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Cutaneous Leishmaniasis and Chagas disease are neglected tropical diseases that affect millions worldwide.
Despite the high morbidity associated with these infections, current treatments are often highly toxic and are
showing diminishing efficacy. Thus, new therapeutic options are urgently needed. In this study, bio-guided as-
says were conducted on the sawdust of Tabebuia chrysantha ("guayacan") to identify promising bioactive com-
pounds. The ethanolic crude extract, five chromatography fractions, pure isoflavans sativan and vestitol, and a
mixture were evaluated in vitro against Leishmania braziliensis and Trypanosoma cruzi. High leishmanicidal and
trypanocidal activities were observed in the crude extract, fraction F2 (rich in sativan and vestitol), and the two
pure isoflavans. Given the abundance and ease of obtaining the isoflavan mixture, its therapeutic potential was
further evaluated in vivo in hamsters infected with L. braziliensis and mice infected with T. cruzi. Remarkably,
topical and intraperitoneal administration of the chromatography fraction achieved a 67% clinical cure in
hamsters with L. braziliensis infection and a 75% reduction in parasitemia in T. crugzi-infected mice. While the
antiparasitic effects of certain flavonoids have been documented, this study is the first to demonstrate the efficacy
of isoflavans in animal models for both diseases. The potential efficacy observed against T. cruzi and
L. braziliensis, two pathogens with limited treatment options and a significant drawback of the available treat-
ments, highlights the therapeutic potential of this combination of sativan and vestitol, which can be derived from
timber industry waste, presenting an abundant and accessible source for further development.

1. Introduction Cutaneous leishmaniasis (CL) and Chagas disease are vector-borne

infections caused by the protozoan parasites Leishmania species and

Leishmaniasis and Chagas disease are classified as neglected tropical
diseases (NTDs), which, along with 19 other parasitic, bacterial, and
viral infections, contribute significantly to global morbidity and mor-
tality, impacting the world’s most impoverished populations. These
diseases have devastating health, social, and economic consequences,
particularly in resource-poor settings (Hotez et al., 2020; WHO, 2012).
The World Health Organization estimates that NTDs affect one billion
people annually, with over 70% of affected countries classified as low-
and lower-middle-income economies. Because of their association with
poverty and lack of profitability, NTDs are often overlooked by drug
manufacturers, exacerbating the social and economic burdens on
afflicted communities (Hotez et al., 2020; WHO, 2020).
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Trypanosoma cruzi, respectively. These diseases affect millions globally,
predominantly in developing and underdeveloped regions. Current
treatments, although available, are often highly toxic and are becoming
increasingly less effective. Conventional antileishmanial drugs, such as
pentavalent antimonials, amphotericin B, and miltefosine, are associ-
ated with significant side effects and toxicity. For instance, pentavalent
antimonials can cause cardiotoxicity and pancreatitis, while amphoter-
icin B (AMB) is known for its nephrotoxicity. Miltefosine, although
orally administered, has been linked to gastrointestinal disturbances and
teratogenic effects (Brindha et al., 2021). The primary drugs used to
treat Chagas disease are benznidazole (BNZ) and nifurtimox. Both are
associated with significant adverse effects, including anorexia, weight
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loss, excitability, sleepiness, and digestive disturbances (Castro et al.,
2006). These adverse effects can lead to treatment discontinuation,
compromising therapeutic outcomes.

The efficacy of leishmanicidal and trypanocidal drugs varies based
on multiple factors, including parasite species, geographic region, stage
of infection, and the emergence of drug resistance (Falk et al., 2022;
Tunali et al., 2022; Roatt et al., 2020).

The phenomenon of drug resistance in Leishmania spp. is well-
documented, with several mechanisms identified, such as decreased
drug uptake and overexpression of ATP-binding cassette (ABC) trans-
porters, which results in enhanced drug efflux, reducing their intracel-
lular concentrations and efficacy (Moncada-Diaz et al., 2024). Notably,
detoxification mechanisms play a significant role in the neutralization of
drug-induced oxidative stress, thereby aiding in parasite survival (Croft
et al., 2006) and reducing their intracellular concentrations and efficacy.
Although less extensively documented than in Leishmania, the identified
resistance mechanisms in Trypanosoma cruzi are of significant impor-
tance; these include the upregulation of efflux pumps that can extrude
drugs from the parasite, decreasing their intracellular concentrations
and effectiveness (Buckner et al., 1998) and mutations in specific en-
zymes targeted by therapeutic agents that can reduce drug binding af-
finity, leading to diminished efficacy (De Rycker et al., 2023). All of
these drawbacks complicate CL and Chagas disease management,
underscoring an urgent need for new therapeutic alternatives.

Natural products derived from plants, fungi, and other natural
sources have shown tremendous potential as a source of bioactive
compounds with diverse therapeutic effects and generally lower toxicity
than synthetic drugs (Atanasov et al., 2021; Cheuka et al., 2016). In
many endemic regions, traditional remedies derived from local plants
have been used by communities to treat diseases like leishmaniasis and
Chagas (Rizvi et al., 2022). Natural products offer sustainability and
accessibility, especially in resource-limited settings. However, bioactive
compounds in natural sources are often found in small quantities,
necessitating large amounts of raw material to meet the demands of
chemical synthesis and preclinical and clinical evaluations (Rathore
et al., 2018).

Wood industry by-products such as bark, sawdust, and foliage pre-
sent a valuable and sustainable source of raw materials, often produced
in substantial quantities. These by-products could yield enough bioac-
tive molecules for comprehensive preclinical and clinical testing
(Torres-Leon et al., 2018). Despite their potential, utilization of these
wood residues is minimal; only about 60% of a timber tree is used, with
the remaining 40% often left as waste. For instance, from a tree
approximately 20 m tall and weighing 400 kg, around 160 kg could be
utilized as by-products, yielding an estimated 16-24 kg of chemical
extracts (da Silva and Rodrigues, 2014).

This study presents the first report of the in vitro and vivo leishma-
nicidal and trypanocidal effects of isoflavans isolated from ethanolic
sawdust extracts of Tabebuia chrysantha (Jacq.) G. Nicholson (Bigno-
niaceae), commonly known as the golden trumpet tree, is a widely
exploited timber tree valued for its ornamental beauty and durability
(Gentry, 1992), leading to overexploitation and habitat loss. We
emphasize the necessity of sustainable sourcing practices, such as uti-
lizing by-products from the timber industry or exploring alternative
methods to obtain therapeutic compounds without further endangering
the species.

2. Materials and methods
2.1. Plant material

Sawdust from T. chrysantha was obtained in Expomaderas (Medellin,
Colombia), and their identification was made by Hernén Dario Canola at
the Colegio Mayor de Antioquia, Laboratorio de Maderas; a voucher was
deposited under No. M2. SIU 21012021.

'H and '3C NMR: 300 and 75 MHz, respectively (Bruker Biospin
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GmbH at 300 MHz, Rheinstetten, Germany). Mass spectrometry: UHR
ESI-QQqTOF, positive ion mode (Bruker Daltonik GmbH, Bremen Ger-
many. HPLC (Chromaster, 5430 DAD, 5160 pump, Hitachi).

