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Trypanosomiasis is an important but neglected tropical diseases which continues to cause morbidity and mortality on a large scale
in sub-Saharan Africa. In the present study, the aqueous leaf extract, flavonoid fraction, and subfractions of the flavonoid from A.
senegalensis leaves were evaluated for their antitrypanosomal activities, effects on some hematological parameters, and some liver-
based enzymes in mice infected with Trypanosoma brucei brucei. Mice treated with aqueous extract at a concentration range of
100–400mg kg bw exhibited parasite inhibition range between 66.08 and 73.09% while mice treated with the flavonoid fraction
(50-200mg/kg bw) exhibited higher parasite inhibition (83.37-86.38%). Mice treated with subfractions of the flavonoids
showed a significant decrease in parasite count (p < 0:05), with subfraction 3 completely clearing parasites in the circulation
after twenty-one days of treatment. Biochemical analysis revealed that the subfraction 3 restored the alterations in the serum
aspartate transaminase (AST), alanine transaminase (ALT), and total protein concentrations that were observed in the infected
nontreated mice. The subfraction 3 was subsequently characterized by HPLC analysis which revealed the presence of rutin
(RT: 22.26, 65.34 ppm) as the most abundant bioactive compound that could be attributed to the bioactivity of the subfraction
3. Other polyphenolic compounds identified included gallic acid (RT: 4.39, 0.578 ppm), quercetin (RT: 37.27, 0.729 ppm),
kaempferol (RT: 38.33, 1.52 ppm), and luteolin (RT; 39.173, 32.77 ppm). Taken together, subfraction 3 of the flavonoid fraction
from of A. senegalensis demonstrated potent antitrypanosomal activities and therefore represents a reserve of bioactive
metabolite worthy of further exploration for the treatment of trypanosomiasis.
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1. Introduction

Human African trypanosomiasis (HAT) is a protozoan para-
sitic disease that is endemic in sub-Saharan Africa, where mil-
lions are at risk from this disease [1]. Although
trypanosomiasis is lethal if not properly treated, it is among
themajor neglected diseases that affect people around the world
particularly in Africa. More than thirty countries in Africa are
known to be a pandemic region of this disease, and the
resources for treating or managing the disease are lacking
[2].Trypanosomiasis is epitomized by the spasmodic presence
of the parasites in the patient blood stream and recurrent fever
[3]. Anemic condition normally develops in animals infected
with the parasite, and this is accompanied by body weight, loss
of productivity and high mortality [4]. The current treatments
for early-stage infection are suramin and pentamidine while
melarsoprol, eflornithine, and the combination therapy (nifurti-
mox and eflornithine) are the therapeutic option for the late-
stage infection [5]. However, these drugs are not satisfactory,
due to their toxicity and poor efficacy [6]; thus, there is a need
for alternative treatment approaches.

In Nigeria and other developing countries in Africa, sev-
eral low- or middle-income resident and earners rely mostly
on traditional plants and natural products for the treatment
of a number of diseases, including convulsion, trypanosomi-
asis, malaria, epilepsy, dysentery, and infertility [7]. Natural
products have continually been explored as a source of heal-
ing agents against several diseases and have been subjected
to scientific analysis for the validation of their efficacy
against several human diseases [8]. A number of medicinal
plants and secondary metabolites isolated from them have
been reported for antitrypanosomal activity [9] and for the
treatment of other parasitic and metabolic diseases [10].
The biological activities of these plants have been attributed
to the presence of major bioactive phytochemicals including
flavonoids, alkaloids, phenolics, saponins, cardiac glycosides,
and terpenoids [11].

