J. Phytomol. Pharmacol., 3(1), 20-31, 2024
https://doi.org/10.56717 /jpp.2024.v03i01.024

#. 8 Journal of

ISSN(Print): 2957-5818, ISSN(Online): 2958-6224

S Phytomolecules & Pharmacology

Research Article

Comparative antiplasmodial activities of the leaf extracts of

Parquetina nigrescens and Spathodea campanulata in mice

Tolulope Blessing Babaagba and Samuel Akintunde Odediran*

Department of Pharmacognosy, Obafemi Awolowo University, Ile Ife, Osun State. Nigeria.

Abstract

Comparative antimalarial activity studies can complement the selection of
ethnomedicinal plants for antimalarial drug development. The leaves of antimalarial
ethnomedicinal Spathodea campanulata (SC) and Parquetina nigrescence (PN) were
therefore chosen for comparison of their in wvivo antimalarial activities against
chloroquine-sensitive Plasmodium berghei berghei in mice using prophylactic, chemo-
suppressive and curative models. The methanol extracts of their separately air-dried
and powdered leaves were obtained after cold maceration and evaporation in vacuo.
Also, before both were investigated at 0-800 mg/kg, their preliminary toxicities were
assessed using Lorke’s method. Normal saline and pyrimethamine (1.2 mg/kg) or
chloroquine (10 mg/kg) were negative and positive controls, respectively. All the results
were subjected to statistical analysis using ANOVA with Student Newman Keul’s post
hoc test. Though both extracts were non - toxic at less than 5000 mg/kg, SC gave a
significantly (p<0.05) lower EDw (527.10 + 15.27 mg/kg) in the prophylactic and PN, a
significantly (p<0.05) lower ED9o (430.09 + 5.64, mg/kg) in the chemosuppressive and
582.38 + 63.99 mg/kg in the curative model. The comparable (p>0.05) survival times
elicited by SC and PN at 200mg/kg and 800mg/kg respectively, to the positive control,
after a 28-day observation for mortality confirmed SC as a better prophylactic, while PN
at 800mg/kg confirmed chemosuppressive activities. Also, PN with lower effective
doses, good survival times and survivor profile were better chemosuppressive and
curative. The study concluded that S. campanulata is a better prophylactic and P.
nigrescens also a better chemosuppressive and curative drug.

1. Introduction
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The central role of medicinal plants, among more
than 12000 sources of natural remedies, in
ameliorating several kinds of ailments since the
existence of man is well known [1]. Medicinal plants
which are prepared in crude forms as poultices,
tinctures, decoctions, infusions, powders, teas and
herbs, either singly or in combinations to treat
various kinds of diseases, are also used as food, diets
and spices also in perfumery [2-4]. In most countries
in the world, traditional medicine has been integra-

ted into the health care delivery system for almost
over 2500 years ago [5], with more than half of their
population depending primarily on it. About 80 % of
the African population uses plant based traditional
medicine for their health care needs basically as a
result of affordability and accessibility, especially for
people in rural areas [6-8]. Also, the same traditional
medicine, which has been the focus of a wider
coverage of primary health care delivery around the
world [9], has produced remedies employed in TM.
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These are also included in the diet as recuperating
items from certain ailments and diseases in Africa [10,
11]. Many industrialized civilizations such as India
and China, use modern medicine, sometimes also
obtained from plants, as a compliment to traditional
practices [12]. Ethnomedicinal applications of plants
have become a wuseful guide to the scientific
evaluation of plants for the last 100 years [13].
However, out of about 250,000 plant species growing
all over the world, only 1% have been thoroughly
investigated for their pharmacological properties and
potential chemotherapeutic values [14]. Some active
principles such as, alkaloids, terpenoids, flavonoids,
tannins, saponins, carotenoids, glycosides have been
characterised in plants in order to justify their ethno-
medicinal uses and claims [13, 15]. Medicinal plants
have played an important role in curbing malarial
disease, being the major documented and available
option for its treatment in the world since ancient
time [16]. This is because plants contain natural
antiplasmodial chemicals, which, if isolated, can be
used in the management of resistant malaria, for
which available orthodox antimalarial drugs are
becoming ineffective.

The documented examples of plants investigated for
antimalarial or antiplasmodial activities encourage
further attempts at the same for others yet to be
investigated. The leaf and stem bark of Spathodea
campanulata have been used in Ghana to treat malaria
[17] while [18] reported the antimalarial activity of
the chromatographic fractions of the leaf extract of
Parquetina nigrescence. However, these two plants
have never been compared in a full investigation of
antimalarial activities using all models of testing.
Moreover, this study can complement the usual
arbitrary choice of ethnomedicinal plants for
antimalarial drug development, hence this study.

2. Materials and methods

2.1 Material and equipment

Grinding machine, macerating flasks, round bottom
flasks, glass funnels, rotary evaporator, oral cannula,
digital thermometer, binocular light microscope,
cotton wool, measuring cylinders, measuring scales,
beakers, retort stand, spatula, heparinized bottles,
dissecting set, glass slides, sterile disposable syringes
(5.0 mL, 10 mL), and needles, petri dishes, Giemsa

stain, markers, paper tape, gloves, test-tubes, test-
tube rack, aluminum foil, aluminum cages, feeding
and water troughs, Albino mice.

2.2 Solvents and liquids

methanol, distilled water, normal saline, immersion
oil, tween 80. Test drugs: chloroquine (10 mg/kg) and
pyrimethamine (1.2 mg/kg).

2.3 Plant collection and authentication

The leaves of Spathodea campanulata and Parquetina
nigrescens were collected from the premises of
Oduduwa Hall near Hezekiah Oluwasanmi Library
and the Faculty of Health Sciences, Obafemi
Awolowo University, Ile-Ife respectively. The leaves
of both plants were identified and authenticated at
the Faculty of Pharmacy Herbarium, Ife by Mr. I. L
Ogunlowo of the Pharmacognosy Department,
Obafemi Awolowo University, Ile-Ife. Voucher
specimen numbers, FPI2318 and FPI2317 were
allocated, respectively for the leaf samples of S.

campanulata and P. nigrescens deposited.

