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ABSTRACT 
Malaria, leishmaniasis, trypanosomiasis and pathogenic microorganisms infections are a public health burden 
worldwide. And the rapid development of resistance to the currently used drugs is a significant threat that 
necessitates the search for new anti-infective agents. Alchornea cordifolia (Schumach. and Thonn) Muell. Arg, 
family Euphorbiaceae, leaves have been used in folklore medicine to treat different disease conditions such as 
malaria, fevers, diarrhoea, infertility, wounds, inflammations, diabetes and cancers. This study aimed to assess 
the in vitro potentials of different crude extracts of the leaves against Plasmodium falciparum, Leishmania 
donovani (promastigotes, axenic amastigotes, and intracellular amastigotes), Trypanosoma brucei 
trypomastigotes and a panel of pathogenic bacteria and fungi, using established methods. Crude extracts of the 
powdered leaf sample of the plant extracted with various solvents were used for the experiment. The results of 
the antiplasmodial screening revealed that aqueous, methanol and ethanol extracts significantly inhibited two 
strains of Plasmodium falciparum parasites with IC50 values of 4.885 -18.094 µg/mL. The extracts also showed 
inhibitory activity against T. brucei trypomastigotes with IC50 of 8.68 -15.71 µg/mL, while chloroform was 
active against L. donovani blood-stage amastigotes. The extracts were equally effective against Cryptococcus 
neoformans (IC50 range of 32.258 – 161.853 µg/mL), and only aqueous extract was active against methicillin-
resistant S. aureus (IC50 199.054 µg/mL). The presence of bioactive compounds in the extracts may be 
responsible for the observed biological effects, and the plant could be further explored for lead compounds. 
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INTRODUCTION 

Infectious diseases, malaria, 
leishmaniasis, Human African Trypanosomiasis 
(HAT), as well as bacterial and fungal and 
microbial infections are major public health 
diseases affecting millions of people worldwide. 
Malaria currently affects over 40% of the world’s 
population resulting in annual deaths of 1-2 
million, mostly in sub-Saharan Africa (96%), Asia 
and South America, where children under five 
years (80%) and pregnant women are 
predominantly affected (WHO, 2020). The disease 
is caused by Plasmodium falciparum through a bite 
from infected female anopheles mosquitoes. Some 
recent figures indicating the gradual resistance of 
Plasmodium falciparum to the current ACTs based 
treatments is alarming and necessitate an urgent 
need for alternative treatment options (WHO, 
2021). Leishmaniasis, a protozoa disease of public 
health concern caused by several parasites of the 
genus Leishmania, affect over 12 million people 
worldwide with high morbidity and mortality, 
mainly in Africa, Asia and Latin America, 
(Volpedo et al., 2021). Drugs such as pentavalent 

antimonials, pentamidine and amphotericin B, used 
in treating leishmaniasis have adverse side effects. 
Additionally, the usual parenteral route of 
administration makes compliance of the therapy a 
source of concern (Oliveira et al., 2011). 

Human African Trypanosomiasis (HAT) 
is a vector-borne parasitic disease caused by 
trypanosomes transmitted through the bite of an 
infected tsetse fly (genus: Glossina). It is caused 
majorly by two pathogenic subspecies 
Trypanosoma brucei gambiense and Trypanosoma 
brucei rhodesiense that affect humans and 
livestock. Despite a gradual decline in cases, 992 
new cases reported in 2019, it is still a significant 
public health concern (WHO, 2021). Some of the 
current drugs namely melarsoprol, pentamidine and 
D,L-α-difluoromethylornithine  (DFMO) used in its 
management are highly toxic (Imieje et al., 2017; 
Atouguia and Costa,  1999). Generally, the current 
treatments used for the management of these three 
disease suffers from one disadvantage to the other, 
hence the need to explore alternative drugs which 
are potent, cost-effective agents with lesser side 
effects is paramount.  
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Plants have been used from time 
immemorial by man to treat various diseases. In 
recent times, a large percentage of people in the 
developed and developing countries of the world 
are using complementary and alternative medicine 
for the management of different conditions, 
including cancers, (Mavar-Manga, 2006); diabetes, 
(Szkudelski, 2001); inflammations, (Osadebe and 
Okoye, 2003); microbial infections, (Okeke et al., 
1999; Gasting et al., 2008); and as antimalaria, 
(Musuyu Muganza et al. 2012).  

