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A B S T R A C T

Diospyros chamaethamnus, a low woody perennial, which is endemic to Namibia, Botswana, Angola, and
Zambia, is used in the management of malaria. The current study aimed to assess the effectiveness of this
plant against malaria parasites and to identify some of the compounds, which may be responsible for the
therapeutic properties of this plant. Dried roots were macerated in dichloromethane-methanol (1:1 v/v) and
water to isolate phytoconstituents, which were then screened for antimalarial activity using the P. falciparum
chloroquine-sensitive strain, D10. Furthermore, the antioxidant activities of the plant extracts were deter-
mined using the DPPH method. Lastly, the plant extracts were analyzed by gas chromatography-mass
spectrometry. Moderate in vitro antiplasmodial activity (IC50 < 50 mg/ml) was observed for the D. chamae-
thamnus organic (19.51 mg/mL) and aqueous (18.30 mg/mL) extracts. Antioxidant activity based on DPPH
scavenging potential showed that D. chamaethamnus aqueous and organic extracts exhibited significant anti-
oxidant activities with IC50 values of 7.63 and 10.74mg/mL, respectively. Some of the biologically active com-
pounds found in the extracts of D. chamaethamnus include lupeol, palmitic acid, stigmasterol, and pyrogallol.
These findings support the use of D. chamaethamnus against malaria and/or malaria-associated symptoms
and provide a foundation or guide for further studies of this plant as an alternative treatment option for
malaria.

© 2022 SAAB. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Secondary metabolites have been deemed therapeutic, and as a
result, have played a prominent role in the development of chemo-
therapies (Hussein and El-Anssary, 2018). Secondary metabolites are
produced by plants to serve as a protection mechanism against
microorganisms, herbivores, and harsh environmental conditions
(Bennett and Wallsgrove, 2006; Isah, 2019). They have produced
drugs such as artemisinin from the Chinese herb Artemisia annua
(Hill and Staunton, 2010), or provided precursors from which drugs
can be synthesized organically such as quinine from Cinchona bark
(Cinchona officinalis) (WHO, 2007). Interestingly, quinine was the
first drug to treat malaria and served as a lead structure for the syn-
thesis of several drugs such as chloroquine and mefloquine which are
still used today (Wink, 2012). Many more compounds with antima-
larial activity have been isolated from plants including phenolics
(flavonoids, xanthones, coumarins, and curcumin), naphthopyrones,
quinones, terpenoids (iridoids, sesquiterpenes, diterpenes, triter-
penes), quassinoids, cucurbitacins, alkaloids (indolizidine, indole,
isoquinoline) and polyacetylenes (Wink, 2012). For these reasons,
plants remain a source of naturally derived medicines.

Plant-based traditional remedies are used as a first-line treatment
for various diseases and disorders, especially in developing countries
(Sofowora et al., 2013;Wachtel-Galor and Benzie, 2011). There are
about 615 plant species used medicinally in Namibia (Cheikhyoussef
et al., 2011), of which not much information exists, in terms of empir-
ical evidence. Diospyros chamaethamnus (Fig. 1) is one such plant, and
is confined to the northeastern parts of Namibia largely on sandy
plains, dunes, and along dry river beds, and is also known as the Gin-
gerbread plum, Sand apple, or dwarf Jackal-berry in English, orMund-
jongolo in SiLozi (a Bantu language). Its roots are used in a polyherbal
treatment for headaches (a prominent symptom of malaria) in the
Zambezi region of Namibia, which is a malaria-endemic area. Fur-
thermore, its roots and leaves have been reported to be used for
treatment of malaria together with Ochna pulchra, Burkea africana,
and Combretum zeyheri (Simon et al., 2012).

