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Abstract

Background: Malaria is undoubtedly one of the world’s deadliest infectious diseases. It is a widespread disease that
continues to be associated with considerable morbidity and mortality with a significant social and economic impact
in developing countries. This study was aimed at evaluating the therapeutic effect of the ethyl acetate extract of
Cassia occidentalis in Plasmodium berghei infected mice. Methods: Qualitative phytochemical screening was carried
out, using standard methods. Acute oral toxicity (LDso), as well as both suppressive and curative antiplasmodial test,
was carried out. Results: Flavonoids, saponins, steroids, tannins and phenolic compounds were found to be present
in the extract. The median lethal dose (LDso) was calculated to be = 5000mg kg-1 body weight. Percentage
suppression of parasitaemia was calculated to be 37.84, 42.84, 77.88, 83.06 and 0.00 %, with mean survival period
(in days) of 6.00+0.58, 12.33+1.45, 26.33+2.03, 29.00+1.00 and 4.33+0.88 for groups treated with 100, 200, 400
mg kg-1 bodyweight of the extract, 5 mg kg-1 body weight of chloroquine and negative control group respectively.
The percentage inhibition of parasitaemia in the curative test was calculated to be 42.38, 47.67, 79.17, 81.99 and
0.00 %, with mean survival period (in days) calculated to be 7.67+1.45, 15.00+ 1.73, 25.33+1.86, 29.00+1.00 and
5.00% 1.53 for groups treated with 100, 200, 400 mg kg-1 bodyweight of the extract, 5 mg kg-1 body weight of
chloroquine and the negative control group respectively. It was observed that there was a significant (p<0.05)
increase in percentage packed cell volume (PCV) in the treated groups compared to the untreated group.
Conclusion: The result of this study showed that ethyl acetate extract of Cassia occidentalis leaf possess appreciable
antiplasmodial effect and justifies its traditional use as an herbal remedy against malaria and may, therefore; offer
a potential drug lead for the development of a safe, effective and affordable antimalarial.
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1.0 Introduction combination of the Antifolate drugs, Sulfadoxine,

Pyrimethamine, soon became choice antimalarial

In 2020, there were an estimated 241 million cases of
malaria worldwide, with an estimated number of
malaria deaths at 627,000 [1]. More than 2 billion
people are at risk of malaria [2] which is endemic in
91 countries predominantly in Africa, Asia, and Latin
America. Four African countries accounted for just
over half of all malaria deaths worldwide: Nigeria
(31.9 %), the Democratic Republic of the Congo (13.2
%), the United Republic of Tanzania (4.1 %) and
Mozambique (3.8 %).

In the late 1940s, chloroquine was massively used
and accepted Worldwide but resistance has spread to
the vast majority of the malaria-endemic regions like
Africa, South East Asia and East Asia [3]. A

widely used because it was inexpensive. This drug
also faced unacceptable levels of therapeutic failure in
many countries in South America, Asia and more
recently Africa [4]. Resistance to mefloquine has
become an issue in Cambodia, Myanmar, and some
border areas of Thailand. Whereas in some areas like
Brazil and South East Asia where quinine and
tetracycline are used in combination for treating
uncomplicated malaria, sensitivity to quinine is
seriously diminishing [5]. Hence, the problem of
resistance of plasmodium to antimalarials in malaria-
endemic regions of the world has left this region with
an unprecedented situation in which the few and
affordable treatment options are rapidly losing
therapeutic efficacy [6].
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In recent years, antimalarial drug resistance has
emerged as a threat to global malaria control efforts.
Regular monitoring of drug efficacy is needed to
inform treatment policies in malaria-endemic
countries and to ensure early detection of, and for
response to, drug resistance. Discovering new
antimalarial compound is more than ever a priority
due to the alarming rate of resistance to available
drugs and the limited number of effective
antimalarials [7]. Plants are usually considered to be
possible candidates as an alternative and rich source
of new drugs. The majority of the populations in many
tropical countries depend on traditional medical
remedies using herbs [8].