Alchornea cordifolia (Schumach. and 
Thonn.) Muell. Arg, family Euphorbiaceae, is 
distributed widely in Africa’s tropics (Nigeria, 
Senegal, Gabon, Sierra Leon, Ivory Coast, Burundi 
and Burkina Faso). In Nigeria, Alchornea 
cordifolia, (English: Dove wood or Christmas 
bush) is called Ewa Ipa (Yoruba), Mbom (Efik), 
Ukpaoromi (Ijaw) etc. Alchornea cordifolia parts 
are widely used to treat 
coughs, gonorrhoea, infertility, bacterial infections, 
diarrhoea, ulcers, pain, inflammation, fever and 
bronchial conditions, (Boniface et al., 2016). 
Various authors have reported that the decoction of 
the leaves of Alchornea cordifolia is taken as a 
sedative and anti-spasmodic for epilepsy, 
headaches, cough, sore throat and bronchial 
infections. The leaf is chewed as an appetizer and 
the stem bark is used as fish poison, (Igoli et al., 
2005; Ishola et al., 2012) while the dried leaves are 
smoked to treat cough, (Kayode and Kayode, 
2008). Phytochemical studies of the different parts 
of the plants have revealed the presence of 
bioactive secondary plant metabolites, alkaloids, 
flavonoids, triterpenoids, fatty acids, steroids, and 
phenolics, (Boniface et al., 2016) in different parts 
of this plant. This led to the isolation of 
guaijaverin, hyperin, and quercetin, (Ogungbamila 
and Samuelsson, 1990); acetyl aleuritolic acid, 
daucosterol, beta-sitosterol (Mavar-Manga et al., 
2008); yohombine, N1,N2-diisopentenyl guanidine, 
N1,N2,N3-triisopentenyl guanidine, and 
indomethacin (Mavar-Manga et al., 2008). These 
compounds have demonstrated significant 
pharmacological activities in in vitro and in vivo 
studies. 

This present study investigates the in vitro 
antiplasmodial, antileishmanial, antitrypanosomal, 
antimicrobial and cytotoxicity effects of different 
solvents extracts of the leaves of Alchornea 
cordifolia.  

 
MATERIALS AND METHODS 
Plant collection and preparation 

Fresh mature Alchornea cordifolia leaves 
were collected in February 2019 from Ekosodin 
village, Ovia North East Local Government area, 
Edo State, Nigeria. The botanical identity was 
authenticated at the Department of Pharmacognosy, 
Faculty of Pharmacy, University of Benin, Benin 
City, Nigeria where a voucher specimen (PCG-
FP261) was assigned. The leaves were washed, air-

dried, pulverized into a coarse powder in a 
mechanical grinder. And the powdered sample was 
stored in an air-tight container until ready for use. 

  
Extraction  

The powdered (100 g) leaves of Alchornea 
cordifolia was subjected to successive maceration 
in different solvents (700 mL each) in increasing 
order of polarity n-Hexane (AC-HEX), chloroform 
(AC-CHL), ethyl acetate (AC-EAT), ethanol (AC-
ETH), methanol (AC-MET) and water (AC-AQ) 
with intermittent agitations for 72 hours. 
Consequently, the different crude extracts were 
filtered, concentrated to dryness in vacuo at 40ºC 
with a rotary evaporator, and the percentage yields 
were calculated based on the initial weight of the 
air-dried powdered sample. The dried extract was 
stored in an air-tight container and kept in the 
refrigerator at 4ºC until further use. 

