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ABSTRACT of Leishmania amazonensis
Context: Croton cajucara Benth has been widely used in folk medicine, e The polar fraction rich in the diterpene transdehydrocrotonin was more active
especially in the Amazonian region of Brazil, to treat several illnesses. against axenic amastigotes of Leishmania amazonensis and epimastigotes
Objectives: The objective of the study is to evaluate the stem bark and trypomastigotes of Trypanosoma cruzi

hydroalcoholic extract (CC-EHA) of C. cajucara and their clerodane-type e The fractions rich in diterpene transdehydrocrotonin showed that this is the

diterpene fractions (F1-7 F25-27 and F28) on promastigotes and axenic

- . . . . most important metabolite to antiparasitic activity
amastigotes of Leishmania amazonensis and trypomastigotes and
Leishmania amazonensis|

epimastigotes of Trypanosoma cruzi. Materials and Methods: The
extract was obtained in ethanol: water and the fractions with solvents
of increasing polarity. The antiparasitic activities were assessed by
3,4,5-dimethylthiazol-2-yl-2,5-diphenyltetrazolium bromide method against
promastigotes and axenic amastigotes from L. amazonensisin 24-h cultures
and trypomastigotes and epimastigotes of T cruzi in 72-h cultures. The
experiments in triplicate were made in quadruplicate way in each time. The
statistical tests used were t-Students and ANOVA. Results: Among those
evaluated samples, the CC-EHA extract showed the higher antileishmanial
activity of promastigote cultures (IC,; = 18.00 + 0.01 ug/mL at 24 h).
However, against axenic amastigotes, the polar fraction (F28), rich in

diterpene transdehydrocrotonin (t-DCTN), showed the highest effect with L. } - ;
anlC, =6.18 + 0.02 ug/mL in culture of 24 h. In the T cruziassays, F28 also Abbreviations  used:  tDCTN: trans-dehydrocrotonin;  CC-EHA:

showed the greatest effect against trypomastigotes and epimastigotes, hydroalcoholic extract; F1-7, F25-27 and F28: fractions rich in clerodane-type
IC,, = 0.43 + 0.02 ug/mL and 0.27 + 0.02 pg/mL, respectively, at 72 h diterpenes; MTT: 3,4,5-dimethylthiazol-2-yl-2,5-diphenyltetrazolium bromide;
of culture. The results showed that the diterpene tDCTN is the most  AcOEt: ethyl acetate; TLC: thin-layer chromatography; AAA: acetyl aleuritolic
important antiparasitic component in the hydroalcoholic extract obtained  acid; +CTN: trans-crotonin; FBS: fetal bovine serum; LIT: cs8g medium;
from C. cajucara, specifically against L. amazonensis and T cruzi  DMSO: dimethyl sulfoxide.

Conclusion: Our results contribute to knowledge of these folk medicinal
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The hydroalcoholic extract done with the stem bark of Croton cajucara and ~ Janeiro, 23.890 000, Seropedica, Rio de Janeiro,
the fractions rich in clerodane-type terpenes were investigated about their Brazil.
antiparasitic activities E-mail: echevarr@ufrrj.br

The hydroalcoholic crude extract showed higher activity against promastigotes ~ DOI: 10.4103/pm.pm_345_20

INTRODUCTION are 19-nor-clerodane-furan diterpene-type and acetyl aleuritolic

acid (AAA), a triterpene [Figure 1].°% Specifically, pharmacological
Croton cajucara Benth (Euphorbiaceae) is an Amazonian species largely

used in folk medicine. Sacaca, as commonly renowned, is used in tea  This is an open access journal, and articles are distributed under the terms of the

or pills of stem bark to treat liver, stomach, and kidney diseases and  Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as long as

. (1,2] .
to control the cholesterol and diabetes. Further, the leaf tea and its appropriate credit is given and the new creations are licensed under the identical terms.

