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In the course of the screening of plants from Niger for antiprotozoal activity, the methanol extract of Cassia sieberiana, and the dichloromethane extracts of Ziziphus mauritiana and Sesamun alatum were found to be active against protozoan parasites, namely Trypanosoma brucei rhodesiense, Trypanosoma cruzi, Leishmania donovani and/or Plasmodium falciparum. Myricitrin (1), quercitrin (2) and 1-palmitoyl-lysolecithin (3) were isolated from C. sieberiana. From Z. mauritiana, the three triterpene derivatives 13, 15, and 16 are described here for the first time. Their chemical structures were determined by 1D and 2D NMR experiments, UV, IR and HRESIMS data. The absolute configurations were assigned via comparison of the experimental and calculated ECD spectra. In addition, eight known cyclopeptide alkaloids (4, 5, 7–12), and five known triterpenoids (6, 14, 17–19) were isolated. The antiprotozoal activity of the isolated compounds, as well as of eleven quinone derivatives (20–30) previously isolated from S. alatum was determined in vitro. The cytotoxicity in L6 rat myoblast cells was also evaluated. Compound 18 showed the highest antiplasmodial activity (IC50 = 0.2 µm) and compound 24 inhibited T. b. rhodesiense with an IC50 value of 0.007 µM. However, it also displayed significant cytotoxicity in L6 cells (IC50 = 0.4 µm).
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INTRODUCTION
Human protozoal diseases remain an important health issue, with significant morbidity and mortality, particularly in tropical and sub-tropical regions. Malaria, which is caused by parasites of the genus Plasmodium, is the most prevalent parasitic disease with approximately 247 million cases and almost 619,000 deaths per year, mostly affecting young children in Africa (WHO, 2022c). Moreover, human African trypanosomiasis, American trypanosomiasis, and leishmaniasis affect millions of people worldwide (WHO, 2022b). Trypanosomiasis and leishmaniasis are protozoan infections caused by kinetoplastids. Trypanosoma cruzi is responsible for American trypanosomiasis also known as Chagas disease, which affects approximately 7 million people annually in Central and South America (WHO, 2022a). Sleeping sickness or human African trypanosomiasis, caused by T. brucei subspecies, leads to about 1000 cases in Africa annually (Franco et al., 2022). Worldwide, it is estimated that up to 100,000 people are affected by Leishmania donovani, a protozoan parasite that causes visceral leishmaniasis (WHO, 2021). The drugs currently used to treat the four diseases are limited because of important side effects, variable efficacy depending on the phase of the disease, and emerging resistances.
Thirty-eight plants from Niger were selected based on their use in traditional medicine. Aerial and/or subterranean parts of each plant were successively extracted with dichloromethane (DCM), methanol (MeOH), and H2O to obtain a wide variety of metabolites of various polarities. The extracts were obtained and tested against four parasites, T. b. rhodesiense, T. cruzi, L. donovani and P. falciparum. The selection criteria for the phytochemical investigation of the biologically active extracts were their LC-MS profile and traditional use. Based on these criteria, the MeOH extract from the leaves of Cassia sieberiana DC., as well as the DCM extracts from the root bark and roots of Ziziphus mauritiana Lam. and Sesamum alatum Thonn., respectively, were selected for further studies.
Cassia, a large genus of the Fabaceae family, is widely distributed in tropical and subtropical regions and contains 37 species (POWO, 2022). C. sieberiana is a perennial tree native to Africa and is used in traditional medicine against fever, diarrhea, leprosy, dropsy, bilharzia and abdominal pain (Tamboura et al., 2005). The MeOH and benzene leaf extracts of C. sieberiana showed in vitro antiplasmodial activity (Aliyu et al., 2013). In addition, the DCM leaf extract of C. sieberiana displayed an in vitro antitrypanosomal activity against T. b. rhodesiense with an IC50 value of 25.8 µg/mL (Hoet et al., 2004).
