see supplemental material for reference 17) and
briefly outlined here. 8-Bromoadenosine was O protected with hexamethyldisilazane and subjected to palladium-catalyzed coupling with trimethylaluminum to
install the 8-methyl group. The product was then deprotected and treated with
thionyl chloride in pyridine to afford the 5⬘-chloro derivative. This intermediate
was converted to the 5⬘-methylamino compound by treatment with excess methylamine and then alkylated with cis-1-(t-butoxycarbonylamino)-4-chloro-2butene to furnish the protected product. The synthesis of Genz-644131 was
completed by acid catalyzed cleavage of the terminal N-butoxylcarbonyl group
using methanolic hydrogen chloride.
In vitro trypanosome assays. In vitro trypanosome 50% inhibitory concentration (IC50) growth assays were performed as previously described (16) using
Trypanosoma brucei brucei Lab 110 EATRO and Trypanosoma brucei rhodesiense
strains KETRI 243 and 2538 (3). Drug studies were done in duplicate in 24-well
plates (1 ml/well) with final inhibitor concentrations of 0.1, 1.0, 10, and 100 M.
After 48 h. the parasites were counted in a Z-1 Coulter Counter, and the
approximate range of activity was determined. The IC50s were then determined
from additional studies using closely spaced inhibitor concentrations. Analogs
were dissolved in water, and dilutions were made with HMI-18 medium. The
results are reported as the averages from two experiments.
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TABLE 1. In vitro activity against trypanosome strains
IC50 (g/ml)a

Compound

Structure

T. brucei brucei
Lab 110
EATRO

T. brucei rhodesiense
KETRI 243

T. brucei rhodesiense
KETRI 2538

MDL-73811

0.05

0.02

0.021

Genz-644131

0.00058

0.00375

0.0003

In vivo trypanosome assays. In vivo studies were performed examining efficacy
of Genz-644131 against acute model infections: T. brucei brucei (Lab 110
EATRO strain) and T. brucei rhodesiense (KETRI 243, 1992, and 2002 strains) as
previously described (4). Briefly, groups of five animals were infected intraperitoneally (i.p.) on day 0 with 2.5 ⫻ 105 parasites, and dosing was initiated on Day
1. Genz-644131 was dosed at a 1- to 50-mg/kg/day regimen i.p. either once a day
(QD) or twice a day (BID) for 4 days. Animals were assessed twice weekly by
microscopic examination of at least 20 fields of wet blood smears. Animals
surviving ⬎30 days beyond death of the last untreated control with no evidence
of parasites in tail vein blood were considered cured. In this model, untreated
animals generally were moribund and were euthanized by days 3 to 4. Treatment
with pentamidine at 2 mg/kg QD for 4 days served as a positive control in all
acute model infections.
CNS model infections. The TREU 667 model CNS infection developed by
Jennings et al. (12) was used to evaluate Genz-644131 versus CNS disease. In this
model, mice were infected with 10,000 trypanosomes from an initial rat transfer,
and the infection was allowed to develop for 21 days, at which time there is CNS
involvement. Berenil (10 mg/kg i.p. [once]; diminazene aceturate) will initially
clear the blood parasites at day 21, but since it does not cross the blood-brain
barrier, the blood will eventually be repopulated from the CNS as reservoir. A
day 4 Berenil-treated group (10 mg/kg i.p. [once]) served as a positive control. At
day 21, mice with confirmed parasitemia were randomly separated into groups of
10, and treatment was begun. Mice were checked weekly for parasitemia, starting
7 days after the final dosing. Animals recrudescing with parasites in tail vein
blood samples (magnification, ⫻400; 20 fields) were euthanized. The animals
were monitored for 6 months after the last dosing. The animals surviving this
period were euthanized; their brains were homogenized, and samples were
injected into two healthy animals (9).

RESULTS
MDL-73811 and Genz-644131 are highly active against T.
brucei brucei in vitro. The IC50 of MDL-73811 for T. brucei
brucei Lab 110 EATRO was 0.05 g/ml (Table 1). In contrast,
Genz-644131 was ⬃100-fold more potent versus this isolate
(0.00058 g/ml [0.0096 M] versus 0.05 g/ml [0.083 M]).
The IC50s for the two T. brucei rhodesiense isolates were correspondingly lower with Genz-644131 than with MDL-73811.
Recent studies (5) showed that Genz-644131 was also a more
potent inhibitor of purified AdoMetDC heterodimeric enzyme
than MDL-73811 (kinact/Kiapp ⫽ 7.8 M⫺1 min⫺1 versus kinact/
Kiapp ⫽ 1.5 M⫺1 min⫺1).
Genz-644131 is active against an acute murine model of
trypanosome infection. In an initial in vivo study (5), we found
Genz-644131 at 50 mg/kg/day QD or BID cured animals with
a 24-h infection of the T. brucei brucei Lab 110 EATRO model.
These results were equivalent to those obtained with the parent compound, MDL-73811. Genz-644131 was then studied in