Annona senegalensis, also known as the wild custard
apple, is a shrub or small tree of about 2-6m tall but may
reach 11m under favorable conditions [7, 12]. The plant is
mostly found in Nigeria particularly in the Kaduna, Nasar-
awa, Kano, Niger, and Plateau States. A. senegalensis is used
as food for direct consumption and in food additives. Major
parts of the plant are a rich source of important phytochem-
icals, annogalene, (-)-roemerine, acetogenins, annosenega-
lin, and kaurenoic acid [13].Traditionally, the plant has
been used ethnopharmacologically as an oral remedy for
tuberculosis, small pox, and yellow fever [14]. The stem bark
has also been explored for the treatment of hernia and snake
bite [15]. Several pharmacological properties of A. senegalen-
sis include antimalarial, analgesic, anti-inflammatory, anti-
oxidants, and antimicrobial [16–19]. The root bark of the
plant has also been reported for anti-inflammatory and anti-
ulcerogenic potential [20] and was recently characterized for
anti-enteropooling compounds [21]. The present study is,
therefore, aimed at evaluating the trypanocidal potency of
crude extract, flavonoid fraction, and subfraction of A. sene-
galensis in experimental animals and evaluating the safety
profile on liver integrity of the animals.

2. Materials and Methods

2.1. Reagent and Chemicals. Reagents and chemicals used are
of analytical grade purpose and were products of Sigma
Chemical Co., United States of America.

2.2. Plant Sample Collection and Extraction. Fresh leaves of
A. senegalensis were obtained from Minna, Bosso, area of
Niger State Nigeria, in the Month of February 2017. Taxo-
nomic identification of the plant was done by Dangana, M.
C. of the Biological Sciences, Department Federal University
of Technology Minna, Nigeria. The leaves were rinsed to
remove dust, dried at room temperature for two weeks,
and pulverized into fine powder with an electrical blender.
Distilled water (1500ml) was added to 300 g of the leaf pow-
der, vigorously shaken intermittently, and allowed for
extraction for seventy-two hours. The mixture was then fil-
tered, and the filtrate was concentrated with a freeze dryer
to obtain the aqueous extract which was afterward stored
for further analysis.

2.3. Experimental Animals. Healthy albino mice with an
average weight of 20-35 g were purchased from the animal
house of the Federal University of Technology, Minna, Nige-
ria. The mice were kept under the standard condition for
animals handling and experimentation with adequate access
to pellets and water. The in vivo animal experimentation was
approved by the “Committee on Ethics for Medical and Sci-
entific Research of Federal University of Technology Minna,
Nigeria.”

2.4. Analysis of Phytochemical Compositions. The crude
aqueous extract of A. senegalensis was subjected to the qual-
itative and quantitative phytochemical analysis to check the
presence and quantity of alkaloids, total phenols, tannins,
total flavonoids, saponins, and glycoside using standard pro-
tocols [22–29]. Quantitatively, the total flavonoid contents
were estimated using a spectrophotometer based on the for-
mation of flavonoid-aluminium complex that absorb maxi-
mally at 415nm [25]. Total phenol was estimated using the
Folin-Ciocalteu reagent protocol [26]. The total alkaloids
were quantitatively estimated spectrophotometrically at
565 nm using vincristine as standard [27]. The tannin con-
tent was determined using Folin-Denis reagent. The amount
of tannin was calculated as tannic acid equivalent from the
standard curve [28]. A gravimetric method of AOAC [29]
was used for saponin determination in the samples.

2.5. Extraction of flavonoids. Flavonoids were extracted and
fractionated by the method of Musa [30]. Thirty (30) grams
of fine powder of A. senegalensis was defatted with 250ml of
N-hexane using a Soxhlet extractor. The extraction was car-
ried out for six hours at a temperature between 65°C and
70°C. The defatted marc was further extracted with 250ml
methanol at 60°C, and the extract was then evaporated in a
water bath. Methanolic extract (6 g) was chromatographed
over silica gel column (200 g: 230-400 mesh) and eluted with
the solvent mixture of CH3C1/CH3OH/H2O (70 : 30 : 1,V/V
). The fraction was then dried in the water bath.
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2.6. Subfractionation of Flavonoids from A. senegalensis. The
flavonoid obtained was further subjected to column chroma-
tography to separate the flavonoids into their component
subfractions. Silica gel was used in packing the column while
varying solvent combinations of increasing polarity (chloro-
form, n-hexane, ethyl acetate, and methanol) were used as
the mobile phase. The TLC was carried out on the flavonoid
fractions obtained using a TLC precoated plate with the sol-
vent systems of increasing polarity. The Rf values for each
fraction were calculated (Equation (1)) and recorded. The
Rf values correspond to the number of constituents that
may likely present in the fraction of eluent from the column.

