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Abstract
Background: The study of medicinal plants has made it possible to develop products and drugs 
for the treatment of different diseases. Several plants in Colombia have a history of popular 
use for the treatment of malaria. The objective of this work was to provide information on the 
antiplasmodic and phytochemical activity of five neotropical native plants with a folk use for 
the treatment of malaria.
Methods: The ethanolic extract of each species was obtained by percolation method and 
characterized by thin-layer chromatography (TLC), high-performance liquid chromatography 
(HPLC), and hydrogen nuclear magnetic resonance (1H-NMR). The in vitro antiplasmodial 
activity was evaluated against Plasmodium falciparum (strain FCR-3, chloroquine-resistant).
Results: Ethanolic extracts of Ambelania duckey, Cecropia metensis, Cecropia membranacea, 
and Verbena littoralis showed no activity. However, Curarea toxicofera extract exhibited an 
IC50 of 7.6 ± 3.9 μg/mL and was classified as moderately active. Most extracts show hemolytic 
concentration (CH50) > 1000 μg/ mL). A preliminary phytochemical study was carried out using 
tube analysis, TLC, HPLC, and 1H-NMR. Steroids or triterpenes, and phenolic compounds were 
detected by TLC in all extracts. These findings were confirmed by characteristic aliphatic and 
aromatic signals in 1H-NMR spectra, corresponding to triterpenes and phenolics, respectively. 
Additionally, alkaloids were extracted from C. toxicofera and detected by aromatic signals in 
1H-NMR spectra.
Conclusion: Ethanolic extract of C. toxicofera showed antiplasmodial activity (IC50 of 7.6 ± 3.9 
μg/mL); this activity may be due to the bisbenzylisoquinoline alkaloids. The ethanol extracts of 
A. duckey, C. membranacea, C. metensis, and V. littoralis did not present antiplasmodial activity.
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Introduction
Malaria is a widely distributed infectious disease that exists 
in the Americas, in tropical, and subtropical regions.1 This 
disease is endemic to Colombian Pacific Coast, Amazon, 
Llanos Orientales (eastern plains), and Norte de Santander 
regions; 3,079,472 malaria cases were registered between 
1990 and 2016.2 In week 52 of 2019, 941 cases of malaria 
were reported with an annual total of 78,513.3

Most drugs available to treat malaria have serious 
drawbacks in efficacy and show severe side effects that 
cause poor patient compliance. Resistance of infectious 
organisms (Plasmodium spp.) is also a major concern.4,5 
Hence, additional control measures, including new 
drugs, are urgently needed.6-8 One important option for 
identifying new antimalarial compounds is medicinal 
plants with a history of ethnopharmacological use for the 
treatment of malaria.9

Various studies have sought to validate popular 
antimalarial use of different plants in Colombia.10,11 
Five plants species were selected, some with a history of 
traditional use for the treatment of malaria.10 Several 
species of the genus Cecropia are reportedly used in folk 
medicine for the treatment fever, among other illnesses. 
Additionally, C. glaziovii and C. hololeuca are used to 
treat malaria in the Brazilian Amazon.12,13 In Colombia, 
antiplasmodial activity of C. metensis and C. membranacea 
is reported from specimens collected in the Llanos 
Orientales (eastern plains) region.14 

Several species of Verbena, including Verbena littoralis, 
are used in traditional medicine to treat fever a common 
symptom of malaria.15 In Peruvian Amazon, indigenous 
Loreto, Yanayacu, and Chazuta use leaf decoctions, which, 
evaluated in in vitro models of chloroquine-resistant P. 
falciparum, showed promising antiplasmodial activity.16,17  
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Plants of the Apocynaceae family produce antimalarial 
compounds, such as terpenes, alkaloids, and flavonoids. 
Some indole alkaloids show antimalarial activity against 
K1 strain of P. falciparum with a good selectivity index.18 
Plants of the genus Ambelania are found the Amazon 
region, such as A. occidentalis, which is used routinely in 
folk medicine to treat malaria.19

Lianas of the genus Curarea, are used for the treatment 
of parasitic diseases among the indigenous communities 
in Brazil, Colombia, and Peru. An ethanolic extract of C. 
tecunarum plant, used by the indigenous Loreto community 
in Peru, showed moderate antiplasmodial activity with an 
IC50 > 10 µg/mL. Chondrodendron platiphyllum is reported 
in the traditional Brazilian Pharmacopoeia for treatment 
of fever.20-22 The indigenous Uitoto communities of the 
Colombian Amazon prepare a remedy from lianas of C. 
toxicofera for treatment of malaria.23 For the screening 
of medicinal plants with traditional antimalarial, we use 
typically ethanolic extracts. Extracts were screened for 
antiplasmodial activity and by preliminary phytochemical 
analysis.

Materials and Methods
Collection and identification of plant materials
The collection of plant material was carried out in Colombia 
during the dry season. Leaves of Cecropia metensis Cuatrec 
(COL 581255) and Cecropia membranacea Trecul. (COL 
581253) were collected in the province of Meta. The 
aerial parts of Verbena littoralis Kunth. (COL 581259) 
were collected in the province of Cundinamarca. Stems 
(lianas) of Ambelania cf duckey Markgr (COL 570483) 
and Curarea toxicofera (Wedd) Barneby & Krukoff (COL 
591178) were collected in the province of Amazonas. 
Another sample of C. toxicofera was collected during the 
rainy season. Corresponding specimens were deposited 
in the Herbario Nacional Colombiano - COL (Colombian 
National Herbarium), where taxonomic identity was 
verified. Additional information on the collected plants is 
provided in Table S1 in Supplementary Data.

