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Abstract Severity of disease in human African try-
panosomiasis may be linked, as in other human protozoan
infections, to apoptosis of host inflammatory cells during
infection. The present study investigates the involvement
of leukocyte apoptosis in Trypanosoma brucei infection
of rodents. Twenty-seven Wistar rats were infected with
1 × 103 T. brucei and leukocyte apoptosis was evaluated
by several methods. Apoptotic cell count was performed
in blood, spleen, thymus, lymph node and liver during
infections, using Light Microscopy (LM), agarose gel
electrophoresis and Transmission Electron Microscopy
(TEM). Blood and tissues leukocyte apoptosis in infected
animals were confirmed by LM, TEM, and agarose gel
electrophoresis, which showed low molecular weight DNA
fragments. Infected rats sacrificed after day 8 PI showed sig-
nificant increase in apoptotic cells in both blood (p < 0.001)
and spleen (p < 0.05). Peak blood leukocyte apoptosis
corresponded with peak parasitemia and the lowest total
leukocyte count in all infected rats. Our data provide the
first documentation of increased levels of blood leukocyte
apoptosis during T. brucei infection. Apoptosis of blood
cells during trypanosome infection may represent a putative
mechanism for the severity of leukopenia and disease.
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1 Introduction

African Trypanosomiasis is a major zoonotic disease that
detrimentally affects both humans and animals. Fifty to sev-
enty thousand people are estimated to be afflicted by human
African trypanosomiasis (HAT) [12]. The disease in humans
is universally fatal without treatment. In some areas, the
mortality related to HAT is estimated to be in excess of 1000
cases per year [5]. The morbidity and mortality associated
with African trypanosomiasis and the severe productivity
losses in livestock have a major economic impact in sub-
Saharan Africa including the exclusion of use of land due to
Glossina fly habitats.

Previous studies have shown that during trypanosomal
infection of both susceptible and tolerant animals, there
are parasitemia, anaemia, pancytopenia, and phagocytosis
of blood cells of all linages in the bone marrow, spleen,
liver and lymph nodes [2,3,25]; with resultant increase in
hematopoiesis. However, the mechanism is unclear. More
than a decade ago, the pioneering work of Moore and
Matlashewski [24] first indicated that protozoan parasites
(e.g. Leishmania donovani) manipulate apoptotic cell death
of their host cells. Since then, the number of parasites which
are known to modulate apoptosis within their hosts has
continuously expanded and currently includes a variety of
protozoans of major medical impact on human health and
livestock production [30].

Apoptosis of host cells has been shown to contribute
to the pathology of several protozoan infections such as
Toxoplasma gondii, Plasmodium spp., Leishmania major,
L. donovani, Trypanosoma cruzi, and Cryptosporidium
parvum [8,9,20,22,37]. Recently, Silva et al. [31] showed
increase in lymphocyte apoptosis in T. cruzi infection
in mice. Other investigations have also demonstrated
trypanosome-induced apoptosis of the endothelial cell of the
brain capillaries in T. brucei infected mice [35]. However,
there is little or no knowledge of leukocyte apoptosis in
African trypanosomiasis. We hypothesized that T. brucei
infection would induce apoptosis of blood and tissue
leukocytes and contribute to leukopenia via wide spread
phagocytosis in tissues. Findings from our study provided
the first demonstration of blood leukocytes apoptosis in T.
brucei infected rats using Light and Transmission Electron
Microscopy (TEM) as well DNA fragmentation on gel
electrophoresis. The implications of apoptosis of blood and
tissue leukocytes during T. brucei infections are discussed.