2.7. Antitrypanosomal Screening of the Extracts and
Flavonoid Fractions

2.7.1. Infection of Animals. The mice were inoculated as
described by Mann and Ogbadoyi [31]. A highly infected
and parasitized blood from a mouse was obtained through
cardiac puncture with the aid of a syringe. The blood was
appropriately diluted with physiological saline to serve as
inoculum. Healthy mice of weight range 20-35 g were
injected intraperitoneally with 0.1ml of the inoculums.

2.7.2. Monitoring of the Course of Parasitemia. The presence
of parasites in experimental animals was monitored at two-
day intervals for 14 days by a blood smear on a glass slide
and observed with the aid of a microscope set. The number
of parasites in 1ml of blood was then estimated using the
method of Herbert and Lumsden [32].

2.7.3. Antitrypanosomal Screening of the Aqueous Extract of
A. senegalensis Leaf. To determine the bioactivity of the
aqueous extract, a preliminary study was done to provide
information on the antitrypanosomal activity of the aqueous
extract of A. senegalensis. Four groups of mice (A-D) of
three mice each were orally administered the extract at doses
of 100, 200, 300, and 400mg per kilogram body weight (kg-1

bw). The fifth group formed the control (i.e., infected but not
treated), while the infected and treated with 3.5mgkg-1 bw
of the standard drug Berenil formed the sixth group. Parasi-
temia was thereafter monitored at two-day intervals for two
weeks by microscopic examination of the wet film prepared
from blood samples taken from the tail of infected animals.”

2.7.4. Antitrypanosomal Screening of Flavonoids of A.
senegalensis. Eighteen (18) mice were used for this study.
The mice were grouped into six, with three mice in each group,
and they were all infected withT. brucei brucei from the infected
mouse. Groups A–D were administered 50, 100, 150, and
200mgkg-1 body weight of total flavonoid fraction ofA. senega-
lensis. “Group E was infected and treated with 3.5mgkg-1 body-
weight Berenil (standard drug), and group F was infected but
given normal saline only to serve as a negative control. Parasite-
mia was thereafter monitored at every 48h for two weeks.”

2.7.5. Antitrypanosomal Screening of Flavonoid Subfractions.
Twenty-one (21) mice were used for this study. They were
grouped A–G, with three mice in each group, and they were
all infected with T. brucei brucei from the infected mice. Groups

A–E were administered a constant dose of 100mgkg-1 bw of
subfractions 1, II, III, IV, and V of the flavonoid fraction, group
Fwas infected and treated with 3.5mgkg-1 bwBerenil (standard
drug), and group Gwas infected but given normal saline only to
serve as a control. Parasitemia was thereafter monitored every
48h for two weeks.

2.7.6. Determination of Percentage Parasite Inhibition. The
percentage inhibition of parasites was calculated for each
dose level by comparing the parasitemia in the infected con-
trol with that in the treated group. According to the modi-
fied method of Peters and Robinson, [33], percentage
parasitemia and inhibition were calculated as

%parasite inhibition =
Parasitemia innegative control group – parasitemia in treated group × 100

Parasitemia in negative control group
:

ð1Þ

2.7.7. Determination of Mean Survival Period (MSP). The
mean survival time for each group was determined arith-
metically by finding the average survival time (days) of
the mice (postinfection) in each group over a period of
35 days (D0–D35).