a series of experiments with the Lab 110 EATRO model using
lower-dose regimens. These experiments (the results are presented in Table 2) indicate highly curative activity at 1, 2, 2.5,
and 5 mg/kg/day, both QD and BID. The only dose level at
which ⬎50% cures were not obtained was 1 mg/kg QD for 4
days. However, even at this dose, a 33% cure was obtained,
with the remaining animals having almost three times the survival time of untreated controls (Table 2).
Activity versus T. brucei rhodesiense clinical isolates. Genz644131 was tested for activity versus three Kenya Trypanosomiasis Research Institute T. brucei rhodesiense strains: KETRI
2002, pentamidine and melarsoprol sensitive; KETRI 1992,
pentamidine resistant and melarsoprol sensitive; and KETRI
243, pentamidine and melarsoprol resistant (Table 3). All dosing was QD or BID for 4 days. Genz-644131 was effective
against KETRI 2002, curing 60% of the animals at 10 mg/kg
BID and 80% at 50 mg/kg/day QD or BID, and against KETRI

TABLE 2. Susceptibility of T. brucei brucei Lab 110 EATRO to
Genz-644131 and pentamidine
Compounda

Control
Pentamidine
Genz-644131

Dose Frequencyb Time
(i.p.)
(days)
(mg/kg)

2
1
2
2
2.5
2.5
5
5
10
10
25
25
50
50

QD
QD
BID
QD
QD
BID
QD
BID
QD
BID
QD
BID
QD
BID

4
4
4
4
4
4
4
4
4
4
4
4
4
4

Mean
No. of mice cured/
survival
total no. of mice
c
time (days)
testedd

4.7
⬎35
13.5
⬎35
⬎35
21
⬎35
⬎35
⬎35
⬎35
⬎35
⬎35
⬎35
⬎35
⬎35

0/21*
21/21*
1/3
3/3
3/3
2/3
3/3
3/3
3/3
3/3
8/8
5/5
5/5
5/5
5/5

a
Mice were infected with 2.5 ⫻ 105 trypanosomes, and treatment was begun
24 h later. Control mice were not treated.
b
BID dosing occurred at approximately 10 a.m. and 4 p.m.
c
That is, the mean survival time of animals dying of trypanosomiasis, exclusive
of cured animals.
d
Cured animals survived ⬎30 days beyond the deaths of the untreated controls, with no parasites in the tail vein blood smears. *, Composite of five
experiments.
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a
The fold increases in activity for Genz-644131 were 86.2, 5.3, and 70 for T. brucei brucei Lab 110 EATRO, T. brucei rhodesiense KETRI 243, and T. brucei rhodesiense
KETRI 2538, respectively.
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TABLE 4. Genz-644131 versus T. brucei brucei 667

TABLE 3. Susceptibility of T. brucei rhodesiense KETRI strains to
Genz-644131a
Compound
(dosing frequency)b

Control
Pentamidine (QD)
Genz- 644131 (QD)
Genz-644131 (BID)

Dose
(mg/kg)

2
10
25
50
10
25
50

No. of mice cured/total no. of mice tested
(avg survival time 关days兴)c
KETRI
2002

KETRI
1992

KETRI
243

0/5 (10.2)
5/5 (⫺)
0/5 (16)
1/5 (20)
4/5 (21)
3/5 (21.5)
2/5 (19.3)
4/5 (22)

0/5 (11.2)
0/5 (18)
0/5 (16.6)
0/5 (18.6)
0/5 (20.2)
0/5 (20.4)
3/5 (23)
5/5 (⫺)

0/5 (10.6)
0/5 (11.6)
0/5 (13.2)
0/5 (14)
0/5 (17.2)
0/5 (14.8)
1/5 (18.75)
2/5 (23.3)

