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Parthenolide (PTN) is a secondary metabolite of the plant Tanacetum parthenium (L.) Schulz Bip. 
and is considered the chemical marker of this species. This sesquiterpene lactone (germacrene 
skeleton) has been described as responsible for the biological activity of the leaf extract. In addition, 
several studies in the literature have demonstrated its antiparasitic and antineoplastic activity. However, 
there is a need for knowledge of other safety parameters, such as pharmacokinetic, pharmacodynamic 
and toxicity evaluations. Therefore, in this investigation, the in vitro metabolism of parthenolide was 
performed with rat liver microsomes and biomimetic metabolism (such as cytochrome P-450 system) 
using organometallic catalysts. The biomimetic procedure was validated since the major compound 
of biomimetic oxidative reaction with meta‑chloroperbenzoic acid catalyzed by metalloporphyrin 
5,10,15,20-tetrakis(pentafluorophenyl)-porphyrin iron(III) chloride was also observed with rat liver 
microsomes. Previous chemoenzymatic synthesis studies of PTN afforded the same epoxide formation, 
this major oxidative compound was isolated and fully characterized as (1R,10R)-epoxyparthenolide 
based on experimental and theoretical calculations of infrared (IR) and vibrational circular dichroism 
(VCD) data at the B3PW91/6-311G. Furthermore, for the first time, this metabolite was evaluated 
for trypanocidal and leishmanicidal activity. The mean inhibitory concentration (IC50) values were 
lower for PTN than its metabolite and showed significant cytotoxic effects for both parasites. This 
finding holds promise for addressing neglected diseases. 
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Introduction

Parthenolide (PTN) (1) (Figure 1) is a sesquiterpene 
lactone (germacrolide moiety) considered as the chemical 
marker of Tanacetum parthenium (L.) Schulz Bip. species 
and described as responsible for the biological activity of 
the leaf extract.1 The standardized extract is presented in 

the Brazilian market as an herbal medicine for headache 
prevention (simplified registration at the Agência Nacional 
de Vigilância Sanitária (Anvisa) Instrução Normativa No. 
02 de 13 de maio de 2014).2 The popular use of this species 
is for menstrual disorders, auxiliary in the treatment of 
arthritis, stomach disorders and fever.1 

Furthermore, multiple studies in the literature3-6 have 
shown that PTN exhibits antiparasitic and antineoplastic 
activities. However, limited research has been conducted 
to evaluate critical properties of PTN, including 
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pharmacokinetics, pharmacodynamics, and toxicity.7-9 
Other studies on the metabolism of PTN have shown that 
this sesquiterpenic lactone has a short half-life (1.38 h) and 
a low bioavailability (7.78%) when administered orally in a 
pharmacokinetic study carried out in rats10 and that it was 
not detectable in human plasma in a phase I study in which 
Tanacetum parthenium extract was administered orally.8 
A vital step in the toxicological assessment of an active 
substance involves characterizing its metabolism, which 
can be achieved through in vitro assays, such as biomimetic 
oxidative models and rat liver microsomes. 

The biomimetic oxidative model usually uses a porphyrin-
based catalytic agent, which has similarity to cytochrome P-450 
(CYP450) enzymes, and an oxidizing agent.11-14 The 
metalloporphyrin 5,10,15,20-tetrakis(pentafluorophenyl)-
porphyrin iron(III) chloride (FeTFPPCl) can catalyze a wide 
range of CYP450-mediated reactions, including epoxidation, 
aliphatic and aromatic hydroxylation, and the oxidation of 
heteroatoms.13,15 meta-Chloroperbenzoic acid (MCPBA) 
is a commonly used oxidant in metalloporphyrin-based 
biomimetic systems, especially for epoxidation reactions.15,16 
The rat liver microsomal and pig cecum model have been 
extensively used for the in vitro metabolism of several natural 
products.17-19 In vitro systems have important advantages 
over in vivo systems, such as higher yields of oxidized 
metabolites, reproducibility of reactions, reduced animal 
use, and lower cost.12 

Therefore, the aim of this work was to carry out the 
analysis of PTN after in vitro biomimetic reactions (such 
as CYP450 system using organometallic catalysts) and 
microsomal metabolism. In addition, the trypanocidal and 

leishmanicidal activities of PTN and its main compound 
isolated from the oxidative biomimetic system were 
evaluated.