 
Phytochemical Screening  

The Phytochemical screening tests were 
carried out using standard methods (Sofowora 
1993; Evans, 2002).   

 
In vitro Activity Screening 

The primary and secondary antiplasmodial 
effects of the crude extracts of Alchornea cordifolia 
leaves were investigated in vitro against 
Plasmodium falciparum (chloroquine-sensitive D6 
and chloroquine-resistant W2 strains). The 
extracts’ selectivity indices (a measure of samples’ 
cytotoxicity on mammalian cells) were determined 
using Vero cell lines (monkey fibroblast). The 
extracts were also investigated against Leishmania 
donovani promastigotes, axenic amastigotes, 
blood-stage amastigotes (amastigotes in THP1 
cells); Trypanosoma brucei promastigotes and 
against a panel of pathogenic microorganisms.  
Antiplasmodial  Assay 

The in vitro antiplasmodial activity of the 
extracts was measured by a colourimetric assay that 
determine the parasite lactate dehydrogenase 
(pLDH) activity described by Makler et al. (1993) 
and Samoylenko et al. (2009). The effects of the 
test samples on plasmodial LDH activity were 
determined using Malstat reagent (Flow Inc, 
Portland, OR). DMSO (0.25 %) and 
chloroquine/artemisinin were included in each 
assay, serving as vehicle and positive control drugs.  
 
Antileishmanial Assay 

The crude extracts were evaluated against 
L. donovani promastigote, L. donovani axenic 
amastigote, and L. donovani amastigote in THP1 
according to the protocol described by Jain et al. 
(2012), which uses the Alamar Blue colourimetric 
assay method described by Mikus and Steverding 
(2000). Pentamidine and amphotericin B standard 
antileishmanial drugs were used as positive 
controls. The IC50 and IC90 values were computed 
from response curves using XLFit®. 
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Antitrypanosomal Assay 
The antitrypanosomal assay was carried 

out according to a method previously reported by 
Jain et al. (2016).  

 
Cytotoxicity assay  

The cytotoxicity of the test samples was 
also tested against transformed human monocytic 
(THP1) cells. The assay method adopted for this 
study was previously described by Jain et al. 
(2016). This assay was done to assess the 
cytotoxicity of the plant extracts against Vero cell 
line (monkey kidney fibroblast) and their inherent 
antiplasmodial activity against Plasmodium 
falciparum in order to establish their selectivity 
indices (SI), which is the ratio of IC50 values of test 
samples against Plasmodium falciparum to that of 
Vero cell line.  

 
In vitro Antimicrobial Assay 

The crude extracts of Alchornea 
cordifolia were subjected to in vitro 
susceptibility testing against a panel of 
pathogenic organisms: the fungi include 
Candida albicans (ATCC 90028), Aspergillus 
fumigatus (ATCC 204305), Cryptococcus 
neoformans (ATCC 90113), while the bacteria 
were methicillin-resistant bacterium 
Staphylococcus aureus (MRSA; ATCC 33591), 
E. coli (ATCC 35218), Klebsiella pneumonia 
(ATCC 43816), Vancomycin resistance 
Enterococcus faecium (ATCC 49532) and 

Pseudomonas aeruginosa (ATCC 27853) using a 
modified version of the NCCLS methods (CLSI, 
2008). The fungi and bacteria used in this 
experiment were obtained from the American 
Type Culture Collection (ATCC), Manassas, 
VA. All the test samples were dissolved in 
DMSO (0.25 %). Fluconazole, Amphotericin B 
and Ciprofloxacin were used as positive control 
drugs. 

 
Statistical analysis  

The results were presented as mean ± 
standard deviations (SD). IC50 values relative to 
controls were obtained using XL fit 4.2 software 
(IDBS, Alameda, CA). 