Preparation of plants extracts
All chemicals used in the present study were analytical and 
HPLC grade and were obtained from Merck and Sigma-
Aldrich. Ethanol for extraction was pharmaceutical grade.
Selected plant material was dried using a circulating air 
oven at temperatures between 45–50ºC. Subsequently, 
particle size was reduced by a semi-industrial blender. To 
obtain primary extracts, 96% ethanol was used to obtain 
a greater diversity of secondary metabolites.24 For the 
ethanolic extraction, the amount of ground plant material, 
the solvent volume, and their ratio were provided in Table 
S2 in Supplementary Data.

Initially, dry material was left in solvent for 24 h to 
moisten the sample. Extraction then used discontinuous 
percolation until exhaustion, confirmed by thin-layer 
chromatography (TLC). Sample depletion was monitored 
by detecting steroid compounds for A. duckey, C. 

membranacea, C. metensis, and V. littoralis, using a mobile 
phase of ethyl acetate:hexane (2:8), the derivatization 
agent was vanillin in orthophosphoric acid. For C. 
toxicofera, alkaloids were detected using a mobile phase 
of methanol:chloroform:ammonium hydroxide (95:5:0.1), 
with Dragendorff ’s reagent as a derivatization agent. Final 
extracts were evaporated to dryness by a Büchi R-114 
rotatory, water bath, and finally in a vacuum oven at 40°C 
to constant weight.

Phytochemical study of the ethanolic extracts
Preliminary phytochemical characterization used TLC 
and tube tests Aluminum TLC. plate, Silica gel coated 
with fluorescent indicator F254 were used as a stationary 
phase. Mobile phases and derivatizing agents were 
selected based on secondary metabolites. The preliminary 
phytochemical test conditions can be consulted in Table S3 
in Supplementary Data.25 Reduced or abundant quantity 
in precipitation tests was identified as (+), and absence of 
precipitate was indicated as (-). Determination of presence 
(+) or absence (-) on TLC plates was evidenced by the 
appearance of spots with colors associated with secondary 
metabolites. All tests were performed in parallel for each 
ethanolic extract. Substances isolated and purified in 
previous works were used as reference standards.

Phytochemical profiles of ethanolic extracts by HPLC
HPLC profiles were performed in a Shimadzu 1200 
equipment with an automatic injector, binary pump, and 
UV-DAD detector, processing at 210 nm and 350 nm. A 
Lichrospher® RP-18 column (250 mm × 4 mm, 10 μm) was 
used with a mobile phase gradient of acetonitrile (ACN) 
in water from 5% to 95% ACN over 60 min, holding at 
95% ACN for 10 min, and returning to initial conditions 
for 10 min before the next injection. The following 
experimental conditions were established: flow, 1 mL/
min; injection volume, 10 μL, and temperature of 25°C. 
Assays were initially performed at a concentration of 10 
mg/mL, however, HPLC profiles showed very small peaks, 
because of this, each sample was prepared in methanol at a 
concentration of 20 mg/mL for the final test.26,27 Standards of 
chlorogenic acid, protocatechic acid, catechin, epicatechin, 
lupeol, β-sitosterol, and tetrandrine (Sigma) were used. 

1H-NMR spectra of ethanolic extracts
1H-NMR samples were prepared by dissolving 20 mg of 
dried extract in 500 μL of methanol-d4 and transferring 
solutions to 5 mm NMR tubes. 1H-NMR spectra were 
calibrated by using the 3.8 methanol-d4 signal. The spectra 
were obtained with a Bruker Avance 400 spectrometer with a 
resonance frequency of 400.13, a 5 mm probe, and gradient 
shim Z. 1H-NMR spectra were used to confirm nuclei of 
secondary metabolite, as part of the characterization of the 
primary extracts. The information allows the generation of 
fingerprints for comparisons under different conditions.
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In vitro antiplasmodial activity
In vitro antiplasmodial activity was evaluated using the 
Plasmodium falciparum FCR-3, chloroquine-resistant 
strain. Two independent experiments were performed 
for C. metensis, C. membranacea, and V. littoralis and 
one for A. cf duckey. Two independent experiments were 
performed for C. toxicofera with the sample collected in the 
drier season and another with an extract of stems collected 
in the rainy season.

The parasitized red blood cells (pRBC) O+, were cultured 
in 25 mL flasks (Corning Costar Corporation®, USA), 
containing 8.1 mL of RPMI 1640 medium, 1 mL of human 
serum (HS), 0.4 mL of sodium bicarbonate, and 500 μL 
of red blood cells (RBC) (hematocrit = 5%). Parasitemia 
remained between 0.5 and 4% by adding healthy RBC. The 
parasites were incubated at 37°C in a modified atmosphere 
of 90% N2, 5% CO2, and 5% O2. Medium was renewed every 
day, and a microscopic control (1000X) of parasitemia was 
checked by blood smear fixed with methanol and stained 
with Giemsa. Parasite culture was synchronized with 5% 
sorbitol. Extracts were dissolved in DMSO at a final plate 
concentration between 0.78 and 100 μg/mL (DMSO < 1%); 
100 µL of pRBC culture (2.5% parasitemia) plus 100 µL of 
test substance were added to wells of 96-well plates and 
incubated for 48 h, as above. Chloroquine diphosphate (1 
µg/mL) and vehicle were positive and negative controls, 
respectively.