Today herbal or plant-based medicines are widely accepted and
used. Knowledge about the composition of secondary metabolites in
herbal preparations is essential for the quality control and standardi-
zation of these medicines. Despite the use of D. chamaethamnus in
traditional medicine, information regarding their biological and phy-
tochemical properties is limited. The objective of the present study
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Fig. 1. Photographs of D. chamaethamnus � (A) a suffrutex plant with a height of less than one meter (B) with elongated, evergreen, spirally arranged leaves, and white flowers
(original photos by I. du Preez).
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was to investigate the biological properties of D. chamaethamnus as a
remedy for malaria and to characterize the volatile and semi-volatile
organic compounds in crude water and dichloromethane-methanol
extracts of D. chamaethamnus roots.

Malaria continues to be a concern; in 2021, over 241 million cases
of malaria were reported worldwide (World Health Organiza-
tion, 2021). It is an infectious disease caused by Plasmodia parasites.
Earlier research has found a relationship between malaria and oxida-
tive stress; greater levels of oxidative stress has been detected in peo-
ple and animals with malaria compared to those with no malaria
(Vasquez et al., 2021). The immune system of the host creates reac-
tive oxygen species (ROS) to eliminate the malaria parasites. This
generation of excess free radicals is worsend by the parasites produc-
tion of haem. This imbalance in oxidants and antioxidants can result
in oxidative stress and inflammation, as well as cell and tissue dam-
age and the onset and progression of diseasese including as diabetes,
dementia, cancer, cardiovascular diseases, and metabolic syndromes
(Sharifi-Rad et al., 2020; Tan et al., 2018). Fortunately, antioxidant
supplements can help to mitigate these effects.

2. Experimental

2.1. Plant material

Fresh roots of Diospyros chamaethamnus (voucher no. CID12) were
harvested during the flowering stages in the Zambezi region of Nami-
bia. The plant material was dried at ambient temperature and ground
to obtain a fine powder (particle size less than 1 mm), which was
then stored in airtight containers at cool temperatures (-208C).
The identity of the plant was confirmed by botanists at the National
Herbarium of the National Botanical Research Institute (NBRI) of
Namibia.

2.2. Extraction procedure

Organic extracts were obtained by maceration of ground plant
material using dichloromethane-methanol (1:1 v/v) at a sample-to-
solvent ratio of 1:20 (w/v) for 48 hours at room temperature with
intermittent shaking. Aqueous extracts were prepared by soaking
ground plant material in distilled deionized water (1:20 w/v), which
was placed in a water bath set at 60 8C for 2 hours with occasional
shaking. The root suspension was spun down at 800 x G for 30
minutes and subjected to gravity filtration using Grade 1 Whatman
filter paper. The extracts were concentrated and dried under reduced
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pressure using a rotary evaporator and subsequently a freeze-dryer.
Dry extracts were obtained and stored at -208C until subjected to
further analysis.

2.3. Antiplasmodial activity

2.3.1. Parasite strain and maintenance of parasite cultures
Laboratory-adapted P. falciparum parasites were obtained from

the Biodefense and Emerging Infections Research Resources Reposi-
tory (BEI Resources), American Type Culture Collection (ATCC) (Man-
assas, VA, USA), which is a chloroquine-sensitive strain (D10). The
parasite culture was grown in O+ red blood cells and maintained in
RPMI1640 media supplemented with 25 mM HEPES, L-glutamine,
2 mM NaOH, 4 % D-glucose, 0.02 mg/mL gentamicin, and 10 % serum.
The culture was in a gas mixture of 90 % nitrogen, 5 % oxygen, and 5
% carbon dioxide, and incubated at 37 °C. This method is similar to
the one described by Trager and Jensen (Trager and Jensen, 1976).
The hematocrit and parasitemia of the parasites were maintained at
2 %.

