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Lantana caatingensis Moldenke (Verbenaceae) is an endemic plant from northeastern Brazil. 
However, its chemical composition is almost unknown. This study aimed to characterize the 
chemical compounds found in L. caatingensis and investigate the antileishmanial potential of 
its hydroalcoholic extract and polar fractions. Compounds present in the hydroalcoholic extract 
obtained from L. caatingensis leaves and its polar fractions (ethyl acetate and methanolic) were 
analyzed by liquid chromatography with a photodiode-array detector coupled to electrospray 
ionization quadrupole time-of-flight mass spectrometry. An antileishmanial assay was 
performed in a 96-well plate against Leishmania major promastigotes using resazurin on a plate 
spectrophotometer and the results were expressed as percentage of growth inhibition. Nine 
compounds were determined in the investigated extract and fractions, classified as flavonoids, 
flavonoid C-glycosides and phenylethanoid glycosides. The antileishmanial activity revealed that 
the hydroalcoholic extract and the ethyl acetate fraction were active against L. major promastigotes 
with inhibitory concentration of 71.78 and 26.86 µg mL-1, respectively, while the methanolic 
fraction was inactive (478.40 µg mL-1). This is the first report on the chemical composition and 
antileishmanial activity of L. caatingensis extracts. These results contribute to further knowledge 
of species belonging to the Lantana genus.
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Introduction

The Lantana Linnaeus genus along with Lippia genus, 
are considered the most representative Lantaneae tribe 

members, concentrated in South America and comprising 
about 129 species.1 Plants belonging to this genus exhibit 
shrubby and herbaceous characteristics and are popularly 
used in the treatment of rheumatism, fever and respiratory 
diseases, such as flu and colds.2 A high diversity of 
secondary metabolites is observed in this genus, such 
as flavonoids, glycosides phenylethanoids, steroids and 
triterpenoids, among others.3
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Lantana caatingensis Moldenke, Verbenaceae, 
from tribe Lantaneae, is a native and endemic shrub 
from northeastern Brazil. The literature on its chemical 
composition and biological potential is scarce, although 
some reports are available on the composition of its 
essential oil extracted from leaves, which displays 
antibacterial and modulating activity.2 Thus, it becomes 
required to investigate the chemical composition of the 
species and evaluate its biological potential.

Studies related to natural products utilizing hyphenated 
analytical techniques, such as liquid chromatography 
hyphenated with mass spectrometry (LC-MS), enable the 
simultaneous identification of multiple molecules. The 
assessment of plant extracts and fractions contributes to 
the rapid separation of constituents within the plant matrix, 
resulting in a more precise selection process. Consequently, 
this approach enhances the dynamism and cost-effectiveness 
ratio of chemical analyses in the research of natural 
products.4 In this context, this study presents the first 
report on the chemical LC-MS and antileishmanial activity 
characterizations of the hydroalcoholic extract (EHALC) 
obtained from L. caatingensis leaves and its ethyl acetate 
(FAcOEtLC) and methanolic (FMeOHLC) fractions.

Experimental

Lantana caatingensis leaves were obtained in May 
2018 in the city of Simões, Piauí (latitude: 07°35’S; 
longitude: 040°40’W), Brazil. The species was identified 
by Prof Jorge Yoshio Tamashiro (Universidade Estadual de 
Campinas) and a voucher specimen was deposited at the 
Universidade Federal do Piauí, Graziella Barroso Herbarium, 
under ID 27183 and SisGen registration code A587160.

Extraction and fractionation

Lantana caatingensis leaves were dried at room 
temperature (25-28 °C) and crushed using a knife mill 
(Micro SL-30/Solab, Piracicaba, Brazil). The plant material 
(400 g) was submitted to a 70% (v/v) ethanol (Neon, 
Suzano, SP, Brazil) maceration extraction for six days, 
with daily solvent renewals. The solution obtained was 
concentrated using a rotary evaporator, model 820 (Fisatom, 
São Paulo, Brazil), at reduced pressure and then freeze-dried 
in Liotop L101 (LioBras, São Carlos, Brazil). The 55 g 
resulting hydroalcoholic extract (EHALC) was fractionated 
employing a silica gel column chromatography (80 × 5 cm, 
63-200 µm, Sigma-Aldrich, Saint Louis, USA) and eluted 
by reducing the pressure using increasing polar solvents: 
hexane, diclorometane, ethyl acetate and methanol (Neon, 
Suzano, SP, Brazil) until exhaustion. Four fractions, namely 

