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Abstract

The resurgence of Human African Trypanosomosis and Animal African Trypanosomosis in the latter part of the
20™ century after it had been brought largely under control in the 1960 has been alarming. Methanolic extract of
stem bark of Ximennia americana were partitioned to obtain their major phytochemical fractions, these were
evaluated for their in vitro and in vivo antitrypanosomal activities against Trypanosoma congolense. The
Flavonoid fraction significantly (P<0.05) inhibited the motility of the blood stream forms with 10mg/ml.
However, when the infected mice were treated at 5, 10 and 25mg/ml of the flavonoid fractions, there was a
suppression of the growth of the parasites in a dose dependent manner with the 25mg/ml producing the
maximum effect. The results further confirm the ethnopharmacological usage of Ximenia americana against
Trypanosomosis.
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1. Introduction

Trypanosomosis is a group of diseases affecting both man and animals. The disease is most important in cattle
due to their grazing activity, but can cause serious losses in pigs, camels, goats and sheep. It has been estimated
that 46 million cattle are exposed to the risk of contracting the disease and that the disease cost an estimated
1340 million USD per year (Croft, 1996), and that 3 million cattle die as a result, each year (Kristjanson ef al.,
1999; WHO, 2000). The currently available treatments are far from ideal, as the registered trypanocides are toxic,
expensive administration procedures and old while the parasites have develop resistance (Gutteridge, 1985;
Ndung’u et al., 1999; McDermott et al., 2000; Anene et al., 2001; Maikai et al., 2007). Any synthetic chemical /
medicinal plant /natural product, that is able to delay, suppress the growth, completely prevent the growth or kill
the parasites or have potentials to ameliorate anemia, a hall mark sign of trypanosomosis in mammals will
equally delay or prevent the clinicopathological manifestation of the disease could be said to be an effective
chemotherapeutic agent. One approach of protozoan chemotherapy relies in the testing of natural products for
antitrypanosomal activity. Nature with its numerous plants is a potential source of new drugs since it contains
countless quantity of molecules with a great variety of structures and pharmacological activities (Hoet e? al.,
2004). Plant products such as quinine, an alkaloid from Cinchona spp (Rubiaceace) and artemisinin, a
sesquiterpene lactone from Artemisia annua (Asteraceae) are used to treat malaria. Flavonoids are a large group
of polyphenolic compounds possessing a basic flavan nucleus with two aromatic rings (the A and the B rings)
interconnected by a three carbon atom heterocyclic ring (the C ring). The most wide spread flavonoids contain a
double bond between C-2 and C-3 (A*?) and a keto function at C-4 which is attached to ring B at C-2 (flavone)
or at C-3 (isoflavone). Flavonoids have been known for a longtime to exert diverse biological effects including
antibacterials, antioxidants, antitumor, antiviral, anti-inflammatory, antiallergic, vasodilatory actions both in
animals and humans (Wang, 2000; Harborne and Williams, 2000).These antiprotozoal plant-derived compounds
have been used as leads to develop semi synthetic drugs with better efficacy, safety, or pharmacokinetic profiles.
Plant extracts could provide novel possibilities against trypanosomes (Freigburghaus et. al., 1996; Adewunmi et.
al., 2001; Nok, 2002; Pizzolatti et. al., 2002; Atawodi et. al., 2003; Hoet et. al., 2004; Maikai ef al., 2008a). The
antitrypanosomal effect of stem bark extracts have earlier been reported (Maikai, 2010).

Herein the effect of a partially purified flavonoid extracted from stem bark of Ximenia americana is reported.
2. Materials and methods
2.1 Collection of plant material

Fresh stem bark of Ximenia americana was collected from Afaka village, 35km to Kaduna and taken to
Department of Biological Sciences, Ahmadu Bello University Zaria confirmed the identity of the plant with
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voucher No.1612. The stem bark was dried at room temperature before crushing into powder then stored in air
tight container and kept at 4°c until needed.