2.3.2. Bioassay
Unsynchronized parasites, i.e. parasites in the asexual stages

including rings, trophozoites and schizonts were used for this assay.
Parasites in red blood cells (RBCs) were seeded in flat bottomed 96-
well plates. Varying concentrations of plant extracts diluted in com-
plete media were added to each well to obtain final concentrations of
5, 25, 50, and 100 mg/mL, and a total volume of 200 mL of parasitized
RBCs with a parasitemia and hematocrit of 2 %. This was followed by
incubation at 378C for 48 hours. Wells with chloroquine diphosphate
(25 mg/mL) and infected RBCs were used as the positive control, and
wells with infected RBCs void of any treatment was used as the nega-
tive control. The experiment was done in triplicate with with all
treatments in replicates of 3 for each experiment. The number of par-
asites observed for treatments (plant extracts), as well as for negative
and positive controls were quantified using light microscopy (10 %
Giemsa stain). Each smear was observed at 10 different fields and 3
different parts of the slide. Infected RBCs were counted against 1000
total RBCs. The mean percentage parasitemia and percentage growth
inhibition were calculated. The latter was expressed as a percentage
of the mean percentage parasitemia for each concentration compared
with the mean percentage parasitemia for the untreated controls:

% Growth inhibition ¼ 100 � Parasitemia of treatment
Parasitemia of control

� 100:
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2.4. Antioxidant activity

2,2-Diphenyl-1-picryl-hydrazyl (DPPH) method described by
Mensor et al., (2001) was used to determine the antioxidant activity
of the plant extracts. An equal volume of plant extract resuspended
in methanol (100 mL) was added to 100 mL of 0.3 mM methanolic
DPPH (Aldrich) solution to obtain final concentrations of 10, 20, 30,
and 40mg/mL. Ascorbic acid (Sigma) was used as the positive control.
The scavenging activity of plant extracts was measured after 30
minutes of incubation in the dark using absorbance at a wavelength
of 518 nm with a multimode plate reader. Three replicates of each
sample were used for statistical analysis and the mean § S.E.M.
reported. The inhibitory effect of plant extracts of each parameter
was calculated as:

%Inhibition ¼
�
ðAC�AEÞ

�
=ACÞ � 100; where AC is the absorbance

of the fully oxidized control and AE is the absorbance of the extract.
The concentration required to scavenge 50 % of the DPPH radical
(IC50) was calculated using linear regression analysis by plotting the
percentage inhibition against the concentrations of the plant extracts.
The antioxidant activity of the plant extracts was also expressed as
the ascorbic acid equivalent antioxidant capacity (AEAC) using the
equation below:

AEACðmgAA=100gÞ ¼ ðIC50ascorbicacidÞ=IC50extractÞ � 100:
2.5. GC-MS analyses
2.5.1. Apparatus
GC-MS analyses of plant extracts were performed on a Focus

GC coupled to an ITQ 700 MS (Thermo Scientific, Italy). The injec-
tor temperature was maintained at 220°C, the MS transfer line at
250°C, and the ion source at 200°C. Helium was used as the car-
rier gas set at a constant flow of 1 mL per minute. An SGE BP5MS
capillary GC column with dimensions of 30 m x 0.25 mm i.d., and
a stationary phase coating thickness of 0.25 mm (Genmed, Wind-
hoek, Namibia) was used for the separations. The oven tempera-
ture was programmed at 2°C per minute�1 from 40°C to 300°C
and was held isothermal for 60 minutes. The electron ionization
mass spectra were recorded with an ionization voltage of 70 eV
and an m/z 25-515 scan range. Xcalibur software version 2.1 was
used for data acquisition and processing. One microliter of either
sample or the standard solution was injected with a split ratio of
1:10 using the hot-needle technique.
Fig. 2. Percentage parasitemia (i.e. percentage parasite survival) of P. falciparum D10 48 hou
centrations. Data are presented as means § SEM. �: P < 0.05, ��: P < 0.01, ���: P < 0.001, com
negative control or vehicle and CQ: chloroquine or positive control.
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2.5.2. Sample and standard solution preparation
The dry extracts of the plants were reconstituted in methanol for

GC-MS analysis. Dry extracts were suspended in methanol to obtain
final concentrations of 10 mg/100 mL (organic extracts) and
2 mg/100 mL (aqueous extracts). The reference compounds,
a-amyrin, palmitic acid, methyl palmitate, stigmasterol, oleic acid,
and stearic acid, were purchased from Medlab Services CC (Wind-
hoek, Namibia). Solutions of the reference compounds were prepared
for GC-MS analysis at concentrations of ca. 1 mg/mL.

