Parasitology International 82 (2021) 102300

Contents lists available at ScienceDirect %msnowev

NTERNATIONAL

Parasitology International

journal homepage: www.elsevier.com/locate/parint

ELSEVIER

Check for

Bio-guided isolation of leishmanicidal and trypanocidal constituents from  [&&s
Pituranthos battandieri aerial parts

Imad Mennai?, Ines Sifaoui”, Chahrazed Esseid %, Atteneri Lépez-Arencibia b
Maria Reyes-Batlle ”, Fadila Benayache °, Samir Benayache ?, Isabel L. Bazzocchi <
Jacob Lorenzo-Morales ", José E. Pifiero ", Ignacio A. Jiménez

2 Unité de Recherche Valorisation des Ressources Naturelles, Molécules Bioactives et Analyses Physicochimiques et Biologiques, Université Freres Mentouri, Constantine 1,
Route d’Ain El Bey, 25000 Constantine, Algeria

Y University Institute of Tropical Diseases and Public Heath, University of La Laguna, Avenida Astrofisico Francisco Sanchez s/n, Campus de Anchieta, Tenerife, Canary
Islands, Spain

¢ Instituto Universitario de Bio-Organica Antonio Gonzalez, Departamento de Quimica Organica, Universidad de La Laguna, Avenida Astrofisico Francisco Sanchez 2,
38206 La Laguna, Tenerife, Canary Islands, Spain

ARTICLE INFO ABSTRACT

Keywords:
Pituranthos battandieri
Bioguided isolation

Protozoan pathogens that cause neglected tropical diseases are a major public health concern in tropical and
developing countries. In the course of our ongoing search for new lead compounds as potential antiprotozoal
agents, this study aims to perform a bio-guided fractionation of Pituranthos battandieri, using an in vitro assay

I%QIShamnirclil;ﬁal against Leishmania amazonensis and Trypanosoma cruzi. Two known polyacetylenes, (—)-panaxydiol (1) and
Fzsnocoumarins (—)-falcarindiol (2) were identified from the ethanolic extract of the aerial parts of P. battandieri as the main
Polyacetylenes bioactive constituents. Compounds 1 and 2 showed similar potency (ICso values of 5.76 and 5.68 pM, respec-

tively) against L. amazonensis to miltefosine (ICso value of 6.48 pM), the reference drug, and low toxicity on
macrophage cell lines J774. Moreover, compound 1 exhibited moderate activity (ICsg 23.24 uM) against T. cruzi.
In addition, three known furanocoumarins, 8-geranyloxypsoralen (3), 8-geranyloxy-5-methoxypsoralen (4), and
phellopterin (5) were isolated. Their structures were elucidated by NMR and MS analysis. Compounds 1 and 2
are described for the first time in the Pituranthos genus, and this is the first report on their antiprotozoal activity.
These results highlight this type of polyacetylenes as an interesting scaffold for the development of novel anti-
parasitic drugs.

1. Introduction

Tropical parasitic diseases such as leishmaniasis and trypanosomiasis
are some of the main public health issues around the world, which affect
hundreds of millions of people and domestic animals. Therefore, there is
an urgent need to discover the next generation of antiparasitic drugs
against Leishmania and Trypanosoma to improve the current therapeutic
options, which suffer from serious drawbacks such as resistance, inef-
ficacy, toxicity, long courses of administration, and high costs [1,2].

Despite recent advances in modern medicine in the field of infectious
diseases, medicinal plants are still recognized as the preferred primary
health care system in most countries, mainly due to the inaccessibility of
therapeutic treatments [3]. In fact, natural products play an important
role in the development of drug candidates for leishmaniasis and
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trypanosomiasis [4-6]. In this regard, the bio-guided fractionation,
isolation, and identification of natural compounds from plants constitute
a versatile methodology for discovering new drugs [7].

The genus Pituranthos (Apiaceae or Umbelliferae family) has more
than 20 species, some endemic to North Africa and often found in arid
desert areas [8,9]. Several species of this genus have been used in
traditional folk medicine to treat fever, hepatitis, asthma, rheumatism,
diabetes, and digestive problems [9-11]. Pituranthos species are char-
acterized by the presence of bioactive natural products such as couma-
rins [12], furanocoumarins [13], and terpenoids [14]. In Algeria, there
are four species, P. battandieri, P. scoparius, P. chloranthus, and
P. reboudii. P. battandieri Maire, synonymous with Deverra battandieri
(Maire) Chrtek [15], is an endemic species to the Algerian and Moroccan
Sahara [16,17]. A previous study reported the chemical analysis of the
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essential oil of the aerial parts of Pituranthos battandieri by steam
distillation and analyzed by GC and GC-MS [18].

