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Trypanosomiasis remains an endemic disease in several societies affecting
human and animals, causing a high mortality rate. Moringa oleifera has been
used traditionally in the treatment of many diseases, including infections,
cardiovascular diseases, hypertension, and cancers. This study aims to
evaluate the effect of M. oleifera leaves extract (MOLE) on biochemical,
hematological, and histopathological parameters in Trypanosoma brucei
infected rats. The trypanosoma infection was induced in rats using the rapid
matching method. Hematological parameters were analyzed using a standard
hematology analyzer. Biochemical parameters were analyzed by ELISA and
spectrophotometric methods. MOLE with concentrations of 400 and 800
mg/kg significantly (p< 0.05) reduced parasitemia level in the infected rats.
The RBC, PVC, Hb, WBC, PLT, MCV, MCH, and MCHC contents were
significantly (p< 0.05) increased in the infected treated rats. Treatment of
the infected rats significantly (p< 0.05) decreased the level of ALT, AST,
ALP, total bilirubin, urea, creatinine, total cholesterol, TAG, LDL-C, and
VLDL-C. However, a significant (p< 0.05) increase in total protein,
albumin, globulin, HDL-C, sodium, potassium, and chloride levels was
observed in the infected treated rats. The adverse changes in the liver and
kidney tissues of the infected rats were significantly (p< 0.05) reversed to
normal hepatocytes and normal components of the portal triads in the treated
rats. MOLE demonstrated anti-trypanosomal activity and diminished the
adverse alterations in the biochemical, hematological and histopathological
parameters induced by T. brucei in the rats.
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1. Introduction
Trypanosomiasis remains

a major

2018). Trypanosomal infection is characterized
by several symptoms, including severe anemia,

health loss of weight, infertility, and miscarriage

problem for human and animals associated with
high  mortality and  morbidity  rates.
Trypanosomosis is an endemic disease,
especially in African countries, associated with
many complications. Trypanosomiasis is mainly
caused by Trypanosoma brucei, T. congolense,
and T. vivax and transmitted via the activity of
the vector, tse tse fly (Odeniran and Ademola,

(Adeyemi et al., 2012). Reports showed that
about 70 million people have been affected by
trypanosomiasis  and  its  complications
worldwide (Holanda-Freitas et al., 2020; WHO,
2021). However, it has been reported that about
3 million animals are die each year due to
trypanosomal infection (Ogbadoyi et al., 2007).
African countries recorded the highest
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prevalence rate of trypanosomiasis due to the
abundant availability of tsetse flies in the African
region. In Nigeria, human and animals have been
threatened by the trypanosomal infection and its
complications, particularly in local communities.
The spread of the disease to many local populous
continues increasing in the country, causing high
mortality rate (CFSPH, 2009).

Conventional treatments of trypanosomosis are
associated with several challenges, including
side effects of the drugs, toxicity, parasite
resistance, and the lack of inadequate effective
vaccine (WHO, 2021). Medicinal plants have
highly effective, safe, and affordable treatments
for trypanosomiasis and its complications. Many
years ago, plants and herbs were used in the
treatment of various diseases. Medicinal plants
have significant importance in research and
industry and serve as sources of bioactive
compounds that are important in drug synthesis
and development (Abubakar et al., 2021). Plants
and herbs have been used in the treatment of
many parasite infections and their complications.
Medicinal plants are available in the local
communities, produce few side effects, and cost
less to purchase than conventional treatments.
Medicinal plants demonstrated antioxidant
properties (lbrahim et al.,, 2024) and several
pharmacological activities, including anti-ulcer
(Abubakar et al., 2020a, b; Abubakar et al.,
2021), anti-microbial (Falowo et al., 2018), and
analgesic activity (Abubakar et al., 2024).