2.5.3. Identification of chemical constituents
The sample solutions and a mixture of C10-C40 n-alkanes (even

number of carbons only) (Sigma Aldrich, Germany) were analyzed
using the same GC-MS conditions, and the Kov�ats retention indices
(RIs) of the detected constituents were calculated. Subsequently, the
compounds in the plant extracts were identified by comparing their
mass spectra and RIs to those in the National Institute of Standards
and Technology (NIST) version 11 MS and RI databases, as well as
other RI values reported in the literature. The identities of several
compounds were confirmed by retention time comparison using
authentic reference standards.

2.6. Data analysis

A statistical software package GraphPad Prism 6 was used to ana-
lyze the antimalarial and antioxidant data. The results are reported as
mean § standard error (SEM) and were analyzed statistically using
one-way and two-way ANOVA followed by post hoc tests, i.e. the
Tukey Krammer (Tukey's) and Dunnett’s multiple comparisons tests,
to compare mean differences for all treatments and controls. Values
of P < 0.05 were considered significant. Furthermore, a log dose-
response curve was generated to determine IC50 values. The growth
inhibition values were plotted against corresponding concentrations
of the plant extracts at a 95 % confidence interval. The IC50 values
were determined by nonlinear interpolation from each of the inhibi-
tion curves in GraphPad Prism 6.

3. Results and discussion

Antimalarial activity of the plant extracts was screened at concen-
trations of 5, 25, 50, and 100 mg/mL. The aqueous and organic
extracts of D. chamaethamnus demonstrated antimalarial activity
against the chloroquine-sensitive strain D10 (Fig. 2). At each of the
rs post-treatment with D. chamaethamnus aqueous and organic extracts at various con-
pared to the negative control (one-way ANOVA followed by Tukey's post hoc test). NC:



Table 1
In vitro antiplasmodial activity of aqueous and organic extracts from D. chamaethamnus against erythrocytic stages of
the P. falciparum D10 strain at 48 hours.

Treatment Extract % Parasite growth inhibition IC50 (mg/mL) [R2]

5mg/mL 25mg/mL 50mg/mL 100 mg/mL

D. chamaethamnus Aqueous 47.36 33.01 38.68 46.18 18.30 [0.7707]
Organic 50.04 33.51 37.32 28.31 19.51 [0.8247]

Chloroquine (25mg/mL) - - 92.54 - - -
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four concentrations for both extracts, there was a significant reduc-
tion in the number of parasite-infected RBCs relative to the control
(P<0.05). Chloroquine showed a significant mean percentage sup-
pression of 92.55 % compared to the aqueous (46.18 %) and organic
(28.31 %) extracts of D. chamaethamnus at their highest concentra-
tion. There, however, was not a concentration-dependent effect for
the percentage parasitemia with increasing concentrations of the
plant extracts, nor was there a statistical difference between organic
and aqueous extracts of the plant under investigation (P>0.05). As
presented in Table 1 the extracts of D. chamaethamnus showed mod-
erate activity with IC50 values ranging from 10 to 50 mg/ml
(Dolabela et al., 2008). The aqueous extract exhibited higher antiplas-
modial activity with an IC50 value of 18.30 mg/mL compared to the
organic extract, which had an IC50 value of 19.51mg/mL.