2.2. Extraction and compound isolation

Sawdust of T. chrysantha (5 kg) was extracted using ethanol through
a percolation method, yielding 60 g of crude extract after solvent
evaporation. A total of 4.2 g of the extract was then fractionated by
exclusion chromatography on Sephadex LH-20, employing 100%
methanol as the eluent, resulting in the collection of five fractions. These
chromatography fractions were subsequently evaluated in vitro for their
antiparasitic activity and cytotoxicity.

Fractions 1 (F1) and 2 (F2), totaling 2 g, were pooled based on thin-
layer chromatography using a petroleum ether acetate solvent system
(2:1 v/v). This pooled fraction was subjected to column chromatography
on silica gel 60, using a gradient of petroleum ether acetate with the
following elution volumes: 250 mL (4:1), 400 mL (3:1), 300 mL (2:1),
and 200 mL (1:1). Eleven subfractions were collected, from which
subfraction 1 (700 mg) and subfraction 2 (700 mg) were evaluated for in
vitro antiparasitic activity.

Further purification of F2 via successive chromatography on silica
gel yielded 1 g each of the two primary pure compounds, sativan and
vestitol, used for subsequent in vitro and in vivo biological activity as-
says. The structures of compounds were confirmed using 1D and 2D
NMR spectroscopy (Figs. S1 and S2, Supplementary Material) and by
comparison with previously published literature (Takashima et al.,
2010; Luniwal and Erhardt, 2011; Hasan et al., 2012).

2.3. Quantification of sativan and vestitol

A crude extract at 1 mg/mL in methanol was used to develop the
HPLC method. A C8 reverse-phase column (150 mm, 5 pm, 4.6 mm ID
Supelcosil™, Supelco) was maintained at 25 °C, providing excellent
separation of the sample. The gradient mixture consisted of Water-
Methanol at 80:20 (for 10 min), transitioning from 80:20 to 70:30
(over 5 min), then holding at 70:30 (for 5 min), followed by a transition
from 70:30 to 50:50 (over 10 min), maintaining at 50:50 (for 10 min),
then 0:100 (for 10 min), transitioning back to 80:20 (over 5 min), and
holding at 80:20 (for 5 min) at a flow rate of 1 mL/min. A 10 pL sample
was injected, and DAD detection of the compounds indicated a
maximum absorption wavelength of 270 nm.

A stock solution of each pure compound, sativan and vestitol, was
prepared at 1.0 mg/mL in methanol. Five working solutions were then
prepared at the following concentrations: for sativan, 12.5, 37.5, 62.5,
87.5, and 112.5 pg/mL; and for vestitol, 20, 40, 60, 80, and 100 pg/mL.
Subsequently, 10 pL of each working solution was injected to construct a
calibration curve.

2.4. Parasites and culture

The L. bragziliensis strain (MHOM/CO/88/UA301-EGFP) used in this
work was isolated from a patient with CL and subsequently transfected
with green fluorescent protein (GFP) (Pulido et al., 2012). The T. cruzi
strain (Tulahuen DTU VI transfected with the beta-galactosidase gene)
was donated by FS Buckner (1996). Both L. braziliensis and T. cruzi were
maintained as promastigotes and epimastigotes, respectively, in culture
at 26 °C in Novy-MacNeal-Nicholle (NNN) medium and
phosphate-buffered saline (PBS) supplemented with glucose, pH 6.9
(WHO, 2010).

For trypomastigotes obtention, U-937 cells were infected with epi-
mastigotes of T. cruzi (12-15 days of growth) at a parasite-to-cell ratio of
5:1 in RPMI with 10% FBS, and plates were incubated at 34 °C in a 5%
CO2 atmosphere. After 24 h of infection, non-internalized parasites were
removed by two washes with PBS. Then, fresh enriched RPMI-1640
medium was added, and the plates were incubated for 10 days at
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37 °C in a 5% CO, atmosphere. At day 12-15 post-infection, extracel-
lular trypomastigotes found in the culture medium were recovered in 50
ml falcon tubes. They were then centrifuged at 1200 rpm for 5 min to
remove the existing cellular debris. The supernatant containing the
trypomastigotes was recovered and again centrifuged at 4000 rpm for
20 min. After this, the supernatant containing the trypomastigotes was
recovered and again centrifuged at 4000 rpm. After centrifugation, the
supernatant was removed, and the trypomastigote pellet was resus-
pended in 1 ml of medium to count parasites in the Neubauer chamber
(De Arias and Ferro, 1988). The parasites obtained were used to infect
donor mice, a crucial step that paves the way for the in vivo evaluation of
therapeutic response.

2.5. Cells and culture

Human U-937 promonocytes (ATCC® CRL1593.2™) were cultured
in RPMI 1640 medium (Sigma) enriched with 10% Fetal Bovine Serum
(FBS) (Invitrogen) and 1% ready-to-use antibiotic mix of penicillin
(10,000 units/mL) and streptomycin (10,000 pg/mL) under standard
conditions at 37 °C, 5% COs, with medium changes every three days
until use. Human red blood cells (huRBC) were collected with informed
consent from healthy donors (n = 3), with an average total blood volume
of 10 mL per donor. The RBC fraction was obtained by centrifuging
heparinized blood at 1100-1300 g for 10 min.

2.6. Animals in experimentation

Golden hamsters (Mesocricetus auratus), both male and female, six
weeks of age, were used as the animal model for CL. In contrast, BALB/c
mice (Mus musculus), also both male and female, nine weeks of age, were
used as the experimental model for T. cruzi infection. Both hamsters and
mice were housed under the following macroenvironmental conditions:
22 °C temperature, 60% relative humidity, 16-20 air changes/hour
regulated by the ventilation system, and 12-h light/dark cycles using
artificial white lighting, controlled by a timer.

The microenvironmental conditions included groups of three ani-
mals of the same sex housed in transparent polypropylene or acrylic
boxes (19 cm high x 20 cm wide x 30 cm long), filled two-thirds with
autoclaved shavings. Mice and hamsters had continuous access to ster-
ilized water and food (LabDiet®) ad libitum.

2.7. Invitro toxicity evaluation

The cytotoxicity of the crude extract, fractions, and metabolites was
evaluated in the human promonocytic cell line U-937 (ATCC® CRL-
1593.2™) (Gaithersburg, MD, USA), as described by Upegui et al.
(2020). Briefly, cells were cultured under standard conditions in
RPMI-1640 medium supplemented with 10% inactivated fetal bovine
serum (FBS) and 1% penicillin-streptomycin solution. Cells (100,000
cells/well) in the log growth phase (3 days old) were dispensed into each
well of a 96-well culture plate and exposed to 100 pL of each of the five
evaluated extract, fraction, or metabolite concentrations: 200, 50, 12.5,
3.125, and 0.78 pg/mL. The plates were incubated at 37 °C in a 5% CO-
atmosphere. After 72 h of incubation, 10 pL/well of MTT solution (0.5
mg/mL) was added, and the plates were incubated at 37 °C for 3 h. Then,
100 pL/well of dimethyl sulfoxide (DMSO) was added to each well. The
plates were read at 570 nm in a spectrophotometer (Varioskan™ Flash
Multimode Reader, Thermo Waltham, MA, USA), and the absorbance
was recorded as optical density (OD). Non-exposed cells served as the
negative control (no toxicity), while doxorubicin was used as the posi-
tive control (cytotoxicity). The RPMI-1640 medium plus 0.2% DMSO
was used as a blank solution to correct for nonspecific absorbance. Three
assays were performed, with each concentration in triplicate.