2.3.1 Plant material and preparation of plant extracts

The leaves were separately air-dried in the screen
house of the Faculty of Pharmacy, Obafemi Awolowo
University, lle-Ife and powdered. About 600g each of
the powdered plant materials were macerated
separately in 2L methanol for 72 hours with
intermittent shaking. The resultant extracts were
filtered and concentrated in vacuo using the rotary
evaporator. The percentage yields were calculated
using the formula; (100x W1)/W2 where Wi is the
weight of dried extract; W2 is the weight of plant

material.

2.3.2 LDso Determination

Acute toxicity tests were carried out on the methanol
extracts of S. campanulata and P. nigrescens using
Lorke’s method [19, 20]. These were carried out in
two phases. Phase 1 requires nine animals; these
animals are grouped into three (3) of three animals
each. Each group of animals were administered with
different doses (10, 100 and 1000 mg/ kg) of the test
extracts. The animals were observed for mortality for
a period of 24 hours. Phase 2 requires three animals
grouped into three (3) of one animal each, they were
administered higher doses of 1600, 2900 and 5000
mg/kg body weight of the test extracts, equally
observed for 24 hours for mortality [19].
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The LDsowas calculated using the formula:

LDso=,/(D0 x D100)

Do=Highest dose that gave no mortality Dioo= Lowest
dose that produced mortality.

2.3.3 Preparation of test extracts and standard drugs

The methanol extracts were prepared in doses 100,
200, 400 and 800 mg/ kg, which were obtained by
dissolving 50, 100, 200 and 400 mg/ kg of the dried
extract in 5.0 mL of normal saline respectively.
Normal saline was administered to the negative
control group while chloroquine (10 mg/kg) and
pyrimethamine (1.2 mg/kg) were administered to the

positive control groups as appropriate for each model.

2.4 Animals

A total of sixty (60) healthy, seven weeks old Swiss
mice of either sex with weight ranging between 18
and 22g were obtained from the Animal House of the
Department of Pharmacology, Faculty of Pharmacy,
Obafemi Awolowo University, Ile-Ife. They were
randomly divided into groups of five animals each,
then housed in aluminum cages with wood shavings
as bedding and allowed free access to food and water
ad libitum. They were allowed to acclimatize for a
period of five to seven days before the experiment
commenced.

2.4.1 Rodent parasite

Chloroquine sensitive Plasmodium berghei berghei
NK65 with rising parasitaemia was obtained from the
Institute of Advanced Medical Research and Training
(IMRAT), University College Hospital, Ibadan. It was
maintained by serial passaging in mice with close
monitoring of the parasitaemia level. The parasitized
animal (30% parasitaemia) was anaesthetized with
dichloromethane. Blood was withdrawn by cardiac
puncture into heparinised bottle and diluted with
normal saline to contain 1 x 107 parasitized red blood
cells in 0.2 mL of inoculum.

2.4.2 Inoculation of mice
Each of the mice was intraperitoneally inoculated
with 0.2 mL of the diluted blood containing 1 x 107
infected red blood cells for the antimalarial test in all
the three models used.

2.5 Antimalarial activities of the test extracts
For the purpose of this study, the three models of the
antimalarial study were used to test the activities of

the extracts of leaves of Spathodea campanulata and

Parquetina  nigrescens on  chloroquine-sensitive
Plasmodium berghei berghei NK65 strain separately.
The prophylactic, chemosuppressive and curative
antimalarial models were carried out on both plant

extracts using standard procedures [18].

2.5.1 Prophylactic anti-malarial test model

The prophylactic activities of the test extracts were
carried out in acclimatized mice as follows: Thirty (30)
mice were arranged into six groups (I-VI) of five
animals each. Group I-IV were administered orally
with the methanol extract of S. campanulata at the
selected doses of 100, 200, 400 and 800 mg/kg
respectively for three consecutive days. Groups V
and VI received normal saline and 1.2 mg/kg
Pyrimethamine, to serve as negative and positive
controls respectively. On the fourth day, each mouse
received an intraperitoneal inoculation of 0.2 mL
diluted blood containing 1 x107 of Plasmodium berghei
berghei parasitized red blood cells. The rectal
temperature of each mouse was recorded daily and
the blood smear was taken on the sixth day (72 hours
after inoculation). The blood smear was fixed with
methanol, stained with Giemsa and dried. The same
procedure was carried out on similar doses of the
methanol leaf extract of P. nigrescens.

2.5.2 Chemosuppressive antimalarial test model

The chemosuppressive test was carried out using the
method described by Arya et al., 2022. Thirty (30)
acclimatized animals were divided into six groups (I-
VI) of five animals each and inoculated with 0.2ml of
diluted blood containing 1 x107 of Plasmodium berghei
berghei parasitized red blood cells. Two hours post
inoculation, treatment of the test animals was
initiated by oral administration of the test extracts of
Spathodea campanulata at selected doses of 100, 200,
400 and 800 mg/kg to Groups I-IV while groups V
and VI were administered with normal saline and
chloroquine, 10mg/kg to serve as negative and
positive controls respectively. The administration of
drugs was done for four consecutive days after
recording their rectal temperature daily. The blood
smear was taken on the fifth day by withdrawing
blood from the tail of each animal, using it to make a
thin smear, fixing with methanol and staining with
Giemsa to determine their parasitaemia level. The
same procedure was carried out on the methanol leaf
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extract of P. nigrescens.

2.5.3 Curative antimalarial test models

The curative antimalarial test was carried out using
the method described by Arya et al., 2022. Thirty mice
were divided into six groups (I-VI) of five animals
each and they were intraperitoneally inoculated with
0.2mL of diluted blood containing 1 x107parasitized
red blood cells of P. berghei berghei NK65 strain.
Seventy two (72) hours post inoculation, the mice in
Groups I-IV were administered orally with selected
doses of 100, 200, 400 and 800 mg/kg of Spathodea
campanulata. Groups (V and VI) were administered
with normal saline and chloroquine 10mg/kg as
negative control and positive control respectively.
This was repeated for five consecutive days after
measuring their rectal temperature. The blood smear
was taken on a daily basis to determine the
parasitaemia level. The same procedure was carried
out on the methanol leaf extract of Parquetina
nigrescens.

