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Abstract
The alterations in serum super oxide dismutase (SOD) enzymes activities in relation to sequential haematological changes were
determined to assess the impacts of oxidative stress inWistar rats experimentally infected with Trypanosoma brucei brucei. Forty
adult male rats allocated into infected and control groups, of 20 rats each based on their mean body weight were used. Rats in
infected group were administered 1 ml of reconstituted infected blood containing 1 × 106 trypanosomes/ml obtained from T. b.
brucei–infected donor rat. Blood sample in EDTA sample tubes was collected for haematological parameters determinations, and
sera were also harvested for determination of SOD activities on day 0 post-infection (pi) (day of infection) and days 3, 5 and 7 pi.
Results indicated pre-patent period of 3.75 ± 0.11 days and increase in levels of parasitaemia throughout the study. Packed cell
volume (PCV) and total white blood cell count (TWBC) were significantly (p < 0.05) reduced with values of 33.00 ± 2.89% and
6.93 ± 0.48 × 109/L, respectively on day 7 pi compared with control and pre-infection values. Serum SOD activity had a
significant (p < 0.05) negative correlation (г = − 0.9) with the levels of parasitaemia in the T. b. brucei–infected rats. In
conclusion, infection of rats with T. b. brucei caused a decrease in the serum SOD activities proportional to the level of
parasitaemia and duration of the infection, and this is suggested to be responsible for sequential development of anaemia and
leucopenia.
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Introduction

African trypanosomosis is caused by flagellate protozoan par-
asites of the genus, Trypanosoma (Hoffman et al. 2013). The
parasites inhabit the blood plasma, intercellular tissues and
body cavity fluid of an infected animal precipitating anaemia

and tissue damage (Sharma et al. 2000). African
trypanosomosis is a serious threat to human and animal health
in sub-Saharan Africa placing 60million people and over 30%
of cattle populations in this region at risk of the infection
(WHO 2005; Sachs 2010). Human African trypanosomiasis
or sleeping sickness have been reported to only occur in Sub-
Saharan Africa (WHO 2005). It is caused by two subspecies
of Trypanosoma brucei brucei, namely Trypanosoma brucei
gambiense and Trypanosoma brucei rhodesiense (Simo et al.
2012). Trypanosoma cruzi though not found on the African
continent, causes Chagas disease, which is a devastating hu-
man disease in America (WHO 2005). Animal African try-
panosomiasis is caused by trypanosome species and subspe-
cies other than those affecting humans, and these include
Trypanosoma brucei , Trypanosoma congolense ,
Trypanosoma equiperdum , Trypanosoma simiae ,
Trypanosoma suis and Trypanosoma vivax (Muhanguzi et al.
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2017). Trypanosoma brucei is of great importance as it causes
sleeping sickness in humans and nagana in cattle (Ndondo
et al. 2016). Despite extensive research efforts, trypanosomi-
asis has continued to be an impediment to profitable livestock
production (Esievo and Saror 1991; Omotainse et al. 2000).

Anaemia which is a major cardinal sign of trypanosomosis,
had been reported to result from generation of reactive oxygen
species (Igbokwe 1994; Ogunsami and Taiwo 2007; Akanji
et al. 2009), and in the development of tissue degenerative
changes observed in the infected host (Ekanem and Yusuf
2008; Akanji et al. 2009). The involvement of oxidative stress,
alterations of endogenous antioxidant enzyme such as SOD
(Punitha et al. 2005) and development of free radicals have
been reported to play roles in the pathophysiologic mecha-
nism of trypanosomosis (Serem et al. 2013; Kobo et al.
2014). Also, the interplay between the parasite and the mono-
nuclear phagocyte system through the release of macrophage
migration inhibitory factor (MIF) and TNF-α have been asso-
ciated with anaemia development (Stijlemans et al. 2018).
African trypanosomosis is a global concern of biomedical
scientists, necessitating the development of integrated ap-
proach towards its disease via application of all findings in
natural hosts and laboratory animal models (Abenga 2014).
The knowledge of alterations in the serum profiles of SOD in
trypanosomal infection may prove vital to further understand-
ing of the mechanism of development of the disease in affect-
ed animals. Hence in this study, level of parasitaemia and its
sequential effect on serum SOD activities in relations to the
observed haematological changes were determined following
experimental trypanosomosis in Wistar rats.

Methodology

Ethical approval

Ethical approval for the use of animals in this study was ob-
tained from the Ahmadu Bello University Committee on
Animal Use and Care (ABUCAUC).