Moringa oleifera Lam is a monogeneric plant
that belongs to the family Moringaceae and is
widely available in the world (Abd et al., 2022).
M. oleifera originates from the Northwest region
of India and is widely available in the world,
especially in African countries (Reham and
Noorah, 2024). M. oleifera is commonly called
“miracle tree” because of its local medicinal uses
(Rode et al., 2022; Ali et al., 2021). M. oleifera
has been used for the management of various
diseases such as infections, cardiovascular
complications, hypertension, cancers, bladder
problems, and sores (Ishola et al., 2018). M.
oleifera  has nutritional value, medicinal
properties, and industrial uses. Also, it has
antioxidant properties and pharmacological
activities due to its various phytoconstituents
(Abd et al., 2020; Lin et al., 2021; Younis et al.,
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2022; Khalid et al., 2023). The roots, leaves,
fruits, seeds, and flowers have been used for the
treatment of cancers, paralysis, helminthic
bladder problems, prostate problems, sores, and
skin infections (Ishola et al., 2018). The leaves of
the plant demonstrated antioxidant properties and
cytoprotective effect against cellular
peroxidation and apoptosis (Khalid et al., 2023;
Lin et al., 2021).

In Nigeria, M.oleifera is abundantly found in
many local communities and is locally known as
Zogale (Hausa), Odudu oyibo (Igbo), and
Aweigbale (Yoruba). Herbalists in different local
communities in Nigeria have been claiming the
use of different parts of M. oleifera for the
treatment of parasitic diseases. Studies should be
conducted to scientifically validate the claims of
local herbalists on the use of M. oleifera for the
management of parasitic diseases. This study
aims to evaluate the effect of M. oleifera leaves
extract (MOLE) on biochemical, haematogical,
and histopathological changes in Trypanosoma
brucei-infected rats.

2. Materials and Methods

Collection and authentication of the plant
sample

With the help of a local herbalist, M. oleifera L.
leaves were collected from the Umudike forest
located in Umudike community, Ikwuano Local
Government Area, Abia state, Nigeria. The
sample was authenticated at the Herbarium Unit,
Department of Forestry, College of Natural
Resources and Environmental Management,
Michael Okpara University of Agriculture,
Umudike, Abia, Nigeria. The voucher number
(MOUAU/CVM/VPP/HERB/16/009) was
deposited in the Herbarium Unit of the university.

Preparation of the plant extract

Preparation of the M. oleifera leaves extract
(MOLE) was carried out according to the method
described by Abubakar et al. (2022) with certain
modifications. The fresh leaves were washed
thoroughly with distilled water and then dried in
a clean, ventilated laboratory for two weeks. The
dried leaves were pulverized into fine powder
using a pestle and mortar. Five hundred grams of
the leaves powder were soaked in 1.5 liters of
ethanol for two days with constant stirring at
intervals of two hours. The extract was filtered
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through Whatman filter paper, and the filtrate
was concentrated to dryness in a rotary
evaporator under reduced pressure at a
temperature of 40 °C for three hours. The weight
and percentage yield of the extract were 110.94 g
and 22.19 %, respectively. The MOLE was
stored at 4 °C until further analysis.

Experimental animals

A total of 25 male and female Wistar rats (age 8-
10 weeks) weighing between 180- 200 g were used
in this study. The animals were purchased from the
Animals Laboratory Unit, Department of Zoology
and Environmental Biology, Michael Okpara
University of Agriculture, Umudike, Abia,
Nigeria. The rats were distributed into five
aluminum cages, five rats in each, at a temperature
of 22 + 3 °C, relative humidity of 30-70%, and a
12/12 hours light-dark cycle. The rats were fed
with standard grower pellets and had access to
water ad libitum. Before the experiment, the rats
were acclimatized for 7 days. The experiments
were conducted based on the guidelines of the
Organization for Economic Cooperation and
Development (OECD) 423 for the care and use
of laboratory animals (OECD: 2001/423/12-14).

Induction of Trypanosoma brucei infection

T. brucei was obtained from the Vom Veterinary
Research Institute, Jos, Plateau State, Nigeria.
The trypanosoma infection was induced in the
rats using the standard rapid matching method as
described by Herbert and Lumsden (1976) with
some modifications. T. brucei was inoculated in
the animals via intraperitoneal injection of 0.3
mL of normal saline containing 1 mL of the
infected blood (3 x 10° per mL of blood). The rats
were allowed for one week to get fully infected,
after which the infection was confirmed. The
level of parasitemia in the infected rats was
monitored by microscopic examination of the
rats’ tail blood at 40x magnification using the
Rapid Matching method. Monitoring of
parasitemia was performed every 4 days for 12
days to reduce stress on the rats.