2.2 Plant extraction

The extraction and fractionation of flavonoids from stem bark of Ximenia americana was carried out as
described by Won et. al., (1980). Briefly, air-dried stem bark powdered material (500g) was successively
extracted at room temperature using soxhlet extraction with petroleum ether 60-80°c to exhaustion. The
petroleum ether portin was concentrated at room temperature to give a semi-oily mass of (5.20g) which was
coded “PXa”. The defatted marc was exhaustively extracted at room temperature with methanol (4X300ml) the
combine methanolic extract was then successively partitioned with ether: water 1:1 (3X250ml). The water
portion was again partitioned with n butanol (4X350ml). The butanolic portion was collected and partitioned
with 1% potassium hydroxide (3X350ml), the butanolic portion was collected and concentrated at room
temperature to give the saponin fraction coded “SpXa”. The potassium hydroxide portion was again partitioned
with 2% HCI : butanol 1:1 (3X300ml). The butanol portion was collected in a porcelain dish and concentrated at
room temperature to give the flavonoid fraction coded “FpXa”.

2.3 Animals

Swiss albino mice (20-32g) aged 8- 12 weeks, bred in the College of Agriculture and Animal Science, Ahmadu
Bello University, Mando Road Kaduna were used for the study. They were kept in clean plastic cages in a 12h
light /dark cycle with litter changed every week. They were fed with mice cubes specially prepared by ECWA
feed Jos Plateau State Nigeria. They were watered ad [lib. A standard protocol was observed in accordance with
the Good Laboratory Practice (GLP) Regulations of the WHO (1998). The animal Laboratory care of (CCAC,
1993) was strictly followed.

2.4 Phytochemical screening

The stem bark extract was screened as described by Sofowora (1993), Trease and Evans ( 1989), and Harborne
(1973).

2.5 Parasites

Stabilates of 7. congolense (Nasarawa strain), were obtained from Nigeria Institute for Trypanosomiasis
Research Vom, Plateau State Nigeria and passage into mice. The parasites were maintained in the mice by serial
passage in mice.

2.6 In vitro trypanocidal activity of Flavonoid and Saponninc extracts of stem bark of Ximenia americana

Stock solutions of each extract were prepared in 0.5% Dimethylsulfoxide (DMSO). Other concentrations were
made by dilution to 10 and 5mg/ml respectively. Diminal® (standard drug) was similarly prepared at 200pg/ml
stock concentration and diluted to 100 and 50pg/ml. 200ul of the infected blood was placed in several 96 wells
microtiter plates and incubated with 100ul of 20, 10 and 5mg/ml of each extract respectively and 200, 100 and
50pg/ml of standard drug at 27°c in triplicate. As control, 200ul of infected blood was incubated with 100ul of
0.5% Dimethylsulfoxide. Microscopic observations of the parasites were performed every 5 minutes to check for
death, motility or any morphological alterations of the parasites using X400 objective. Cessation or drop in
motility of the parasites in extract-treated blood compared to that of parasite-loaded control blood without extract
was taken as a measure of antitrypanosomal activity (Atawodi et al., 2003).

2.7 In vivo experiment

Following the in vitro studies, the flavonoid portion which showed high antitrypanosomal activity in vitro was
used for in vivo evaluation. A total of thirty five mice were randomly grouped into five groups (A, B, C, D, E, F
and G) of five mice each. Group A, B, C, D, E and F were infected with 10 7. congolense each. When parasites
were detected, group B, C, D, E and F were intraperitonneally administered, 5, 10, 15 and 25mg/kg body weight
flavonoid extract of Ximenia americana stem bark for 6 days and 3.5mg / kg body weight

Diminal® (single dose) respectively. Group A, infected and untreated was the control, while group G was not
infected but treated with 25mg/kg body weight with the flavonoid extract for six days intraperitoneally (to check
for toxicity) of the flavonoid. Parasitemia was monitored on daily basis by obtaining blood from the
pre-sterilized tail and determining the number of parasites microscopically at X400 magnification using method
of (Herbert and Lumsden, 1976).