As a part of our research aiming to identify new antiparasitic lead
compounds, the current study reports the bio-guided fractionation of the
ethanolic extract of the aerial parts from P. battandieri against promas-
tigotes of Leishmania amazonensis and epimastigotes of Trypanosoma
cruzgi.

2. Materials and methods
2.1. General procedures

Optical rotations were measured on a Perkin Elmer 241 automatic
polarimeter in CHCl; at 25 °C and the [«]p values are given in 10~ deg.
cm?/g. IR (film) spectra were measured on a Bruker IFS 55 spectro-
photometer. 'H, *C NMR, DEPT, COSY, ROESY HSQC, and HMBC
spectra were carried out at 300 K on a Bruker Avance 600 spectrometer,
with the pulse sequences given by Bruker, the chemical shifts are given
in § (ppm) with residual CDCl3 (8y 7.26, 8¢ 77.0) as an internal
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reference, and coupling constants in Hz. The EIMS and HREIMS data
were obtained on a Micromass Autospec spectrometer. HRESIMS (pos-
itive mode) were measured on an LCT Premier XE Micromass Electro-
spray spectrometer. Silica gel 60 (particle size 15-40 and 63-200 pm,
Macherey-Nagel) was used for column chromatography (CC), while
silica gel 60 Fos4 was used for analytical thin layer chromatography
(TLC). Sephadex LH-20 was purchased from Pharmacia Biotech. The
developed TLC plates were visualized by UV light and then spraying
with HOAc-H2S04-H20 (80:16:4) system, followed by heating at 100 °C
for 3 min. All the used solvents were analytical grade from Panreac.
Reagents and deuterated solvents were from Sigma-Aldrich. For bio-
assays, Schneider’s medium (Sigma-Aldrich), RPMI 1640 and LIT media
(Gibco®), Alamar Blue® reagent (Invitrogen, Life Technologies), EnS-
pire® Multimode Plate Reader (Perkin Elmer), and Leika DMIL inverted
microscope (Leika, Wetzlar, Germany) were used. Miltefosine, used as a
reference drug, was provided by Zterna Zentaris.

aerial parts (3 kg)

(EtOH/H,0; 7/3)

La-IC4=17.13 pg/mL
Tc-IC,=99.93 pg/mL
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Fig. 1. Flowchart of antiprotozoal bio-guided fractionation of P.battandieiri aerial parts against promastigotes of L. amazonensis and epimastigotes of T.cruzi. La:
Leishmania amazonensis. Tc: Trypanosoma cruzi. ICsp: Inhibitory Concentration that inhibits 50% of the growth of the tested parasite. The ICsq values are included only

for the fractions/subfractions with the highest activity.
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2.2. Plant material

The aerial parts of Pituranthos battandieri Maire were collected near
the hydraulic Djorf Torba dam in the Wilaya Béchar in Southern Algeria
(GPS coordinates: 30°31'0“ N and 2°45°0” W) during the flowering stage
in April 2017. The plant material was authenticated by M. Mohamed
Benabdelhakem, Director of the nature preservation agency, Béchar. A
voucher specimen (PBA 54/04/10) was deposited at the Herbarium of
the VARENBIOMOL research unit, Université Freres Mentouri Con-
stantine 1, Algérie.

2.3. Extraction

The air-dried powdered leaves of P. battandieri (3.0 kg) were
extracted by repeated maceration (three times) with EtOH-H5O (2 L,
70:30) at room temperature for two days. The extract was filtered, and
the solvent was removed under reduced pressure at 40 °C on a rotary
evaporator affording a green residue (135 g, 4.5%). The hydroalcoholic
extract was refrigerated at —8 °C and an aliquot was lyophilized for
antiprotozoal assays against L. amazonensis promastigote forms and
epimastigote stage of T. cruzi.

2.4. Bio-guided fractionation and isolation

The extract was initially fractionated by liquid-liquid partition
(Fig. 1). Thus, the extract was suspended in water (H20, 1.3 L) and
successively extracted with hexanes (3 x 1 L), dichloromethane (DCM,
3 x 1L), ethyl acetate (EtOAc, 3 x 1 L), and n-butanol (n-BuOH, 3 x 1 L).
The organic phases were dried with NaySQOy, filtered and concentrated
under reduced pressure at 40 °C to afford the corresponding organic
fractions: hexanes (6 g), DCM (42 g), EtOAc (4 g), and n-BuOH (40 g).
The aqueous phase was lyophilized to yield 45 g of aqueous fraction. All
fractions from the liquid-liquid procedure were assayed for their anti-
protozoal activity.