The cytotoxicity of each extract, fraction, or metabolite was deter-
mined based on the percentage of mortality, calculated using Eq. (1).
These percentages were then used to calculate the median cytotoxic
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concentration (CCsg) using the Probit linear regression model in Prism
GraphPad 8.0.

OD Exposed cells

OD Control cells x 100 M

%Mortality =100 —

The potential toxicity of derivatives of T. chrysanta sawdust was
complemented with the quantification of hemolytic activity. Briefly,
500 mL of huRBC at a 2% hematocrit in RPMI-1640 medium enriched
with 3% FBS were exposed to serial dilutions of each crude extract,
fractions, or metabolites (200, 50, 12.5, 3.125, and 0.78 pg/mL). After 6
h of incubation at 37 °C, the free hemoglobin concentration was deter-
mined based on the optical density (OD) measured at 550 nm in a
spectrophotometer (Varioskan™). HuRBC in ultrapure water served as
the positive control (hemolysis), while huRBC in phosphate-buffered
saline (PBS) served as the negative control (no hemolysis) (Insuasty
et al., 2017). Three assays were conducted for each concentration in
triplicate.

The hemolytic activity was calculated based on the percentage of
hemolysis using Eq. (2). These percentages were then used to determine
the median hemolytic concentration (HC50) through the Probit linear
regression model in Prism GraphPad 8.0.

OD Exposed cells

%Hemolysis =100 - OD Control cells

100 (2)

2.8. In vitro leishmanicidal activity

U-937 macrophages (300,000 cells/mL) were cultured in enriched
RPMI-1640 medium supplemented with 0.1 pg/mL of phorbol 12-myris-
tate 13-acetate (PMA) in 24-well tissue culture plates. The cells were
incubated at 37 °C in a 5% CO2 atmosphere. After 72 h of incubation,
the cells were infected with 5-day-old promastigotes of L. braziliensis at a
parasite-to-cell ratio of 15:1 and incubated at 34 °C with 5% COx for 3 h.
The cells were then washed twice with phosphate-buffered saline (PBS),
and 1 mL of fresh enriched RPMI-1640 was added to each well. The
plates were incubated again at 34 °C and 5% CO..

After 24 h of incubation, the culture medium was replaced with fresh
enriched RPMI-1640 medium containing each extract, fraction, or
metabolite at four serial dilutions (100, 25, 6.25, and 1.56 mg/mL). The
plates were incubated at 37 °C in a 5% CO, atmosphere for 72 h.

Cells were harvested using 100 pL of a trypsin/EDTA solution and
centrifuged at 1100 rpm for 10 min at 4 °C. The supernatant was dis-
carded, and the cells were washed twice with PBS. The cells were then
suspended in 500 pL of PBS and analyzed using a flow cytometer
(Cytomics F.C. 500 MP L, Brea, CA, USA) with an argon laser, measuring
at 488 nm (excitation) and 525 nm (emission) while counting 10,000
events. The number of amastigotes was determined based on the median
fluorescence intensity (MFI) of the green fluorescence events (Pulido
et al., 2012). Infected cells served as a negative control, while infected
cells treated with amphotericin B (AMB) were used as a positive control
for leishmanicidal activity. Nonspecific fluorescence was corrected by
subtracting the fluorescence of unstained cells. Three assays were con-
ducted for each concentration in triplicate.

Leishmanicidal activity was calculated based on the percentage
decrease in amastigotes using Eq. (3). These percentages were then used
to determine the median effective concentration (ECsp) through the
Probit linear regression model in Prism GraphPad 8.0.

% reduction of amastigotes =100

_ (MFI infected treated cells)
(MFI infected non — treated cells) x 100 3

2.9. Invitro trypanocide activity

The anti-trypanosomal activity of compounds was tested in intra-
cellular amastigotes of T. cruzi. Briefly, the U-937 macrophages (25,000
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cells in 100 mL of enriched RPMI 1640 medium with 0.1 pg/mL of PMA)
were placed into each well of the 96-well cell culture plates. The cells
were then infected with epimastigotes of T. cruzi (10 days of growth) at a
parasite-to-cell ratio of 5:1 in RPMI with 10% FBS, and plates were
incubated at 34 °C, 5% CO5 atmosphere. After 24 h of infection, non-
internalized parasites were removed by two washes with PBS. Then,
fresh enriched RPMI 1640 medium was added containing each of the
four serial diluted concentrations of each extract, fraction, or pure
metabolite (the same as those used in the leishmanicidal assay), and the
plates were incubated for 48 h at 37 °C in a 5% CO; atmosphere.

Next, 100 mM chlorophenol red-f-D-galactopyranoside (CPRG;
Sigma-Aldrich, St. Louis, MO, USA) and 1% Nonidet P-40 were added to
each well, and the plates were incubated at room temperature for 3 h.
The plates were read at 570 nm using a spectrophotometer (Vari-
oskanTM), and absorbance was recorded as optical density (OD).
Infected cells served as a negative assay control, while infected cells
exposed to benznidazole (BNZ) were used as a positive assay control (for
trypanocidal activity). In contrast, the RPMI-1640 medium was used as a
negative control. Nonspecific absorbance was corrected by subtracting
the OD of the blank sample. Determinations were performed in triplicate
in two independent experiments (Buckner et al., 1996).

Trypanocidal activity was determined based on the percentage
decrease of intracellular amastigotes using Eq. (4); these percentages
were then used to calculate the median effective concentration (ECsg)
using the Probit linear regression model in Prism GraphPad 8.0.

% reduction of amastigotes =100

B (OD infected treated cells)
(OD infected non — treated cells)— x100 “)

2.10. In vivo therapeutic response of sativan and Vestitol in hamsters
infected with L. braziliensis

In this study, male and female golden hamsters (Mesocricetus aur-
atus), aged six to seven weeks, were used as the animal model. The
hamsters were intradermally inoculated with 1 x 10° stationary phase
promastigotes of L. braziliensis (MHOM/CO/88/UA301-EGFP) in the
dorsum of the skin, following established procedures (Robledo et al.,
2012).

Once the hamsters developed a skin ulcer greater than 25 mm?, they
were randomly assigned to four experimental groups (n = 6 per group).
Sativan, vestitol, and F2 fraction were solubilized in castor oil to a final
concentration of 3%. Three groups of hamsters received topical treat-
ment with 60 pL per lesion per day of either 3% sativan (Group 1), 3%
vestitol (Group 2), or 3% F2 (Group 3) for a duration of 30 days. The
fourth group (Group 4) received meglumine antimoniate (MA) admin-
istered via intralesional injection at a dosage of 100 pL (2 mg/mL) three
times per week for four weeks.

Hamsters were monitored for an additional 90 days post-treatment.
Every two weeks, starting from the onset of treatment (TDO) to the
conclusion of the study (PTD90), the area of the ulcer was measured
using an electronic caliper. At the end of the study, outcomes were
recorded as cure (complete re-epithelialization), improvement (decrease
in lesion area >20%), relapse (reactivation of the lesion after initial
improvement or cure), or failure (increase in lesion size).