Experimental Animals and Procedures

A total of 40 adult male rats kept in rat cages were acclima-
tized for a period of 14 days prior to the commencement of the
experiment. On the day of commencement of the experiment,
the rats were allocated, on basis of mean body weight, to two
groups (infected and control) of 20 rats each. The trypano-
some parasite (Federi strain) obtained from donor rat blood
was reconstituted using physiological saline to obtain a con-
centration of 1 × 106 trypanosomes/ml. The inoculations of
rats in the infected group were carried out as described by
Ekanem and Yusuf (2005) using 1 ml of reconstituted infected
blood via intraperitoneal administration.

Sample collection

Before infection with T. b. brucei infected blood on the day
of inoculation (day 0) blood samples were collected from
rats in the infected and control groups for haematologic and
SOD estimations; whole blood in EDTA coated sample tube
and in plain sample tube for serum respectively. Blood was
also collected from both control and infected groups at day
3, 5 and 7 pi for haematologic and SOD estimations.

Determination of parasitaemia in T. b. brucei infected
Rats

Beginning from day 1 post infection (pi) and throughout the
course of the experiment, blood was collected from the tail
directly unto a clean glass slide and covered with cover slip.
The wet mount was viewed under the light microscope at × 40
magnification to monitor and score parasitaemia according to
the rapid matching method described by Herbert and
Lumsden (1976).

Determination of packed cell volume and total
leucocyte count

Packed cell volume was determined using microhaematocrit
method and total leucocyte count was determined using
haemocytometer method as described by Dacie and Lewis
(1991) in both control and infected group.

Determination of serum superoxide dismutase
activity

The activity of superoxide dismutase (SOD) was measured
using the Northwest Life Science Specialties SOD kit
(NWLSS™ NWK-SOD02), based on the method of monitor-
ing the auto-oxidation rate of haematoxylin, originally de-
scribed by Martin et al. (1987) and modified to enhance reli-
ability. Briefly, 230 μl of assay buffer was added to wells of
the microplate. Then, 10 μL of assay buffer (for blank) and
10 μl of serum sample were added. The wells were properly
shaken, mixed and incubated for 2 min. A multi-channel pi-
pette was used to add 10 μl of haematoxylin reagent to begin
the reaction. The content of each well was quickly mixed
using instrument’s shaker function, and, immediately, the ab-
sorbance at 560 nm was recorded. The SOD activity was
calculated as: SOD U/ml = 1.25× % inhibition.

Data analysis

Summarized results were expressed as mean ± standard error
of mean (± SEM). Data obtained were subjected to Student’s t
test and Pearson’s correlation analysis. Values of P < 0.05
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were considered significant (Snedecor and Cochran 1994).
Graph pad prism version 4.2 was used for the analysis.

Results

A parasitaemia was detected in the T. b. brucei-infected rats
with a pre-patent period of 3.75 ± 0.11 days. The mean
parasitaemia in the infected rats on days 3, 5 and 7 pi were
2.24 ± 0.63 × 106 (mean log10 = 6.30 ± 0.13), 1.08 ± 0.11 ×
108 (mean log10 = 8.03 ± 0.04) and 4.04 ± 0.49 × 108 (mean
log10 = 8.68 ± 0.017) parasites/ml of blood, respectively
(Fig. 1).

The pre-infection mean PCV values in the T. b. brucei–
infected and control groups were 52.00 ± 11.14 and 48.33 ±
5.24 %, respectively (Fig. 2). Following infection, the mean
PCV values in the two groups remained fairly at the same
level up to day 3 pi. Afterwards, the mean PCV values in
the T. brucei–infected rats was significantly (p < 0.05) lower
than the pre-infection and corresponding control group, re-
cording a lowest value of 33.00 ± 2.89 % on day 7 pi.

The pre-infection mean TWBC in the infected and control
groups were 10.85 ± 2.09 and 10.03 ± 1.16 x109/L, respec-
tively (Fig. 3). Following infection, the mean TWBC in the
infected rats showed an initial decrease to 6.33 ± 0.47 on day 3
pi, increase to 7.58 ± 0.66 on day 5 pi and later decrease to
6.93 ± 0.48 x109/L on day 7 pi; these were significantly (p <
0.05) lower than the corresponding control group.

The pre-infection mean serum SOD activities in the T. b.
brucei–infected and control groups of rats were 7.23 ± 0.63
and 7.36 ± 0.53 U/ml, respectively (Fig. 4). Following infec-
tion, mean serum SOD activity in T. b. brucei–infected rats
increased to 8.22 ± 0.83 U/ml on day 3 pi followed by a
progressive decrease to 6.10 ± 0.37 U/ml and 5.58 ± 0.86

U/ml on day 5pi and 7 pi respectively. The mean serum
SOD activities in the two groups post-infection were not sig-
nificantly different (p > 0.05).