The active fraction (DCM, 42 g) was subjected to column chroma-
tography (CC) over silica gel (63-200 pm, 9 x 40 cm) eluting with
mixtures of hexanes-EtOAc of increasing polarity (100:0 to 0:100, 1 L
each one) to afford ten fractions, which were combined based on their
TLC profile into six fractions (A to F). According to their antiprotozoal
activity, the active sub-fraction (D, 5.7 g) was subjected to further silica
gel flash chromatography (15-40 pm, 6.5 x 30 cm) using mixtures of
hexanes-diethyl ether of increasing polarity (100:0 to 0:100) to afford
seven sub-fractions (D1 to D7) based on their TLC profiles. Thus, the sub-
fraction D4 (1.55 g) was then chromatographed over Sephadex LH-20 (4
x 60 cm) by isocratic mixture of hexanes-CHCl3-MeOH (2:1:1) to give
eight sub-fractions (D4A to D4H) after their TLC analysis. The active
sub-fraction D4E (150 mg) was purified by silica gel CC (15-40 pm, 1 x
30 cm) using hexanes-DCM mixtures of increasing polarity (0-100%) to
yield seven sub-fractions according to TLC analysis (D4E1 to D4E7).
NMR analysis of sub-fractions D4E3, D4E4, and D4E6, allowed us to
identify furanocoumarins 3 (16 mg), 4 (9.4 mg), and 5 (15 mg),
respectively. The sub-fraction D4H (282 mg) was purified by silica gel
CC (15-40 pm, 2 x 30 cm) using hexanes-EtOAc mixtures of increasing
polarity (0-40%) affording nine sub-fractions grouped based on their
TLC profile (D4H1 to D4H9). Sub-fractions D4H5 and D4H7 were
identified as the polyacetylenes 1 (7.5 mg) and 2 (15 mg), respectively.

2.5. Leishmanicidal activity

In vitro leishmanicidal activity of the crude extract, fractions, sub-
fractions, and compounds was determined on the promastigote forms
of L. amazonensis (MHOM/BR/77/LTB0016) by the modified Alamar
Blue® [19]. All samples were dissolved in dimethyl sulfoxide (DMSO)
and further dilutions were made in RPMI 1640 medium. Promastigotes
were maintained in RPMI 1640 liquid medium (Gibco) supplemented
with 20% heat inactivated fetal bovine serum, vitamins, and amino acids
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at 26 °C. Logarithmic phase cultures of promastigotes were used for
experimental purposes, and the in vitro assay was performed in sterilized
96-well microtiter plates (CorningTM). Parasites were added to the
plates at a concentration of 1 x 10° cells/mL. The final volume was 200
pL in each well. Following addition of 10% of Alamar Blue Assay Re-
agent®, the plates were incubated at 26 °C. After 72 h, the plates were
examined with an Enspire microplate reader at excitation wavelengths
of 570 nm and emission wavelengths of 585 nm.

2.6. Trypanocidal activity

In vitro trypanocidal activity of the crude extract, fractions, sub-
fractions, and compounds was evaluated on the epimastigote stage of
T. cruzi (Y strain) using the Alamar Blue® assay [19]. All samples were
dissolved in DMSO and further dilutions were made in Liver Infusion
Broth (LIT) medium. Epimastigotes were maintained in LIT liquid me-
dium at 26 °C. Logarithmic phase cultures of epimastigotes were used
for experimental purposes, and the in vitro assay was performed in
sterilized 96-well microtiter plates (CorningTM). Parasites were added
to the plates at a concentration of 1 x 10° cells/mL. The final volume
was 200 pL in each well after the addition of 10% of Alamar Blue Assay
Reagent®. Following 72 h of incubation at 26 °C, the plates were
examined with an Enspire microplate reader at excitation and emission
wavelengths of 570/585 nm.

2.7. Cytotoxicity activity

Cytotoxicity was evaluated against murine macrophage J774. A1 cell
line. Cells were incubated with different concentration of the tested
compounds at 37 °C in a 5% CO2 humidified incubator for 24 h. Briefly,
macrophages were seeded in duplicate on a 96-well microtiter plate with
50 pL from a stock solution of 2*10 cells/ mL. Cells were allowed to
adhere for 15 min and 50 pL of serial dilution of the tested drugs were
added. The viability of the macrophages was determined with the Ala-
mar Blue assay as previously described [20]. Dose response curves were
plotted and the LCsg were obtained. The analyses were performed in
triplicate.

2.8. Statistical analysis

The percentage of inhibition and 50% inhibitory concentration
(ICsp) was determined by linear regression analysis with 95% confi-
dence limits. All experiments were performed three times in duplicate
and the mean values were also calculated. A paired two-tailed t-test was
used for analysis of the data. Values of p < 0.05 were considered sig-
nificant. The inhibition curves statistical analysis was undertaken using
the Sigma Plot 12.0 software program (Systat Software Inc).