Toxicity was evaluated according to weight loss, changes in the
appearance or behavior of the animals, and visualization of macroscopic
alterations of organs and tissues during necropsy and, if any altered
organ was present, by histopathological study of the altered tissue. For
this, animals were monitored every day documenting appearance,
behavior and body condition for each hamster. The body weight was
recorded at before administration of treatment and monthly thereafter
for three months. Serum levels of ALT, BUN and creatinine were
measured before and eight days of treatment (TD8) to detect any al-
terations caused by the compounds. At the end of the study, hamsters
were euthanized for necropsy, and histological analyses were performed
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only on those organs that exhibited abnormalities during necropsy.
Hamsters were inspected daily to record mortality.

2.11. Invivo effectiveness of sativan, vestitol, and the combination of both
compounds in the treatment of BALB/c mice infected with T. cruzi

To obtain infective trypomastigotes, donor BALB/c mice were
experimentally inoculated with 500 trypomastigotes (obtained after
infection of U-937 cells) in 100 pL saline solution. After 21 days post-
inoculation, mice were anesthetized intraperitoneally (i.p) with a 9:1
mixture of ketamine (50 mg/mL) and xylazine (20 mg/mL) for intra-
cardiac blood sampling. Thirty microliters were taken in capillaries with
EDTA, centrifuged at 1872 g for 5 min to count the blood-plasma
interface in the Neubauer chamber (De Arias and Ferro, 1988).

Thirty male and female BALB/c mice were intraperitoneally inocu-
lated with 100 trypomastigotes of T. cruzi in 100 pL of blood, and par-
asitemia was monitored through blood concentration using the
microhematocrit method and subsequent counting in a Neubauer
chamber (De Arias and Ferro, 1988). Once the establishment of infection
was verified (approximately one week after inoculation), the mice were
randomly assigned to five experimental groups (n = 6 per group).

Sativan, vestitol, and F2 fraction were solubilized in castor oil to
achieve a final concentration of 30 mg/mL. Groups 1 to 4 received oral
treatment with 100 pL (100 mg/kg/day, approximately 3 mg/day) of
3% sativan (Group 1), 3% vestitol (Group 2), 3% F2 fraction (Group 3),
or benznidazole (BNZ, Group 4) for 25 days. The untreated control
group (Group 5) was orally administered 100 pL/day of PBS.

Parasite load and body weight were recorded at the end of the
treatment and monthly thereafter for three months. The mice’s health
status was monitored daily throughout the study. At the end of the study
(90 days post-treatment), the mice were euthanized for necropsy, and
histological analyses were performed only on those organs that exhibi-
ted abnormalities during necropsy.

The in vivo trypanocidal effectiveness was evaluated based on the
reduction in parasitemia in response to treatment. For this assessment,
the parasite load before and after treatment for each mouse was
compared. At the end of the study, clinical outcomes were classified as
cure (clearance of parasitemia), improvement (reduction in parasite
load by at least 10%), or failure (increase in parasite load). The toxicity
of compounds.

As described for the evaluation of the therapeutic response in the LC
model, toxicity was evaluated in the mice according to alterations in the
appearance and behavior of the animals but also in the body weight and
serum levels of ALT, BUN and creatinine (. Body weight was recorded
before treatment (TDO), at the end of treatment (TD30), and every
month during follow-up until the end of the study (PTD90). Blood
samples for seric levels of ALT, BUN, and creatinine determination were
analyzed in the Animal diagnostic unit of the Faculty of Agricultural
Sciences of the University of Antioquia. Mice were inspected daily to
record mortality.

2.12. Data analysis

In vitro cytotoxicity was categorized based on CCso values as follows:
high (CCso < 100 pg/mL for extracts/fractions or < 100 pM for pure
compounds), moderate (CCso between 100 and 200 pg/mL or pM), and
low (CCso > 200 pg/mL or pM). Similarly, in vitro leishmanicidal and
trypanocidal activities were classified by ECso values: high activity (ECso
< 25 pg/mL or pM), moderate (ECso between 25 and 50 pg/mL or pM),
and low (ECso > 50 pg/mL or pM). The selectivity index (SI) was
calculated as SI = CCso/ECso.

No statistical comparisons were performed between lesion sizes or
parasitemias across extracts, fractions, pure compounds, and standard
drugs (AMB and BNZ). Instead, descriptive comparisons were made for
each animal relative to changes over time during the follow-up period.

Statistical analysis was only conducted for body weight comparisons
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between changes over time during the follow-up period and treatment
groups. Normality was assessed using the Shapiro-Wilk test in Prism
v8.0 (GraphPad Software, USA). Statistical significance was determined
via two-way ANOVA, with p-values <0.05 considered significant.

2.13. Ethical aspects

All procedures with hamsters and BALB/c mice and hamsters were
approved by the Animal Experimentation Ethics Committee of the
University of Antioquia (Act 129, Aug 14, 2018) and followed the
ARRIVE (Animal Research: Reporting of In Vivo Experiments) guide-
lines (Percie du Sert et al. 2020). On the other hand, the procedure for
collecting venous blood from healthy donors was endorsed by the Uni-
versidad de Antioquia Bioethical Committee (Act 16-05-727).

3. Results
3.1. Isolation and structure assignments

The ethanolic crude extract of T. chrysantha was fractionated using a
bioassay-guided approach, resulting in five fractions (F1 to F5) and two
pure metabolites: sativan and vestitol (Fig. 1). All pure compounds were
isolated from F2 fraction by successive chromatography columns and
identified spectroscopically based on 1D and 2D NMR data, as well as
comparisons with literature references (Fig. 1) (Takashima et al., 2010;
Luniwal et al., 2011; Hasan et al., 2012).

The first compound, sativan, an isoflavan, demonstrated high ac-
tivity against Leishmania braziliensis, with an ECsg of 5.5 pg/mL (19.2
pM) and a SI of 1.3. It also showed effectiveness against T. cruzi, with an
ECsp of 6.6 pg/mL (23.1 pM) and an SI of 1.7. The second molecule,
vestitol, another isoflavan, exhibited significant activity against
L. braziliensis (ECso = 5.3 pg/mL - 19.5 pM, SI = 1.9) and T. cruzi (ECso =
7.1 pg/mL —26.1 pM, SI = 1.4) (Table 1).

Given the lengthy and complex separation process for sativan and
vestitol, assays were conducted using the F2 fraction in animal models of
L. braziliensis and T. cruzi, as it contains a mixture of these compounds as
the primary components. To determine the quantitative composition of
the bioactive components in both the crude extract and the F2 fraction,
we constructed an HPLC calibration curve using pure sativan and ves-
titol. The overlapped chromatograms of the standard compounds and
the crude extract exhibited good resolution of the compound peaks, with
retention times of 31.3 min for sativan and 25.1 min for vestitol. The
calibration curves yielded the following equations.

e For sativan: Y = 9.7731x—20.0903Y = 9.7731x - 20.0903Y =
9.7731x—20.0903 (r = 0.9988)

e For vestitol: Y = 7007.69x—30.8830Y = 7007.69x - 0.8830Y =
7007.69x—30.8830 (r = 0.9981)

Accordingly, the crude extract contained 13.5% sativan and 10.2%
vestitol. In the F2 fraction, these percentages increased to 36.7% and
31.8%, respectively. This significant enrichment explains the observed
increase in in vitro activity.