2.6 Preparation of blood smears

The tip of the tail of each mouse was gently excised
to get drops of blood. The blood was collected on the
surface of a clean glass slide, which had been
carefully labeled on the other side with paper tape.
The blood was carefully spread across the slide using
another slide placed on the spot at an angle of 45°. The
blood was allowed to dry and fixed with a few drops
of methanol and air-dried.

2.6.1 Staining of blood smear

The fixed blood films were stained using a 4%
Giemsa diluted with water at a ratio 1:9. The stained
slides were allowed to stand for about 30 minutes,
rinsed with water and allowed to dry.

2.6.2 Assessment of parasitaemia level and percentage
chemosuppression

Each of the glass slides containing the stained blood
film was mounted on the microscope and examined
using immersion oil (x100) objective to observe the
distribution of red blood cells. Ten fields of view were
counted for each slide. Each view was observed for
the number of parasitized red blood cells (PRBC) as
well as the unparasitized red blood cells (UPRBC).
The percentage parasitaemia for each field of view
was calculated as follows:

Percentage parasitaemia = PRBCx100/PRBC+ UPRBC

Where,
PRBC = Number of parasitized red blood cells
UPRBC = Number of unparasitized red blood cells

Also, the percentage reduction in parasitaemia or
chemosuppression or clearance for prophylactic,
chemosuppressive and curative tests respectively
was calculated as follows:

PNC -PTD = 100/PNC
Where,
PNC= Average percentage Parasitaemia in the
negative control
PTD= Average percentage parasitaemia in the test
dose.
The values were recorded as % parasitaemia + SEM
and % reduction or chemo suppression or clearance
+SEM [19].
2.6.3 Determination of survival time and percentage
Survivor
The mice in each of the above experiments were
observed for 28 days post drug administration to
determine their survival time and percentage of
survivor. The survival times and percentage survivor
of each of the groups were determined and recorded
in days +SEM and percentages respectively [19].

2.6.4 Determination of median effective doses: EDso and
EDgo

The effective dose EDso is the dose of a drug that is
pharmacologically effective in 50% of the population
exposed to the drug [21]. In order to determine the
EDso and EDew, a graph of test doses against
percentage reduction in parasitaemia,
chemosuppression or clearance was plotted using

Microsoft Excel 2017 application.

2.7 Statistical analysis

All the values obtained in all the experiments were
expressed as mean + SEM and analyzed statistically
using One-way Analysis of Variance (ANOVA)
followed by Student Newman Keul’s post-hoc test for
comparisons to determine the source of significant
difference for all values. Values of P <0.05 were
considered to be of statistical significance.

3. Results and discussion

The methanol extracts of S. campanulata and P.
nigrescens leaf were evaluated in a LDsodetermination
using Swiss mice at increasing dose of 100-5000
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mg/kg [22], the estimated lethal dose showed that the
extracts were safe up to 5000 mg/kg when taken
orally [23, 22]. The estimated LDso for P. nigrescens is
less than 5000 mg/kg [24].

The use of medicinal plants for the treatment of
various kinds of diseases dates back to the existence
of man [25-27]. Such plants which are usually
prepared in crude forms, as poultices, tinctures,
decoctions, infusions, powders, teas and herbs, either
singly or in combinations have afforded many herbal
remedies. Medicinal plants and herbal recipes have
claims for use in the treatment of malaria and other
parasitic diseases. They are wusually validated
through various relevant pharmacological tests in
order to justify these claims, the end of which has
afforded many drugs which are on the shelves of
pharmacies today [14]. Despite the various
evaluations of about 250,000 plant species growing
all over the world, only 1% have been thoroughly
evaluations for their

subjected to scientific

pharmacological properties and potential
chemotherapeutic values [28, 29]. It is therefore
important that more such tests be conducted on
available and effective recipes or known medicinal
plants so that more effective drugs can be available
now and for generations to come. A deliberate
evaluation of the highly effective ones has the
potential of affording potent antimalarial drugs
which can combat resistant strains of malarial
parasites which develop daily [30].

Comparing the activities of medicinal plants either in
the three or same models of malarial treatment
affords the discovery of plants that have better
activities for each of the models [31, 32]. Comparison
in this way would also enable scientists to make
decisions on the model that can be used for the
evaluation or the plants of choice in the ultimate
search for potential antimalarial constituents. It could
also assist in identifying potential plants that can be
combined together in making standardized herbal
recipes.

Spathodea campanulata (leaf and stem bark extracts)
have been used in Ghana to treat malaria [17] and its
leaf reported to possess antimalarial activities. Also,
the aqueous leaf extract of Parquetina nigrescens
possesses similar antimalarial profile [17, 33-35].
However, there has not been a documented report on

the evaluation of their antiplasmodial activities using
the three models of antimalarial studies neither their
comparative activities. In this work, both plants were
compared using prophylactic, chemosuppressive
and curative activity models with a view to
maximizing their use in the treatment of malaria. It
may also enable a better appreciation of the
usefulness of each of the plant extracts in the
preparation of herbal antimalarial remedies.

The percentages of parasitaemia and reduction in
parasitaemia at the tested doses of 100-800 mg/kg in
the prophylactic tests, the median effective doses
(EDso and EDw), survival times and percentage
survivor elicited by each of the extracts of Parquetina
nigrescens and Spathodea campanulata leaf showed a
thin line of difference in the activities the extracts. The
comparable median effective doses (EDso) given by
both plants and the significantly different EDsin the
prophylactic test are a confirmation of the little
difference in their activities. Plants with similar
activities or little difference in activities may
complement each other additively or synergistically
when combined together in making herbal recipes.
The combined extracts of the leaves of Syzygium
cumini and Psidium guajava belonging to the family
Myrtaceae were found to be more effective than
individual plant extracts against diabetes [36]. This
may suggest a possibility of combining both plants in
an herbal antimalarial remedy.

