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ABSTRACT

Aim: Medicinal plants have played an important role in the treatment of different ailments including
malaria in developing countries particularly in Africa. This study has evaluated the antimalarial
activities of Azadirachta indica A. Juss (Meliaceae), Cymbopogon citratus Stapf. (Poaceae),
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Moringa oleifera Lam. (Moringaceae), Tithonia diversifolia (Hemsl) A. Grey (Asteraceae) and
Vernonia amygdalina Del. (Asteraceae) which are commonly-used for malaria treatment in Uganda.
Study Design: This is an experimental laboratory report on antimalarial activities of some Ugandan
medicinal plants for subsequent profiling in an herbal pharmacopoeia and eventual drug
development.

Place and Duration of Study: The Animal Research Facility and the Clinical and Research
Laboratory, Faculty of Medicine, Mbarara University of Science and Technology, Uganda, between
July 2019 and March 2020.

Methodology: The antimalarial activity of the hot infusion of each leaf was evaluated on
chloroquine-sensitive Plasmodium berghei ANKA-infected mice using 4-day test at 100 — 400
mg/kg with chloroquine (10 mg/kg) and artemether-lumefantrine (4 mg/kg) as positive controls; and
distilled water as negative control. The observed haematological responses of the animals were
determined with an automated haematometer.

Results: The results showed dose-dependent activities in the animals treated with the extract of
each plant leaf in varying degrees. Thus, V. amygdalina and T. diversifolia showed the highest
antimalarial activities with the chemosuppression values of 75% and 66% at 400 mg/kg,
respectively. The results of V. amygdalina, T. diversifolia and M. oleifera, extracts gave the lowest
EDso of 141, 195 and 231 mg/kg, respectively being significantly different from A. indica (EDsy 319
mg/kg) and C. citratus (EDsq 346 mg/kg) with V. amygdalina as the most potent extract among the
five plant leaves.

Conclusion: The observed activities of the five plants have therefore supported their folkloric uses
as antimalarial remedies by the Ugandan traditional medicine practitioners with obvious potentials

for drug development.

Keywords: Malaria; parasitaemia; chemosuppression; hematological effects.

1. INTRODUCTION

Malaria remains a burden in developing countries
despite several efforts put in place to eradicate it.
Recent reports showed an estimated morbidity of
228 million from which 93% came from African
regions and global record of 435,000 mortalities
with 92% from Africa [1]. According to the World
Health Organization, 85% of the global malaria
burden was reported to come from sub-Saharan
Africa and India with Uganda being listed among
the six countries with high malaria morbidity of
5% [1].

Due to high cost, non-availabilty and
accessibility of conventional antimalarial drugs,
people of developing countries use medicinal
plants as alternative natural sources for malaria.
They are either used in their crude forms, singly
as mono-component or in combination as multi-
component herbal preparations. Medicinal plants
have played important roles as sources of
antimalarial drugs, beginning with the discovery
of quinine from Cinchona succirubra Pav. ex
Klotzsch (Rubiaceae) stem-bark [2], which
eventually served as starting material for the
chemical synthesis of chloroquine, amodiaquine,
etc. in the treatment of malaria. Later,
artemisinin, isolated from Artemisia annua L.
(Asteraceae) has served as a skeleton for the

synthesis of artemether, artesunate,
dihydroartemisinin, etc. used for the current
treatment of chloroquine-resistant Plasmodium
falsiparum malaria [3].

In Uganda, several medicinal plants have been
reported through different ethnobotanical surveys
on herbal malaria management [4,5], five of
which, namely, Azadirachta indica A. Juss,
Cymbopogon citratus Stapf., Moringa oleifera
Lam., Tithonia diversifolia (Hemsl) A. Grey. and
Vernonia amygdalina Del. have been studied in
the present investigation for antimalarial
activities.

Azadirachta indica A. Juss, (Meliaceae) is an
evergreen tree commonly known as neem tree.
This plant is indigenous to South Asia and
abundant in the tropical belt [6]. The plant has
been reported to have anti-hyperglycaemic,
antibacterial [7], antifungal, anthelmintic [8],
antioxidant, anti-inflammatory and antimalarial [9]
activities. The plant has been reported to contain
diterpenoids, triterpenoids, alkaloids, flavonoids
and phenolic compounds[10].

Cymbopogon citratus Stapf. (Poaceae) is a
perennial tropical grass that is originated from
Indochina, Malaysia and SriLanka. It has been
reported to contain anti-inflammatory [11],



analgesic [12], antioxidant, antimicrobial [13],
gastroprotective  [14], anti-leishmania [15],
insecticidal, hypoglycemic and hypolipidemic [16]
activities. It contained saponins, alkaloids,
flavonoids, tannins, esters, glycosides and
essential oils [17]. In vitro test of its essential oils
was reported to have antiplasmodial activity
while its whole plant has been reported for
antimalarial activity [18].

Moringa oleifera Lam. (Moringaceae) is
commonly known as moringa or drumstick. It has
antihypertensive, antidiabetic [19], antibacterial
[20], antinociceptive, larvicidal, antifungal, anti-
inflammatory, analgesic, antimalarial [21,22] and
antisickling [23] activities. The plant has been
reported to contain phenols (glucosinolates
and isothiocyanates), flavonoids, alkaloids,
glycosides, amino acids, carotenoids, vitamins
and sterols [24].

Tithonia  diversifolia  (Hemsl) A.  Grey.
(Asteraceae), commonly known as Mexican
sunflower is a perennial shrub widely distributed
in Africa [25]. The plant has been reported to
possess antimalarial [26,27], antiplasmodial
[28,29], antibacterial [30], antiulcer [31],
antifungal, anti-inflammatory and analgesic [32]
activities. The chemical constituents included
alkaloids, flavonoids, phlobatannins, tannins,
terpenes, saponins and reducing sugars [33].
Nephro-toxicity and hepato-toxicity of the plant
have been reported at the dose of 400 mg/kg
[34].