3. Results and discussion

The ethanolic extract of the aerial parts of P. battandieri was evalu-
ated against promastigote forms of L. amazonensis and on the epi-
mastigote stage of T. cruzi (Table 1). Regarding the reference drugs to
treat leishmaniasis and Chagas disease, miltefosine and benznidazole
were evaluated for comparative purposes. Miltefosine showed ICs of
2.64 pg/mlL against L. amazonensis, whereas benznidazole showed an
ICsp of 1.81 pg/mL against T.cruzi. The extract was active against the
two tested strains, with a strong effect (ICso = 17.13 pg/mL) against
L. amazonensis and a moderate activity (ICso = 99.93 pg/mL) against
T. cruzi. These results prompted us to carry out a phytochemical study by
bio-guided fractionation (Fig. 1, Table 1).

DCM fraction showed the highest activity against both parasites,
exhibiting ICsg values of 20.59 and 59.56 pg/mL against L. amazonensis
and T. cruzi, respectively. Therefore, the DCM fraction was subjected to
CC to afford six fractions (A-F), sub-fraction D showed the best biological
profile (ICsp 11.22 pg/mL on L. amazonensis and 22.24 pg/mL on
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Table 1

Antiprotozoal activity on promastigote stage of Leishmania amazonensis and
epimastigote forms of Trypanosoma cruzi of the extract, fractions, and sub-
fractions from aerial parts of P. battandieri.

Samples L. amazonensis T. cruzi
ICso” + SD (ug/mL) ICs0 = SD
(pg/mL)
EtOH extract 17.13 £+ 2.42 99.93 +£7.84
Hexanes Fraction > 100 > 100
DCM Fraction 20.59 + 3.71 59.56 + 2.20
Fr. A > 50 > 50
Fr.B > 50 > 50
Fr.C > 50 > 50
Fr.D 11.22 + 0.13 22.24 £ 2.14
SubFr. D1 > 50 > 50
SubFr. D2 > 50 > 50
SubFr. D3 > 50 > 50
SubFr. D4 7.77 £ 0.13 9.00 + 0.86
SubFr. D4A > 50 > 50
SubFr. D4B > 50 > 50
SubFr. D4C > 50 > 50
SubFr. D4D > 50 > 50
SubFr. D4E 5.03 £ 0.03 36.91 + 3.79
SubFr. D4F 6.27 + 0.03 28.68 + 4.90
SubFr. D4G n.t. n.t.
SubFr. D4H 3.60 £+ 0.08 7.14 £1.12
SubFr. D5 > 50 > 50
SubFr. D6 > 50 > 50
SubFr. D7 > 50 > 50
Fr. E > 50 > 50
Fr. F > 50 > 50
EtOAc Fraction > 100 > 100
n-BuOH Fraction n.a. n.a.
H,0 Fraction n.a. n.a.
Miltefosine” 2.64 £ 0.09
Benznidazole® 1.81 + 0.50

n.t.: not tested; n.a.: non active

@ 1Csp: concentration able to inhibit 50% of the growth of the parasites, and
values are expressed as the mean + standard deviation for three individual
experiments.

b Miltefosine was usedd as a positive control for leishmanicidal activity.

¢ Benznidazole was usedd as a positive control for trypanocidal activity.
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T. cruzi) and was further subjected to CC on silica gel. The sub-fraction
D4 was the most active with ICs values less than 10 pg/mL against both
parasites, this was a promising indication to continue with the bio-
guided fractionation.

In addition, the most active sub-fractions of D4 were D4E (ICsg 5.03
pg/mL and 36.91 pg/mL against L. amazonensis and T. cruzi, respec-
tively) and D4H (ICs 3.60 and 7.14 pg/mL against L. amazonensis and
T. cruzi, respectively). Consequently, sub-fractions D4E and D4H were
submitted to purification affording the known compounds (1-5), which
were identified as panaxydiol (1) [21], falcarindiol (2) [22], 8-gerany-
loxypsoralen (3) [23], 8-geranyloxy-5-methoxypsoralen (4) [24], and
phellopterin (5) [25] (Fig. 2) based on their NMR and MS spectroscopic
data (Supplementary Materials Figs. S1-S20) and comparison with data
reported in the literature. Moreover, compounds 1 and 2 showed a
specific rotation of [(x]ZOD -10.9 (¢ 0.11, CHCI3) and [«] 20[) -25.4 (¢ 0.13,
CHCl3), respectively, establishing their structures as (—)-panaxydiol and
(—)-falcarindiol. Compounds 1 and 2 are reported for the first time in
Pituranthos genus.