2.8 Statistics

The mean and standard deviation and the level of significance for the differences between means were computed
by student’s t test.
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3. Results

The in vitro result of the flavonoid extract of stem bark of Ximenia americana on the blood stream forms of
Trypanosoma congolense significantly (P<0.05) immobilized the parasites or killing them at 10mg/ml (Table 1),
when the mixtures were viewed under the microscope, compared, to the control which showed the blood streams
forms of 7. comgolense active and motile after 2 hours of incubation with Dimethylsulfoxide (DMSO). To
further confirm the in vitro effect of the extract, the mixtures were inoculated into apparently healthy mice
showed them to be aparasitemic after 21 days monitoring period while the control (Dimethylsulfoxide (DSMO)
and parasites incubated) and inoculated into healthy mice showed the mice to be parasitemic after 10 days of
monitoring. Phytochemical screening was positive only for saponnins and flavonoids as shown (Table 2). The in
vivo study was to obtain additional evidence of antitrypanosomal activity of the extract. /n vivo results showed
that 25mg/ml dose significantly (P<0.05) appeared to be more effective in suppressing the multiplication or
growth of the parasites when compared to the untreated group. In contrast, intraperitoneal injection of 3.5mg/kg
Diminal R completely cleared the parasites from circulation on day two post treatment. When compared to the
untreated group, there was increase in parasitemia (Fig. 1), the flavonoid had some activity on the parasites,
though the activity appeared to be dose dependent (Fig. 1) There was no changes in behavior, morbility and
mortality observed among the group not infected but intraperitoneally administered 25mg/kg flavonoid .

4. Discussion

In our preliminary screening using stem bark extract of Ximenia americana for antitrypanosomal activity against
blood stream forms, the results showed that methanol extract had activity (Maikai et al., 2008a). In vitro system
of screening plant extracts for activity against parasites is the fastest and reliable method of screening different
types of plants; it also eliminates or reduces the use of experimental animals. Motility of parasites constitute a
relatively reliable indicator of viability of most zooflagellate parasites (Peter et. al, 1976; Kaminsky, et al., 1996).
Atawodi et al., (2003) reported that complete elimination of parasites or reduction in motility of parasites when
compared to the control could be taken as indices of trypanocidal effect. Respiration of trypanosome parasite is
obligatory for rhythmic flagella movement as well as for managing the energy reserve required for the synthesis
of the variable surface glycoproteins. The inhibition of cellular and mitochondrial respiration by any
chemotherapeutic agent will obviously compromise all the energy — dependent processes (Nok, 2002). This was
confirmed by the microscopy of the cells, which showed an immediate cessation of flagella movement after
incubation with the methanolic and flavonoid portion of the extract. The result indicated that the extracts
eliminated the parasite in vitro which is similar with that reported (Freigburghaus et. al., 1996; Adewumi ef al.,
2001; Nok, 2002; Atawodi et al, 2003; Hoet, et. al., 2004; Maikai et al., 2008a) which showed that some
medicinal plants had promising activity against trypanosomes. Though the concentration of the extracts were
high (20mg/ml) when compared to the concentration of the trypanocide (Diminal®) which was 200ug/ml.
Phytochemicals, in contrast to synthetic pharmaceuticals based upon single chemicals, may exert their effects
through the additive or synergistic action of several chemical compounds acting at a single or multiple target
sites associated with a physiological process (Kaufmann et al., 1999; Tyler, 1999).This suggests that the extracts
were still crude and made of complex composition of chemicals compared to the standard drug which is a pure
compound. Further purification of the extracts could lead to isolation of purer compounds with increased activity.
The result is similar to (Raz, 1998; Camacho et al., 2000b; Tarus et al., 2002) who reported that flavonoids from
flavone, flavonol, flavonone, isoflavone and chalcone subclasses had antitrypanosomal activity. Similarly,
Tasdemir et al (2006) also reported that flavonoids were potent in vifro agents, but when administered in vivo
significantly reduced the level of parasitemia, and did not completely clear the parasites. The flavonoid had no
toxic effect on the animals, we had earlier reported (Maikai ef al., 2008b) the toxicity effect of stem bark extract
of Ximenia americana.The study completely agrees with the report of Tasdemir et al., (2006). Possible
chemotherapeutic targets of the flavonoid could be the replicating forms of trypanosomes which are totally
dependent on glycolysis for energy production (Opperdoes, 1987). The mitochondrial respiration of the long
slender forms in the mammalian host is limited to oxidizing L-G3P mediated electron transport system
composed of Glyceraldehyde 3 phosphate dehydrogenase (G3PDH) and cyanide insensitive and Salicyl
hydroxamine acid (SHAM) — sensitive trypanosome alternative oxidase ubiquinol oxygen oxidoreductase
(Hannae and Mitchel 1994). The inability of the flavonoid to completely clear the parasites in vivo coulb be that
it failed to reach its target organ in sufficient concentration and duration to effect a cure or it could have a short
half life making it unable to stay long enough to exert any effect on the parasites. Flavonoids are said to be
absorbed into the plasma, however, the level of absorption, bioavailability and biological activity is highly
dependent on the nature of the flavonoid. Bioavailability studies have shown that the circulating form of most
flavonoids is as a conjugate (formed by deglycosylation, glucunodation, sulfation and methylation reactions
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mediated by a range of enzymes in the small intestine, liver and colon) which is then excreted into bile and urine
(Williamson et al., 2005). The mode of flavonoid action against 7rypanosome congolense is unclear in this study,
however, it has been suggested that flavonoids did inhibit the influx of L- glutamine and myoinositol into
infected erythrocytes (Kayser et al., 2003). Cowan (1999) suggested the mode of action to their ability to
complex with extracellular and soluble proteins or disrupt membranes of the parasites, while Sepulveda — Boza
and Cassels, (1996) suggested that many natural products exhibited their trypanocidal activity by virtue of their
interference with the redox balance of the parasites acting either on the respiratory chain or on the cellular
defenses against oxidative stress. Nok (2002) reported that azaanthraquinone was potentially active against 7.
congolense respiration. He suggested that the target of azaanthraquinone mediated killing of the parasite was
associated to the CoQ redox site.

