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Abstract: The study evaluated the antimalarial activities of the methanolic extract of Trichilia heudelotii leaf in mice,
identified the most active partitioned and chromatographic fractions with a view to providing information on the scientific
basis of the ethnomedicinal uses of the plant in treatment of malaria. The air-dried leaf of T. heudelotii was milled into powder
and extracted with methanol. The median lethal dose (LDsy) was determined according to Lorke’s method. The extract was
tested against chloroquine-sensitive strain of Plasmodium bergheii bergheii NK-65 at doses of 100-800 mg/kg using the
chemosuppressive antimalarial model while distilled water (0.2 mL) and chloroquine (10 mg/kg) were used as the negative and
positive controls, respectively. The methanol extract was successively partitioned to obtain n-hexane (THH), dichloromethane
(THD), ethylacetate (THE), n-butanol (THB) and aqueous fractions (THA) which were each tested at 50, 100 and 200 mg/kg
similarly. The most active THH was successively chromatographed and the most active fractions THH2B and THH3B
identified. The percentage chemosuppression and percentage survivor in mice was used as a measure of the antiplasmodial
activities of the extract, partitioned and column fractions. The LDs, of T. heudelotii leaf extract was greater than 5000 mg/kg. It
gave the highest chemosuppression of 88.7% at 200mg/kg, the n-hexane partitioned fraction (THH) gave percentage
chemosuppression of 66% at 50mg/kg while subsequent column fractions, THH2B and THH3B gave 77 and 74% respectively.
The chemosuppressive activities of 7. heudelotii leaf was obviously retained during subsequent purification with the fractions
demonstrating good% chemosuppression and percentage survivor profile as to contain the antimalarial constituents of the plant.
Gas Chromatography- Mass Spectroscopy of THH3B, the most active column fraction suggested 6, 10, 14-trimethyl-2-
pentadecanone, methyl palmitate and 11-Octadecenoic acid, methyl ester that were the major compounds identified in the
fraction as possible antimalarial compounds in the plant.
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1. Introduction

The malarial infection, caused by its vector, Plasmodium-
carrying mosquitoes, is a common endemic disease in
tropical zones of the world [1] especially in Africa, where
children under the age of 5 years die every 2 minutes of
malaria [2]. Also, in Africa, up to 80% of the African
population use traditional medicines for primary health care
[2] while plant extracts are still widely used in the treatment
of malaria and other ailments. The search for antimalarial

molecules has become a recurrent issue particularly, with the
rate at which resistance develop to the limited number of
antimalarial chemicals in clinical use, some of which also
have serious side effects [3]. As already in vogue, plants have
been a ready source of such chemicals, Cinchona succirubra
stem bark and Artemisia annua herb being ready examples.
The current major ACT component, Artemisinin was
obtained from Artemisia annua, a medicinal plant that has
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been used ethnomedicinally in China for about 2000 years
while quinine from Cinchona succirubra stem bark has been
in use for the treatment of malaria [4].

Africa is blessed with a rich flora, it is therefore not out of
place to source for chemicals from this rich arsenal of
medicinal plants. Many plants have been tested for
antiplasmodial activities and at the same time yielded a
variety of compounds that have been formulated as drugs of
which some are currently on the shelves pharmacies for the
treatment of malaria and other diseases. Such plants include
Azadirachta indica, Citrus medica, Anarcadium occidentale,
Morinda lucida, Cymbopogon citratus, Nigella sativa and
Enantia  chlorantha, among others [5-10]. Moreso,
ethnomedicine has been shown to be a potential source of
antiprotozoal compounds that can be used as template for the
synthesis of novel molecules [11].

The leaf of Trichilia species are trifoliate, pinnate and
measures 20 m to 30 m in height with 0.4 m girth [12]. It is
mostly common found in the tropical rainforest in Africa [13].
The leaf apex ranges from acute to acuminate, margin entire,
leaf opposite, the fruits have three locules of ovary and
valves with light green flower [12].

T. heudelotii is known to possess diverse pharmacological
activities. The articles [14, 15] reported that 7. heudelotii leaf
extract displayed both antibacterial and antifungal activities.
It was also reported to be active against Escherichia coli
NCTC 10418, Pseudomonas aeruginosa, Staphylococcus
aureus, Bacillus subtilis, Candida albicans, Trichophyton
rubrum and Candida pseudotropicalis (clinical isolate). The
antimicrobial activities of ethylacetate fraction of this plant
have also been reported [16].

The morphological parts of the various species of Trichilia
have been reported to possess antimalarial activities. These
include the bark of 7. monadelpha [17], the leaf of T. emetica
[18], stem bark, root bark and leaves of 7. megalantha [19]
and the root bark of 7. roka [20].

The family Meliaceae contains, oxygenated triterpenes,
known as limonoids. The genus Trichilia has afforded the
insecticide, trichillin, a triterpenoid, limonoids, steroids and
other terpenes derivatives [21-23] while Trichilia heudelotii
has yielded heudelottin [24, 25].

Trichilia heudelotii was among the 98 plant species that
were reported in an ethnobotanical survey to have been used
singly or in combination for the treatment of malaria and/or
fever [12, 26-28].

Currently, the antimalarial ethnomedical claims have not
been scientifically verified, and till date, there has been no
literature cited to show that this plant has been scientifically
investigated to establish whether or not it possesses in vivo
antimalarial activity neither has any compound being isolated,
which showed antimalarial or antiplasmodial activities. The
objective of this study was therefore to evaluate the
antimalarial activities of the methanol extract of 7. heudelotii
leaf in mice and identify the most active partition and
chromatographic fractions with a view to providing
information on the scientific basis for its use in the treatment
of malaria in Nigeria.

