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Abstract--One of the causative agents of the African Trypanosamiases, Trypanosoma brucei brucei is 
able to use high intracellular camitine concentrations and a high carnitine acetyl transferase (CAT) 
activity to stimulate ATP production. This paper reports that a carnitine analogue, bromoacetyl+ 
carnitine, is an irreversible inhibitor of CAT from T. brucei, non-competitively inhibits carnitine uptake 
by T. brucei and has a potent in vitro effect against T. brucei motility and infectivity. An in vivo action 
in T.brucei infected mice is also reported. These results represent a new area of investigation in the 
important search for new antitrypanosomal agents. 

Trypanosoma brucei brucei is a pathogenic, parasitic 
haemoflagellate protozoan of considerable veterin- 
ary and economic importance as one of the causative 
agents of the African trypanosoiases [l]; it is often 
used as a laboratory model of sleeping sickness in 
man and Nugana in cattle. The chemotherapy of 
these diseases is highly unsatisfactory: no new drug 
has been introduced for 25 years and those in current 
use are the subject of reports of widespread resist- 
ance [l, 21. Without a functional tricarboxylic acid 
cycle [3], bloodstream forms of 2’. brucei are largely 
dependent on glycolysis for ATP production [4], 
which we have recently demonstrated to be stimu- 
lated by carnitine [5]. There exists in T. brucei an 
internal carnitine concentration of l-5 mM [6], com- 
parable with the highest values reported in biological 
systems [7,8] and considerably higher than that pres- 
ent in rat plasma [9]. In addition it has been shown 
[6] both that T. brucei can take up carnitine against 
this concentration gradient and that high levels of 
the enzyme carnitine acetyl transferase (CAT) are 
present in these organisms. 

In view of these observations, we have examined 
the biochemical and antitrypanosomal actions of 
bromoacetyl-L-carnitine (BAC), an irreversible 
inhibitor of CAT from pigeon breast muscle [lo]. 
We report here that, in addition to the inhibition of 
carnitine-stimulated ATP synthesis [5], BAC, is an 
irreversible inhibitor of CAT from T.brucei, and is 
a non-competitive inhibitor of carnitine uptake in 
these organisms. BAC is also shown to have a potent 
action against T. brucei motility and infectivity in 
vitro, and a trypanocidal effect in vivo in T.brucei- 
infected mice. 

1. MATERIALS AND METHODS 

1.1 Trypanosomes 

Rats (CM strain) were used as laboratory hosts 
for Trypanosoma brucei brucei strain 427, which 
gives a monomorphic infection in rats [ll]. Parasites 
were isolated as described previously [6]; blood was 
obtained by aortic puncture and trypanosomes were 
separated according to [12] as adapted from 1131. 

1.2 Measurement of CAT activity 

Trypanosomes were lysed with 0.5% (w/v) Triton 
X-100 followed by centrifugation at 4O,OOOg, for 
90 min. The supernate containing enzyme activity 
(acetyl CoA-L-( -)-carnitine-0-acetyl transferase; 
EC 2.3.1.7) was stored at -18” in 0.2 ml aliquots and 
assayed in a medium containing 100mM Tris-HCl 
(pH 8.1,21”) 0.5 mM 4-4’-dithobispyridine (DTBP), 
0.1 mM acetyl CoA and carnitine and BAC as indi- 
cated. Release of free sulphydryl groups from the 
hydrolysis of acetyl CoA was calculated assuming an 
extinction coefficient for the pyridone of E324 = 1.98 
X 1041-mol-2*cm-1 [14]. 

1.3 Measurement of carnitine uptake of T.brucei 

Trypanosomes (5 X lOa organisms per ml) were 
suspended in incubation buffer (IB) (4.99 mM KCl, 
80.1 mM NaCl, 2.0 mM MgC4, 16.2 mM NazHPO+ 
3.8 mM NaH2POI. 20 mM D-glucose, 1.5 g/l bovine 
serum albumin, pH7.4) at 37” with radioactively 
labelled L-carnitine, prepared as described by Stokke 
and Bremer [15] and purified as described previously 
[6] to a specific activity of 5.3 k Bq/mole (0.14 wi/ 
mol). Carnitine uptake was determined by centri- 
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fuging samples (0.1 ml) of the incubation mixture in 
microreaction tubes containing IB plus 0.5mM 
unlabelled carnitine as stop medium, and a phthalate 
ester mixture as described previously [6, 161. 

1.4. Determination of the in vitro effects of BAC 
against trypanosome infectivity and motility 

Trypanosome motility was measured using photon 
correlation spectroscopy [17] which has the advan- 
tage over conventional light microscope techniques 
of being more objective, having greater sensitivity 
and being able to sample the three dimensional 
velocity distribution of 103-lo4 cells in a very short 
time without the complication of wall effects. 
Mobility and apparent root mean square velocity 
were determined for trypanosomes resuspended in 
IB at 35” with BAC as indicated, using 5 and 20 
degree scattering angles, a Malvern correlator and 
a He-Ne laser. 