Results and Discussion

The biomimetic metabolism of PTN, catalyzed by 
the metalloporphyrin FeTFPPCl, was carried out in the 
presence of MCPBA. The mass spectrum of PTN samples 
after in vitro metabolism by oxidative biomimetic model 
showed a major metabolite with m/z 265 [M + H]+ 
(Figure  S7, Supplementary Information (SI) section). 
This major oxidative product was isolated by semi-
preparative high performance liquid chromatography-
diode array detector  (HPLC-DAD) and identified using 
the techniques of 1H and 13C spectroscopy  nuclear 
magnetic resonance  (NMR) and electrospray ionization 
high-resolution mass spectrometry (ESI-HRMS). The 
absolute configurations of PTN and its oxidative product 
were determined by vibrational circular dichroism (VCD) 
spectroscopy and density functional theory (DFT) 
calculations. Therefore, the putative metabolite was fully 
identified as (1R,10R)-epoxyparthenolide (2) (Figure 1). 

The in vitro metabolism performed by rat liver 
microsomes and analyzed by liquid chromatography-
electrospray ionization-mass spectrometry (LC-ESI-MS) 
revealed that the oxidative product 2 (Figure 1) was the 
sole metabolite produced by the in vitro biological model.

The mean inhibitory concentration (IC50), cell 
viability and the similarity index obtained from 
the cytotoxic assay using promastigotes forms of 
Leishmania amazonensis (L. amazonensis), tripomastigotes 
of Trypanosoma cruzi (T. cruzi) and a murine macrophage-
like cell line are shown in Table 1. Through these 
in  vitro assays, it was possible to evaluate that PTN 
and the oxidized product exhibited significant cytotoxic 
activity in both cellular forms of the parasites and 
in mammals. The cytotoxic effects of both PTN and 
(1R,10R)‑epoxyparthenolide were more selective for 
the parasitic strains of T. cruzi, as demonstrated by low 

Figure 1. Oxidative reaction of parthenolide after in vitro oxidative 
metabolism. The highest yield was through metaboloporphyrins with a 
40% rate of metabolite formation.

Table 1. Cell viability in the presence of PTN and the putative metabolite (1R,10R)-epoxyparthenolide (2)

Leishmania amazonensis (IC50) / 
(µmol L-1)

Trypanossoma cruzi (IC50) / 
(µmol L-1)

Cell line J774 
(CC50)

SIa SIb

PTN 16.47 2.42 14.84 0.90 6.13

Metabolite 2 43.03 4.13 16.05 0.37 3.88

Amphotericin B 1.64 - - - -

Benznidazole - 14.7 - - -
aSI related to L. amazonensis; bSI related to T. cruzi. PTN: parthenolide; IC50: half-maximal inhibitory concentration; CC50: half-maximal cytotoxic 
concentration; SI: selective index: CC50 drug/IC50 drug. 
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IC50 value and show high selectivity for this parasite, as 
previously reported by other natural products.20,21 It is 
interesting to note that compound 2 was less cytotoxic 
than PTN. Furthermore, the IC50 for the trypomastigote 
forms of T. cruzi was lower for both compounds than that 
of benznidazole. 

The mass spectrum of the isolated product of oxidative 
biomimetic metabolism shows the addition (on the 
protonated ion) of 16 u in the molecular mass of PTN, 
suggesting the addition of only one oxygen atom in the 
molecule and the fragmentation showed some expected 
open ring fragmentations. The 1H and 13C NMR analysis 
suggests that the oxygen atom has been inserted into the 
double bond of the 1,10-position. The mass spectrum 
is shown in Figure S1, and the NMR spectra are shown 
in Figures  S2 and S3, SI  section. In more details, the 
identification by  NMR, the 1H (Figure  S2), 13C  NMR 
(Figure S3), DEPT‑135 (Figure S8) spectra and contour 
maps of heteronuclear single quantum coherence 
spectroscopy (HSQC, Figure  S9) and heteronuclear 
multiple bond correlation (HMBC, Figure S10) were 
analyzed, the data of which are described in Table  2 
and the spectra and contour maps are included at the 
Supplementary Information section. Analysis of the 
13C  and 1H  NMR spectra revealed the presence of 
15 carbons and 20 hydrogens, respectively. 