hexane (FHexLC-31.9 mg; 0.06%), dichloromethane 
(FDCMLC-5.1 g; 9.3%), ethyl acetate (FAcOEtLC‑16.8 g; 
30.5%) and methanolic (FMeOHLC-21.9 g; 39.8%) were 
obtained. EHALC, FAcOEtLC, and FMeOHLC were 
submitted for analysis by LC-MS, and the antileishmanial 
potential of the extract and its polar fractions was carried 
out employing Leishmania major promastigotes.

Liquid chromatography with photodiode-array detector 
coupled to electrospray ionization quadrupole time-of-flight 
mass spectrometry (LC-PDA-ESI-QTOF-MS/MS) analysis

Sample preparation
For LC-MS analyses, the EHALC, FAcOEtLC and 

FMeOHLC were submitted to the solid phase extraction 
using C18 cartridges 3 mL 500  mg-1 (Chromabond/
Macherey-Nagel®, Düren, Germany) that were pre-activated 
with 15 mL ultrapure water (Millipore, USA), followed by 
15 mL of HPLC-grade methanol (Sigma‑Aldrich, Saint 
Louis, USA) and 15 mL of MeOH/H2O (9:1, v/v). The 
samples (10 mg mL-1) were subsequently reconstituted 
in MeOH/H2O (9:1, v/v) and filtered through a 0.22 μm 
polytetrafluoroethylene (PTFE) filter (Phenomenex, 
Torrance, USA).

Analysis conditions 
The samples were analyzed using a liquid chromatograph 

(Shimadzu, Tokyo, Japan) coupled to micrOTOF‑Q  II 
mass spectrometer (BrukerDaltonics, Boston, MA, 
USA), equipped with an electrospray (ESI) source and 
a quadrupole time-of-flight analyzer (QTOF, Bruker 
Daltonics Inc., Billerica, MA, USA). A gradient elution was 
performed in a binary solvent system consisting of 0.1% 
formic acid (Sigma‑Aldrich, St. Louis, USA) in ultrapure 
water formic acid (solvent A) and 0.1% formic acid in 
methanol (solvent B). The gradient for chromatographic 
separation used was: 0 min, 25% B; 0-60 min, 25-80% 
B; 60-65 min, 80-100% B and 65-80 min, 100% B, with 
a photodiode array (PDA) cut at 60 min. An injection 
volume of 20 μL was employed at a concentration of 
1 mg mL-1 and detected at 277 nm. Chromatographic 
separations were performed using a Luna C18 column 
(250 mm × 4.6 mm, 5 μm) (Phenomenex®, Torrance, CA, 
USA), maintained at 40 °C, the mobile phase used was a 
gradient of methanol and water, ranging from 25 to 80%, as 
previously described. Mass spectra were acquired in both 
negative and positive modes within the range of m/z 50 to 
1500. The mass spectrometer operating conditions were set 
as follows: 5 Bar nebulizer gas pressure, a drying gas flow 
rate of 10.5 L min-1, capillary voltage set to 3200 V, ion 
source temperature at 220 °C, and automatic acquisition 
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of 2 spectra s-1. Automated molecule fragmentation was 
initiated, targeting the four most intense ions from each 
spectrum. A collision-induced dissociation energy gradient 
was applied, ranging from 20 to 105 eV according to the 
precursor ion. After the MS/MS acquisition, the precursor 
ion was released. Subsequently, all acquired data were 
processed utilizing the Bruker Compass DataAnalysis 4.3 
software (Bruker Daltonics, Boston, MA, USA).