The significantly different parasitaemia level elicited
in mice by the methanol extract of S. campanulata from
that of the negative and positive control at all the
tested doses (Table 1) implied an intrinsic
prophylactic activity. In essence, the comparable
activities at lower doses (100 and 200 mg/kg) to each
other and at higher doses (400 and 800 mg/kg) to each
other and to the positive control indicated better
prospect for use. Comparing both extracts, at
relatively lower (100 and 200 mg/kg) doses and
higher doses (400 and 800 mg/kg), showed that both
plants exhibited comparably lower and higher
percentage of reduction in parasitaemia respectively
(Table 1). The highest reduction was 72% and 71% at
400 mg/kg for both extracts respectively and 7171 and
70% at 800 mg/kg (Table 1) is noteworthy. However,
though both elicited comparable EDso, Spathodea
campanulata presented a significantly lower ED9 over
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Table 1. Percentage parasitaemia and reduction in parasitaemia in the prophylactic model

Doses (mg/kg) Spathodea campanulata Parquetina nigrescens

% P % RP % P % RP
0 6.48+0.40¢ 0.0+0.007 6.48+0.40¢ 0.0£0.002
100 2.41+0.14> 62.86+3.2P 2.87+0.00¢ 55.08+0.1°
200 2.32+0.13P 64.16+2.9° 2.69+0.23b ¢ 58.56+6.4°
400 1.82+0.242 71.13+5.6° 1.91+0.19° 70.55+5.2°
800 1.89+0.132 70.83+3.0° 1.97+0.15° 69.56+4.3°
Pyrimethamine (1.2mg/kg) 0.99+0.112 84.72+3.98 © 0.99+0.112 84.7243.98 ¢
EDso (mg/kg) 275.71+7.752 295. 60+£9.854
EDo (mg/kg) 527.10+13.272 579.97+25.02°

Keys: Data show mean + SEM, n=5. 0 mg/kg: NC (Negative control); Normal saline, PC (Positive control); 10 mg/kg body
weight Chloroquine. % P: percentage parasitaemia; % RP: percentage reduction in parasitaemia; EDso: Effective dose in mg/kg
that produced 50% reduction in parasitaemia; EDw: Effective dose in mg/kg that produced 90% reduction in parasitaemia. Only
values with different superscripts (a or b) within columns are significantly different (p < 0.05, one —way analysis of variance
followed by the Student Newman Keuls’ post hoc test, Superscripts a or b are statistical notations to depict significantly different
activities in the values).

Table 2. Average survival time and percentage survivor of mice in the prophylactic model

Parquetina nigrescens Spathodea campanulata

Doses (mg/kg) AST PS AST PS
0 19,240,379 20 19.2£0.37 b 20
100 21.6+1.945 40 14,844,590 60
200 19.4+0.60° 80 25.6+1.60° 60
400 19244642 60 24,042,532 60
800 26.2+1.11 60 18.442.5425 60
PYR 28+0.00° 100 28.0+0.00° 100

Keys: Data show mean + SEM, n=5. 0 mg/kg: NC (Negative control); Normal saline, PYR (Positive control) Pyrimethamine (1.2
mg/kg). AST; Average survival time. PS: Percentage survivor. Only values with different superscripts a or b within columns
are significantly different (p < 0.05, one —way analysis of variance followed by the Student Newman Keuls’ post hoc test,

Superscripts a or b are statistical notations to depict significantly different activities in the values).

Adetutu
reported the poor activity of P. nigrescens at a lower

Parquetina nigrescens leaf extract (Table 1).

dose of 100 mg/kg in the prophylactic model [37]. The
activity of Morinda lucida in a similar experiment was
comparable at a lower dose of 100 and 200 mg/kg and
also at a higher dose of 400 and 800 mg/kg [38].
Though, prophylactic activities of both plants were
lower than those of pyrimethamine [38] they can still
be used as prophylactic drugs against malaria.
Likewise, in a similar experiment, C. albidum leaf and
stem bark gave comparable activities to the positive
control drug whereas C. aurantifolia leaf and fruit
gave lower activities than the positive control [39].
Also, at 800 mg/kg dose, Mangifera indica leaf extract
gave 71% reduction in parasitaemia which was
comparable to that of pyrimethamine [40], while
MAMA  Decoction plants

prophylactic activities at similar doses.

other gave lower

Also, in the prophylactic model (Table 2), the survival
time elicited by P. nigrescens at all the tested doses
except the highest (26.2 + 1.11days) was comparable
to that of the negative control, but the survival time
of 25.6 + 1.60 days elicited at the dose of 200 mg/kg by
S. campanulata was also comparable to the positive
control. When this is compared with 18.4 + 2.54 days
given by P. nigrescens at the same dose and also
considering the percentage survivor of 80 and 60
given by both plants respectively (Table 2), it is safe
to conclude that both plants possess some potential
for malarial prophylaxis.

In the chemosuppressive model, Parquetina nigrescens
presented a relatively lower value of percentage
parasitaemia at all the tested doses of 100-800 mg/kg
than Spathodea campanulata (Table 2). Both extracts
gave percentage

chemosuppression that were

comparable at all doses to the positive control thus
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Table 3. Percentage parasitaemia and chemo suppression in the chemo suppressive model

Spathodea campanulata

Parquetina nigrescens

Doses (mg/kg)

% P % CS % P % CS

0 8.56+0.68¢ 0+£0.00° 8.56+0.68° 00.00 2

100 2.190.14 70. 39455 1.7020.15 81.03+6.11°
200 2.32+0.31% 72.88+11.9° 2.29+0.17 78.35+6.78"
400 1.98+0.10° 76.83+3.82° 1.95+0.11° 78.41+4.46"
800 2.14+0.06° 70.00+2.33 " 2.09+0.12° 76.67+4.56"
cQ 1.25+0.17¢ 85.35+6.52 1.25+0.17¢ 85.35+6.52°
EDso (mg/kg) 250.94+3. 38 244.57+3.94
EDw (mg/kg) 453.09:9.57° 430.09+5.64

Keys: Data show mean + SEM, n=5. 0 mg/kg: NC (Negative control); Normal saline, PC (Positive control); 10 mg/kg body weight

Chloroquine. % P: percentage parasitaemia; % CS: percentage chemosuppression; EDso: Effective dose in mg/kg that produced

50% chemosuppression; EDso: Effective dose in mg/kg that produced 90% chemosuppression. Only values with different

superscripts (a or b) within columns are significantly different (p <0.05, one —way analysis of variance followed by the Student

Newman Keuls’ post hoc test, Superscripts a or b are statistical notations to depict significantly different activities in the values).