 
RESULTS AND DISCUSSION 
Phytochemical Constituents 
  The results of the phytochemical 
screening of the crude extract of A. cordifolia leaf 
revealed the presence of alkaloids, carbohydrates, 
reducing sugars, deoxysugars, saponins, tannins, 
phenolic compounds, flavonoids, terpenoids and 
proteins. Apparently, the findings were in 
agreement with Osadebe et al. (2012) and Amos-
Tautua et al. (2011). Studies have established the 
biological importance of secondary metabolites 
shown to possess different pharmacological 
activities exhibited by extracts and fractions of 
medicinal plants (Oseghale et al., 2020). 
 

 
 
Table 1: Inhibition of Plasmodium falciparum in an in vitro assay by crude extracts of A. cordifolia leaves 
at a test concentration of 15.8667 µg/mL. 

Extracts Percentage inhibition 
AC-CHL 30 
AC-AQ 87 

AC-EAT 27 
AC-ETH 57 
AC-HEX 6 
AC-MET 86 

Note: Fractions exhibiting ≥ 50 and above percentage inhibition of parasites were further subjected to secondary 
screening to determine their IC50 values and selectivity indices (SI). AC-HEX = n-Hexane, AC-CHL= 
chloroform, AC-EAT = ethyl acetate, AC-ETH = ethanol, AC-MET = methanol, and AC-AQ = water. 
 
Antiplasmodial Activity 

The extracts were first subjected to 
primary antiplasmodial screening against the two 
strains of plasmodium falciparum, chloroquine 
sensitive (D6) and chloroquine resistance (W2). 
This was to determine the extract that inhibited ≥ 
50% parasites growth at a single concentration of 
the extracts (15.8667 µg/mL). The extracts were 
further evaluated in the secondary screening to 
determine their IC50 values. The result of the 

primary screening is shown in Table 1. In this 
study, the aqueous (AC-AQ), methanol (AC-MET), 
and ethanolic (AC-ETH) extracts of A. cordifolia 
significantly inhibited Plasmodium falciparum 
growth with percentage inhibition of 87 %, 86 %, 
and 57 %, respectively, in the primary screening 
assay. The other extracts were less effective against 
the parasite. These extracts were further subjected 
to a secondary antiplasmodial screening assay.   
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Table 2: Antiplasmodial activity of crude extracts of A. cordifolia leaves and their SI values at 47.6-0 – 
0.19588 μg/mL. 
Extract/Fractions P. falciparum D6 P. falciparum W2 VERO 

IC50 (µg/mL) SI IC50 (µg/mL) SI IC50 (µg/mL) 
AC-AQ 6.491 >7.3 4.885 >9.7 >47.60 
AC-ETH 18.094 >2.6 11.088 >4.3 >47.60 
AC-MET 8.180 >5.8 5.252 >9.1 >47.60 
Artemisinin <0.106 ˃9.0 <0.106 ˃9.0 ˃16.859 
Chloroquine  <0.093 ˃9.0 0.4698 >1.4 >14.881 
 

In the parasite Lactate dehydrogenase 
assay, extracts AC-AQ, AC-ETH and AC-MET 
were tested against the two strains of Plasmodium 
falciparum (D6 and W2) used in this study and the 
half-maximal inhibitory activity is shown in Table 
2. All the extracts were active against both 
plasmodium strains, i.e. chloroquine-sensitive (D6) 
and resistant (W2) strains. Careful observation of 
the results showed that the antiplasmodial activity 
of the extracts is polarity dependent; with the 
aqueous (water) extract exhibiting the highest 
parasites inhibitory activity with IC50 values of 
6.491 and 4.885 µg/mL against D6 and W2 
compared to the methanol extract (AC-MET) IC50 
of 8.180 and 5.252 µg/mL, and IC50 18.094 and 
11.088 µg/mL for the ethanol (AC-ETH) extract. 
The antiplasmodial activity of A. cordifolia has 
been reported by many researchers against different 
strains of Plasmodium species. According to Mesia 
et al. (2008) the methanol extract was active 
against the Ghanaian strain of Plasmodium 
falciparum with IC50 value of 2.8 µg/mL, while 
Tona et al. (2007) investigated the same extract 
against the chloroquine-sensitive strain and 
recorded an IC50 value range 1-3 µg/mL. In another 
study, the ethanol leaves extract exhibited 
significant in vitro antiplasmodial activity against 
Plasmodium falciparum as reported by Banzouzi et 

