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ARTICLEINFO ABSTRACT

Art.iclle Type: . Introduction: Terminalia species have the potential to be exploited in phytomedicine based

Original Article on their several pharmacological properties including antiplasmodial activity. However, there
is need for more data on their antiplasmodial activity and toxicity. This study evaluated the

Article History:

antiplasmodial activities of Terminalia catappa and Terminalia superba found in the coastal
area of Cameroon on resistant strains of Plasmodium falciparum not previously tested, and
their toxicity.

Methods: Three leaf extracts of each plant prepared separately using three organic solvents were
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I;ey W(')rdsl:. screened in vitro on 3 strains of P. falciparum: chloroquine-sensitive 3D7, chloroquine-resistant
er@ma a . o Dd2 and multi-drug resistant W2mef using the parasite growth inhibition assay. Antiplasmodial
Antiplasmodial activity L . . .
Res: activity was assessed using fluorescence microscopy and the parasite lactate dehydrogenase
eSIS.ta.nce assay. Cytotoxicity of active extracts was assessed on LLC-MK2 monkey kidney epithelial cells
Medicinal plants C . . . :
Toxicit and acute toxicity including effect on some liver enzymes in BALB/c mice.
oxicity

Results: The methanol extracts of both plants showed the highest antiplasmodial activity (IC,,
between 5.03-9.76 ug/mL) on the three parasite strains. The methanol extracts showed high
selectivity for parasites with selectivity index values ranging from 40 to 80 indicating very low
risk of toxicity. There was no mortality or adverse effect and no significant effect on the liver
enzymes, alanine aminotransferase (P = 0.506) and aspartate aminotransferase (P = 0.243).
Conclusion: The antiplasmodial activity, high selectivity and no adverse effects for T. catappa
and T. superba demonstrate the potential for use of these plants in traditional treatment
of malaria, further development into a phytomedicine against malaria and as source of new
antimalarial lead.

Liver enzymes

Implication for health policy/practice/research/medical education:

This study confirms the high antiplasmodial activity and safety of T. catappa and T. superba leaves. This supports their use in
traditional treatment of malaria, further development into an antimalarial phytomedicine and search for antimalarial lead from
their secondary metabolites.
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Introduction

The malaria burden remains high as parasite resistance
continues to increase. According to the World Health
Organization, there is clinical evidence of resistance
to the artemisinins which are presently the first line
treatment for malaria. This resistance presents as delayed
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parasite clearance following artesunate monotherapy or
artemisinin-based combination therapy, for which there
is a molecular marker as experimental evidence (1,2).
As at present, only one vaccine with limited efficacy has
been approved for phase III trial in humans (3). Hence,
chemotherapy remains the main tool in the fight against
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malaria. In the face of emerging and increasing resistance,
the search for new efficacious and safe antimalarials is
urgent. The approaches presently used to discover new
antimalarials include combination therapy, chemical
modification of antimalarial molecules in use, medicinal
chemistry and screening of natural products mainly of
plant origin among others (4,5).