MSP =
“Sumof survival time of all mice in a group daysð Þ”

“Total number of mice in that group”
:

ð2Þ

2.7.8. Determination of Packed Cell Volume (PCV). The
PCV analysis was conducted as described by Dacie and
Lewis [34]. The blood was collected in heparinized capil-
lary tubes, centrifuged at 11,000 rpm for 5 minutes.

2.8. Analysis of Biochemical Parameters. All biochemical
analyses were conducted using Randox Diagnostic kit (Ran-
dox Laboratories Ltd, Crumlin, UK). Alanine transaminase
(ALT) was analyzed on the principle of catalytic action of
ALT on alanine and α-oxoglutarate to form pyruvate and glu-
tamate [35]. Aspartate transaminase (AST) was measured by
monitoring the concentration of oxaloacetate hydrazone
formed with 2, 4–dinitrophenylhydrazine [36]. Alkaline phos-
phatase (ALP) was analyzed using standard protocol [37].
Serum total protein concentration was estimated based on
the principle that cupric ions in an alkaline medium interact
with protein peptide bonds resulting in the formation of a
coloured complex which absorbed maximally at 546nm [38].

2.9. High-Performance Liquid Chromatography (HPLC). The
flavonoid subfraction 3 was subjected to HPLC analysis
according to the method described in our previous study
[39]. A hundred milligrams (100mg) of flavonoid subfrac-
tion 3 was dissolved in five millilitres (5ml) of an HPLC-
grade methanol. The extract solution was filtered and run
on the HPLC (Agilent Technologies 1200) with the follow-
ing chromatographic conditions: stationary phase (Hypersil
BDS C18), mobile phase (acetonitrile and 0.1% formic acid),
column dimension of 250mm × 4:0mm, injection volume of
10μl, a flow rate of 0.6ml/min, detector wavelength of
280 nm, and at gradient mode of elution.
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2.10. Statistical Analysis. Data were analyzed and expressed
as the mean ± SEM. The significant difference in parameters
among groups was determined by one-way ANOVA and
Duncan multiple range test (p < 0:05).

3. Results

3.1. Phytochemical Composition of A. senegalensis. Results of
the qualitative phytochemical analysis revealed the presence of
alkaloids, total phenols, tannins, total flavonoids, saponins,
and glycoside (Table 1). Quantitatively, A. senegalensis con-
tains 19:48 ± 0:35mg/g of total phenol, 15:05 ± 0:55mg/g of
total flavonoids, 18:28 ± 0:59mg/g of tannins, 1:36 ± 0:50
mg/g of alkaloids, and 89:06 ± 0:55mg/g of saponins
(Table 2). The percentage (%) yields of total flavonoid subfrac-
tion 1 (hexane/chloroform 1 : 9), subfraction 2 (hexane/chlo-
roform 2 : 8), subfraction 3 (chloroform/ethyl acetate 2 : 8),
subfraction 4 (ethyl acetate/methanol 1 : 1), and subfraction 5
(100%methanol) are 16, 4.1, 4.7, 26.7, and 18.3%, respectively.

3.2. Antitrypanosomal Activities of Crude Extract and
Flavonoid Fraction of A. senegalensis

3.2.1. Parasitemia Count. The antitrypanosomal activity of
aqueous extract and total flavonoid extract of A. senegalensis
is shown in Figures 1 and 2. Mice treated with the aqueous
extract (100, 200, 300, and 400mg/kg body weight) of A.
senegalensis show a significant decrease (p < 0:05) in parasite
count (Figure 1) with percentage parasite inhibition of
66.08%, 69.00%, 73.09%, and 71.34%, respectively
(Table 3). Mice in the positive control group (3.5mg/kg
body weight Berenil) had the highest parasite inhibition of
78.94%. Similarly, mice treated with the flavonoid fraction
(50, 100, 150, and 200mg/kg bw) showed significant
decrease (p < 0:05) in parasite count (Figure 2) with percent-
age parasite inhibition of 83.37%, 84.56%, 84.77%, and
86.38%, respectively (Table 4). However, the control mice,
Berenil (3.5mg/kg bw) in this experiment, had the highest
parasite inhibition of 98.79%.