2. Materials and Methods
2.1. Plant Identification and Authentication

The leaf of Trichilia heudelotii was collected at the back of
the Department of Botany, Obafemi Awolowo University, Ile
—Ife in December, 2015 and identified by Mr. G. A.
Ademoriyo, the curator of the Department of Botany,
Obafemi Awolowo University, Ile —Ife. The voucher
specimen with number IFE-17662 was deposited at the
Obafemi Awolowo University, Department of Botany
herbarium. Subsequently, a 5.0kg of air-dried and powdered
leaf was exhaustively extracted with 100% methanol by
maceration. The filtrate was concentrated to dryness in vacuo
at 40°C to obtain 360 g (7.2% w/w) of its methanol extract.

2.2. Acute Toxicity Testing

The acute toxicity of the resulting methanol extract was
carried out in two phases: In the first phase, three groups of
three animals each were administered orally with doses of 10,
100, 1000 mg /kg body weight respectively. These were
observed for a period of 24 hours for mortality. If no
mortality was observed, then three groups consisting of one
animal per group were given 1600, 2900 and 5000 mg/kg
body weight of the extract respectively in the second phase
and observed for mortality: The lowest dose that produced
mortality (Do) and the highest that produced no mortality
(Dy) were recorded. The LDs, was calculated from the
formula: LDsy = V (Dg x Digo) [29].

2.3. Animals and Parasites

The Swiss mice (30) weighing 18 — 22 g used for this
research were purchased from the Multi-disciplinary
Laboratory, College of Health Sciences, Obafemi Awolowo
University, housed in aluminium cages with 12 hours
day/night cycle, fed with growers’ mesh obtained from Brand
cereals and oil mills limited, Bukuru, Jos and fed with clean
tap water ad libitum. The animals were acclimatized for 2
weeks before use and handled in accordance with National
Institute of Health Guidelines [30].

2.4. In vivo Antimalarial Assays Studies

The mice were divided into 6 or 5 or 1 group(s) of five
animals each and groups I to IV or I-III were administered
with 100, 200, 400 and 800 mg/kg of the extract respectively
or 50, 100 and 200 mg/kg of the partition fraction or 50mg of
the column fractions while groups V and VI or IV and V or II
and IIT were given 0.2 mL of distilled water and 10 mg/kg of
chloroquine as negative and positive controls, respectively as
the case may be. This was done two hours after inoculation
with parasite on the first day, and then daily, subsequently for
the next three days. Temperature were taken prior to the
administration of the extract or fraction. The blood collected
from the tail vein of the mice on the fifth day was smeared on
a microscopic slide, fixed with methanol and stained in 10%
dilution of a 4% Giemsa in tap water. Ten fields of the red
blood cells were counted using the oil immersion objective of
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the light microscope. The percentage ratio of the parasitized
erythrocytes to the total number of the parasitized and un-
parasitized erythrocytes was the percentage parasitaemia, the
average of which gave the Average percentage parasitaemia
(APP) for 5 mice. The percentage chemosuppression (PCM)
was determined from the APP. The effective doses, EDs,and
EDy, were forecast from PCM. The results were analysed
using one-way analysis of variance and student’s Newman
Keul’s t-test as post hoc test in a Vinstat Graphpad statistical
programme [30].

2.5. Evaluation of Survival Times in the Mice

The number of days by which the drug extended the life of
the animal after drug administration was determined by
monitoring the mice from the day of drug administration till
28 days thereafter for mortality. The mice were monitored
daily to record the date of death and observing the animals
for signs of toxicity. The length of days that each mouse
survived was recorded and presented as mean + standard
error of the mean [30].

2.6. In Vivo Antimalarial Assays of the Methanol Extract

The mice were divided into 6 group(s) of five animals each
and groups I to IV were administered with 100, 200, 400 and
800 mg/kg of the extract respectively; groups V and VI were
given 0.2 mL of distilled water and 10 mg/kg of chloroquine
as negative and positive controls, respectively. This was done
two hours after inoculation with parasite on the first day, and
then daily, subsequently for the next three days. Temperature

was taken prior to the administration of the extract or fraction.

The blood collected from the tail vein of the mice on the fifth
day was smeared on a microscopic slide, fixed with methanol
and stained in 10 ml of 4% Giemsa dissolved in 90 mL of
water.

2.7. Statistical Analysis

The antimalarial activities of the methanol extract of T.
heudelotti, its partition fractions, column fractions of the
most active n-hexane fraction and further column fractions
were evaluated by comparing their  percentage
chemosuppression EDsg, and EDgq with those of the positive
and negative control and with each other by subjecting the
values to statistical analysis using ANOVA followed by
Dunnett and Bonferroni t-test as the post-hoc tests. P < 0.05
was considered as significant.

2.8. Purification of the Leaf Extract

2.8.1. Partitioning of the Extract

The methanol extract (200g) was suspended in 100 mL
distilled water and successively partitioned into n-hexane,
dichloromethane, ethylacetate, n-butanol, to obtain the
corresponding fractions THH, THD, THE THB, and the
aqueous residue (THA). Each partitioned fraction was
concentrated to dryness in vacuo at 40°C.

2.8.2. In Vivo Antimalarial Assays of the Partition
Fractions

The mice were divided into 5 group(s) of five animals each
and groups I to III were administered with 50, 100 and 200
mg/kg of each of the partition fraction THH respectively.
Groups IV and V were given 0.2 mL of distilled water and 10
mg/kg of chloroquine as negative and positive controls,
respectively. This was done two hours after inoculation with
parasite on the first day, and then daily, subsequently for the
next three days. Temperature was taken prior to the
administration of the extract or fraction. The blood smears
were taken from each mouse on the fifth day fixed with
methanol and stained in 4% Giemsa (10ML) diluted to 10
mL volume of tap water. The other fractions, THD, THE,
THB and THA were assayed in the same way as THH.