Terminalia species belonging to the family
Combretaceae, and particularly Terminalia catappa and
T. superba which both grow in the tropic areas, are well
described in the literature. The uses of T. catappa in
traditional medicine are well documented particularly
in the Asian continent with scanty information on
its traditional use in Africa and South America.
Experimental studies of T. catappa have reported a wide
range of pharmacological activities including antidiabetic,
anti-inflammatory, antitumour, antibacterial, antifungal,
antiparasitic properties among several others (6). The
leaves of T. catappa are most frequently used in traditional
medicine. Some studies have reported antiplasmodial
activity of aqueous and organic solvent extracts of the
leaves against patient parasites (7), and characterised
laboratory strains of Plasmodium falciparum, both
chloroquine sensitive (NF54) and resistant (K1). These
studies also tested for cytotoxicity on mammalian cell
lines (L6 and Madin-Darby Bovine Kidney cells) and
recorded good selectivity for the parasite (8,9). T. superba
has also been investigated and antifungal, antibacterial
and antihypertensive activities reported for various parts
of the species (10,11). The antiplasmodial activity of T.
superba found in central Cameroon was reported against
chloroquine-resistant PAANDO and sensitive Pf3D7 strains
of P. falciparum, respectively (12). Although T. catappa
has been reported to be hepatoprotective (13), the acute
toxicity and effect in the liver have not been extensively
investigated. Hence, there is a need for more data on the
antiplasmodial property and toxicity of these important
medicinal plants to support their exploitation in the
development of a phytomedicine for use in the treatment
of resistant malaria. Hence, this study was designed to
investigate the antiplasmodial activities of the extracts
of T. catappa and T. superba found in the coastal area of
Southwest Cameroon against P. falciparum chloroquine-
sensitive 3D7, chloroquine-resistant Dd2 and multi-
drug resistant W2mef. Cytotoxicity of active extracts was
assessed on LLC-MK2 monkey kidney epithelial cells
and acute toxicity including effect in the liver were also
investigated in mice.

Materials and Methods

Collection of plants and preparation of crude extracts
The leaves of T. catappa and T. superba were collected
at the Limbe Botanic Garden, Limbe Sub Division,
and Dibanda village, Buea Sub Division respectively,
locations close to the Atlantic Ocean, in the South West

region of Cameroon. The leaves were identified by Mr.
Peter Njimba, a botanist at the Limbe Biodiversity and
Conservation Centre, and the specimens were deposited
in the herbarium of this centre with voucher numbers
SCA2068 and SCA2073, respectively. The leaves were
air-dried, ground to fine powder and 100 grams of each
powder was macerated separately for 72 hours in 1 L of
each of hexane (Hex), methylene chloride (CH,CL,)) and
methanol (MeOH). The mixtures were filtered using
Whatman filter paper No. 1 (pore size 60 uA°) and the
filtrates concentrated under reduced pressure by rotary
evaporation (BUCHI Rotavapor RE-111, Switzerland) at
the following temperatures: 60 + 5°C for Hex, 70 + 5°C for
CH,CI, and 45 + 5°C for MeOH. The extracts were then
air-dried overnight to remove residual extraction solvent
and the extracts retrieved from the evaporation flask into
vials and stored at -20°C until tested.

Preparation of stock solutions of crude extracts

Five milligrams (5 mg) of each crude extract was dissolved
in 100 - 200 pL of dimethylsulphoxide (DMSO), kept
overnight at 37°C overnight to dissolve completely and
gentamycin-free incomplete culture medium was added
giving a final concentration of 1 mg/mL. Solutions of
artemether (5 pug/mL) and quinine (10 pg/mL) were
prepared similarly. The stock solutions were mixed
thoroughly by vortexing, sterile filtered using a 0.22 um
pore syringe filter (Corning, USA), sealed with parafilm
and stored at -20°C until when used.

Plasmodium parasite culture

Three P. falciparum strains, chloroquine-sensitive 3D7
(MRA-102), chloroquine-resistant Dd2 (MRA-150) and
multi-drug resistant W2mef (MRA-615) were obtained
from BEI-Resources, Manassas, VA, USA. The parasites
were stored, thawed and maintained in continuous culture
by the candle jar technique (14) as described with some
modifications (15). The culture consisted of 4% hematocrit
suspension of human O+ erythrocytes in RPMI-1640
medium supplemented with gentamycin solution at 0.01
mg/mL, 25 mM Hepes buffer, 25 mM NaHCO, and 5
g/L Albumax II (Gibco; Invitrogen, USA). Cultures were
incubated at 37°C with a gas mixture containing 5% CO,.

In vitro growth inhibition assays

A primary screen was initially performed to identify
substances with considerable activity i.e. >50% inhibition
of parasite growth. This was followed by a secondary
screen to determine the IC, s of active extracts. All assays
were performed in a 96 well culture plate (Corning, USA),
incubated under the same conditions as the parasite
cultures.