Parasite density was quantified using an optimized 
reading method based on fluorescence of SYBR Green I. 
Each concentration of extracts (100 μg/mL, 50 μg/mL, 25 
μg/mL, 12.5 μg/mL, 6.25 μg/mL, 3.12 μg/mL, 1.56 μg/mL 
and 0.78 μg/mL) was evaluated in triplicate. The results are 
expressed as 50% inhibitory concentration (IC50) estimated 
by using a concentration-response logistic regression 
model (Microsoft Excel 365®).28,29

Hemolytic activity assay
An adaptation of the protocol previously described 
was used to assess hemolysis.29 Samples were diluted 
in PBS (phosphate buffered saline, 1X, pH 7.5), further 
serial dilutions (from 1000 μg/mL to 0.001 μg/mL) were 
performed with PBS. RBCs were obtained from fresh 
blood from O+ healthy voluntary donors. Blood was 
collected in sodium citrate buffer, washed three times with 
isotonic saline, and resuspended in PBS 1X, pH 7.5; 100 
μL of sample and an RBC suspension with 4% hematocrit 
were mixed in wells of a 96-well plate. After incubation 
at 37°C for 1 hour, plates were centrifuged at 500 g for 10 
min. Hemoglobin was quantified in an aliquot of 50 µL of 
supernatant by OD at 418 nm. Samples were evaluated in 
triplicate in three independent experiments. PBS 1X was 
used as a negative control and sterile 0.1% Triton X-100 as 
a positive control. Hemolytic concentration 50 (HC50) was 
calculated using a regression model.

A selectivity index (SI) was calculated by the relationship 
between values for HC50 for RBC and IC50 for P. falciparum. 
This index reflects the ability of a sample to directly affect 
the parasite or indirectly affect the parasite through effects 
on blood cells.

Results and Discussion
Phytochemical characterization
The extraction yields obtained were between 3% and 17%, 
according to the plant species (Table S2 in Supplementary 
Data). A preliminary phytochemical evaluation of these 
extracts established the presence of flavonoids, tannins, 
terpenes, and alkaloids. Cardiotonic, anthracene, 
coumarin, or saponin glycosides were not detected. The 
presence of terpenes and steroids, phenols, tannins, and 
flavonoids in A. duckey and C. toxicofera is reported for the 
first time (Tables 1 and 2).

Table 1. Results of phytochemical characterization by color and precipitation tests for the ethanolic extracts of A. duckey, C. metensis, C. 
membranacea, C. toxicofera, and V. littoralis.

Classes of secondary 
metabolites

Color and precipitation 
tests

Plants

Ambelania 
duckey

Cecropia 
metensis

Cecropia 
membranacea

Curarea 
toxicofera

Verbena 
littoralis

Alkaloids

Dragendorff - - - + -
Mayer - - - + -
Valser - - - + -
Ammonium Reineckate - - - + -

Phenolic compounds FeCl3 + + + + +

Flavonoids
Shinoda - + + - +
HCl - - - - -

Cardiotonic glycosides Bornträger-Krauss - - - - -

Tannins Gelatin-Salt + + + + +

Proanthocyanidines BuOH/HCl - + + - -

Saponins
Foam test - - - - -
Hemolysis - - - - -
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Phenolic compounds
The presence of phenolic compounds was established by an 
intense blue color. Dark blue spots were observed on TLC 
plates. The presence of tannins was confirmed by gelatin-
salt test. The ethanolic extracts from all species were 
positive in this test, indicating the presence of phenolic 
compounds and tannins. 

Positive results with FeCl3 tests, both by tube and 
TLC, indicate the presence of phenolic compounds, but 
no specific metabolite, such as, coumarins, flavonoids, 
proanthocyanidins, lignans, phenylpropanoids, phenolic 
carboxylic acids, or tannins, can be identified.30,31 Only 
a small amount of precipitate and a weak blue color 
were observed in extracts from C. toxicofera and A. 
duckey, perhaps reflecting relatively low tannin content. 
According to the literature, C. peltata and C. membranacea 
contain hydrolyzable tannins and proanthocyanidines.25 
Proanthocyanidins were detected only in the ethanolic 
extracts of C. metensis and C. membranacea. The presence 
of tannins is also reported in V. littoralis, specifically 
catequic tannins.32

Flavonoids
Shinoda and leucoantocyanidins tube tests and TLC assay 
were used to confirm the presence of flavonoids. The 
Shinoda test with the γ-benzopyrone nucleus was positive 
(red coloration) only for C. metensis, C. membranacea, 
and V. littoralis extracts. The test for leucoanthocyanidins 
was negative for all the analyzed extracts.25 Further, all 
plant extract TLC profiles showed yellow, green or orange 
positive fluorescent spots when observed under UV light 
(365 nm), after being sprayed with NP-PEG reagent.32 For 
C. metensis and C. membranacea, three intense orange spots 
at 365 nm were observed, related to flavones, flavonols, and 
flavanones.32 An intense green spot was seen for V. littoralis 
extract and for C. toxicofera extract, these green spots may 
reflect phenolic compounds. TLC chromatograms for the 
A. duckey extract showed a characteristic faint orange 
stain for flavonoids.  The Rf for the flavonoids detected are 
shown in Table 2.

The obtained HPLC chromatograms of C. metensis and 
C. membranacea extracts (Figure 1A and 1B) exhibited 

similar profiles, as in TLC profiles. One major peak at a 
retention time of 19.2 min and UV detection at 350 nm 
(Figure 1A and 1B) showed the characteristic absorption 
pattern of flavonoids, with two maxima absorption peaks 
at 269 and 349 nm (Figure 1A and B).