Vernonia  amygdalina  Del. (Asteraceae),
commonly known as bitter leaf is a small shrub,
an edible rainforest, growing in tropical Africa
where it is used for the treatment of malaria and
other ailments. It has been reported to
have antimalarial [35], antimicrobial, antitumoral
[36], antihypertensive [37], antinociceptive,
antioxidant, hepatoprotective, antidiabetic, anti-
inflammatory and anticancer [38,39] properties.
The ethanol extract of the leaf showed in vitro
antiplasmodial activity on P. falciparum with ICsq
of 9.82 pg/mL [40]. Steroidal saponins, terpenes,
coumarins, tannins, alkaloids, flavonoids and
some novel stigmastane-type steroidal
glycosides, vernoniosides and diterpenoids have
been reported [41,42].

Although, the five selected Ugandan medicinal
plants have been reported as antimalarials, no
study has compared and rank-ordered their
antimalarial properties. Therefore, the aim of
present study was to investigate the antimalarial
activities on P. berghei-infected mice, using hot
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infusion method for extraction, since they are
usually prepared through this method by the
native communities in Uganda; and also
determine their hematological effects, compare
their potencies and determine the most active for
subsequent development of standardized
antimalarials and possible utilization in health
care.

2. MATERIALS AND METHODS
2.1 Plant Materials

The leaves of Azadirachta indica A. Juss, family
Meliaceae (AZ), Cymbopogon citratus Stapf.,
family Poaceae (CY), Moringa oleifera Lam.,
family Moringaceae (MO), Tithonia diversifolia
(Hemsl) A. Grey., family Asteraceae (TD) and
Vernonia amygdalina Del., family Asteraceae
(VA) were collected from Mbarara Municipality,
Uganda, in July, 2019 (AZ [S0036°39 E30°39'16],
CY [S0°36°22.34 E30°39'42.32], MO [S0°35'59
E30°40’44], TD [S0°35°'34.14, E30°38'54.24] and
VA [S0°36°57.48 E30°39'25.74]). They were
identified and authenticated by the taxonomist,
Dr. Eunice Olet, Department of Biology, Faculty
of Science, Mbarara University of Science and
Technology by comparison with the herbarium
specimens of previously collected and preserved
samples in the Makerere Herbarium of the
Department of Botany, Kampala, Uganda. The
leaves were separately air-dried at room
temperature and pulverized using a grinder. The
reference drugs: chloroquine® and coartem®
(artemether-lumefantrine), were purchased from
a registered Pharmacy in Mbarara Municipality.

2.1.1 Preparation of infusion

Hot infusion of standard concentration,
equivalent to 100 mg/mL of each powdered leaf
of AZ, CY, MO, TD and VA, was prepared by
separately weighing 5 g of each powdered leaf
into a conical flask and pouring 50 mL boiling
distilled water into it. The flasks were covered
and left for 15 minutes before they were filtered
using Sieve no 710 [43,44].

2.2 Study Animals and Care

Swiss albino mice of both sexes, weighing 18-20
g, were purchased from the Animal Facility
Laboratory of Mbarara University of Science and
Technology, Mbarara, Uganda. The animals
were housed under a 12 h light /dark cycle with
free access to water and were fed with
commercial food pellets, purchased from
KUYOYO Feeds, Uganda. They were



acclimatized for two weeks prior to the assay. All
the animals were kept under standardized
environmental conditions and had free access to
food and water. The principles of laboratory
animal care (NIH publication No. 85-23, revised
1985) [45] were followed.

2.3 Malaria Parasite Strain

The parasite was obtained through the United
States' BEI Resources, NIAID, NIH: chloroquine-
sensitive Plasmodium berghei, Strain ANKA,
MRA-311, contributed by Thomas F. McCutchan.
The vial containing 0.5 mL of P. berghei ANKA
strain parasite in dried ice, donated by BEI
Resources in USA was activated by thawing
frozen cryovial in a water bath at 35°C for 2
minutes. This was followed by wiping the outside
of the vial with 70% ethanol before opening and
50 pL injected intraperitoneally into each mouse.
The growth of parasites was monitored by tail
vein bleed sampling and Giemsa-stained thin
blood smear microscopy daily, starting on day-3
post-inoculation. The parasites were maintained
in continuous blood passage in mice. The
parasite was ready for use after the 3™
generation of inoculation. A standard inoculum of
1x10" parasitized erythrocytes was prepared by
diluting the blood harvested from a donor mouse
(> 30 % parasitaemia) with normal saline and
200 pL injected intraperitoneally to each test
mouse.

2.4 Early-Malaria
pressive) Test

Infection (Chemosup-

One hundred and thirty-three (133) mice were
intraperitoneally inoculated with P. berghei ANKA
parasite, 2 h prior to drug administration [46].
The mice were randomly divided into 19 groups
of 7 mice each; and mice in each of the groups
were orally treated with the assigned test leaf
infusion at the same doses of 100, 200 and 400
mg/kg [26,47,48], namely: Groups | — Ill (AZ),
Groups IV — VI (CY), Groups VIl — IX (MO),
Groups X — Xl (TD) and Xl — XV (VA).
Chloroquine (10 mg/kg) and coartem (4 mg/kg)
were administered to Groups XVI and XVII as
reference drugs and distilled water (0.2 ml) was
given to Group XVIII as negative control, while
XIX (uninfected and untreated) represented
Normal Group. Drugs were administered once
daily, using a metal-feeding cannula for 4 days.
On the fifth day (Ds), the parasitaemia
levels were assessed by examining and counting
the parasitized and total red blood cells
in the Giemsa-stained (Giemsa in Phosphate
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buffer) blood smears. The percentage
chemosuppression was determined by recording
the number of parasitized red blood cells out of
every 500 red blood cells counted in 8 random
fields under light microscope at %1000
magnification and calculating the average
percentage parasitaemia suppression as follows:

Percentage parasitaemia = 100{Np /N¢t}, where
Np is the number of parasitised red blood cells
and Nt is the total number of (parasitised +
unparasitised) red blood cells per view of count;