‘ - 3

Fig. 1. Structure of antiparasitic compounds isolated from Tabebuia
chrysantha sawdust. A. Sativan; B. Vestitol.

B
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3.2. Antiparasite activity, cytotoxicity in U-937 macrophages and
hemolytic activity

The ethanolic crude extract and sub-fractions of T. chrysantha
sawdust demonstrated significant antiparasitic activity against all tested
parasites, with ECs values of 17.7 pg/mL for L. braziliensis and 21.3 pg/
mL for T. cruzi (Table 1). However, this extract also exhibited high
cytotoxicity toward U-937 cells, which are used as hosts for both
L. braziliensis and T. cruzi, with a CCsy value of 60.8 pg/mL. When
evaluating the relationship between antiparasitic and cytotoxic activ-
ities, SI values were calculated to be 3.4 for L. braziliensis and 2.9 for
T. cruzi. The hemolytic activity of the crude extract was >500 pg/mL.

The extract was further analyzed through chromatographic separa-
tion using Sephadex LH-20, yielding five distinct fractions. All fractions
exhibited notable activity against L. braziliensis, with ECsy values
ranging from 3.3 pg/mL to 23.3 pg/mL. Notably, fractions F2 and F4
displayed a broad activity profile, with F2 exhibiting antiparasitic ef-
fects against both L. braziliensis and T. cruzi, with ECso values of 11.1 pg/
mL and 10.3 pg/mL, respectively. Fractions F1, F3 and F4 showed
cytotoxic activity for U-937 macrophages with CCsg of 13.2, 7.7 and 7.9
pg/mL, respectively. The F2 was non-cytotoxic to U-937 macrophages,
with a CCsp of 210 pg/mL while F5 showed moderate cytotoxicity with
CCs values of 128.9 pg/mL (Table 1). The hemolytic activity of frac-
tions and pure metabolites sativan and vestitol was >500 pg/mL.

3.3. Therapeutic response to treatment with sativan, Vestitol, and the F2
fraction in golden hamsters infected with L. braziliensis

Topical treatment with a 3% sativan cream over 30 days resulted in
clinical cure (complete re-epithelialization) in 2 out of 6 hamsters
(30%). Additionally, lesion size reduction was observed in 3 out of 6
hamsters (50%) during a 90-day post-treatment follow-up period
(Table 2). For the 3% vestitol treatment, the clinical cure was achieved
in 4 out of 6 hamsters (67%), with a reduction in lesion size noted in 2
out of 6 hamsters (33%).

In contrast, treatment with the 3% F2 fraction, which contains a
combination of sativan and vestitol as the main components, along with
intralesional MA, led to complete healing of the ulcers in 4 out of 6
hamsters (67%) by the end of the study. In this group, one hamster
(17%) did not respond to the treatment, while another showed
improvement in lesion size.

In comparison, the group treated with MA alone exhibited a decrease
in lesion size of 47% and 84% in 2 out of 6 hamsters (Table 2 and
Supplementary Material Figs. S3-S6).

Before treatment, there was observed a statistically significant dif-
ference in the body weight between F2, vestitol and sativan groups of
hamsters vs. MA, with p-values of 0.0401 (F2 vs. MA), 0.0155 (V vs. MA)
and 0.0045 (S vs. MA) (Fig. 2). Nonetheless, no significant weight loss
was noted in any of the treated animals throughout the study. Addi-
tionally, there were no statistically significant differences in body
weight among the treatment groups over time with p-values >0.05 as
calculated by two-way ANOVA (Fig. 2).

No alterations in liver enzyme ALT and renal function impairment
(creatinine and BUN) were detected, being all metabolites evaluated in
the normal ranges, as follows:

45-80 U/L for ALT, 15 y 25 mg/dL for BUN and 0.2-0.8 mg/dL for
creatinine (Washington and Van Hoosier, 2012) (Table 3).

3.4. Therapeutic response to the treatment with a sativan, vestitol, and F2
fraction in BALB/c mice infected with T. cruzi

Oral treatment with sativan (100 mg/kg/day for 25 days) resulted in
a parasitological cure (clearance of parasitemia) in 2 out of 6 mice
(33%), while parasitemia was reduced in another two out of six mice
(33%) after a 90-day post-treatment follow-up period. The remaining
two out of six mice did not respond to the treatment (Table 4). In the
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Table 1
In vitro hemolytic, cytotoxic, and antiparasitic activities of Tabebuia chrysantha crude extract, fractions and pure compounds against Leishmania braziliensis and
Trypanosoma cruzi.

Product Hemolytic activity Cytotoxicity Antiparasite activity

- U937 macrophages X . S .

huRBC Leishmania braziliensis Trypanosoma cruzi

CCso, pg/mL? CCso, pg/mL" ECs (pg/mL) © s1d ECso (ug/mL) © s
Crude extract >500 60.8 +£ 5.2 17.7 + 1.4 3.4 21.3+1.9 2.9
F1 >500 13.2+ 1.7 7.9+ 0.3 1.7 58.9 + 8.3 0.2
F2 >500 210.0 + 22.3 11.1 + 1.4 18.9 10.3 + 0 20.4
F3 >500 7.7 £ 0.3 6.7 + 1.7 1.2 47.7 £12.4 0.2
F4 >500 7.9+0.3 3.3+03 2.4 32.8+5.8 0.2
F5 >500 128.9 + 28.2 23.3 + 4.2 <2.57 36.7 £ 4.2 3.8
Sativan >500 7.3+0.7 5.5+ 0.5 1.3 6.6 + 0.8 1.7
Vestitol >500 10.0 + 2.4 5.3+ 0.4 1.9 7.1+ 0.5 1.4

7.1+05

AMB! 18.0 + 3.0 36.6 + 3.0 0.3 + 0.1 122.0 NA® NA
BNZ' 250 + 17.5 >200.0 NA NA 15.8 + 2.6 >12.7
DOX8 27.2+1.7 1.0+ 0.2 NA NA NA NA

Data represent the mean value + standard deviation. Bold values are active compounds (ECs < 25 pg/mL). *HCso: Median hemolytic concentration in huRBC; bCCso:
Median cytotoxic concentration in U-937 cells. “ECso: Effective concentration on intracellular amastigotes of L. braziliensis or T. cruzi. IS: Selectivity index for
L. braziliensis and T. cruzi calculated by CCso/ECso. “AMB: Amphotericin B (used as internal assay control for leishmanicidal activity); NA: Not applicable. 8BNZ:

Benznidazole (used as internal assay control for trypanocidal activity). "DOX; doxorubicin (used as internal assay control for cytotoxicity).

Table 2

Clinical outcome in hamsters with cutaneous leishmaniasis following treatment with sativan, vestitol or fraction F2.