Table 4. Average survival time and percentage survivor of mice in the chemo-suppressive model

Doses Parquetina nigrescens Spathodea campanulata

(mg/kg) body weight  Average survival time  Percentage survivor Average survival time Percentage survivor
0 17.2+2.182 20 17.2+2.182 20

100 15.4+2.962 80 21.841.56° 40

200 16.4+2.942 80 17.6+2.522 60

400 17.4+1.50> 0 40 17.6+5.052 60

800 27.0+0.63° 60 18.0+1.822 60

cQ 28.0+0.00° 100 28.0+0.00° 100

Keys: Data show mean + SEM, n=5. 0 mg/kg: NC (Negative control); Normal saline, CQ (Positive control) Chloroquine (10 mg/kg). AST;

Average survival time. PS: Percentage survivor. Only values with different superscripts (a or b) within columns are significantly different

(p <0.05, one —way analysis of variance followed by the Student Newman Keuls’ post hoc test, Superscripts a or b are statistical notations

to depict significantly different activities in the values).

depicting a relatively high chemo suppressive effect
of both extracts. The statistically different (p<0.05)
EDw of the extracts shows a better activity of P.
Spathodea the

chemosuppressive model, though EDso values were

nigrescens —over campanulata  in
comparable (Table 3). The high chemosuppresive
activities of both extracts depict the potential of these
two plants to treat malarial especially in Africa.

P. nigrescens also presented a very high survival time
(27.0£0.63) at the highest dose tested in the
chemosuppressive model and was comparable
(p>0.05) to that of the positive control, just like in the
prophylactic model. For S. campanulata, the survival
times were comparable (p>0.05) to that of the
negative control at all doses with similar survivor of
60 except at 200 mg/kg which gave a value of 40 while
the highest percentage survivor value of 80% was
recorded at 100 and 200 mg/kg for P. nigrescens. The

extract of P. nigrescens thus gave a better survivor and

survival time profile than S. campanulata in the
chemosuppressive model (Table 4). These data
coupled with its activities on the parasite confirmed
P. nigrescens as the more active of the two as a
chemosuppressive agent. In a similar experiment for
S. campanulata the average mean survival time was
between 13-25 days [41], this is in line with the results
obtained in this present study.

The curative model gives the degree to which the
extract can clear the parasite from the system of the
mouse rather than reduction or suppression of the
same in the prophylactic or suppression models
respectively. The potential of the extracts to clear
parasites is exemplified by the significant difference
between the parasitaemia values at the tested doses
during the days of treatment and the negative control
upon progressive daily monitoring of the level of
parasitaemia. The comparable levels of parasitaemia
observed for the extracts of the two plants to each
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Table 5. Average survival time and percentage survivor of mice in the curative model

Doses (mg/kg) body weight

Parquetina nigrescens

Spathodea campanulata

AST PS AST PS
0 17.4+0.512 20 17.4+0.512 20
100 17.2+0.732 40 20.6+1.172® 80
200 14.6+1.912 60 15.4+2.102 40
400 13.842.632 40 13.243.122 60
800 15.4+1.892 80 12.6+1.722 60
CQ 28.0+0.00° 100 28.0+0.00° 100

Keys: Data show mean + SEM, n=5. 0 mg/kg: NC (Negative control); Normal saline, CQ (Positive control) Chloroquine (10

mg/kg). AST; Average survival time. PS: Percentage survivor. Only values with different superscripts (a or b) within columns

are significantly different (p < 0.05, one —way analysis of variance followed by the Student Newman Keuls” post hoc test,

Superscripts a or b are statistical notations to depict significantly different activities in the values).

other at all the doses tested in each of the days and
the significant parasitaemia reduction on the last day
with PN at doses 200mg/kg and 8000mg/kg on day 4
and with SC at 200, 400 and 800mg/kg showed there
was a reasonable reduction of parasitaemia at each of
the doses with progressive administration of both
extracts (Figs. 1 and 2).

% Parasitaemia Day 4

12 5.23
C
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E s 2
[+
o= 5.23 22 j? v 265
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< 4 ™~ 3,11 324 36 308 S
Ry \ﬁ-e-—-————'i——_‘-’i\-_&\\l;“
X 2
0
NC 100 200 400 800 cQ
Doses Mg/Kg
CQ: Chloroquine —SC -PN

Figure 1. Comparative Percentage parasitaemia in the
curative model of the extracts of S. campanulata and P.
nigrescens

These seem to confirm the curative effectiveness of
both extracts. However, at all doses, P. nigrescens
seems to elicit a higher percentage clearance than S.
campanulata. P. nigrescens elicited a clearance of 58%
at 100 mg/kg, the lowest dose while S. campanulata
elicited 49% at the highest dose of 800 mg/kg. The
significantly different (p<0.05) clearance of 63% given
by the positive control, chloroquine (Fig. 2) is an
indication of its better curative activity than each of
the extracts.

Also, the EDso elicited by both extracts were not
significantly different (p>0.5) from each other, but the
EDwo of S. campanulata (827.76 + 91.87) was significa-
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Figure 2. Comparative Percentage clearance in the curative
model of the extracts of S. campanulata and P. nigrescens

ntly higher than that of P. nigrescens (582.38+63.99)
indicating that the extract of P. nigrescens displayed a
better curative activity than that of S. campanulata (Fig.
3). Effective doses elicited by antimalarial plants
have been used to rank order their activities in a
comparative study [42].