Trypanosome infectivity was determined following 
incubation of cells with BAC dissolved in IB at 37”. 
Groups of 5 mice were inoculated i.p. with 0.1 ml 
trypanosome suspension and tail blood was exam- 
ined microscopically for the presence of parasites for 
30 days after inoculation. Loss of infectivity was 
defined as being when trypanosomes were absent 
from tail blood for this period. 

1.5. Determination of the in vivo antitrypanosomal 
action of BAC in mice 

Mice, inoculated i.p. with lo6 T.brucei, were 
treated with a single 50 mg/kg i.p. dose of BAC at 
the times shown (inset to Fig. 3) and the time of 
death recorded. BAC was administered in 335 mM 
aqueous solution. 

1.6. Chemicals 

DTBP was obtained from the Aldrich Chemical 
Company and L-carnitine from the Sigma Chemical 
Company. BAC was synthesised as in [lo]. All other 
chemicals were of the highest purity commercially 
available from major biochemical suppliers. 

2. RESULTS 

2.1. CAT activity 

BAC shows the kinetics of an irreversible inhibitor 
of CAT from T. brucei (Fig. 1). The uninhibited 
reaction rate of 90.2 nanomoles free CoA released 
min-’ (mg cell protein)-’ (trace A) is greatly reduced 
by the presence of 70 ,uM or 350 PM BAC (traces B 
and C). This inhibitory effect was not reversed by 
the further addition of 6mM t_-carnitine (trace D) 
and was enhanced by preincubation of the CAT 
preparation with 7OpM BAC (trace E). We have 
also shown that incubation of whole trypanosomes 
in vitro with 70 ,uM BAC for 1 hr, followed by 
thorough washing prior to lysis, results in total 
inhibition of the CAT activity. It was not possible 
to confirm earlier findings, using pigeon breast mus- 
cle CAT [lo], of increased inhibition by BAC in the 
presence of added CoA. 

2.2. Carnitine uptake 

The kinetics of inhibition of carnitine uptake by 
BAC are shown in Fig. 2. BAC is seen to be a 
non-competitive inhibitor of this process with an 
apparent Ki, determined graphically [18], of 351 t 
37 ,uM (n = 48) compared to the Km for carnitine 
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Fig. 1. The effect of BAC on the carnitine acetyl transferase activity isolated from T.brucei. CAT 
activity was measured in cell extracts prepared by trypanosome lysis with 0.5% (w/v) Triton X-100 
followed by centrifugation at 40,000 g,, for 90 min. The supernate was assayed for CAT activity in a 
medium containinn 100mM Tris-HCI (pH 8.1), 0.5 mM DTBP. 0.1 mM Acetyl CoA and L-carnitine 
(CARN) or bromoacetyl-L-carnitine @AC) ‘as indicated. Calculated rates of acetyl coenzyme A 
hydrolysis (nmoles free CoA released min-’ [mg cell protein]-‘) 2 S.E.M. (n = 4) are as follows: Trace 
A (control 90.2 5 9.7, trace B (with 70pM BAC) 44.6 2 5.1, trace C (with 35OpM BAC) 6.68 f 1.1, 
trace D (3 mM carnitine with 70 fl BAC, then 6 mM carnitine) 46.4 t 5.1 and trace E (preincubation 

with 70 pM BAC, then with 3 mM carnitine) 24.5 2 3.1. 
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Fig. 2. Kinetics of inhibition of carnitine uptake by BAC in T. brucei. Shown is a Dixon plot (181 of 
(initial rate))’ plotted against inhibitor concentration with varying substrate concentrations. Incubation 
buffer (I.B.) containing 5 x 108 cells/ml and radioactively labelled L-carnitine was maintained at 37”. 
Uptake of L-carnitine was determined by centrifuging samples (0.1 ml) of the incubation mixture in 
microcreation tubes containing LB. plus 0.5 mM unlabelled r-carnitine, and a phthalate ester mixture 

as described [6,16]. 

at 31” of 572 rt 28 ,&I (n = 24). Uptake was shown motility in other systems [19-211 we examined the 
to be linear over 15 min in the absence of BAC. effect of BAC on motility and infectivity of T. brucei. 

2.3. Effects of BAC on trypanosome infectivity and 
Following the addition of 50 PM BAC, the percent- 

motility 
age of motile organisms (Fig. 3, curve (a)) dropped 
from 86% at the time of addition of BAC to 53% 

In view of the correlation between ATP levels and fifteen minutes later, and 28% after 45 min. A similar 
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Fig. 3. The effect of BAC on the motility of T.brucei in vitro. Motility and apparent root mean square 
velocity were measured by photon correlation spectroscopy [17] (5 and 20 degree scattering; Malvern 
correlator; He-Ne laser). Cells were incubated in incubation buffer at a parasite density of lO’/ml at 
35” and 50 @I BAC was added as shown. Infectivity was determined by inoculating groups of 5 mice 
i.p. with 0.1 ml of a suspension of trypanosomes treated with BAC at the concentrations shown above. 