Compounds isolated from bio-guided fractionation, except com-
pounds 3 and 5 which were excluded due to low solubility in DMSO,
were also assayed for their effect on promastigote forms of L. ama-
zonensis and epimastigote forms of T. cruzi. (Table 2). The results showed
that polyacetylenes 1 and 2 exhibited a potent activity against L. ama-
zonensis exhibiting ICso values of 5.76 and 5.68 pM, respectively.
Significantly, their activity was similar to the reference drug miltefosine
(ICs50 = 6.48 pM). Furthermore, 8-geranyloxy-5-methoxypsoralen (4)
showed a moderate leishmanicidal activity (ICsp 17.98 pM). In general,
crude extract, fractions, sub-fractions, and pure compounds showed
higher efficacy against promastigotes of L. amazonensis than against
epimastigotes of T. cruzi. In fact, only compound 1 showed moderate
trypanocidal activity (ICsp 23.24 pM) (Table 2). Moreover, compounds
1, 2, and 4 were tested against macrophage J774 cell line to determine
their cytotoxicity (Table 2). These compounds did not affect signifi-
cantly cell development and showed selectivity index value >2, which is
considered selective against promastigotes of L. amazonensis [26]. To the
best of our knowledge, this study provides the first report of panaxydiol
(1) and falcarindiol (2) as antiprotozoal agents. Thus, overall, we
consider that the bio-guided fractionation approach has been a useful
tool due to its ability to isolate and concentrate active compounds in a

| "
OH

/ C7H4s (
" ! " & CrH1s /

OCHs

/ X
(0] 0 0]
(0]

3R=H
4 R= OCHj

5

Fig. 2. Chemical structures of isolated polyacetylenes (1-2) and furanocoumarins (3-5) from aerial parts of P. battandieri.
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Table 2

Antiprotozoal activity on promastigote stage of L. amazonensis and epimastigote
forms of T. cruzi, and cytotoxicity activity on macrophage cell line of the isolated
compounds® from aerial parts of P. battandieri.

Compounds L. amazonensis  T. cruzi J774.A1 SL-L¢ SI-T®
ICso” + SD ICso + SD LCso” % SD
(uv) (M) (uM)
Compound 1 5.76 £ 0.15 23.244+2.34 44.09 + 7.65 1.90
1.77
Compound 2 5.68 + 0.42 121.78 + 40.71 + 7.17 0.33
6.76 2.19
Compound 4 17.98 + 0.41 82.41 + 6.69 68.66 + 3.82 0.83
0.16
Miltefosine’ 6.48 £ 0.22 72.18 £ 11.14
3.04
Benznidazole® 6.95 + 1.92 400.0 + 4.0 57.55

@ Compounds 3 and 5 were excluded due to their low solubility in DMSO.

b 1Cso: Inhibitory concentration that inhibits 50% of the growth of the tested
parasites, and values are expressed as the mean + standard deviation for three
individual experiments.

¢ LCsp: Lethal concentration that reduces 50% of the J774.A1 cell viability,
and values are expressed as the mean + standard deviation for three individual
experiments.

4 SI-L: Selectivity index (LCsq /ICso) for L. amazonensis.

€ SI-T: Selectivity Index (LCsg /ICsp) for T. cruzi.

f Miltefosine was used as a positive control for leishmanicidal activity.

8 Benznidazole was used as a positive control for trypanocidal activity.

logical and rational way. The isolated compounds are expected to
display higher antiprotozoal activity than the crude extract, as they
would be more concentrated. Indeed, panaxydiol (1) showed a 11.4 and
16.5-fold increase in activity as compared with EtOH extract against L.
amazonensis (ICsp 1.48 pg/mL versus 17.13 pg/mL) and T. cruzi (ICsg
6.05 pg/mL versus 99.93 pg/mL), respectively.

Our findings agree with previous studies revealing that the poly-
acetylenes show clinically significant antiprotozoal activities against
species of Leishmania and Trypanosoma genus [27-29]. The results for
compounds 1 and 2 provide new insights into this type of natural
product and may aid the design of antiparasitic agents. As far as we
know, there is only one study on the leishmanicidal properties of fur-
anocoumarins [30].

4. Conclusion

The bioguided fractionation of the ethanol extract from the aerial
parts of P. battandieri led to the isolation of the polyacetylenes
(—)-panaxydiol (1) and (—)-falcarindiol (2) as the main bioactive com-
pounds. These compounds showed similar potency against L. ama-
zonensis to miltefosine, the reference drug, and a low toxicity on
macrophage cell line J774. Furthermore, the good correlation observed
between our results and those of previous works highlights the poly-
acetylenes as promising antiprotozoal agents. This further supports
P. battandieri as a source for potential leishmanicidal and trypanocidal
agents.