Product Code? (sex) Lesion size (mm?)® 1 LS PTD90 (%)" Final outcome
TDO® TD30¢ PTD30° PTD60f PTD90#

3% S' 561-0OD (3) 13.0 22.9 12.9 0 0 100 Cure
562-A0 (3) 20.4 63.4 21.8 17.5 13.0 36.2 Improvement
563-SM () 92.1 49.0 66.7 0 0 100 Cure
563-01 (3) 34.9 25.5 27.6 31.3 23.0 34.0 Improvement
564-A0 (9) 30.7 20. 20.1 28.9 18.6 39.3 Improvement
564-SM () 14.7 12.1 15.4 23.5 25.2 -72.2¢ Failure

3% V! 556-01 (3) 35.9 24,7 6.4 0 0 100 Cure
562-SM (Q) 36.1 0 0 0 0 100 Cure
562-0D (3) 21.4 53.6 0 21.7 14.9 30.5 Improvement
563-A0 (9) 19.8 5.7 7.2 12.8 0 100 Cure
564-0D (3) 43.4 27.0 48.0 29.6 36.3 16.4 Improvement
563-0Dx2 (9) 16.3 0 0 0 0 100 Cure

30 F2X 530-0OD (3) 66.2 19.4 0 0 0 100 Cure
530-01 (3) 28.1 0 0 0 0 100 Cure
531-0I () 47.8 0 0 18.2 27.3 43.0 Relapse
532-0D (9) 50.0 0 0 29.3 53.1 -6.2" Failure
532-01 (9) 20.0 21,3 12,6 3.9 0 100 Cure
534-A0 (3) 87.0 5,9 0 0 0 100 Cure

MA! 796-MPI (3) 18.6 48.7 13.0 19.2 23.1 84.1 Improvement
797-MAD @) 35.4 34.2 0 0 0 100 Cure
797-MAI (?) 26.1 36.1 0 0 0 100 Cure
816-MAI (3) 27.7 349 14.4 12.6 14.6 47.4 Improvement
816-MPD (3) 23.2 7.8 0 0 0 100 Cure
823-MAD (9) 20.8 2.4 0 0 0 100 Cure

The data presented correspond to the clinical evolution of cutaneous leishmaniasis following treatment. *The abbreviations OD, AO, SM, OI, ODx2, MPI, MAD, MAI,
and MPD refer to internal codes used to label each hamster within their respective groups. "Lesion area in mm?; “TDO: lesion size before treatment; “TD30: lesion size at
last day of treatment; °PTD30: lesion size at day 30 post-treatment; ‘PTD60: lesion size at day 60 post-treatment; EPTD90: lesion size at day 90 post-treatment;
"percentage of decrease in the lesion size at day 90 posttreatment. A negative value corresponds to an increase in the size instead a decrease; 'S: sativan; 'V: vesti-

tol; XF2: fraction 2, which corresponds to the combination of vestitol and sativan as the major components in this fraction; 'MA: meglumine antimoniate.

case of vestitol treatment, a parasitological cure was observed in two out
of six mice (33%), while a reduction in parasitemia level (improvement)
was noted in four out of six mice (67%). Treatment with the F2 fraction
produced a parasitological cure in two out of 6 mice (33%) at the end of
the study, with parasitemia reduction ranging from 61% to 94% in the
other four out of six mice. As expected, treatment of infected mice with
BNZ at 100 mg/kg/day for 25 days resulted in a parasitological cure in
all mice in this group (Table 4). There was no mortality at the infection
rate of 100 parasites/ml during the study. However, two mice in the
sativan-treated group and one mouse in the vestitol-treated group
reached the endpoint between days 85 and 88 post-treatment due to a
deterioration in their clinical condition, necessitating euthanasia before

the completion of the study.

The body weight was monitored during treatment in mice infected
with T. cruzi to assess weight loss and adjust compound volumes
accordingly. No significant weight loss that could compromise the
health of mice was recorded. Only the treatment with vestitol resulted in
a slight weight loss during the treatment period; however, once the
treatment concluded, the mice exhibited expected weight gain (Fig. 3).
According to a two-way ANOVA, there were no statistically significant
differences in body weight among the treatments (p > 0.05).

At the end of the study corresponding to day 90 post-treatment, all
mice were euthanized and necropsied. No alterations were observed in
any of the target organs (heart, intestine, lung, kidney, liver or spleen) so
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Fig. 2. Changes in body weight of hamsters with cutaneous leishmaniasis caused by L. braziliensis during and after treatment. Body weight (g) is shown
before and after treatment with a 3% topical formulation of sativan (S), vestitol (V), and F2 fraction, compared with intralesional meglumine antimoniate (MA). The
red dashed line represents the mean body weight in each treatment group. Time points: TDO, before treatment; TD30, last day of treatment; PTD15, day 15 post-
treatment; PTD30, day 30 post-treatment; PTD45, day 45 post-treatment; PTD60, day 60 post-treatment; PTD90, day 90 post-treatment. (For interpretation of
the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Table 3

Serum levels of ALT, BUN and creatinine in hamsters treated with sativan, vestitol and Fraction 2.

Compound ALT (U/L) BUN (mg/dL) Creatinine (mg/dL)

TDO TD8 TDO TD8 TDO TD8
S 53.0 £ 7.0 57.5+ 8.8 17.1 £3.2 19.5 +£ 3.7 0.38 + 0.03 0.41 + 0.06
A 46.5 + 9.5 57.7 + 4.1 16.8 + 2.9 21.7 £ 3.9 0.43 + 0.06 0.45 + 0.04
F2 46.0 +7.5 54.0 + 4.7 19.3 £ 3.7 18.0 + 4.7 0.46 + 0.04 0.48 + 0.04
MA 53.0 £ 9.1 62.8 + 6.6 22,5+ 3.0 22.3+5.4 0.48 + 0.08 0.51 + 0.03
Reference values* 45.0 + 9.4 52.7 + 2.6 23.9+ 3.5 21.8 +8.3 0.36 + 0.08 0.37 + 0.08

Data represent the mean -+ standard deviation of serum ALT, BUN, and creatinine levels measured before treatment (TDO) and on day eight of treatment (TD8). *Values

are from healthy, uninfected, and untreated 8-week-old male and female hamsters.

no histopathological studies were performed.

Similar to that observed in hamsters, no alterations in ALT, BUN and
creatinine were detected. All metabolites were in the normal ranges, as
described: 20-90 U/L for ALT, 15-30 mg/dL for BUN and 0.2-0.8 mg/dL
for creatinine (Washington and Van Hoosier, 2012) (Table 5).

4. Discussion

For more than 80 years, pentavalent antimony compounds have been
considered the first-line treatment for leishmaniasis, despite their
numerous disadvantages. These include the need for parenteral
administration and side effects such as nausea, vomiting, muscle and
abdominal pain, cardiac issues, increased hepatic aminotransferase
levels, and chemical pancreatitis. Moreover, treatment adherence is
negatively affected by the prolonged duration (often several weeks) and
restricted availability due to access limitations. The other option, mil-
tefosine (hexadecylphosphocholine), has potential teratogenicity that

makes it contraindicated during pregnancy. Side effects associated with
miltefosine include abdominal pain, facial and limb swelling, bloody or
tarry stools, chills, fever, dizziness, itching or rash, and pinpointing red
spots on the skin (PAHO, 2022).

Currently, only BNZ and nifurtimox are available for treating T. cruzi
infections, and they have been in use for over 50 years. While effective
for acute and recent infections and in preventing mother-to-child
transmission, their efficacy diminishes in chronically infected in-
dividuals, particularly those over 18 years old. Additionally, both BNZ
and nifurtimox are linked to frequent adverse events and high rates of
treatment discontinuation, especially among adults (Pérez-Molina et al.,
2021). Given this context, there is an urgent need for new treatment
options for patients and healthcare providers.