Experimental design

The male and female rats (n = 25) were distributed
into five groups of five rats each. Group 1(Gpl)
(normal control); the rats were not infected with
T. brucei, and no extract administration. Gp2
(disease control); The rats were infected with T.
brucei but no treatment was given. Group 3: The
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animals were infected with T. brucei and then
treated with the standard drug, diminazene
aceturate (20 mg/kg b.wt/day). Gp 4 and 5; The
rats were infected with the parasite and then
treated with 400 and 800 mg/kg b.wt,
respectively. The rats were treated every day for
12 days. At the end of the treatment period, the
rats were sacrificed, and blood samples were
collected into EDTA and plain bottles for
haematological and biochemical analyses,
respectively. Liver and kidney tissues were
collected in 10% formaldehyde solution for
histopathological examination.

Hematological analysis

Determination of the hematological parameters;
red blood cells (RBC), haemoglobin (Hb), white
blood cells (WBC), platelet count (PLT), packed
cellular volume (PCV), mean corpuscular
volume (MCV), mean corpuscular hemoglobin
(MCH), and mean corpuscular hemoglobin
concentration (MCHC) was performed according
to the standard method of Woo (1970) using
hematology analyzer (BC-2300 model, Mindray
Medical Co., China) according to instructions of
the manufacturer.

Biochemical analysis

The  biochemical parameters; aspartate
aminotransferase (AST), alanine aminotransferase
(ALT) and alkaline phosphatase (ALP) (IFCC,
1980), total protein (Tietz, 1995), albumin
(Bartholomew and Delany, 1964), total bilirubin
and globulin (Tietz, 1995), urea (Ji and
Bachmanov (2007), creatinine (Jaffe, 1986),
sodium and potassium (AOAC, 1990), chlorides
and bicarbonate (APHA, 2005), total cholesterol
(TC) (Allain et al., 1974), triglycerides
(Mcgowan et al.,, 1983), and high density
lipoprotein-cholesterol (HDL-C) (NCPEP, 2001)
were analyzed by ELISA, spectrophotometric, or
flame colometric method using standard
diagnostic kits (Randox Laboratories Limited,
UK, Sigma-Aldrich, USA) according to the
manufacturer’s instructions.

Histopathological analysis

Liver and kidney tissues of the rats were
examined for the histopathological changes
using the standard method of Bing and Edward
(2015). The tissue slices were fixed in 10%
formaldehyde for two days. The specimens were
dehydrated by placing them in a mixture of
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ethanol and water (70-100%). The dehydrated
tissues were then transferred to a mixture of
equal volumes of alcohol and xylene for 24 hours
and then cleared with two changes of xylene for
60 minutes. They were then infiltrated twice for
60 minutes each with molten paraffin wax in an
oven at 60 °C. The solvent was evaporated, and
the spaces within the tissues were filled with
paraffin wax. The tissues were embedded in
paraffin wax, trimmed and mounted on a wooden
chuck, and then sectioned at 5um thickness in the
microtome. The sections (5 pum) were then
floated on water, taken to a glass slide, and
stained with haematoxylin and eosin stains. The
slides were viewed under a light microscope at
40x magnification.

Statistical analysis

The data were analyzed using Statistical Package
for Social Sciences (Version 22, IBM Corp.,
Armonk, NY, USA). The level of significance
between the groups was obtained by One-Way
Analysis of Variance (ANOVA) using Dunnett's

test and Student’s t-test for post-hoc test for the
means comparisons. The p-value less than 0.05
were considered statistically significant.

