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1. Introduction

Trypanosomosis is a disease of man and, domestic and wild
animalg1-7]. It is characterized by fever, anaemia, loss of condition,

ABSTRACT

Objective: To compare parasitaemia and haematological changes of Trypanosoma brucei
brucei infection in mice, rats and rabbits and their chemotherapeutic responses to diminazene
diaceturate (Veriben®) therapy under the same experimental conditions.

Methods: A total of 20 adult BALB/c mice, 20 Wister albino rats and 20 New Zealand
rabbits of both sexes were used for this study. Each rodent group was divided into four
groups (A, B, C and D) of five animals each. Animalsin Groups A and C were individually
infected with 0.5 mL of blood from donor rats containing 1.5 x 10° Trypanosoma brucei
brucei, while Groups B and D remained uninfected. Experimental animals were treated thus
[Group A (infected and untreated control), Group B (uninfected and untreated control), Group
C (infected and treated) and Group D (uninfected and treated)]. All trestments commenced 12
days after infection. Parasitaemia and haematological parameters were determined every four
daystill the end of the experiment.

Results The prepatent period for mice and rats was 4 days while that of rabbits was 8 days.
Observed clinica signs consisted of pallor of mucous membranes, lethargy and starry hair coat
observed mainly among mice and rats, while the rabbits had mainly mild pallor of the ocular
mucous membranes. Parasitaemia in Groups A rose significantly by Day 20 post-infection
(p.i.) in the mice, Day 24 in the rats and Day 28 in rabbits. By these respective days, al the
infected untreated animalsin Group A died of the infection. However in Group C, parasitaemia
declined significantly (P < 0.05) among mice, rats and rabbits and were completely eliminated
from peripheral circulation by Days 20, 20 and 24 (p.i.) respectively, with no death. Aninverse
relationship was observed between parasitaemia and the haematological parameters for all
the species of the rodents. As parasitaemia increased, the packed cell volume, red blood cell
count, haemoglobin concentrations and white blood cell counts of mice, rats and the rabbits
experienced a significant decline (P < 0.05) in Group A, leading to anaemia. These decline in
haematological parameters were however the most severein rats and mice than in rabbits.
Conclusions: Mice and rats are better animal models for studying the progression of the disease
than rabbits and diminazene diaceturate (Veriben®) is capable of eliminating parasitaemia and
modulating haematological changesin mice, rats and rabbits.

reduced productivity and high mortality[8]. Trypanosoma brucei
gambiense affects man in 24 countries of Central and West Africa,
while Trypanosoma brucei rhodesiense affects man in 13 countries
of Eastern and Southern Africal2]. Trypanosoma cruzi affectsmanin
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South America9]. The animal trypanosomes include Trypanosoma
vivax, Trypanosoma brucei brucei (T. b. brucei), Trypanosoma
congolense (T. congolense), Trypanosoma simiae, Trypanosoma
equiperdum and Trypanosoma evansi, each of which affects one or

All experimental procedures involving animals were conducted in accordance to
international ethics for the use of animals for biomedical research and approved by
the Faculty of Veterinary Medicine Ethics Committee.
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more species of animalg2]. Laboratory animals are readily infected
by T. b. brucei and T. congolense[10]. The pathology and the effect
of trypanosomosis on haematology of infected hosts have been
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widely reported by several workerg11-15].

Control of trypanosomosis is aimed at destroying the parasite in
the host with chemotherapeutic agents such as diminazene aceturate
or through medicinal plants/16-21].

So far, little has been achieved in terms of understanding
the variations in prepatent period, course of infection, and the
haematology of the disease in various laboratory animal species
especialy as it relates to T. b. brucei. Furthermore, diminazene
aceturate (Berenil) is currently no longer available in the market. It
is againgt this backdrop that this study was conducted with a view of
identifying the most suitable animal host model for T. b. brucei and
the effect of diminazene diaceturate (Veriben®) on the most recent
and readily available aromatic diamidines on the parasitaemias
and haematological changes that might ensue in the course of the
infection in mice, rats and rabbits under the same experimental
conditions.

2. Materialsand methods

2.1. Experimental animals

A total of 20 adult BALB/C mice, 20 Wister albino rats and 20
New Zeaand rabbits of both sexes were used for this study. They
were obtained from the National Veterinary Research Institute, Vom,
Nigeria. They were routinely screened for blood, intestinal and
external arthropod parasites using standard criteria. All animals were
rescreened for parasites every two days for 30 days for relapse of
parasitaemia. The animals were fed with pelleted commercia feed
(vital Feeds LTD, Jos, Nigeria) while water was provided ad libitum.
They were allowed to acclimatize to their new environment for 14
days before the commencement of experiment. All experimental
procedures involving animals were conducted in accordance with
international ethics for the use of animals for biomedical research
and approved by the Faculty of Veterinary Medicine Ethics
Committeg[22].