In contrast, T. chrysantha is a source of bioactive molecules with
various properties, including anti-inflammatory, antioxidant, antimi-
crobial, anti-diabetic, and antitumoral activities, as well as wound
healing and immunomodulatory effects (Pérez et al., 2007, 2009;
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Table 4

Experimental Parasitology 270 (2025) 108899

Clinical outcome in mice infected with T. crugi after treatment with sativan, vestitol or fraction F2.

Product Code? (sex) Parasite load” (parasites/mL) | parasite load PTD90 )" Final outcome
TDO® TD25¢ PTD30° PTD60' PTD90?
st C1-0Ix2 (?) 1500 417 333 667 250 83.3 Improvement
C1-AO (9) 1750 0 0 167 0 100 Cure
C2-A0 (9) 1583 250 833 0 0 100 Cure
C2-SM (?) 1500 333 750 500 417 73.7 Improvement
C4-SM (3) 1750 333 583 167 * * Failure
C4-0D (@) 1750 500 1000 917 & # Failure
vk C2-0D (9) 833 1000 1000 0 667 19.9 Improvement
C2-0I (9) 1750 250 1250 0 0 100 Cure
C2-0ODx2 (9) 1500 667 667 0 0 100 Cure
C2-0Ix2 (9) 1583 167 333 333 500 68.4 Improvement
C5-0I (38) 1750 667 167 0 167 90.5 Improvement
C5-A0 (8) 1750 167 667 750 917 47.6 Improvement
F2! 19-01 () 1500 1250 1417 667 83 94.5 Improvement
19-A0 (9) 1583 1250 833 0 0 100 Cure
19-SM- (?) 2917 2417 250 250 0 100 Cure
19- OIx2 (3) 1750 1583 1083 2083 667 61.9 Improvement
20-0OD (3) 2667 1667 1417 500 250 90.6 Improvement
20-01 (8) 2083 1250 1417 667 200 90.4 Improvement
BNZ™ C1-0Ix2 (?) 1000 0 0 0 0 100 Cure
C1-AO (9) 2000 0 0 0 0 100 Cure
C1-0I (9) 1750 0 0 0 0 100 Cure
C3-0Dx2 (3) 1833 0 0 0 0 100 Cure
C3-01 (8) 1917 0 0 0 0 100 Cure
C3-0Ix2 (3) 1667 0 0 0 0 100 Cure
c-" 1-9 1000 2333 3167 SM 1000 1000 NA
2-Q 917 2583 1917 1000 1250 917 NA°
3-2 1167 1500 1667 1667 833 1167 NA
1-8 1667 2083 2917 750 417 1667 NA
2-3 1333 1667 3333 833 667 1333 NA
3-8 1167 2500 3167 833 833 1167 NA

Data correspond to the clinical evolution of the infection by T. cruzi in BALB/c mice after treatment. *0OIx2, AO, SM, OD, OI and ODx2, correspond to internal codes to
label each mouse in each group; bamount of parasite in blood; “TDO: parasitemia before treatment; “TD25: parasitemia at last day of treatment; °PTD30: parasitemia at
day 30 post-treatment; ‘PTD60: parasitemia at day 60 post-treatment; 8PTD90: parasitemia at day 90 posttreatment; "percentage of decrease in the parasitemia at day
90 posttreatment respect to before treatment; 'S: sativan; j*: end point of the study and sacrifice; “V: vestitol; 'F2: fraction 2, which corresponds to the combination of
vestitol and sativan as the major components in this fraction; "BNZ: benznidazol; "C-: negative control (infected and untreated mice). °NA: no applicable.

Garzoén et al., 2008; Franco et al., 2013; Panda et al., 2019, 2020).
However, its anti-parasitic activity has not been explored until now.

In this study, we report for the first time the presence of the iso-
flavonoids sativan and vestitol in the crude extract of T. chrysantha
sawdust, along with their activity against L. braziliensis and T. cruzi
through in vitro and in vivo studies.

The cytotoxicity evaluation of F2 and its isolated compounds (sat-
ivan and vestitol) was performed in U-937 macrophages and huRBC as a
preliminary assessment. These cell models were chosen due to their
relevance to the biological context of the study: U-937 macrophages as
host cells for intracellular parasites L. braziliensis and T. cruzi and huRBC
to evaluate potential hemolytic toxicity. While these results suggest a
favorable toxicity profile in the tested systems, we recognize the need for
broader evaluations to confirm safety. Future studies should include
assessments in diverse cell lines (e.g., hepatocytes, fibroblasts, and
epithelial cells) and additional toxicity evaluations in animal models to
provide an understanding of the safety profile of F2 and its components.
Furthermore, in vivo toxicity studies would provide critical insights into
pharmacokinetics, biodistribution, and potential adverse effects, essen-
tial for advancing these compounds toward preclinical development.

While parasitemia often becomes undetectable between 15 and 45
days post-infection in specific models, this duration varies significantly
depending on the specific T. cruzi strain and host factors. Our study
utilized a strain with demonstrated virulence that ensures persistent
infection in mice, maintaining detectable parasitemia up to 240 days
post-infection (data not shown). This strain exhibits a pronounced
tropism for intestinal tissue, notably sparing organs like the heart.

Confirming a parasitological cure involves demonstrating complete
parasite elimination by day 90 post-treatment and ensuring no relapse

under immunosuppressive conditions. We recognize that a stringent
criterion beyond a mere 10% reduction in parasitemia is also essential
for accurately assessing therapeutic efficacy. Nonetheless, it is important
to recognize that our current study represents an initial phase in the drug
development process for sativan and vestitol compounds.

Because the scope of our study was to identify the leishmanicidal and
trypanocidal properties of Sativan and Vestitol, our findings offer initial
insights into their antiparasitic potential. So, further research with
rigorous evaluation criteria is essential to confirm their efficacy and
safety as therapeutic agents.

Sativan has been isolated from Spatholobus suberectus, also inhibition
of tumor development in triple negative breast cancer has been reported
(Peng Fu et al., 2020), antituberculosis activity is reported for Sativan
and Isovestitol from Sesbania grandiflora (Hasan N. et al., 2012). This
research focuses on identifying new bioactive molecules and exploring
known compounds’ activities, justifying further scale-up, formulation,
and eventual development of clinical trials for rapid drug development
or phytotherapeutics.

We hypothesize that the leishmanicidal and trypanocidal activities of
satan and vestitol could be related to the activation of M2-like macro-
phages, which play a crucial role in anti-inflammatory activity
(Arabpour et al., 2021) and wound healing and tissue repair (Martinez
and Gordon, 2014). These are two properties that are fundamental in the
healing process of CL, in addition to the specific antiparasitic activity.