Percentage chemosuppression =
100{(A - B}fA), where Ais the average
percentage parasitaemia in the negative control
Group and B is the average parasitaemia in the

test Group [49,50].
2.5 Haematological Analysis

Three mice from each Group were
anaesthetized, its blood collected through
cardiac puncture and kept in vacutainer tubes
containing anticoagulant (ethylenediamine
tetraacetic acid [EDTA]) for haematological
analysis. The blood was mixed inside the
vacutainer tubes using Blood Mixer (HOSPITEX)
RM - 500 and analyzed in an automated
Haematology Analyzer; BECKMAN COULTER
AC-T 5diff CP, Kraemer Blvd, Brea, USA (WBC
Lyse, Fix, Hgb Lyse, Rinse) to determine the
Pack Cell Volume (PCV), White Blood Cell
(WBC), Red Blood Cell (RBC), Haemoglobin
(HGB), Haematocrit (HCT), Mean Corpuscular
Volume (MCV), Mean Corpuscular Haemoglobin
(MCH), Mean Corpuscular Haemoglobin
Concentration (MCHC), Red Cell Distribution
Width (RDW), Platelet, Mean Platelet Volume
(MPV), Neutrophils (NE), Lymphocytes (LY),
Monocytes (MO), Eosinophils (EO) and
Basophils (BA).

2.6 Data Analysis

The percentage parasitaemia reduction was
expressed as mean + SEM while the effective
doses were determined using Microsoft Excel
(2016) and the variation in a set of data was
analyzed through the one-way analysis of
variance. The difference among the means was
considered at 95% confidence level using the
post-hoc method of Tukey's Multiple Comparison
Test through Graph Pad Prismb8.4.2 software
2020 version.



3. RESULTS AND DISCUSSION
All the mice treated with AZ, CY, MO, TD and VA

showed varying percentage parasitaemia,
relative to negative control mice (25.2%),
followed by their corresponding percentage

chemosuppression values, respectively
(Table 1). For example, VA gave 13.5 to 6.3%
parasitaemia at 100 to 400 mg/kg which were
significantly different from negative control
(25.2%). Percentage parasitaemia at 400 mg/kg
(6.3 %) was not significantly different
(g=4.22; p=0.057) from that of CQ at 10 mg/kg
(1.41%). The corresponding %
chemosuppression at 100 (46.4%), 200 (63.9%)
and 400 (75.1%) mg/kg were significantly
different from one another.

TD gave 15.8 to 8.6% parasitaemia at 100 to 400
mg/kg which were significantly different from
negative control (25.5%). Correspondingly, TD
gave chemosuppression of 37.3% at 100 mg/kg
that was significantly different from
chemosuppression of 64.6 and 65.7 % at 200
and 400 mg/kg, respectively (Table 1).
Percentage chemosuppression exhibited at 200
and 400 mg/kg were not significantly different
from each other (q = 0.59; P = .99).

MO showed 14.8 to 9.9% parasitaemia at 100 to
400 mg/kg, respectively (Table 1) which were
significantly different from negative control
(25.5%) as shown in Table 1. MO gave a
corresponding chemosuppression of 41.2% at
100 mg/kg that was significantly different
from chemosuppression of 54.3 and 60.6% at
200 and 400 mg/kg, respectively. Whereas,
chemosuppression at 200 (54.3%) and 400
(60.6%) mg/lkg were not significantly
different (q = 2.66; P = .36) from each other
(Table 1).

AZ showed 18.13 % parasitaemia at 100 mg/kg
(not significantly different from negative control),
14.37 % at 200 mg/kg and 11.37% at 400 mg/kg
which were significantly different from the
negative control (25.2%), respectively.
Correspondingly, AZ gave chemosuppression of
43.0% and 54.9% at 200 and 400 mg/kg,
respectively (Table 1) but were not significantly
different from each other (q = 3.24; P = .18)
when compared with the lowest dose.

Also, CY showed 19.7% parasitaemia at 100
mg/kg (not significantly different from negative
control), 14.15% at 200 mg/kg and 13.2% at 400
mg/kg (Table 1) which were significantly different
from the negative control (25.2%), respectively.
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CY gave corresponding chemosuppression of
43.9 and 47.7% at 200 and 400 mg/kg,
respectively which were not significantly different
from each other (q = 1.54; P = .81).

Thus, the chemosuppressive activities of AZ, CY
and TD at 100 mg/kg were not significantly
different from one another and similarly at that
dose, the activities of MO and VA were not
significantly different from each other. At 200
mg/kg, MO, TD and VA extracts gave
chemosuppressive activities that were
comparable to one another while MO gave a
comparable activity with those of AZ and CY.
And at 400 mg/kg, VA gave chemosuppressive
activity of 751 % which was comparable
(g = 3.60; P = 0.18) to that of MO with 65.8 %
(Table 1). The EDsq (effective doses) for MO, TD
and VA with 231, 195, and 141mg/kg,
respectively, were not significantly different from
one another but VA (EDs; 141 mg/kg) was
significantly different from AZ (EDso 319 mg/kg)
and CY (EDso 346 mg/kg). The EDgyy values of
455 and 454 mg/kg for TD and VA, respectively
showed no significant difference (Graph. 1). The
negative control group gave a survival time of
only 7 days while 25 % of mice, treated with AZ
and CY extracts survived for up to day 10 days.
However, 50 % of mice treated with either VA or
MO gave survival time of 14 days while 50 %
mice with TD survived for up to 18 days. The
reference standards (CQ and ACT), with 100 %
live animals, gave a survival time of 28 days.

The results of the haematological studies
showed that the malarial infection, as
demonstrated in the untreated but infected
negative control mice, produced significantly
reduced Red Blood Cell, Haemoglobin,
Haematocrit, White Blood Cell, Mean
Corpuscular ~ Volume, Mean  Corpuscular

Haemoglobin, Mean Corpuscular Haemoglobin
Concentration, Red Cell Distribution Width,
Platelet, Mean Platelet Volume, Neutrophils,
Lymphocytes, Monocytes, Eosinophils and
Basophils. The reduction in the normal
haematological indices, indicating malarial
infection, were reversed following the treatments
with MO, TD and VA, not significantly different
from the uninfected Normal Group but were
significantly different from the effects in the
untreated infected negative control animals. AZ
at the medium dose of 200 mg/kg and CY the
highest dose of 400 mg/kg were significantly
different from the uninfected Normal Group mice
as they did not significantly reverse the
haematological defects observed in the untreated
but infected negative control Group.



