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Abstract

The antiplasmodial effects of Senna alata and Dennettia tripetalla on chloroquine-sensitive
Plasmodium berghei berghei (NK65) were analysed. P. berghei was obtained from National Institute
for Medical Research, Lagos, Nigeria, and maintained in the laboratory by serial passage in mice.
Chemosuppressive, prophylactic, and curative procedures were used to evaluate the antiplasmodial
potentials of the extracts against established infection. A total of 320 albino mice were used for this
study. Twenty-five albino mice were divided into 5 groups and used for D. tripetalla acute toxicity
study. Eighty-five albino mice were divided into 15 groups of five albino mice each and used for
chemosuppressive tests while two hundred and ten mice were used for prophylactic and curative tests.
The infected mice were orally treated daily with 5mg/kg chloroquine 500 mg/kg, 1000 mg/kg, 1500
mg/kg, and 2000 mg/kg body weight of S. alata, D. tripetalla, and S. alata + D. tripetalla
respectively. The in vivo antiplasmodial effect of the extracts against P. berghei infection showed a
significant (p<0.05) dose-dependent schizontocidal activity for the chemosuppressive, and
prophylactic test. Results of the curative study showed that the combination of both S. alata and D.
tripetalla exhibited a strong curative effect on malaria parasitaemia. There was a significant clearance
(p<0.05) in parasiteamia level from day 1 to day 5 of treatment in a dose-dependent manner with a
corresponding significant (p<0.05) percentage suppression. It was therefore concluded that the leaf
extracts of S. alata and D. tripetalla possess antimalarial potencies which could be exploited for
antimalarial therapy.

Keywords: Chemosuppressive, Prophylactic, Curative, Parasitaemia, Senna alata, Dennettia
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INTRODUCTION

Malaria is an infectious disease caused by plasmodium parasites that invade the red blood cells
(Adumanya et al., 2014). It is characterized by fever, headaches, lethargy, tiredness, nausea, and
anaemia which may appear on alternate days following malaria infection. Organ failure can also occur
in severe cases of the illness (Mishra et al., 2002). The plasmodium parasites which are transmitted
to humans from mosquito bites continue to pose a global public health challenge (Daniels et al., 2017).
According to the World Health Organization, there were an estimated 241 million cases of malaria in
2020 worldwide. The estimated number of malaria deaths stood at 627 000 in 2020 — an increase of
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69 000 deaths over the previous year. (WHO, 2021). In 2020 the African Region was home to 95%
of all malaria cases and 96% of deaths. Children under 5 years of age accounted for about 80% of all
malaria deaths in the Region, with Nigeria having the highest number of infections, accounting for
nearly 31.9% of the entire global malaria burden. Incidentally, Children under the age of five, are the
most vulnerable group to malaria. About 80% of all malaria-related deaths in 2020 were from this
category (WHO, 2021). Thus, the occurrence of malaria in Nigeria is disproportionately high and
calls for immediate action to prevent infant and maternal deaths.

Plasmodium falciparum is the most common etiological agent of malaria in sub-Saharan Africa. The
malaria parasite has become more resistant to conventional antimalarial drugs including chloroquine,
artemisinin, and sulfadoxine-pyrimethamine. Artemisinin Combination Treatments (ACTSs) are also
threatened with the emergence of resistant parasites though they are the preferred drug of choice
against malaria infection. As a result, there are intense efforts globally to fight malaria infections.
Two main approaches have been employed to do so: elimination of the plasmodium parasite and
prevention of malaria disease. Although both strategies have been faced with challenges, significant
efforts have been made to address malaria infections (Lover et al., 2018). Some of the malaria
prevention techniques include the use of insecticides and mosquito nets (Fairhurst et al., 2012).
However, the incidence of malaria globally is still high, especially in endemic areas due to challenges
in following the complete malaria prevention techniques. Hence, no single preventive measure is
100% effective. Thus, a combination of various preventive strategies is now advised in the global
fight to eliminate malaria (Wangdi et al., 2018).