Antileishmanial activity assay against Leishmania major 
promastigotes

The antileishmanial assay was carried out employing 
Leishmania major promastigotes in the log growth phase. 
The parasites (1 × 106 leishmania per 100 µL medium) 
were seeded in 96-well plates containing supplemented 
Schneider’s medium. The antileishmanial evaluation was 
conducted in diluted fractions (800-6.25 µg mL-1) added 
to the wells, in triplicate. The plate was incubated for 42 h 
(26 °C) in a biochemical oxygen demand incubator. After 
the first incubation period, 20 µL of resazurin 1 × 10-3 mol L-1 
(Sigma-Aldrich, St. Louis, USA) were added to each well 
and the plate was reincubated until 48 h. Antileishmanial 
activity was determined using a plate spectrophotometer 
model ELx800 (Biotek, Vermont, USA), at a maximum 
wavelength (λmax) of 550 nm. Results were expressed 
as growth inhibition (in percentage). Amphotericin B 
(Anf B, 2 µg mL-1) (Cristália, Itapira, Brazil) was used 
as a positive control and Schneider’s medium containing 
1 × 106 promastigotes per well as a negative parameter, 
corresponding to 100% parasite viability. Blanks for each 
concentration were also analyzed and subtracted from the 
controls.5,6

Results and Discussion

LC-MS analysis

The detected constituents in EHALC, FAcOEtLC and 
FMeOHLC (as depicted in Figures 1 and 2 and detailed in 
Table 1) encompassed C-glycoside flavonoids, flavonoids 
and phenylethanoid glycosides. The fractionation process 
yielded a distinct separation of compounds, notably 
observed in the L. caatingensis leaf EHALC extract. 
The FAcOEtLC fraction had less polar compounds 
predominantly non-polar compounds (eluted with higher 
MeOH proportions) along with traces of C-glycoside 
flavonoids. In contrast, the FMeOHLC fraction primarily 
consisted of phenylethanoid glycosides and C-glycoside 
flavonoids, with the latter being in significant abundance. 

For the identification of compounds present in EHALC 

and its polar fractions, the wavelength of 277 nm was 
selected because the chromatogram showed more intense 
and resolved peaks when compared to other wavelengths.

Peaks 1-4 exhibited absorptions in the UV-Vis spectrum 
at approximately 270 and 334 nm (Table 1), associated 
with electronic transitions involving the benzoyl system 
of the A ring (band II) and the cinnamoyl system of the 
B ring (band I) of apigenin, respectively.7 Concerning the  
MS/MS spectrum of compound 1, with fragmentation 
patterns for all compounds outlined in Table 1, a 
deprotonated molecule, [M − H]− = m/z  593.1527 
corresponding to the molecular formula C27H29O15 was 

Figure 1. LC-PDA chromatograms at 277 nm of the extract and fractions 
of L. caatingensis leaves. Luna C18 column (250 mm × 4.6 mm, 5 µm). 
(a) Chromatogram of extract (EHALC); (b) chromatogram of fraction 
FAcOEtLC; (c) chromatogram of fraction FMeOHLC.

Figure 2. Structure of compounds identified in extract and fractions of 
L. caatingensis leaves. Hex: hexose; Pent: pentose.
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observed. Sequential losses of 120 Da (0,2X1.2
−) were 

observed in the mass spectrum, indicating the removal of 
two hexoses units. Fragments m/z 353 and 383 indicated 
the aglycone connected to residual units of 83 and 113 Da, 
respectively. These fragments suggest the presence of 
C-glycoside apigenin at positions 6 and 8. In the positive 
mode, the protonated molecule, [M + H]+ = m/z 595.1291 
(C27H31O15) gave rise to ions at m/z 577, 475 and 457 (base 
peak). These corresponded to fragments [M + H − 18]+, 
[M + H − 120]+ and [M + H − 18 − 120]+, respectively. 
Additionally, ions at m/z 355 [M + H – 120 − 120]+ and at 
m/z 337 [M + H – 120 – 120 − 18]+ confirm the presence of 
two apigenin C-glycosylations. Consequently, peak 1 was 
assigned as apigenin-6,8-C-di-hexoside.8,9 The mass spectra 
and proposed fragmentation scheme is shown in Figures S1 
and S2 (Supplementary Information (SI) section).