Table 1. Antimalarial activities of the five plant extracts on P. berghei ANKA at varying doses
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Dose/ 100 mg/kg 200 mg/kg 400 mg/kg

Test % Parasitaemia % Chemosuppression % Parasitaemia % Chemosuppression % Parasitaemia % Chemosuppression

Drugs

AZ 18.13 £ 1.22 28.12 + 4.83%"9 1437 +1.25 43.04 £ 4.97*™ 11.37 £ 1.27 54.91 + 5.03°®
(q=3.77; P= .07) (q =6.23; P =.002) (q = 7.36; P = .0003)

cY 19.72 £ 0.99 21.81+3.90' 14.15+ 1.00 43.89 + 3.98% 13.20 £ 0.50 47.68 + 1.98°
(q=2.73; P =.26) (q = 6.85; P = .0009) (q = 6.89; P = .0009)

MO 14.84 + 1.51 41.18 £5.979" 11.52 £ 0.74 54.31 + 2.94%" 9.93 + 10.64 60.63 + 1.02%F
(q = 5.80; P = .004) (q = 8.76; P < .0001) (q = 9.06; P < .0001)

D 15.81 + 0.50 37.31+1.99" 9.43 £ 0.48 64.63 + 1.35% 8.63+1.07 65.78 + 4.265™
(q =5.77; P = .004) (g =10.12; P < .0001) (q =10.18; P <.0001)

VA 13.51 £ 0.68 46.42 £2.70" 9.10 £ 1.17 63.92 + 4.64 6.27 + 0.71 75.13 +2.80™
(q = 8.95; P < .0001) (q = 12.87; P < .0001) (q = 15.13; P <.0001)

cQ 1.41+0.12 94.41 + 0.46" 141+0.12 94.41 £ 0.46" 1.41+0.12 94.41 + 0.46"

(10 mg/kg) (g = 19.66; P < .0001) (q = 19.66; P < .0001) (q = 19.66; P < .0001)

ACT 0.75+0.09 97.04 + 0.36" 0.75+0.09 97.04 + 0.36" 0.75+ 0.09 97.04 + 0.36"

(4mg/kg)  (q=20.20; P < 0.0001) (q = 20.20; P < .0001) (q = 20.20; P < .0001)

DW 25.22 + 3.09 0.00 25.22 + 3.09 0.00 25.22 + 3.09 0.00

(200 pL)

Data are expressed as Mean + SEM, P <.001, P <.01, *P <.05 compared to negative control (DW); same superscripted letter means P = .05
AZ=Azadirachta indica, CY=Cymbopogon citratus, MO=Moringa oleifera, TD=Tithonia diversifolia, VA=Vernonia amygdalina, CQ=Chloroquine, ACT=Artemisinin-based Combination Therapy
(Artemether—Lumefantrine)
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Table 2. Haematological response of mice treated with the five plant extracts

Parameters/ WBC RBC HGB HCT MCV MCH MCHC RDW PLT MPV NE(%) LY (%) MO (%) EO BA
Test drugs (x10°L) (x10'4L  (g/dL) (%) (fL) (pg) (gidL) (%) (%) (%)
(mg/kg) )
Normal 816+ 894+ 1456+ 4354+ 4886+ 1629+ 3341+ 1273+ 103500 6.00+ 13.01 7223+ 1263+ 060+ 153+
0.68° 0.20° 0.24° 0.74° 1.46° 0.22 0.23¢ 0.31" +7292 022 +294" 262 1.14™ 0.18"  0.51°
AZ 100 1093+ 5242 920+ 2477+ 4800+ 17.83+ 3720+ 1367+ 34970+ 767+ 627+ 7800+ 890+ 007+ 677+
0.58° 0.89 1.19 3.44 2.00 0.88 0.35 0.29" 437 054  1.20% 1.65' 1.86™ 0.07" 0.90
200 1063+ 629+ 1117+ 31.33+ 50.00+ 17.70+ 3547+ 1350+ 30450+ 930+ 357+ 8197+ 723+ 000" 723+
1.53° 0.15° 0.55° 0.82 0.58 0.80 1.329 0.93" 14550 0.60  1.42% 3.88' 241" 0.09
400 1380+ 7.11% 1213+ 3520+ 49.00+ 17.00x 3497+ 1270+ 53070+ 740+ 503+ 7420 1447+ 013+ 6.07+
5.88° 1.03° 1.95° 6.86° 2.3 0.42 1.248 0.46" 161.20 0317  1.20% 7.47 7.26™ 0.13"  0.94
cY 100 1030+ 7.53% 1260+ 3750+ 50.00+ 1723+ 3457+ 1367+ 86100+ 630+ 667+ 7907+ 1020+ 0.13+ 3.93#
1.94° 1.73° 2.38° 8.50° 0.58 1.15 2.448 6.89" 93.09' 035 184 296 3.07™ 0.07" 1.93
200 673+ 862t 1420+ 4320+ 50.00+ 1650+ 3290+ 1323+ 72470 830+ 677+ 7310 1330+ 020+ 6.63+
1.142 0.26° 0.27° 2.16° 1.53 0.25 1.55% 0.19" +137.10' 0.45 1.62% 481 3.64™ 0.20" 0.87
400 1077+ 573% 943+ 2723+ 4767+ 1657+ 3470+ 1480+ 18200+ 797+ 647+ 7610+ 11.03+ 0.00" 640+
0.72° 0.81 1.14 3.61 0.33 0.52 0.81¢ 0.21 40.81 046 187  6.15 3.46™ 0.95
MO 100 1410+ 6.11% 1025+ 2945+ 4800+ 1675+ 3500+ 1275+ 19750+ 855+ 895+ 7385+ 1055+ 0.00" 665+
0.10° 0.11° 0.25° 0.45° 0.00 0.05 0.00° 0.05" 32.50' 0.05 335 275 0.45™ 0.15
200 6.07+ 779t 1293+ 3913+ 5000+ 1663+ 3313+ 1250+ 62170+ 670+ 1370 6103+ 1927+ 017+ 583+
1.56° 0.67° 0.94° 3.76° 0.58 0.29' 0.95° 0.50" 152.90 060 +4.05° 6.75 4.46™ 0.12" 1.97
400 7.85%+ 622+ 1090+ 3155+ 50.50+ 17.90+ 3520+ 13.10+ 409.00+ 7.80+ 7.05+ 7320+ 1295+ 010+ 6.70+
1.55° 2.97° 4.80° 14.85° 050 0.80 1.30° 0.60" 56.00 060  2.65° 12.900 6.25" 0.10"  3.90
D 100 1143+ 7472 1247+ 3583+ 4800+ 1680+ 3520+ 1427+ 43770+ 7.03+ 587+ 7990+ 810+ 000" 6.13+
3.29° 0.90° 1.05° 4.70° 0.58 0.72 1.72 0.22 13370 054 243 265 2.06™ 2.97
200 813+ 7.78+ 1290+ 3907+ 5033+ 1663+ 3307+ 1327+ 40730+ 833+ 577+ 7387+ 1280+ 013+ 743+
1.38° 0.27° 0.23° 0.84° 0.88 0.34" 0.13 0.39" 65.53 027  1.88 3.94' 1.82" 0.88"  0.54
400 1197+ 737% 12.80+ 36.43+ 4933+ 17.83+ 3607+ 1387+ 70070+ 930+ 890+ 6817+ 1440+ 007+ 847+
2.95° 1.41° 1.71° 6.90° 0.67 1.35 2.52 0.90" 362.2' 1.71 207"  6.95 3.86™ 0.03" 1.07
VA 100 12.00+ 3.86z 725+ 19.00+ 4950+ 1875+ 3800+ 13.05+ 42050+ 860+ 370+ 8485+ 640+ 0.00" 505+
1.50° 0.14 0.45 0.90 0.50 0.45 0.40 0.65" 82.50 020  0.60* 1.05' 0.60™ 0.15
200 1065+ 577+ 1045+ 2850+ 49.00+ 1805+ 3660+ 13.20+ 30350+ 845+ 300+ 8720+ 360+t 005+ 6.15%
0.75° 0.21° 0.25° 0.10 2.00 0.25 0.90 0.90" 47.50 155 0.60  2.00 0.80 0.05" 0.55
400 917+ 7682 1317+ 37.87+ 49.00+ 1710+ 3483+ 1330+ 46000+ 797+ 733+ 7380+ 1323+ 007+ 557+
2.52° 0.90° 1.62° 4.94¢ 0.58 0.12 0.26° 0.64" 162.80 029 126  3.35 1.65™ 0.03" 092