Currently, artemisinin-based combination therapy (ACT) has been recommended by WHO for the
treatment and prevention of malaria (Fairhurst et al., 2012). According to some reports, due to
socioeconomic challenges and the high cost of purchasing effective malaria drugs as a result of rising
poverty rates, as well as the difficulty of obtaining ACT from Primary Health Care Centers, most
people, particularly those in rural areas of Nigeria, have resorted to using herbs as an alternative
remedy to combat malaria and other diseases (FMOH, 2005; Onwujekwe and Uzochukwu, 2005;
FMOH, 2011). Additionally, about 80% of the population of developing countries is heavily reliant
on herbal medicines and concoctions derived from plants for the treatment of diseases including
malaria infections (Ekor, 2013; Oputah et al., 2016). The easy accessibility of herbs and the minimal
to no cost associated with getting these herbs are some of the key factors that contribute to making
herbal medicines quite popular, especially in rural areas (Hussain et al., 2018). Also, the belief in the
deductive approach based on recommendation and the illogical belief that herbal medicines are more
effective than orthodox pharmaceutical products have contributed to the increasing use of herbal
drugs to tackle various illnesses (Ekor, 2013).

Although pharmaceutical drugs including Chloroquine Phosphate (Primaquine) are effective in the
treatment of malaria, they also present some side effects which include nausea, blurred vision,
pruritus, paraesthesia, and insomnia. Primaquine has haemolytic activities and results in
discolouration of urine in people with glucose 6 phosphate dehydrogenase deficiency (Braga et al.,
2015). Side effects of Artemisinin-based Combination Therapy include mild hepatitis and haemolytic
anaemia (Pousibet-Puerto et al., 2016). In many regions of the globe, medicinal plants have been the
focus in the quest for novel drugs including antimalarial medicines (Schuster, 2001). Consequently,
several herbal products are now used to tackle various ailments, and about 50,000 angiosperms are
now used as medicines (Hussain et al., 2018). More so, the use of herbs and plants is eco-friendly and
in line with the guidelines for tackling climate change which is also a global challenge. Plants have
continued to serve as an important source for the discovery of new drugs including drugs used for the
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treatment of malaria. Artemisinin for example was obtained from Artemisia annua and quinine
derived from Cinchona offiinalis. Therefore, it is now necessary to screen for novel plants with
antiplasmodial potentials, and the subsequent identification and characterization of the active
components in such plants would serve as useful pharmacological agents and guide towards the
formulation of safer, cheaper, more affordable antiplasmodial drugs with reduced side effects and
toxicity.

Additionally, the use of herbs for the treatment of diseases is an important contributory factor to
primary health care, especially in the rural areas of developing countries (Hussain et al., 2018)
including Nigeria where access to affordable health care is quite difficult. Thus, herbal medicine is
quite popular amongst rural dwellers and contributes significantly to the wellbeing of the rural
population (Calixto, 2005; Hussain et al., 2018).

Several plants used to treat malaria infection have been previously investigated. Some of them include
Salacia senegalensis (Adumanya et al., 2014), Commiphora africana, Dichrostachys cinerea
(Kweyamba et al., 2010), and Strychnos mitis (Fentahun et al., 2017). Leaves of S. alata have been
widely used to treat malaria among rural dwellers in Nigeria. D. tripetalla leaves (popularly called
pepper fruit) have also been used to treat malaria, especially in southeast Nigeria. Although there are
claims of how effective these leaves can be in the treatment of malaria infection, there are no scientific
data to support these claims yet. Thus, this study has been designed to investigate the antiplasmodial
potentials of aqueous leaf extracts of S. alata and D. tripetalla in treating malaria infections.

MATERIALS AND METHODS

Plant materials collection and authentication

Fresh leaves of Senna alata were obtained from UNIPORT botanical garden, Abuja campus,
University of Port Harcourt, Rivers State, Nigeria. Dennettia tripetalla leaves were collected from
farmland in Obohia-Ndoki in Ukwa-East LGA, Abia State. ‘The plant samples were authenticated
and assigned voucher numbers by Dr Eke Chimezie of the Department of Plant Science and
Biotechnology. The voucher specimen UPH/V/1225 for S. alata and UPH/V/1269 for D. tripetalla
were deposited in the Plant Science and Biotechnology Herbarium of the University of Port Harcourt,
River State.