The spectra of 2-4 peaks presented a deprotonated 
molecule, [M − H]− = m/z 563 and a protonated molecule 
[M + H]+ = m/z 565, assigned as C26H27O14 and C26H29O14, 
respectively. Under negative ionization conditions, losses of 
60, 90 and 120 Da were observed, attributed to the cleavage 
of pentose and hexose units, except in the mass spectrum 
of compound 4, no loss of 60 Da evident. Ions at m/z 383 
and at m/z 353 were linked to the aglycone apigenin bound 
with sugar residues, indicative of C-glycosylation. In the 
positive mode of compounds 2 and 3, sequential 18 Da 
losses were noted, attributed to water molecules within 
sugar units. Ions at m/z  475 and at m/z  445 correspond 
to the 0,2X2

+ and 0,3X1
+ divisions of pentose and hexose, 

respectively, with the base peak m/z  427 indicating 
the 0,2X1 cleavage of hexose followed by the loss of a 
water molecule. In contrast to compounds 2 and 3, the  
MS/MS of 4 indicated the base peak at m/z 547, attributed 
to dehydration. The presence of the ion at m/z  355, 
linked to apigenin with an 85 Da attachment, confirms 
C-glycosylations.10-12 The proposed fragmentation scheme 
is shown in Figure 3.

Within flavonoids, C-glycosylations are frequently 
encountered at positions 6 and 8. Identification through 
mass spectrometry involves observing the relative 
abundance of ions arising from 60, 90 and 120 Da losses. 
The fragmentations types 0,3X± and 0,2X± are attributed 
to pentoses, along with 0,2X± fragmentations for hexoses. 
However, it’s important to note that the loss of 90 Da (0,3X±) 
can also occur in hexoses. Isomers of the 6-C-glycoside 
exhibit significantly higher ion intensities compared to the 
8-C-glycoside isomer. This phenomenon can be attributed 
to a stable spatial conformation, alongside the formation of 
effective hydrogen bonds between the hydroxyl groups at 
positions 5 and 7 and the carbohydrates. This configuration 
favors the release of water from sugar units connected at 
this.10,13,14

Based on the data presented in Table 2 and Figure 3, 
the low abundance of m/z  503 (1.5 and 0.9%) in the 
negative mode of peaks 2 and 3 suggests the presence of 
pentose at position 8. Conversely, in the positive mode, the 
relative abundance of ions at m/z 427 (100%) and m/z 475 
(17.7 and 16.1%) signifies hexose at position 6 while and 
corroborating the presence of pentose at position 8. 

Furthermore, an evident preference for 120 Da cleavage, 
followed by subsequent dehydration, are observed. This 
corroborates water loss facilitated by hydrogen bonding 
interactions with hydroxyls at positions 5 and 7, thus 
supporting the presence of hexose at position 6. It is 
important to note, the abundance of m/z  445 (62%) in 
the positive ionization mass spectrum of peak 4 strongly 
suggests that the positioning of hexose at position 6. 
Conversely, the low abundance of m/z 475 (10%), suggests 
the presence of pentose at position 8. Given the distribution 
of ions, it is determined that peaks 2, 3 and 4 are isomers 
of apigenin-6-C-hexose-8-C-pentoside isomers (Figures S3 
and S4, SI section).10,13,15

Regarding the UV-Vis spectrum of compound 8, 
significant absorptions were observed approximately at 

Figure 3. Scheme of fragmentation of compounds 2,3 and 4 in negative mode.
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271 and 334 nm, corresponding to electronic transitions 
characteristic of apigenin (Figure S5, SI section). The 
MS/MS analysis of compound 8 revealed a deprotonated 
molecular, [M − H]− = m/z  753.1716, indicative of the 
molecular formula C37H37O17. Notably, losses of 90 and 
120 Da (m/z  663 and 633, respectively) were observed, 
attributed to the cleavage of pentose and hexose sugar 
units. Additionally, ions at m/z  353 and 383 ions were 
detected, corresponding to aglycone (apigenin) attached 
to residual sugar units. These findings provide evidence of 
apigenin C-glycosides at positions 6 and 8.10 In the positive 
mode, ions at m/z 755.1350 [M + H]+ and m/z 777.1124 
[M + Na]+ were identified, corresponding to the molecular 
formulas C37H39O17 and C37H38O17Na, respectively. 
Within the MS/MS spectrum of the m/z  755, sequential 
losses of 18 Da, indicative of water molecules, were 
observed. The ions m/z 635 [M + H – 120]+ and m/z 617 
[M + H – 120  – 18]+ originated from the 0,2X1 cleavage of 
hexose. The determination of sugar positions attached to 
apigenin was achieved evaluating the relative abundance 
of ions associated with 90 and 120 Da losses in both 
spectra.16 In the negative mode, the ion at m/z 633 (9.22%) 
exhibited a higher abundance compared to that observed 
for m/z 663 (2.47%). Conversely, in the positive mode, the 

