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Trypanosomiasis is one of the most important diseases affecting economic development for humans and
livestock. The current research aimed to assess the in vitro antitrypanosomal effect of methanol extracts
of Indigofera oblongifolia leaf (IME) and to examine the brain response after IME treatment of infected
mice. In the in vitro method, IME (1.25 mg/ml) was able to kill all parasites after 30 min of exposure.
The percentage of the parasite inhibition reached 100% after 180 min of the IME application. Swiss albino
mice were infected with 103 Trypanosoma evansi then were daily treated with 100 mg/Kg IME for four
days. IME was able to significantly decrease the number of trypanosomes in mice blood. In addition,
IME improved the histopathological changes in mice brain induced by the infection. Furthermore, follow-
ing treatment with IME, the level of epinephrine and nitric oxide in the mice brain homogenate decreased
significantly. Taken together, I. Oblongifolia has antitrypanosomal activity and might enhance the brain
response to T. evansi.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Human trypanosomiasis is a parasitic disease due to try-
panosomes of genus Trypanosoma that still affects an estimated
population of 65 million people in 36 sub-Saharan African coun-
tries (WHO, 2017).

Trypanosoma evansi is a protozoan hemoflagellate capable of
infecting various animal species causing ‘sura’. The pattern of
disease caused by T. evansi is similar to that caused by T. brucei
gambiense from human sleeping sickness. The transmission occurs
through tsetse flies (Desquesnes et al., 2013). In absence of treat-
ment, fever, anaemia, weakness, and nervous symptoms developed
and cause animal production loss (Otto et al., 2009). The try-
panosome invades the host in the blood to replicate and then in
the central nervous system. This requires energy that the host pro-
vides for the trypanosome’s survival (Habila et al., 2012).

T. evansi’s pathogenicity varies considerably between its strains
and across species of animals (De Menezes et al., 2004). Like
T. brucei, T. evansi affects the central nervous system but the
symptoms are different in various animals (Luckins, 1988). Some
reports inducated human infection with T. evansi (Joshi et al.,
2005; Powar et al., 2006).

During trypanosomiasis, there is an imbalance in the brain
neurotransmitters. Kalu and Haruna (1985) reported that, the epi-
nephrine significantly increased parasitaemia during trypanosomi-
asis induced by T. congolense in ruminant blood within 45 min of
administration. In addition, Sanchez (1973) reported the increased
epinephrine concentration after T. lewisi infection in rats. For our
knowledge, there are no reports for the status of epinephrine dur-
ing T. evansi infection in the brain. In this study, we measured the
oxidative stress induced in the brain through measuring the level
of nitric oxide and the level of epinephrine.

Due to the induced parasite resistance to the commonly used
anti-trypanosomal drugs, scientists seek to find efficient agents
from natural resources to overcome the induce infection. Medicinal
plants were found to be suitable protective antiparasitic agents.
Indigofera oblongifolia is considered one of the traditionally used
plants against blood parasites (Lubbad et al., 2015; Dkhil et al.,
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2019). I. oblongifolia belongs to family fabaceae and the leaf
extracts were found to be with antimicrobial and hepatoprotective
activity (Dahot, 1999; Lubbad et al., 2015). Recently, our group
reported the spleen protective role of Indigofera oblongifolia
methanolic leaf extracts (IME) against the induced injury by
T. evansi (Dkhil et al., 2019). In the current study, we showed the
brain response after treatment of T. evansi-infected mice with IME.
2. Materials and methods

2.1. Preparation of of I. oblongifolia leaf extracts

After collection of I. oblongifolia leaves from Jazan, Saudi Arabia
(during summer), they were dried and methanolic extraction was
carried out according to Lubbad et al. (2015).
2.2. Animals and infection

Thirty Swiss albino female mice (12 ± 2 weeks old) were
obtained from the animal facility of the Zoology Department, Col-
lege of Science, King Saud University. Infection of mice was carried
out according to Dkhil et al. (2019). Calculation of parasitemia was
done according to Herbert and Lumsden (1976).