Preparation of aqueous leaf extracts

The leaves of S. alata and D. tripetalla were cleaned, air-dried at room temperature (27°C) for 21
days, and pulverized with the aid of malex excellent grinder (Ugbogu et al., 2016). The aqueous
extracts were prepared by soaking 1000g (Timothy et al., 2012) each of the dry powdered plant
materials in 2500 litres of distilled water at room temperature for 72 hours (Ehiowemwenguan et al.,
2014). The extracts were filtered after 72 hours using a ball of cotton wool and Whatman No. 42 filter
paper (125 mm) and thereafter, concentrated into a powder form using a rotary evaporator with a
water bath set at 40°C (Abdullahi et al., 2013). The concentrated extracts were collected in an airtight
container and stored in a refrigerator at 4°C till use.

Animals

The experimental animals used for this study were healthy albino mice with weights between 22-26
grams. All experimental animals used for this study were obtained from the Animal House of the
Department of Biochemistry, Faculty of Science, University of Port Harcourt. The animals were kept
in cages in a well-ventilated room and provided with food and water ad libitum.
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Acute oral toxicity test (LDso) determination

Twenty-five (25) albino mice were divided into five groups of five mice each according to the method
of Aliu and Nwude, (1982). Group 1 received 0.3 ml of water while Groups 2 - 5 received 500, 1000,
1500, and 2000 mg/kg bodyweight of D. tripetalla respectively. Administration of extract was done
orally with a cannula attached to a graduated syringe. The mice were observed for 96 h for signs of
toxicity.

Mice inoculation with Plasmodium berghei parasite

Chloroquine-sensitive Plasmodium berghei berghei (NK65)-infected mice were first obtained from
National Institute for Medical Research, Lagos. Parasitaemia levels of donor mice were then
determined by cutting the tail and taking thick blood films using a microscope slide, allowed to dry
and stained with 10% Giemsa stain. Thereafter, immersion oil was added to the slide and viewed
under the microscope using 40X magnification under the light microscope. A total of 500 Red Blood
Cells (RBCs) were counted and the numbers of infected RBCs in the 500 RBCs were noted using a
tally counter and percentage parasitaemia was calculated accordingly. The donor mice were then
sacrificed and blood was collected by cardiac puncture in an EDTA bottle and 1ml of the donor blood
was added to 5ml of physiological saline (0.9%). Then, 0.3ml of the diluted blood was administered
intraperitoneally to each mouse.

Extract and drug administration
An orogastric tube was used to administer both the extracts and chloroquine phosphate which was
obtained from Ikefrank Pharmacy, Woji, Port Harcourt, River State, Nigeria.

Experimental design and animal groupings

Chemosuppressive, prophylactic, and curative procedures were used to evaluate the antiplasmodial
potentials of the aqueous extracts of S. alata, D. tripetalla, and a mixture of both S. alata and D.
tripetalla leaf extracts in a ratio of 1:1. Chemosuppressive test measures the ability of the extract to
suppress the infection rate of the parasite, while prophylactic and curative effects measure the
activities of the extract against early residual and established infections respectively. The
experimental design comprised of Group 1 - not infected mice and received only food and water also
referred to as the normal control, Group 2 - infected mice and not treated, also referred to as the
negative control, Group 3 - infected mice and treated with 5mg/kg chloroquine daily, and Groups 4 -
7 infected mice and treated with S. alata, Groups 8 — 11 infected mice and treated with D. tripetalla,
Groups 12 - 15 infected mice and treated with a mixture of S. alata and D. tripetalla in a graded dose
of 500 mg/kg, 1000 mg/kg, 1500 mg/kg, and 2000 mg/kg body weight respectively. Percentage
parasitaemia levels were calculated using the formula described by Peters and Robinson (1992).