In the 13C  NMR spectrum, as well as in the HSQC 
contour map, four signals of non-hydrogenated carbons were 
observed, including a carbonyl group at d 168.8, suggestive 
of the ester function, a carbon at d 138.8, suggestive of 
unsaturated carbon (sp2) and two carbons at d 60.7 and 
60.5, suggesting connection to the electronegative atom; 
five signals from methylene carbons, one from the alkene 
function (dH/dC 6.36; 5.63/121.3); four signals of methine 
carbons, three of which are unshielded (dH/dC 3.95/81.8; 
2.93/64.6 and 2.86/63.7), suggesting connection to the 
electronegative atom and two signals of methyl carbons 
(dH/dC 1.40/17.1 and 1.35/17.5). 1H  NMR experiments 
allowed the identification of two vinyl hydrogens at 
d  6.35 (1H, d, J  3.6 Hz) and d 5.63 (1H, d, J  3.2 Hz); 
four unshielded methine hydrogens at d 3.95 (1H, tl, 
J 8.9 Hz), d 2.93 (1H, d, J 8.9 Hz); d 2.86 (1H, dd, J 1.3 
and 11.0 Hz) and d 2.74 (1H, m); four methylene hydrogens 
and two methyl hydrogens. Detailed assignments of the 
hydrogen and carbon signals were sequentially assigned 
by combinations of two-dimensional HSQC and HMBC 
techniques. Connectivity was established by correlations 
in the HMBC contour map, represented in Figure S11 (SI 
section). The methylene hydrogens in position 9 showed 
a correlation with the methine carbons in positions 1 and 
7 and the methyl carbon in position 14, as well as the 

methylene carbon in position 8. The methine hydrogen in 
position 1 showed a correlation with the methylene carbon 
in position 2 and the methyl hydrogen in position 6 with 
the methyl carbon in position 5. Furthermore, the methyl 
hydrogens in position 15 showed a correlation with the 
methin carbons in position 5 and methylene carbon in 
position 3. Take together all NMR data and comparison 
with the previous data of PTN6-22 confirmed the epoxide 
formation. The mass spectrometry (MS) data revealed a 
similar behavior for sesquiterpene lactones, including a 
delicate balance between protonated molecule and sodium 
coordination in MS.23 ESI-HRMS was calculated based 
on sodium molecule showing the signal at m/z 287.1265 

(theoretical mass 287.1254 corresponding to C15H20O4Na; 
3.83 error). Finally, the MS/MS of the protonated molecule 
at m/z 265 showed, as expected, two water eliminations (ion 
at m/z 247 and 229),24 as well as the expected opening of 
the five-membered lactone ring affording ion at m/z 23725 
followed by two sequential water eliminations at m/z 219 
and m/z 201. Take together all NMR and MS data confirm 
the relative configuration of the metabolite 2.

The relative configuration of PTN was previously 
determined by X-ray crystallography. Therefore, two 

Table 2. 1H (400 MHz, CDCl3) and 13C NMR data obtained for the isolated 
oxidized product

1R,10R-Epoxyparthenolide (2)

Position dH (mult., J) / ppm dC C-type / ppm 

1 2.86 (dd, 1.3, 11.0) 63.9

2 2.19 (m) 24.26

1.52 (m)

3 2.28 (m) 35.3

1.42 (m)

4 - 60.7

5 2.91 (d, 8.9) 64.7

6 3.95 (tl, 8.8) 81.9

7 2.74 (m) 47.9

8 2.22 (m) 26.2

1.62 (m)

9 2.48 (dd, 7.6, 14.2) 40.3

1.24 (tl, 13.3)

10 - 60.8

11 - 138.9

12 - 168.9

13 6.35 (d, 3.6) 121.5

5.63 (d, 3.2)