Animals were allocated into three groups (G1, G2 and G3) (10
mice per group). G1 was considered the non-infected control
group. This group was only gavaged with distilled water. G2 was
Intraperitoneally infected with 103 T. evansi. G3 was infected as
G2 then after 1 h, animals were treated with 100 mg/Kg of IME
(Dkhil et al., 2019) for 4 days (one dose per day). After 4 days p.
i., Brains were collected after killing of mice by CO2 asphyxiation.
2.3. In vitro test

For blood separation, blood-containing trypomastigotes was
collected from T. evansi infected mice by cardiac puncture in hep-
arinized tubes. Each 200 mL of the blood washed in 2 ml Roswell
Park Memorial Institute (RPMI) 1640 culture medium (Sigma-
Aldrich, Darmstadt, Germany), stored in microcentrifuge tubes
and centrifuged at 1000 �g for 10 min. The supernatant was
removed and resuspended in RPMI 1640 and the number of para-
sites was counted according to Herbert and Lumsden (1976).
Twelve wells plates were used, each well received 200 mL of media
containing 2.8 � 105 T. evansi. IME was at doses of 1.25 mg/ml,
0.3125 mg/ml, 0.078125 mg/ml and 0.0195 mg/ml. The reference
drug, Cymelarsan (Merial, Lyon France) was used at a dose of
0.625 mg/ml (according to IC50 test). The tests were performed in
duplicates and the parasites were counted at 30, 60, 90, 120 and
180 min. Incubation was carried out in a 5% CO2 incubator at 37 �C.
2.4. Brain histopathology

Mice brains were separated from the skull then fixed in forma-
lin (10%) for 24 hs, processed in ethanol and xylene, then embed-
ded in paraffin wax and sectioned to obtain 4 lm thickness
paraffin sections. According to Drury and Wallington (1980), sec-
tions were stained with hematoxylin and eosin.
Fig. 1. Effect of I. oblongifolia on T. evansi in concentration 1.25, 0.3125, 0.07812 and
0.0195, mg/ml at time 0, 30, 60, 90, and 180 min.
2.5. Brain nitric oxide and epinephrine

According to Tsakiris et al. (2004), the brain homogenate was
prepared using Tris-HCl and sucrose (10%, w / v). The level of nitric
oxide (NO) was determined according to Green et al. (1982). Com-
mercially available ELISA kit (Abnova GmbH, Heidlberg, Germany)
was used to determine epinephrine concentration.
2.6. Statistical analysis

The results were presented as mean ± standard error of the
mean. Data for multiple variable comparisons were analyzed by
one-way ANOVA. Duncan’s test was used as a post-hoc test to com-
pare the significance between classes. The acceptable level of sig-
nificance was set at P � 0.05.

3. Results

The results of in vitro analysis using IME is shown in Fig. 1. The
highest concentration of IME (1.25 mg/ml) was able to kill all par-
asites after 30 min of exposure. The percentage of the parasite inhi-
bition reached 100% after 180 min of the IME application. The
reference drug, cymelarsan induced the parasite inhibition of
100% after 90 min. For the concentration of 0.3125 mg/ml, it was
possible to identify a reduction of about 30% % after 120 min and
100% after 180 min. Lower concentrations of 0.07812 and
0.0195 mg/ml induced the parasite inhibition after 180 min
(Fig. 1). In our previous work, we reported that IME was able to
decrease the number of trypanosomes in mice blood by about
two fold (Dkhil et al., 2019). This antitrypanosomal effect was
due to the presence of some active compounds found in our results
of the IME phytochemical analysis (Dkhil et al., 2019).

In this study, T. evansi infection caused considerable neuro-
histopathological changes in the form of inflammation, hemor-
rhage, and structural changes in Purkinje cells. Moreover, the
infection induced decrease in number of cells in Purkinje’s layer
(Fig. 2).

In Fig. 3, the level of epinephrine in the brain homogenate of
mice infected with T. evansi was significantly (p < 0.01) increased
to77 ± 2.1 ng/g. Treatment of the infected mice with IME signifi-
cantly decreased the elevated epinephrine level (Fig. 3).

The IME was able to ameliorate the oxidative stress induced by
T. evansi through decreasing the level of NO from 22 ± 2 (mmol/g) in
the infected brain to12.5 ± 1.7 (mmol/g) in the infected-treated
mice (Fig. 4).