Curative test of Plasmodium berghei berghei

The mice were first inoculated using the blood of infected donor mice as described above. After 72
hours following inoculation, thick blood films were made by taking blood samples from the tails of
the mice to measure the initial level of parasitaemia in the mice. Then, each of the extracts of S. alata,
D. tripetalla, and a mixture of S. alata and D. tripetalla in a ratio of 1:1 according to the dosage group
of 500 mg/kg, 1000 mg/kg, 1500 mg/kg, and 2000 mg/kg were administered for 5 consecutive days
while taking thick films from the tails after every 24 hours following extract administration.

Prophylactic test of Plasmodium berghei berghei

The experimental mice were divided into 5 groups of 5 mice accordingly; 5mg/ kg of chloroquine
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mg/kg, 1500 mg/kg, and 2000 mg/kg respectively for four consecutive days. On the fifth day, the
mice were inoculated as described above. Thick blood films were then obtained from the tails of the
mice after 72 hours following inoculation and observed for the presence of the parasite.

Chemo-suppressive test of Plasmodium berghei berghei

The mice were first inoculated as described above. About one hour after inoculation, for each extract
group, the mice were divided into 5 groups of 5 mice accordingly; 5mg/ kg of chloroquine phosphate
was given to one group while the remaining 4 groups each received 500 mg/kg, 1000 mg/kg, 1500
mg/kg and 2000 mg/kg of the extracts for four consecutive days. Thin blood films were then made
from the tails of mice to access the parasitaemia levels and chemo-suppressive potential of the
extracts.

Microscopy techniques

The thick and thin blood films were made from the tails of the mice onto cleaned microscope slides
which were then allowed to air dry for 45 minutes. For the thick film, the microscope slide was dipped
into 10% Giemsa stain and subsequently washed by dipping in buffered distilled water for 5 minutes
and allowed to dry. For the thin film, after the blood was taken from the tails of mice onto the
microscope slides and allowed to air dry, the slides were then dipped three times into methanol and
allowed to dry for 25 minutes. This was then flushed with tap water and allowed to dry. Immersion
oil was then added to the slides and viewed under a light microscope. Using a hand tally, the
parasitaemia levels were then determined by counting the number of parasitized RBCs from a total
of 500 red blood cells (Ochei and Kolhatkar, 2000). Percentage parasitaemia was calculated using
the formula;

Total No.of PREBC 100
PP = No. of RBC i

Where, PP = Percentage parasitaemia, PRBC = Parasitized red blood cells, RBC=Red blood cells.

The percentage suppression of parasitaemia was then calculated with respect to the control group
using the formula;

B—C 100

x
A = B 1

Where, A = average percentage suppression of parasitaemia, B = average percentage parasitaemia in
the control group (distilled water), C = average percentage parasitaemia in the treated group.

Statistical analysis

The statistical analysis of this study was done using Statistical Package for Social Sciences (SPSS)
version 21. One-way analysis of variance (ANOVA) was used to compare the means at a 95%
confidence interval and the result was presented as mean standard deviation.

RESULTS AND DISCUSSION

Acute oral toxicity test (LDso) for D. tripetalla

There were no signs of toxicity of D. tripetalla aqueous leaf extract in mice during the 96h
observation period even at a dose of 2000mg/kg body weight, signifying that the leaf extract could
be safely used at 2000mg/kg. Mordi et al., 2021 reported that there were no deaths observed within
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the 48h period of administration of 2000 mg/Kg body weight of D. tripetalla which is indicative of
the fact that the LDso may be higher than the dose of 2000 mg/Kg body weight.