Different parts of Cassia occidentalis have been
reported to possess medicinal properties; C.
occidentalis plant leaf has been extensively used in
indigenous and folk-lore medicine systems. In the
Indian system of medicine, the plant has been
documented as thermogenic, expectorant, diuretic,
and used in the treatment of leprosy, ulcers, cough,
bronchitis, constipation, menstrual problems,
tuberculosis, and anaemia [9] reports for it
immunosuppressive [10] antibacterial [11] and
antiplasmodial [12]. Considering the therapeutic
values of C. occidentalis, the present work was
undertaken to evaluate the acute toxicity and the
antiplasmodial property of Ethyl-acetate extract of
Cassia occidentalis.

2.0 Materials and Methods
2.1 Collection of Plant Samples

Fresh leaves of Cassia occidentalis were collected from
Bosso, Minna, Niger State, Nigeria. The plant was
identified by a Botanist in the Department of Plant
Biology, Federal University of Technology, Minna,
Niger State Nigeria.

2.2 Experimental Animals

This study was conducted in compliance with the
Canadian Council on Animal care (CCAC, 1997) [13]
to ensure the humane treatment of all experimental
animals. Swiss albino mice of either sex weighing
between 20 - 30 g obtained from the Nigerian
Institute of Veterinary Research (NIVR) Jos, Plateau
State, Nigeria were used for this study. They were fed
with standard animal feed and water and maintained
under standard conditions. The animals were allowed
to acclimatize for two (2) weeks before being used for
the experiment.

2.3 Parasite

The Plasmodium berghei used in this experiment was
bought from National Institute for Pharmaceutical
Research and Development, Idu industrial Layout,
Abuja, Nigeria.

2.4 Extraction of Cassia occidentalis
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The leaves of Cassia occidentalis were cleaned, dried
and blended into a coarse powder. Ninety grams of
the powdered sample was soaked in 600 mL of Ethyl-
acetate and refluxed for 2 hours in a distillation flask
mounted on a heating mantle according to the method
described by Ugwu et al. [14] and Kabiru et al. [15].
The extract was filtered hot using a cheesecloth and
the filtrate evaporated using a rotary evaporator and
concentrated using a water bath. The crude extract
was weighed and stored.

2.5 Phytochemical Screening

Phytochemical Screening for the extract was carried
out according to the methods described by Tlukdar et
al. [16]. The extract (2 mL) was measured in a test
tube to which picric acid solution was added. An
orange colouration indicated the presence of
alkaloids. The solution of the extract (4 mL) was
treated with 1.5 mL of 50 % methanol solution. The
solution was warmed and metal magnesium was
added to it, 5 drops of concentrated hydrochloric acid
was added and red colour was observed for the
presence of flavonoids. Five drops of concentrated
H2S04 were added to 2 ml of the extract. A reddish-
brown colour indicated the presence of steroids. To a
portion of the extract diluted with water, 3 drops of
10 % ferric chloride solution was added. A blue colour
was observed for gallic tannins and the green colour
was observed for catecholictannins. The extract (1
mL) was added to 1 mL of 10 % FeCI2 and mixed
together. The presence of blue precipitate confirmed
the presence of phenols. Saponins were detected
using the froth test, 1 g of the sample was weighed
into a conical flask in which 10 mL of sterile distilled
water was added and boiled for 5 minutes. The
mixture was filtered and 2.5 ml of the filtrate was
added to 10 mL of sterile distilled water in a test tube.
The test tube was shaken vigorously for about 30
seconds. It was then allowed to stand for half an hour.
Honeycomb froth indicated the presence of saponins.