Primary screen of crude extracts
Each crude extract was tested at 100 pg/mL in triplicate. A
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volume of 100 pL of the test solutions was added into the
required wells followed by 100 pL of 1% parasitized blood.
Positive (5 pg/mL artemether) and negative controls
(no drug) wells were included. The plate was incubated
under culture conditions as above for 48 hours. Then,
antiplasmodial activity was assessed by fluorescence
microscopy using acridine orange stain at x40 objective
under oil immersion (15). The number of infected
erythrocytes (Ei) were counted in 20 fields per well with
a uniform monolayer of cells (approximately 1500 cells
per field) and the percentage parasitaemia was calculated
using the formula:

% Parasitaemia = [(XEi+30,000) x 100] per well

% Inhibition per concentration for triplicate wells =

Mean % parasitaemia in control wells - Mean % parasitaemia in test wells <100

Mean % parasitaemia in control wells

Secondary screen of crude extracts

A semi-automated method as previously described was
used with some modifications (16). Each crude extract
was tested in triplicate wells by a two-fold serial dilution to
obtain concentrations ranging from 1.5625 to 100 pg/mL
and incubated for 48 hours. The wells were checked for
adequate growth of parasite in the control and inhibition
of growth in the test using fluorescence microscopy and
the plate was then stored at -20°C.

Parasite growth quantification by lactate dehydrogenase
assay

Plates frozen at -20°C were subjected to 3 freeze-thaw
cycles to haemolyze the red blood cells. One hundred
microlitres (100 pL) of Malstat reagent (400 uL of triton
X-100, 4 g of L-lactate, 1.32 g of Tris buffer, 22 mg of
APAD in 200 mL of deionized water, pH adjusted to 9)
was added to each well of a 96 well microtitre plate and
20 pL of culture was taken from each well and added to
corresponding wells of the Malstat plate. Finally, 25 pL of
NBT/PES solution (160 mg of nitroblue tetrazolium salt
and 8 mg of phenazine ethosulfate in 100 mL of deionised
water) was then added to each well, initiating the reaction.
The plates were then incubated for an hour in the dark and
the optical density was measured at 650 nm with the aid
of a plate reader (Emax-Molecular Devices Corporation,
California, USA) (15).

Cytotoxicity test

The cytotoxicity of active extracts was investigated on
LLC-MK2 monkey kidney epithelial cells (ATCC, USA)
as previously described (17). The cells were distributed in
a 96 well plate, 1 x 10* cells in 100 uL culture medium
per well and grown for 24 hours to become confluent
and attached to bottom of wells. The medium (100 pL)
was replaced with fresh medium. A volume of 100 pL of
crude extract at 1000 pg/mL was added in duplicate to the
highest concentration wells and serially diluted twofold

giving a final concentration range of 7.8 to 500 pg/mL.
The cells in wells without test substances served as the
negative control. The plates were incubated for 72 hours
at 37°C in 5% CO,, cell concentration and viability were
assessed using microscopy by counting the dead cells
which appeared dark and deformed. This experiment was
done twice.

Acute oral toxicity and effect on liver enzymes

Ethical approval was obtained from the Institutional
Animal Care and Use Committee, University of Buea (UB-
TIACUC N° 013/2019). The methanol extract of T. catappa
was investigated following guidelines of the Organization
for Economic Cooperation and Development version
423 (18), as described in a previous work (19) using five
nine weeks old BALB/c mice. Briefly, after administration
of 2000 mg/kg body weight of extract (in 2% DMSO)
in one weighed mouse fasted overnight did not cause
death, the rest of the mice were also fasted and the same
dose administered. The animals were observed for gross
changes such as loss of appetite, piloerection, lacrimation,
tremors, convulsions, salivation, diarrhoea, mortality and
other adverse signs for 14 days. At day 14, the animals were
fasted over-night and then anesthetized with ketamine/
xylazine (90/10 mg/kg). Blood was collected into dry
Eppendorf tubes by retro-orbital bleeding, allowed for 30
minutes to coagulate and centrifuged at 2200 rpm for 15
minutes. The activities of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) were measured in
the serum using commercial test kits (Biorex Diagnostics,
United Kingdom) following manufacturer’s instructions.