conventional capsules are used to control weight, but for this propose,
toxic side effects have been reported.”! For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

The C. cajucara leaves contain flavonoids and steroids, and the stem [ =2t o7 o GS. Machado GC, Maciel MA, Echevarria A.

bark is an abundant font of clerodane-type diterpenes, of which Antitrypanosomal and antileishmanial effects of the hydroalcoholic extract of Croton
the most representative in their tested pharmacologic potential is cajucara Benth and its 19-nor-clerodane chromatographic fractions. Phcog Mag

trans-dehydrocrotonin (t-DCTN) and trans-crotonin (¢-CTN), which ZUZ L
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t-DCTN

t-CTN

AAA

Figure 1: Chemical structures of the terpenoid trans-dehydrocrotonin, trans-crotonin, and acetyl aleuritolic acid isolated as major compounds from the stem

bark of Croton cajucara Benth

properties of these terpenoids have shown a remarkable relation
with the beneficial uses of C. cajucara; among them, hypoglycemic,
cardiovascular, antiulcer, anti-inflammatory, antinociceptive, and
antispasmodic activities were reported.!">*”7

Recently, the antiparasitic effects of several plants have been investigated,
demonstrating a successful approach to obtaining new treatments.
Several studies have indicated that terpenes possess antiparasitic activity,
such as antitrypanosomal®'® and antileishmanial activity,""! among
others.

Infirmities caused by parasites such as leishmaniasis and Chagas
disease are culpable for death in tropical and subtropical regions of
the world. Trypanosomatids are protozoa (Kinetoplastida class), who's
Trypanosoma cruzi species causes Chagas disease by and leishmaniasis
by species of the Leishmania genus. Chagas disease affects approximately
7 million people in the world with due to various effects such as cardiac,
neurological, or liver disorders.!'>!*! Leishmaniasis includes several other
diseases characterized by diversified clinical manifestations, and today
approximately 1.3 million persons are newly infected and approximately
30,000 people expire from it every year, causing serious public health
problems.!"!

The treatments for these diseases include a limited group of drugs that
present some serious drawbacks, such as length of treatment, toxicity,
and high cost. In this manner, there is a crucial demand to obtain
alternatives for a more effective and safe treatment for these diseases.

The aim of this work was to evaluate the antileishmanial activity on
promastigotes and axenic amastigotes of Leishmania amazonensis by
the non-polar and polar chromatographic fractions obtained from
a hydroalcoholic extract, so called CC-EHA, isolated of C. cajucara.
Furthermore, the effects of CC-EHA and its fractions were evaluated
against trypomastigotes, epimastigotes, and axenic amastigotes of T.
cruzi

MATERIALS AND METHODS
Plant material

C. cajucara Benth (Euphorbiaceae) was gather in Belém, Pard (Brazil) and
recognized by Nelson Rosa of Museu Paraense Emilio Goeldi (Belém,
Brazil), in which was deposited a voucher specimen, n° 247.

Crude extract and chromatographic fractions

The hydroalcoholic extraction (ethanol: H,O at an 8:2 ratio) of the
pulverized stalk of C. cajucara Benth was performed in a Soxhlet
apparatus as previously reported.! After reduction of the solvent, the
hydroalcoholic extract (CC-EHA) was submitted to chromatographed
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using silica gel as stationary phase affording several fractions eluted with
mixtures of hexane: AcOEt at different gradient of polarity. Specifically,
CC-EHA was submitted to chromatographic fractionation using
silica gel (70-230 mesh) as the adsorbent according to the previous
phytochemical studies of C. cajucara."*'*! The tested terpenoid fractions
F1-7 corresponding to non-polar fractions were eluted with hexane, and
fractions F25-27 and F28 were eluted with mixtures of hexane: AcOEt in
ratios of 9:1 and 8:2, respectively, and then tested for bioactivity.