Cells were incubated in incubation buffer at a parasite density of 108/ml and at 37”. 
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decrease in the apparent root mean square velocity 
of the trypanosomes was also observed (Fig. 3, curve 
(b)). These results were obtained at a scattering 
angle of 20”; similar values for the r.m.s. velocity 
were obtained at a scattering angle of 5” and those 
are also shown in Fig. 3. 

Parasite infectivity for mice decreased on incu- 
bation with increasing BAC concentration. Exposure 
to 700 @4 BAC caused complete loss of infectivity 
after 15 min, while 7 PM BAC had a similar effect 
after 200minutes (inset to Fig. 3). Untreated try- 
panosomes always killed mice in 3-6 days. 

2.4. In vivo trypanocidal effect of EAC 

Treatment of T.brucei-infected mice with a single 
i.p. dose of BAC (50mg/kg) extended the life of 
those mice compared with untreated mice with sim- 
ilar infections; this dose was much less than the 
maximum tolerated dose since 150 mg/kg BAC was 
shown to have no obvious acute or chronic toxic 
effects on mice to which it was administered. Table 
1 shows the effects of BAC administration at dif- 
ferent times after inoculation of mice with T. brucei. 
Administration of BAC immediately after infection 
had the greatest antiparasitic effect, prolonging the 
life of these mice by 100%. 

3. DISCUSSION 

We have demonstrated three biochemical effects 
of BAC against T.brucei in vitro; inhibition of 
carnitine-stimulated ATP synthesis [5], irreversible 
inhibition of CAT activity and non-competitive 
inhibition of carnitine uptake by T. brucei. These 
effects are accompanied by loss of motility and 
infectivity following in vitro exposure to BAC and 
there is an in vivo trypanocidal action of BAC in 
T. brucei infected mice. 

The irreversible action of BAC against CAT from 
pigeon breast muscle is known to be enhanced by 
the presence of added CoA [lo]. That we were 
unable to demonstrate this effect is probably due to 
the presence of catalytic amounts of free CoA in the 
trypanosome extract rendering further addition with- 
out effect. This action of BAC against CAT is highly 
specific as the production of bromacetyl coenzyme 
A is dependent on BAC being cleaved by CAT [lo] 
and is unlikely to occur by other mechanisms. 

We have reported trypanosome velocities as 

Table 1. The in vivo antitrypanosomal effect of BAC on 
T. brucei infections in mice 

Mouse 
group 

Time of 
BAC dosage (hr) 

Time of 
death (hr) 

A 0 132-150 
B 24 100-120 
C 48 90-100 

No drug 
D (control) 70-76 

Each group comprised 10 mice, (2 X 5; done on separate 
occasions), which were infected with lo6 T.brucei i.p. at 
zero time, and then treated with a single i.p. dose of BAC 
(50 mg/kg) at the times shown. 

apparent root mean square values because the move- 
ment of these organisms is a complex mixture of 
rotational and translational modes. The values 
obtained at the relatively low scattering angle of 5” 
are a fair representation of the overall translational 
component, but we are currently investigating the 
relative contribution of various modes in greater 
detail. It is of interest to correlate the effect of 50 ,uM 
BAC in reducing the percentage motility of trypan- 
osomes from 86% to 28% in 50 min (Fig. 3), a time 
scale comparable with that taken for the abolition 
of infectivity by 7ON BAC in a seventy minute 
incubation (inset to Fig. 3). The lowest concentra- 
tions of BAC that we have used which show activity 
against T. brucei motility (25 ,uM) and infectively 
(7N) are lower than those of the veterinary try- 
panocides in current use, Berenil, Suramin and 
Ethidium [22]. A similar comparison of the in vivo 
action of BAC with that of other trypanocides indi- 
cates that BAC has much reduced activity; Berenil, 
for example, has been shown to prolong indefinitely 
the life of T. rhodesiense infected mice [23]. A direct 
comparison however, is not possible because of the 
much larger inoculum used in previous tests. No 
morphological changes were apparent at this dose 
level as judged by light microscopy. 

We have no data on the level of BAC reached in 
the blood of infected mice and are therefore unable 
to compare the BAC levels showing biochemical or 
antitrypanosomal activity in T. brucei with those 
present in vivo. We do, however, feel that the 
antitrypanosomal activity observed in vivo with 
T. brucei infected mice combined with the in vitro 
actions of this compound, opens up the possibility 
of a new area of investigation in the important search 
for new drugs against trypanosomiasis, leading to 
the synthesis of further carnitine analogues and the 
screening of these compounds for possible in vivo 
trypanocidal activity. 
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