relative abundance of the ion at m/z 635 was 13.72%, with 
no detection of a 90 Da loss. This information supports 
the assignment of position 6 to hexose and position 8 to 
pentose. The abundance of the ion at m/z 617 (77.97%) 
further supports the suggestion of hexose at position 6, as 
the elimination of water is facilitated by hydrogen bonding 
interactions with the hydroxyl groups at apigenin positions 
5 and 7.15

Analyzing the spectra from both ionization modes, it 
was observed 208 Da loss. However, in the positive mode 
spectrum 226 Da loss was verified, that corresponds to 
the 208 Da loss associated to a 18 Da loss, signifying 
the elimination of a water molecule. The 208 Da mass 
reduction was attributed to 3,4-dimethoxycinnamoyl, a 
deduction affirmed by its presence in the formation of the 
base peak at m/z 529. The formation of this ion involves 
the transfer of a hydrogen atom from the hydroxyl at 
position 7, followed by dehydration, thus releasing 
3,4-dimethoxycinnamoyl in its acid form. The localization 
of the 3,4-dimethoxycinnamoyl was determined by 
observing the formation of ions at m/z 635 and at m/z 617, 
obtained by the loss of 120 Da. Consequently, it can 
be inferred that 3,4-dimethoxycinnamoyl is connected 
to the hexose position 2". Based on this analysis, it 
was determined that peak 8 corresponds to apigenin- 
6 ‑C ‑ (2" ‑O ‑3 ,4 ‑d imethoxyc innamoyl ) -hexose -
8‑C‑pentoside. Ions at m/z  353 and at m/z  383 in the 
negative mode, as well as the ion at m/z 355 in the positive 
mode, alongside the recurring 90 and 120 Da losses, mirror 
observations made in the 2-4 spectra. This similarity points 
to the likelihood that compound 8 is an acylated derivative 
of one of these compounds.16,17 Figure S6 (SI section) 
represents the fragmentation of compound 8 in the positive 
and negative ionization modes.

Concerning the UV-Vis spectrum of compound 10, 
absorptions were observed at approximately 221, 274 
and 336 nm, consistent with the electronic transitions 
characteristic of flavone flavonoids (Figure S7, SI section). 
In the negative ionization spectrum, the deprotonated 
molecule, [M − H]–  = m/z  329.0656, aligning with the 
molecular formula C17H13O7. Within this spectrum, 
ions at m/z  314 and 299 were observed, indicating 
sequential methyl losses arising from methoxyls groups 
(Figure  S7). Furthermore, a 28 Da loss was attributed 
to a CO molecule.18 In the positive mode spectrum, a 
methyl and CO loss was observed from the protonated 
molecule, [M + H]+ = m/z 331.0600 (C17H15O7) (Figure S8, 
SI section). Based on the observed fragmentations and 
a comparison with literature data, it can be inferred that 
peak 10 corresponds to a dimethoxy flavone, it is identified 
as 3',6-dimethoxy-4',5,7-trihydroxyflavone or jaceosidin.19

Table 2. Comparison between the relative abundances observed in the 
MS/MS spectra in the negative and positive mode of 2, 3 and 4