Thin-layer chromatography (TLC) was made on silica gel PF,,
plates (Merck, Darmstadt, Germany) using hexane: AcOEt (8:2-6:4)
as the elution solvent and compounds were revealed with sulfuric acid:
methanol (1:1), Ehrlich (furyl moiety) and Dragendorff (o, 3-unsaturated
ketone and/or lactone moiety) reagents. TLC samples were also revealed
by UV radiation at wavelengths of 254 and 360 nm. Authentic samples
were used to identify AAA, t-CTN, and t~-DCTN as well as the other
minor content compounds cis-and trans-cajucarin B. The NMR spectra
of crude fractions were obtained on Varian-Gemini and Bruker-Advance
spectrometers (300 MHz for 'H and 75 MHz for *C) and the HRGC-MS
analyses agreed with our previously reported data.”!17!

Parasite cultures

Y strain of T. cruzi was firstly isolated from a human infection"® which
was used in all experiments. Epimastigotes grew to 28°C in liver infusion
tryptose (LIT) medium with 10% fetal bovine serum plus penicillin
100 U/mL and streptomycin 100 pug/mL. The culture was conserved
in log expansion once a week passage. Trypomastigotes were obtained
from Vero cells infected by epimastigotes after 14-day culture in
stationary phase, cultivating in DMEM with supplement of 10% calf fetal
serum and gentamicin (100 ug/mL) and incubating at 34°C for 24 h under
5% CO, in humid conditions. The medium of culture was substituted
every 2 days and after 7 days of infection, and the trypomastigotes were
collected in the culture supernatant. The trypomastigotes were checked
in a Neubauer chamber using crescent dilutions.

L. amazonensis promastigotes, MHOM/BR/77/LTB0016  strain
characterized according literature,” were maintained at 25°C in
Schneider medium with supplement of FCS (20%, v/v). Cells were
collected in the tardy log-phase, resuspended in new medium, computed
in a Neubauer chamber, and altered to a final of 4 x 10¢/mL.

The axenic amastigotes were prepared from culture of promastigotes in
Schneider medium (pH = 7.2). Subsequent to 3 days, the culture was
centrifuged, was resuspended in the same medium, and after 5 days, was
centrifuged. The adjusted to 5 x 10° parasites/mL was made by addition
trypan blue dye (0.1% PBS) to calculate the viable parasites. After, an
aliquot was resuspended in Schneider medium supplemented with 20%
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FCS (pH = 5.5). The samples were maintained at 26°C for 10 days and
the process was continuous of equal form, and after 5 days, the sample
was incubated at 32°C.

Leishmania promastigote assays

The tests were performed in 96-well plates and the fractions solubilized
in dimethyl sulfoxide (DMSO) (1.6%, v/v) added to a parasite culture at
150-9.38 ug/mL of range concentration. After incubation at 26°C (24 h),
the surviving parasites were counted and calculated the percentage of
inhibition. The IC_ + standard deviation (SD) values were obtained from
the plot of inhibition percent x log (dose). All assays were made for each
concentration in triplicate and three independent tests. The positive
control was the pentamidine isethionate (May and Baker Lab., England).

Leishmania amastigote axenic assays

The amastigote culture was ready to use at the 16" day and after shock by
heat, it was utilized.!?”! The IC,, +SD values were determined from the
plot of inhibition percent x log (dose).

Trypanosoma cruzi epimastigote assays

T. cruzi epimastigotes at 5 x 10%/mL in LIT medium were incubated
with the C. cajucara stem bark extract and fractions, using
benzonidazol (Rochagan’) as reference. The fractions and extract were
diluted in DMSO (1.5% v/v) making concentrations of 100-3.125 ug/mL.
The cultures were incubated at 26°C in 96-well plates by 24 h. The
survival epimastigotes were counted, and the EC, values, relating to the
effectual dose that kills 50% of the parasites, were determined by a plot of
survival parasites versus log (dose). Untreated and benznidazole-treated
parasites were used as controls. All tests were performed in triplicate.

