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Abstract

Background: The Combretum leprosum Mart. plant, popularly known as mofumbo, is used in folk medicine for
inflammation, pain and treatment of wounds. From this species, it is possible to isolate three triterpenes: (3β, 6β,
16β-trihydroxylup-20(29)-ene) called lupane, arjunolic acid and molic acid. In this study, through preclinical tests, the
effect of lupane was evaluated on the cytotoxicity and on the ability to activate cellular function by the production
of TNF-α, an inflammatory cytokine, and IL-10, an immuno regulatory cytokine was assessed. The effect of lupane
on the enzymes topoisomerase I and II was also evaluated.

Methods: For this reason, peripheral blood mononuclear cells (PBMCs) were obtained and cytotoxicity was assessed
by the MTT method at three different times (1, 15 and 24 h), and different concentrations of lupane (0.3, 0.7, 1.5, 6, 3
and 12 μg/mL). The cell function was assessed by the production of TNF-α and IL-10 by PBMCs quantified by specific
enzyme immunoassay (ELISA). The activity of topoisomerases was assayed by in vitro biological assays and in silico
molecular docking.

Results: The results obtained showed that lupane at concentrations below 1.5 μg/mL was not toxic to the cells.
Moreover, lupane was not able to activate cellular functions and did not alter the production of IL-10 and TNF-α.
Furthermore, the data showed that lupane has neither interfered in the action of topoisomerase I nor in the
action of topoisomerase II.

Conclusion: Based on preclinical results obtained in this study, we highlight that the compound studied (lupane) has
moderate cytotoxicity, does not induce the production of TNF-α and IL-10, and does not act on human topoisomerases.
Based on the results of this study and taking into consideration the reports about the anti-inflammatory and
leishmanicidal activity of 3β, 6β, 16β-trihydroxylup-20(29)-ene, we suggest that this compound may serve as a
biotechnological tool for the treatment of leishmaniasis in the future.
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Background
Plants are an important source of secondary metabolites
that have been extensively used as bioactive components
in therapeutically effective medicines for the treatment
of various diseases [1, 2]. Before the advent of high-
throughput screening and post-genomic technologies,
the majority of drugs were natural products or inspired
by a natural compound [3]. Among natural products,
terpenes comprise a class of secondary plant metabolites
which show high structural diversity and biological activity
against important parasites including Leishmania sp [4].
Combretaceae is a large family of flowering plants

that belongs to the Myrtales order with at least 600
species distributed throughout Asia, Africa and the
Americas. Among its 18 genera, the Combretum genus
is the most common, with approximately 370 species
[5]. This genus is widely used in folk medicine for the
treatment of hepatitis, malaria, respiratory infections
and cancer in different parts of Asia and Africa [6]. In
Brazil, the Combretum leprosum Mart species, popu-
larly known as cipoaba, mofumbo or mufumbo, is
found between the states of Piauí and Bahia [7, 8]. In
this region, it is popularly used in the treatment of
wounds in bleeding or as a sedative [9].
Facundo et al. [7] isolated the TTHL compound (3β,

6β, 16β-trihydroxylup-20(29)-ene) called lupane from
C. leprosum leaves. Pietrovski et al. [10] evaluated the
antinociceptive activity of the ethanolic extract ob-
tained from C. leprosum flowers and the isolated com-
pound TTHL, showing that the extract was able to
inhibit nociception in different models, such as visceral
hyperalgesia induced by acetic acid, hyperalgesia in-
duced by heat (hot plate) and neurogenic and inflam-
matory hyperalgesia induced by formalin, capsaicin and
glutamate. Additionally, extracts of C. leprosum fruits
showed anti-snake venom properties by the inhibition
of proteolytic activity and bleeding induced by Bothrops
jararacussu and B. jararaca venoms, respectively [11].
The ethanolic extract of C. leprosum fruits and the

isolated compound TTHL also showed the ability to
inhibit the growth and formation of biofilms of
Streptococus mutans and S. mitis [12] and antileish-
manial activity against L. amazonensis promastigote
forms [13].
The literature reports that some triterpenes have in-

hibitory activity against parasitic topoisomerase [14–16],
and antileishmanial activity by inhibiting topoisomerase
IB [17, 18]. Thus, the present study was developed to
investigate the action of the triterpene lupane 3β, 6β,
16β-trihydroxylup-20(29)-ene isolated from C. leprosum
flowers on human topoisomerases, as well as its effect
on human cells, in order to contribute with the know-
ledge about the mechanism of action of lupane on
human PBMC function.

