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ABSTRACT
The comparative efficacy of kaempferol, diminazene aceturate and their combination against
experimental T.brucei brucei infection in mice was investigated in this study.Thirty six adult
swiss albino mice weighing between 18 and 22 g were randomly divided into six groups of six
mice each. Mice in group I were un-treated un-infected. Mice in group II were pre-treated with
kaempferol for 14 days prior to infection. Mice in groups II to VI each were inoculated with
blood containing T.brucei brucei (106 trypanosomes/ml of blood/animal) intraperitoneally (I.P).
Following detection of parasitaemia, mice in group III were treated once with diminazene
aceturate I.P. Mice in group IV were treated with diminazene aceturate once I.P, and then
continued with kaempferol for nine days. Mice in group V were treated with kaempferol for nine
days. Mice in group VI were given normal saline for nine days. The stress was assessed by
determining the serum level of malondialdehyde, antioxidant and liver enzymes on day nine
post-infection. The results obtained showed significant (P < 0.05) differences between the mean
alanine aminotransferase, aspartate aminotransferase and alkaline phosphatase in groups II and
VI. Superoxide dismutase, catalase and glutathione peroxidase increased significantly (P < 0.05)
in groups III, IV and V.Serum level of malondialdehyde significantly (P < 0.05) increased in
groups II and VI. It was observed that kaempferol possessed antitrypanosomal activity, probably
due to its ability to scavenge free radicals generated during the course of infection.
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INTRODUCTION
Trypanosomosis is a disease caused by the protozoan parasite from genus Trypanosoma and
transmitted by tse- tse fly (Glossina species) and other biting flies [1], making the incidence of
the disease to be of great concern in the tropics [2]. The available means of control involves
tsetse control, chemoprophylaxis, chemotherapy and use of trypanotolerant livestock [3]. At
present, control of trypanosomosis is chiefly done by chemotherapy and chemoprophylaxis using
drugs like Diminazine, Homidium, and Isometamidium [4, 5]. Diminazene aceturate is probably
the most commonly used therapeutic agent for trypanosomosis in livestock in Sub-Saharan
Africa [6]. However, complete dependence on drugs in many situations of trypanosomosis has
been hampered in many areas by their toxic effects, high cost and frequent development of
resistance to these drugs by the parasites. This is considered a very serious problem in
trypanosomosis control in Africa [6]. In Nigeria, the occurrence of drug resistance to available
trypanocides has been attributed to the presence of fake drugs, abuse of existing drugs and
inadequate dosing of the drugs in trypanosomosis therapy [7]. The current challenge to the
majority of African pastoralists is to optimize the use of the relatively old existing drugs [7]. In
view of this, the use of drug combinations and new therapeutic regimes of existing trypanocides
have been suggested [6].
Secondary metabolites in plants including flavonoids are responsible for a variety of
pharmacological activities [8,9]. Recent interest in these substances has been stimulated by the
potential health benefits arising from the antioxidant activities of these polyphenolic compounds
[9]. Antioxidants are important inhibitors of oxidative species generation and scavengers of free
radicals. Kaempferol, a flavonoid and antioxidant, has good peroxynitrite scavenging activity
when compared with other phenols and flavonoids [10, 11]. Melisa et al [12] reported that
kaempferol isolated from the leaves of Schimawallichii at a concentration of 250 μM inhibited
the growth of Plasmodium falciparum in a time-dependent manner both in vivo and in vitro.
Kaemperol is also reported to be effective against hepatic fibrosis induced by schistosoma egg
[13].
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Antioxidants are substances that delay or prevent the oxidation of cellular oxidizable substrates.
The various antioxidants exert their effect by scavenging superoxide, or by activating a battery of
detoxifying/defensive proteins [14]. The prevention of oxidation is an essential process in all the
aerobic organisms, as decreased antioxidant protection may lead to cytotoxicity [15]. Although,
the precise molecular mechanism of action of flavonoid have not yet been demonstrated [16],
there are various ways in which reactive oxygen species (ROS) can be produced. Flavonoids (e.g
quercetin) can induce the production of superoxide anion, hydrogen peroxide, and other ROS
[17]. ROS are generated in cells infected by pathogens to combat infection [16]. ROS can also be
generated in response to some drugs, and the same principle works for certain antiprotozoan
drugs in killing parasites in an infected cell [18].