Ajayi et al.; EIMP, 31(12): 1-13, 2020; Article no.EJMP.59230

Parameters/ WBC RBC HGB HCT MCV MCH MCHC RDW PLT MPV  NE(%) LY (%) MO (%) EO BA

Test drugs (*10°L) (x10"L  (g/dL) (%) (fL) (pg) (g/dL) (%) (%) (%)

(mg/kg) )

DW (200 pL) 12.30= 6.56 + 1138+ 3088+ 4675+ 1745+ 3715+ 1415+ 57570+ 745+ 788+ 7198+ 1248+ 003+ 7652
1.00° 0.39 0.43 2.12 0.75 0.41 1.24 0.84 16550 019 212 586 3.59™ 0.03" 0.6

CQ (10) 527+ 845+ 1420+ 4170+ 4933+ 1680+ 3410+ 1277+ 84830+ 617+ 1477 7077+ 1097+ 037+ 3.13%
1.11° 0.35° 0.60° 2.43° 1.20 0.10' 0.85° 0.44" 122.30°  0.18° +529% 7.38 2.78™ 0.13" 1.84

ACT (4) 560+ 8.49% 1390+ 4470+ 5250+ 1635+ 3115+ 1315+ 86050+ 585+ 785+ 7150+ 1730+ 030+ 305%

1.80° 0.29° 0.40° 3.10° 1.50 0.50 1.25° 0.15" 159.50'  0.05" 1.65* 590 3.80™ 030" 075
Data are expressed as Mean + SEM, values carrying different superscripts from the negative control for each parameter are significantly different (P < .05)

WBC=White Blood Cell;, RBC=Red Blood Cell;, HGB=Heamoglobin;, HC T=Haematocrit;, MCV=Mean Corpuscular Volume; MCH=Mean Corpuscular Haemoglobin;, MCHC=Mean Corpuscular
Haemoglobin Concentration; RDW=Red Cell Distribution Width; PLT=Platelet; MPV=Mean Platelet Volume; NE=Neutrophils; LY=Lymphocytes;, MO=Monocytes;, EO=Eosinophils; BA=Basophils;
Normal=uninfected/untreated control group; DW=infected and treated with distilled water control group; AZ=Azadirachta indica; CY=Cymbopogon citratus; MO=Moringa oleifera;, TD=Tithonia
diversifolia; VA=Vernonia amygdalina;, CQ=Chloroquine; ACT=Artemisinin-based Combination Therapy
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Graph 1. Effective doses (EDsp and EDg) of plant extracts in the chemosuppressive test
Data are expressed as Mean + SEM, same superscripted letter means P = .05

All the five plant extracts, AZ, CY, MO, TD
and VA, exhibited varying dose-dependent
antimalarial activities from 100 to 400 mg/kg. VA
was the most active, followed by TD and MO
while CY exhibited the least antimalarial activity.
Although, AZ gave an average antimalarial
activity of 54.91% chemosuppression but at the
highest dose (400 mg/kg) and also at medium
dose (200 mg/kg), it gave 43.04 %, similar to
43.89% by CY (adjudged the least active),
hence, AZ was not considered a promising
candidate, which has supported the previous
report of Farahna et al. [48] on the antimalarial
inefficiency of its ethanol extract. The dose-
dependent activities of TD ethanol extract was
reported by Elufioye and Agbedahunsi [26] at
100 — 400 mg/kg, supporting the results of the