Methods
Chemicals and reagents
RPMI-1640, L-glutamine, gentamicin, Histopaque 1077,
DMSO and LPS (lipopolysaccharide) were purchased
from Sigma (MO, USA). DuoSet ELISA Human IL-10
and DuoSet ELISA Human TNF-α/TNFSF1A were pur-
chased from R&D Systems (MN, USA). Fetal bovine
serum (FBS) was obtained from Cultilab (Sao Paulo,
Brazil). Topoisomerase I and II kits were purchased
from TopoGEN (FL, USA). All salts and reagents used
were obtained from Merck (Darmstadt, Germany) with
low endotoxin or endotoxin-free grades.

Lupane
The compound 3β,6β,16β- trihydroxylup-20(29)-ene (Fig. 1)
was isolated and from the ethanolic extract of C. leprosum
flowers and characterized according to the method de-
scribed by Facundo et al. [7] using chromatography on
a silica column, 1H and 13C NMR, mass spectrometry
and an authentic sample for comparison. The lupane
stock solution was prepared with ethanol P.A., and the
concentration of the diluent was lower than 2 % of the
reaction final volume.

Ethics statement
The study was approved by the Research Ethics Committee
of Centro de Pesquisas em Medicina Tropical – CEPEM
under CAAE number: 02312812.2.0000.0011. The consent
for participation in the study was obtained from the
participants.

Isolation of peripheral blood mononuclear cells (PBMC)
In order to obtain the PBMCs, blood from healthy
volunteers, who had not used medication in the last

Fig. 1 Molecular structure of triterpene lupane 3β, 6β, 16β-trihydroxylup-
20(29)-ene (TTHL) [7]
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48 h, was collected into heparinized vacutainer tubes.
PBMCs were isolated by density gradient using Histo-
paque 1077 (Sigma Aldrich), following the manufac-
turer’s instructions. Briefly, the blood diluted in
phosphate-buffered saline (PBS) was layered on Histo-
paque in the ratio of 1:1 and subjected to centrifuga-
tion at 400 xg for 30 min at 4 °C. The white layer
representing PBMCs was gently aspirated out and
aseptically transferred into sterile centrifuge tubes.
The suspended cells were then washed 3 times and
cultured in a sterile RPMI assay medium {RPMI-1640
medium supplemented with 100 μg/mL of gentamicin,
2 mM of L-glutamine and 10 % fetal bovine serum
(FBS)}. The number of cells was adjusted according
to the amount of cells necessary for each experiment.

MTT assay
The cytotoxicity of lupane against PBMCs was determined
by an MTT assay [19], which analyzes the ability of living
cells to reduce the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphe-
nyl-2H-tetrazolium bromide (MTT) to a purple formazan
product. Cells were plated in 96-well plates (2 × 105/well)
and maintained in RPMI assay medium (RPMI-1640
medium supplemented with 100 μg/mL of gentamicin,
2 mM of L-glutamine and 10 % FBS). PBMCs were incu-
bated with RPMI (negative control), RPMI plus 2 % etha-
nol (diluent control) or different concentrations of lupane
(0.3–12 μg/mL), diluted in ethanol, at 37 °C, under an
atmosphere of 5 % CO2 for 1, 15 and 24 h. After incuba-
tion, the supernatant was replaced by a fresh medium
containing MTT (0.5 μg/mL). Four hours later, the plates
were washed 3 times with PBS, the formazan crystals
were dissolved in 100 μL DMSO and the absorbance
was measured with the Bio-Tek Synergy HT Multi-
Detection (Winooski, VT) at 540 nm.

Determination of interleukin-10 (IL-10) and tumor necrosis
factor-α (TNF-α) production
PBMCs (2 × 105/well) in an RPMI assay medium
{RPMI-1640 medium supplemented with 100 μg/mL of
gentamicin, 2 mM of L-glutamine and 10 % FBS) were
incubated with lupane (0.3, 0.7 and 1.5 μg/mL) or with-
out for 15 h at 37 °C, 5 % CO2. PBMCs were incubated
with RPMI for the negative control, and with LPS
(1 μg/mL) for the positive control. After incubation,
plates were centrifuged at 405 xg for 5 min and the su-
pernatants were collected for cytokine detection. The
cytokines TNF-α and IL-10 were quantified using an
enzyme immunoassay (EIA) kit (R&D Systems) accord-
ing to the manufacturer’s instructions.