2.8.3. Column Chromatography of the n-Hexane Partition
Fraction of T. Heudelotii

The most active n-hexane partition fraction (40 g) (THH)
adsorbed with 10.0 g of silica gel (70 and 230 mesh size)
was chromatographed with graded ratios of n-hexane,
dichloromethane, ethylacetate and methanol as follows:
The 38 eluates obtained were pooled based on their TLC
pattern as follows: THH2A (1-13: n-hexane, 100%
12000mL, n-hexane-DCM, 8:2, 200mL; n-hexane- DCM,
7:3, 200mL; n-hexane- DCM, 6:4, 200mL; n-hexane-
DCM, 1:1, 200mL; n-hexane- DCM, 4:6, 200mL; 6.2g)
THH2B (14-24: n-hexane-DCM, 3:7, 200mL, n-hexane-
DCM, 2:8, 200mL; n-hexane-DCM, 1:9, 200mL; n-
hexane-DCM, 0.5:9.5, 200mL; n-hexane- DCM, 0:10,
200mL; DCM- EtOAc,, 9:1, 200mL; DCM-EtOAc, 8:2,
400mL; DCM-EtOAc, 7:3, 200mL; DCM-EtOAc, 6:4,
200mL; DCM-EtOAc, 1:1, 200mL; n-hexane-DCM-
EtOAc, 4:6, 200mL; 7.7g) THH2C (25-34: DCM- EtOAc,
3:7, 200mL; DCM- EtOAc, 2:8, 200mL; DCM- EtOAc,
1:9, 200mL; DCM-EtOAc, 0:10, 200mL; EtOAc - MeOH
9.5:0.5, 200mL; EtOAc - MeOH 9:1, 200mL; EtOAc -
MeOH 8:2, 200mL, 4.5g); THH2D (35-38: EtOAc -
MeOH 7:3, 200mL; EtOAc - MeOH 1:1, 200mL; EtOAc -
MeOH 3:7, 200mL; EtOAc - MeOH 0:10, 200mL, 11.1g)
The pooled fractions 2A-2D were each tested for
antiplasmodial activity. Most active Fraction THH2B was
further subjected to column chromatography for further
purification.

2.8.4. In Vivo Antimalarial Assays of the Column Fractions
of the n-Hexane Partition Fraction (2A-2D)

The mice were divided into 6 group(s) of five animals each
and groups I to IV were administered with 50mg/kg column
fractions 2A, 2B, 2C and 2D while groups IV and V were
given 0.2 mL of distilled water and 10 mg/kg of chloroquine
as negative and positive controls, respectively. This was done
two hours after inoculation with parasite on the first day, and
then daily, subsequently for the next three days. Temperature
was taken prior to the administration of the extract or fraction.
The blood smears were taken from each mouse on the fifth
day fixed with methanol and stained in 4% Giemsa diluted to
10 mL volume of tap water.



American Journal of Bioscience and Bioengineering 2023; 11(5): 66-74 69

2.8.5. Column Chromatography of the Sub Fraction 2B of
the n-Hexane Partition Fraction of T. Heudelotii

A 7.0 g of the most active sub fraction 2B of the n-hexane
partition fraction (THH 2B) adsorbed with 10.0 g of silica gel
(70 and 230 mesh size) and chromatographed with graded ratios
of n-hexane, dichloromethane, ethylacetate and methanol as
follows: The 39 eluates obtained were pooled based on their
TLC pattern as follows: THH 3A (1-5: n-hexane, 100% 2000mL,
n-hexane- DCM, 9.5:0.5, 200mL; n-hexane- DCM, 9:1, 200mL;
n-hexane- DCM, 8.5:1.5, 200mL; n-hexane- DCM, 8:2, 200mL;
0.80 g) THH 3 B (6-9: n-hexane- DCM, 7.5:2.5, 200mL, n-
hexane- DCM, 7:3, 200mL; n-hexane- DCM, 6.5:3.5, 200mL;
n-hexane- DCM, 6:4, 200mL; 0.60g) THH 3C (10-13: n-
hexane- DCM, 6:4, 200mL, n-hexane- DCM, 5.5:4.5, 200mL,
n-hexane- DCM, 1:1, 200mL, n-hexane- DCM, 4.5:5.5200mL,
n-hexane- DCM, 4:6 1.05g). THH 3D (14-20: n-hexane- DCM,
3.5:6.5, 200mL; n-hexane-DCM, 3:7200mL; n-hexane-DCM,
2.5:7.5, 200mL, n-hexane-DCM, 2:8, 200mL, n-hexane- DCM,
1.5:8.5, 200mL, DCM- EtOAc, 9:1, 200mL; DCM- EtOAc,
8.5:1.5, 200mL, 3.10g) THH 3E 21-27: DCM- EtOAc, 7:3,
400mL; DCM- EtOAc, 1:1, 200mL; DCM- EtOAc, 2:8, 200mL;
DCM- EtOAc, 1:9, 200mL; DCM- EtOAc, 0:1, 400mL; EtOAc-
MeOH, 1:1, 400mL; MeOH 100%, 400mL, 2.11g). The pooled
fractions THH 3A-THH 3E were each tested for antiplasmodial
activity.

2.8.6. In vivo Antimalarial Assays of the Column Fractions
(THH 3A-THH 3E) from the n-Hexane Partition
Fraction

The mice were divided into 5 group(s) of five animals each
and groups I-V were administered with 50 mg/kg of the
column fraction respectively while groups VI and VII were
given 0.2 mL of distilled water and 10 mg/kg of chloroquine
as negative and positive controls, respectively. Temperature
was taken prior to the administration of the extract or fraction.

The blood smears were taken from each mouse on the fifth

day fixed with methanol and stained in 4% Giemsa diluted to

10 mL volume of tap water.

3. Results

2.9. Gas Liquid Chromatographic Analysis

Gas Liquid Chromatographic (GLC) separation was
performed on a Gas chromatography (Agilent, USA)
hyphenated to a mass spectrophotometer (5957C) with triple
axis detector equipped with an auto injector (10 pL syringe)
with Helium gas as carrier. All chromatographic separation were
performed on a capillary column, specification 19091S-413:
3516.15684, dimensions: 30 m x 320 pm x 0.25 pm, treated
with 5% phenyl methyl siloxan and operated at a constant flow
rate of 1.5 mL/min of helium gas with other conditions as
follows: EI (ion source temperature), 300°C, interface
temperature 300°C, pressure 3.2875 psi, out time 1.8 mins;
1.0ml injector in the split mode with a split ratio 1:50 and an
injection temperature of 300°C. The oven temperature was held
for 2.0 min at an initial temperature of 80°C and programmed to
increase to 280°C at 3°C/min, held for 20 min and later
increased to 250°C at 20°C/min and finally held isothermally for
5 minutes, giving a total run time of 88.667 mins. Transfer line
temperature was set to 34°C and post run temperature was to
325°C for 10 min. The data solution software supplied was used
to control the system and acquire the data. The separated
constituents were passed to the detector which recorded the
emergence of the constituents as peaks with a retention time.
The percentage compositions of the compound in the entire
sample were computed from the peak areas automatically
generated by the machine. The results were recorded as retention
time against percentage composition in the original sample.