The biological activities for D. chamaethamnus have not yet been
described, but for several other Diospyros spp.the antimalarial, anti-
bacterial, antipyretic, and anticancer activities have been reported
(Pinho et al., 2011). Some of the species that have been studied
include D. rubra (Prachayasittikul et al., 2010), D. quaesita (Ma et al.,
2008), D. glandulsa, and D. rhodocalyx (Theerachayanan et al., 2007).
A reduction in parasitized RBCs was observed for these species using
different solvents and Plasmodia strains. According to Prachayasitti-
kul et al. (2010), antiplasmodial activities (IC50) of 176.20 mg/mL,
23.95 mg/mL, 33.58 mg/mL, and 135.05 mg/mL were exhibited by
hexane, dichloromethane, ethyl acetate, and methanol extracts,
respectively for D. rubra. D. mespiliformis, while on the other hand
displayed an IC50 of 2.91 mg/mL for its aqueous extract
(Nafuka, 2014). For D. quaesita, betulinic acid was isolated and tested
against P. falciparum D6 and W2 strains, which exhibited IC50 values
of 0.9 and 0.6mg/mL, respectively.

What’s interesting is that in the present study, the antimalarial
activities of the extracts at the highest concentrations were compara-
ble to those of lower concentrations. It could be that the maximal
response was not produced and that the compounds present in the
extracts may be partial agonists. It has been shown that many phar-
maceuticals produce therapeutic effects by binding to receptors caus-
ing either agonist or antagonist effects. At certain concentrations, the
therapeutic response reaches a maximum due to the saturation of
available receptors by a drug (Harro, 2004). Normally a drug produ-
ces a maximal response when all of the receptors are occupied and a
half-maximal response when 50 % of the receptors are occupied.
However, some drugs elicit a half-maximal response regardless of
maximal occupancy of receptors by compounds. To the best of the
knowledge of the authors, no previous data have been reported for
Table 2
Antioxidant activity observed for the aqueous and organic extracts of D. chamaethamnus com

Concentration (mg/mL) Aqueous extract

% Inhibition IC50 (mg/mL) [R2] AEAC* (mg AA/100 g) %

10 90.40§1.33 7.63 [0.9748] 78244 3
20 92.75§0.30 8
30 93.27§0.62 9
40 94.19§0.31 9
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the in vitro antimalarial activities of D. chamaethamnus, but for
related plant species. However, Dushimemaria et al. (2017) recently
described the cytotoxicity activities and classes of phytochemicals of
this plant using TLC, as well as its potential as an antitumor agent.

IC50 values were determined by nonlinear interpolation from each
of the inhibition curves in GraphPad Prism 6.

The antioxidant results are shown in Table 2. The extracts of D.
chamaethamnus, both aqueous and organic, exhibited DPPH radical
scavenging activity. These scavenging effects were concentration-
dependent (P < 0.05). The results revealed that both extracts exhib-
ited prominent antioxidant activity. At concentrations as low as 10
mg/mL, inhibition of DPPH formation was relatively high for the
organic extract (90.4 %) and the aqueous extracts (89.9 %) at a con-
centration of 20 mg/mL. Furthermore, the IC50 values for the antioxi-
dant activity of the aqueous (7.63 mg/mL), and organic (10.74 mg/
mL) extracts were comparable to that of the ascorbic acid (5.97 mg/
mL) (P > 0.05). Interestingly, the aqueous extract displayed higher
antioxidant activity than the organic extract. The ascorbic acid equiv-
alent antioxidant capacity (AEAC) was greater than 600 mg AA/100 g
for the aqueous (78 244) and aqueous (55 587) plant extracts, which
is rather high (Harro, 2004; Leong and Shui, 2002). The free radical
scavenging activities of the plant under investigation have not been
reported before, although reports on related species for D. chamae-
thamnus (Baravalia et al., 2009; Loizzo et al., 2009; Mondal et al.,
2006) has been documented, and is consistent with the findings of
this study further confirming the plant’s antioxidant activities.

The antiplasmodial and antioxidant activities for the organic and
aqueous extracts of D. chamaethamnus were comparable, suggesting
that the active phytoconstituents responsible for the observed phar-
macological effects are present in both the water and methanol-
dichloromethane (1:1 v/v) extracts. The number and type of com-
pounds identified in both extracts in this study also confirmed this.
As a result, the use of water as an extractant in a traditional setting is
supported or substantiated.