For the curative model, a doubled value of the
survival times obtained for an extract is an express
indication of curative antiplasmodial activities [43].
However, despite the moderately average percentage
clearance, the extract could not give a doubled
survival time. Truly, the survival time at all doses
tested for both extracts gave values that were
comparable to the negative control and so neither of
them possessed intrinsic curative activities. However,
the highest values of percentage survivor were
elicited at the lowest dose tested for S. campanulata
and the highest dose tested for P. nigrescens (Table 5).
The survival time profile was thus better for S.
campanulata than P. nigrescens in the curative
experiment.

It needs to be mentioned that antimalarial drugs may
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elicit their antimalarial activities either like
chloroquine, by inhibiting the formation of
haemozoin by the parasite as a result of detoxifying,
by polymerization of haemoglobin which is toxic to
the parasites [44], or also like mefloquine, by
associating with the serum polypeptide apoAl to
which malaria-infected erythrocytes bind in order to
obtain supply of exogenous molecules for membrane
trafficking events which the drug eventually disrupts
[45]. It may also like pyrimethamine, cause failure of
nuclear division at the time of schizont formation in
the erythrocytes by inhibiting the dihydrofolate
reductase of plasmodia and thereby blocking the
biosynthesis of purines and pyrimidines, which are
essential for DNA synthesis and cell multiplication
[46]. It does not seem unlikely that the extracts of S.
campanulata and P. nigrescens in the different models
of antimalarial activities act in either of those
mechanisms based on some comparable activities
they both elicited at some tested doses. The
elucidation of the exact mechanism of action of the
plant extracts and their compounds, after the
isolation of the active constituents, should be the
subject of a further work to be carried out on the
extracts.

In summary, S. campanulata with significantly lower
effective doses and better survival time profile in the
prophylactic model was a better prophylactic drug
than P. nigrescens with better survivor. On the other
hand, though P. nigrescens elicited lower EDw in the

500 453.09

276

582.38
a

4
430.09 77 H

a 353.0

2445

PN

Figure 3. Effective dose values of the leaf extracts of S. campanulata and P. nigrescens for all the models

CHM CUR
Models

m ED90

chemosuppressive and curative models, its
additional high survival times and high survivor in
both models made it a better chemosuppressive and

curative drug.

4. Conclusions

In conclusion, the study shows that the leaf of S.
campanulata is a better prophylactic drug because of
its significantly lower effective dose and better
survival time profile while P. nigrescens leaf gave
better chemosuppressive and curative profile than S.
campanulata because of its higher survival times and
percentage survivor in both models. However,
further studies will be needed to investigate the
potential of both plants being combined together in
an antimalarial remedy that will elicit activities of the
three models of test and in addition identify the
constituents responsible for these activities. The
individual extracts and the combinations may also be
tested against chloroquine resistant Plasmodium
species to further highlight their potentials as
antimalarial agents.

Institutional review board statement

(Ethical statement)

All authors hereby declare that “Principles of
laboratory animal care”" (NIH publication No. 8523,
revised 1985) were followed, as well as specific
national laws where applicable. All experiments have
been examined and approved by the Animal

Page | 28

https://doi.org/10.56717/jpp.2024.v03i01.024



J. Phytomol. Pharmacol. 3(1), 20-31 2024

Babaagba and Odediran 2024

Research Ethics Committee is Health Research Ethic
Committee [HREC] Institute of Public Health,
Obafemi Awolowo University, Ile Ife with Ethical
Approval Number is IPH/OAU/12/2209.

Authors’ contributions

Designed and coordinated the study, 5.A.O, Carried
out the extraction and the antimalaria assay, T.B.B.,
Data collection and analysis, T.B.B. and S.A.O.
Writing-S.A.O. Original Draft Preparation, 5.A.O.;
Writing—Review and Editing, S.A.O. and T.B.B.

Acknowledgements

The authors appreciate the assistance of Messers I. 1.
Ogunlowo and A. S. Adesida of the Department of
Pharmacognosy, Obafemi Awolowo University, Ile-
Ife, Nigeria during plant collection and parasite

maintenance respectively.

Funding

No funding has been received for this study

Availability of data and materials
All data will be made available on request according
to the journal policy.

Conflicts of interest

The authors declare no conflict of interest.

References

1. Sha, L.; Shu-Ke, L.; Ren You, G.; Feng-Lin, Song. Lei,
Kuang.; Hua-Bin Li. Antioxidant capacities and total
phenolic contents of infusions from 223 medicinal
plants, Ind. Crop. Prod. 2013, 51, 289-29.
https://doi.org/10.1016/j.indcrop.2013.09.017.

2. Pribitkin, E.D.; Boger, G. Herbal therapy: what every
facial plastic surgeon must know. Arch. Facial. Plast.
Surg. 2001, 3(2), 127-132. https://doi.org/10.1001/
archfaci.3.2.127.

3. Schulz, AlJ.; Israel, B.A.; Becker, A.B.; Hollis, RM. It's
a twenty-four hour thing..a living for each other
concept: identity, networks and community in an
urban Village Health Worker project. Health Educ.
Behav. 1997, 24(4), 465- 80. https://doi.org/10.1177/109
019819702400406.

4. Schulz, B.R.; Anne-Katrin, D.; Ulrike, A.; Hans ]URgen,
S.D.; The endophyte-host interaction: a balanced
antagonism? Mycol. Res. 1999, 103(10), 1275-1283.
https://doi.org/10.1017/50953756299008540.

10.

11.

12.

13.

14.

15.

16.

17.

Lu, W.I Lu, D.P. Impact of Chinese herbal medicine on
American society and health care system: perspective
and concern. Evid Based Complement Alternat Med.
2014, 251891. https://doi.org/10.1155/2014/251891.
Trease, G.E.; Evans, W.C. Pharmacognosy, 15"
Edition, Baillere Tindall, London, 2008.

Alli, L.A.; Adesokan, A.A.; Salawu, O.A.; Akanji, M.A;
Tijani A.Y.; Anti-plasmodial activity of aqueous root
extract of Acacia nilotica. Afr.J. Biochem. Res. 2011, 5(7),
214-219. http://www.academicjournals.org/.
Sofowora, A.; Ogunbodede, E.; Onayade, A. The role
and place of medicinal plants in the strategies for
disease prevention. AJTCAM. 2013, 10(5), 210-229.
https://doi.org/10.4314/ajtcam.v10i5.2.