Gas Chromatographic—Mass Spectrometric (GC-MS)
Analysis of THH3B

GC-MS analysis was performed on THH3B as stated
above. Samples were prepared and injected into the GC-MS
machine and the result acquired as peaks with respective
retention times. Data handling was done using GC-MS
solution software. The identities of the components were
assigned by comparing their retention times with those of the
standard spectra from NIST.

Table 1. Percentage Chemosuppression, Survival time and Percentage Survivor (in parenthesis) of T. Heudelotii Leaf Methanolic Extract.

Dosage (mg/kg) Chemosuppression (%) Survival time in days, (Percentage Survivor)
NC 0.00+0.00° 9.60+0.00° (20)

100 71.71 £3.61° 17.60 + 0.60° (60)

200 88.08 + 0.78° 27.33 + 0.88° (80)

400 60.37 +3.35° 25.80 + 0.33° (60)

800 68.92 + 1.70°° 17.60 + 1.33° (20)

PC 64.14 +3.10° 26.40 + 1.29° (80)

Data are expressed as mean + standard error of mean; n=5; values with different superscripts within columns are significantly different (P<0.05); while those
with similar superscripts within columns are not significantly different (P>0.05); NC (Negative control): 0.2 mL distilled water; PC (Positive control): 10

mg/kg chloroquine.

Table 2. The Percentage Chemosuppression and Effective Doses Elicited by Trichilia Heudelotii Partition Fractions on Plasmodium Berghei Infected Mice.

% Chemosuppression by partitioned fractions + SEM

Doses THH THD THE THB THA
NC 0.00+0.00° 0.000.00° 0.00:0.00° 0.000.00° 0.00+0.00°
50 65.58 +12.38° 41.63+7.16° 38.87 £7.22" 65.94 +3.63° 44.10 +10.94°
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Doses

% Chemosuppression by partitioned fractions + SEM

THH THD THE THB

100 35.57+1.57° 50.41 + 15.08" 4477 £ 8.73° 51.87+3.10¢ 63.19+10.49°
200 39.77 +10.10° 4331+3.17° 50.82 +7.62° 35.81 £9.73° 58.46 + 11.98°
PC 68.64 +4.99 68.64 +4.99° 68.64 +4.99° 68.64+£4.99° 68.64 +4.99°
EDs, 101.70 + 6.56° 138.13 £25.44*° 136.67 £11.14* 96.14 + 1.88* 105.30 £ 8.45°
EDy 173.86 £16.36° 245.13 + 54.45*° 24532 +19.40° 130.62 + 13.49° 199.36 + 23.32°

Data are expressed as mean + standard error of mean; n=3; values with different superscripts within columns are significantly different (P<0.05); while those
with similar superscripts within columns are not significantly different (P>0.05); NC (Negative control): 0.2 mL distilled water; PC (Positive control): 10
mg/kg chloroquine. EDsy: The dose that will cause 50% reduction in parasitaemia; EDgy: The dose that will cause 90% reduction in parasitaemia; Partition
Fractions: THH: n-Hexane; THD: Dichloromethane; THA: Ethylacetate; THH: THB; Aqueous: THA.

Table 3. The Survival Times and Percentage Survivor Elicited by of Trichilia Heudelotii Partition Fractions in Plasmodium Berghei Infected Mice.

Survival times by partitioned fractions + SEM (percentage survivor) in parenthesis

Doses THH THD THE THB THA

NC 15.00+3.79° %(33.3) 15.00£3.79° 333)  15.0043.79° (33.3) _ 15.0043.79*° (33.3) 15.00+3.79° (33.3)
50 11.00 £ 1.16%(67) 15.00 = 1.73%(67) 7.00 £ 1.16%(67) 5.67+0.67(33.3) 5.67+ 1.76*(33.3)
100 6.3+ 0.67%(67) 143 +2.40°(33.3) 10.67+3.71°333) 143+ 1.76“%(33.3) 13.67 0.88*(67)
200 11.6 + 2.40%(67) 13.67 £2.6%(67) 21.6+6.1%67) 8.3 +2.4%67) 533+ 0.88%(33.3)
PC 21.66+3.53 °(67) 21.66+3.53 *(67) 21.66+3.53°(67)  21.66+3.53°(67) 21.66+ 3.53 %(67)

Data are expressed as mean + standard error of mean; n=5 (extract); n=3 (partition fraction); values with different superscripts within columns are significantly
different (P<0.05); while those with similar superscripts within columns are not significantly different (P>0.05); NC (Negative control): 0.2 mL distilled water;
PC (Positive control): 10 mg/kg chloroquine. Partition Fractions: THH: n-Hexane; THD: Dichloromethane; THA: Ethylacetate; THH: THB; Aqueous: THA.

Table 4. Antimalarial Activities of Sub-Column Fractions from n-Hexane Partition Fractions of T. Heudelotti.