2 Materials and methods

Animals, parasites, infection and parasitemia. A total of
twenty-seven (27) adult male Wistar rats weighing between
260 g and 280 g were obtained from the Central Animal
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house, University of Ibadan, and acclimatized for one week
prior to experiments. They were checked for trypanosomes
and other hemoparasites. T. brucei parasites (Federe strain)
used for infections were obtained from the Nigerian Institute
for Trypanosomiasis Research (NITR, Vom, Plateau State,
Nigeria). This experiment was repeated three times. During
the first experiment, 7 infected rats and 2 non-infected
controls were used and in the subsequent two experiments,
a group of 6 infected and 3 non-infected control rats were
used. Infections in rats (19 out of 27) were performed by
intraperitoneal injection of 1×103 trypanosomes diluted in
0.2 mL of normal saline. Non-infected controls (8 out of 27
rats) were injected with 0.2 mL of normal saline only. Whole
blood from the tail was used to calculate parasitemia daily
in all the infected rats using wet mount preparations and
evaluating 20 fields at ×400 light microscopy as described
previously [3]. Infected rats were sacrificed at peak
parasitemia (108.1–108.7 parasites/mL). Animals were later
pooled into 3 groups based on the days of sacrifice as fol-
lows: day 8 PI (8 infected rats and 3 non-infected controls);
day 10 PI (7 infected rats and 3 non-infected controls), and
day 14 PI (4 infected rats and 2 non-infected controls).

Blood and tissues samples collection. Prior to sacrifice,
2 mL of whole blood were collected from each rat and
transferred to K2 EDTA tubes. From these 2 mL, one mL
of the blood was used for hematological analysis and light
microscopic evaluation of apoptotic leukocyte, while the
other one mL was stored at −20 °C for DNA fragmentation
analysis. Animals were subsequently sacrificed by ether
asphyxiation. Tissue fragments from spleen, mesenteric
lymph node, thymus and liver were collected, transferred
into cryotubes and stored at −20 °C for DNA fragmentation
analysis. Small pieces (< 5 mm in greatest dimension) of
tissues from spleen and liver were also harvested and kept in
2.5% gluteraldehyde for electron microscopy examinations.
Touch impression smears were also made immediately
after sacrifice from the above named tissues for cytological
evaluation of apoptotic morphological changes of cells.

Hematological analysis and LM evaluation of apoptotic cell
from blood smears. Baseline hematological parameters
were determined before infections. Complete blood cells
count and packed cell volume (PCV) were determined
using capillary filled blood from the rats’ tail [16]. Thin
blood smears were prepared immediately after bleeding
and stained using Diff Quik stain (Dade Behring Inc.,
Newark, DE 19714, USA). The stained blood films were
used to assess erythrocyte morphology, white blood cells
population by differential count and light microscopic
evaluation of apoptotic cells. Anaemia was evaluated with
the microhematocrit method. Total red blood cell (RBC) and
white blood cell (WBC) counts were determined using the
Naubawer hemocytometer. Blood apoptotic cell count was

determined by counting apoptotic cells per 100 nucleated
blood cells.

Cytology preparation and examination. Diff Quik® stained
touch impression smears from spleen, liver, mesenteric
lymph node and the thymus of non-infected control and T.
brucei infected rats were examined using a light microscope
at 1000× magnification with oil immersion. The number of
apoptotic cells against non-apoptotic cells was evaluated per
500 organ cells and the proportion of apoptotic cell in each
group compared with the non-infected control. Images were
recorded with a Canon Power shot SD750 digital camera
(7.1 Mega Pixel, Canon Inc., Japan).

Electron microscopy preparation and examination. Liver
and spleen tissues from 3 non-infected controls and 3 T.
brucei infected randomly selected rats were processed
for transmission electron microscopic investigation of
apoptotic cells, using a standard procedure, as described by
Dawes [10]. Three sections from each tissue were examined
and the apoptotic cells counted in 14–26 high power fields
in each section. The average number of apoptotic cells in
the 3 sections was analyzed and comparison made between
infected animals and non-infected controls. Images were
recorded with an AMT digital camera.

DNA purification from blood and solid tissue cells. DNA
extraction and purification from blood and tissues obtained
from each animal was performed using the QIAamp DNA
Mini kit and DNA blood mini kit (QIAGEN Inc. 27220
Turnberry, Lane, Valencia, USA) as described by the
manufacturer’s protocol.