In the region of medium polarity, a major peak was 
observed for the extract from V. littoralis with a retention 
time of 19.5 min and strong absorption at 202 nm and 333 
nm along with a group of five peaks with retention time 
between 7.0 and 11.0 min. These peaks are also associated 
with flavonoids (Figure 1C). Additionally, the A. duckey 
chromatogram showed a main peak at a retention time of 
12.4 min (Figure 1D) with two maxima at 200 nm and 333 
nm. Finally, the extracts from C. toxicofera did not exhibit 
a major peak, but several small peaks with retention times 
between 10.0 and 36.0 min were observed. The absorption 
pattern of these peaks was different from a pattern 
associated with flavonoids (Figure 1E). The 1H-NMR 
spectra for each extract showed signals in the low field 
region corresponding to aromatic protons (6.5–7.5 ppm), 
which are present in phenolic compounds, including 
flavonoids (Figure 2).33

The Shinoda test was positive for C. metensis, C. 
membranacea, and V. officinalis, establishing the presence 
of flavonoids with a γ-benzopyrone ring. This result 
matches literature reports for different species of the 
Cecropia, such as C. peltata, C. obtusifolia, C. glaziovii, in 
which isoorientin, vitexin, catechin, and epicatechin are 
present.26,34,35 A previous phytochemical study using extracts 
of leaves of C. metensis and C. membranacea, collected 
in the rainy season, exhibited phenolic compounds, 
including flavonoids.25 Flavonoids, littorachalcone, and 
verbenechalcona, are reported from V. littoralis.36  The 
presence of flavonoids in A. duckey is not previously 
reported. However, negative results in the tube assays, 
the non-conclusive result in the TLC profile, and positive 
HPLC results suggest the presence of flavonoids in this 
species. The positive result in the FeCl3 test for the extract 
from C. toxicofera may be associated with the presence of 
phenolic alkaloids, such as curine that has two phenolic 
groups, but not with flavonoids, since positive results were 
not obtained in Shinoda tests, TLC or HPLC.37

Table 2. Results of the phytochemical study by TLCa for the ethanolic extracts of A. cf duckey, C. metensis, C. membranacea, C. 
toxicofera, and V. littoralis.

Plant extract
(ethanolic extracts)

Secondary metabolite
Phenolic 

compounds
(dark blue)

Flavonoids
(yellow, green or 

orange)

Phenolic 
carboxylic acids

(blue)

Terpenoid and 
steroidal compounds 

(Pink)

Alkaloids
(orange)

Ambelania cf duckey 0.25 0.37b 0.30 0.25, 0.45 ND

Cecropia metensis 0.20 0.50b, 0.60b, 0.70b 0.30, 0.60 0.25, 0.45, 0.6, 0.7 ND

Cecropia membranacea 0.20 0.50b, 0.60b, 0.70b 0.30, 0.60 0.25, 0.45, 0.6, 0.7 ND

Curarea toxicofera 0.45 0.54b 0.7 0.25, 0.45 0.19, 0.28,0.38

Verbena littoralis 0.32 0.74b 0.23, 0.83 0.25, 0.45 ND
aRf values obtained from the measurements of two chromatographic tests; b fluorescence 365 nm. Standards: Tannic acid: (0.30 dark 
blue), Rutin (0.56 orange b), Quercetin (0.35 orange b), Chlorogenic acid (0.42 blue); β-Sitosterol (0.45 pink), Quinine sulphate (0.52 
orange). ND: Not detected.
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Phenolic carboxylic acids
The chromatograms for all the extracts in the current study 
showed fluorescent blue spots after sprayed with NP-PG 
reagent, indicating the presence of phenolic carboxylic 
acids. C. metensis and C. membranacea extracts exhibited 
two fluorescent blue spots. V. littoralis extract showed 
two intense points and A. duckey extract displays a single 
intense spot. A single low-intensity spot was observed for 
C. toxicofera extract (Table 2).

C. metensis and C. membranacea extracts (Figure 1A and 
1B) HPLC profiles exhibited compounds with retention 
times between 3–5 min, corresponding to phenolic 
carboxylic acids. The absorption profile is characteristic 
for such compounds, with maximum absorption at 325 
nm for chlorogenic acid.38 The V. littoralis extract profile 
(Figure 1C) displayed a group of low absorption peaks with 
retention times of 7.5–10 min high polarity region, with UV 
maxima at 260 nm and 290 nm. Another low absorption 
peak with a retention time of 18.7 min showed two 
maxima at 200 and 350 nm. Chlorogenic acid was reported 
in C. glaziovii and V. officinalis.39 The chromatogram for 
A. duckey extract (Figure 1D) displayed a group of low 
absorption peaks between 4 and 5 min with two maxima 
at 200 nm and 260 nm associated with compounds of high 
polarities, such as phenolic carboxylic acids. No major 
peak was visualized for C. toxicofera extracts in the polar 
region, but peaks at retention times between 10.0 min 
and 18.0 min were observed, characterized by maximum 
absorption at 200 nm (Figure 1E).

Extracts in which phenolic carboxylic acids were 
detected, showed alkene hydrogen signals (6.38–7.59 ppm) 
and a low field region corresponding to aromatic protons 
(6.96–7.09–7.17 ppm). Signals of aliphatic hydrogens 
corresponding to the glucosidic unit (1.9, 3.6 and 4.0) are 
present between others in phenolic carboxylic acids as 
chlorogenic acid (Figure 2).33,40,41

Terpenoid and steroidal compounds
Compounds with a terpene or steroidal nucleus were 
detected by TLC derivatized with the Libermann-Burchard 
reagent. Extracts of C. membranacea and C. metensis 
showed four small pink spots V. littoralis extract showed 
single pink spots, one with greater intensity at RF=0.25, than 
the other at RF =0.45. A. duckey and C. toxicofera extracts 
produced single weak pink spots (Table 2). The presence 
of terpene and steroidal compounds was confirmed 
after derivatization with vanillin / O-phosphoric acid by 
appearance of several colored spots.42 The results of these 
TLC assays confirmed the presence of terpene or steroidal 
compounds in all five extracts. 