FRACTIONS % CHEMOSUPPRESSION SURVIVAL TIMES (PS) in parenthesis
NC 0.00+ 0.00* 12.00+£0.82° (20)

THH2A 72.34 +4.75° 8.00+£2.83* (33)

THH 2B 77.54+5.35° 13.00+£4.55% (67)

THH 2C 68.70+9.53° 12.67+1.70 * (33)

THH 2D 55.90+12.3° 14.67+4.11° (67)

PC 79.91+2.83° 24.00£1.297 (33)

THH 65.58+12.38" 27.33+0.88° (80)

Data are expressed as mean + standard error of mean; n=5 (extract); n=3 (partition fraction); values with different superscripts within columns are significantly
different (P<0.05); while those with similar superscripts within columns are not significantly different (P>0.05); NC (Negative control): 0.2 mL distilled water;

PC (Positive control): 10 mg/kg chloroquine. Sub-Column Fractions: THH 2A, THH 2B, THH 2C, THH 2D; Partition Fraction: THH.

Table 5. Antimalarial Activities of Sub-Column Fraction of THH 2B.

FRACTION % CHEMOSUPPERSSION Survival time and% survivor (in parenthesis)
NC 0.00 +£0.00* 8.60+3.38 % (40)

THH3A 49.63 £6.52°¢ 10.20+1.94° (60)

THH 3B 74.43£10.16° 15.40+1.36" (60)

THH 3C 70.7244.76°¢ 16.80+2.71* (60)

THH 3D 68.16+9.04°¢ 11.4+1.86" (20)

THH 3E 37.00 +£9.53° 6.60+1.63* (40)

PC 57.25+4.12°¢ 17.00+£3.35* (80)

THH 65.58+12.38"¢ 27.33+0.88" (80)

Data are expressed as mean + standard error of mean; n=5 (extract); n=3 (partition fraction); values with different superscripts within columns are significantly
different (P<0.05); while those with similar superscripts within columns are not significantly different (P>0.05); NC (Negative control): 0.2 mL distilled water;
PC (Positive control): 10 mg/kg chloroquine. Sub-Column Fractions: THH 3A, THH 3B, THH 3C, THH 3D, THH 3E; Partition Fraction: THH.

Table 6. Gas Chromatographic Analysis of the Isolates from THH 3B.

CODES NAME OF COMPOUNDS M/W FORMULA CAS NUMBER Rt (min) Peak area
THH 3Bl1 6, 10, 14-trimethyl 2--pentadecanone, 268.4778 Cy5H360 000502-69-2 37.652 3.26

THH 3BIII Methyl palmitate 270.5 Cy7H340, 000112-39-0 38.515 20.16
THH 3BVIL 11-octadecenoic acid, methyl ester 296.5 C19H360, 052380-33-3 39.754 347

THH 3BVI Methyl palmitate 270.5 Cy7H34,0, 000112-39-0 39.916 4.79

4. Discussion

An array of chemicals meant to ameliorate all the diseases

of mankind abound, but most of them are hidden in the bush
within the variety of medicinal plants in nature. It is a well-

known fact that almost all the chemicals

used in the

management of various diseases are obtained majorly from
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medicinal plants [31]. These chemicals, in most cases appear
bound or combined with each other that they needed to be
isolated in order to identify each of them. In most cases,
activity—guided purification lent itself to the identification of
the active constituents of plants. Most of the time, the plants
chosen are ethnomedicinal plants that are in common uses
and are effective for certain ailments in Traditional Medical
practice [32].

As a preliminary effort to ascertaining the safety of
extracts and a means of determining the doses for testing,
toxicity tests are usually mounted, primarily to determine the
LD50. The methanolic leaf extract of 7. heudelotii was not
toxic at 5000 mg/kg or higher doses, it was therefore
considered non-toxic and safe since there was no morbidity
or mortality based on Lorkes method [33, 34]. In earlier
studies, the stem bark of this plant has been reported to have
no antimalarial activity [35].

This study therefore concentrated on the leaf methanol
extract. The highest chemosuppression of 88.08 £0.78% was
obtained at a dose of 200 mg/kg implying that the optimum
activity occurred at that dose. Lower% chemosuppression
obtained at higher doses may indicate that the activity of the
extract is not dose-dependent. Also the highest survival time
and% survivor at a similar dose of 200mg/kg and the%
survivor similar to that of the standard drug in 7. heudelotii is
noteworthy. Also that the% chemosuppression of the positive
control drug is lower than that of the optimum dose (Table 1)
suggest that the leaf of T. heudelotti is an active
antiplasmodial drug. An EDsy= 258.90 + 3.83 elicited by the
extract compared favourably with those of similarly active
antimalarial plant drugs. The methanol extract of Plumeria
alba in a similar test elicited EDsq and EDgy 305.82+9.99 and
389.74+9.59 respectively [36]. The implication is that the
leaf extract of 7. heudelotti is a very active antiplasmodial
agent which is likely to contain antiplasmodial compounds
that are in combination in the plant. A few methanol extracts
of medicinal plants compare favourably in activity with
chloroquine, a standard antimalarial drug [37]. With this

6, 10, 14-trimethyl 2--pentadecanone
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background about this leaf extract, it was set out to purify it
using activity guided methods. This method has the
advantage of identifying most active fractions which are sure
to contain the antiplasmodial compounds of the plant. The
most active partitioned fractions obtained was also subjected
to further methods of column chromatography with the
intention of identifying the active column fraction(s) from
which the active compound(s) can be isolated and identified.

4.1. The Partitioned Fractions

The partitioned fractions, THD and THA gave comparable
values of% chemosuppression to the positive control at all
the doses tested (Table 2), while THH and THB gave
relatively higher% chemosuppression values that were
comparable (p<0.05) to that of the positive control at
50mg/kg and 50 & 100mg/kg respectively (Table 2). THE
elicited relatively lower% chemosuppression at all the tested
doses except at 200mg/kg. THB seems to be the most active
of the partitioned fractions by the percentage
chemosuppression profile but the effective doses (EDsqy &
EDy,) showed that all the fractions have comparable (p>0.05)
activities (Table 2). This implies that all the fractions have
equal activities and have equal potential of suppressing the
malarial parasites in vivo. It has been reported that the drug
with a lower EDso would be considered more potent when
two drugs are tested in the same individual [38]. THH on the
other hand elicited high percentage survivor similar to that
given by chloroquine at all doses tested (Table 3) whereas
THB gave the same values only at the highest dose tested.
THE elicited the same survivor pattern as THD. The high
percentage survivor profile of THH, however may suggest it
as the fraction to choose for further purification. The n-
hexane partition fraction, THH was therefore chosen for
further purification based on the percentage survivor profile
and the comparable% chemosuppression of the lowest dose
tested with the positive control.