2.6 Determination of Acute Toxicity/LDso

The method used to determine acute toxicity was that
described by Lorke [17]. The study was conducted in
two phases. In the first phase, three groups of 3 mice
each were administered with the extract at respective
oral doses of 10, 100, 1000 mg per kg body weight.
The mice were observed for signs of toxicity and
possible deaths for 72 hours. In the second phase,
another three groups of three mice each were
administered respective doses of 1600, 2900 and
5000 mg per bodyweight of the one for toxicity signs
and deaths.

2.7 Antiplasmodial Studies
2.7.1 Suppressive Test
The Peter’s 4 days-suppressive test was adopted

against chloroquine-sensitive Plasmodium berghei NK
- 65 infections in mice [18]. Swiss albino mice were
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inoculated by intraperitoneal injection with standard
inoculums of Plasmodium berghei with 1 X 107
parasitized erythrocytes. The mice were then
randomly divided into 5 groups made up of 3 mice per
group and treated for 4 consecutive days using 100,
200 and 400 mg extract per kg body weight. The
extract was administered to three test groups
respectively once daily for four days (Day O, 1, 2 and
3). Two control groups were used; the positive control
group was treated daily with 5 mg chloroquine per kg
body weight, while the negative control group was
given an equivalent volume of sterile distilled water.
On day 5 of the experiment, blood was collected from
the tail vein of each mouse and smeared on a
microscope slide in order to make a thin film [19]. The
blood films were fixed using methanol and were
stained with 10 % Giemsa at pH 7.2 for 10 minutes
and parasitaemia examination was done using the
electron microscope (x 100 magnification). The
percentage parasitaemia was calculated for each dose
level by comparing parasitaemia in the infected
control (untreated) group with those treated; the
result was presented as a percentage. Percentage
suppression of the parasite was calculated by the
following formula; Suppression (%)

mean parasitemia in negative control-mean parasitemia in treated

X 100

mean parastiaemia in negative control
2.7.2 Curative Test

The curative potential of C. occidentalis was done
employing the method described by Ryley and Peter,
[20]. The mice were injected intraperitoneally with
standard inoculums of 10”7 P. berghei NK- 65 infected
erythrocytes on the first day (day 0). After 72 hours
and following confirmation of parasitaemia, the mice
were divided into 5 groups of 3mice per group. These
groups were treated with the prepared leaf extract of
Cassia occidentalis (100 200, 400 mg /kg body
weight/day), chloroquine (5mg/kg/body weight/day)
was given to the positive control and an equal volume
of distilled water was given to negative control group.
The treatment lasted for 5 days at a single dose per
day after which blood smears were collected and
examined microscopically to monitor the parasitaemia
level on these days in order to determine percentage
growth inhibition of the parasite. Percentage growth
inhibition of the parasite was also calculated by this
formula; Curative (%) =

mean parasitemia in negative control—mean parasitemia in treated

X 100

mean parastiaemia in negative control

2.8 Estimation of Percentage Packed Cell
Volume (% PCV)

This was carried out to monitor the level of Red blood
cells in the course of the Experiment. The method
employed was the method described by Dacie and
Lewis [21]. The blood sample was collected from the
tail of each mouse with a capillary tube by capillary
action and sealed with a sealing agent (plasticine).
The capillary tubes were then centrifuged, using a
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micro hematocrit centrifuge at 11,000 rpm (revolution
per minute), for 5 minutes. The % PCV was then read
using the micro hematocrit reader.

2.9 Survival Time Determination

Survival time was determined after the antiplasmodial
test, for the period of 30 days and the days of survival
for each group before death were recorded.

2.10 Data Analysis

Analysis was conducted in replicates and values were
expressed as Mean £ SEM. One-way ANOVA was used
to analyze and the results were compared at a 95 %
confidence level. Values of p<0.05 were considered
significant.

3.0 Results
3.1 Phytochemical constituents of the plant
extract

The result of the phytochemical screening on Ethyl-
acetate extract of Cassia occidentalis Leaf is
represented in table 1. Results revealed the presence
of alkaloids, flavonoids, saponins, steroids, tannins
and phenolic compounds. Resins were found to be
absent.