14 1.40 (s) 17.2

15 1.35 (s) 17.6

mult: multiplicities.
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absolute configurations were possible, (4R,5R,6S,7S)‑(1a) 
and (4S,5S,6R,7R)-(1b). The excellent agreement between 
experimental and calculated infrared (IR) and VCD data at 
the B3PW91/6-311G(d,p)26 level confirms that the absolute 
configuration of PTN is 4R,5R,6S,7S (Figure 2). Once 
the absolute configuration of PTN was assigned, the next 
step was to determine the absolute stereochemistry of the 
additional epoxide at C-1 and C-10 in 2. For this purpose, 
the IR and VCD spectra of both diastereoisomers, i.e., 
(4R,5R,6S,7S,1R,10R)-(2a) and (4R,5R,6S,7S,1S,10S)‑(2b), 
were also calculated and compared to experiment. An overall 
better agreement between experimental and calculated 
data was observed for (4R,5R,6S,7S,1R,10R)‑(2a) at the 
B3PW91/6-311G(d,p) level (Figure 2). The most important 
differences were observed for the bands at 1000-1100 cm‑1, 
which arise from C-C stretching involving most of the 
molecular framework as well as CH3 deformation modes. 
Therefore, the absolute configuration of 2 was assigned as 
4R,5R,6S,7S,1R,10R. Thus, the putative metabolite was 
identified as (1R,10R)-epoxyparthenolide (Figure 1). 

To establish a correlation between the oxidation 
reaction and the biological processes of drug metabolism, 

PTN was subjected to in vitro metabolism using rat liver 
microsomes. The unique metabolite produced in the 
in vitro biological model was the same major metabolite 
obtained and isolated from the biomimetic oxidation 
reaction (Figure 1). The mass spectra of the products are 
shown in Figure S4, SI section. As previously described, 
PTN metabolism studies showed a short half-life (1.38 h) 
and a low bioavailability (7.78%) in rats10 and that it was 
not detectable in human plasma.11 On the other hand, the 
(1R,10R)-epoxyparthenolide was also chemoenzymatic 
synthesis applying variants of Bacillus  megaterium, but 
no absolute stereochemistry was defined.9

In addition, cytotoxicity was evaluated with PTN 
and (1R,10R)-epoxyparthenolide in L. amazonensis 
and T. cruzi parasites. The results showed that both 
compounds induced significant cytotoxic effects in 
intracellular parasite forms and in mammalian cells. T. cruzi 
was the parasite that showed the greatest reduction in 
viability. Some studies have shown that PTN has cytotoxic 
effect on different forms of the parasites. Rabito et al.27 
showed that the extract fraction from the aerial parts of 
Tanacetum parthenium (L.) Schultz‑Bip induced significant 

Figure 2. Observed and calculated (B3PW91/6-311G(d,p)) IR and VCD spectra and optimized structure of the lowest-energy conformer for (a) 
(4R,5R,6S,7S)-(1), (b) (4R,5R,6S,7S,1R,10R)-(2), and (c) (4R,5R,6S,7S,1S,10S)-(2).
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antileishmanial activity on Leishmania  amazonensis. 
Tiuman  et al.28 demonstrated PTN to have significant 
activity against the promastigote form of L. amazonensis and 
Pelizzaro-Rocha et al.29 verified that PTN had a significant 
cytotoxic effect on T. cruzi. The effect of PTN on T. cruzi 
was associated with morphological changes, changes 
that significantly alter the shape form of the parasite and 
consequently loss of the plasma membrane integrity. 