Percentage inhibition values in the table are expressed as means
§ SEM of three replicates relative to control (vehicle), n=3. Nonlinear
regression analysis was used to calculate IC50 values in GraphPad
Prism 6. *Ascorbic acid equivalent antioxidant capacity.

Using GC-MS analysis, a total of 29 compounds were identified in
the extracts of D. chamaethamnus roots (Table 3), 19 compounds in
the organic extract (Fig. S1), and 17 in the aqueous extract (Fig. S2).
Seven of these compounds were present in both of the extracts. The
compounds found in the plant extracts were mostly alkanes, fatty
acids, triterpenoids, and steroids. Compound 22 from the aqueous
pared to ascorbic acid (positive control).

Organic extract Ascorbic acid

Inhibition IC50 (mg/mL) [R2] AEAC* (mg AA/100 g) IC50 (mg/mL) [R2]

9.92§2.12 10.74 [0.9971] 55587 5.97 [0.9968]
9.90§1.21
4.28§0.36
4.27§0.37



Table 3
Compounds identified in the organic and aqueous extracts of Diospyros chamaethamnus roots.

Compound no.a RI (exp)b RI (lit)c Name of compound IDd Aqueous extracte Organic extracte

1 1147 1149 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one B x -
2 1382 1386 Pyrogallol B x -
3 1400 1400 Tetradecane A x x
4 1600 1600 Hexadecane A x x
5 1707 1700 Heptadecane B - x
6 1800 1800 Octadecane A x x
7 1927 1926 Methyl palmitate A - x
8 1963 1958 Palmitic acid A x x
9 2132 2140 Linoleic acid B - x
10 2138 2146 Oleic acid A - x
11 2164 2162 Stearic acid A - x
12 2323 - Unknown C x x
13 2386 2381 Hexyl palmitate B x -
14 2500 2498 2-Palmitoylglycerol B x -
15 2586 - Unidentified heptadecanoic acid ester C x -
16 2660 - Unknown C x -
17 2708 2697f 2-Stearoylglycerol C,D x -
18 2757 - Unidentified steroid C x -
19 2808 2800 Octacosane A x -
20 3113 3111 Vitamin E B x x
21 3223 3249 Stigmasterol A x x
22 3288 3290 g-Sitosterol B x x
23 3332 - Lanosterol C - x
24 3337 - Unidentified triterpenoid C x -
25 3362 3376 a-Amyrin A x -
26 3366 - Lupeol C - x
27 3414 - Unidentified sterol C - x
28 3561 - Unidentified triterpenoid C - x
29 3596 - Unidentified triterpenoid C - x
30 3698 - Unidentified triterpenoid C - x
31 3820 - Unidentified triterpenoid C - x
a Compounds are numbered in order of elution from the GC column.
b RI values determined experimentally on an HP-5 equivalent column.
c Selected RI values determined on HP-5 equivalent columns listed in the NIST 11 RI database
d Identification: A� comparison of mass spectrum and retention time with those of an authentic reference compound; B � comparison of mass spectrum

and RI with NIST MS and RI databases; C � comparison of the mass spectrum with NIST MS database (tentative identification); D � match predicted RI (ten-
tative identification).

e Present:x; Absent: -
f Predicted RI value from the NIST MS database
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and organic extracts was identified based only on the fragmentation
patterns observed in its mass spectra. The MS data showed fragmen-
tation patterns typical of steroids, with a prominent ion at m/z 329
(base peak) and accompanying ions at m/z 213, 255, 303, 381, and
414 similar to that of b-sitosterol (Bataglion et al., 2015). In addition,
two compounds (18 in the aqueous extract and 27 in the organic
extract) displayed MS fragmentation patterns very similar to those of
cholest-4-en-3-one and lanosterol with peaks at m/z 124 and 43, and
255 and 215, respectively (Louw et al., 2011) suggesting that these
two compounds can be steroids, however, the identities of these phy-
toconstituents could not be confirmed.