Table 1: Phytochemical Constituents of Ethyl-acetate
Extract of Cassia occidentalis leaf

Phytochemicals Results

Alkaloids

Flavonoids

Saponins

Steroids

Tannins

Phenols

Resins
Keys: + = Present, - = Absent

e e

3.2 Median Lethal dose (LDso)

Table 2 below shows the result of acute toxicity test
(LDso) of ethyl-acetate leaf extract of Cassia
occidentalis in mice. No mortality was recorded in any
of the test groups in the two Phases.

Table 2: Median lethal dose (LDso) of ethyl-acetate
extract of Cassia occidentalis leaf in mice

Phase I
10 0/3
100 0/3
1000 0/3

Phase I1
1600 0/3
2900 0/3
5000 0/3

mgkgb.wt: mg per kilogram body weight
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3.3 Antiplasmodial Activity

3.3.1 Suppressive Antiplasmodial Activity of
the Extract

Parasites were significantly suppressed in the groups
treated with 100, 200 and 400 mg/kg body weight in
a dose-dependent pattern. Though the highest
suppressive activity was observed for the standard
drug (chloroquine) (83.06 %) there was no significant
difference (p>0.05) between its activity and that of
400 mg/kg body weight of the extract (Figure 1).

3.3.2 Curative antiplasmodial activity of the
extract

The curative activity was also dose dependent for the
extract as show in Figure 2. The standard drug
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(Chloroquine) treated group however, showed the
highest percentage decrease in the level of
parasitaemia (81.99 %) of treated mice

3.4 Percentage Packed Cell Volume (%
PCV)

The % PCV of Plasmodium berghei infected mice used
in the Curative study before induction, after induction
and after treatment with the extract are presented in
figure 3. Results revealed a significant reduction in %
PCV after Plasmodium berghei induction and
increased significantly after treatment in the extract
and chloroquine treated groups in a dose dependent
pattern.
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Figure 1: Suppressive antiplamodial effect of ethyl-acetate extract of Cassia occidentalis leaf in Plasmodium
berghei-infected mice. CQ: 5 mg/kg Chloroquine, DW: Distilled Water. Each line point represents Mean + SEM of
triplicate determinations
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Figure 2: Curative Suppressive antiplamodial effect of ethyl-acetate extract of Cassia occidentalis leaf in
Plasmodium berghei-infected mice. CQ: 5 mg/kg Chloroquine, DW: Distilled Water. Each line point represents Mean
+ SEM of triplicate determinations
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Figure 3: Effect of ethyl-acetate extract of Cassia occidentalis leaf on percentage packed cell volume (% pcv) of Plasmodium
berghei-infected mice. Pre: Before induction of Plasmodium bergbei, Before: After induction of Plasmodium bergbei and before
treatment, after: After treatment, CQ: 5mg/kg Chloroquine, DW: Distilled water.

3.5 Mean Survival Time

The mean survival time of mice for both suppressive
and Curative studies are shown in Table 3. Treatment
with Ethyl-acetate extract of Cassia occidentalis |leaf
significantly (p<0.05) caused a dose-dependent
increase in the survival days of the animals in both
the suppressive and curative treatment regimen.

Table 3: Mean survival time of mice for suppressive
and curative antiplasmodial tests

Extract Dose Suppressive Curative
(mg kg 'b.wt) (Days) (Days)
100 6.00+0.58° 7.67+1.45°2

200 12.33+1.45° 15.00+1.73P

400 26.33+£2.03¢ 25.33+1.86°

5 29.00+1.00° 29.00+1.00°

(Chloroquine)

Distilled water 4.33+0.88° 5.00+1.53°

Data are presented as Mean+SEM of three replicates
and values with different superscript along each
column are significantly different. mgkg*b.wt: mg per
kilogram body weight