Gel electrophoresis. The level of DNA fragmentation in
blood and tissues was evaluated by migrating sixty micro-
liters (60µL) of DNA obtained from each blood and tissues
in 1% agarose gel. One hundred base pair (100 bp) DNA
ladder was used as reference. The gel was visualized under
the UV transilluminator light at 325 nm wavelength.

Statistical analysis. Data analyses were performed
using the GraphPad Prism® version 4.0 for Windows
software (GraphPad Software, San Diego, CA, USA,
www.graphpad.com). Student T test was used to compare
the differences in apoptotic cell counts in blood and tissue
cells between infected and non-infected control animals.
One way analysis of variance (ANOVA) was also used to
compare the mean apoptotic cell count in the blood and the
selected tissues between the three groups of infected and
the non-infected rats. Mean values were presented as mean
± standard deviation. p values ≤ 0.05 were considered
significant.

3 Results

Apoptosis in peripheral blood and tissues was detected dur-
ing the acute T. brucei infection in rats.
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Parasitemia, hematology and blood cell apoptotic changes
in T. brucei infected rats. Infection lasted for 7–14 days and
the average peak parasitemia was 108.2 trypanosomes/mL.
Peak parasitemia occurred between day 6 and 12 post-
infection and varied between 108.1 and 108.7/mL. Anaemia
was observed at peak parasitemia together with a moderate
leukopenia and thrombocytopenia. The leukopenia was
due to lymphopenia and neutropenia (Table 1). Significant
monocytosis was also observed in T. brucei infected group
day 14 (p = 0.009) compared to non-infected control and
day 8 groups.

Blood cell apoptotic detection using LM examination
of blood smears in T. brucei infected rats. Blood cell
apoptosis was first noticed in the blood smear of one out
of the 19 infected rats at day 8 PI. There was gradual
increase in the pattern of apoptotic cell death in the four
rats of the group day 14 PI. The percentage of apoptotic
cells in blood increased to a peak of 26.3/100 WBC at
day 13 PI and then dropped towards an average of 3.5/100
WBC on day 14 PI (Figure 1). Blood cell apoptosis
increased significantly (p < 0.001) in T. brucei infected
rats between days 12–13 PI compared with non-infected
controls. Although, it was difficult to tell within which of
the cell lines apoptosis was occurring, they were recognized
to be mostly lymphocytes and a few neutrophils. Blood
apoptotic cells generally appeared smaller with condensed
nuclear chromatin; others showed nuclear fragmentation
(Figure 2(a)) and some pleomorphic, elongated nuclei
with clumped nuclear chromatin. Also, the apoptotic cell’s
cytoplasm was uniformly eosinophilic. In addition, about
10% of monocytes were vacuolated. Two out of 4 infected
rats that survived up to day 14 PI also had monocytes
that contained engulfed shrunken cells showing pyknotic
nuclei (apoptotic cells) (Figure 2(b)). In three infected
animals, monocytes with phagocytosed red blood cell were
also seen (Figure 2(c)). A few lymphocytes (2–3% of
normal lymphocytes) from four infected rats with a very
high parasitemia revealed shrinkage of the cytoplasm with
condensed nuclear chromatin and cytoplasmic blebbing
(Figure 2(d)) between days 12–14 PI compared to none in
non-infected controls. No apoptotic cells were observed
in all blood smears made from the 8 non-infected control
rats. No morphological change during the infection was
detected in other cells with light microscopy. Other
light microscopy findings revealed a few bi-nucleated
lymphocytes; lymphocytes with azurophilic granules; and
reactive lymphocytes from blood smear examination of T.
brucei infected rats.

Evaluation of apoptotic changes in cytologic preparations of
organs in T. brucei infected rat. Cytological examination
of the spleen, liver, thymus and mesenteric lymph node
revealed that a total of 12 out of the 19 infected rats

Table 1: Haematology of T. brucei infected and non-
infected control rats.