Similarly, compounds 28-31 in the organic extract as well as com-
pound 24 in the aqueous extract of D. chamaethamnuswere identified
as triterpenoids. The most important feature in the mass spectra of
the unidentified triterpenoids was the base peak at m/z 189 followed
by peaks atm/z at 203/204, which is characteristic of the mass spectra
of 18-oleanenes (triterpenoids) (Assimopoulou and Papageor-
giou, 2005). The mass spectrum of the unidentified triterpenoid in
the aqueous extract (compound 24) also contain intense fragment
ion peaks at m/z 204, 175, and 137, which are ions consistent
with those commonly found in the mass spectra of triterpenoids
including those for lupenone, a-amyrinone, b-amyrinone, and lupeol
(Hemmers et al., 1988). The RI data of the triterpenoids suggested by
the NIST RI database, however, did not correspond with the experi-
mentally determined RIs of these compounds. Contaminants, such as
phthalate esters, were also identified in the extracts. These com-
pounds were considered contaminants as they are industrial chemi-
cals (plasticizers), and are usually found in plastics. The source of
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these compounds could be from the plastic Falcon tubes in which the
extracts were stored (McDonald et al., 2008).

The presence of these phytochemicals are consistent with the
compound classes previously identified by Dushimemaria et al.,
(2017) using qualitative preliminary phytochemical techniques such
as thin-layer chromatography. In another study, 7-methyljuglone, a
naphthoquinone, was identified in the root barks of D. chamaetham-
nus, together with several derivatives including diospyrin, isodio-
spyrin, diosquinone, mamegakinone, biramentaceone, xylospyrin,
and 6-[2-(7-methyljuglonyl)]-isoxylospyrin) (Costa et al., 1998).
Naphthoquinones, which are phenolic compounds, are known for
their biological activities in Diospyros spp. (Mbaveng and Kuete,
2014). Notably, pyrogallol (1,2,3-benzenetriol) (2), a phenolic com-
pound, was found in the aqueous extract of the D. chamaethamnus
roots. Interestingly, pyrogallol (2) can be formed by the decarboxyl-
ation of gallic acid (Li and Wang, 2015). Since the aqueous extract
was prepared using hot water, it is conceivable that this compound
was produced from gallic acid during the extraction process and, that
it is not necessarily produced by the plant. Reported biological activi-
ties of pyrogallol that are of interest to us include antioxidant and
antibacterial activities (Kougan et al., 2013). Moreover, this molecule
is being investigated as a potential antimalarial candidate (Alfaqih
and Abu Bakar, 2020; Kougan et al., 2013).

Phenolic compounds are known to demonstrate a wide range of
pharmacological activities, notably antioxidant activity. According to
Bruins et al. (2006), these phytoconstituents have antimicrobial, anti-
inflammatory, antiviral, antidiarrhoeal, and immune-modulatory
activities. In addition, phenols have been shown to exhibit toxicity
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towards Plasmodia parasites (Ramanandraibe et al., 2008). Hence, the
reduction in the number of parasitized RBCs observed for the root
extracts of D. chamaethamnus may be attributed to the presence of
phenolic compounds, which may also be responsible for their antiox-
idant activities (Scalbert et al., 2005). Other compounds that may
contribute to the antimalarial properties of the extracts include ter-
penoids (Amoa Ongu�en�e et al., 2013) and steroids (Pab�on et al.,
2002). Furthermore, the high antioxidant activities of the plant
extract observed in this study, suggests that the observed antimalar-
ial activities could be a result of the scavenging of ROS that is
involved in the pathogenesis of malaria (Gopalakrishnan and
Kumar, 2015), and in turn prevent progression of malaria into severe
malaria (Da et al., 2014). The antioxidant effects of the extracts of
these plants may therefore represent a possible mechanism contrib-
uting to their antiplasmodial activity. Another interesting compound
that was also only detected in the aqueous extract of the D. chamae-
thamnus roots, is 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-
one (1). It has been reported that this compound actively inhibits the
growth of microorganisms and mitigates inflammatory responses
(Gopalakrishnan and Kumar, 2015).

