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The present study aimed to investigate the therapeutic potential of the methanolic extract of Lepidium
sativum seeds in mice experimentally infected with Trypanosoma evansi. A total of thirty-two male
Swiss albino mice were randomly divided into four groups: the first group was the normal control, while
the second, third and fourth groups were infected intraperitoneally with 1 � 104 trypanosomes. The third
and fourth groups were treated with 100 ll of Lepidium sativum seed extract (LSSE) at a dose of 200 mg/
kg body weight intraperitoneally (infected + LSSEI) and orally (infected + LSSEO) respectively, once a day,
for a period of four days.
Parasitaemia was found to be significantly raised in the untreated infected group, reaching 2 � 107 at

day 4 post-infection, but was significantly reduced by 65.5% and 88% in the mice treated orally and
intraperitoneally with LSSE, respectively. The erythrocyte count, HCT, haemoglobin content, leucocyte
count and the percentage of lymphocytes was significantly reduced in the untreated infected group,
while the treatment with LSSE returned these parameters to their pre-infection values. In addition, our
study proved that LSSE provided protection against liver tissue damage and decreased the levels of
aspartate aminotransferase (AST) and alanine aminotransferase (ALT). The present study also established
that intraperitoneal injection of LSSE is more effective than oral administration in the treatment of
trypanosome infection in mice. In conclusion, the infection caused haematological, biochemical and
histological changes that were ameliorated following treatment with LSSE.
� 2018 Production and hosting 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

Animal trypanosomiasis is catastrophic parasitic protozoan
disease that is caused by Trypanosoma evansi, the most common
and widespread trypanosome in domestic and wild animals
(Desquesnes et al., 2013; Molefe et al., 2017). Trypanosoma evansi
was the first mammalian trypanosome in the world to be described
(by Evans in 1880); originally in the blood of camels and equines
and later in the blood of a wide range of other hosts (Desquesnes
et al., 2013). Although this trypanosome is able to infect most
mammals, camels and horses are the principal hosts and represent
the major economic loss (Baldissera et al., 2017). Trypanosoma
evansi is not usually considered to be of zoonotic concern, but
human infection with this trypanosome has recently been con-
firmed (Powar et al., 2006; Habila et al., 2011). In Saudi Arabia,
camels of the Eastern, Jazan, Northern Frontiers, Riyadh and
Tabouk regions were found to be infected with T. evansiwith a con-
siderably high prevalence of infection (40%) in Jazan (Al-Khalifa
et al., 2009). Trypanosoma evansi disease can occur in either acute
form or chronic forms. The chronic form is the more common
one and is characterized by relapsing parasitaemia, anaemia, ema-
ciation, lachrymation, lymphadenitis, oedema of the abdomen and
legs, abortion, and death in some animals (Haroun et al., 2000;
Gutierrez et al., 2005). The acute form shows high fever with pro-
gressive anaemia, anorexia, marked depression, weakness and in
some cases, death (Haroun et al., 2000; Omer et al., 2007). The
treatment of trypanosomiasis is based on just a few chemothera-
peutic compounds that have been in use for decades. Most of these,
however, do not provide total control of the infection and are
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associated with high rates of disease recurrence, severe toxicity,
severe side effects and sometimes mortality (Da Silva et al.,
2008; Baldissera et al., 2017). In addition, the parasite has probably
developed resistance towards these longstanding treatments
(Steverding, 2010; Molefe et al., 2017). There is therefore an urgent
need for new compounds as alternative and less toxic treatments.

In this context, Lepidium sativum is a popular herb, commonly
known as ‘‘Hab el Rashaad” or ‘‘Thufa”, which is grown in many
regions in Saudi Arabia such as Hijaz, Al-Qaseem and the Eastern
province (Gilani et al., 2013). It is frequently used in Saudi tradi-
tional medicine, as well as in many African countries, for the treat-
ment of gut disorders like diarrhoea, among other medicinal uses,
while in the Western world its leaves are used in salads
(Usmanghani et al., 1997; Rahman et al., 2004; Azaizeh et al.,
2006; Gilani et al., 2013). Phytochemical studies of Lepidium sati-
vum seeds have revealed the presence of tannins, benzyl isothio-
cyanate, flavonoids, alkaloids, triterpenes and sterols, which are
known to have antioxidant, anti-inflammatory, analgesic and
anti-parasitic activities (Adamu and Boonkaewwan, 2014;
Bahrami et al., 2016; Raish et al., 2016). The present work was
therefore suggested to evaluate the potential activity of the extract
of Lepidium sativum seeds against trypanosomiasis in a mice
model.
2. Materials and methods