3.2.2. Mean Survival Periods. The infected untreated group
(normal saline) had mean survival periods of 10:50 ± 1:11.
Mice treated with aqueous leave extract of A. senegalensis
at 100, 200, 300, and 400mg/kg had the mean survival
periods of 11:10 ± 1:88, 11:80 ± 1:09, 12:45 ± 2:72, and
15:33 ± 1:66, respectively (Table 3). Similarly, mice treated
with the flavonoid fraction (50, 100, 150, and 200mg/kg
body weight) had mean survival periods of 12:50 ± 0:51,
13:50 ± 2:21, 14:00 ± 1:68, and 15:30 ± 0:33, respectively.
However, mice in the positive control group, diminazene
aceturate (3.5mg/kg bw), had the highest mean survival
periods of 19:65 ± 0:59 (Table 4).

3.2.3. Body Weight Changes. The effect of aqueous extract of
A. senegalensis (100, 200 300, and 400mg/kg body weight)
on body weight changes is shown in Figure 3. All groups
of animals showed a decrease in body weight on the third
day (after infection). Infected mice treated with aqueous
extract 300 and 400mg/kg bw and 3.5mg/kg bw of Berenil
showed an increase in weight after treatment. However,

there was a significant decrease (p < 0:05) in the body weight
of mice in the negative control group (untreated group)
when compared to the treatment groups. Similarly, infected
mice treated with flavonoid fraction (50, 100, 150, and
200mg/kg bw) showed an increase in body weight after
treatment (Figure 4).

3.2.4. Changes in Packed Cell Volume (PCV). There were
decreases in PCV across all experimental groups after para-
site inoculation. The infected nontreated mice show a pro-
gressive and significant decrease in PCV throughout the
experimental period. However, a group of mice treated with
the aqueous extracts of A. senegalensis (100, 200, 300, and
400mg/kg bw) showed an increase in PCV after treatment
(Figure 5). Similarly, mice treated with the total flavonoid
fraction (50, 100, 150, and 200mg/kg body weight) as well
as a standard drug, Berenil (3.5mg/kg bw), demonstrated
increased in PCV after treatment period (Figure 6).

3.3. Antitrypanosomal Activity of Subfractions. There was an
increase in parasite levels in T. brucei-infected mice adminis-
tered normal saline and subfractions (2 and 5). However, the
mice treated with fractions 3, 4, 1, and Berenil (standard drug)
showed a significant decrease (p < 0:05) in parasite level
(Figure 7). Mice treated with subfraction 3 of the flavonoids
showed the most significant decrease in parasite count
(p < 0:05) and completely cleared the parasites from circulation
after twenty-one days of treatment (Figure 7). The effect of fla-
vonoid subfractions (1, 2, 3, 4, and 5) on PCV in mice infected
with T. b. brucei is shown in Figure 8. On day three postinfec-
tion, there was a decrease in PCV in all groups. After treatment,
there was an increase in PCV in mice treated with fractions (3
and 5) while other treatment groups were decreased in PCV
posttreatment (Figure 8). Similarly, only mice treated with frac-
tions 1, 3, 5, and the standard drug showed an increase in the
body weight after treatment (Figure 9).

3.4. Effect of Flavonoid Subfraction 3 on Some Biochemical
Parameters. Analysis of serum biochemical parameters
revealed a significant (p < 0:05) increase in alkaline phos-
phatase (ALP), aspartate transaminase (AST), and alanine
transaminase (ALT) activities and total protein concentrations
when compared with the normal control mice (Figure 10). No
significant differences (p > 0:05) in alkaline phosphatase
(ALP) activity in infected nontreated mice when compared
with the normal control and other experimental groups. Inter-
estingly, treatment with subfraction 3 restored the alterations
in the serum aspartate transaminase (AST), alanine transami-
nase (ALT), and total protein concentrations that were
observed in the infected nontreated mice.