2.2. Source of Trypanosomes

T. b. brucei, Federe strain used for this study was obtained from
the Nigeria Institute for Trypanosomosis and Onchocerciasis
Research in Jos, Nigeria. The organism was first isolated from
N’dama and Muturu cattle in 2006. It was identified as T. b. brucei
based on morphology and negative blood inhibition and infectivity
test and stabilized by four passages in rats before storage in liquid
nitrogen. They were passaged twice in donor rats. Tail blood from
the donor rats was diluted with phosphate buffered saline, pH 7.2.
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The mice, rats and rabbits were infected intraperitoneally with 0.5
mL of infected blood from the donor rats containing 1.5 x 10° T. b.
brucei. The initial detection of parasitaemia was conducted by the
wet mount and haematocrit buffy-coat methods, while the degree of
parasitaemiawas estimated by the rapid matching method[23,24].

2.3. Experimental design

The mice, rats and rabbits were weighed and randomly separated
into four groups (A, B, C and D) of five each. The groups were
infected and treated as follows, Group A: infected and untreated
control; Group B: uninfected and untreated control; Group C:
infected and treated intraperitoneally with a single standard
dose of diminazine diaceturate (Veriben, B12 LA® Ceva, Sante
Animale-La Balastiere, France) at 3.5 mg/kg body weight by
Day 12 post-infection, while Group D served as uninfected and
treated intraperitoneally with a single standard dose of diminazine
diaceturate (Veriben®) at 3.5 mg/kg body weight by Day 12 post-
infection.

2.4. Monitoring of physical changes and determination of
parasitaemia and haematological parameters

Physical changes such as conditions of the mucous membranes,
hair coat and activeness were monitored daily. Parasite counts were
estimated every four days using the rapid matching technique of
Herbert and Lumsden, while blood was collected every four daysvia
tail vein[24]. Packed cell volume (PCV), red blood cell (RBC) counts,
haemoglobin (Hb) concentrations and white blood cell (WBC) counts
were determined using standard methods(25].

3. Results

3.1. Comparative changes in parasitaemia (x 10*/pL) of
mice, rats and rabbits infected with T. b. brucei and treated
with diminazine diaceturate (Veriben®) and their controls

The mean parasitaemia (x 10%ulL) of mice, rats and rabbits infected
with T. b. brucei and treated with Veriben® and their controls are
presented in Figure 1 A—C respectively. In mice and rats, parasitaemia
became patent by Day 4 post infection (p.i.) while in rabbits, it was
by Day 8 (p.i.). The clinical signs observed were pallor of mucous
membranes, lethargy and starry hair coat, which were observed
mainly among mice and rats, while rabbits had mainly mild pallor
of the ocular mucous membranes. The parasitaemia in the infected
control (Group A) reached their respective peaks in mice, rats and
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Figure 1. Comparative changes in parasitaemia (x 10%uL) of mice (A), rats (B) and rabbits (C) infected with T. b. brucei and treated with Veriben® and

controls (day of treatment, arrowed).
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rabhits on Days 20, 24 and 28 of the infection, when al the rodents
(n = 5) died of the infection. No death or parasitaemia was recorded
in Groups B and D. In Group C, mice, rats and rabbits showed peak
parasitaemia by Days 16, 12 and 12 respectively. This however
declined significantly (P < 0.05) by Days 20, 24 and 20 in mice, rats
and rabbits respectively. Complete disappearance of parasites from
peripheral circulation was observed by Day 24 (p.i.) or Day 8 post-
treatment (p.t.) in mice, Day 28 (p.i.) or by Day 12 (p.t.) in rats and
Day 24 (p.i.) or by Day 12 (p.t.) in rabbits.

3.2. Comparative changes in PCV (%) of mice, rats and
rabbits infected with T. b. brucei and treated with diminazine
diaceturate (Veriben®) and their controls