Curative action of S. alata, D. tripetalla and combined extracts of S. alata and D. tripetalla

The results of the curative action of S. alata, D. tripetalla, and combined extracts of S. alata and D.
tripetalla are shown in Table 1. The highest parasitaemia level of 34.07+1.46% was reported on the
first day of treatment in the negative control, this remained consistently high across the 5 days of
treatment with percentages ranging from 34.07 to 38.50%. The lowest parasitaemia level was
recorded in the reference drug chloroquine which ranged from 3.07+2.73% on day 1 to 0.07 + 0.00%
on day 5 with a percentage suppression range of 90.73% to 99.81% respectively. There were no
parasites reported in the positive control (uninfected) group. Analysis of the five days treatment with
the different concentrations of S. alata, when compared with the untreated group (negative control),
showed a significant decrease (p<0.05) in parasiteamia level from day 1 to day 5 of treatment in a
dose-dependent manner which ranged from 0.72 £ 0.0% on day 1 to 0.10 £ 0.12% on day 5 with a
corresponding significant (p<0.05) suppression level of 98.13% (Day 5; 500 mg/kg) to 99.74% (Day
5; 2000mg/kg). This indicated that there was a steady decline in the percentage parasitaemia with an
increase in treatment dose or concentration in each of the days. Similarly, analysis of the five days
treatment with the different concentrations of D. tripetalla when compared with the untreated group
(negative control) showed a significant decrease (p<0.05) in parasiteamia level from day 1 to day 5
of treatment in a dose-dependent manner ranging from 13.27+5.14% on day 1 to 8.40+2.03% on day
5 with a corresponding significant (p<0.05) suppression level of 96.88% (Day 5; 500 mg/kg) to 98.78
% (Day 5; 2000mg/kg). However, the combination of both S. alata and D. tripetalla exhibited a
strong curative effect on malaria parasitaemia as shown in Table 1. There was a gradual significant
clearance (p<0.05) in parasiteamia level from day 1 to day 5 of treatment in a dose-dependent manner
which ranged from 12.94+0.03% to 1.09+0.02 % (500 mg/kg); 8.63+0.22% to 0.35+0.02% on day 1
to day 5 respectively, with a corresponding significant (p<0.05) suppression level of 97.17% (Day 5;
500 mg/kg) to 99.09% (Day 5; 2000mg/kg).

Prophylactic effect of treatment of S. alata, D. tripetalla and combination of both extracts on
chloroquine-sensitive Plasmodium berghei

The prophylactic effect of the two test plants and their combined effect is shown in Figure 1. Aqueous
extracts of S. alata and D. tripetalla exerted a significant decrease (p<0.05) in percentage parastaemia
on chloroquine-sensitive Plasmodium berghei in a dose-dependent manner with S. alata exhibiting a
higher prophylactic action on malaria parasitaemia across the different concentrations when
compared to the negative control. Similarly, combined prophylactic action of aqueous extracts of S.
alata and D. tripetalla exerted a significant decrease (p<0.05) on chloroquine-sensitive Plasmodium
berghei in a dose-dependent manner when compared to the negative control.
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Table 1: Curative potentials (% Parasitamia) of S. alata, D. tripetalla and the combined
extracts of chloroquine-sensitive Plasmodium berghei

Day 1 Day 2 Day 3 Day 4 Day 5
Groups 0 0 0
% Par /o % Par s % Par /o % Par % Sup % Par % Sup
Sup Sup Sup
1 0.00 100 0.00 100 0.00 100 0.00 100 0.00 100
2 34.07 0.00 35.53 0.00 36.4 0.00 38.1 0.00 385 0.00

3 3.07+2.73° 90.73 0.67+0.64° 98.03 0.60+0.53° 98.31 0.27+0.12° 99.26 0.07+0.07¢ 99.81
bf bf bk j
5 9.93+2.03° ,45g5 9.80+1.50° gapa 3.67£152% gq95 0.27£0.07% o959 014£0.070 G944

6 6.70 £ 1.80° 5.47 +1.35b9 2.47 +1.9709 0.20 £ 0.009f 0.10 £ 0.12"