present study which showed TD as potent in
dose-dependent manner; for example, the results
of 200 mg/kg dose (64.6%) and 400 mg/kg
(65.8%) were comparable to the activities of
VA at same doses with 63.9% and 75.1%
activities, respectively. Some compounds, e.g.
sesquiterpene lactones, predominantly tagitinin
C, isolated from TD, were found to possess
antiplasmodial activities [28] and they could be
partly responsible for the observed antimalarial
actions in the present study. CY gave the lowest
activity (47.68%) in the present study at the
highest dose of 400mg/kg and 43.89% at the
medium dose of 200 mg/kg which correlated with
that of Ukpai and Amaechi [51] on the ethanol
extract of CY when no noticeable antimalarial
activity was found. It is noted however that the



essential oil of CY possessed an in vitro
antiplasmodial activity [52]. MO (54.3%) at 200
mg/kg in this study, with dose- dependent
antimalarial activities, was comparable to VA
(63.9 %) and TD (64.6 %) at the same dose but
at 400 mg/kg, its activity of 60.6 % was not
comparable with VA (75.1%). Then at 400 mg/kg,
VA that gave the 75.1 % chemosuppression, was
found to be the most promising of the five plant
extracts investigated. These results have
therefore supported the findings of Abosi and
Raseroka [53] on the dose-dependent
chemosuppression of VA extract, and that of
Njan et al. [53] who reported its curative
activities. Furthermore, VA also produced the
lowest EDsq and EDg values, thereby supporting
its potency over the other four plant materials
investigated and hence, the most promising for
drug development. Two of the well-known
chemical constituents of VA, vernodalol and
vernodalin, have been reported to possess
antiplasmodial activities [42]. Consequently, the
five plants investigated in this study can be rank-
ordered in a decreasing order of antimalarial
potencies as follows: VA=TD=MO>AZ=CY.

The haematological measurements were
necessary to assess the possible harmful effects
on the blood parameters and blood constituents,
comparatively in both the treated and untreated
normal mice [54,55]. These haematological
parameters are the dynamic tools for detecting
any abnormality in the system of animal or
human subjects under study. The results of the
haematological experiments showed that the
plant extracts at high doses, were able to reverse
the blood abnormalities caused by the malarial
parasites in the infected and treated animals
where their blood parameters fell within the
normal ranges. Thus, VA, TD and MO were not
only found as the most active extracts but also
the best in reversing the haematological
eventualities caused by the malaria infection.
Further research efforts in our laboratories will be
reported later on the development of antimalarial
remedies from the three most active plants
investigated.

4. CONCLUSION

All the hot infusions of the five medicinal plants
studied, following ethnomedical preparation
methods by the native users of Uganda, have
shown antimalarial activities in varying degrees
and thus establishing their folkloric claims by the
traditional healers. The hot infusions of MO, TD
and VA were found to be the most active plants
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which could be developed as antimalarial
remedies for Uganda.

CONSENT
It is not applicable.
ETHICAL APPROVAL

The study protocol was approved by the Mbarara
University of Science and Technology Research
Ethics Committee (MUREC1/7) and the Uganda
National Council for Science and Technology
(HS359ES).

ACKNOWLEDGEMENTS

Authors appreciate BEI Resources, NIAID, NIH
for donating P. berghei ANKA strain. C.O. Ajayji,
thanks Pharm-Biotechnology and Traditional
Medicine Centre, Eastern Africa Higher
Education Center of Excellence |l, Mbarara
University of Science and Technology, Uganda,
for a postgraduate Fellowship.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

World health statistics overview 2019:
monitoring  health for the SDGs,
sustainable development goals. Geneva:
World Health Organization; 2019.
Available:https://apps.who.int/iris/bitstream
/handle/10665/311696/ WHO-DAD-2019.1-
eng.pdf

(Accessed 14 November 2019).

Achan J, Talisuna AO, Erhart A, Yeka A,
Tibenderana JK, Baliraine FN, et al.
Quinine, an old anti-malarial drug in a
modern world: role in the treatment of
malaria. Malar. J. 2011;10:144.

DOI: 10.1186/1475-2875-10-144

Guo Z. Artemisinin anti-malarial drugs in
China. Acta Pharm. Sin. B. 2016;6(2):
115-124.
Available:http://dx.doi.org/10.1016/j.apsb.2
016.01.008

Stangeland T, Alele PE, Katuura E, Lye
KA. Plants used to treat malaria in
Nyakayojo sub-county, western Uganda. J.
Ethnopharmacol. 2011;137:154—-166.



10.

11.

12.

DOI: 10.1016/j.jep.2011.05.002

Adia MM, Anywar G, Byamukama R,
Kamatenesi-Mugisha M, Sekagya Y,
Kakudidi EK. et al. Medicinal plants used
in malaria treatment by Prometra
herbalists in Uganda. J. Ethnopharmacol.
2014;155: 580-588.
Available:http://dx.doi.org/10.1016/j.jep.20
14.05.060

Alzohairy MA. Therapeutics role of
Azadirachta indica (Neem) and their active
constituents in diseases prevention and
treatment. Evidence-Based Complement.
Altern. Med; 2016.

DOI: 10.1155/2016/7382506

Sinha DJ, Nandha KDS, Jaiswal N,
Vasudeva A, Tyagi SP, Singh UP.
Antibacterial effect of Azadirachta indica
(Neem) or Curcuma longa (Turmeric)
against Enterococcus faecalis compared
with that of 5 % sodium hypochlorite or 2
% chlorhexidine in vitro. Bull Tokyo Dent
Coll. 2017;58:103—-109.

DOI: 10.2209/tdcpublication.2015-0029

Jamra N, Das G, Singh P, Hague M.
Anthelmintic efficacy of crude neem
(Azadirachta indica) leaf powder against
bovine strongylosis. J. Parasit. Dis. 2015;
39:786-788.

DOI: 10.1007/s12639-014-0423-9

Dahiya N, Chianese G, Abay SM,
Taglialatela-Scafati O, Esposito F, Lupidi
G, et al. Antiplasmodial triterpenoids from
the Fruits of Neem, Azadirachta indica. J.
Nat. Prod. 2010;73:1448-1452.

DOI: 10.1016/j.phymed.2016.10.019

Prashanth GK, Krishnaiah GM. Chemical
composition of the leaves of Azadirachta
indica Linn (Neem). Int. J. Adv. Eng.
Technol. Manag. Appl. Sci. 2014;1(5):21—
31.