3.5. Characterization of Subfraction 3 of the Flavonoid. The
current study found that subfraction 3 of the flavonoid dem-
onstrated promising antitrypanosomal properties. There-
fore, we next characterized the subfraction 3 using the
HPLC analysis. Our results revealed the presence of 5 poly-
phenolic compounds including gallic acid (RT: 4.39,
0.578ppm), rutin (RT: 22.26, 65.34 ppm), quercetin (RT:
37.27, 0.729ppm), kaempferol (RT: 38.33, 1.52ppm), and
luteolin (RT; 39.173, 32.77ppm) (Table 5; Figure 11).
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Collectively, the study revealed that rutin is the most abundant
flavonoid content that could be attributed to the antitrypano-
somal activities of subfraction 3 flavonoid of A. senegalensis.

4. Discussion

The antitrypanosomal activity of plants and plant products
has been linked with the presence of several biologically

active compounds [40], and there is increased interest in
the identification of therapeutic compound in plants in
order to justify or validate the medicinal claim by the

Table 1: Qualitative phytochemical composition of aqueous leaf
extract of A. senegalensis.

Phytochemicals Inference

Total phenol +

Total flavonoids +

Tannins +

Alkaloids +

Saponins +

Phlobatannin -

Glycoside +

Key: +: present; -: absent.

Table 2: Quantitative phytochemical compositions of aqueous leaf
extract of A. senegalensis.

Phytochemicals Concentration (mg/g)

Total phenol 19:48 ± 0:35b

Total flavonoids 15:05 ± 0:55b

Tannins 18:28 ± 0:59b

Alkaloids 1:36 ± 0:50a

Saponins 89:06 ± 0:55c

Data are expressed asmean ± SEM, and different superscripts in alphabets
indicate significant difference (Duncan multiple range post hoc test, p < 0:05).
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Figure 1: Effects of aqueous leaf extract of A. senegalensis on
parasite count in T. b. brucei-infected mice. Results are expressed
as mean ± SEM of replicate determination.
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Figure 2: Effect of total flavonoid fraction of A. senegalensis
(TFAS) on parasitemia in T.B. brucei-infected mice. Results are
expressed as mean ± SEM of replicate determinations. Key: BW:
body weight; TFAS: total flavonoid fraction of A. senegalensis.

Table 3: Parasite inhibition and survival period of T. b. brucei-
infected mice treated with the aqueous extract of A. senegalensis.

Dose
(mg/kg bw)

Parasitaemia (×106) % inhibition
Mean survival
period (days)

100 58:00 ± 1:42 66.08 11:10 ± 1:88

200 53:00 ± 11:31 69.00 11:80 ± 1:09

300 50:00 ± 7:17 73.09 12:45 ± 2:72

400 49:00 ± 9:07 71.34 15:33 ± 1:66

3.5 Berenil 36:00 ± 3:46 78.94 19:65 ± 1:84

Normal saline 171:06 ± 27:09 — 10:50 ± 1:11

Results are expressed as mean ± SEM.

Table 4: Parasite inhibition and survival period of T. b. brucei-infected
mice treated with the total flavonoid fraction from A. senegalensis.

Dosage
(mg/kg bw)

Parasitaemia (×106) % inhibition
Mean survival
period (days)

50 21:00 ± 2:34 83.37 12:50 ± 0:51

100 20:00 ± 1:56 84.56 13:50 ± 2:21

150 19:00 ± 2:56 84.77 14:00 ± 1:68

200 16:00 ± 2:35 86.38 15:30 ± 0:33

3.5 Berenil 2:00 ± 1:57 98.79 19:65 ± 0:59

Normal saline 166:00 ± 15:67 — 9:50 ± 2:51

Results are expressed as mean ± SEM.
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traditional health care provider. These bioactive compounds
are the major basis for the pharmacological properties of the
plants [41]. Numerous plants containing a wide variety of
phytochemicals as their bioactive components have shown
antiplasmodial, anti-inflammatory, analgesic, and antinoci-
ception potentials [42].