3. Results

Effect of MOLE on parasitemia level in T.
brucei-infected rats

The effect of MOLE on parasitemia level in T.
brucei infected rats is shown in Table (1). Prior
to the treatment, the infected rats showed a highly
significant (p< 0.05) level of parasitemia
compared to the normal control. At days 8 and
12, treatment of the infected rats with MOLE
(400 mg/kg, 800 mg/kg) and diminazene (20
mg/kg) significantly (p< 0.05) reduced the level
of parasitemia in the rats compared with the
disease control. However, at day 12 MOLE with
a concentration of 800 mg/kg, significantly (p <
0.05) lowered the level of parasitemia in the rats,
comparable to the standard drug diminazene (20
mg/kg) (Table 1).

Table 1. Effect of MOLE on parasitemia level in T. brucei infected rats

Treatment Group Post-infection Day 4 Day 8 Day 12
x 10° x 10° x 10° x 10°
Normal control 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00
Disease control 5.53 +0.16* 5.63 +0.18* 5.78+0.30"  5.82+0.22*
Diminazene (20 mg/kg)  5.63 +0.17% 4.33+0.15 2.33+0.12%  1.00+0.04™
MOLE (400 mg/kg) 5.50 + 0.15% 5.35+0.15% 438 +0.14% 223+0.117%
MOLE (800 mg/kg) 5.61 + 0.23" 5.31 + 0.14" 3.19£0.13% 1.16 +0.05™

Values are expressed as mean + standard deviation (n = 5). *p< 0.05 statistically significant (p < 0.05) compared
with normal control, “p < 0.05 statistically significant (p < 0.05) compared with disease control (One-way
ANOVA) followed by Dunnett’s multiple comparison test. MOLE; M. olifera leaves extract.

Table 2. Effect of MOLE on body weight of T. brucei infected rats

Treatment Group Post):rlfgg tion 2‘3136? 3(’11)658 DXa)1/0152
Normal control 189.60 £1.72  190.80+1.53  192.20+1.68  192.80 +1.65
Disease control 163.80 £ 1.39*  162.80+1.39  163.20 + 1.46*  157.60 + 0.81%
Diminazene (20 mg/kg)  162.20 + 1.06* 167.00+0.70"% 171.40+1.03"% 191.00 + 1.44"
MOLE (400 mg/kg) 160.00 +0.70*  164.20 + 0.58* 167.20 + 0.66* 181.60 + 1.83™
MOLE (800 mg/kg) 160.40 + 0.50*  167.40 + 0.40™% 170.00 +0.70"%  190.00 + 0.70"

Values are expressed as mean * standard deviation (n = 5). #p< 0.05 statistically significant (p < 0.05) compared
with normal control, “p< 0.05 statistically significant (p< 0.05) compared with disease control (One-way
ANOVA) followed by Dunnett’s multiple comparison test. MOLE; M. olifera leaves extract.
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Effect of MOLE on body weight of T. brucei
infected rats

Table (2) shows the effect of the ethanolic leaves
extract of M. oleifera on the body weight of T.
brucei infected rats. Post T. brucei infection, the
body weight of all the infected rats was
significantly (p< 0.05) decreased compared with
the normal control. Treatment of the rats with
MOLE (400 mg/kg, 800 mg/kg) and diminazene
(20 mg/kg) significantly (p < 0.05) increased the
body weight of the rats. At day 12, the extract (800
mg/kg) demonstrated a significant (p < 0.05)
increase in body weight of the rats comparable to
the standard drug diminazene (20 mg/kg) (Table 2).

Effect of MOLE on renal function parameters
in Trypanosoma brucei-infected rats

Table 5) indicates the effect of ethanol leaves
extract of Moringa oleifera on liver function
parameters in Trypanosoma brucei infected rats.
In comparison with the disease control, a
significant (p < 0.05) decrease in the level of urea
and creatinine was observed in the extract (400
mg/kg, 800 mg/kg) treated rats. The
concentration of sodium, potassium, and chloride

in the extract (400 mg/kg, 800 mg/kg) treated rats
was significantly (p < 0.05) increased compared
with the disease control. However, no
significance (p > 0.05) change was observed in
the level of bicarbonate of the rats treated with
the extract (400 mg/kg, 800 mg/kg) and the
standard drug diminazene (20 mg/kg) (Table 3).