In the present study, the efficacy of kaempferol, diminazene aceturate and their combination in
stress induced by experimental Trypanosoma brucei brucei infection were evaluated.
MATERIALS AND METHODS
Experimental Animals
Thirty six adult swiss albino mice of either sexes weighing between 18 and 22 g were used in
this study. These mice were reared in the animal house, Department of Pharmacology and
Toxicology, Faculty of Veterinary Medicine, Ahmadu Bello University Zaria. These animals
were housed in locally fabricated mice cages at room temperature, 25 oC. Wood shavings were
used as beddings and changed once every week. The experimental mice were allowed free access
to rat chow and water ad-libitum.
All animal experiments were carried out according to international guidelines as approved by the
Postgraduate ethical committee of the Faculty of Veterinary Medicine, Ahmadu Bello University
Zaria.
The Parasite
Trypanosoma brucei bruceiwere obtained from the National Veterinary Research Institute
(N.V.R.I) Vom, Jos, Plateau State, Nigeria. The parasites were maintained by continuous
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passage in a donor mouse. Parasitaemia was monitored by the use of wet mount viewed under ×
400 magnifications [19].
Drugs, Sources and Preparation
Kaempferol was sourced from Whitehead Scientific (Pty) Limited, South Africa. It came with
the following details: CAS number- 520-18-3, Catalog number -3603, EC number -208-287-6
and Batch number - 3. Diminazene aceturate was purchased from the Pharmacy unit of the
Veterinary Teaching Hospital (VTH).
The drugs, kaempferol and diminazene aceturate, were dissolved in distilled water and
administered to each mouse according to the body weight. The concentrations of kaempferol and
diminazene aceturate used were 0.5 mg/mL and 3 mg/12.5 mL, respectively.
Experimental Infection of the Mice
Trypanosomes infected blood was obtained from the tail of the infected donor mice at the peak
of parasitaemia (109) and used to maintain parasite suspension in phosphate buffer saline glucose
solution, which was inoculated into peritoneal cavity of uninfected mice. The suspension
contained 3 or 4 trypanosomes per microscopic field at × 100 magnification (approximately 106
trypanosomes per mL) as described by Ekanem and Yusuf [20]. The thirty six adult mice were
randomly divided into six groups of six mice each and were treated as follows:

Group I- The mice in this group were neither infected with the parasites nor treated with any
substance and therefore served as neutral control group.
Group II- Each mouse in this group was pre-treated individually with kaempferol (1 mg/kg per
os) for 14 days. Thereafter, each mouse was infected with Trypanosoma brucei brucei (106
trypanosomes/mL of blood i.p).
Group III- Each mouse in this group was infected with Trypanosoma bruceibrucei (106
trypanosomes/mL of blood i.p). After infection was established, each mouse was treated once
with diminazene aceturate (3.5 mg/kg i.p) intraperitoneally. Animals in this group served as
treated controls.
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Group IV- Each mouse in this group was infected with Trypanosoma brucei brucei (106
trypanosomes/mL of blood). After the establishment of infection, each mouse was treated with
diminazene aceturate (3.5 mg/kg i.p) intraperitoneally, and then treated with kaempferol (1
mg/kg per os) for 9 consecutive days.
Group V- Each mouse in this group was infected with Trypanosoma brucei brucei (106
trypanosomes/mL of blood i.p) and then treated with kaempferol (1 mg/kg per os) for 9
consecutive days.
Group VI- Each mouse in this group was infected with Trypanosoma brucei brucei (106
trypanosomes/mL of blood i.p)and then administered normal saline at (5 ml/kg per os) for 9
consecutive days. Animals in this group served as untreated controls.
The parasitaemia in the infected and treated groups was monitored daily using the rapid
matching counting method [19].
Serum Analyses
About 2.0 mL of blood was collected from each mouse and allowed to clot. The clotted blood
was centrifuged at 1000 × g for 10 min. The supernant (serum) from each tube was decanted into
clear test tube and was used to determine serum level of liverenzymes and markers of oxidative
stress.