Fig. 2. I. oblongifolia improves the brain histopathology after infection with T. evansi. (A, B), Control cerebellum of mice with normal structure. (C, D), Infected cerebellum of
mice with injured Purkinje cells (arrow) and hemorrhage in the dilated sinusoids between the molecular layers. (E, F), I. oblongifolia -treated infected cerebellum with
improved structure. Scale bar = 25 mm.
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4. Discussion

Trypanosomiasis induced by T. evansi involves a complex inter-
action between the defenses of the host and the effects of the par-
asite, particularly the oxidative stress produced. The increased
oxidative damage, however, may also contribute to pathophysio-
logical changes that increase in severity along with disease pro-
gression. Increasing the antioxidant potential of the host’s
defenses may therefore serve as an intervention strategy to slow
down trypanosomiasis progression.

Our previous work reported the enrichment of I. oblongifolia
with active compounds like alkaloids and flavonoids (Lubbad
et al., 2015; Dkhil et al., 2019). These compounds were able to
increase the suppression rate of parasitemia due to the presence
of T. evansi in blood (Dkhil et al., 2019).
T. evansi causes severe brain damage and could faster penetrat-
ing the brain tissue than African Trypanosomes (Biswas et al.,
2010). It has been reported that pathological changes in the brain
are due to constant irritation caused by the presence of parasites
or by the toxins. Moreover, in the second stage of the disease, sev-
ere and potentially fatal clinical symptoms were reported to cause
infiltration and dissemination of T. evansi in the central nervous
system (Berlin et al., 2009). Besides, pathogenic brain lesions are
reported in both sleeping sickness patients (Schmidt and Bafort,
1987) and in animals infected with T. brucei (Keita et al., 1997),
but there is less study of cerebral trypanosomiasis in surra in nat-
urally infected and experimental animals.

Biswas et al. (2010) related the death of animals infected with
T. evansi to the failure or dysfunction of spleen, lung, heart, kidney,
liver or brain or as a result of synergistic effect. In this study,



Fig. 3. Effect of I. oblongifolia on brain epinephrine of mice infected with T. evansi. a,
significance against control group at p < 0.01. b, significance against infected group
at p < 0.01.

Fig. 4. Effect of I. oblongifolia on brain nitric oxide of mice infected with T. evansi. a,
significance against control group at p < 0.01. b, significance against infected group
at p < 0.01.
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IME, could improve the histopathological alteration induced by the
parasite and may be this is due to the enrichment of IME with
active compounds. Al-Quraishy et al. (2016) reported beneficial
effects of IME against lead acetate-induced neurotoxic-
ity through its antioxidant activity.

In this study, the epinephrine concentration increased by the
infection with T. evansi. Sanchez (1973) indicates that physiological
and antigenic transformations can be induced in T. lewisi by
increasing the epinephrine levels of the host. Dkhil et al. (2016)
reported the increased level of epinephrine after infection of mice
with the blood parasite Plasmodium berghei and they related that to
the induced oxidative damage in the brain.

Trypanosome infection results in the development of large
quantities of reactive oxygen species that act as cytotoxic agents
that destroy vital components of the cell and lead to the pathogen-
esis of trypanosomiasis (Gupta et al., 2009). Nitric oxide (NO) pro-
duced by activated macrophages is cytotoxic for a variety of
pathogens, including T. cruzi (Gazzinelli et al., 1992). Increased
NO synthesis has been observed in the brain of mice infected with
T. brucei, indicating that the cytotoxicity of NO and its derivatives
may cause neurological signs (Keita et al., 2004). The produced
NO is considered as a marker for evaluating immune response
(Bogdan, 2001) and oxidative stress status (Beckman and
Koppenol, 1996). Interestingly, it was reported that NO is involved
in many physiological processes including neurotransmission
(Dusse et al., 2000; Filho and Zilberstein, 2000) where ONOO– is
produced when NO rises in the central nervous system and could
be implicated not only in the pathogenesis of brain lesions but also
in the development of neurological disorders in T. brucei infection
(Keita et al., 2004). Also, Bombeiro et al. (2010) reported that over
production of NO during infection with T. cruzi is contributed to the
neurodegenerative process. In our study, the IME could ameliorate
the induced oxidative damage in the brain where it is considered
antioxidant agent (Lubbad et al., 2015; Dkhil et al., 2019).

5. Conclusion

We concluded that IME has trypanocidal activities against
T. evansi in vitro. Also, it could enhance the brain response against
infection with the blood parasite T. evansi but intensive studies
should be carried out to identify the mechanism of IME action.
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