1992, curing 60% at 25 mg/kg/day BID and 100% at 50 mg/kg/
day BID. At 50 mg/kg, Genz-644131 cured two of five of the
KETRI 243-infected animals. Lower doses resulted in prolonged survival times for animals infected with this difficultto-cure strain. Note that pentamidine did not cure KETRI
1992- or KETRI 243-infected animals.
CNS model infection. The TREU 667 model has been used
for many years as a reliable indicator of laboratory CNS disease, and the potential of agents curing this model are viewed
as having potential for curing stage 2 clinical disease in humans. In the present study, we used Genz-644131 at 10, 25, 50,
and 100 mg/kg/day given i.p. BID for 1 or 2 weeks (Table 4).
Unfortunately, all of the animals, except one at 10 mg/kg for 7
days, eventually relapsed. Genz-644131 did initially clear the
blood of parasites and increased the time to relapse in several
dose groups beyond that of the Berenil day 21 control (61.8
days), and appeared nontoxic at higher doses for extended
periods.
Although treatment with Genz-644131 did not ultimately
prevent relapse, it did significantly increase time to relapse
compared to untreated controls (P ⬍ 0.0001 for both 7- and
14-day treatment as determined by a Mantel-Cox log-rank
test). However, even at 100 mg/kg for 14 days, the relapse time
for Genz-644131 was not significantly different from the relapse achieved with Berenil treatment on day 21 (P ⬍ 0.0964).
DISCUSSION
The compound MDL-73811 was the initial lead in MerrellDow’s development of AdoMetDC inhibitors as antiparasitic
agents in the late 1980s. MDL-73811 was an enzyme-activated
inhibitor reminiscent of the ornithine decarboxylase agent DL␣-difluoromethylornithine. In a series of studies (4, 6, 7),
MDL-73811 was found to cure T. brucei brucei and T. brucei
rhodesiense murine laboratory model infections. This compound was ⬃100-fold more active in this regard than DFMO
(6), curing at 20 to 50 mg/kg/day for 5 days. Despite excellent
activity versus acute model infections, MDL-738911, used
alone, was incapable of curing a model CNS infection (4).
Genz-644131 showed superior properties to MDL-73811: a
5- to 85-fold greater potency in vitro (Table 1), a 5-fold higher

Compound
and group

Dose (mg),
time (days)

None
1

No. of mice dead
prior to dosing
completion

No. of
mice
relapsing

2

8

Avg day of
relapse
(range)

No. of mice
remaining
in group
0

Berenil
2
3

10, 4
10, 21

0
0

1
10

36 (36)
61.8 (43–77)

9
0

644131a
4
5
6
7
8
9
10
11

10, 7
25, 7
50, 7
100, 7
10, 14
25, 14
50, 14
100, 14

2
0
3
1
2
2
0
5

7
10
7
9
2
8
9b
5

53 (43–72)
61.7 (43–92)
59 (57–64)
68.8 (64–78)
59.8 (43–72)
70.3 (57–92)
63.4 (50–72)
72 (64–78)

1
0
0
0
0
0
0
0

a

All dosing was BID.
One animal in the group was euthanized on day 44. It was not trypanosome
positive but was ill for unknown reasons.
b

inhibitory activity against purified AdoMetDC enzyme, an ⬃3fold longer blood half-life, an 8-fold higher maximum concentration in brain, and only 41% serum protein binding (5).
These studies, along with associated pharmacokinetic values,
suggested that plasma levels above IC50s could be achieved
over a 24-h period with a single dose of 5 mg/kg. This prediction was validated in acute infections in which single daily
doses of 1, 2, 2.5, and 5 mg/kg produced cures of T. brucei
brucei Lab 110 EATRO (Table 2). This is considerably below
the 10 to 20 mg/kg 3 x/day needed to cure with MDL-73811 (6).
In the present study 2 of 3 strains of T. brucei rhodesiense were
successfully treated with i.p. dosing at 10 to 50 mg/kg/day BID
dosing (Table 3), whereas constant infusion of MDL-73811 by
osmotic pump (50 mg/kg for 7 days or at 50 mg/kg three times
daily for 5 days) was needed to cure a T. brucei rhodesiense
strain (4). Thus, the improvement in pharmacokinetic properties has clearly led to increased efficacy in acute infections.
Although Genz-644131 did not cure a CNS infection at up to
100 mg/kg BID for 14 days, its activity versus acute infections
and T. brucei rhodesiense, along with favorable biochemical and
pharmacokinetic properties, indicate that this chemical series,
with further adjustment of brain penetration capabilities, has
significant potential for the development of effective nontoxic
trypanocides for late-stage disease. Preceding work with CGP40215, an AdoMetDC inhibitor that cured 15 laboratory infections with clinical isolates, was also not curative with the
TREU 667 model when used singly at 10 to 50 mg/kg/day for
14 days (1). That report plus the present study and studies on
MDL-73811 do, however, validate AdoMetDC in trypanosomes as a drug target and encourage additional pharmacokinetic studies to maximize blood-brain penetration.
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a
Mice were infected with 2.5 ⫻ 105 trypanosomes from rats infected with
frozen stabilates. Dosing was begun i.p. at 24 h after infection. All dosing was for
4 days.
b
BID dosing occurred at approximately 10 a.m. and 4 p.m.
c
Exclusive of cured animals. Cured animals survived ⬎30 days beyond the
deaths of untreated controls, with no parasites in the tail vein blood smears.
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