A. duckey and C. toxicofera extracts exhibited no 
significant absorption peaks in the region of the 
chromatogram corresponding to lower solvent polarity 
(Figure 3 A-B), which might be explained by the low UV 
absorption of these compounds. However, the V. littoralis 
extract displayed a medium intensity peak with a retention 
time of 53.0 min (Figure 3C), which might corroborate with 
the intense spot observed by TLC. In addition, 1H-NMR 

Figure 1. Chromatograms at 350 nm of the ethanolic extracts of C. metensis, C. membranacea, V. littoralis, A. duckey and C. toxicofera.
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high field signals (between 0 and 3 ppm) were observed, 
corresponding to aliphatic hydrogens (Figure 2).33

Chromatography for detection of steroids and triterpenes 
showed intense spots with similar RF in extracts of C. 
metensis and C. membranacea, which may be associated 
with the presence of steroidal compounds such as 
β-sitosterol (RF=0.45). Other terpenoid compounds have 
been reported in several species of the same genus, such as 
tormentic acid.13 In a previous work, a comparable terpene 
profile was obtained for these same two species collected 
in the dry season.13,25 β-sitosterol might be present in these 
plants, since a spot with the same low-intensity color 
and similar RF were obtained in the extract and for this 
standard.

V. littoralis extract showed triterpenes/esteroids by 
using Liebermann-Burchard reagent, some triterpenes 
were reported in V. littoralis extract, such as the 3α, 
24-dihydroxy-urs-12-en-28-oic acid.43 The weak intensity 
spots observed on TLC plates derivatized with Liebermann-
Burchard, indicate a low concentration such metabolites 
in A. duckey and C. toxicofera extracts. A more sensitive 
derivatization agent, vanillin / O-phosphoric acid showed 

additional spots, yet confirms the low to moderate quantity 
of steroidal or terpenoid compounds. 

Alkaloids
Abundant precipitate formation was observed in the 
ethanolic extract of C. toxicofera after addition of reagents 
for confirming the presence of alkaloids (Table 1). The 
positive result with the Reineckate salt test can be associated 
with the presence of bisbenzylisoquinoline alkaloids, 
molecules with two quaternary ammonium groups, such 
as (+) - tubocurarine or chodrocurarine. These compounds 
were previously reported in C. toxicofera.37 Other species 
showed no precipitation, indicating the absence of 
alkaloids.

This result was confirmed by TLC, using Dragendorff ’s 
reagent as a derivatizing agent. C. toxicofera extract showed 
three groups of intense orange spots. Results were negative 
for extracts of other species. The presence of alkaloids in C. 
toxicofera may be associated with the group of compounds 
with retention times between 14.0 and 20.0 min by HPLC. 
These peaks showed two maxima absorption at 210 and 
280 nm (Figure 3B). These results are consistent with 

Figure 2. 1H-NMR spectra of ethanolic plant extracts of A. cf duckey, C. metensis, C. membranacea, C. toxicofera, and V. littoralis.
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literature reports of the presence of bisbenzylisoquinoline 
alkaloid in C. toxicofera.44,45

Further, 1H-NMR spectra show signals in the region 
corresponding to primary amine hydrogens (0.5–3.0 ppm) 
and signals between (6.5–7.5 ppm) corresponding to 
aromatic protons.33

The high quantity of precipitant and intensity of the TLC 
spots in the evaluation of alkaloids in C. toxicofera, suggests 
a high concentration of this kind of metabolites. This result 
is associated with the presence of bisbenzylisoquinoline 
alkaloids, chemotaxonomic markers for species of 
the Menispermaceae family of South America. For C. 
toxicofera, bisbenzylisoquinoline alkaloids such as curin, 
(+) - tubocurarine, isocondodendrine, and toxicoferin, are 
reported.37

For the species of the Apocynaceae family and the genus 
Ambelania, such as A. occidentalis, the presence of indolic 
alkaloids is reported.19 However, the ethanolic extract of 
A. duckey did not display their presence. This negative 
result may be associated either with the season and place 
of collection or low concentrations of such metabolites in 
the extract. To our knowledge, no previous report suggests 
the presence or absence of alkaloids in A. duckey.

Antiplasmodial activity
An in vitro screening showed no antiplasmodial activity 
for extracts of A. duckey, C. metensis, C. membranacea, 
and V. littoralis at any tested concentration. These extracts 
are considered inactive against P. falciparum strain FCR-3. 
An average of IC50 of 7.6 ± 3.9 μg/mL was observed for 

C. toxicofera extract, suggesting moderate activity. Activity 
level was classified according to criteria harmonized by The 
Research Initiative on Traditional Antimalarial Methods 
(RITAM).14,46 

The ethanolic extract of A. duckey and V. littoralis did 
not show antiplasmodial activity, these results do not 
support the traditional use of this species for the treatment 
of malaria, but such use might be related to other stages of 
the parasite life cycle, different periods of plant collection, 
or type of extraction. Such possibilities will require further 
research.16,18

The ethanolic extracts of C. metensis and C. membranacea 
do not show in vitro antiplasmodial activity against P. 
falciparum, strain FCR-3, at the tested conditions, up 
to 100 μg/mL. C. metensis and C. membranacea were 
collected in the dry season. In a previous work, ethanolic 
extracts of these two species collected in the rainy season, 
was tested for their antiplasmodial activity in vitro, 
with similar results. However, ethyl acetate fractions 
derived from inactive ethanolic extracts and containing 
flavonoids and terpenes, showed moderate antiplasmodial 
activity.14 Other species of the genus Cecropia exhibited 
antiplasmodial activity, such as C. pachystachya. Authors 
of this latter study attribute this activity to tormentic acid 
and β-sitosterol.13  

C. toxicofera extract showed antiplasmodial activity 
in vitro and was selected for further evaluation in vivo 
and for additional phytochemical characterization. The 
presence of alkaloids was confirmed for this species 
and bisbenzylisoquinoline alkaloids were previously 