The screening of phytochemical in the aqueous leaf
extract of A. senegalensis (Table 1) revealed the presence of
saponins, alkaloids, flavonoids, total phenols, glycosides,
and tannins which confirms the works of other researchers
on phytochemical constituents of the plants [43].

Quantitative analysis of A. senegalensis showed that it
contains 15:05 ± 0:55mg/g of total flavonoids, 19:48 ± 0:35
mg/g of total phenol, 18:28 ± 0:59mg/g of tannins; 1:36 ±
0:50mg/g of alkaloids, and 89:06 ± 0:55mg/g of saponins
(Table 2). The results of the present study also support the
folkloric use of the studied plant in the treatment of diseases.
The fact that phlobatannins and anthraquinones were absent
in A. senegalensis confirmed the earlier findings that differ-
ent forms and quantities of phytochemicals are found in dif-
ferent types and parts of medicinal plant, with great
variation in solvent extraction system [24].
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Figure 3: Effect of the aqueous extract of A. senegalensis on the body weight of T. b. brucei-infected mice. Results are expressed asmean ± SEM
of replicate determination.
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Figure 4: Effect of the total flavonoid fraction of A. senegalensis on the body weight of T. b. brucei-infected mice. Results are expressed as
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Plant species have been reported to possess trypanocidal
activity. During trypanosome infection and invasion of a
mammalian system, a rapid parasite proliferation occurs in
an infected host [44]. In this study, the administration of
A. senegalensis extract on T. b. brucei-infected mice reduced
the level of parasites in the blood of experimental mice
(Figure 1). Therefore, the aqueous extract of A. senegalensis
has trypanocidal properties based on its ability to reduce
parasitemia and extension of life span of T. b. brucei-infected
mice.

Also, the result obtained from the mice treated with total
flavonoid fraction showed a decrease in parasitemia at the
end of the treatment (Figure 2), indicating its trypanocidal
potency. Flavonoids are important phytochemicals that are

said to be pharmacologically active. The trypanocidal activi-
ties of certain plant extracts have been reported to be due to
the flavonoids and other constituents present. In addition to
the antimicrobial activities exhibited by flavonoids, they also
exhibit antitrypanosomal and antileishmanial activities [45].
In the present study, flavonoid fractions of A. senegalensis
demonstrated antitrypanosomal activities with a significant
reduction in parasite multiplication Figure 10.

Although the aqueous extracts, total flavonoids, and fla-
vonoid subfractions suppressed parasites in experimental
infected mice, it is exciting to have the flavonoid fractions
being clearly more efficacious than the aqueous and total fla-
vonoid fractions. The subfraction 3 of total flavonoids at a
dose of 100mg/kg body weight cleared parasites from the
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circulation within twenty-one days of treatment in contrast
to the aqueous extract (Figure 1) and total flavonoid fraction
(Figure 2) which could not clear the parasite completely.

Anemia is part of the manifestation of African trypano-
somiasis which influences the pathogenesis of the infection.
This finding is supported by the decline in packed cell vol-
ume (PCV) observed in the infected untreated group
Figures 7, 8, and 10. These results confirmed that anemia

is a critical feature in the pathogenesis of African trypanoso-
miasis [46]. However, the increase in packed cell volume
observed in the infected treated and mice compared to
infected untreated groups suggests that the extract reduced
the anemic effect of T. b. brucei in mice.

Changes in biochemical enzymes are a good marker of
tissue damage. Elevated enzyme levels occur as a results of
trypanosomes lysis due to defense mechanisms of the host
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[47]. Thus, the enzymes analyzed in this study are important
biomarker enzymes of hepatic cytolysis, oxidative stress, and
damage to the plasma membrane [48].