Infected

Controls Day 8 PI Day 13 PI
(n= 8) (n= 11) (n= 4)

PCV(%) 49.91±4.89 33.27±7.157 22.92±3.520

Total RBC (×106/µL) 8.15±0.84 5.804±1.335

Total WBC (×103/µL) 10.775±1.554 6.314±1.381 6.450±1.598

Lymphocytes %, 64.8±13.48 71.83±6.43 61.67±5.859

absol 6604±1587 4400±1002 3920±605.2

Seg Neut %, 32.8±15.21 24±8.27 22.33±1.528

absol 3481±1906 1412±375.9 1431±294.5

Monocytes %, 1.8±1.30 2.16±1.17 13.67±5.508

absol 183.2±127.4 136±83.12 937.3±617.3∗

Eosinophils %, 1±1 0.17±0.41 0±0

absol 91.2±86.93 12.5±30.62 0.0±0.0

Basophils %, 0.8±1.09 1.67±1.86 1.667±1.528

absol 68.4±94.11 137.6±128.3 107.0±92.77

∗Statistically significant change from non-infected control.
Seg Neut: segmented neutrophils.
Absol: absolute count.
All values shown are mean ± standard deviation.

Figure 1: Mean peripheral blood leucocyte apoptosis during
T. brucei infection in rats.

showed numerous plasma cells (average of 2–6 per high
power field). As expected, an increase in macrophages
and a few mast cells, Mött cells as well as moderate
neutrophils and active macrophages were observed in
all the organs examined in infected rats. Parasites were
also found in those organs of infected rats. Macrophages
contained phagocytosed cells (i.e. red cells, and in some
cases lymphocytes, plasma cells, and cell debris). Free
apoptotic cells were also observed of varying sizes with loss
of cell cytoplasm and shrunken nuclear morphology. The
apoptotic changes were deeply basophilc cytoplasm (in the
case of lymphocytes), perinuclear and condensed chromatin,
and in some cases nuclear fragmentation. Apoptotic bodies
were also found in various organs of infected rats from day
10 PI.
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Figure 2: Blood smears from T. brucei infected rats showing (a) apoptotic neutrophil with 4 condensed nuclear fragments
(arrow) D13 PI; (b) a free apoptotic lymphocyte (A) and two monocytes with engulfed apoptotic cell (B) D12 PI; (c)
monocyte with vacuole and phagocytosed red cell D13 PI; (d) Lymphocyte with cytoplasmic blebbing (arrow) D11 PI (Diff
Quik stain, ×1000 original magnification).

Spleen. In the spleen, there were free spleen cells
(splenocytes) showing apoptotic changes in about 78%
of all infected rats (Figure 3(a)). These splenocyte apoptotic
changes increased gradually from the non-infected values
(0/500 cells) to a peak (9.3±3.7/500 cells) at day 10 PI and
this increase was maintained until day 14 PI (9.5±4.5/500
cells). The proportion of apoptotic splenocyte increased
significantly on days 10 (p= 0.007) and 14 (p= 0.0033) in
infected groups of rats compared to non-infected controls
(Table 2). Spleen smears from infected rats also showed
numerous plasma cells and lymphocytes of various sizes and
nuclear condensation. In addition, free apoptotic spleno-
cytes (Figure 3(a)A) and plasma cells (Figure 3(b)) were
observed. Furthermore, moderate numbers of macrophages
with phagocytosed red cells, hemosiderin, apoptotic
lymphocytes (Figure 3(a)B), plasma cells and or cell debris
were found in the spleen smear of T. brucei infected rats.
No apoptotic cells were observed in uninfected controls.

Liver. Forty seven per cent (47%) of livers from all
infected rat showed apoptosis of lymphocytes and plasma
cells. Some plasma cells as well as lymphocytes showed
fragmented nuclei (Figure 3(c)). There was also cell
shrinkage, with condensed chromatin and plasma cell
apoptotic bodies. The difference in number of apoptotic
cells over time did not reach statistical significance
(p > 0.05) (Table 2). No apoptotic cells were observed
in uninfected controls.