Effect of MOLE on lipid profile parameters in
Trypanosoma brucei - infected rats

The effect of ethanol leaves extract of Moringa
oleifera on lipid profile parameters in
Trypanosoma brucei infected rats is shown in
Table (4). The finding indicated that
administration of the extract (400 mg/kg, 800
mg/kg) in the rats significantly (p < 0.05)
decreased the level of total cholesterol, TAG,
LDL-C, and VLDL-C while increasing the HDL-
C level compared with the disease control.
However, the rats treated with 800 mg/kg of the
extract showed a significant (p < 0.05) decrease
in total cholesterol, TAG, LDL-C, and VLDL-C
levels and an increase in HDL-C level
comparable to the standard drug Diminazene (20
mg/kg) (Table 6).

Table 3. Effect of MOLE on renal function parameters in T. brucei infected rats

Parameter Normal Infected Diminazene MOLE MOLE
control (20 mg/kg) (400 mg/kg) (800 mg/kg)
Urea (mg/dL) 20.38+0.71  4835+232% 2512+0.91% 31.02+1.77%  26.59 +0.92"
Creatinine (mg/dL) 0.68 + 0.07 1.31+0.10* 0.72+0.08" 0.95 +0.09™ 0.71+0.08"
Sodium (mEg/L) 132.7+0.68  122.07+0.38* 130.78+0.43° 126.40+0.40* 129.55+0.41"
Potassium (mEg/L) 439+0.18 3.02+0.13* 4294017 3.97+£0.16™ 4.25+0.16"
Chloride (mEg/L) 91.07+156  81.35+0.62* 89.88+1.38° 87.72+0.98%  89.94 +1.40
Bicarbonate (mmol/L)  19.80 +0.17 20.81 +0.20 20.13 £0.19 20.23 £ 0.19 19.96 +0.18

Values are presented as mean + standard deviation (n = 5).”p < 0.05 statistically significant (p < 0.05)
compared with normal control, “p < 0.05 statistically significant (p < 0.05) compared with disease
control (One-way ANOVA) followed by Dunnett’s multiple comparison test. MOLE; M. olifera leaves

extract.
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Table 4. Effect of ethanol leaves extract of Moringa oleifera

Trypanosoma brucei infected rats

on lipid profile parameters in

Parameter Normal Infected Diminazene MOLE MOLE
control (20 mg/kg) (400 mg/kg) (800 mg/kg)
TC (mg/dL) 84.77 +0.63 103.27 +1.25* 86.23+0.76" 91.20+0.91% 87.07 +0.80"
TAG (mg/dL) 80.23+0.61 91.37+1.03* 80.67 +0.68" 85.30+0.64% 81.47+0.79"
HDL-C (mg/dL)  69.60 +2.63 52.03+0.66" 67.33+1.12° 60.83+0.85% 67.83+1.94"
LDL-C (mg/dL) 20.12+0.79 32.96+1.74" 857+0.22"% 14.11+056" 8.94+0.24"
VLDL-C (mg/dL) 16.05+0.42 18.27+0.52* 12.33+0.31"% 16.26 +0.43" 13.29+0.35™

Values are presented as mean + standard deviation (n = 5) #p < 0.05 statistically significant (p < 0.05)
compared with normal control, “p < 0.05 statistically significant (p < 0.05) compared with disease
control (One-way ANOVA) followed by Dunnett’s multiple comparison test. MOLE; M. olifera leaves
extract, total cholesterol (TC), triglycerides (TAG), high density lipoprotein-cholesterol (HDL-C),
low density lipoprotein-cholesterol (LDL-C), very low density lipoprotein-cholesterol (VLDL-C)

Effect of MOLE on histopathological indices
of the liver of the infected rats

Fig. 1 shows the effect of MOLE on
histopathological indices of liver tissue of the
infected rats. Normal hepatocytes, arranged in
interconnecting cords around the central veins,
and normal components of the portal triads were
observed in the liver tissue of the normal control
rats. Severe widespread piecemeal necrosis and
marked infiltration of inflammatory leukocytes
in the periportal areas of the hepatic lobules were
observed in the liver tissue of the infected rats.
The liver tissue of the rats treated with
Diminazene (20 mg/kg), MOLE 400, and 800
mg/kg demonstrated normal hepatocytes
arranged in interconnecting cords around the
central veins and normal components of the
portal triads (Fig. 1).