Declaration of Competing Interest

The authors declare that they have no conflicts of interest.

Acknowlegments

This work was supported by the RICET grant (RD12/0018/0012,
Redes Tematicas de Investigacién Cooperativa, FIS) MSSSI, Spain, the
Fundacién CajaCanarias (project BIO24, 2016-25), and MICINN
(RTI2018-094356-B-C21) Spain project and FEDER funds from the EU.
JLM was funded by Proyectos puente al Plan Estatal de I + D + I, Plan
Propio 2017, Universidad de La Laguna. IM thanks the Ministry of

Parasitology International 82 (2021) 102300

Higher Education and Scientific Research of Algeria (Exceptional Na-
tional Program 2016-2017) for a Stage Grant. IS and ALA thank the
Agustin de Betancourt Program, Cabildo de Tenerife. We are also
grateful to Dr. Mohamed Benabdelhakem, Director of the Nature Pres-
ervation Agency, Béchar, for the identification of the plant material.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.parint.2021.102300.

References

[1] WHO (World Health Organization), Neglected tropical diseases. http://www.who.
int/neglected _diseases/diseases/en/, 2019 (accessed on 19 April 2019).

[2] WHO (World Health Organization). http://www.who.int/news-room/fact-sheets
/detail/leishmaniasis, 2019 (accessed on 29 July 2019).

[3] S.O. Mintah, T. Asafo-Agyei, M.-A. Archer, P. Atta-Adjei Junior, D. Boamah,

D. Kumadoh, A. Appiah, A. Ocloo, Y.D. Boakye, C. Agyare, Medicinal Plants for
Treatment of Prevalent Diseases, 2019, https://doi.org/10.5772/
intechopen.82049.

[4] S.P.S. Rao, M.P. Barrett, G. Dranoff, C.J. Faraday, C.R. Gimpelewicz, A. Hailu, C.
L. Jones, J.M. Kelly, J.K. Lazdins-Helds, P. Maser, J. Mengel, J.C. Mottram, C.

E. Mowbray, D.L. Sacks, P. Scott, G.F. Spath, R.L. Tarleton, J.M. Spector, T.
T. Diagana, Drug discovery for kinetoplastid diseases: future directions, ACS Infect.
Dis. 5 (2019) 152-157, https://doi.org/10.1021/acsinfecdis.8b00298.

[5] N. Tiwari, A. Kumar, A.K. Singh, S. Bajpai, A.K. Agrahari, D. Kishore, N. Tiwari, R.
K. Singh, Leishmaniasis control: limitations of current drugs and prospects of
natural products, edited by, in: Goutam Brahmachari (Ed.), Discovery and
Development of Therapeutics from Natural Products Against Neglected Tropical
Diseases Elsevier (Eds, New York, 2019, pp. 293-350.

[6] M.T. Varela, J.P.S. Fernandes, Natural products: key prototypes to drug discovery
against neglected diseases caused by trypanosomatids, Curr. Med. Chem. 2019
(2018), https://doi.org/10.2174/0929867325666180501102450.

[7] D.W. Phillipson, K.E. Milgram, A.I. Yanovsky, L.S. Rusnak, D.A. Haggerty, W.

P. Farrell, M.J. Greig, X. Xiong, M.L. Proefke, High-throughput bioassay-guided
fractionation: a technique for rapidly assigning observed activity to individual
components of combinatorial libraries, screened in HTS bioassays, J. Comb. Chem.
4 (6) (2002) 591-599, https://doi.org/10.1021/cc020042e.

[8] L. Aloui, M. Kossentini, C. Geffroy-Rodier, J. Guillard, S. Zouari, Phytochemical
investigation, isolation and characterization of coumarins from aerial parts and
roots of Tunisian Pituranthos chloranthus (Apiaceae), Pharmacogn. Commun 5 (4)
(2015) 237-243, https://doi.org/10.5530/pc.2015.4.4.

[9] A. Chikhoune, J.D. Pavleca, M. Shashkov, Z. Berroua, K. Chebbi, H. Bougherra,
B. Zeroual, K. Aliane, M. Gagaoua, A. Boudjellal, I. Vovk, M. Krizman, Antioxidant
effect induced by the essential oil of Pituranthos scoparius in a formulation of a
whey spread emulsion, J. Food Process. Preserv. 41 (5) (2017), e13163, https://
doi.org/10.1111/jfpp.13163.

[10] V. Hammiche, K. Maiza, Traditional medicine in Central Sahara: pharmacopoeia of
Tassili N'ajjer, J. Ethnopharmacol. 105 (3) (2006) 358-367, https://doi.org/
10.1016/j.jep.2005.11.028.