Elujoba, A.A; Odeleye, O. Cyril-Olutayo, M.
Traditional medicine development for medical and
dental primary health care delivery system in Africa.
Afr. J. Trad. Comp. Alt. Med. 2005, 2 (1), 46-61.
https://doi.org/10.4314/ajtcam.v2i1.31103.

El-Ramady, H.; Hajdu, P.; Torés, G.; Badgar, K.; Llanaj,
X.; Kiss, A.; Abdalla, N.; Omara, A.E.; Elsakhawy T.;
Elbasiouny, H.; Elbehiry, F.; Amer, M.; El-Mahrouk,
M.E’; Prokisch, J. Plant nutrition for human health: a
pictorial review on plant bioactive compounds for
sustainable agriculture, Sustainability. 2022, 14, 8329.
https://doi.org/10.3390/su14148329.

Nel, J.H.; Steyn, N.P. The nutrition transition and the
double burden of malnutrition in sub-saharan African
countries: How do these countries compare with the
recommended lancet commission global diet? Int. J.
Environ. Res. Public Health. 2022, 19(24), 16791.
https://doi.org/10.3390/ijerph192416791.

Odugbemi, T. Medicinal plants as antimicrobials in:
Outline and pictures of medicinal plants from Nigeria.
University of Lagos Press, Nigeria, 2006.

Ponman, B.; Bussmann, R. Medicinal Plants and the
Legacy of Richard E. Schultes Proceedings of the
Botany 2011 Symposium Honoring Dr. Richard E.
Schultes, 2012.

Balunas, M.].; Kinghorn, A.D. Drug discovery from
medicinal plants. Life Sci. 2005, 78, 431-441.
https://doi.org/10.1016/j.1fs.2005.09.012.

Fabricant, D.S.; Farnsworth, N.R.; The value of plants
used in traditional medicine for drug discovery. EHP.
2001, 109, 69-75. https://doi.org/10.1289/ehp.01109s169.
Satish, S.; Kavitha, K.S.; Baker, S.; Rakshith, D.; Kavitha,
H.U.; Yashwantha Rao, H.C.; Harini, B.P. Plants as
green source towards synthesis of nanoparticles. Int. J.
Biol. Res. 2013, 2(6), 66-76. www.isca.in.

Komlaga, G.; Agyare, C.; Dickson, R.A.; Mensah,
M.LK.; Annan, K, Loiseau, P.M.; Champy, P.
Medicinal plants and finished marketed herbal

Page | 29

https://doi.org/10.56717/jpp.2024.v03i01.024



J. Phytomol. Pharmacol. 3(1), 20-31 2024

Babaagba and Odediran 2024

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

products used in the treatment of malaria in the
Ashanti region, Ghana. J. Ethnopharmacol. 2015, 172,
333-346. https://doi.org/10.1016/j.jep.2015.06.041.
Makinde, ].M.; Amusan, O.O.; Adesogan, G.E.K. The
antimalarial activity of chromatographic fractions of
Spathodea campanulata stem bark extracts against
Plasmodium berghei berghei in mice. Phytother. Res. 1990,
4 (2), 53-56. https://doi.org/10.1002/ptr.2650040204.
Arya, J; Bist, R. The diverse ways to determine
experimental dose in animals. Hos. Pal. Med. Int. Jnl.
2022, 5(2), 21-24. https://doi.org/10.15406/hpmij.2022.
05.0020.

Lorke, D. A new approach to practical acute toxicity
testing. Archives of Toxicology, 1983, 54, 275-287.
https://pubmed.ncbi.nlm.nih.gov/6667118/.
McNaught A.D.; Wilkinson A. TUPAC. CMC, 2 ed.
(the "Gold Book"). Blackwell Scientific Publications,
Oxford. 1997.

Coolborn, A.F.; Bolatito, B.; Clement, A.F. Study of
acute and sub chronic toxicity of Spathodea campanulata
leaf. P Beav International Proceedings of Chemical,
Biological and Environmental Science, Medicine
Semantic Scholar Corpus ID: 38064898 2012.

llodigwe, E.E.; Akah, P.A.; Nworu, C.S. Evaluation of
the acute and subchronic toxicities of ethanol leaf
extract of Spathodea campanulata P. Beauv. Int. J. Appl.
Res. Nat. Prod. 2010, 3(2), 17-21.

Omoboyowa, D.A.; Ogunneye, A.L.; Igara, CE,;
Otuchristian, G.
haematological studies of Parquetina nigrescens ethanol

Phytochemical screening and

and chloroform leaves extracts in normal albino rats.
AJPP. 10(10), 2016, 164-169. https://doi.org/10.5897/
AJPP2015.4451.
Sofowora, A. Research on medicinal plants and

traditional medicine in Africa. J. Altern. Complement.

Med. 1996, 2(3), 365-372. https://doi.org/10.1089/
acm.1996.2.365.
Rakotoarivelo, N.H,; Rakotoarivony, EF,;

Ramarosandratana, A.V.; Jeannoda, V.H.; Kuhlman,
A,R.; Randrianasolo, A.; Bussmann, R. W.; Medicinal
plants used to treat the most frequent diseases
encountered in Ambalabe rural community, Eastern
Madagascar. J. Ethnobiol. Ethnomed. 2015, 11, 68.
https://doi.org/10.1186/s13002-015-0050-2.

Mintah, O.; Tonny Asafo-Agyei, S.; Archer, M.; Atta-
Adjei Junior, P.; Boamah, D.; Kumadoh, D.; Appiah, A,;
Ocloo, A.; Duah, B.Y.; Agyare, C. Medicinal Plants for
Treatment of Prevalent Diseases’. Pharmacognosy -
Medicinal Plants. Intech Open. 2019. https://doi.org/
10.5772/intechopen.82049.