Effect of MOLE on histopathological indices
of the kidney of the infected rats

The effect of MOLE on histopathological indices
of kidney tissue of the infected rats is shown Fig.
(2). Normal glomeruli in the Bowman's capsules
surrounded by a sea of normal renal tubules were
observed in the kidney tissue of the normal
control rats. Multifocal, widespread glomerular
sclerosis was observed in the infected rats. The
kidney tissue of the rats treated with Diminazene
(20 mg/kg), MOLE 400, and 800 mg/kg,
exhibited normal glomeruli in the Bowman's
capsules surrounded by normal renal tubules.

Biol. Biomed. J. (2025) Vol. 3, Issue (2) Pages 161-171

Fig. 1. Effect of ethanol leaves extract of Moringa oleifera
on histopathological indices of the liver of the infected rats.
Normal control (A) showed hepatocytes surrounded
central vein (V), disease control (B) showed marked
infiltration of inflammatory leuckocytes (arrows) in the
peripheral areas (P) of hepatic lobules. Infected group
treated with Diminazene aceturate (C), MOLE 400mg/kg
(D), and MOLE 800mg/kg (E) showed normal hepatocytes
arranged in interconnecting cords around the central veins
(V) and normal components of the portal triads (P).
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Fig. 2. Effect of MOLE on histopathological indices of the
kidney of the infected rats. Normal control (A) shows

Normal glomeruli (G) in the Bowman's capsules
surrounded by a sea of normal renal tubules (arrow).
Infected group (B) shows multifocal, widespread
glomerular sclerosis (arrow). Infected rats treated with
diminazine, MOLE 400 and 800 mg/kg (C, D,E,
respectively) show normal glomeruli in the Bowman's
capsules surrounded by normal renal tubules (arrow).

4. Discussion

In this study an elevated levels of parasitemia
were observed in all the infected rats after the
parasite inoculation before the treatments.
Similar studies reported high levels of
parasitemia in Trypanosoma sp. infected rats
(Ukachi et al., 2015; Sunday and Hassana 2010;
Lawal et al., 2007). Fluctuations in the levels of
parasitemia in Trypanosoma sp. infected animals
could be attributed to a continuous cycle of
trypanosome replication and destruction (Barry
and McCulloch, 2001). Administration of the
Moringa oleifera leaves extract and Diminazene
significantly reduced the parasitemia levels in the
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treated rats. Similar results have been reported in
the relevant studies following administration of
other plants’ extracts in the Trypanosoma sp.
infected rats (lbrahim et al., 2012; Abu and
Uchendu, 2011; Shuaibu et al., 2008). Results of
the present study showed significant decrease in
body weight of the T. brucei infected untreated
(disease control) rats. The decrease of the body
weight of the infected rats could be due to the
progression of the infection. Treatment of the rats
with Moringa oleifera leaves extract and
diminazene significantly increases the body
weight of the rats. This finding is in agreement
with the study by Fajinmi et al. (2021), who
reported a decrease in the body weight of T.
congolense-infected rats.