Determination of Liver Enzymes
Serum level of alanine amino transferase (ALT), aspartate amino trasferase (AST), and alkaline
phosphatase (AP) were determined using chemical auto-analyzer (Bayer Clinical Chemistry
Analyzer, Germany).
Determination of Serum Malondialdehyde Concentration
About 50 µL of serum from each animal were used to determine the level of serum
malondialdehyde by double heating method as described by Draper and Hadley [21].
Determination of Serum Superoxide Dismutase (SOD) Specific Activity
The specific activity of SOD was measured using the method described by Misra and Fridovich
[22].
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Determination of Serum Catalase (CAT) Specific Activity
The specific activity of catalase in the serum collected from each mouse was determined using
method described by Beers and Sizer [23].

Determination of Serum Glutathine Peroxidase (GPx) Specific Activity
A modified method of Paglia and Valentine [24] was used to determine glutathione peroxidase
(GPx) activity spectrophotometrically.

This work was conducted in the Departments of Veterinary Pharmacology and Toxicology and
Parasitology and Entomology, Faculty of Veterinary Medicine, Ahmadu Bello University
(A.B.U), Zaria, Kaduna State, Nigeria
Statistical Analysis
Data obtained were expressed as means ± standard errors of mean (S.E.M), subjected to one-way
analysis of variance (ANOVA) and compared with Tukey post-hoc test. The level of significance
was set at p ≤ 0.05.

RESULTS AND DISCUSSIONS
Effects of the Treatments with Kaempferol and/or Diminazene Aceturateon the Activities
of Liver Enzymes
Figure 1 shows the effects of treatments with kaempferol and/or diminazene aceturate on the
activities of liver enzymes of mice infected with T.brucei brucei. There were significant (P <
0.05) increase in the mean of ALT, AST and ALP in mice administered with normal saline
(group VI) when compared to those that were treated with diminazene aceturate only (groups
III), kaempferol and diminazene aceturate (group IV) and kaempferol only (group V). Similarly,
no significant (P < 0.05) difference was recorded in the mean ALT, AST and ALP in mice
administered with normal saline (group VI) when compared to mice pre-treated with kaempferol
(group II).
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Figure 1: Effects of treatments with kaempferol and/ or diminazene aceturate on the
activities of liver enzymes (ALT, AST and ALP) in Trypanosoma brucei brucei
experimentally infected mice
Means with different letters differ significantly (P < 0.05). Values are expressed as mean ± SEM
(6 animals per group).
Effects of Treatments with Kaempferol and/ or Diminazene Aceturate on the Serum Level
of Malondialdehyde (MDA)
Figure 2 shows the effects of the treatments with kaempferol and/ or diminazene aceturate on the
serum level of malondialdehyde of mice infected with T. brucei brucei. A significant (P < 0.05)
increase in mean serum MDA concentration were recorded in mice pre-treated with kaempferol
(group II) and those that were administered normal saline (group VI) when compared to mice
diminazene aceturate only (group III), kaempferol and diminazene aceturate (group IV) and
kaempferol only (group V).
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Figure 2: Effects of treatments with kaempferol and/ or diminazene aceturate on the
serum level MDA concentration in Trypanosoma brucei bruceiexperimentally
infected mice
Means with different letters differ significantly (P < 0.05). Values are expressed as mean ± SEM
(6 animals per group).
Key: NC= Neutral control, DZ= Diminazene aceturate, PKf= pre-treated with kaempferol,
DZ+Kf= Diminazene aceturate and kaempferol, Kf= kaempferol and NS= Normal saline
Effects of the Treatments with Kaempferol and/or Diminazene Aceturate on the Activities
of Antioxidant Enzymes
Figure 3 shows the effects of the treatments with kaempferol and/or diminazene aceturate on
antioxidant enzymes of mice infected with T. brucei brucei. There was significant (P > 0.05)
decrease in the mean SOD, CAT and GPx in mice pre-treated with kaempferol (groups II) to
untreated uninfected mice (group I). There were significant (P < 0.05) increase in the mean of
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SOD, CAT and GPx in mice treated with diminazene aceturate only (groups III), kaempferol and
were administered normal saline (group VI).