The IC50 value of PTN and its metabolite obtained 
from in vitro assays was lower than that of benznidazole, 
the current standard of care for the treatment of Chagas 
disease.30 On the other hand, the presence of PTN and its 
metabolite in L. amazonensis promastigote form showed 
that PTN induced more cytotoxicity than its putative 
metabolite. These results suggest that metabolically 
induced structural changes on the PTN molecule may 
reduce its leishmanicidal activity but not its trypanocidal 
activity. In conclusion, FeTFPPCl catalyzed oxidation of 
PTN resulted in the formation of a predominant putative 
metabolite, which was the same product observed during 
in vitro metabolism by rat liver microsomes, confirming its 
suitability as a chemical model for drug metabolism. This 
oxidized product from the biomimetic system was, for the 
first time, fully characterized as (1R,10R)‑epoxyparthenolide 
and submitted for trypanocidal and leishmanicidal activity. 
In addition, the cytotoxicity results suggest that this product 
has a similar effect to that of parthenolide for trypanocidal 
activity (reduction of cell viability of T. cruzi trypomastigote 
form). However, the putative metabolite was less effective 
in reducing cell viability of L. amazonensis promastigote 
forms. The literature data on metabolism and the results of 
this study reinforce the need to evaluate this metabolite in 
further pharmacological and toxicological studies of PTN in 
order to achieve a safer and more effective herbal medicine. 

Conclusions

The parthenolide reaction, when scaled with FeTFPPCl 
and MCPBA, led to the identification of a putative 
major metabolite: (1R,10R)-epoxy-parthenolide. This 
characterization was achieved using techniques such 
as  NMR, HRMS-ESI, and VCD, allowing the absolute 
stereochemistry confirmation. In the context of microsomal 
in vitro metabolism, only one metabolite was detected. 
Interestingly, this suggests that the same product is formed 
during biomimetic oxidation and is also as previously 
produced in chemoenzymatic synthesis. In terms of 
biological activity, the cytotoxicity assay demonstrated 
that the metabolite (1R,10R)-epoxy-parthenolide exhibits a 
similar effect to parthenolide in a tested model of trypanocidal 
activity. Notably, both compounds showed greater efficacy 

than the positive control benznidazole. However, this effect 
was not observed in the leishmanicidal assay. These findings 
underscore the importance of evaluating both compounds in 
pharmacological and toxicological models, with the aim of 
potential application in Chagas disease protocols.

Experimental 

Chemicals and materials

FeTFPPCl, MCPBA (purity 74.5%, titration), 
parthenolide (purity 99%, high-performance liquid 
chromatography (HPLC) degree) and deuterated 
chloroform which were purchased from Sigma-Aldrich 
(Saint Louis, USA). Acetonitrile was HPLC grade (J.T. 
Baker, Phillipsburg, USA). Type I ultrapure water was 
obtained from Milli-Q (Millipore brand purification system, 
Darmstadt, Germany). 

Biomimetic oxidation

The reaction was carried out at room temperature, in 
the absence of air and light, in a screw-capped glass vessel 
equipped with a magnetic stirring rod. A catalyst FeTFPPCl 
(0.12 mmol L-1), the substrate (3.6 mmol L-1 PTN) and 
the oxidant (3.6 mmol L-1 MCPBA) were dissolved in 
acetonitrile to a total volume of 2.0 mL (total of 30 vessels). 
Control samples were prepared (i) in the absence of catalyst 
and (ii) in the absence of catalyst and oxidant.

After the reaction time (24 h), the solvent was 
evaporated in an air atmosphere and, immediately before 
injection into the chromatographic system, the fraction was 
solubilized in 1 mL of acetonitrile and filtered through a 
0.45 µm PTFE (polytetrafluoroethylene) membrane.

The isolation was performed in a semi-preparative 
HPLC-DAD equipment (Shimadzu Corp., Kyoto, Japan, 
two pumps LC 6AD, diode array detector SPD-M20A, 
communicator CBM-20A and an integration software 
LCSolutions) with preparative Shimadzu ODS column 
(250 mm × 20 mm, 5 µm particle size). A gradient program 
was used with the mobile phase combining ultrapure water 
(solvent A) and acetonitrile (solvent B) as follows: 20% 
B (0-10 min), 48% B (22-42 min), 100% B (46-52 min). 
The flow rate was 9.0 mL min-1 and the injection volume 
was 1.0 mL. The collected fractions containing the putative 
metabolite were pooled and lyophilized.

Characterization of putative metabolites

Nuclear magnetic resonance (NMR, Bruker-Advance 
DRX 400, Karlsruhe, Germany) of 1H was in 400 MHz 
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and 13C was in 100 MHz. Approximately 10 mg of the 
compound were dissolved in CDCl3 for analysis.