4.0 Discussion

The Ethyl-acetate extract of Cassia occidentalis leaf
from this study contains various phytochemicals,
some of which have been implicated in antimalarial
studies. Therefore, the observed antimalarial activity

in the extract-treated group may be attributed to its
high alkaloid and flavonoid contents. Previous works
have also shown the antimalarial activity of alkaloids
and flavonoids in plants [22, 23]. The antimalarial
activity observed in this study could be due to the
single or combined effect of these compounds
although no active principle has been identified.
Flavonoids are well known for their diverse
physiological properties, which include anti-
inflammatory, anti-carcinogenic and anti-parasitic
properties [24].

With reference to the LDso values based on acute oral
toxicity recommended by the Globally Harmonized
System of classification and labelling of chemical [25],
LDso>5000 mg/kg was not classified, had no specified
label and was said not to be harmful when swallowed.
Hence, the LDso = 5000mg/kg Ethyl-acetate extract of
Cassia occidentalis is an indication that the extract
may be safe for human consumption, therefore,
confirming the folkloric claim that Cassia occidentalis
leaf is not harmful in humans. Also, the high safety
profile may have been responsible for its widespread
use in different ethno-therapeutic interventions.

The significant chemosuppression observed in the
extract-treated with 400 mg/kg on day 5 is in
agreement with the traditional use of the plant as a
herbal medication against malaria in many parts of
Nigeria. Although there was no significant difference
(P>0.05) in chemosuppression between the groups
that received 200 mg/kg and 400 mg/kg body weight,
a dose of 400 mg/kg might as well be enough to bring
about the desired effect. The observed higher efficacy
of the standard drug than extract-treated groups may
be due to non-selectivity of the extract or slow
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absorption and poor bioavailability of the extract [26,
27].

The Ethyl-acetate extract of Cassia occidentalis leaf
also showed significant antiplasmodial activity on
established infection. Although, the group treated
with 5 mg/kg body weight of chloroquine (standard
drug) had the highest percentage cure, however,
there was no significant difference (P>0.05) in cure
between it and the group treated with 400 mg/kg of
the extract. Present findings are consistent with
earlier reports by Odeku et al. (2008) [28] and Idowu
et al. (2010) [29], who demonstrated the curative
potentials of Nigeria medicinal plants against
established plasmodial infections.

The curative test was supported by the
haematological test which showed a significant
reduction in % PCV after Plasmodium berghei
induction and increased significantly after treatment
in the extract and chloroquine treated groups in a
dose-dependent pattern. However, for the infected
not treated group, the % PCV but reduced significantly
throughout the experimental period showing that the
mice were anaemic, which is an important feature of
plasmodium infections [30]. Several factors
contribute to the development of anaemia among
which is increased lipid peroxidation as a consequence
of oxidative damage to the membrane component of
erythrocytes [31]. The observed improvement in the
% PCV for the groups treated with the extract could
imply that the extract contains some anti-oxidative
components that could prevent the Plasmodium
berghei associated oxidative damage to erythrocytes
components [32].

The antiplasmodial activity corroborated with the
mean survival time of the experimental mice. For the
untreated mice, the parasite count increased daily
until the death of the animals (highest mortality);
higher mortality was also observed in the group
treated with the lowest dose of extract compared to
the higher doses and the standard drug
(Chloroquine). This finding is similar to that obtained
in a study conducted by Akuodor et al. [33].

5.0 Conclusion

This study has revealed that Ethyl-acetate extract of
Cassia occidentalis has been able to suppress and
decrease Plasmodium berghei parasites in mice. The
antiplasmodial activity demonstrated by the extract
could be attributed to the presence of some plant
secondary metabolites such as phenols, alkaloids,
flavonoids, tannins and saponins. The findings in this
study provide scientific proof of the folkloric use of
Cassia occidentalis in the treatment of malaria.
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