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Figure 3: Effects of treatments with kaempferol and/ or diminazene aceturate on
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Means with different letters differ significantly (P < 0.05). Values are expressed as mean ± SEM
(6 animals per group).
One of the end products of lipid peroxidation is MDA, which is measured by concentration of
MDA in body tissues or serum [25]. These products of lipid peroxidation produce changes in the
structures and functions of the cell membrane, leading to decreased membrane fluidity, increased
membrane permeability, inactivation of membrane-bound enzymes and loss of essential fatty
acids [26]. The result of these changes on the surface of erythrocytes is increased erythrocyte
osmotic fragility [27]. The increase in the concentration of MDA in normal saline group suggests
an increase in the production of free radicals by T. brucei brucei resulting from imbalance
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between radical generating and radical scavenging activities. This observation agrees with the
findings of earlier workers [28]. The significant reduction in the serum level of MDA in mice
treated with diminazene aceturate only, diminazene aceturate and kaempferol and kaempferol
only when compared to those that were administered normal saline also agrees with the work
reported by Kobo et al [29] who reported significant reduction in wistar rats infected with
Trypanosoma brucei brucei and then treated with vitamin C. The effect was attributed to the
action of T. brucei brucei on the erythrocyte membranes. Infection by T. brucei brucei may alter
the host’s antioxidant defence system against free radicals, which results in an imbalance
between radical-generating and radical-scavenging activities and, hence, results in oxidative
stress.
There was a significant increase in the levels of ALT, AST and ALP in mice pretreated with
kaempferol and those that were administered normal saline. The elevated serum levels of ALT
and AST in mice in this study is in agreement with earlier reports [30-32], in various
trypanosome-infected animals. The elevation may be due to tissue death (necrosis) and
inflammation in the host, particularly of the liver, heart, muscle and kidney [32, 33]. Another
possibility of increased levels of ALT and AST is the lyses of RBCs by trypanosomes [32, 33] at
different stages of the infection. Serum levels of ALT and AST are two of the most useful
indications of liver cell injury, although the AST is less liver specific than is ALT [34].
Elevations of the AST level may also be seen in acute injury to cardiac or skeletal muscle [34].
Therefore, AST, ALT, and AP tests are useful in making a distinction between hepatocellular
and damage in other organs [34]. Trypanosoma brucei brucei may induce stress, thereby
weakening the immune system and eventually alter the serum biochemical parameters. Awobode
[35] reported that many enzymes were found in the serum and the level of their activity can be
determined, and that depression or elevation of particular enzyme indicates the presence of
disease or damage to specific tissue or organ.
A significant (P < 0.05) increase in the serum level of specific antioxidants enzymes were
recorded in mice treated with diminazene aceturate + kaempferol and kaempferol only when
compared to those given normal saline. This finding agrees with the report of Koboet al [36] in
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rats with experimental Trypanosoma brucei brucei infection. Superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GPx) are enzymatic antioxidants that mop-up free
radicals. SOD are the first line of defense against oxidative stress. It dismutates superoxide anion
to H2O2 and water. The H2O2 generated from the activity of SOD will be detoxified to water and
oxygen by CAT and GPx [36]. Hence, CAT and GPx are positioned in the second line of defence
to scavenge free radical and ROS [37]. Trypanosomes were reported to induce oxidative stress
and deplete the body antioxidants. Exogenous antioxidants such as Vitamin C and dimethyl
sulphoxide gave a better clinical improvement and survival in T.brucei brucei infection in rats
[37]. ROS are produced during normal cellular function. ROS include hydroxyl radicals,
superoxide anion, hydrogen peroxide and nitric oxide. They are transient species due to their
high chemical reactivity that leads to lipid peroxidation [16]. Under normal conditions,
antioxidant systems of the cell minimize the perturbations caused by ROS. When ROS
generation is increased to an extent that overcomes the cellular antioxidants, the result is
oxidative stress [16].
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