High-resolution electrospray ionization mass 
spectrometry (ESI-HRMS, micrOTOF-Q II, Bruker 
Daltonics, Karlsruhe, Germany), in positive mode, with 
time-of-flight (TOF) analyzer. Approximately 1 mg of 
the compound was dissolved in acetonitrile:water with 
0.1% formic acid (v/v, 1:1) for direct infusion analysis 
(50‑1000 m/z).

The IR and VCD spectra of compounds 1 and 2 were 
recorded with a BioTools Dual-PEM ChiralIR-2X FT-VCD 
(Jupiter, USA) spectrometer with a resolution of 4 cm-1 and 
a collection time of 7 h. The optimum retardation of the two 
ZnSe photoelastic modulators (PEMs) was set at 1400 cm-1. 
Minor instrumental baseline offsets were eliminated from 
the final VCD spectra by subtraction of the VCD spectra of 
compounds 1 and 2 from that of the solvent under the same 
conditions. The IR and VCD spectra were recorded in CDCl3 
solutions (3.8 mg of 1 and 2.5 mg of 2 in 150 µL of CDCl3 
in a 100 µm path length BaF2 cell). All density functional 
theory (DFT) calculations were performed at 298 K in the 
gas phase using Gaussian 09 software (Revision A.02).31 
Calculations were performed for the arbitrarily chosen 
(4R,5R,6S,7S)-1a as well as (4R,5R,6S,7S,1R,10R)‑2a and 
(4R,5R,6S,7S,1S,10S)-2b. All conformational searches 
were performed at the molecular mechanics level of theory 
with the Monte Carlo algorithm using the MM+ force field 
included in the HyperChem 8.0.10 software package.32 
A single conformer was identified for compound  (1), 
and for both diastereoisomers of compound (2). The 
lowest energy conformer for each configuration was then 
geometry optimized at the B3PW91/6-311G(d,p) level. 
IR and VCD spectra were constructed using dipole and 
rotational strengths from Gaussian, which were calculated 
at the B3PW91/6-311G(d,p) level and converted to molar 
absorptivities (mol-1 cm-1). Each spectrum was plotted as a 
sum of Lorentzian bands with half-widths at half-maximum 
of 6 cm-1. The calculated wavenumbers were multiplied by 
a scaling factor of 0.98 and the spectra were plotted using 
Origin 8 software.33

Microsomal in vitro metabolism procedure

The nicotinamide adenine dinucleotide phosphate 
(NADPH) regenerating system was added to test tube: 50 µL 
nicotinamide adenine dinucleotide (NAD) + hydrogen (H) 
(2.5 mmol L-1), 50 µL glucose-6‑phosphate (5 mmol L-1) 
and 25 µL glucose-6-phosphate dehydrogenase (0.5 units); 
50 µL rat liver microsomal preparation (1.0  mg  mL-1 
microsomal protein), pre-warmed at 37 °C for 5 min; 10 µL 
of the substrate PTN (7.0 µg mL‑1) and 315 µL of phosphate 

buffer (250 mmol L-1). The reaction was then initiated 
by the addition of the rat liver microsomal preparation 
and incubated for 60 min (37 °C) using a shaking water 
bath (Dubnoff-SL157, Solab, Piracicaba, Brazil). The 
reaction was terminated by the addition of ethyl acetate 
(1.0 mL). To extract the PTN and its metabolites from the 
reaction medium, the sample was shaken for 10 min at 
1200 rpm (Vibrax VXR, IKA, Wilmington, United States) 
and centrifuged for 12 min at 1792 ×g at 6 °C (Hitachi 
CF16RXII, Himac, Tokyo, Japan). The supernatant was 
collected, transferred to another vial and dried under a 
gentle stream of nitrogen. Control samples were prepared 
(i) in the absence of the NADPH-regenerating system 
and (ii) in the absence of rat liver microsomes. The 
samples were solubilized in acetonitrile and injected into 
an HPLC‑DAD instrument (Shimadzu Corp., Kyoto, 
Japan - two pumps LC  20AD, diode array detector 
SPD-M20A, oven CTO‑20A, auto injector SIL-20AHT, 
communicator CBM-20A) coupled to an ion trap mass 
analyzer with electrospray ionization (amaZon, Bruker, 
Karlsruhe, Germany). The software used was HyStar for 
analysis and DataAnalysis for processing. The column 
used was a Shimadzu (Kyoto, Japan) Shim-pack XR-ODS 
(100 mm × 3 mm, 2.2 µm particle size) and a gradient 
program was used with the mobile phase combining 
ultrapure water with 0.1% of formic acid (solvent A) and 
acetonitrile with 0.1% of formic acid (solvent B) as follows: 
21% B (0 min), 32% B (5‑17 min), 48% B (20-30 min). 
The column was maintained at 40 °C, the flow rate was 
0.3 mL min-1 and the injection volume was 4.0 µL.