Francisco V, Costa G, Figueirinha A.
Marques C, Pereira P, Neves BM, et al.
Anti-inflammatory activity of Cymbopogon
citratus leaves infusion via proteasome
and nuclear factor-kB pathway inhibition:
Contribution of chlorogenic acid. J.
Ethnopharmacol. 2013;148:126-134.
Available:http://dx.doi.org/10.1016/j.jep.20
13.03.077

Gbenou JD, Ahounou JF, Akakpo HB, et
al. Phytochemical composition  of
Cymbopogon citratus and Eucalyptus
citriodora essential oils and their anti-

11

Ajayi et al.; EIMP, 31(12): 1-13, 2020; Article no.EJMP.59230

13.

14.

15.

16.

17.

18.

19.

20.

21.

inflammatory and analgesic properties on
Wistar rats. Mol. Biol. Rep. 2013;40:1127—-
1134.

De Silva BCJ, Jung W-G, Hossain S,
Wimalasena SHMP, Pathirana HNKS, Heo
G-J. Antimicrobial property of lemongrass
(Cymbopogon  citratus)  oil  against
pathogenic bacteria isolated from pet
turtles. Lab. Anim. Res. 2017;33(2):84-91.
Sagradas J, Costa G, Figueirinha A, et al.
Gastroprotective effect of Cymbopogon
citratus infusion on acute ethanol-induced
gastric lesions in rats. J. Ethnopharmacol.
2015;173:134-138.

Machado M, Pires P, Dinis AM, et al.
Monoterpenic aldehydes as potential anti-
Leishmania agents: Activity of
Cymbopogon citratus and citral on L.
infantum, L. tropica and L. major. Exp.
Parasitol. 2012;130:223—-231.

Adeneye AA, Agbaje EO. Hypoglycemic
and hypolipidemic effects of fresh leaf
aqueous extract of Cymbopogon citratus
Stapf. in rats. J. Ethnopharmacol. 2007;
112:440-444.

Ekpenyong CE, Akpan E, Nyoh A.
Ethnopharmacology, phytochemistry, and
biological activities of Cymbopogon
citratus (DC.) Stapf extracts. Chin. J. Nat.
Med. 2015;13(5):321-337.

Chukwuocha UM, Fernandez-Rivera O,
Legorreta-Herrera M.  Exploring  the
antimalarial potential of whole
Cymbopogon citratus plant therapy. J.
Ethnopharmacol. 2016;193:517-523.
Al-malki AL, EI Rabey HA. The antidiabetic
effect of low doses of Moringa oleifera
Lam. seeds on streptozotocin induced
diabetes and diabetic nephropathy in male
rats. Biomed Res. Int; 2015.
Available:http:dx.doi.org/10.1155/2015/381
040.

Dzotam JK, Touani FK, Kuete V.
Antibacterial and  antibiotic-modifying
activities of three food plants (Xanthosoma
mafaffa Lam., Moringa oleifera (L.) Schott
and Passiflora edulis Sims) against
bacteria multidrug-resistant (MDR) Gram-
negative bacteria. BMC Complement.
Altern. Med. 2016;16:1-8.
Martinez-gonzédlez CL, Martinez L,
Martinez-Ortiz EJ, et al. Moringa oleifera, a
species with potential analgesic and
anti-inflammatory  activities. Biomed.
Pharmacother. 2017;87:482—-488.



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Mulisa E, Girma B, Tesema S, Yohannes
M, Zemene E, Amelo W. Evaluation of in
vivo antimalarial activities of leaves of
Moringa oleifera against Plasmodium
berghei in mice. Jundishapur J. Nat.
Pharm. Prod. 2018;13(1):e60426.

Adejumo OE, Kolapo AL, Folarin AO.
Moringa oleifera Lam. (Moringaceae)
grown in Nigeria: In vitro antisickling
activity on deoxygenated erythrocyte cells.
J. Pharm. Bioallied Sci. 2012;4:118-122.

Igado OO, Glaser J, Ramos-Tirado M. et
al. Isolation of a novel compound (MIMO2)
from the methanolic extract of Moringa
oleifera leaves: protective effects against
vanadium-induced cytotoxity. Drug Chem.
Toxicol; 2017.

DOI: 10.1080/01480545.2017.1366504

Ajao  AA, Moteetee AN. Tithonia
diversifolia (Hemsl) A. Gray. (Asteraceae:
Heliantheae), an invasive plant
of significant ethnopharmacological
impportance; A review. South African J.
Bot. 2017;113:396—-403.

Elufioye TO, Agbedahunsi JM. Antimalarial
activities of Tithonia diversifolia
(Asteraceae) and Crossopteryx febrifuga
(Rubiaceae) on mice in vivo. J.
Ethnopharmacol. 2004;93:167-171.

Nafiu MO, Akanji MA, Raji ZA, Abdulsalam
TA. 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.

Goffin E, Ziemons E, Mol PD, et al. In vitro
antiplasmodial activity  of Tithonia
diversifolia and identification of its main
active constituent: Tagitinin C. Planta Med.
2002;68:543-545.

Bidla G, Titanji VPK, Joko B, El-Ghazali G,
Bolad A, Berzins K. Antiplasmodial activity
of seven plants used in African folk
medicine. Indian J. Pharmacol. 2004;36:
244-250.

Agidigbi TS, Odeyemi AT, Adefemi SO,
Fasuan SO. Antibacterial activities of
crude extracts of Tithonia diversifolia
against common environmental pathogenic
bacteria. Exp. 2014;20:1421-1426.
Sanchez-mendoza ME, Reyes-Ramirez A,
Antonio LC, Jiménez LM, Rodriguez-
Siverio J, Arrieta, J. Bioassay-guided
isolation of an anti-ulcer compound,
Tagitinin C, from Tithonia diversifolia: Role

12

Ajayi et al.; EIMP, 31(12): 1-13, 2020; Article no.EJMP.59230

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

of nitric oxide, prostaglandins and
sulfhydryls. Molecules. 2011;16:665-674.