Figure 3. HPLC chromatograms at 210 nm of ethanolic extracts of A. duckey (A), C. toxicofera (B), and V. littoralis (C).
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reported for C. toxicofera.37 Such alkaloids might include 
(-) - curine, (+) - isochondodendrine, (-) toxicoferine or 
a 1:1 mixture of (-) - curine and (-) - tubocurine. Also, 
bisbenzylisoquinoline alkaloids such as norstephasubine, 
fangchinoline, hernandezine, pycnamine, berbamine, and 
isotetrandrine have shown antiplasmodial activity against 
P. falciparum.47-49 Extract from stems of Curarea tecunerum 
also showed high antiplasmodial activity.21 

C. toxicofera is used by the Uitoto community 
(Amazonas) to prepare an aqueous traditional remedy 
for malaria treatment. This remedy was previously tested 
to confirm antiplasmodial activity in vitro (IC50=7.3) and 
antimalarial activity in vivo using 4-day suppression test 
with P. berghei infection (ED50 mg/kg/day=328.6).23 The in 
vitro antiplasmodial activity observed for the C. toxicofera 
extract in our current research is comparable to the former 
one, reported by Rodriguez P, 2015.24

The results of the hemolytic activity indicate that most 
extracts show hemolytic concentration (CH50) > 1000 µg/
mL, ten times higher than the maximum concentration 
evaluated in in vitro antiplasmodial assays with P. 
falciparum (Table 3). Therefore, maximum concentrations 
used in the test allowed retention of the integrity of non-
parasitized erythrocyte membranes for extracts of C. 
toxicofera, C. membranacea, C. metensis, and V. littoralis. 
The extract from A. duckey showed hemolysis with CH50 of 
259 µg/mL, being the only extract with such interference.

Selectivity indices (Table 3) for A. duckey were larger 
than 3, for C. membranacea, C. metensis, and V. littoralis 
were greater than 10, and the best SI was for C. toxicofera (> 
132). This means that the ethanolic extract of C. toxicofera 
showed antiplasmodial activity against P. falciparum 
parasites without affecting the integrity of erythrocytes.

Currently, progress is being made in the bioguided 
fractionation of C. toxicofera, with in vitro and in vivo 
evaluations of the ethanolic extract and its alkaloidal 
fractions, in order to establish the bioactive markers for 
the species.

Conclusion
Accordingly, an ethanolic extract of C. toxicofera possesses 
antiplasmodial activity (IC50 of 7.6 ± 3.9 μg/mL) without 
affecting the integrity of erythrocytes; this activity may 
be due to the alkaloids detected through the TLC and 

HPLC profiles, as well as the NMR characteristic signals. 
The ethanolic extracts of A. duckey, C. membranacea, C. 
metensis, and V. littoralis do not present antiplasmodial 
activity.
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Selectivity index 
(HC50/ IC50)

C. toxicofera 7.6 ± 3.9*** Moderated to Good >1000 > 132

A. duckey >100* NA 259 > 3

V. littoralis >100** NA >1000 > 10

C. metensis >100** NA >1000 > 10

C. membranacea >100** NA >1000 > 10

*Data of one independent experiment, **Data of two independent experiments, ***Data of three independent experiments, NA: Not active



Phytochemical and Antiplasmodial Evaluation of Colombian Plants with Antimalarial Use

  Pharmaceutical Sciences, 2023, 29(1), 123-132  | 131

Conflict of Interest 
The authors declare no conflict of interest.

Supplementary Data
Supporting information is available at https://doi.
org/10.34172/PS.2022.16.

References
1.	 WHO-World malaria report 2017. Accessed March 17, 

2021. http://www.who.int/malaria/publications/world-
malaria-report-2017

2.	 Padilla JC, Lizarazo FE, Murillo OL, Mendigaña FA, 
Pachón E, Vera MJ. Epidemiología de las principales 
enfermedades transmitidas por vectores en Colombia. 
1990-2016. Biomedica. 2017;37(Suppl 2):27-40. 
doi:10.7705/biomedica.v37i0.3769

3.	 Instituto Nacional de Salud. Bogotá D.C: Boletín 
Epidemiológico semana epidemiológica 52, 2019. 
Accessed September 19, 2019. https://www.ins.gov.
co/buscadoeventos/BoletinEpidemiologico/2019_
Boletin_epidemiologico_semana_52.pdf

4.	 Mäser P, Wittlin S, Rottmann M, Wenzler T, Kaiser M, 
Brun R. Antiparasitic agents: new drugs on the horizon. 
Curr Opin Pharmacol. 2012;12(5):562-6. doi:10.1016/j.
coph.2012.05.001

5.	 Renslo AR, McKerrow JH. Drug discovery and 
development for neglected parasitic diseases. Nat Chem 
Biol. 2006;2(12):701-10. doi:10.1038/nchembio837

6.	 Ask the Experts: Drug discovery for the treatment of 
leishmaniasis, african sleeping sickness and chagas 
disease. Future  Med Chem. 2013;5(15):1709-18. 
doi:10.4155/fmc.13.161

7.	 Hopkins AL, Witty MJ, Nwaka S. Mission possible. 
Nature. 2007; 449 (7159):166-9. doi:10.1038/449166a

8.	 Milliken W. Plant species occurring in northern Latin 
America used in the treatment of malaria and fevers 
A bibliographic survey. Available from: https://www.
researchgate.net/publication/265259113_Plants_for_
Malaria_Plants_for_Fever_Medicinal_species_in_
Latin_America_-_A_bibliographic_survey

9.	 Ramadani AP, Paloque L, Belda H, Tamhid HA, 
Masriani, Jumina, et al. Antiprotozoal properties of 
Indonesian medicinal plant extracts. J Herb Med. 
2018;11:46-52. doi:10.1016/j.hermed.2017.06.004

10.	Garavito G, Rincón J, Arteaga L, Hata Y, Bourdy 
G, Gimenez A, et al. Antimalarial activity of some 
Colombian medicinal plants. J Ethnopharmacol. 
2006;107(3):460-2. doi:10.1016/j.jep.2006.03.033