Sativan, vestitol, and other isoflavonoids are known to modulate
macrophage activity by influencing the production of inflammatory
mediators such as nitric oxide and cytokines, which play critical roles in
the control of intracellular pathogens (Faruk et al., 2022; Bueno-Silva
et al., 2020, 2022). Isoflavonoids can also modulate cellular processes
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Fig. 3. Evolution of body weight in BALB/c mice infected with T. cruzi before and after treatment. Body weight (g) is shown for mice treated orally with 100
mg/kg/day of sativan (S), vestitol (V), and F2 fraction over 25 days, compared with oral benznidazole (BNZ). The red dashed line represents the mean body weight in
each treatment group. Time points: TDO, before treatment; TD30, last day of treatment; PTD15, day 15 post-treatment; PTD30, day 30 post-treatment; PTD45, day 45
post-treatment; PTD60, day 60 post-treatment; PTD90, day 90 post-treatment. (For interpretation of the references to colour in this figure legend, the reader is

referred to the Web version of this article.)

Table 5

Serum levels of ALT, BUN and creatinine in BALB/c mice treated with sativan, vestitol and Fraction 2.

Compound ALT (U/L) BUN (mg/dL) Creatinine (mg/dL)

TDO TD8 TDO TD8 TDO TD8
S 40.8 £ 6.9 44.7 £1.5 21.5 £ 4.5 27.3 +2.6 0.50 + 0.09 0.50 + 0.08
\% 42.7 £ 6.8 47.2 £ 4.5 24.0 £ 2.3 27.8 +£3.2 0.32 £ 0.09 0.43 £ 0.07
F2 47.0 £ 4.2 58.7 + 8.7 21.7 £ 2.9 25.5 + 2.9 0.43 + 0.05 0.44 + 0.07
MA 41.2 +2.3 51.2 + 5.2 226 £1.5 30.1 + 3.8 0.44 + 0.02 0.46 + 0.05
Reference values* 39.2+1.6 42.8 £5.7 19.2+1.9 23.7 £ 2.3 0.42 £+ 0.06 0.39 £ 0.02

Data represent the mean -+ standard deviation of serum ALT, BUN, and creatinine levels measured before treatment (TDO) and on day eight of treatment (TD8). *Values
are from healthy, uninfected, and untreated 8-week-old male and female BALB/c mice.

such as collagen synthesis, keratinocyte proliferation, and fibroblast
migration, which are crucial for wound repair (Zulkefli et al., 2023).

While these findings suggest a potential link between the anti-
inflammatory and antiparasitic activities of sativan and vestitol, our
study does not directly assess their impact on macrophage function or
innate immune responses. Future studies are required to determine
whether these compounds exert their effects through immunomodula-
tory mechanisms or direct antiparasitic activity.

The in vitro trypanocidal activity observed for sativan and vestitol
highlights their potential as starting points for drug discovery against T.
cruzi. However, the in vivo results did not show the same level of efficacy,
which could be attributed to several factors, including bioavailability,
pharmacokinetics, or the inability of the compounds to reach thera-
peutic concentrations at the target sites. It is also possible that the in-
flammatory and immune-modulating effects of the compounds, which
are beneficial in the context of CL, may not directly translate to efficacy
in treating T. cruzi infections.

These discrepancies underscore the need for further research to
optimize the pharmacological properties of these compounds. Future

studies should focus on evaluating the pharmacokinetics and bio-
distribution of sativan and vestitol in animal models and exploring
combination therapies with existing trypanocidal drugs to enhance ef-
ficacy. Despite the modest in vivo results against T. cruzi, the findings are
valuable as they provide a basis for refining and optimizing the activity
of these compounds. This iterative process is critical in early-stage drug
discovery and highlights the need for preclinical studies to bridge the
gap between in vitro efficacy and in vivo application.

Modifying the therapeutic regimen, such as increasing the dose or
extending the treatment duration, may enhance cure rates in future
studies. Additionally, formulating the compounds with excipients may
improve skin penetration (for CL) or oral absorption (for T. cruzi
infection).

The activity of F2, which comprises various bioactive components
including sativan and vestitol, as the majority constituents, suggests the
potential for combined or complementary effects that may not be fully
replicated by the individual compounds alone. Although the concen-
trations of sativan and vestitol in F2 differ from those used in the assays
with the isolated compounds, the overall efficacy of F2 underscores the
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value of exploring natural fractions as multi-target therapeutic scaffolds.
These findings warrant further preclinical investigation to determine
whether synergistic, additive, or independent mechanisms underlie the
observed bioactivity. Such studies would also provide critical insights
into dose optimization and formulation strategies, paving the way for
eventual scale-up and translational development. Future studies could
be directed to investigate potential synergistic or antagonistic in-
teractions between sativan and vestitol in combination and explore
pharmacokinetics and bioavailability differences between F2 and iso-
lated compounds.

The comparable efficacy observed in the F2 and isolated metabolites,
supports the use of standardized fractions over pure compounds derived
from natural sources for therapeutic purposes. The purification process
can be expensive, extensive, and yield limited quantities, while a multi-
component fraction, such as that containing sativan and vestitol, is
cheaper, faster, and produces better yields. Furthermore, the toxicity
profile of the F2 fraction (which contains the majority of sativan and
vestitol) showed no cytotoxicity in U-937 cells and huRBC compared to
the pure molecules.

While our findings highlight the potential of isoflavans derived from
T. chrysantha wood industry residues as promising candidates for
developing new antiparasitic drugs, addressing the ethical and sustain-
ability considerations associated with utilizing materials from threat-
ened species is imperative to ensure that drug development does not
exacerbate the depletion of threatened species. Adhering to ethical
guidelines for field research on rare plant species (www.mass.gov) and
compliance with international agreements like the Convention on In-
ternational Trade in Endangered Species of Wild Fauna and Flora
(CITES) 2016 (www.fs.usda.gov) is necessary to regulate the trade of
endangered species and prevent their exploitation but also is essential to
minimize harm to native populations. Lastly, to increase pharmaceutical
sustainability, sustainable sourcing practices are necessary for respon-
sibly obtaining natural compounds and seeking alternatives to non-
renewable resources.

Additionally, using crude extracts or mixtures of these isoflavans
instead of pure compounds could be a more accessible and cost-effective
alternative for developing new drugs against neglected anti-parasitic
diseases, particularly in developing countries.

While the results are promising, further research is necessary to
validate these findings in clinical settings and assess these compounds’
long-term safety and efficacy. Comprehensive pharmacological studies
and clinical trials are essential to establish the therapeutic potential of
sativan and vestitol as viable treatments for leishmaniasis and Chagas
disease.

5. Conclusions

This study presents the first evidence of the anti-parasitic activity of
the isoflavonoids sativan and vestitol, extracted from T. chrysantha,
demonstrating their potential as novel therapeutic agents against
L. braziliensis and T. cruzi. These findings underscore the importance of
exploring natural products in the quest for effective treatments for
neglected diseases. The F2 fraction, which contains these compounds,
offers a cost-effective and efficient alternative to pure compounds,
thereby supporting the use of standardized plant extracts in therapeutic
applications.

Moreover, utilizing waste from the T. chrysantha wood industry
contributes to sustainable practices by minimizing waste and creating
new commercial opportunities. This approach aligns with the principles
of the circular economy, transforming by-products into valuable bioac-
tive compounds and promoting environmental sustainability while
addressing public health challenges. The development of crude extracts
or mixtures containing isoflavonoids provides an accessible and
economically viable option for treating neglected anti-parasitic diseases,
particularly in low-resource settings.
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