[11] H. Adida, E. Frioui, R. Djaziri, D. Mezouar, In vitro antibacterial activity of
Pituranthos scoparius from Algeria, Int. J. Biol. Chem. Sci. 8 (5) (2014) 2095-2108,
https://doi.org/10.4314/ijbcs.v8i5.15.

[12] H. Haba, M. Benkhaled, G. Massiot, C. Long, C. Lavaud, Alkylated isocoumarins
from Pituranthos Scoparius, Nat. Prod. Res. 18 (5) (2004) 409-413, https://doi.org/
10.1080/14786410310001639259.

[13] V. Stanjek, W. Boland, Biosynthesis of angular furanocoumarins: Mechanism and
stereochemistry of the oxidative dealkylation of columbianetin to angelicin in
Heracleum mantegazzianum (Apiaceae), Helv. Chim. Acta 81 (9) (1998) 1596-1607,
https://doi.org/10.1002/(SICI)1522, 2675(19980909)81:9<1596.

[14] A. Ksouri, T. Dob, A. Belkebir, D. Dahmane, A. Nouasri, Volatile compounds and
biological activities of aerial parts of Pituranthos scoparius (Coss and Dur) Schinz
(Apiaceae) from Hoggar, southern Algeria, Trop. J. Pharm. Res. 16 (1) (2017)
51-58, https://doi.org/10.4314/tjpr.v16il.7.

[15] P. Quezel, S. Santa, Nouvelle flore de 1’Algérie et des régions désertiques
méridionales, CNRS, Paris, 1963.

[16] P. Ozenda, Flore du Sahara, 2e éd. editions du centre national de la recherche
scientifique, Paris, 1983.

[17] J.E. Oualidi, H. Khamar, M. Fennane, Checklist des endémiques et spécimens types
de la flore vasculaire d’Afrique du Nord, Institut scientifique, Rabat, 2012.

[18] C. Esseid, Y. Mechehoud, J.-C. Chalchat, G. Figueredo, P. Chalard, S. Benayache,
F. Benayache, Chemical composition of the essential oil of aerial parts of
Pituranthos battandieri Maire, IJPPR 8 (10) (2016) 1731-1734.

[19] M.G. Cabrera-Serra, J. Lorenzo-Morales, M. Romero, B. Valladares, J.E. Pinero, In
vitro activity of perifosine: a novel alkylphospholipid against the promastigote
stage of Leishmania species, Parasitol. Res. 100 (5) (2007) 1155-1157, https://doi.
org/10.1007/500436-006-0408-4.

[20] I Sifaoui, A. Lopez-Arencibia, C.M. Martin-Navarro, M. Reyes-Batlle, M. Mejri,
B. Valladares, J. Lorenzo-Morales, M. Abderabba, J.E. Pinero, Selective activity of
oleanolic and maslinic acids on the amastigote form of Leishmania spp. Iran,


https://doi.org/10.1016/j.parint.2021.102300
https://doi.org/10.1016/j.parint.2021.102300
http://www.who.int/neglected_diseases/diseases/en/
http://www.who.int/neglected_diseases/diseases/en/
http://www.who.int/news-room/fact-sheets/detail/leishmaniasis
http://www.who.int/news-room/fact-sheets/detail/leishmaniasis
https://doi.org/10.5772/intechopen.82049
https://doi.org/10.5772/intechopen.82049
https://doi.org/10.1021/acsinfecdis.8b00298
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0025
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0025
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0025
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0025
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0025
https://doi.org/10.2174/0929867325666180501102450
https://doi.org/10.1021/cc020042e
https://doi.org/10.5530/pc.2015.4.4
https://doi.org/10.1111/jfpp.13163
https://doi.org/10.1111/jfpp.13163
https://doi.org/10.1016/j.jep.2005.11.028
https://doi.org/10.1016/j.jep.2005.11.028
https://doi.org/10.4314/ijbcs.v8i5.15
https://doi.org/10.1080/14786410310001639259
https://doi.org/10.1080/14786410310001639259
https://doi.org/10.1002/(SICI)1522
https://doi.org/10.4314/tjpr.v16i1.7
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0075
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0075
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0080
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0080
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0085
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0085
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0090
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0090
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0090
https://doi.org/10.1007/s00436-006-0408-4
https://doi.org/10.1007/s00436-006-0408-4

1. Mennai et al.

[21]

[22]

[23]

[24]

[25]

J. Pharm. Res. 16 (3) (2017) 1190-1193, https://doi.org/10.22037/
ijpr.2017.2070.

K. Hirakura, M. Morita, K. Nakajima, Y. Ikeya, H. Mitsuhashi, Three acetylenic
compounds from roots of Panax ginseng, Phytochemistry 31 (3) (1992) 899-903,
https://doi.org/10.1016/0031-9422(92)80036-E.