11.	Robledo SM, Upegui Y, Murillo J, Rodriguez B, Cuca 
LE. in vitro and in vivo antiplasmodial activity of 
Colombian plants against human malaria Plasmodium 
falciparum. Planta Med. 2016;81(S 01):S1-S381. doi:10.
1055/s-0036-1596964       

12.	Botsaris AS. Plants used traditionally to treat malaria 
in Brazil: the archives of flora medicinal. J Ethnobiol 
Ethnomed. 2007;3(1):18. doi:10.1186/1746-4269-3-18

13.	Uchôa VT, Paula RCd, Krettli LG, Santana AEG, Krettli 

AU. Antimalarial activity of compounds and mixed 
fractions of Cecropia pachystachya, Drug Dev Res. 
2010;71:82-91. doi:10.1002/ddr.20351

14.	Hernández Carvajal JE, Luengas Caicedo PE, 
Otero Jiménez V, Garavito Cárdenas G. Actividad 
antiplasmódica y hemolítica de extractos etanólicos 
y fracciones obtenidas de Cecropia membranacea 
Trécul. y Cecropia metensis Cuatrec. (sin. Cecropia 
peltata var. candida Velásquez). Rev Cubana Med Trop. 
2014;66(1):58-70. Spanish

15.	Adams M, Alther W, Kessler M, Kluge M, Hamburger 
M. Malaria in the renaissance: Remedies from 
European herbals from the 16th and 17th century. J 
Ethnopharmacol. 2011;133(2):278-88. doi:10.1016/j.
jep.2010.10.060

16.	Ruiz L, Ruiz L, Maco M, Cobos M, Gutierrez-
Choquevilca A-L, Roumy V. Plants used by native 
Amazonian groups from the Nanay river (Peru) 
for the treatment of malaria. J Ethnopharmacol. 
2011;133(2):917-21. doi:10.1016/j.jep.2010.10.039

17.	Sanz-Biset J, Campos-de-la-Cruz J, Epiquién-Rivera 
MA, Cañigueral S. A first survey on the medicinal 
plants of the Chazuta valley (Peruvian Amazon). J 
Ethnopharmacol. 2009;122(2):333-62. doi:10.1016/j.
jep.2008.12.009

18.	Chan EWC, Wong SK, Chan HT. Apocynaceae species 
with antiproliferative and/or antiplasmodial properties: 
a review of ten genera. J Integr Med. 2016;14(4):269-84. 
doi: 10.1016/S2095-4964(16)60261-3

19.	Ayyad S-EN, Basaif SA, Al-Saggaf AT, Alarif WM. 
Vincamine and 14-epi-vincamine indole alkaloids 
from Ambelania occidentalis. J Saudi Chem Soc. 
2012;16(4):419-22. doi:10.1016/j.jscs.2011.02.008

20.	Brandão MGL, Zanetti NNS, Oliveira P, Grael CFF, 
Santos ACP, Monte-Mór RLM. Brazilian medicinal 
plants described by 19th century European naturalists 
and in the Official Pharmacopoeia. J Ethnopharmacol. 
2008;120(2):141-8. doi:10.1016/j.jep.2008.08.004

21.	Kvist LP, Christensen SB, Rasmussen HB, Mejia K, 
Gonzalez A. Identification and evaluation of Peruvian 
plants used to treat malaria and leishmaniasis. J 
Ethnopharmacol. 2006;106(3):390-402. doi:10.1016/j.
jep.2006.01.020

22.	Valadeau C, Castillo JA, Sauvain M, Lores AF, Bourdy 
G. The rainbow hurts my skin: Medicinal concepts 
and plants uses among the Yanesha (Amuesha), an 
Amazonian Peruvian ethnic group. J Ethnopharmacol. 
2010;127(1):175-92. doi:10.1016/j.jep.2009.09.024

23.	Rodríguez YV, Arias MH, García JO, Deharo E, 
Garavito G. Pharmacological activity of Curarea 
toxicofera in combination with classical antimalarial 
treatments.                      J Ethnopharmacol. 2018;222:288-
94. doi:10.1016/j.jep.2018.04.008

24.	Rodriguez Parra Z, Evaluación comparativa de la 
actividad antimalárica de un remedio tradicional frente 
a un extracto primario; profundización del estudio de 
su actividad farmacológica. 2015. Accessed October 4, 

https://doi.org/10.34172/PS.2022.16
https://doi.org/10.34172/PS.2022.16


Hernández-Carvajal, et al.

132   | Pharmaceutical Sciences, 2023, 29(1), 123-132

2020. http://bdigital.unal.edu.co/52588/
25.	Hernández Carvajal JE, Luengas Caicedo PE. Estudio 

fitoquímico preliminar de Cecropia membranacea 
Trécul. y Cecropia metensis Cuatrec. Revista Cubana de 
Plantas Medicinales. 2013;18(4):586-95. Spanish

26.	Luenga-Caicedo PE, Braga FC, Brandão GC, Braga 
de Oliveira A. Seasonal and intraspecific varation of 
flavonoids and proanthocyanidins in Cecropia glaziovi 
sneth. Leaves from native and cultivated specimens. Z 
Naturforsch C J Biosci. 2007;62(9-10):701-9.