(0]

OWVW\

Methyl palmitate

O)j\/\/\/\/\/\/\/\/\

11-octadecenoic acid, methyl ester

Figure 1. Structures of Some Compounds Identified from THH 3B.

4.2. The Column Fractions

The column fractions THH 2A-2D obtained from THH

were further tested for antiplasmodial activities. All were
comparable (p>0.05) in activities to each other with
chemosuppression values as high as 78% and with the
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positive control and including the mother n-hexane fraction
(Table 4). The column fractions must have retained the
activities of the n-hexane partition fraction and consequently
that of the methanol extract. THH 2B with the highest value
of% chemosuppression and relatively high percentage
survivor was further chosen for purification to produce THH
3A-3E which on further antiplasmodial testing produced
THH 3B as the most active column fraction with a
chemosuppression of 74% and a relatively high percentage
survivor (Table 5). The activity of the n-hexane partitioned
fraction must have been concentrated in column fraction
THH 3B and so most likely to have possessed the
antimalarial constituents of the leaf extract of 7. heudelotii.
The column fraction THH 3B was therefore subjected to GC-
MS in order to identify the possible antimalarial compounds.

4.3. GC-MS of THH 3B

GC in hyphenation with MS has proved to be a valuable
tool in natural product research where it can separate and
identify chemical compounds in a complex mixture
especially volatile oil or organic extracts. It has especially
been utilized in separating structurally similar mono and
sesquiterpene that are the major constituents of some plants
essential oils [39]. In these cases, isolation may not be
mandatory if such constituents can be rightly identified and
characterised unless it is a new compound. The MS
fragmentation pattern is only compared automatically with
stored EI spectra data in the computer library; this will
suffice in identifying the separated components.

The GC-MS data obtained for THH 3B gave a total of 10
peaks identified by their retention times (Rt) and coded THH
3B (i-x). The peaks comprise six, THH 3B (i, ii, iii, vii, viii,
ix) (Rt, 37.652, 37.921, 38.415, 39.754, 39.916, 40. 298).
The THH 3B (v) (38.822) with peak area between 5 and 10%
and only three THH 3B (iv, vi, x) (38.515, 39.072, 42.350)
above 10%.

Out of these, only four (THH 3B (i, iv, viii, vii)
respectively with retention times, Rt, 37.652, 38.515 39.916
& 39.754) that were characterised were those found to
possess biological properties in literature. THH 3B (i) was
characterised as 2--pentadecanone, 6, 10, 14-trimethyl, with
molecular formula C;gH3cO and molecular weight, 268.4778.
Two of these, THH 3B iv and THH 3B viii with retention
times, Rt, 38.515, 39.916 and which possess similar
structural and chemical identity when compared with library
literature was characterised as methyl palmitate with
molecular formula C;H340, and molecular weight 270. 5 are
probably isomers. Also, THH 3B (vii) with molecular
formula Cy9H;3¢0, and weight 296.5 was characterised as 11-
octadecenoic acid, methyl ester. The compound, 11-
octadecenoic acid, methyl ester which have been isolated
from the seeds of Acacia nilotica possessed antidiarrhoeal
activity [40].

Hexahydrofarnesyl acetone also known as 6, 10, 14-
trimethyl-2-pentadecanone, is a celery, fat, and herbal tasting
compound that can be found in a number of food items such
as sweet basil, common oregano, roselle, and wild celery,

which makes 6, 10, 14-trimethylpentadecan-2-one a potential
biomarker for the consumption of these food products [41]. It
is also a natural product found in Thymus zygioides, Tilia
tomentosa, and other organisms. This sesquiterpene isolated
as the major constituents of the essential oil from Impatiens
parviflora, possesses antibacterial, anti-nociceptive and anti-
inflammatory activities [42].

Methyl palmitate is a mnatural product found in
Zanthoxylum beecheyanum, Lonicera japonica, and other
organisms. It possesses anti-inflammatory and anti-fibrotic
effect. It prevents bleomycin-induced lung inflammation and
fibrosis in rats, by inhibiting NF-kB [43]. Methyl palmitate
also prevents CCl4-induced liver fibrosis linked to abridge
TGF-B [44]. Its cardioprotective activities through its
antioxidant, anti-inflammatory, anti-apoptotic, anti-fibrotic,
and vasodilatation properties have been reported [45]. These
three compounds are likely to be the antimalarial constituents
of this plant especially as fatty acids and their esters have
been contemplated as possible compounds having activities
against the malarial parasite [3, 46-48]. Fatty acids
themselves have inhibited the fatty acid biosynthetic
machinery of the parasite P. falciparum putting such in the
fore as antimalarial agents [3]. Methyl palmitate alongside
other fatty acids and their derivates have been reported to
possess antiplasmodial activities [49, 50].

In summary, the study showed that the methanolic leaf extract
of T. heudelotii demonstrated good antiplasmodial activity in
mice model of antimalarial chemosuppressive test at an
optimum dose of 200 mg/kg thereby establishing its use in
Nigerian ethnomedicine as an antimalarial drug. The hexane
partition fraction and the subsequent column fractions obtained
through  successive  purification demonstrated  good%
chemosuppression and percentage survivor profile as to contain
the antimalarial constituents of the plant. Also, the identification
of fatty acid esters, which have been reported to possess
antiplasmodial activities, in the most active column fraction is an
indication that they are the antimalarial constituents of the plant.

5. Conclusion

The ethnomedicinal antimalarial claims of Trichilia
heudelotii leaf was scientifically verified in this work thus
establishing its antimalarial potential. The compounds that
are likely to be responsible were identified as fatty acid esters
and other complimentary constituents. This should pave a
way for the isolation of these and other constituents and so
justify its use in the treatment of malaria in ethnomedicine.