In conclusion, this work demonstrates that Ximenia americana did possesses some potentials for a chemical lead
for a new trypanocidal drug. The flavonoid fraction showed a very promising in vitro activity against
Trypanosoma congolense, it was able to suppress the growth of the parasite in vivo. The type of flavonoid
responsible for the activity is however not known for now; more studies need to be carried out to identify the
type of flavonoid. Probably if the flavonoid fraction is coupled with another agent in a cocktail its activity in vivo
could be enhanced. Currently, studies is been carried out to determine the structure and type of flavonoid.
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Table 1. Phytochemical screening of Ximenia americana

Extract Alkaloids | Anthraquinones | Cardiac Flavonoids | Pylobatannins | Saponnins | Tannins | Terpenoids
glycosides

Flavonoid - - - +++ - - -

portion

Saponnin - - - - - ++ -

portion

+++ - highly present, ++ - moderately present, + - faintly present, - absent

Table 2. In vitro effect of crude aqueous and methanolic stem bark extracts of Ximenia americana on T.

congolense
Plant name | Family Plant Extract Time taken to inhibitory Activity on
name parts used eliminate/immobilize concentration T.
screened the parasites (IC) (mg/ml) congolense
Ximenia Olacaceae | Stem bark | Flavonoid 30min. 5 +
americana
Saponnin 65min. 5 +
Diminal® - 20min. 200pug/ml +
Parasites
Control - - very active
0.5% even after 2
DMSO hours

+ active against 7. congolense

- not active against 7. congolense

IC- concentration at which no trypanosome motility was observed when compared to the controls
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log parasites / ml of blood

8 10 12 14

days post infection

* Group | infected, treated
with 3.5mg/kg bwt
diminazene aceturate

— Group Il infected, treated
with 5mg/kg bwt flavonoid
portion of Ximenia
americana

—&— Group Il infected, treated
with 10mg/kg bwt
flavonoid portion of
Ximenia americana

i Group IV infected,
untreated

—®— Group V infected, treated
with 25mg/kg bwt
flavonoid portion of
Ximenia americana

Figure 1. Effect of treatment with different doses of flavonoid extract of Ximenia americana on population of T.

congolense in mice
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