The mean PCV (%) of mice, rats and rabbits infected with T. b.
brucei and treated with Veri and their controls were presented in
Figure 2A—C respectively. In all rodents, PCV of the infected control
(Group A) declined significantly (P < 0.05) by Day 20 in mice and
rats and Day 28 in rabbits, when al the rodents in the groups died.
However, in Groups B and D, the values remained fairly constant (P
> 0.05) throughout the study. In Group C, the pre-infection PCV in
mice and rats (44.20% + 0.83% and 42.80% =+ 0.82% respectively)
declined significantly (P < 0.05) following the establishment of
parasitaemia by Day 4 (p.i.). Following treatment by Day 12 (p.i.),
the values rose (P < 0.05) to their pre-infection values by Days 20
and 29 (p.t.) in mice and rats respectively. No mortality was recorded
in either of the rodent groups. In Group C of the rabbits, the pre-
infection value declined significantly (P < 0.05) from 50.00% +
0.88% to 20.00% + 0.56% by Day 12 (p.i.) when parasitaemia
became patent. However, following treatment by Day 12 (p.i.), the
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valuerose (P < 0.05) to its pre-infection value by Day 40 (p.i.) or by
Day 29 (p.t.). Similarly, no mortality was recorded in this group.

3.3. Comparative changes in RBC counts of mice, rats and
rabbits infected with T. b. brucei and treated with diminazine
diaceturate (Veriben®) and their controls

The mean RBC (x 10%mm?®) counts of mice, rats and rabbits
infected with T. b. brucei and treated with Veriben® and their
controls were presented in Figure 3A-C. In Group A, mean pre-
infection RBC counts declined significantly (P < 0.05) by Days 20
and 24 (p.i.) in mice and rats respectively, while in rabbits, the pre-
infection value declined significantly (P < 0.05) from (8.20 + 0.36) x
10°%mm?® in Day 8 (p.i.) to (2.20 = 0.17) x 10%mm’by Day 28 (p.i.).
However, in Groups B and D, these values remained fairly constant
(P > 0.05). Meanwhile, in Group C, the RBC of the infected mice,
rats and rabbits, respectively declined significantly (P < 0.05) from
(3.80 = 0.24) x 10°mm®by Day 12 (p.i.), (2.80 = 0.21) x 10°/mm’by
Day 12 (p.i.) and (5.00 + 0.28) x 10%mm?®by Day 12 (p.i.) to their
respective pre-infection values. Following treatment, the values rose
significantly (P < 0.05) again to their respective pre-infection states
by Day 36 (p.i.) or 24 (p.t.) in mice, by Day 40 (p.i.) or Day 28 (p.t.)
in rats and by Day 32 (p.i.) or Day 20 (p.t.) in rabbits.

3.4. Changes in Hb (g/dL) concentration of mice, rats and
rabbits infected with T. b. brucei and treated with diminazine
diaceturate (Veriben®) and their controls

The mean Hb concentrations (g/dL) of mice, rats and rabbits
infected with T. b. brucei and treated with Veriben® and their
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Figure 2. Comparative changes in PCV (%) of mice (A), rats (B) and rabbits (C) infected with T. b. brucei and treated with Veriben® and their controls

(day of treatment, arrowed).
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controls were presented in Figure 4A—C. In all rodents (Group A),
the pre-infection values declined significantly (P < 0.05) by Day
20 (p.i.) in mice, Day 24 (p.i.) in rats and Day 28 in rabbits. In
Groups B and C, Hb concentrations for all rodents remained fairly
constant (P > 0.05) throughout the study and ranged between
(14.20 = 0.47) g/dL and (14.80 + 0.43) g/dL in mice, rats and
rabbits. Similarly, the values declined significantly (P < 0.05) to
(7.30 + 0.34) g/dL by Day 12 (p.i.) in mice, (11.40 + 0.42) g/dL
by Day 12 (p.i.) in rats and (8.20 + 0.36) g/dL by Day 28 (p.i.)
among infected rabbits. These values increased significantly (P
< 0.05) to their pre-infection states by Day 40 (p.i.) or by Day 28
(p.t.) in mice, by Day 32 (p.i.) or by Day 20 (p.t.) and by Day 40
(p.i.) or by Day 28 (p.t.) in rabbits.

3.5. Changes in WBC counts of mice, rats and rabbits
infected with T. b. brucei and treated with diminazine
diaceturate (Veriben®) and their controls

The mean WBC (x 10%mm?) changes of mice, rats and rabbits
infected with T. b. brucei and treated with 3.5 mg/kg of Veriben®
and their controls were presented in Figure 5SA—C. In mice,
rats and rabbits of Group A, the pre-infection values declined
significantly (P < 0.05) by Days 20, 24 and 28 (p.i.). Among the
uninfected control (Group B) and uninfected but treated with 3.5
mg/kg of Veriben® (Group D), the WBC values ranged between
(14.00 = 0.47) x 10¥mm?’and (14.30 % 0.47) x 10%mm?’which
remained fairly constant throughout the study (P > 0.05). In
Group C, pre-infection values for mice, rats and rabbits declined
significantly (P < 0.05) by Day 12 (p.i.). These values however
rose back significantly (P < 0.05) by Day 40 (p.i.) or by Day 28
(p.t.) inal rodents.
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4, Discussion