al. (2002). In a more recent study, the crude 
methanol extract of Alchornea cordifolia exhibited 
significant (p ˂  0.05 – 0.001) and dose-dependent 
in vivo activity against Plasmodium berghei in 
mice Nnamdi et al. (2017). All the extracts were 
not cytotoxic to mammalian cells, as shown by 
their selectivity (SI) indexes, Table 2.   

  
Antileishmanial and Antitrypanosomal activity  

Extracts of Alchornea cordifolia were 
subjected to in vitro screening against Leishmania 
donovani (promastigotes, axenic amastigotes, and 
intracellular amastigotes in THP1 cells) and blood-
stage promastigotes of Trypanosoma brucei. The 
result of this screening (Table 3), showed that only 
sample AC-CHL exhibited significant inhibition of 
L. donovani blood stage amastigotes (infective 
stage of the parasite) with IC50 value of 12.92 
μg/mL at final test concentrations of 20-0.8 µg/mL. 
Similarly, extracts AC-AQ, AC-EAT, AC-ETH, 
and AC-MET were effective against T. brucei 
trypomastigotes with IC50 values of 8.68, 15.71, 
9.19, 9.32 µg/mL, respectively. The aqueous 
extract demonstrated the lowest IC90 value (17.11 
µg/mL). All the extracts except AC-CHL at test 
concentrations of 20 – 8 μg/mL did not show 
activity against the promastigotes, axenic 
amastigotes and intracellular amastigotes. 

 
Table 3: Leishmanicidal and Trypanosomicidal effects of crude extracts of A. cordifolia leaves at 
concentration range 20-0.8 µg/mL. 

Extracts 
 

L. donovani 
Promastigotes 

L. donovani 
axenic amastigotes 

L. donovani 
amastigotes/THP 

T. brucei 

 IC50
 IC90 IC50 IC90 IC50 IC90 IC50 IC90 

AC-CHL >20 >20 >20 >20 12.92 >20 >20 >20 
AC-AQ >20 >20 >20 >20 >20 >20 8.68 17.11 
AC-EAT >20 >20 >20 >20 >20 >20 15.71 >20 
AC-ETH >20 >20 >20 >20 >20 >20 9.19 18.33 
AC-HEX >20 >20 >20 >20 >20 >20 >20 >20 
AC-MET >20 >20 >20 >20 >20 >20 9.32 17.34 
Amphotericin B# 0.2315 0.2705 1.233 - 0.1937 0.3365 - - 
Pentamidine# 4.4004 7.9519 29.366 - 9.303 15.263 0.0058 0.0088 
DFMO# - - - - - - 15.658 40.214 
NOTE: # = µM concentration 
 

The positive control drugs, Pentamidine 
and DMFO, possess better activity against these 
protozoa. However, it was observed that some of 
the extracts showed better activity than DFMO 
against T. brucei trypomastigotes. Several studies 

have highlighted the activity of plant extracts and 
fractions against leishmaniasis and trypanosomiasis 
(Jain et al., 2016; Obbo et al., 2019). In a study 
carried out by Mesia et al. (2008), the hydro-
ethanolic leaf extract of A. cordifolia exhibited 
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strong activity against Trypanosoma brucei brucei 
(Tbb) with IC50 of 0.7 µg/mL and moderate activity 
against Trypanosoma cruzi (IC50 value of 34 
µg/mL). In addition, the ethanol leaf extract was 
active against multi-resistant strains of 
Trypanosoma congolense with LD50 of 68.06 - 68.9 
µg/mL, Adewunmi et al. (2001). The aqueous leaf 
extract was equally shown to be active against 
Trypanosoma brucei brucei, T. cruzi and 
Leishmania infantum with IC50 values of 6.67, 
36.27 and 32.46 µg/mL, respectively (Musuyu-
Muganza et al., 2012). 