Thymus. The thymus of T. brucei infected rats revealed
lymphocytes of different stages of development and a few
large bi-nucleated cells (lymphocytes). The thymus also
showed macrophages with phagocytosed lymphocytes and
parasites. In addition, the thymus of T. brucei infected
rats showed a few dividing cells (lymphoid series), Mött
cells, mast cells, apoptotic thymocytes and apoptotic bodies
(Figure 3(d)). In total, 57% of infected rat thymus revealed
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Figure 3: Organs in T. brucei infected rats (a) spleen D10 PI: macrophage with phagocytosed cells some of which showed
picknosis and fragmented nuclear chromatin (B), also note free apoptotic cell (A); (b) spleen D8 PI: Shrunken plasma cells
showing picknotic and fragmented nuclei (apoptotic cells) (arrow) and numerous free plasma cells; (c) liver D10 PI: apoptotic
cell with 3 nuclear segments (arrow); (d) thymus D10 PI: apoptotic body (arrow) and numerous plasma cells (Diff Quik stain,
×1000 original magnification).

Table 2: Cytological evaluation of apoptotic cells in tissues
of T. brucei infected rat.

Spleen Liver Thymus Lymph node
N (/500 cells) (/500 cells) (/500 cells) (/500 cells)

Control 8 0 0 0 0.4±0.4

Day 8 PI 8 4±1.9 1.3±0.7 2.1±1.0 2.1±1.1

Day 10 PI 7 9.3±3.7 2.1±1.2 7.0±4.0 3.2±2.4

Day 14 PI 4 9.5±4.5 12±10.5 3.0±1.7 0.8±0.5

Apoptotic cells 78% 47% 57% 47%

(% rats)
p value 0.0455∗ 0.0505 0.1788 0.4907

Mean ± standard error.
∗mean apoptotic cell significantly different from non-infected
value.
N = number of rat.

cellular apoptosis with light microscopy. The increase in
apoptotic cell count in T. brucei infected rats was not
significant (p > 0.05). No apoptotic cells were observed in
uninfected controls.

Mesenteric lymph node. The lymph nodes of T. brucei
infected rats showed numerous lymphoglandular bodies
and moderate epithelioid macrophages with blue stained
cytoplasm and some containing phagocytic cellular debris.
Small plasma cells showing fragmented nuclei were present;
condensed chromatin and other uncharacterized apoptotic
cells were also observed. All together, 47% of lymph nodes
from infected rats revealed apoptotic changes. The lymph
nodes change in apoptotic cells over time was significant
(p < 0.05) (Table 2).

TEM evaluation of apoptotic cells from spleen and liver of
T. brucei infected rats. Various stages of apoptosis were
detected in sections of the spleen and in the liver. The
apoptotic cells appeared singly and were shrunken with
some showing fragmented nuclei as well as asymmetric
condensation of the chromatin. Apoptotic bodies were often
observed in the organs of infected animals. TEM of the
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Figure 4: Apoptotic plasma cell (arrow) in spleen of T.
brucei infected rat D8 PI.

spleens sections of T. brucei infected rats revealed reactive
macrophages with vesicular nuclei and apoptotic cells. The
spleen sections of non-infected control rats showed fewer
reactive macrophages, more red pulp and fewer apoptotic
cells. There was an average of 2.68 apoptotic cells per
high power field (hpf) in infected rats spleen compared to
0.5/hpf in non-infected control rat spleen. Overall, there was
a significant increase in splenocyte apoptosis in T. brucei
infected rats compared to non-infected control (p < 0.001).
The apoptotic cells were mainly lymphocytes with a few
plasma cells (Figure 4). TEM sections of the livers from T.
brucei infected rats showed more apoptotic cells compared
to non-infected controls, although the difference was not
statistically significant (p > 0.05).

Evaluation of DNA fragmentation from blood and tissue
cells of T. brucei infected and non-infected control rats.
DNA fragmentation indicative of apoptosis in the blood
of infected rats was observed from day 10 PI. Blood cell
DNA bands of all the infected rats here examined revealed
endonucleosomal fragmentation compared to none in the
blood DNA of non-infected control rats (Lanes 2, 3, and 4)
(Figure 5(a)). Spleen extracts revealed clear bands of DNA
fragmentation in most T. brucei infected rats compared to
non-infected controls (lanes 4, 6, and 8; Figure 5(b)). This
result demonstrated clearly that there is increase in apoptosis
in T. brucei infected rats spleen compared the non-infected
control spleen. Liver, thymus and lymph node from both
non-infected controls and T. brucei infected animals showed
DNA fragmentation with no visual distinction (result not
shown).