References

[1] Elujoba AA., AIDS-related illnesses and traditional medicine
treatment strategy: Opportunistic fevers and malarial infection.
In Medicinal Plants and Traditional Medicine in Africa, in
Sofowora, A. 2008: 389.

[2] World Health Organization. WHO, World Malaria Report.
www.who.int, 2015.



[3]

[4]

[5]

[6]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

American Journal of Bioscience and Bioengineering 2023; 11(5): 66-74 73

Carballeira. 2008. New Advances in Fatty Acids as
Antimalarial, Antimycobacterial and Antifungal Agents,
Progress in Lipid Research, 47: 50-61.

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

Ajaiyeoba E, Osowole OS, Oduola OO, Ashidi JS, Akinboye
DO. et al, 2002. Nigerian Antimalarial Ethnomedicine 2:
Ethnobotanical Surveys of Herbal remedies used in the
treatment of febrile illnesses in the Middle Belt of Nigeria.
Journal of Phytomedicine and Therapeutics. 7: 26-39.

Ajaiyeoba, E., Fawole, O. 1., Bolaji, O. M., Akinboye, D. O.
Osowole, O. S, et al. 2003. Cultural Characterisation of febrile
illness in correlation with herbal remedies used for treatment
in South Western Nigeria. Journal of Ethnopharmacology. 85:
179-185.

Osowole O., Osowole O, Ajaiyeoba E, Bolaji O, Akinboye D,
Fawole O, Gbotosho CG, et al. 2005. A Survey of Treatment
Practices For Febrile Illnesses Among Traditional Healers In
The Nigerian Middle Belt Zone’ African Journal of
Traditional and Complementary/Alternative Medicine. 2:
337-344.

Afzal A, Origat G, Khan MA, Jose J, Afzal M. 2013.
Chemistry and Biochemistry of Terpenoids from Curcuma and
Related Species, Journal of Biologically Active Products from
Nature. 3: 1-55.

Moody JO. 2010. The sense and Nonsense of Traditional
Medicine in Africa: The Odyssey of a herbalists Grandson in
Nature’s laboratory. Inaugural Lecture, University of Ibadan,
Ibadan University Press 2010: 5-38.

Agbor MA, Naidoo S, 2015 Ethnomedicinal Plants Used by
Traditional Healers to Treat Oral Health Problems in
Cameroon. Evidence Based Complementary and Alternative
Medicine 2015:

Ajaiyeoba 2012. Natural Remedies and Medicine: evolution:
Evolution and Revolution. Inaugural Lecture, University of
Ibadan, Ibadan University Press p 4-35.

Abbiw DK. 1990. Useful Plants of Ghana. Intermediate
Technology Publication and the Royal Botanical Gardens,
Kew, 1990: 157.

Irvine FR. 1961. Woody plants of Ghana. Oxford University
Press, London, 1961: 528.

Adeniyi CBA, Moody JO, Adagbasa OO, Ayelaagbe OO,
Idowu PA, et al. 2008. Antimicrobial activities of Trichilia
heudelotii (Meliaceae) Planch, a Nigerian Medicinal Plant.
Planta Medica 2008: 74-78.

Aladesanmi, AJ, Iwalewa EO, Akinkunmi EO, Adebajo AC,
Taiwo BJ. et al, 2007. Antimicrobial and Antioxidant
Activities of Some Nigerian Medicinal Plants. African Journal
of Traditional and Complementary Alternative Medicine.
2007: 4 (2): 173-184.

Aladesanmi, AJ, Odediran, SA. 2000. Antimicrobial Activities
of Trichilia heudelotti leaves. Fitoterapia. 71: 179-182.

Olorunniyi OF. 2013. In vivo antimalarial activity of crude
aqueous bark extract of Trichilia monadelpha against
Plasmodium berghei berghei (NK 65) in mice. International

(18]

[19]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Journal of Advances in Pharmacy, Medicine and Bio allied
Sciences 2: 2278-5221.

Batista R, Junior AJS, Oliveira AB. 2009. Plant-derived
Antimalarial Agents: New leads and Efficient Phytomedicines.
Part II. Non-alkaloidal Natural Products. Molecules. 14: 3037-
3072.

Fadare DA, Abiodun, OO, Ajaiyeoba EO. 2013. In-vivo
antimalarial activities of Trichilia megalantha harms extracts
and fractions in animal models. Parasitology Research 112:
2991-2995.

Nana O, Momeni R, Nzague-Tepongning MBR.
Phytochemical Screening, Antioxidant and Antiplasmodial
activities of extracts from Trichilia roka and Sapium
ellipticum. The Journal of Phytopharmacology 2: 22-29.

Cortez DA, Fernandes JB, Vieira PC, da Silva MF, Ferreira
AG. 2000. A limonoid from Trichilia estipulata,
Phytochemistry, 55: 711-713.

Ramirez M, Toscano R, Arnason J, Omar S, Cerda-Garcia-
Rojas C, Mata R, 2000. Structure, conformation and absolute
configuration of new antifeedant dolabellanes from Trichilia
trifolia. Tetrahedron. 56: 5085-5091.

Pupo MT, Adorno MAT, Vieira PC, Fernandes JB, da Silva
MFGF, Pirani JR. 2002. Terpenoids and steroids from
Trichilia species. Journal of Brazillian Chemical Society. 13:
382-388.

Okorie DA, Taylor AH. 1968. Limonoids from the timber of
Trichilia heudelotii Planch ex Oliv. Journal of Chemical
Society, 14: 1828-1831.

Okorie DA, Taylor AH. 1972. Limonoids from Trichilia
heudelotii. Journal of Chemical Society Perkin Transactions
1(12): 1488-1490.

Burkhill HM. 1997. The useful plants of Tropical West Africa.
(2™ Edition). Families M-R. Royal Botanical Gardens, Kew. 4:
969.

Odugbemi, T. 2008. A textbook of medicinal plants from
Nigeria. University of Lagos Press, University of Lagos,
Lagos, Nigeria. 2008: 809.