Although fatty acids are present in all plant cells and together
with lipids they act as membrane compounds, storage products,
metabolites, and a source of energy (Wada et al., 1994), several are
well-known for their antibacterial and antifungal properties (Li et al.,
2004), including long-chain unsaturated fatty acids such as oleic acid
(10) (McGaw et al., 2002). This compound was found to be active
against Mycobacterium aurum and M. phlei (Agoramoorthy et al.,
2007). It is also likely to be involved in the inhibition of FabI, an
important drug target for antibiotics (Zheng et al., 2005). Further-
more, oleic acid has been shown to possess anti-inflammatory activ-
ity (Li et al., 2004) and activity against the Plasmodium parasites
(Carballeira, 2008). Linoleic acid (9) has also been reported to possess
anti-inflammatory activity (Maruthupandian and Mohan, 2011).
Stearic acid (11), on the other hand, displayed similar activities as the
other two compounds, including inhibitory activity against bacterial
and fungal infections (Abou-Elela et al., 2009) and antimalarial activ-
ity (Zito et al., 2010). Palmitic acid (8), the most common fatty acid,
and which is present in both extracts of the D. chamaethamnus roots
is reported to have antifungal, antioxidant, antimalarial, antimicro-
bial activities (Hema, Kumaravel, & Alagusundaram, 2011; Hsouna
et al., 2011). Fatty acid esters such as stearic acid esters exhibit anti-
fungal, antimicrobial, antibacterial, hypocholesterolemic (Abou-
Elela et al., 2009), and antioxidant activities (Syeda et al., 2011); and
palmitic acid esters exhibit anti-inflammatory, antimicrobial, anti-
cholesterolemic, hepatoprotective, antihistaminic properties (Kumar
et al., 2010) as well as low antiplasmodial activity (IC50 > 100 mg/ml)
(Banzouzi et al., 2015). Previous studies have shown specifically that
methyl palmitate (7) exerts antifungal, antioxidant, hypocholestero-
lemic, nematicidal, insecticidal, haemolytic and potent antimicrobial
activities (Hema et al., 2011). Ethyl palmitate also exhibit hypocho-
lesterolemic, antioxidant, nematicidal activities among others
(Jargalsaikhan et al., 2013), as well as antimicrobial activities
(Kumar et al., 2010).

It is important to note that many of the compounds found in the
extracts of D. chamaethamnus have antibacterial properties, which is
important in the prevention of microbial infections in malaria
patients, as they are often are at risk of secondary bacterial infections
such as septicemia urinary tract infections, meningitis, or bacterial
pneumonia. Fever blisters caused by the Herpes simplex virus, are
also an accompaniment of the disease (Berkley et al., 1999). It is prob-
able that the reported antibacterial activity of some of the com-
pounds present in the aqueous and organic extracts of the plants
under investigation may act against some of the organisms causing
these infections, whilst compounds implicated in antiplasmodial
activities inhibit the growth of the Plasmodia parasites. This is a clas-
sic example of synergism in plant extracts. Thus, antimicrobial and
295
anti-inflammatory compounds can be of therapeutic value for the
prevention and treatment of secondary infections in malaria-infected
persons.

5. Conclusion

The present study showed that the root extracts of D. chamae-
thamnus exhibit antimalarial and antioxidant activities. The study
also demonstrated the presence of compounds with known biological
activities including antimalarial and antioxidant activities, as well as
antibacterial. These results are reported for the first time herein and
support the medicinal applications of D. chamaethamnus. Its roots
might have beneficial effects on malaria control. Further studies are
required to confirm this, as well as to isolate and identify active com-
ponents from the root extracts.
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