Topoisomerase extraction from PBMCs
To test the activity of topoisomerase, the extraction was
performed following the protocol provided on the

TopoGEN site (www.topogen.com/html/enzyme_extracts.
html). PBMCs at a density of 1 × 106 cells were isolated as
described in item 2.3 for the extraction of topoisomerases.
Thus, PBMCs were resuspended in PBS and centrifuged
at 800 xg for 3 min at 4 °C. From that moment, the whole
procedure was performed on ice to prevent the action of
proteases and inactivation of topoisomerase. Cells were
resuspended in 5 mL of TEMP buffer (10 mM Tris–HCl,
pH 7.5, 1 mM EDTA, 4 mM MgCl2, 0.5 mM PMSF)
followed by centrifugation. The supernatant was discarded
and 3 mL of cold TEMP buffer was added to the precipi-
tate and placed on ice for 10 min. After this period, the
tubes were centrifuged at 1500 xg for 10 min at 4 °C. The
supernatant was discarded and 1 mL of cold TEMP buffer
was added to the nuclear precipitate. The material was
transferred into microtubes, and centrifuged again under
the same conditions. The supernatant was then discarded
and 100 mL of PE buffer (10 mM Tris–HCl, pH 7.5,
1 mM EDTA, 0.5 mM PMSF) was added with an equal
volume of 1 M NaCl, homogenized and incubated in an
ice bath for 30–60 min. Subsequently, the tubes were
centrifuged at 14,000 xg for 15 min at 4 °C and the super-
natant, containing topoisomerases I and II was used for
the analysis of the enzyme activity.

Topoisomerase I and II activity
The analyses of enzymatic activity of topoisomerases I
and II were separately performed following the descrip-
tions of TopoGEN Kit for each isoform.
For the analysis of TOPO I (topoisomerase I) activity,

we used 3 μL of nuclear extract, 11 μL of deionized
water, 2 μL of assay buffer, 1 μL of supercoiled DNA
and 3 μL of lupane at 0.7, 1.5 or 6 μg/mL. For the con-
trol, 14 μL of deionized water was used. The experi-
ment was conducted at 37 °C for 90 min, after which
5 μL of stop loading dye was added. The enzyme activ-
ity was verified in a 1 % agarose gel in TAE buffer, volt-
age 1–2.5 volt/cm. For the marker, we used the relaxed
plasmid DNA and supercoiled DNA. After that, the gel
was stained with 0.5 mg/mL of ethidium bromide at room
temperature for 10 min and photographed (Loccus L- PIX
Touch).
In order to assess TOPO II (topoisomerase II) activity, a

volume of 3 μL of nuclear extract, 9.17 μL of deionized
water, 4 μL of complete assay buffer 5X, 0.83 μL of kDNA
(200 ng) and 3 μL of lupane at 0.7, 1.5 or 6 μg/mL. A
volume of 12.17 μL of deionized water was used for the
negative control and 3 μL of topoisomerase inhibitor (eto-
poside, 100 μM) was used for the positive control, followed
by incubation at 37 °C for 90 min and the addition of 4 μL
of stop loading dye. The enzyme activity was verified in
a 1 % agarose gel in TAE buffer with ethidium bromide
(0.5 μL/mL), with a voltage of 1–2.5 volt/cm. The kit
provides decatened kDNA markers and linear kDNA
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which are also placed on the gel. After this process, the
gel was photographed (Loccus L- PIX Touch).

Molecular docking
As the first step to verify the toxicity of lupane, docking
experiments between human topoisomerases I and II
were performed. The PDB database was used in order to
obtain the molecular structure of topoisomerase en-
zymes, and the AutoDock 4.0 [20] program was used for
a rigid docking approach, that consists in fixing the dis-
tances and angles of the links of the biomolecular target
and the binder during the calculation. The re-docking
for TOPO I was done with Human TOPO I (1TL8) plus
DNA plus indenoisoquinoline AI-III-52, based on data
from Ioanoviciu et al. [21], since in this interaction, the
compound in question had inhibitory activity on TOPO
I . As for TOPO II, the model proposed by Wu et al.
[22] using TOPO II (3QX3) plus DNA plus etoposide
was chosen for the re-docking. After that, the cross-
docking was processed according to the literature, using
the enzyme TOPO I 1TL8 I or TOPOII 3QX3 plus
double-stranded DNA plus lupane. Interactive visualization
and comparative analysis of molecular structures were
carried out in UCSF Chimera [23] and structure images
with Persistence of Vision Raytracer (POV-ray) 3.62
(http://www.povray.org).