2.1. Extract of Lepidium sativum seeds

Lepidium sativum seeds were purchased from the local markets
in Riyadh and identified by a taxonomist in the Botany Department
at the College of Science, King Saud University, Riyadh, Saudi Ara-
bia. Before extraction, the seeds were ground with a mortar and
then extraction was done in methanol in a closed glass vessel with
continuous shaking at room temperature for two days. The mixture
was then filtered through Whatman filter paper and the filtrate
was evaporated in a vacuum evaporator to dryness. Finally, the
dried Lepidium sativum seeds extract (LSSE) was dissolved in
Dimethyl sulfoxide (DMSO) for use in this experiment.

2.2. Mice

In the present study, thirty-two males of Swiss albino mice of
age ranged from eight to nine weeks were obtained from the
animal house at King Saud University, Riyadh, Saudi Arabia. The
animals were bred under pathogen-free conditions and fed on a
standard pellet diet with water ad libitum. Experiments were per-
formed in accordance with the rules of the Ethical Committee of
Research on Animals at King Saud University.

2.3. Trypanosoma evansi isolate

The cryopreserved isolate of T. evansi that was used in the
present study was kindly provided by Professor Mehlhorn, Depart-
ment of Parasitology, Heinrich Heine University, Düsseldorf,
Germany. The cryopreserved isolate of T. evansi was passaged
twice in mice in order to obtain a large amount of viable parasites
before use in the experiment.

2.4. Experimental design

The adult male mice were divided into four groups with eight
animals in each group. The first group (non-infected) was only
treated with 100 ll of DMSO and served as a negative control.
The second, third and fourth groups were infected intraperi-
toneally with 1 � 104 trypanosomes. Then, the third, and fourth
groups were treated with 100 ll of LSSE extract at a dose of
200 mg/kg body weight Intraperitonealy (infected + LSSEI) and
orally (infected + LSSEO) respectively, once a day, for a period of
four days. The dose has been chosen based on the fact that LSEE
showed no toxicity with dose between 150 and 300 mg/kg b.w in
animal model (Raish et al., 2016). Parasitaemia was individually
checked every day by direct microscopic counting of trypanosomes
in 5 µl of blood according to the Pizzi-Brener method (Brener,
1962).

2.5. Haematology

On day 4 p.i., blood samples were collected from the heart into
tubes containing heparin in order to estimate the erythrocyte
count, HCT, haemoglobin content, leucocyte count and percent
lymphocytes using a VetScan haematology analyser (VetScan
HM5; Abaxis UK Limited, Yorkshire, UK).

2.6. Liver enzymes

Liver enzymes (aspartate aminotransferase (AST), alanine
aminotransferase (ALT) were estimated by commercial kits (Biodi-
agnostic Co., Dokki, Giza, Egypt) as described in the manufacturer’s
instructions.

2.7. Preparation of liver tissue

Livers of both non-infected and infected mice were aseptically
removed and small pieces were fixed in 10% neutral buffered for-
malin. These were then processed as per the standard procedure
for histological preparations. 5 µm thick paraffin sections were
cut and double-stained haematoxylin and eosin (H & E).
3. Results

The present study evaluates the trypanocidal activity of LSSE
against T. evansi. After infection of mice with T. evansi, try-
panosomes appeared in the blood of all three infected groups dur-
ing day 2 post infection (p.i.). Parasitaemia increased quickly in the
untreated group, reaching 2 � 107 trypanosomes/ml by day 4 p.i.
At this level of parasitaemia, mice succumbed to death within a
few hours (Fig. 1). With oral and intraperitoneal LSSE treatment,
however, parasitaemia was gradually but significantly suppressed
to the extent that it was 65.5% and 88% less than in the untreated
infected mice by day 4 p.i.

Trypanosome infection induced a maximum decrease in the
WBCs count to 2.8 � 109 WBCs/mm3 in the untreated infected
group on day 4 p.i., but this was significantly improved
(P < 0.050) to 4.3 � 109 WBCs/mm3 and 6.7 � 109 WBCs/mm3 in
the orally and intraperitoneally LSSE treated groups respectively
(Table 1). Similarly, the percentage of lymphocytes was signifi-
cantly reduced in the infected group compared to the non-
infected one which was significantly (P < 0.050) improved in the
treated groups (Table 1). Both the RBCs count and haemoglobin
content in the untreated infected group were significantly
decreased (P < 0.050) when compared with those of the non-
infected one, while LSSE treatment revealed a significant improve-
ment in both these parameters (Table 1). The haematocrit (HCT),
meanwhile, was significantly decreased in the untreated infected
group when compared to the control group (P < 0.050) but, with
treatment, HCT% was greatly improved to close to the normal level
(Table 1). The levels of the liver enzymes aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT) were significantly
increased in the untreated infected group (P < 0.050) comparing to
the control uninfected one (Table 2). Upon treatment with LSSE,



Fig. 1. Parasitemia profiles of mice infected with T. evansi and treated with 100 ll of L. sativum seed extract (LSSE) at a dose of 200 mg/kg body weight intraperitoneally and
orally (All values presented as Mean ± SD).