Olukunle JO, Sogebi EAO, Oyewusi JA.
Anti-inflammatory and analgesic potential
of aqueous leaf extract of Tithonia
diversifolia in rodents. J. Nat. Sci. Eng.
Technol. 2014;13:82-90.

Olayinka BU, Raiyemo DA, Etereje EO.
Phytochemical and proximate compostition
of Tithonia diversifoila (Hemsl.) A. Gray.
Ann. Food Sci. Technol. 2015;16:194—200.
Elufioye TO, Alatise OIl, Fakoya FA,
Agbedahunsi JM, Houghton PJ. Toxicity
studies of Tithonia diversifolia A. Gray
(Asteraceae) in rats. J. Ethnopharmacol.
2009;122:410-415.

Njan AA. Herbal medicine in the treatment
of malaria: Vernonia amygdalina: An
overview of evidence and pharmacology.
Intech Open; 2004.

DOI: 10.5772/30381

Jisaka M, Ohigashi H, Takegawa K,
Koshimizu K, Huffman MA. Antitumoral
and antimicrobial activities of bitter
sesquiterpene lactones of Vernonia
amygdalina, a possible medicinal plant
used by wild chimpanzees. Biosci.
Biotechnol. Biochem. 1993;57(5):833-834.
Taiwo IA, Godwin P, Odeigah C, Jaja SlI,
Mojiminiyi FB. Cardiovascular effects of
Vernonia amygdalina in rats and the
implications for treatment of hypertension
in diabetes. Researcher. 2010;2(1):77-79.

Adedapo AA, Aremu OJ, Oyagbemi
AA. Anti-oxidant, anti-Inflammatory and
antinociceptive properties of the acetone
leaf extract of Vernonia Amygdalina in
some laboratory animals. Adv. Pharm.
Bull. 2014;4(2):591-598.

Okon UA, Umoren IU. Comparison of
antioxidant activity of insulin, Ocimum
gratissimum L., and Vernonia amygdalina
L. in type 1 diabetic rat model. J. Integr.
Med. 2017;15(4):302-309.

Omoregie ES, Pal A, Sisodia B. In vitro
antimalarial and cytotoxic activities of leaf
extracts of Vernonia amygdalina (Del.).
Niger. J. Basic Appl. Sci. 2011;19(1):121-
126.

Igile GO, Oleszek W, Jurzysta M, Burda S,
Fafunso M, Fasanmade AA. Flavonoids
from Vernonia amygdalina and their
antioxidant activities. J. Agric. Food Chem.
1994,42:2445-2448.

Erasto P, Grierson DS, Afolayan AJ.
Bioactive sesquiterpene lactones from



43.

44.

45.

46.

47.

48.

the leaves of Vernonia amygdalina. J.
Ethnopharmacol. 2006;106:117-120.
Elujoba AA, Abere AT, Adelusi SA.
Laxative activities of Cassia pods sourced
from Nigeria. Nig. J. Nat. Prod. Med. 1999;
3:51-53.
Ajayi CO, Elujoba AA, Bejide RA, Akinloye
JA, Omonisi AE. Toxicity and
pharmacognostic standards for laxative
properties of Nigerian Cassia sieberiana
and Senna obtusifolia roots. European J.
Med. Plants. 2015;6(2):110-123.
DOI: 10.9734/EJMP/2015/14470
NIH Revision of the Guide for the Care
and Use of Laboratory Animals. 8" Edn.,

2011 The National Academies Press.
Washinton, D.C., USA; 2011.

Peters W, Fleck SS, Robinson BB, Stewart
LB, Jefford CW. The chemotherapy of

rodent malaria 1.X. the importance of
formulation in evaluating the blood
schizontocidal activity of some
endoperoxide antimalarial. Ann. Trop.

Med. Parasitol. 2002;96:559-573.

Njan AA, Adzu B, Agaba AG, Byarugaba
D, Diaz-Llera S, Bangsberg DR. The
analgesic and antiplasmodial activities and
toxicology of Vernonia amygdalina. J. Med.
Food. 2008;11(3):574-581.

Farahna M, Bedri S, Khalid S, Idris M,
Pillai CR, Khalil EA. Anti-plasmodial effects
of Azadirachta indica in experimental
cerebral malaria: Apoptosis of cerebellar
Purkinje cells of mice as a marker. N. Am.
J. Med. Sci. 2010;2:518-525.

Ajayi et al.; EIMP, 31(12): 1-13, 2020; Article no.EJMP.59230

49.

50.

51.

52.

53.

54.

55.

Ajayi CO, Elujoba AA, Adepiti AO.
Antiplasmodial properties of Alstonia
boonei stem-bark and Picralima nitida
seed in different combinations. Nig J. Nat.
Prod. Med. 2015;19:71-77.

Adepiti AO, Elujoba AA, Bolaji OO. In vivo
antimalarial evaluation of MAMA decoction
on Plasmodium berghei in mice. Parasitol.
Res. 2014;113:505-511.

Ukpai O, Amaechi EC. Evaluation of in
vivo antimalarial activity of the ethanolic
leaf extracts of Chromolaena odorata and
Cymbopogon citratus in mice. Niger. J.
Biotechnol. 2012;24:27-34.

Ntonga PA, Baldovini N, Mouray E,
Mambu L, Belong P, Grellier P. Activity of
Ocimum basilicum, Ocimum canum, and
Cymbopogon citratus essential oils against
Plasmodium falciparum and mature-stage
larvae of Anopheles funestus s.s. Parasite.
2014;21.

DOI: 10.1051/parasite/2014033

Abosi AO, Raseroka BH. In vivo
antimalarial activity of Vernonia
amygdalina. Br. J. Biomed. Sci. 2003;
60(2):89-91.

Ashafa AO, Orekoya LO, Yakubu MT.
Toxicity profile of ethanolic extract of
Azadirachta indica stem bark in male
Wistar rats. Asian Pac. J. Trop. Biomed.
2012;2(10):811-817.

Etim NN, Williams ME, Akpabio U, Offiong
EEA. Haematological Parameters and
Factors Affecting Their Values. Agric. Sci.
2014; 2(1):37-47.

© 2020 Ajayi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http.//www.sdiarticle4.com/review-history/59230

13