 
 

 Antimicrobial Activity  
 The antimicrobial activities of the extracts 
against the different test organisms are as shown in 
Table 3.4. Except for AC-CHL and AC-HEX, all 
extracts exhibited good inhibitory activity against 
Cryptococcus neoformans with an IC50 range 
between 32.258 – 161.855 µg/mL. 
 In contrast, only the aqueous extract (AC-
AQ) was active against methicillin-resistant 
staphylococcus aureus, IC50 199.054 µg/mL. The 
other extracts were not active against the test 
organisms at a 200 µg/mL concentration. A careful 
examination of our results revealed that the polar 
extracts exhibited better antimicrobial activity.  

 
Table 4: In vitro Antimicrobial effects of crude extracts of A. cordifolia leaves.  

Extracts 
 CA IC50 AF IC50 

CN 
IC50 

MRS IC50 
EC  
IC50 

PA 
IC50 

KP 
IC50 

VRE  
IC50 

AC-CHL >200 >200 >200 >200 >200 >200 >200 >200 

AC-AQ >200 >200 32.258 199.054 >200 >200 >200 >200 

AC-EAT >200 >200 161.855 >200 >200 >200 >200 >200 

AC-ETH >200 >200 38.953 >200 >200 >200 >200 >200 

AC-HEX >200 >200 >200 >200 >200 >200 >200 >200 

AC-MET >200 >200 32.434 >200 >200 >200 >200 >200 
FLU* <0.1 >100 0.519 >100 >100 >100 >100 >100 
AMB* 0.133 0.35 0.153 >100 >100 >100 >100 >100 
CIPRO* >10 >10 >10 9.235 <0.01 0.419 >100 >100 
*Test concentration of positive control agents was 100 – 4 µg/mL, except Ciprofloxacin (10 – 0.4 µg/mL) 
FLU = Fluconazole, AMB = Amphotericin B, CIPRO = Ciprofloxacin CA= C. albicans, AF= A. fumigatus, 
CN= C. neoformans, MRS= methicillin-resistant S. aureus, EC= E. coli, PA=P. aeruginosa, KP= K. 
pneumoniae, VRE=Vancomycin resistant  enterococcus  
 
 The results of our study are in agreement 
with the findings of Bitchagno et al. (2015) and 
Gasting et al. (2008). The authors have reported 
that the polar fractions of A. cordifolia (aqueous, 
methanol, ethanol, ethyl acetate and acetone) 
exhibited strong and significant activity against 
different pathogenic microorganisms, with zones of 
inhibition ranging from 13 to 26 mm. The studies 
further stated that the antimicrobial activity might 
be due to the polarity of the solvent of extraction. 
There is a possibility that the active antimicrobial 
constituents in the plant may be polar since activity 
against the microorganisms is highest in the 
aqueous extract. 
 
CONCLUSION 

The antiprotozoal and antimicrobial 
activities of the crude extracts of Alchornea 
cordifolia leaves have been highlighted in this 
study. It reveals that the plant possessed important 
secondary metabolites responsible for the observed 
antiplasmodial, antileishmanial, antitrypanosomal 
and antimicrobial activities. Thus the leaves of A. 
cordifolia could serve as a veritable source of 
bioactive compounds that can further be explored 

as leads for the development of potent drugs to 
treat malaria and other neglected diseases. To the 
best of our knowledge, our study is the first 
comparative study of the effects of different crude 
extracts on the antimalarial activity of the leaves of 
A. cordifolia. 
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