Relative abundance of ions in negative modea / %

Fragment (m/z) 2 3 4 

563 ([M − H]−) 100 100 100

545 (−H2O) − − −

503 (−0,3X) 1.51 0.94 −

473 (−0,2X and/or − 0,3X) 3.13 3.45 3.39

443 (−0,2X) 2.48 3.45 5.63

425 (−0,2X + H2O) 2.64 2.41 1.13

353 (Agl + 42 + 42 − 1) 26.19 34.15 25.85

383 (Agl + 72 + 42 – 1) 19.84 26.69 18.18

Relative abundance of ions in positive modeb / %

Fragment (m/z) 2 3 4 

565 ([M + H]+) 12.75 31.42 21.73

547 (−H2O) 34.94 43.27 100

505 (−0,3X) − − −

475 (−0,2X and/or − 0,3X) 17.36 16.10 10.19

445 (−0,2X) 6.58 9.57 62.93

427 (−0,2X + H2O) 100 100 47.60

355 (Agl + 42 + 42 − 1) 7.43 5.84 7.37

385 (Agl + 72 + 42 – 1) − − −
aAbundance of ions obtained with energy of 25-50 eV; babundance of ions 
obtained with energy of 25-62.5 eV. X: hexose or pentose; Agl: aglycone 
(apigenin).
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Peaks 5-7 exhibited absorptions in the UV-Vis spectrum 
at around 220 and ca. 331 nm corresponding to electronic 
transitions of the aromatic systems present in the caffeic 
acid and alcohol 3,4-dihydroxyphenylethanol (Figures S9 
and S11, SI section). In the negative ionization mass 
spectrum of 5, the precursor ion was [M − H]− = m/z 609, 
in agreement with the molecular formula C28H33O15. 
Notably, the MS/MS spectra showed the formation of 
the ion at m/z 447, indicating a 162 Da loss attributed to 
a caffeoyl unit. In the positive ionization spectrum, the  
MS/MS exhibited the ion at m/z 633 [M + Na]+. Additionally, 
the ion at m/z  1243 [2M  +  Na]+ was observed and its 
fragmentation resulted in ions at m/z 633, 479 and 325. 
This fragmentation pattern was linked to the mass loss 
associated with 3,4-dihydroxyphenylethanol, reflected 
in the [M  −  154  +  Na]+ ion, and the loss of a pentose 
[M  +  H  –  154  −  132  −  Na]  +  (Figures S9 and S10, 
SI  section). Based on the information acquired from 
peak 5, this compound can be classified as a phenylethanoid 
glycoside, identified as fucatoside A.20

In relation to spectra 6 and 7, the MS/MS revealed 
the presence of the ion at m/z  741 ion, corresponding 
to a deprotonated molecule with the molecular formula 
C33H41O19 (Figure S11). The formation of ions at m/z 579 
[M – H − 162]− can be attributed to the loss of a caffeoyl 
unit. Additionally, ions at m/z 447 [M − H − 162 − 132]− 
and m/z 315 [M – H – 162 – 132 − 132]− resulting as a 
consequence of sequential losses of two pentoses. However, 
it is worth noting that in the spectrum of compound 7, the 
ion at m/z 315 was not observed. In the positive ionization 
spectrum (Figure S11), the compound was identified in the 
form of adduct with sodium, at m/z 765 [M + Na]+. This 
led to the formation of m/z 479 through a sequential loss of 
154 Da (3,4-dihydroxyphenylethanol) and 132 Da (pentose). 
Additionally, ions at m/z 457 [M + H – Na − 154 − 132]+ and 
at m/z 325 [M + H – Na – 154 − 132 − 132]+ were observed 
(Figure S12, SI section). Upon comparing peaks 6 and 7 
with peak 5, it becomes evident that similar fragments were 

formed, suggesting their derivation from compound 5. The 
distinguishing factor lies in the mass difference of 132 Da 
between peak 5 and isomers 6 and 7. This suggest that the 
latter compounds carry an additional pentose in comparison 
to 5. Hence, 6 and 7 were identified as the phenylethanoid 
glycosides fucatoside B and C, respectively.20

The phenylethanoid glycosides fucatoside A, B and C 
have been isolated from the leaf extract of Lantana fucata.20 
On the other hand, the flavone jaceosidin has been 
identified in species within the Lantana genus, including 
Lantana montevidensis and Lantana balansae.21,22 To date, 
there is no available data regarding the presence of these 
metabolites in L. caatingensis. 

Antileishmanial activity

Both the FAcOEtLC and FMeOHLC fractions inhibited 
L. major promastigote growth in the in vitro assay, ranging 
from 66-93.6% for EHALC and 94-100% for FAcOEtLC. 
The FMeOHLC fraction resulted in low promastigote 
inhibition, only 63.4% at the highest concentration 
investigated (800 μg mL-1). The FAcOEtLC fraction 
inhibited over 80% of the promastigotes at 50 μg mL-1. 
No significant inhibitions were observed at 6.25 μg mL-1 
in relation to the control (Figure 4).