80.33 84.60 93.21 99.45 99.74

8 13.2745.14° 5991 10.53£7.51° 69.01 9.13+1.79¢ 743 1.13+0.81°¢ 97.03 1.20+0.87° 96.88
9 11.73+£2.66° 64.56 10.00+1.44° 70.65 7.00+2.43° 80.3 1.09+0.31°¢ 97.13 0.60+0.53° 98.44
10 11.20+7.48c 66.16 7.87+2.50° 79.25 6.40+4.16° 8199 1.00+0.72¢ 97.38 0.55+0.20¢  98.57
11 8.40+2.03° 74.62 6.53+0.42° 80.83 4.27+1.85° 8798 0.73x0.31° 98.08 0.47+0.31° 98.78

12 12.9440.03% &5 9 10.18+0.02" 71.35 8.69+0.06°N 76.13 1.17+0.04 9f 06,93 1.09%0.02% 474

13 10.56+0.06" 9,00 8.32+0.03%k 7558 7.79+0.13P" 78360 0.98+0.14Pk 9742 0.89+0.03% g7.69
14 9.34+0.10" 7259 7.41+0.17° 79.14 5.19+0.01°" 8574 0.78+0.059" 97.95 0.62+0.07°k  98.39

i bk bk dj dh
15 8.63+0.22 74.67 5.71+0.02 83.93 4.75+0.04 86.95 0.50+0.029% 08.69 0.35+0.02 99.09

Values are expressed as mean * standard error of mean (n=3). Values with similar superscripts letters along the
column are not statistically significant at p>0.05. Treatment Group: 1 - Normal Control, 2 — Negative Control
(Untreated), 3 — Chloroquine treated group, 4 - S. alata 500mg/kg, 5 - S. alata 1000mg/kg, 6 - S. alata 1500mg/kg,
7 - S. alata 2000mg/kg, 8 - D. tripetalla 500mg/kg, 9 - D. tripetalla 1000mg/kg, 10 - D. tripetalla 1500mg/kg, 11 - D.
tripetalla 2000mg/kg, 12 - S. alata + D. tripetalla 500mg/kg, 13 - S. alata + D. tripetalla 1000mg/kg, 14 - S. alata + D.
tripetalla 1500mg/kg, 15 - S. alata + D. tripetalla 2000mg/kg. %Par = Percentage Parasitaemia, %Sup = Percentage
Suppression
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Figure 1 —Post 72 hours Prophylactic potentials of S. alata, D. tripetalla and the combined extracts on chloroquine-
sensitive Plasmodium berghei. Treatment Group: 1 - Normal Control, 2 — Negative Control (Untreated), 3 —
Chloroquine treated group, 4 - S. alata 500mg/kg, 5 - S. alata 1000mg/kg, 6 - S. alata 1500mg/kg, 7 - S. alata
2000mg/kg, 8 - D. tripetalla 500mg/Kkg, 9 - D. tripetalla 1000mg/kg, 10 - D. tripetalla 1500mg/kg, 11 - D. tripetalla
2000mg/kg, 12 - S. alata + D. tripetalla 500mg/kg, 13 - S. alata + D. tripetalla 1000mg/kg, 14 - S. alata + D. tripetalla
1500mg/kg, 15 - S. alata + D. tripetalla 2000mg/kg.

Chemo-suppressive effect of treatment of S. alata, D. tripetalla, and combination of both
extracts on chloroquine-sensitive Plasmodium berghei.

The result of the study on chemosuppressive effect of treatment of S. alata, D. tripetalla and
combination of both extracts on chloroquine-sensitive Plasmodium berghei indicated that treatment
with S. alata, D. tripetalla and combination of both extracts exhibited a significant decrease (p<0.05)
in percentage parastaemia on chloroquine-sensitive Plasmodium berghei in a dose-dependent manner
Figure 2. The combination of both S. alata and D. tripetalla extracts at 2000 mg/kg exhibited a
significant (p<0.05) chemo-suppressive parasitaemia of 1.39 % and suppression of 96.14% on
malaria parasite used in the study. This is quite significant when compared to the negative control
and the chloroquine-treated groups.
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Figure 2 — Prophylactic potentials (%6) of S. alata, D. tripetalla and the combined extracts on chloroquine-sensitive
Plasmodium berghei. Treatment Group: 1 - Normal Control, 2 — Negative Control (Untreated), 3 — Chloroquine
treated group, 4 - S. alata 500mg/kg, 5 - S. alata 1000mg/kg, 6 - S. alata 1500mg/kg, 7 - S. alata 2000mg/kg, 8 - D.
tripetalla 500mg/kg, 9 - D. tripetalla 1000mg/kg, 10 - D. tripetalla 1500mg/kg, 11 - D. tripetalla 2000mg/kg, 12 - S.
alata + D. tripetalla 500mg/kg, 13 - S. alata + D. tripetalla 1000mg/kg, 14 - S. alata + D. tripetalla 1500mg/kg, 15 - S.
alata + D. tripetalla 2000mg/kg