Table 1
Some haematological indices of mice infected with T. evansi and treated with LSSE on day 4 p.i. (Data expressed as Mean ± SD).

Groups RBCs (�1012/mm3) HB (g/dl) WBCs (�109/mm3) HCT (%) Lymphocytes (%)

Control 8.7 ± 0.5 13.5 ± 0.5 7.0 ± 1.2 43.6 ± 1.5 5.5 ± 1.1
Infected 7.1 ± 0.5* 11.3 ± 0.8* 2.8 ± 0.7* 36.3 ± 1.6* 0.9 ± 0.4*

Infected + LSSEI 8.9 ± 0.7# 13.2 ± 0.9# 6.7 ± 1.1 43.1 ± 2.0 3.5 ± 1.0
Infected + LSSEO 8.8 ± 0.6# 14.2 ± 0.6# 4.3 ± 0.8# 41.9 ± 1.9# 3.3 ± 1.3#

* P < 0.05 infected vs. control.
# P < 0.05 treatment groups vs. infected group.

Table 2
Plasma levels of liver enzymes; ALT and AST; of mice infected with T. evansi and
treated with LSSE on day 4 p.i. (Data expressed as Mean ± SD).

Groups ALT U/L AST U/L

Control 32.3 ± 3.6 71.1 ± 3.8
Infected 73.2 ± 7.1* 145.9 ± 5.3*

Infected + LSSEI 35.2 ± 2.7# 99.2 ± 4.7#

Infected + LSSEO 51.1 ± 1.3# 119.0 ± 5.5#

* P < 0.05 infected vs. control.
# P < 0.05 treatment groups vs. infected group.
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however, the levels of AST and ALT were significantly ameliorated,
nearly returning to their levels in the control uninfected group. All
the previously measured parameters showed more effect evident
for intraperitoneal injection than for oral administration (Fig. 1,
Tables 1 and 2).
3.1. Liver histology

The control mice had livers with normal a histological organiza-
tion, as shown in Fig. 2A. The sections of normal liver revealed the
presence of hepatic lobules composed of distinct hepatocytes, with
well-preserved cytoplasm and prominent nucleus, radially
arranged around the central vein (Fig. 2B).

In the infected group, the liver sections showed some degener-
ative changes, including great disruption in the normal arrange-
ment and integrity of liver cells due to congestion of blood
vessels and clogging with clumps of trypanosomes (Fig. 2C,D).
Some hepatocytes were damaged in certain areas and vacuolar
degeneration was evident. Upon treatment with LSSE, however,
the liver retained nearly the original architecture with no try-
panosomes seen in the blood vessel (Fig. 2D,E). In other words,
LSSE extract significantly ameliorated the histopathological
impacts of trypanosome infection and improved the liver histology
to close to normal levels, especially with IP treatment (Fig. 2D).
4. Discussion

The greatest challenge facing the treatment of T. evansi infection
today is the drug resistance and toxicity associated with the avail-
able chemotherapy (Baldissera et al., 2017). Natural products and
their compounds are considered to be promising sources of new
drugs and alternative treatment strategies to medicate try-
panosomes (Habila et al., 2011; Dyary et al., 2015; Baldissera
et al., 2017). In this context, the antitrypanosomal activity of LSSE
was screened against T. evansi. The present study showed a signif-
icant reduction in parasitaemia following the treatment with LSSE.
Similarly, Habila et al. (2011) reported a significant reduction in T.
evansi parasitaemia upon treatment rats with 400 mg/kg methano-
lic extract of Azadirachta indica seeds. Also, Tesfaye et al. (2015)
demonstrated that daily administration of 400 mg/kg methanolic
extract of Albizia schimperiana leaves significantly reduced the
levels of parasitaemia of Trypanosoma congolense in experimentally
infected mice.