Trypanosoma cruzi trypomastigote assays

The trypomastigotes at 4 x 10° trypomastigotes well-1 in 96-well
microplates were incubated with fractions in LIT medium supplemented
with 50 mg/mL gentamicin and 10% calf fetal serum. DMSO (1.5% v/v)
was used to solubilize all samples and the concentration of 150, 75, 37.5,
18.76, 9.38, 4.69, 2.34, 1.18, and 0.586 ug/mL for CC-EHA (F1-7 and
F25-27) and at 50, 25, 12.5, 6.25, 3.125, 1.56, 0.8, 0.38, and 0.19 ug/mL
for F28. After 24, 48, and 72 h, the living parasites were counted and the
EC,, values were determined in the same way that to the epimastigotes.
Untreated and benznidazole-treated parasites were used as controls. All
tests were performed in triplicate.

Statistical analysis

The assays were made in triplicate, each time with four repetitions. The
nonpaired Student’s t-test was utilized, and the variation was judged as
statistically significant when P < 0.05.

RESULTS

Extract and fractions

The hydroalcoholic extract, CC-EHA, was prepared using a solvent
mixture (ethanol: H,0) and showed a non-polar terpenoid fraction (F1-7)
which contains sesquiterpenes, fatty acids, and steroids and small
amounts of t-CTN, cis-cajucarin B, and trans-cajucarin B. The more
polar fractions (F25-27 and F28) contain a mixture of t-DCTN, ¢-CTN,
and the diastereoisomeric pair cis-and trans-cajucarin B [Figure 2].

The non-polar terpenoid fraction F1-7 was submitted to an
esterification procedure and after evaluated by HRGC-MS. The chemical
characterizations of these fractions were carried by correlation with mass
spectra of literature, compared to the Wiley database and by their Kovats
indices. The observed analyses revealed 70% sesquiterpenes (ct-copaene
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isocajucarinolide

isosacacarin cajucarinolide

Figure 2: Chemical structures of the minor clerodane-type diterpenes
isolated from the stem bark of Croton cajucara Benth

and cyperene as major compounds and linalool as a minor oxygenated
sesquiterpene), and the remaining 30% was detected to be a mixture of
steroids, fatty acids, and clerodane diterpenes (t-CTN, cis-cajucarin B,
and trans-cajucarin B) [Figures 1 and 2] that is according with our earlier
data.l'”]

Comparative NMR analyses for fractions F25-27 and F28 with
reported data'®! showed the presence of the triterpene AAA and
clerodane-type 19-nor-diterpenes such as trans-crotonin (t-CTN),
cis-cajucarin B (¢c-CJC B), trans-cajucarin B (-CJC B), and
trans-dehydrocrotonin (t-DCTN) [Figures 1 and 2]. The terpenoid total
amounts for the CC-EHA extract were observed by chromatographic
procedures with contents (0.8% for ~-DCTN, 0.08% for AAA, and
0.002% for t-CTN; 0.001% of ¢-CJC B; and 0,005% of t-CJC B)
concordant with reported data™*7'% in which the clerodane diterpene
t-DCTN is the major compound followed by the acid triterpene AAA.
The CC-EHA chromatographic fractions (F1-7, F25-27, and F28)
showed different contents of AAA, t-CTN, and cis-and trans-CJC B or
t-DCTN. Comparatively, the fraction F28 showed the greatest amount
of the --DCTN

Antiparasitic activities

The higher polar extract CC-EHA prepared from C. cajucara and its
terpenoid fractions F1-7 (non-polar and non-volatile fraction) and
the 19-nor-clerodane-rich fractions (F25-27 and F28) were assayed for
antileishmanial effect against promastigotes and axenic amastigotes of
L. amazonensis. Promastigotes revealed a greater activity to CC-EHA,
with IC_ = 18.0 £ 0.01 ug/mL at 24 h of culture, but the fractions F1-7,
F25-27, and F28 did not present any significant antipromastigote effect.
The hydroalcoholic extract (CC-EHA) and its terpenoid fractions were
after tested with L. amazonensis axenic amastigotes in cultures of 24 h,
48 h, and 72 h [Table 1]. The most active fraction was the --DCTN-rich
fraction (F28) showing IC_ = 6.18 + 0.02 ug/mL (24 h culture).