Wilson, E.O.; Peter, F.M. (editors). Screening plants for

new medicines biodiversity. Washington (DC):

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

National Academies Press (us); 1988.
https://www.ncbi.nlm.nih.gov/books/NBK219315/
Mobli, M.; Qaraaty, M.; Amin, G; Haririan, I;
Hajimahmoodi, M.; Rahimi, R. Scientific evaluation of
medicinal plants used for the treatment of abnormal
uterine bleeding by Avicenna. Arch. Gynecol.
Obstet. 2015, 291, 21-35. https://doi.org/10.1007/s00
404-015-3629-x.

Haddad, M.H.F.,;, Mahbodfar, H., Zamani, Z;
Ramazani, A.; Antimalarial evaluation of selected
medicinal plant extracts used in Iranian traditional
medicine. Iran. J. Basic Med. Sci. 2017, 20(4), 415-422.
https://doi.org/10.22038/I]JBMS.2017.8583.

Alaribe, S.C.; Oladipupo, A.R.; Uche, G.C.; Onumbea,
M.U,; Ota, D.; Awodele, O.; Oyibo, W.A.; Suppressive,
curative, and prophylactic potentials of an antimalarial
polyherbal mixture and its individual components in
Plasmodium berghei-Infected mice. J. Ethnopharmacol.
2021, 277, 114105. https://doi.org/10.1016/jjep.2021.
114105.

Tekalign, E.; Tadege, G.; Fisseha, N.; Nureye, D.
Suppressive, curative, and prophylactic effects of
Maesa lanceolata Forsk. against Rodent Malaria Parasite
Plasmodium berghei. Biomed. Res. Int. 2022, 8901555.
https://doi.org/10.1155/2022/8901555.

Makinde, J. M.; Amusan, O.0.G.; Adesogan, EK. The
antimalarial activity of Spathodea campanulata stem
bark extract on Plasmodium berghei berghei in mice.
Planta Med. 1988, 54(02), 122-125. https://doi.org/
10.1055/s-2006-962367.

Rangasamy, D. Preliminary Phytochemical screening
and antimalarial studies of Spathodea campanulatum P.
Beauv leaf extracts. Ethnobot. Leaflets. 2008(1), 110.
https://opensiuc.lib.siu.edu/ebl/vol2008/iss1/110.
Nafiu, M.O.; Akanji, M.A ; Raji, Z.A.; Abdulsalam, T.A.
Phytochemical analysis and in vivo anti-malarial
activities of aqueous extracts of Tithonia diversifolia and
Parquetina nigrescens leaves in mice. Biokemistri. 2014,
26(2), 63-68. http://www.bioline.org.br/bk.

Deepa, J.; Leykutty, N.A; Jyoti H. Effect of
combination of two plant extracts on diabetes mellitus
Int. J. Pharm. Pharm. Sci, 2018, 10(4), 10, 49-52.
https://doi.org/10.22159/ijpps.2018v10i4.24100.
Abubakar, F.A.; Adetutu, A.; Olorunnisola, O.S.; Soji-
Omoniwa, O.; Abdulazeez, A.T., Aborisade, A.B.
Effects of
heamatological parameters of Plasmodium berghei
infected mice. NJPAS. 2016, 29(2), 2953-2961.
https://doi.org/10.19240/njpas.2016.A19.

Ebiloma, G.U.; Omale, J.; Aminu, R.O. Suppressive,

selected aqueous plant extracts on

curative and prophylactic potentials of Morinda lucida
Benth against erythrocytic stage of mice infective

Page | 30

https://doi.org/10.56717/jpp.2024.v03i01.024



J. Phytomol. Pharmacol. 3(1), 20-31 2024

Babaagba and Odediran 2024

39.

40.

41.

42.

chloroquine sensitive Plasmodium berghei NK-65 BJAST.
2011, 1(3), 131-140. https://doi.org/10.9734/BJAST/
2011/273.

Odediran, S.A.; Awosode, K.E.; Adegoke T.A.; Odebunmi
K.A.; Oladunjoye B.B.; Obasanya, A.A.; Omilani, LM.;
Soyinka, K.T.; Ugbo, ].U.; Ogunleke, A.].; Adesida, S.A,;
Adebajo, A.C. Combinations of Chrysophyllum albidum
and Citrus aurantifolia as antimalarial agents and their
effects on orthodox antimalarial drugs in mice. Ann.
Complement. Altern. Med. 2020. 2(1), 1007.

Odediran S.A. Bioassay-monitored optimization and
phytochemical investigation of MAMA  Decoction.
Ph.D Thesis,

Nigeria, 2016.
Amusan, O.0.G.; Adesogan, E.K.; Makinde, J.M.
Antimalarial active principles of Spathodea campanulata

Obafemi Awolowo University, Ile Ife,

stem bark. Phytother. Res. London. 1996, 10(8), 692-693.

http://dx.doi.org/10.1002/(sici)10991573(199612)10:8<6
92.
Odediran, S.A.; Elujoba, A.A.; Adebajo C.A. Influence of

43.

44.

45.

46.

formulation ratio of the plant components on the
antimalarial properties of MAMA Decoction. Parasitol.
Res. 2014, 113, 1977-1984. https://doi.org/10.1007/s004
36-014-3848-2.

Mukherjee, P.K. Quality control of herbal drugs: An
approach to evaluation of botanicals, (1st Edn). 2019.
Basilco, N.; Pagani, E.; Monti, D.; Olliaro, P.; Taramelli,
D.A microtitre-based method of measuring the heme
activity  (HPIA) of
antimalarial drugs. . Antimicrob. Chemother. 1998, 42,
52-60. https://doi.org/10.1093/jac/42.1.55.

Grellier, P.; Rigomier, D.; Clavey, V.; Fruchart, J].C,;
Schrevel, ]J.
lipoproteins and Plasmodium falciparum-infected red
blood cells. J. Cell Biol. 1991, 112, 267-277.
https://doi.org/10.1083/jcb.112.2.267.

Stanley, S.L.; Cohen, J.; Opal, SM.; Powderly, W.G.
Antiparasitic agents in infectious diseases (Third
Edition) Mosby London, 2010. https://doi.org/10.1016/
B978-0-323-04579-7.00150.

polymerization  inhibitory

Lipid traffic between high density

Page | 31

https://doi.org/10.56717/jpp.2024.v03i01.024