Statistical analysis
Means and Standard error of the mean (S.E.M.) of
viability and cytokine data were obtained and compared
using one-way ANOVA, followed by the Bonferroni
post-test in Graph-Pad PRISM 5.0. The differences
were considered significant with probability levels of
less than 0.05.

Results
Evaluation of cytotoxicity
PBMCs were treated with lupane (0.3–12 μg/mL) to test
the toxic effect of this compound on mammalian cells.
After 1, 15 and 24 h of incubation, cell viability was eval-
uated by the MTT assay. Lupane showed no cytotoxic
effect at the concentration range between 0.3 and
1.5 μg/mL at all incubation periods (Fig. 2a, b and c).
However, at 12 and 6 μg/mL, this compound seemed to
be toxic to the cells at 1 h of incubation, resulting in the
death of 52 % and 40 % of the cells, respectively, when
compared to the control (Fig. 2a). After 15 h of incuba-
tion, cell death at these concentrations was 74 %,
whereas at the concentration of 3 μg/mL of lupane,
death was 32 % and the LC50 at this period was about
4.3 μg/mL (Fig. 2b). Ethanol, used to dilute the com-
pound, showed no cytotoxicity to the cells.

Evaluation of TNF-α and IL-10 concentrations
In order to verify the ability of lupane to activate PBMC
cellular functions and stimulate the pro-inflammatory or
anti-inflammatory cytokine release, such as TNF-α and

Fig. 2 Effect of lupane on PBMC viability after 1 h (a), 15 h (b) and
24 h (c) of incubation. Peripheral human mononuclear cells (PBMCs)
were isolated from buffy coats of healthy adult blood donors through
a density gradient method. The cells of a density of 2×105 cells were
incubated with different concentrations of lupane or RPMI (negative
control) or RPMI plus 2 % ethanol (diluent control) at 37 °C in a
humidified atmosphere of 5 % CO2. After that, PBMC viability was
assessed by the MTT method. Values represent the mean ± S.E.M. from
4–5 donors ***P < 0.001 compared with the control (ANOVA)
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IL-10, respectively, the cells were incubated with non-
cytotoxic concentrations of lupane or RPMI (negative
control) or LPS (1 μg/mL, positive control). As shown in
Fig. 3, LPS, a positive control, induced a significant re-
lease of TNF-α (A) and IL-10 (B) when compared to
RPMI, a negative control. On the other hand, lupane, at
all concentrations (0.3 up to 1.5 μg/mL), did not induce
TNF-α and IL-10 production.

Topoisomerase I and II activity
To assess lupane’s effect on topoisomerase I (TOPOI), the
TopoGen® kit was used in order to detect the enzyme ac-
tion capacity on a supercoiled DNA substrate. To visualize
the enzyme action, cell nuclear extract was used as the
positive control. As shown in Fig. 4, the results obtained
showed that the TOPO I enzyme has activity since most
of the DNA is in linear form in the control and lupane
groups.
For the analysis of lupane’s effect on topoisomerase II

(TOPO II) enzyme activity, the TopoGen® kit was also
used. In addition to the lupane and control groups, one
more group was inserted, an etoposide group, a TOPO
II inhibitor. According to Fig. 4, the results obtained
showed that lupane did not interfere in the enzyme
activity since DNA was cleaved. Moreover, it could also
be observed that the lupane group and the control group
had the same pattern on the gel.

Molecular docking
The molecular cross-docking of TOPO I, in which one
molecule of lupane, DNA and one molecule of enzyme
were used, was rigid. As such, the interaction resulted
in −8.86 kcal/mol of energy (Fig. 5). However, the

interaction between DNA + TOPO I and the known
TOPO I inhibitor, indenoisoquinoline AI-III-52 [21],
resulted in −10.35 kcal/mol of energy. Accordingly, we
concluded that lupane is not an efficient TOPO I inhibitor.
On the other hand, the procedure of re-docking performed
with TOPO II, a double-stranded molecule of DNA and
the inhibitor etoposide, showed −12.81 kcal/mol of energy
[22]. The cross-docking of the same complex, using lupane
instead of etoposide resulted in −9.91 kcal/mol of energy
in its most stable configuration (Fig. 6). As such, we con-
cluded that lupane has no inhibitory activity on TOPO II.