The assays with axenic amastigotes in culture for 48 h and 72 h confirmed
the higher activity of the t-DCTN-rich fraction F28 (IC_ = 2.75 + 0.07
ug/mL and 1.14 + 0.03 ug/mL, respectively) and for the non-
polar fractions (F1-7), in which #-DCTN was not detected, and
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IC,, = 5.49 + 0.14 ug/mL (48 h) and 2.54 + 0.23 ug/mL (72 h) were
observed [Table 1].

After these promising results, the hydroalcoholic CC-EHA extract and
its terpenoid fractions (F1-7, F25-27, and F28) were assayed against
trypomastigotes, epimastigotes, and axenic amastigotes of T. cruzi in
24, 48, and 72 h of culture. The IC,, values were evaluated in assays
using a range concentration of 150 pug/mL to 9.38 ug/mL of CC-EHA,
F1-7 and F25-27 and 50 pug/mL to 3.125 pug/mL of F28 against T. cruzi
trypomastigotes and epimastigotes [Table 2].

The results of IC, values to T. cruzi epimastigotes and trypomastigotes
indicated a significant activity at 24 h of culture confirmed by
48 and 72 h of culture. The most active fraction was F28, with an
IC,, = 3.23 £ 0.24 ug/mL, similar to that against L. amazonensis.

DISCUSSION

Leishmanicidal activity

Previously, =~ we  reported the  significant  antileishmanial
activity of  19-nor-clerodane diterpene  trans-dehydrocrotonin
on promastigotes (IC,, = 6.30 * 0.06 ug/mL) and axenic
amastigotes (IC,) = 19.98 + 0.05 ug/mL) of L. amazonensis and as none
toxic for macrophages (0% of macrophage destroyed at >100 pg/mL).[2!
These results reinforce the current result for F28 from which a clerodane
mixture containing minor content of t-CTN, ¢-CJC B, t-CJC B, and
greater content of t-dehydrocrotonin (+~-DCTN) was shown to be
more effective, indicating a possible synergic effect of these bioactive
compounds.

Several essential oils obtained from diversified plants have shown
antiparasitic effects on Leishmania species.”?>*! Among these studies,
the report of C. cajucara essential oil, a rich source of linalool,
showed antiparasitic effect on promastigotes and amastigotes of L.
amazonensis,?! reinforcing the importance of C. cajucara as a potential
antiparasitic medicinal plant.

Trypanocidal activity

The hydro alcoholic extract of C. cajucara showed IC50 = 26.72+0.04 pg/
mL in a 24 h culture against T. cruzi. In previous work,® the methanol
extract of C. cajucara showed IC50 = 49.4+5.6 pug/mL value against T.

Table 1:1C, values (fraction concentration required to kill 50% + standard
deviation of the parasite) of CC-EHA, F1-7, F25-27, and F28 against Leishmania
amazonensis axenic amastigotes in 24, 48, and 72 h of culture

Fractions IC,; (ng/mL)

24 h 48 h 72h
CC-EHA 14.74+0.05 19.17+0.14 7.1240.01
F1-7 14.70+0.04 5.49+0.14 2.54+0.23
F25-27 12.45+0.71 8.39+0.25 4.28+0.16
F28 6.18+0.02 2.75+0.07 1.14+0.03

IC, : Half-maximal inhibitory concentration

cruzi, reaffirming the importance of the polar extract for trypanocidal
activity. Further, for epimastigote cultures for 96 h, the methanolic
extract demonstrated an IC_ = 109.1 # 11.5 pug/mL and for 72 h of
culture, the hydroalcoholic extract showed IC, = 1.50 + 0.03 ug/mL.