Both PCV (r = − 0.97) and serum SOD (r = − 0.91) had
negative correlation with parasitaemia and were statistically
significant (p < 0.05) at days 5 and 7 pi (Table 1).

Discussion

In this study, the level of parasitaemia and its sequential effect
on serum SOD activities in relations to the observed haema-
tological changes were determined following experimental
T. b. brucei infection inWistar rats. The mean prepatent period
for the infection with T. brucei of 3.75 ± 0.11 days recorded in
this study, with a progressive parasitaemia up to day 7 pi was
similar to previous reports by Umar et al. (2007) and Kobo
et al. (2014). The significant reduction in packed cell volume
in the T. b. brucei–infected rats, as observed in this study could
result in anaemia (Esievo 2017), which is consistent with the
established clinical manifestations of animal trypanosomosis
as reported by Anosa (1988) and Esievo and Saror (1991).
The reduction in packed cell volume coincided with
parasitaemia. This finding is in conformity with previous re-
ports that correlated development of anaemia with onset and
the degree of parasitaemia (Dargie et al. 1979; Umar et al.
2009).

The significant reduction in total white blood cell count in
the T. b. brucei–infected rats was in agreement with earlier
reports by Fialkow et al. (2007) and Kobo et al. (2014). The
decrease in total leucocyte count observed in the infected rats
were attributed to factors such as variable surface antigen of
the trypanosomes and bone marrow depression of their pro-
duct ion (Kagira et al . 2006; Kobo et al . 2014);
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lipoperoxidation can also predispose them to direct cellular
lysis or phagocytosis just as with the case of erythrocytes
because of the polyunsaturated lipids in their membranes
(Itou et al. 1996; Fialkow et al. 2007).

The higher activity of serum SOD in the infected rats at the
onset of the infection (day 3pi) is probably due to an upregu-
lation of SOD being a first line of antioxidant defence in-
volved with the conversion of superoxide anion (O2

−) into
hydrogen peroxide and other peroxides which are degraded
by either glutathione peroxidase (GPx) or catalase (Valko et al.
2006). Increased SOD synthesis and activity following the
upregulation would concomitantly increase the formation of

less toxic radicals. In a parallel study by Souza et al. (2014)
with a different tissue parasite (canine visceral leishmaniasis),
they found an increased SOD activity in the blood of infected
dogs corroborated by the work of Dimri et al. (2012) on dogs
infected with Dirofilaria immitis with similar findings. The
progressive lower serum levels of SOD in the infected rats
on days 5 and 7pi compared with the control could be attrib-
uted to possible exhaustion of the endogenous antioxidant
enzymes embattled with the increasing generations of ROS
during the infection (Igbokwe et al. 1996; Omer et al. 2007).
SOD is involved in the direct elimination of ROS, through
dismutation of superoxide radicals (Punitha et al. 2005), but
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in excess generation of ROS, there is depletion of the endog-
enous antioxidant defence system (Igbokwe et al. 1996;
Baydas et al. 2002; Yusuf et al. 2012), and this could be the
possible reason for the reduction in serum SOD activities ob-
served in this study.

The negative correlation of the levels of parasitaemia with
PCV in the T. b. brucei–infected rats indicated that the eryth-
rocytes are either more sensitive or more affected by the
trypanosomes induced blood cell damage. The findings in
this study on SOD activities were contrary to previous re-
ports by Ataley et al. (2000), Ogunsami and Taiwo (2007)
and Yusuf et al. (2012), who reported increased antioxidant
enzymes activities. This might be due to differences in the
concentration of released reactive oxygen or nitrogen species
in the trypanosomal infected rats result ing from
parasitaemia. This is because the more the reactive species
released, the higher the tendency to overwhelm the antioxi-
dant capacity of the host animal. The reduction, though not
significant statistically, in superoxide dismutase (SOD) ac-
tivities following infection supports the fact that reactive
oxygen species were released during the infection, and the
reduction may have been a consequence of SOD in the mop-
ping up of the oxidant substance (Igbokwe et al. 1996; Omer
et al. 2007; Yusuf et al. 2012).

Conclusion

The infection of rats with T. b. brucei resulted in decreased
serum SOD activities proportional to level of parasitaemia and
duration of infection. The level of parasitaemia also has an
impact on both PCV and TLC. This is therefore suggested to
be responsible for the sequential development of anaemia and
leucopenia observed.
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