Discussion
Studies involving species of the genus Combretum are
constantly increasing and various compounds with
known biological properties, such as tannins, flavonoids,
saponins, coumarins, triterpenes, derivatives of ellagic
acid, antracenics glycosides, and derivatives of phenan-
threne have already been isolated and identified. These
compounds are probably responsible for the biological
properties proven in scientific research [24].
Triterpene lupane 3β, 6β, 16β-trihydroxylup-20(29)-

ene (TTHL) was isolated from C. leprosum Mart. in
1993 by Facundo et al., and until today its biological
properties haven’t been fully established. Thus, studies
focusing on clarifying these properties are of paramount
importance.
Triterpene compounds are found in several plant

species, and some compounds of this group seem to
exert important biological activities such as anti- inflam-
matory, anticancer and antibacterial ones [25]. They are
constituted by isoprene units and may be divided into
derivatives of squalene, tetracyclic and pentacyclic types

Fig. 3 Effect of lupane on the release of TNF-α (a) and IL-10 (b) by PBMCs. PBMCs (2×105) were incubated with lupane at 0.3, 0.7 and 1.5 μg/mL
or RPMI (negative control) or LPS (positive control, 1 μg/mL) at 37 °C in a humidified atmosphere of 5 % CO2 for 15 h. The concentrations of
TNF-α and IL-10 in the supernatant were quantified by a specific Enzyme Immune Assay (EIA). The results were expressed in pg/mL of TNF-α or
IL-10 and represent the mean ± S.E.M. of four donors. ***P < 0.001 compared to control (ANOVA)
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[26]. The pentacyclic lupane type of triterpenoids repre-
sents one of the very important classes of natural prod-
ucts. The compounds of this class, which include betulin
and betulinic acid, show significant antitumor activity on
different types of cancers [27, 28]. Several studies showed
that lupeol, betulin, betulinic acid, oleanolic and ursolic
acid are multitarget agents, that had differences in their
efficacy in several assays [28–38].
In this study, the cytotoxicity on human PBMCs was

conducted at three different times (1, 15 and 24 h). The
results showed that the triterpene lupane had greater
toxicity when it remained in contact with the PBMCs for
a longer time. Therefore, low concentrations of lupane
were used to assess cell function, since these concentra-
tions did not change the cell viability.
Cisplatin, one of the most effective anticancer drug, is a

cytotoxic agent, which kills a variety of cancer cells by

damaging DNA [39, 40]. Depending on the cell type and
concentration, cisplatin induces cytotoxicity by interfer-
ence with transcription and/or DNA replication mecha-
nisms [41–43]. During therapy with cisplatin, this toxicity
is cumulative and irreversible, so fractional or metronomic
dosing schedules significantly reduce its toxicity [44, 45].
Furthermore, cisplatin has been used in combination with
other drugs in order to improve the antiproliferative activ-
ity of both compounds. Emmerich et al. [46] synthesized
several lupane-type triterpenoid derivatives, such as betuli-
nic acid, conjugated with cisplatin and showed that the
double drugs were less cytotoxic than the precursors. It is
important to note that the only report about the effect of
lupane isolated from C. leprosum on cell toxicity was
performed with mice peritoneal elicited macrophages. The
study demonstrated that 5 μg/mL of lupane showed no
toxicity on this cell after 24 h of incubation. However, both

Fig. 4 Effect of lupane on topoisomerases I and II activity. Electrophoresis in 1 % agarose gel to assess the activity of TOPO I (a): nuclear extracts
of PBMCs and supercoiled DNA (TopoGen) (control), lupane (6; 1.5 or 0.7 μg/mL plus nuclear extract of PBMCs and supercoiled DNA; markers
(relaxed and supercoiled DNA). (Representatives of 2n). Electrophoresis in 1 % agarose gel with ethidium bromide to assess the activity of TOPO
II. b: nuclear extract of PBMCs and kDNA (TopoGen) (control), lupane (6; 1.5 or 0.7 μg/mL plus nuclear extract of PBMCs plus kDNA, nuclear
extract of PBMCs plus kDNA plus etoposide (inhibitor); markers (linear and decatenated kDNA). (Representatives of 2n)
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crude extract and isolated lupane (5 μg/mL) presented po-
tent toxic activity against promastigotes of L. amazonensis
[13]. In a recent study, it became clear that lupane is also
effective in eliminating intracellular amastigotes, without
affecting the viability of the host cells. Teles et al. [47]

showed that there was a reduction in the rate of infected
macrophages and in the number of intracellular parasites
from 24 h of treatment. Because of the changes observed,
it was suggested that lupane might interfere in the action
of enzymes important for the maintenance of kinetoplast
or mitochondrial structure.
Topoisomerases catalyze topological changes in DNA