The P. berghei-infected mouse model has been widely used as a preliminary test for the in vivo
activity of potential antimalarial agents, as it provides a preclinical indication of any in vivo potential
bioactivity as well as possible toxicity of the sample tested (Ang et al., 2000). Studies on
phytochemical analyses of bioactive compounds present in the leaf extracts of Senna alata (L) Roxb
and D. tripetalla showed the presence of saponins, phenolic acids, flavonoids, tannins (present as
tannic acid), and alkaloids (Onyegeme-Okerenta, et al., 2017a; Muhammed et al., 2021). Similarly,
dichloromethane extracts of S. alata and D. tripetalla leaves revealed the presence of secondary
metabolites that have been shown to possess pharmacologic activities which may be responsible for
the traditional use of these plants for the treatment of various illnesses (Onyegeme-Okerenta and
Essien 2021).

The result of this study indicated a decrease in percentage parastaemia with an increase in dosage
concentrations of the extracts. This simply reflects the higher potency of the extracts with a
proportional increase in concentrations. Although the lethal concentration of S. alata which will pose
a probable health hazard to the test animals was not reported in this study, however, Onyegeme-
Okerenta, et al., (2017b) reported that 5000 mg/kg body weight of S. alata was the lethal dose (LDso)
that resulted in 50% mortality of test animals in an acute toxicity study previously carried out and
from this study, there were no deaths observed within the 96 h period of administration of 500 -
2000 mg/Kg body weight of D. tripetalla which suggests that the LDso may be higher than the dose
of 2000 mg/Kg body weight. A study by White (2017) also reported similar findings, where it was
documented that, higher doses correlated with higher effectiveness of the drug most especially at the
first administration until the development of tolerance for the drug or plant extract.
Proceedings of the Nigerian Academy of Science
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Combination therapy of plants in ethnomedicinal studies and its diverse effects on test ailments have
been reported (Adwan and Mhanna, 2009; Adwan et al., 2009). This study reported an increase in
the curative, chemo-suppressive, and prophylactic actions of the combination of both S. alata, and D.
tripetalla. This result may be indicative of the fact that there are some levels of the synergistic effect
of both plant combinations on malaria parasites. The result which also indicated that extract from
both plants creates a better parasite clearance is also a pointer towards the potency of both plants as
treatment plants rather than individual plants as reported by Alven and Aderibigbe (2019). It is
important to note that Synergistic actions are not common in all extract combinations; there had also
been counteractions of plant extract as documented by Zielinska-Blizniewska et al. (2019).
Combinations of plants or drug extract should thus be extensively studied to determine their
effectiveness either as synergistic or as counteractions as opined by Ogidi et al., (2021).

CONCLUSION

Aqueous extracts of S. alata and D. tripetalla have been reported to play crucial roles in the disease
and general metabolisms of humans. This study, therefore, supported the traditional medicinal
application of these plants and thus concludes that all the test plants (S. alata, D. tripetalla, and
mixture of both) exhibited significant curative, chemo-suppressive, and concentrations of the
extracts. It is worthy of note from the study that the combination of the two plant extracts yielded
more effective curative, chemo-suppressive, and prophylactic measures on P. berghei infected mice
in a dose-dependent manner. However, it is recommended that further fractionation and confirmatory
analysis be carried out to elucidate and ascertain the secondary metabolites that would have resulted
in the antiplasmodial activity of the plant extracts.
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