In this study, typical clinical signs of parasitaemia such as pallor
of mucous membranes, lethargy and starry hair coat were observed
mainly among mice and rats while the rabbits had mainly mild
pallor of the ocular mucous membranes. This contrasts to the works
of Anosa[26] and Losos and Ikedef27] that reported severe clinical
signs due to T. b. brucei infection in rabbits. This might probably
be associated with strain variation and individual infectivity or host
susceptibility. Successive waves of parasitaemia were recorded
among the infected mice, rats and rabbits. However, parasitaemia
was low among the rabbits as compared to mice and rats. Successive
waves of parasitaemia are known features of trypanosomosis
commonly caused by antigenic variation[18,28]. The ability of host to
limit the peak and number of each wave of parasitaemia is however
dependent on whether the infection is acute, sub-acute or chronic[10].
And this may explain the reason why parasitaemia in the rabbits is
appreciated but declined following treatment by Day 12 (p.i.) and by
Day 16 (p.i.) as it maintained a gradual increase and declined again
on its own accord. The drug diminazene diaceturate (Veriben®) was
very effective in modulating parasitaemia and the haematological
changes in all the different rodent species to their pre-infection
values was proved to be effective against T. congolense infectionin a
German Shephard dog(29]. Thistrypanocide is one of the most recent
aromatic diamidines and has a similar mechanism of action as the
former diminazene aceturate (Berenil®). Like Berenil®, it distorts the
helical structure of trypanososme DNA and has a higher therapeutic
index and an added advantage being marketed in combination with
vitamin B12, vitamin 2a and antipyrine which has the ability to
eliminate pyrexiawithin 1 h[30]. This study, where a standard dose of
the inoculum was administered and uniform pre-patent periods were
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Figure 4. Comparative changes in Hb (g/dL) of mice (A), rats (B) and rabbits (C) infected with T. b. brucei and treated with Veriben® and their controls
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encountered in all infected groups, means that the initial parasite
replication rates were similar irrespective of the rodent species or
susceptibility. These observations have been reported in T. b. brucei
infection of dogs, red fronted gazelles (Gazella rufifrons), giant rats
(Cricetomys gambianus) and in Trypanosoma brucei gambiense
infection in vervet monkeys (Cercopithecus aethiops) and baboons
(Papio anubis)[3-7,28,31,32].

In this study, the infected mice, rats and rabbits showed a
significant decline in mean PCv, RBC and Hb parameters. The
decline in these parameters which started at the onset of parasitaemia
was indicative of anaemia which was less prominent among rabbits
as compared to the other rodents. However, variation in prepatent
period among the different rodent species showed that the prepatent
period was shorter (4 days) in mice and rats and longer (8 days) in
rabbits. Similarly, the severity of the anaemia was less prominent
among rabbits than among mice and rats. This agrees with several
reports that the prepatent period in mice and rats was 4 days and the
anemia which is often haemolytic in nature began at the 1st wave
of parasitaemial11,26,28,33]. Similarly, the prepatent period of 8 days
observed among the rabbits is in consonance with the reports of
Anosal26]. However, haemolytic anaemia and prepatent periods in
most cases often depend on the species of trypanosomes involved
and the root of inoculation of the parasite.

The expanded and active mononuclear phagocytic system has been
amajor player in haemolytic anaemia in trypanosomosis through
erythrophagocytosis which develops soon after infection and
continued thereafter, in the various phases of the disease(6,11,26,33,34].
The anaemia encountered among the different rodent species might
have been associated with activation of the mononuclear phagocytic
system due to increased demand on the system to remove dead
RBCs, tissue cells, trypanosomes, antigen-antibody complexes
and to participate in immune responses(28]. The fact that the red
cell parameters (PCV, RBC, Hb) decreased sharply during bouts of
parasitaemia but maintained a gradual increase during the periods
of low parasitaemia in the three animal species, showed an inverse
relationship between parasitaemia and anaemia[28,33,35,36]. The
infected mice, rats and rabbits also exhibited leukopenia which was
indicative of immunosuppression. Leucopenia after an initial period
of leucocytosis is a common finding in T. b. brucei infection in rats
and rabbitsand other hostg18,20,37-39].

It was therefore concluded that the experimental T. b. brucei
infection among the mice, rats and rabbits caused various
parasitaemia and hematological changes which were reversed by
treatment with diminazene diaceturate (Veriben®). Secondly, mice
and rats were better animal models for studying the progression of
the experimental T. b. brucei than rabbits.
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