Statistical Analysis

Data from pLDH: Experiments were done in triplicate.
Optical density (OD) values from control and test wells
were corrected for background by subtracting OD values
from blank wells containing non parasitized red blood cells
(4% suspension). The OD values obtained were used to
determine the IC, and IC,, values of crude extracts using
the software HN-NonLin V1.1 (20) and IC Estimator Run
Regression version 1.1, an online calculator of IC values.
The IC values per concentration were expressed as mean
IC + S.D using Microsoft excel 2007.

Cytotoxicity was calculated as the mean of the four CC,|
values. The selectivity index (SI) was calculated using
the formula: SI = CC_ on LLC-MK2 cells + IC, on P
falciparum.

The activities of the serum enzymes were calculated
as prescribed by the manufacturer. The activities of the
control and test groups of mice were compared using
unpaired t-test and statistical significance taken at P <
0.05.

Results
Yield and activity of crude extracts
Following the primary screen, the highest extraction
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yields were obtained with methanol for both plants
(Table 1). At 100 pug/mL, four of the six crude extracts
i.e. the methylene chloride and methanol extracts of both
plants showed greater than 50% inhibition of parasite
growth. The methanol extracts showed the highest (71
to 81%) inhibition of the two parasite strains tested (3D7
and W2mef), followed by the methylene chloride extracts
(50 to 61%), while the hexane extracts showed the lowest
inhibition (21 to 38%), as shown on Table 1. The secondary
screen gave the IC, values shown on Table 2 for the four
extracts with greater than 50% inhibition in the primary
screen. The IC,  values ranged from 5.51 to 31.062 ug/mL
against 3D7 and 5.03 to 64 pg/mL against W2mef. The IC,|
values generally indicate that the extracts were active on all
the three parasite strains. The methanol extracts of both
plants (TC,, ,,and TS, ) showed higher antiplasmodial
activity while TS, . was the least active. The IC,, ranged
from 77 to 95 and was consistently higher than the IC,_ for
each parasite strain.

Cytotoxicity and acute toxicity of active substances

The two most active crude extracts (TC ,,and TS )
were not cytotoxic on LLC monkey kidney cells based on
published criteria (21) whereby a substance with a CC_

> 30 ug/mL and SI > 10 is considered non-cytotoxic. The

two crude extracts demonstrated very high selectivity for
the parasite as seen from the very high CC, values on the
LLC monkey kidney cells and the high SI values for all
three parasite strains (Table 3). In the acute toxicity test at
2000 mg/kg body weight, no mortality was recorded after
14 days with no adverse effect. Body weight increased in
both the control and test groups of mice during the test
period with no significant difference between the two
groups.

For the effect on the liver enzymes, ALT levels were
higher in the test group of mice than the control while
AST was lower in the test group after 14 days giving AST:
ALT ratios of 0.82 and 0.38 for the control and test groups,
respectively. There was no significant difference in the
activity of the liver enzymes, ALT (P = 0.506) and AST (P
= 0.243) between the control and test groups (Figure 1).

Discussion

With growing scientific evidence of emergence of parasite
strains with reduced sensitivity to the artemisinins, which
are the last class of efficacious drugs approved for the
treatment of clinical malaria (1,2), there is a constant need
for new safe and highly efficacious antimalarials to counter
resistance in clinical malaria. Selection of these plant
species was based on documented ethnopharmacology.