Relationship between blood cell apoptosis with parasitemia
and leukocyte counts in T. brucei infected rats. There was
no relationship between leukocyte apoptosis and the level

of parasitemia. There was a sustained parasitaemic height
during the course of infection in T. brucei infected rats,
while blood cell apoptosis in infected animals began at
day 8 PI and reached their peak (26.3/100 WBC) between
days 12 and 13 PI. T. brucei infected rats which survived
longer showed more apoptosis of blood cells and apoptosis
of spleen cells. During that period, significant increase in
monocyte count (p = 0.0006) was observed with a peak at
day 13 PI. The total WBC, lymphocytes and neutrophils
count decreased significantly when the percentage blood
cell apoptosis began to increase (Figure 6). However,
monocyte count increased with the percentage blood cell
apoptosis (Figure 6).

Comparison of organ cell apoptosis and duration of
infection and blood cell apoptosis in T. brucei infected
rats. There was a gradual increase in apoptotic cells in
all the organs examined till day 10 PI. However, from D10
apoptotic cell count dropped in the thymus and mesenteric
lymph node, while that of spleen cells was maintained until
the end of the study at day 14 PI. Apoptosis of lymphoid
cells in the liver continued to increase until D14 but not
significantly as the standard deviation between animals
abrogated the increase. Blood cell apoptosis on the other
hand increased from D8 until day 13 PI.

4 Discussion

This study demonstrated trypanosome-induced peripheral
blood and tissue cell apoptosis in rats, providing a potential
insight in the pathogenesis of T. brucei infections in animals.

Trypanosome-induced peripheral blood cell apoptosis
has never been documented as a feature of trypanosomiasis.
During this study white blood cell (lymphocytes and
neutrophils) death by apoptosis was detected in T. brucei
infected animals by LM examination and confirmed by
the presence of ladders of oligonucleosomes on DNA gel
electrophoresis. In most parasitic disease conditions, blood
cell apoptosis is very rare to find by light microscopy
examination as they are rapidly engulfed by adjacent
cells such as monocytes [28]. Peripheral blood leukocyte
apoptosis was more readily noticeable in infected rats that
survived longer; this may suggest an increase in apoptotic
cells or a defect in their clearance. While an increase in
apoptotic cells is most probable, it was observed that during
that same period there was an increase in the main blood
phagocytic cells (monocytes) and the reduction in the
leukocyte count. Blood cell apoptosis has been reported
in cancer [32], viral infections [14], bacterial diseases [7],
AIDS (acquired immunodeficiency syndrome) [21,41]) and
induced by drugs [33,34]. Apoptotic cell death has also been
reported in non-pathological conditions and constitutes part
of a mechanism of cell replacement and tissue remodeling
leading to maintenance of homeostasis [18].
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Figure 5: Agarose (2%) gel electrophoresis of DNA extraction from T. brucei infected rats’ blood (a) DNA fragmentation
observed in lanes 5, 6, 7, and 8, i.e. days 8, 10, 12, and 14 PI, respectively), while non-infected control rats’ DNA (lanes 2,
3, and 4) show no fragmentation. Spleen (b) lanes 4 and 6 to 9 show DNA fragmentation of genomic DNA of infected rats,
i.e. lanes 4 and 5 from infected rats D8 PI, lanes 6 and 7 from infected rats 10 PI and lanes 8 and 9 from infected rats D14
PI. Control rats DNA (lanes 2 and 3) show no or very faint bands of fragmentation. Lanes 1(a) and 1(b) show 100 bp DNA
ladder.

Figure 6: Relationship between peripheral blood leucocyte apoptosis and leucocyte counts in T. brucei infected rats.