Lepidium sativum is an antiparasitic with documented efficacy
against Eimeria tenella (Adamu and Boonkaewwan, 2014) and
Echinococcous granulosus (Bahrami et al., 2016). The antiparasitic
activity of L. sativum might be related to the seed coating, which
may contain various amounts of different active components that
are able to prohibit the division and development of parasites or



Fig. 2. A and B. Liver histology of normal mice showing the normal liver. C and D. Liver histology of T. evansi infected mice at day 4 p.i. showing congested blood vessel of liver
clogged with clumps of trypanosomes with some vacuolar degeneration (arrowheads). E and F. Liver histology LSSE treated groups showing improvement in the liver
histopathological changes induced by T. evansi (E. IP treatment and F. Oral treatment).
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provoke immunity in the host (Delaquis et al., 2002; Adamu and
Boonkaewwan, 2014).

This study also showed that the infection with trypanosome
induced leukopenia associated with lymphocytopenia, but that this
was significantly improved following the treatment with LSSE.
Mahassni and Khudauardi (2017) have similarly noticed that daily
oral administration of an aqueous extract of L. sativum seeds was
associated with a gradual but significant increase in WBC count
in mice. Mahassni and Khudauardi (2017) also reported that an
aqueous L. sativum seed extract is useful for enhancing and
strengthening the immune system by increasing the weight of
the spleen, which may result from the increased production and
storage of immune system cells in the spleen evident in the signif-
icant increase in the mean WBC count. In the present study, the
RBCs count, HCT and Hb values were significantly reduced in the
infected group, which might be due to increased susceptibility of
the membrane of red blood cells to oxidative damage, as suggested
by Taiwo et al. (2003) and Sivajothi et al. (2015). The treatment
with LSSE greatly improved the haematological parameters, possi-
bly linked to LSSE inducing a significant decrease in oxidative
stress markers, as proposed by Raish et al. (2016).

The plasma level of liver enzymes (AST and ALT) were signifi-
cantly increased in the infected group while LSEE treatment mark-
edly ameliorated these liver enzymes, nearly restoring them to
their normal levels. The increased levels of ALT and AST during try-
panosome infection is compatible with the findings of earlier stud-
ies (e.g. Ezeokonkwo et al., 2012; Nwoha et al., 2013; Sivajothi
et al., 2015) and may be due to the tissue breakdown, particularly
liver tissue damage that accompanies trypanosomiasis (Ekanem
and Yusuf 2005; Nwoha et al., 2013). In agreement with our
results, Sakran et al. (2014) and Raish et al. (2016) proved that LSSE
has the ability to reduce hepatotoxicity by limiting damage to the
liver cells, with a significant improvement and normalizing of the
liver enzyme levels. They attributed the improvement of the liver
functions to the presence of isoflavonoids and glycosilated phenols
(Aranda et al., 2007; Sakran et al., 2014). The histological complica-
tions of Trypanosoma infection for the liver range from mild to
moderate degenerative changes, including granular to vacuolar
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degeneration, degeneration in the original polyhedral shape of
hepatocytes and congestion of the central vein and sinusoids with
blood cells and clumps of trypanosomes, all of which are noticeable
in our histological findings (Biswas et al., 2001; Bal et al., 2012;
Ghaffar et al., 2017). These pathological changes are likely to be
due to the multiplication of trypanosomes, which is accompanied
by increased oxygen consumption, provoking a hypoxic state and
consequent degenerative changes (Bal et al., 2012; Ghaffar et al.,
2017). Additionally, some authors have attributed these patholog-
ical changes to toxins liberated from T. evansi (Darganetes et al.,
2005, Ghaffar et al., 2017). Upon treatment with LSSE, however, a
significant improvement in the condition of the liver tissues was
observed, giving further support for the efficacy of LSSE in respect
to T. evansi infection. Similar ameliorative effects of LSSE on
paracetamol and D-galactosamine/lipopolysaccharide induced
hepatotoxicity that have been previously reported by Sakran
et al. (2014) and Raish et al. (2016) respectively. They established
that LSEE mitigates liver histopathological conditions; an effect
they attributed to its biologically active ingredients such as isofla-
vonoids and glucosinolates which have the ability to reducing
oxidative stress, inflammation, and apoptosis in the liver (Sakran
et al., 2014; Raish et al., 2016).

In conclusion, our results demonstrate that LSSE have try-
panocidal activities with more effect evident for intraperitoneal
injection than for oral administration. Therefore, further screening
of the toxicology, and isolation and identification of the bioactive
compounds of LSSE may reveal that the seeds of this plant could
be exploited for the development of a new generation of trypanoci-
dal agents.
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