Cytotoxic assay

The cytotoxic assay was performed using promastigotes 
forms of L. amazonensis, trypomastigotes forms of T. cruzi 
and the murine macrophage-like cell line J744.34,35 Cell 
death controls were treated with amphotericin B for 
leishmanicidal activity and benznidazole for trypanocidal 
activity.

To evaluate the cytotoxicity induced by PTN and its 
putative metabolite treatment generated in the parasite 
L. amazonensis and in the cell line J774, the MTT assay 
(3-(4,5-dimethylthiazol-2-yl)-2,5‑diphenyltetrazolium 
bromide) was used. The promastigote forms of 
L. amazonensis (1 × 106 cells per well) were cultured in 
96-well plates and incubated with different concentrations 
in dimethyl sulfoxide (DMSO) of parthenolide and 
its metabolite (0.78, 1.56, 3.125, 6.25, 12.5, 25 50, 
100  μmol  L‑1) for 24 h. After incubation, the plate was 
centrifuged at 900 ×g for 15 min, the supernatants were 
removed, and 200 μL MTT solution (5 mg mL-1) were added 



In vitro Metabolism and Cytotoxicity of Parthenolide Silvério et al.

7 of 8J. Braz. Chem. Soc. 2025, 36, 1, e-20240082

to each well. After 3 h of incubation, the culture plate was 
centrifuged again (900 ×g for 15 min), the supernatants 
were removed, and 200 μL of DMSO was added to 
solubilize the blue formazan crystals. The evaluation 
of the cytotoxicity of parthenolide and its metabolite in 
the J774 cell line was also performed by the MTT assay, 
using a similar approach as for the promastigote forms. 
Absorbance was measured using a spectrophotometer 
(SpectraMax Plus, Molecular Devices, San Jose, USA) at 
492 nm results were expressed as percentage (%) of cells 
able to reduce MTT and/or formazan producers relative to 
the viability control.

The resazurin assay was used to evaluate the effect of 
PTN and its metabolite on T. cruzi. Trypomastigote forms 
of T. cruzi (1 × 106 per well) were added to 96-well plates 
and treated with different concentrations of parthenolide 
and its metabolite (0.78, 1.56, 3.125, 6.25, 12.5, 25, 50, 
100  μmol  L-1) for 24 h in culture medium in complete 
Roswell Park Memorial Institute (RPMI) medium at 37 °C 
with 5% CO2. At the end of the treatment period, 5 μL 
resazurin (1 mg mL-1) was added to each well, and the 
plates were maintained at 37 °C with 5 % CO2 for 18 h. 
Absorbance was measured using a spectrophotometer 
(SpectraMax Plus, Molecular Devices, San Jose, USA) at 
570 and 600 nm for the viability calculation.

(1R,10R)-Epoxiparthenolide (2) 

White powder,  NMR data see Table 2. ESI-HRMS 
observed mass at m/z 287.1265 for [2 + Na]+ calcd. 
287.1254; 3.83 error. For VCD and IR see Figure 2.

Supplementary Information

Supplementary information (the detailed information 
on (1R,10R)-epoxyparthenolide characterization,  NMR 
spectra and mass spectra of the in vitro metabolism assay) 
is available free of charge at http://jbcs.sbq.org.br as  
PDF file.
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