27.	Hernández C. Phytochemical analysis and antimalarial 
activity of two species of Cecropia genus. 2012. 
Accessed October 7, 2020. https://repositorio.unal.edu.
co/handle/unal/10796

28.	Arias Marciales MH, Rodríguez Novoa YV, Garavito 
Cárdenas G. Adaptación y optimización de un método 
de lectura por fluorometría en el modelo farmacológico 
in vitro de cultivo de Plasmodium falciparum. Revista 
Colombiana de Ciencias Químico-Farmacéuticas. 
2016;45(1):127-46. Spanish. doi:10.15446/rcciquifa.
v45n1.58024

29.	Rocha TD, de Brum Vieira P, Gnoatto SCB, Tasca T, 
Gosmann G. Anti-Trichomonas vaginalis activity of 
saponins from Quillaja, Passiflora, and Ilex species. 
Parasitol Res. 2012;110(6):2551-6. doi:10.1007/s00436-
011-2798-1

30.	MacWilliam IC, Wenn RV. Interpretation of colour 
tests for polyphenols and melanoidins. J Inst Brew. 
1972;78(4):309. doi:10.1002/j.2050-0416.1972.
tb03452.x

31.	Ocampo DM, Valverde CL, Colmenares AJ, Isaza 
JH. Fenoles totales y actividad antioxidante en hojas 
de dos especies colombianas del género Meriania 
(melastomataceae). Revista Colombiana de Química. 
2014;43(2):41-6. Spanish. doi:10.15446/rev.colomb.
quim.v43n2.53124

32.	Wagner H, Bladt S. Plant drug analysis: a thin layer 
chromatography atlas. 2th ed. Berlin: Springer;1996. p. 
195-244.

33.	Fuloria NK, Fuloria S. Structural elucidation of small 
organic molecules by 1D, 2D and multi dimensional-
solution NMR spectroscopy. J Anal Bioanal Tech. 
2013;s11:001. doi:10.4172/2155-9872.S11-001

34.	Andrade-Cetto A, Vázquez RC. Gluconeogenesis 
inhibition and phytochemical composition of two 
Cecropia species. J Ethnopharmacol. 2010;130(1):93-
97. doi:10.1016/j.jep.2010.04.016

35.	Tanae MM, Lima-Landman MTR, De Lima TCM, 
Souccar C, Lapa AJ. Chemical standardization of 
the aqueous extract of Cecropia glaziovii Sneth 
endowed with antihypertensive, bronchodilator, 
antiacid secretion and antidepressant-like activities. 
Phytomedicine. 2007;14(5):309-13. doi:10.1016/j.
phymed.2007.03.002

36.	de Souza TJT, Manfron MP, Zanetti GD, da Sm. 
Hoelzel SC, Pagliarin VP. Análise morfo-histológica 
e fitoquímica de Verbena litoralis Kunth. Acta 

farmacéutica bonaerense. 2005;24(2):209. Spanish
37.	Menachery MD. Chapter Three The alkaloids of south 

american menispermaceae. Alkaloids: Chemical and 
Biological Perspectives. Amsterdam: Elsevier; 1996. p. 
269-302. doi:10.1016/S0735-8210(96)80007-0

38.	De Maria CAB, Moreira RFA. Métodos para análise de 
ácido clorogênico. Química Nova. 2004;27(4):586-92. 
Spanish. doi:10.1590/S0100-40422004000400013

39.	Casanova E, García-Mina JM, Calvo MI. Antioxidant 
and antifungal activity of Verbena officinalis L. leaves. 
Plant Foods Hum Nutr. 2008;63(3):93-7. doi:10.1007/
s11130-008-0073-0

40.	Berregi I, Santos JIn, Del Campo G, Miranda JIn, 
Aizpurua JMr. Quantitation determination of 
chlorogenic acid in cider apple juices by 1H NMR 
spectrometry. Anal Chim  Acta. 2003;486(2):269-74. 
doi:10.1016/S0003-2670(03)00496-3

41.	Tavares LA, Ferreira AG. Análises quali- e quantitativa 
de cafés comerciais via ressonância magnética nuclear. 
Química Nova. 2006;29(5):911-5. Spanish. doi:10.1590/
S0100-40422006000500005

42.	Rojas LC, Uribe YH, Martínez NS, Niño DR. Análisis 
fitoquímico preliminar de hojas, tallos y semillas de 
cupatá (Strych Nos Schultesiana Krukoff). Colombia 
Forestal. 2009;12(1):161-70. Spanish. doi:10.14483/
udistrital.jour.colomb.for.2009.1.a11

43.	Deepak M, Handa SS. 3α,24-dihydroxy-urs-
12-en-28-oic acid from Verbena officinalis.
Phytochemistry.1998;49(1):269-71. doi:10.1016/S003 
1-9422(97)01004-2

44.	Schiff PL. Bisbenzylisoquinoline Alkaloids. J Nat Prod. 
1991;54(3):645-749. doi:10.1021/np50075a001

45.	Sun S-W, Lee S-S, Wu A-C, Chen C-K. Determination 
of bisbenzylisoquinoline alkaloids by high-
performance liquid chromatography. J Chromatogr 
A. 1998;799(1):337-42. doi:10.1016/S0021-
9673(97)01065-0

46.	Willcox M, Bodeker G, Rasoanaivo P. Traditional 
Medicinal Plants and Malaria. Boca Raton: CRC Press; 
2004. p. 265-321

47.	Mambu L, Martin MT, Razafimahefa D, 
Ramanitrahasimbola D, Rasoanaivo P, Frappier 
F. Spectral characterisation and antiplasmodial 
activity of bisbenzylisoquinolines from Isolona 
ghesquiereina. Planta  Med. 2000;66(6):537-40. 
doi:10.1055/s-2000-8610

48.	Otshudi AL, Apers S, Pieters L, Claeys M, 
Pannecouque C, De Clercq E, et al. Biologically active 
bisbenzylisoquinoline alkaloids from the root bark of 
Epinetrum villosum. J Ethnopharmacol. 2005;102(1):89-
94. doi:10.1016/j.jep.2005.05.021

49.	Weber C, Opatz T. Chapter one - Bisbenzylisoquinoline 
alkaloids. In: Knölker H-J, ed. The Alkaloids: Chemistry 
and Biology. Vol 81.  Cambridge: Academic Press; 
2019:1-114. doi:10.1016/bs.alkal.2018.07.001