The increase in serum AST activities of the infected non-
treated mice when compared with the mice treated with fla-

vonoid subfraction 3 and Berenil(Figure 10) validates an
earlier report that trypanosome infection could gradually alter
enzyme levels with the extract treatment ameliorating the
effect [49]. In the same trend, the serum ALT activity in the
infected nontreated mice when compared with the infected
mice treated with flavonoid subfraction 3 (Figure 10) suggests
that there may be enzyme leakages from tissues as a result of
damage to the cell membrane [50]. The fact that there are no
significant differences in ALP concentration in untreated mice
when compared with those treated with the subfraction 3
implies that there was no loss of membrane component into
the ECF or enzyme inactivation or depletion of important
molecules needed for enzyme optimum activity [51].

The observed increase in the total protein content only
in mice treated with the fraction 3 (Figure 10) suggests the
hepatic synthetic capability due to the flavonoid administra-
tion to the experimental animals. The flavonoid fraction
must have altered the hepatic functionality by compromis-
ing the balance in the synthesis, destruction, and clearance
of the total protein from the animal’s system. Previous find-
ings have previously reported a corroborated finding [52,
53]. The total protein increase could lead to system dehydra-
tion, and this is detrimental to homeostasis of the cell. This
will induce a negative effect on hepatic metabolic activities
and thus the health status of the animals [52, 53].
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Table 5: Polyphenolic compounds identified from the subfraction
3 flavonoid of A. senegalensis.

Polyphenol RT ppm Area (mAU∗s) Amount area

Gallic acid 4.398 5.78038e-1. 53.0048 1.09054e-2

Rutin 22.261 65.34865 829.70630 7.87612e-2

Quercetin 37.278 7.29051e-1 12.31526 5.91990e-2

Kaempferol 38.33 1.52028 23.65234 6.42762e-2

Luteolin 39.173 32.77736 197.31702 1.66115e-1
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The current study found that subfraction 3 of the flavo-
noid demonstrated promising antitrypanosomal properties.
Therefore, we next characterized the fraction using the
HPLC analysis. Our results revealed the presence of 5 poly-
phenolic compounds including gallic acid (RT: 4.39,
0.578 ppm), rutin (RT: 22.26, 65.34 ppm), quercetin (RT:
37.27, 0.729 ppm), kaempferol (RT: 38.33, 1.52 ppm), and
luteolin (RT; 39.173, 32.77 ppm) (Table 5 and Figure 11).
Collectively, the study revealed that rutin is the most abun-
dant flavonoid content that could be attributed to the anti-
trypanosomal activities of subfraction 3 flavonoid of A.
senegalensis. Previous studies have implicated these com-
pounds as the bioactive principles responsible for the bioac-
tivity of several medicinal plants [39]. Taken together,
flavonoid subfraction 3 of A. senegalensis, therefore, repre-
sents a reserve of bioactive metabolite for the management
of trypanosomiasis. However, the limitation of this study lies
on the isolation and identification of the specific flavonoid
compound that is responsible for the significant therapeutic
effects of the flavonoid subfraction 3. However, a study is
ongoing in our laboratory in this regard.

5. Conclusion

In this study, it has been revealed that aqueous extract, total
flavonoids, and flavonoid subfractions obtained from A.
senegalensis leaves had significant effects against Trypano-
soma brucei brucei in vivo by reducing parasite count in
the infected mice. However, flavonoid subfraction 3 at a dose
of 100mg/kg bw was more effective against trypanosome
than aqueous and total flavonoids. Both aqueous extract
and total flavonoids ameliorate the effect of trypanosomiasis
on PCV in experimental mice. Rutin was the most abundant
bioactive compound that could be attributed to the bioactiv-
ity of the fraction. Taken together, flavonoid subfraction 3 of
A. senegalensis can be a source of a lead molecule for the
development of a new drug for the treatment of trypanoso-
miasis and its associated complications.
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