Furthermore, trypanosome infections produced marked
alterations in the morphology and number of erythrocytes in
this study. Anemia has been described in T. brucei infection
in all susceptible hosts and laboratory animals [23]. In
addition, leukopenia, thrombocytopenia, lymphopenia
and monocytosis were observed in infected rats. These
findings are consistent with previous reports [15,17] and are
prominent features of animal trypanosomiasis. Furthermore,
vacuolated monocytes, some of which engulfed red cells,

were also found in blood of infected animals. These have
been reported in tissues (spleen, liver, lymph nodes and
bone marrow) of trypanosoma-infected animals where
macrophages engulfed red cells with hemaosiderin and
other blood cells [2,36].

In this study it was found that lymphopenia was as
a result of increase lymphocyte apoptotic death, as a
significant (p < 0.001) number of apoptotic lymphocytes
were recorded at later stages of T. brucei infected rats.
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It has also been reported that infection of mice with
T. cruzi led to induction of both T [22] and B cell
apoptosis [42] and contribute to proliferation of parasites
and lymphopenia. Although the reason for appearance of
blood cell apoptosis during T. brucei infection is still not
clear, it has been reported in various diseases conditions
such as leukaemia [19], HIV [39], and bacterial diseases [7].
Apoptosis of blood cells has been found to be induced in
vitro by therapeutic drugs [26].

Monocytopenia was observed at day 8 PI but a
significant increase in monocyte count (monocytosis)
above the pre-infection value was recorded afterward. This
correlated with the significant increase in the number of
apoptotic blood cells. The increase in monocyte count
may be as a result of the host response to control the
infection and in so doing may prime lymphocyte for
apoptosis. Moreover, blood cell apoptosis did not correlate
with the level of parasitemia, but rather correlated with
the duration of infection and monocyte count. Wu et
al. [40] have reported that monocytes are required to prime
peripheral blood T cells to undergo apoptosis especially
upon polyclonal stimulation of T cells, this also suggest the
possibility of the similar phenomenon in T. brucei infected
host peripheral blood lymphocyte. Although the findings
from the present study demonstrate for the first time the
correlation between blood cell apoptosis and monocytosis,
they may further explain a previous report by Anosa [1],
who suggested that monocytosis usually occurs when the
workload of the system increases such as in the presence
of trypanosomes and damage red cells. The need for
phagocytosis of cells programmed to die in blood stream of
T. brucei infected hosts might also stimulate the production
of more monocytes in circulation.

Neutropenia was shown in infected animals during this
study, suggesting a contribution of neutrophil apoptosis
to neutropenia in trypanosomiasis. A previous study [4]
suggested that RBC protect against neutrophil apoptosis
in circulation by reducing intracellular oxidant stress
through catalase and glutathione metabolism. Knowing that
anaemia is a consistent finding in trypanosomal infection,
the decreased RBC count will then lead to a decrease in
amount of antioxidants and consequently the decrease in
protective effect against apoptosis of circulating neutrophils.
Neutropenia has been reported during trypanosomiasis [2,
38]. The reduction in neutrophil count associated with neu-
trophilic apoptotic death observed in this study also suggests
that reduction in number or absence of neutrophils in tissues
during acute inflammatory response of trypanosomiasis
could be associated with suppressive effect of anemia. The
decrease in protecting oxidant due to anaemia may induce
apoptosis of circulating neutrophils.

LM, DNA fragmentation assay and TEM results showed
increases in splenocyte apoptosis in T. brucei infected rats

and this agrees with the study of Radwanska et al. [27] that
T. brucei infected mouse showed spleen cell (B cell) apopto-
sis during the early onset of parasitemia with resultant loss
of protective anti-parasite antibody responses. More specifi-
cally, it has recently been reported that in the spleen, final B
cell maturation is abrogated by T. brucei induced apoptosis
of transitional B cells of both the T1 and T2 populations [6].