Table 1. Extraction yield of crude extracts of T. catappa and T. Superba leaves and antiplasmodial activity in primary screen

Antiplasmodial activity at 100 pg/mL (% inhibition)

Plant Extract code Percentage yield (w/w)
3D7 W2mef
0, 0, 0,
Terminalia TC,peon 7.2% 81.01% 74.6%
catappa TC,c 4.4% 52.15% 53.0%
C,,, 2.6% 38.23% 36.1%
0, 0, 0,
Terminalia TS eon 11.2% 76.46% 71.3%
superba TS,c 4.6% 50.38% 61.4%
TS, ., 5.5% 27.98% 21.1%
Artemether* (2.5 pg/mL) NA 96.8% 92.14%
TC TC,,. and TC,_: methanol, methylene chloride and hexane extracts of T. catappa, respectively. TS, ., TS, .and TS _: methanol, methylene

MeOH”

chloride and hexane extracts of T. superba, respectively. * Artemether is positive control. P. falciparum 3D7 is chloroquine-sensitive and W2mef is a

multi-drug resistant strain. NA: not applicable.

Table 2. Antiplasmodial activity of crude extracts of T. catappa and T. superba leaves in secondary screen

Activity

Extract code 3D7 W2mef Dd2

IC,, (ng/ml) IC,; (ng/mL) IC,, (ng/mlL) IC,; (ng/mL) IC,, (ug/ml) IC,; (ng/mlL)
TCooon 5.51+0.6 77.14£7.9 5.03+0.1 ND 9.498 £ 0.6 81.63+7.9
TC,pc 29.05+5.8 91.85+2.3 19.91£0.7 ND ND ND
TSyeon 6.16 +0.03 80.71£5.1 7.014£0.1 ND 9.769 £ 1.4 80.70 £5.1
TS, 31.06+8.0 95.06 +2.3 64.00 ND ND ND
Art 0.05+0 0.05+0 0.020 0.062 0.039 0.059

P. falciparum strains: 3D7 chloroquine-sensitive, Dd2 chloroquine-resistant, and W2mef multi-drug resistant. Art = arthemeter. Extract codes are
defined in Table 1. Classification of activity of extracts: IC,; <5 pg/mL = Highly active, 5 < IC, < 10 pg/mL = active, 10 < IC, < 25 ug/mL = moderately
active, 25pg/mL < IC_; < 50 pg/mL = weakly active and IC, > 50 pg/mL = inactive (16). * ND: Not determined.
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Table 3. IC, s, cytotoxicity and selectivity indices of methanol extracts of Terminalia catappa and Terminalia superba

IC, (ng/mL) CC,,(ng/mL) Sl values
Compound code

3D7 Dd2 LLC-MK2 cells 3D7 Dd2 W2mef
TC, .00 5.51+0.6° 9.498 +0.6° 375 68.058 39.48 74.552
TS, eon 6.16 £ 0.032 9.769 £ 1.42 500 81.169 51.18 71.286
Art 0.045 0.039+0.0 - - -

P. falciparum strains: 3D7 chloroquine-sensitive, Dd2 chloroquine-resistant, and W2mef multi-drug resistant. LLC-MK2 cells: monkey kidney epithelial
cells. TC,, ,,, and TS, _..: methanol extracts of T. catappa and T. Superba, respectively. Art: artemether. SI: selectivity index.

MeOH"
2Same as on Table 2. —Not included in experimental scheme.

Substance with CC_ > 30 pg/mL and SI > 10 are not cytotoxic (21).

In some parts of the South West region of Cameroon, the
leaves of T. catappa is prepared as a decoction and used in
the treatment of fever (5). Also several species of Terminalia
are widely used for medicinal purposes to treat a broad
spectrum of ailments including infectious diseases (6,8).
Crude extracts were prepared by maceration of portions
of each plant powder separately in organic solvents of
different polarities rather than sequentially in order to
obtain crude extracts of different chemical composition
to better appreciate their activity. This strategy permits
identification of the extract(s) containing the most active
constituent(s).