The average 50% inhibitory concentrations (IC50) 
(Table  3) for the samples were determined by a probit 
regression and compounds were classified as active when 
IC50 ≤ 100 μg mL-1, moderate when IC50 ranged between 101 
and 199 μg mL-1 and inactive when IC50 > 200 μg mL‑1.23 
The EHALC and the FAcOEtLC fractions presented the 
lowest IC50 values, of 71.78 ± 0.05, 26.86 ± 0.06 μg mL‑1, 
respectively, with FAcOEtLC being the most active, 
while the FMeOHLC IC50 was 478.40 ± 0.03 μg mL-1 and, 
classified as inactive against L. major promastigotes. In 
the protozoan cycle, the promastigote (flagellate form) is 
the initial infective and circulating form in insect vector 
and vertebrate hosts, which, after being inoculated, are 

Figure 4. Effect of EHALC, FAcOEtLC, FMeOHLC on growth inhibition of Leishmania major promastigotes. EHALC: hydroalcoholic extract; 
FAcOEtLC: ethyl acetate fraction; FMeOHLC: methanolic fraction; Amph B: amphotericin B (2.5 mg mL-1); control C (Schneider’s medium containing 
1 × 106 promastigotes). **Significance difference compared to the control, p < 0.001 and ****Significance difference compared to the control, p < 0.0001. 
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phagocytosed by macrophages and evolve to the amastigote 
form (non-flagellated).24 The IC50 findings for the extract 
and FAcOEtLC fraction may indicate these compounds as 
candidates for leishmaniasis control by effectively reducing 
parasite viability.

Antileishmanial activity in extracts from species 
belonging to the Lantana genus have been previously 
reported, such as the extract and the hexane and ethyl 
acetate fractions of the aerial parts of L. balansae, which 
are active against Leishmania braziliensis promastigotes 
(IC50 = 4.9; 1.3 and 5.3 μg mL-1, respectively) and 
L. amazonenses (IC50 = 6; 6.1 and 9.9 μg mL-1, respectively).21 
Antipromastigote activity of the dichloromethane extract 
(IC50 = 18.86-68.40 μg mL-1) obtained from the aerial 
parts of L. camara against Leishmania mexicana has 
also been noted.25 Therefore, the data obtained from the 
assays conducted herein and literature data corroborate 
the antileishmanial potential of the Lantana genus and 
especially L. caatingensis as alternative sources of bioactive 
compounds aimed at leishmaniasis treatment. 

Extracts and fractions containing more lipophilic 
molecules are more permeable to the plasma membrane 
when compared to more polar molecules, and when 
these substances contain alkylated substituents, they 
become promising antiprotozoal activity candidates.26 

Unlike the FAcOEtLC fraction, FMeOHLC presented 
an IC50  17.8  times higher than that of FAcOEtLC and 
according to the chromatogram (Figure 1), it is observed 
that compounds with a lipophilic character are practically 
absent (indication that the presence of nonpolar compounds 
in a reversed-phase chromatographic run). However, it is 
necessary to expand studies on the effect of fractions due 
to the possible contribution of other associated substances, 
as well as specifying the major compounds and their action 
on the promastigote forms of Leishmania, in addition to 
investigating the mechanism of action.

Conclusions

Based on the data analyzed, it was possible to find out 
the presence of C-glycosylated flavonoid, O-methoxylated 
derivatives, and one acylated derivative of apigenin as 
well as glycosylated phenylethanoids. The activity against 
Leishmania major promastigotes showed, among the 
samples tested, only the methanolic fraction was inactive 
(IC50 > 200 μg mL-1), and significant antipromastigote 
activity of EHALC and FAcOEtLC was observed by 
other species of the genus Lantana. The antileishmanial 
potential of L. caatingensis was demonstrated, however, it 
is necessary further investigation of the effects of EHALC, 
FAcOEtLC and FMeOHLC, the possible mechanisms of 
action of the major compounds and the synergy among the 
present compounds on promastigotes of Leishmania major. 

Supplementary Information

Supplementary information is available free of charge 
at http://jbcs.sbq.org.br as PDF file. 
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