These results may be related to higher polar clerodanes which present
in higher polar extract as well as aromatic metabolites as vanillic
acid and 4-hydroxy-benzoic acid, eluted with EtOAc-EtOH (at
polar gradient) and/or alkaloids compounds (magnoflorine
and N, N-dimethyl-lindicarpine) and also, an amino
acid (N-methyltyrosine) (eluted with EtOH: H,O) isolated from the
hydroalcoholic extract of C. cajucara.t>”

C. cajucara Benth has been shown to improve the availability of
bioactive clerodane compounds. In this sense, --DCTN is the major
natural occurrence, and also, the most bioactive target compound
isolated from this plant. Instead of that, for further investigations, largely
parasitic pharmacological assays on the higher polar CC-EHA extract
using a more polar biocomponents such as cajucarin A, isosacacarin,
cajucarinolide, and isocajucarinolide [Figure 2], which are present
in higher polar fractions,*” or alkaloid compounds with are present
in hydroalcohol fractions (ethanol: H,0), should be performed in
accordance to demonstrate the biological effects of C. cajucara.

The findings of this work compared to previous reports®! showed
that the 19-nor-clerodane-furan diterpene-type trans-DCTN is
the most important antiparasitic component in the hydroalcoholic
CC-EHA extract, specifically against L. amazonensis and T. cruzi.
Further, the antipromastigote effect of CC-EHA showed higher
activity (IC,; = 18.0 + 0.01 ug/mL), but the terpenoid fractions
(F1-7, F25-27, and F28) lack efficacy. In the other hand, when assayed
with L. amazonensis axenic amastigotes, the most active fraction was
F28, which is a rich source of t-DCTN, showing IC, = 6.18 + 0.02 ug/mL.
Reinforcing the --DCTN antiparasitic importance, the assays with axenic
amastigotes in culture for 48 h and 72 h confirmed the higher activity
of the fraction F28 (IC_ = 2.75 + 0.07 ug/mL and 1.14 + 0.03 ug/mL,
respectively) and for the non-polar fractions (F1-7), in which +-DCTN
was not detected, IC_ = 5.49 + 0.14 ug/mL (48 h) and 2.54 + 0.23 ug/mL
(72 h). This result suggests that the other terpenoid compounds, such as
sesquiterpenes, fatty acids, and steroids; small amounts of -CTN, ¢-CJC
B, and t-CJC B (observed in the terpenoid fractions F1-7); and the other
19-nor-clerodanes, present in the fraction F25-27, contribute less than
t-DCTN, and strongly present in the F28 fraction.

CONCLUSION

Finally, the results available in this work indicate that C. cajucara hydro
alcoholic extract is a rich source of t DCTN and the stem bark of this
plant constituted a favorable and useful in the therapy of parasitic
diseases.

Table 2:1C, values (fraction concentration required to kill 50% + standard deviation of the parasite) of CC-EHA, F1-7, F25-27, and F28 against T. cruzi

trypomastigotes and epimastigotes in 24, 48, and 72 h of culture

Fraction IC50 (ng/mL)
Trypomastigotes Epimastigotes
24h 48 h 72h 24h 48 h 72h
CC-EHA 26.72+0.04 6.48+0.06 1.94+0.02 13.74+0.30 5.93+0.02 1.59+0.03
F1-7 13.98+0.02 11.35£0.05 1.35+0.03 7.61+0.06 1.97+0.33 n.d.
F25-27 20.30+0.02 11.82+0.10 1.11+0.11 11.78+0.16 6.43+0.01 1.77+0.04
F28 3.23+0.24 2.45+0.11 0.43+0.02 7.92+0.67 1.78+0.16 0.27+0.02
n.d: Not determined; IC_: Half-maximal inhibitory concentration
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