S. Tamura, T. Ohno, Y. Hattori, N. Murakami, Establishment of absolute
stereostructure of falcarindiol, algicidal principle against Heterocapsa
circularisquama from Notopterygii Rhizoma, Tetrahedron Lett. 51 (11) (2010)
1523-1525, https://doi.org/10.1016/j.tetlet.2010.01.047.

E.C. Row, S.A. Brown, A.V. Stachulski, M.S. Lennard, Synthesis of 8-geranyloxyp-
soralen analogues and their evaluation as inhibitors of CYP3A4, Bioorg. Med.
Chem. 14 (11) (2006) 3865-3871, https://doi.org/10.1016/j.bmc.2006.01.046.
K. Franke, A. Porzel, M. Masaoud, G. Adam, J. Schmidt, Furanocoumarins from
Dorstenia gigas, Phytochemistry 56 (56) (2001) 611-621, https://doi.org/10.1016/
S0031-9422(00)00419-2.

J. Kang, L. Zhou, J. Sun, J. Han, D.A. Guo, Chromatographic fingerprint analysis
and characterization of furocoumarins in the roots of Angelica dahurica by HPLC/
DAD/ESI-MS" technique, J. Pharm. Biomed. Anal. 47 (4-5) (2008) 778-785,
https://doi.org/10.1016/j.jpba.2008.03.010.

[26]

[27]

[28]

[29]

[30]

Parasitology International 82 (2021) 102300

M. Suffness, J.M. Pezzuto, Assays related to cancer drug discovery K. Hostettmann,
in: K. Hostettmann (Ed.), Methods in Plant Biochemistry: Assays for Bioactivity
Vol. 6, Academic Press, London, UK, 1990, pp. 71-133.

M. Senn, S. Gunzenhauser, R. Brun, U. Séquin, antiprotozoal polyacetylenes from
the Tanzanian medicinal plant Cussonia zimmermannii, J. Nat. Prod. 70 (10) (2007)
1565-1569, https://doi.org/10.1021/np0702133.

A. Medbouhi, A. Tintaru, C. Beaufay, J.V. Naubron, N. Djabou, J. Costa, J. Quetin-
Leclercq, A. Muselli, Structural elucidation and cytotoxicity of a new 17-membered
ring lactone from Algerian Eryngium campestre, Molecules 23 (12) (2018) 3250,
https://doi.org/10.3390/molecules23123250.

F. Herrmann, F. Sporer, A. Tahrani, M. Wink, Antitrypanosomal roperties of Panax
ginseng C. A. Meyer: new possibilities for a remarkable traditional drug, Phytother.
Res. 27 (2013) 86-98, https://doi.org/10.1002/ptr.4692.

M.IL Tracanna, A.M. Fortuna, A.V. Cardenas, A.K. Marr, W.R. McMaster, A. Gomez-
Velasco, E. Sanchez-Arreola, L.R. Hernandez, H. Bach, Anti-leishmanial, anti-
inflammatory and antimicrobial activities of phenolic derivatives from Tibouchina
paratropica, Phytother. Res. 29 (2015) 393-397, https://doi.org/10.1002/
ptr.5263.


https://doi.org/10.22037/ijpr.2017.2070
https://doi.org/10.22037/ijpr.2017.2070
https://doi.org/10.1016/0031-9422(92)80036-E
https://doi.org/10.1016/j.tetlet.2010.01.047
https://doi.org/10.1016/j.bmc.2006.01.046
https://doi.org/10.1016/S0031-9422(00)00419-2
https://doi.org/10.1016/S0031-9422(00)00419-2
https://doi.org/10.1016/j.jpba.2008.03.010
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0130
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0130
http://refhub.elsevier.com/S1383-5769(21)00019-2/rf0130
https://doi.org/10.1021/np0702133
https://doi.org/10.3390/molecules23123250
https://doi.org/10.1002/ptr.4692
https://doi.org/10.1002/ptr.5263
https://doi.org/10.1002/ptr.5263

	Bio-guided isolation of leishmanicidal and trypanocidal constituents from Pituranthos battandieri aerial parts
	1 Introduction
	2 Materials and methods
	2.1 General procedures
	2.2 Plant material
	2.3 Extraction
	2.4 Bio-guided fractionation and isolation
	2.5 Leishmanicidal activity
	2.6 Trypanocidal activity
	2.7 Cytotoxicity activity
	2.8 Statistical analysis

	3 Results and discussion
	4 Conclusion
	Declaration of Competing Interest
	Acknowlegments
	Appendix A Supplementary data
	References