Adebayo JO, and Krettli AU, 2011. Potential Antimalarials
from Nigerian Medicinal plants, A Review. Journal of
Ethnopharmacology 133(2): 289-302.

Lorke, D. 1983. A new approach to Practical acute toxicity
testing. Archives Toxicology. 54: 275-287.

Peters, W. 1965. Drug Resistance in Plasmodium berghei
Venke and Lips (1948). 1 Chloroquine Resistance.
Experimental Parasitology 17: 80-89.

Veeresham C. 2012. Natural products derived from plants as a
source of drugs Journal of Advanced Pharmaceutical
Technology Research. 3: 200-201.

Sofowora A, Ogunbodede E, Onayade A. 2013. The role and
place of medicinal plants in the strategies for disease
prevention. African Journal of Traditional, Complementary
and Alternative Medicines (AJTCAM). 10: 210-29.

Garner RJ, Clarke EGC, Clarke, ML. 1977. Lander’s
veterinary toxicity. London: Harcourt Publishers. 1977: 1-
49.



74

[34]

[35]

[38]

[39]

[40]

[41]

[42]

Sulaiman Muhammed Olatunji ef al.: In vivo Antiplasmodial Studies on Trichilia heudelotii
Planch ex. Oliver (Meliaceae) Leaf

Toma A, Deyno S, Fikru A, Eyado A, Andrew BA. 2015. In
vivo Antiplasmodial and Toxicological Effect of Crude
Ethanol Extract of Echinops kebericho Traditionally used in
Treatment of Malaria in Ethiopia. Malaria Journal 14: 196.

Bankole AE, Adekunle AA, Sowemimo AA, Umebese CE,
Abiodun O. et al. 2016. Phytochemical Screening and in vivo
Antimalarial Activity of Extracts from Three Medicinal Plants
used in Malaria Treatment in Nigeria. Parasitology Research.
2016: 115(1): 299 -305.

Adesida AS, Odediran SA, Elujoba AA. 2021. Investigation
on the Antimalarial Properties of Plumeria alba Linn
(Apocynaceae) Cultivated in Nigeria. Nigerian Journal of
Natural products and Medicine. 25: 34-42.

Olorunnisola OS, Afolayan AJ. 2011. In vivo anti-malaria
activity of methanolic leaf and root extracts of Sphenocentrum
jollyanum Pierre, African Journal of Pharmacy and
Pharmacology 5: 1669-1673.

Grassby P. 2007. Drug dose calculations 2. Individualized
dosages. 34: 27-28+30.

Aladesanmi JA, Odiba E O, Odediran, AS, Oriola, OA. 2022.
Antiplasmodial activities of the stem bark extract of
Artocarpus altilis Forsberg, African Journal of Infectious
Diseases 16 (2S): 33-45.

Shoge M, Amusan T. 2020. Phytochemical, Antidiarrhoeal
activity, Isolation and Characterisation of 11-Octadecenoic
Acid, Methyl ester Isolated from the seeds of Acacia nilotica
Linn. Journal of Biotechnology and Immunology, 2(1): p. 1-
12.

Duke, James. 2024. 'Dr. Duke's Phytochemical and
Ethnobotanical Databases. United States Department of
Agriculture.! Agricultural Research Service, Accessed April
27 (2004).

Avoseh ON, Mtunzi FM, Ogunwande 1A, Ascrizzi R, Guido F.

2021. Albizia lebbeck and Albizia zygia volatile oils exhibit
anti-nociceptive and anti-inflammatory properties in pain
models. Journal of Ethnopharmacology. 268: 113676.

[43]

[44]

[47]

(48]

[49]

[50]

Saheed, N, El-Demerdash, E, Abdel-Rahman, H, Algandaby,
M, Al-Abbasi, F, Abdel-Naim, A, Anti-inflammatory activity
of methyl palmitate and ethyl palmitate in different
experimental rat models. Toxicology and applied
pharmacology. 264: 84-93.

Rodriguez-Rivera A, Galicia-Moreno M, Reyes-Gordillo K,
Segovia J, Vergara P, Moreno MG, et al. 2008. Methyl
palmitate prevents CCl(4)-induced liver fibrosis. Journal of
Applied Toxicology. 28(8): 1021-6.

Hamed A, Mantawy E, El-Bakly W, Abdel-Mottaleb Y, Azab,
S. Methyl Palmitate: the Naturally Occurring Cardioprotective
Agent. Archives of Pharmaceutical Sciences Ain Shams
University. 4: 47-62.

Kumaratilake LM, Robinson BS, Ferrante A, Poulos A. 1992.
Antimalarial properties of n-3 and n-6 polyunsaturated fatty
acids: In vitro effects on Plasmodium falciparum and in vivo
effects on P. berghei. Journal of Clinical Investigation. 89:
961-967.

Krugliak M, Deharo E, Shalmiev G, Sauvain M, Moretti C,
Ginsburg H. 1995. Antimalarial effects of C18 fatty acids on
Plasmodium falciparum in culture and on Plasmodium vinckei
petteri and Plasmodium yoelii nigeriensis in vivo.
Experimental Parasitology 81: 97-105.

Suksamrarn A, Buaprom M, Udtip S, Nuntawong N,
Haritakun R, Kanokmedhakul S. 2005. Antimycobacterial and
antiplasmodial unsaturated carboxylic acid from the twigs of
Scleropyrum wallichianum. Chemical and Pharmaceutical
Bulletin 53: 1327-1329.

Banzouzi, JT. Njomnang P, Soh, Ramos S, Toto P, Cavé, A,
Hemez, J, et al. 2020. Samvisterin, a new natural
antiplasmodial betulin derivative from Uapaca paludosa
(Euphorbiaceae), Journal of Ethnopharmacology. 173: 100-
104.

Johnson TO, Istifanus G, Kutshik RJ. 2020. In vitro and in
vivo analysis of the anti-plasmodial activity of ethanol extract
of Phyllanthus nivosus W. Bull leaf. Journal of Parasitic
Diseases. 44: 166-173.