In this study, high levels of RBC, PVC, Hb,
WBC, PLT, MCV, MCH, and MCHC were
observed in the infected rats treated with
Moringa oleifera leaves extract and diminazene.
The result of this study is in agreement with the
similar study by Nwoha and Omamegbe (2015),
who reported a highly significant level of
haemoglobin, PCV, and RBC in T. brucei-
infected rats treated with trypanocidal drug.
Also, a relevant research by Morrison et al.
(2010) showed an elevated level of hemoglobin
and PCV in T. brucei-infected treated donkeys. A
significantly high level of MCH and MCHC was
reported in infected donkeys treated with
Novidium (Barry and McCulloch, 2001).
However, similar to this finding, low levels of
hemoglobin and PCV were observed in T.
congolense-infected untreated rats (Fajinmi et
al., 2021; Saleh et al., 2009). Levels of certain
hematological parameters, such as hemoglobin,
red blood cells, and packed cell volume,
determine the degree of anemia in the biological
system. Anemia is characterized by a low level
of hemoglobin and packed cell volume (Fajinmi
et al., 2021; Deschamps et al., 2016). Low levels
of haemoglobin and PCV in parasite-infected rats
could be attributed to hemolysis due to high
parasitemia levels, destruction of red blood cells
and proliferation of the parasite infection
(Fajinmi et al., 2021).

In the current study, high levels of ALT, AST,
ALP, and total bilirubin were found in the T.
brucei- infected untreated rats. The finding of
this study is in line with the similar study in
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which elevated level of AST, ALT, and ALP in
T. brucei -infected untreated rats was observed
(Awekew et al.,, 2017). Yang et al. (2014)
observed an elevated level of ALT in T. brucei -
infected rams, which may be attributed to the
liver destruction due to the parasite infection. A
similar finding showed a high level of AST in T.
brucei-infected gilts (Allam et al., 2011; Barry
and McCulloch, 2001). In the present finding, the
level of ALT, AST, ALP, and total bilirubin was
significantly decreased in the infected treated
rats. The result of this study is in agreement with
the results of relevant studies, which showed a
significant decrease in AST, ALT, ALP levels in
the infected treated rats (York, 2017). The high
levels of AST, ALT, and ALP in the infected rats
could be due to liver damage due by the parasite
infection. High levels of ALT are an indicator of
muscle disorders, inflammatory problems, and
hepatic disorders characterized by necrosis or
changes in cell membrane permeability (Kaneko
et al., 2008). This finding showed low levels of
total protein, albumin, and globulin in the
infected untreated rats. Administration of
Moringa oleifera leaves extract and diminazene
in the infected rats significantly increased the
levels of total protein, albumin, and globulin in
the rats. A significant decrease in albumin level
was observed in animals infected with other
trypanosoma species (Herrera et al., 2002).

In this study, inoculation of T. brucei in the rats
increased the levels of urea and creatinine while
decreasing the levels of sodium, potassium, and
chloride in the infected rats. The high level of
urea and creatinine was significantly decreased
following the treatments of the rats. Elevated
levels of urea and creatinine were reported in T.
congolense infected untreated cattle (Anosa,
1988). The high significant level of creatinine
and urea observed in this study indicated that
Trypanosoma brucei infection causes adverse
effects on the rats’ kidney tissue and the normal
renal function. However, administration of
Moringa oleifera leaves extract and diminazene
significantly increased the levels of sodium,
potassium, and chloride in the rats. In the present
study, elevated levels of total cholesterol, TAG,
LDL-C, and VLDL-C, and low HDL-C levels
were observed in the infected untreated rats. A
significant decrease in the concentration of total
cholesterol, TAG, LDL-C, and VLDL-C,
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coupled with a significant increase in HDL-C
level, were observed in the rats treated.
Biryomumaisho et al. (2003) reported a decrease
in total cholesterol level in the infected goat
breeds. In this study, it was observed that the
liver and kidney tissues of the infected rats have
been altered by the Trypanosoma brucei
infection. Treatment of the rats with Moringa
oleifera leaves extract and diminazene
significantly diminished these adverse changes
to normal hepatocytes and normal components of
the portal triads.

5. Conclusion

The Moringa oleifera leaves extract exhibited
anti-trypanosomal activity and diminished the
adverse changes in biochemical, hematogical,
and  histopathological  profile  of the
Trypanosoma brucei infected rats. The Moringa
oleifera leaves extract has therapeutic properties
against Trypanosoma brucei infection hence,
hence validating the traditional use of the plant in
the treatment of the parasite infection. Further
study should be done to isolate and characterize
the active compound(s) responsible for the anti-
trypanosomal activity of the plant.
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