The crude extracts of both plants were largely active
as shown in Tables 1 and 2 against both sensitive (3D7)
and resistant strains (Dd2 and W2mef) of P. falciparum.
Specifically, three extracts i.e. the methanol extracts of the
twoplants (TC, ,and TS, ) and the methylene chloride
extract of T. catappa (TC,,.) were found to be active or
moderately active on at least one of the three parasite
strains according to one classification of antiplasmodial
activity (22) (Table 2). The methanol extracts showed the
highest antiplasmodial activity against all three parasite
strains. The hexane extracts of both plants showed weak
activity in the primary screen hence were not tested in the
secondary screen. The trend of activity in the secondary
screen was consistent with the primary screen for the
methanol and methylene chloride extracts of both plants.
This indicates the presence of more active constituents in
the methanol extracts which are likely to be polar. Also,
both plants and active extracts may have similar chemical
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.,,? oi; LI
>

5 5 .
< °

T T
Control group Test group

composition since they are of the same genus. TC , was
however the most active extract on the resistant strains
(IC,, values = 5.03£0.16 ug/mL on W2mef and 9.498 +
0.617 ug/mL on Dd2). The IC_ values obtained for the
methanol extract of T. catappa in this study are similar
to those reported from previous studies on different
parasite strains (7.42+0.57 pg/mL on P. falciparum K1
and 9.4+1.08 pug/mL on NF54 (8); and 19.5 pg/mL on P,
falciparum F32) (5). This study therefore further confirms
the high antiplasmodial activity in T. catappa; and the
consistency in the reported activity on several resistant
strains of P falciparum strongly indicates its potential
for development into an antimalarial phytomedicine for
treatment of resistant clinical malaria.

Phytochemical analyses of the leaves of T. catappa
revealed the presence of alkaloids, flavonoids, resins,
steroids, sugars, saponins, glycosides, phenols and ursolic
acid (7,8). Also, phytochemical analysis of T. superba
revealed flavonoids, ellagic acid derivatives, phytosterols,
triterpenoids, polyphenols and tannins (23). Some of these
classes of compounds are known to inhibit P. falciparum,
hence may be responsible for the high antiplasmodial
activity of methanol extract (TS, ).

In the assessment of toxicity of active substances, a CC_
value > 30 pg/mL and SI > 10 were considered as cut points
for lack of cytotoxicity and good selectivity, respectively
(21). The most active crude extracts (TC,, ,and TS )
fulfilled the criteria for lack of cytotoxicity with CC_ and
SI values from 375 pg/mL and 40, respectively (Table 3).
This indicates a very low risk of toxicity which favours the

(B)
101

Activity of AST (U/l)

Control group Test group

Figure 1. Effect of methanol extract of Terminalia catappa on mouse liver enzymes. A: ALT = Alanine aminotransferase (P = 0.50); B: AST = Aspartate

aminotransferase (P = 0.24).
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use of the two plants for medicinal purposes.

Mbouna et al (12) recorded very high activity (IC_ = 0.57
ug/mL) for the aqueous extract of T. superba leaves with
very high SI of greater than 350 against resistant PfINDO;
their IC, of 3.38 IC, | pg/mL and SI of 59 for the methanol
extract are comparable to those of this study.
Furthermore, this study found that the active methanol
extract of T. catappa had no significant effect (P>0.2)
on the liver enzymes in mice. ALT is found mainly in the
liver whereas AST is present in the liver, heart and other
organs; hence, elevation of ALT is more indicative of acute
liver injury. The AST:ALT ratio for the test group (0.38)
was much lower than that of the control group (0.82)
suggesting ALT level was high in the test group. However,
there was no significant difference in the ALT levels for
the control and test groups (P=0.506), suggesting no mild
or acute hepatocellular damage on this vital organ which
is the first to be exposed to a test substance following oral
administration. Our findings agree with that of Ibegbulem
et al (24), who recorded similar AST:ALT ratios for the
control (0.85) and test groups (0.72) of Wistar rats
administered a decoction of T. catappa orally.

Conclusion

The high antiplasmodial activity, high selectivity and
lack of acute toxicity observed for Terminalia catappa
supports its use in the traditional medicine. Development
of the plant into an antimalarial phytomedicine should
be pursued through in-depth studies in animal models
including further toxicity tests in specific metabolic and
organ systems.
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