The correlation between the increase in macrophages
and the significant increase in apoptotic spleen cells in T.
brucei infected animals compared to non-infected controls
observed might suggest the increase need for phagocytosis
of parasite and damaged cells such as numerous apoptotic
splenocytes. The spleen is the major site for phagocytic
removal of foreign or unwanted materials in general.
An important consequence of the apoptotic process is
cell surface alterations that lead to rapid recognition and
phagocytosis of apoptotic cells by macrophages [29].
In addition, the peak apoptosis coincides with the peak
parasitemia; furthermore, macrophages with numerous
phagocytosed apoptotic lymphocyte and plasma cells were
observed during late stage of infection. This might imply
that during the early stage of infection the apoptosis induced
cell are quickly phagocytosed by the still efficient and many
adjacent or tissues phagocytic cells. During the later stage of
infection, as the immune system is weakened by apoptotic
death of splenocyte, the phagocytic cells are overwhelmed;
thus), more free and phagocytosed apoptotic cells are seen.
These in turn may facilitate parasite proliferation with
subsequent rise in parasitemia.

The cytological and TEM examinations of the liver
revealed an increase in lymphocyte apoptosis during
infection, but this was not statistically significant. This
result also confirmed by the agarose gel electrophoresis of
DNA fragmentation assay showed no difference between the
2 groups. The reasons behind the non-significant increase
in liver lymphocyte apoptosis remain unclear. The targeted
cells for apoptosis (lymphocytes and to a lesser extend
neutrophils) are not the main resident cells of the liver
as in the spleen and thymus. The increase in apoptosis
of thymocytes in infected animals could contribute to
lymphopenia through it direct effect on T cells. It has
been shown that apoptotic cells appear rarely in vivo,
even in tissues such as the thymus in which extensive
apoptosis is a normal feature during regression [13].
Increase in thymocyte apoptosis, however small, therefore
could contribute to immune suppression of the host. This
non-significant difference observed could also be due to the
rapid phagocytosis of apoptotic cells in vivo as only the
free apoptotic cells were counted. Furthermore, the non-
significant increase in thymocyte apoptosis could also be
because the main target cells are B cells, as Radwanska et al.
[27] reported that T. brucei infection induces polyclonal B
cell activation; B cell clonal exhaustion, sustained depletion
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of mature splenic Marginal Zone B and Follicular B cells;
and destruction of the B-cell memory compartment.

Smaller plasma cells showed fragmented nuclei; con-
densed chromatin and lymphocytes apoptotic cells were also
observed. Although the number of cells undergoing apopto-
sis was modest in the mesenteric lymph node (MLN) of T.
brucei infected rats, it was more than in non-infected control
rats. Some authors have reported apoptosis of T and B cells
from MLN in the course of T. cruzi infection [11]. It has
been reported that during T. brucei infection of mice there
is rapid loss of B cells (through apoptosis) in the spleen and
consequently loss of B cell responsiveness which prevent
the induction of protective memory responses [27].

Although the results herein discussed are from investi-
gation of acute uncontrolled infection in laboratory model,
as these scenarios may not be exactly similar with that of the
natural host, particularly as the infection in the natural host
runs a chronic course and is associated with a much lower
parasitemic height. The strength of this study however,
is that the apoptotic level correlated with leukopenia
throughout the six day interval during which the parasitemic
level was relatively steady, so apoptosis is less likely to the
result of model-specific stress in preterminal animals. In
addition, even if apoptosis is higher in this model than in
natural infection, it may still be a significant mechanism,
since cells primed to undergo programmed cell death are
quickly engulfed by adjacent cells or macrophages and are
therefore rendered invisible due to efficient phagocytosis.
This may have considerable impact on the level of apoptotic
cell detection. However, additional research will be needed
to investigate this phenomenon in the natural host infected
with T. brucei.

In conclusion, the results presented in this study show
that there is an increase in blood leukocyte and spleen cell
apoptosis in T. brucei infected rats. A major breakthrough
of this study is the first documentation of blood leukocyte
apoptosis during T. brucei infection. Therefore, apoptosis
may have a role in limiting the host response, which may
results in increased parasite growth. The identification of
mechanisms that mediate the induction of apoptotic cell
death during trypanosomiasis might suggest novel disease
intervention strategies.
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