strands during DNA replication, transcription, recom-
bination and DNA repair [48, 49]. Mammalian somatic
cells have six genes of DNA topoisomerase (TOP): two
topoisomerases I TOP I (TOP I and mitochondrial TOP
I), two topoisomerases II TOP II (TOP IIα and IIβ) and
two topoisomerases III (TOP IIIα and IIIβ) [50, 51].
Topoisomerases are classified depending on the number
of DNA strands cut in one round of action: cutting a
strand of DNA, DNA-topoisomerases of type I (TOPO
I) or cleavage of both strands of the target DNA, DNA-
topoisomerase type II (TOPO II).
Human TOPO I is a nuclear phosphoprotein with

765 amino acids and a molecular weight of 91 kDa
[52], which is constitutively expressed throughout the
cell cycle [53, 54]. This enzyme shows a diffuse pattern
of distribution in the nucleoplasm with accumulation
in the nucleolus [55]. The catalytic activity of TOPO I
is specifically inhibited by camptothecin, an alkaloid of
Camptotheca acuminata and similar drugs, such as
topotecan (Hycantina®, GlaxoSmithKline) [56, 57] and
irinotecan (Camptosar, Pfizer) [58, 59]. Camptothecin
has powerful anti-tumor activity by inhibiting synthesis
of nucleic acids and inducing breaks in DNA molecules
([60]).
Topo II has two isoforms: α and β isoforms [61], that

share ATPase activity of the N-terminal domain and the
central domain containing the catalytic tyrosine (Tyr804 in
the α isoform and Tyr821 in β). The C-terminal domain
gives the functional specificity of the two isoforms [62, 63].
Despite having a three-dimensional structure similar to
that of the α isoform, the β isoform dimer has less sensitiv-
ity to most anti-topoisomerase II drugs in vitro and in vivo
[64, 65].
During cell proliferation, topoisomerases participate in

the maintenance and replication of DNA. Moreover, in
tumor tissues, the expression of TOPO I and II is greater
than cells with normal metabolism [66]. Therefore, drugs
that act on these enzymes are used in the treatment of pa-
tients with several types of cancer. Currently, transcription
inhibitors are under investigation as potential anti-cancer
agents [67].
The results of this study showed that the compound

studied does not interfere in the activity of topoisome-
rases isolated from human PBMCs, even in the concen-
tration of 6 μg/mL, which is cytotoxic. Moreover, the
molecular docking studies showed little or no probability
of human topoisomerase enzyme inhibition by lupane,

Fig. 5 Molecular Docking of lupane in Topoisomerase I with DNA
(PDB: 1TL8). The binding energy resulted in −8.86 kcal/mol. The lupane
is shown in green, DNA helix is shown in red ribbon and the enzyme
is shown in cyan surface

Fig. 6 Molecular Docking of lupane in Topoisomerase II with DNA
(3QX3). The binding energy resulted in −9.91 kcal/mol. The lupane is
shown in green, DNA helix is shown in red ribbon and the enzyme
is shown in light blue surface
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confirming the results obtained in biological assays. On
the other hand, Teles et al. [47] showed by bioinformatic
analysis that lupane has a high binding affinity with topo-
isomerase IB of Leishmania braziliensis. The trypanoso-
matids topoisomerase I are heterodimeric and located in
the nucleus, associated with the genomic DNA and in the
kinetoplast associated with kDNA [68–70]. It is important
to mention that DNA topoisomerases as a potential drug
target for human pathogenic trypanosomatids is based on
the clinical trials of camptothecin derivatives in anticancer
therapy [70]. Leishmania topoisomerase I differ from its
orthologous proteins in other eukaryotic cells. While the
DNA topoisomerases I from mammalian hosts are mono-
meric enzymes, the trypanosomatid type I DNA topoi-
somerases are heterodimeric [70, 71]. The amino acid
substitutions and significant structural differences be-
tween human and parasite topoisomerases make these
enzymes such molecular targets of interest for chemo-
therapeutic intervention in diseases caused by trypano-
somatid parasites.
Based on preclinical results obtained in this study, we

highlight that the compound studied (lupane) has moderate
cytotoxicity, does not induce the production of TNF-α and
IL-10, and does not act on human topoisomerases. Taking
into account the results of this study and the reports about
the anti-inflammatory and leishmanicidal activity of the 3β,
6β, 16β-trihydroxylup-20(29)-ene lupane, we suggest that
this compound may serve as a biotechnological tool in the
future.
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