The genus Ziziphus (Rhamnaceae) is distributed in tropical and subtropical areas of the world, and comprises 70 species of deciduous or evergreen trees and shrubs (POWO, 2022). Z. mauritiana is traditionally used for the treatment of diarrhea (Dahiru et al., 2006), ulcers, vomiting, indigestion (Bunyapraphatsara and Chokechaijaroenporn, 1999), pulmonary ailments, dysentery and fever (Morton, 1987; Verheij and Coronel, 1991). The antiplasmodial activity of the hydroethanol leaf extract of Z. mauritiana was reported (Attemene et al., 2018). However, there is no previous report on its activity against T. b. rhodesiense, T. cruzi and L. donovani.
The Sesamum genus (Pedaliaceae) comprises 31 species, most of which are native to tropical Africa (POWO, 2022). S. alatum, a wild plant, has been reported for its traditional use against women infertility, vomiting, diarrhea, and fever (Eklu-Natey et al., 2012). Lignans and saponins were isolated from the aerial parts of S. alatum (Kamal-Eldin and Yousif, 1992; Potterat et al., 1992). The antiproliferative activity against multiple myeloma cells of the DCM root extract of S. alatum and of the eighteen isolated compounds was reported previously (Saraux et al., 2022).
MATERIALS AND METHODS
General experimental procedures
For UHPLC separations, LC-MS grade acetonitrile (MeCN) and water were purchased from Fisher (Waltham, MA, United States). For extraction, technical grade MeOH and DCM were obtained from Thommen-Furler (Rüti bei Büren, Switzerland). For fractionation and preparative separation, HPLC-grade MeCN was purchased from Fisher and water obtained by a Milli-Q water purification system (Labatec Pure Lab Ultra, Geneva, Switzerland). Formic acid 98% was purchased from Acros Organics (Geel, Belgium). Optical rotation values were obtained in MeOH using a JASCO P-1030 polarimeter (Easton, MD, United States) equipped with a sodium lamp (589 nm). The ECD spectra were recorded in MeOH on a JASCO J-815 CD spectrometer. The UV spectra were obtained in MeOH on a Perkin-Elmer Lambda-25 UV-vis spectrophotometer (Wellesley, MA, United States). IR spectra were recorded using a Perkin-Elmer Spectrum 100 spectrometer (Waltham, MA, United States). NMR spectra were obtained using a Bruker Avance III HD 600 MHz NMR spectrometer equipped with a QCI 5 mm cryoprobe and a Sample Jet automated sample changer (Bruker BioSpin, Rheinstetten, Germany). The residual DMSO-d6 signals (δH 2.50; δC 39.5) were used as internal standards for 1H and 13C NMR experiments, respectively. Chemical shifts (δ) are reported in parts per million and coupling constants (J) are reported in Hz. Spectra were analyzed by the Mestrenova 14.1.2 software (Santiago de Compostela, Spain). HRMS spectra were obtained using a Q Exactive Focus Hybrid quadrupole-orbitrap mass spectrometer (Thermo Scientific, Waltham, MA, United States) using electrospray ionization in positive and negative-ion modes. The instrument was programmed with spray voltage at 3.5 kV; sheath gas flow rate (N2) at 50 units; capillary temperature at 320°C; S lens RF level at 50 and probe heater temperature at 425°C. UHPLC-PDA-MS analyses were acquired using an Acquity UPLC I-class System (Waters, Milford, MA, United States) equipped with an Acquity PDA detector and connected to a Quattro Micro triple quadrupole mass spectrometer (Waters) with an ESI source operating in positive-ion mode. The system was controlled by Mass Lynx 4.1 software (Waters). The separation was achieved on a Kinetex UPLC EVO C18 column (100 × 2.1 mm i. d., 1.7 μm, Phenomenex, Torrance, CA, United States), using a gradient (MeCN and H2O both containing 0.1% formic acid) from 5% to 98% MeCN in 15 min, followed by an isocratic washing step at 98% MeCN for 2 min. After the washing step, the column was re-equilibrated with 5% MeCN for 2 min prior to the next injection. The flow rate was set to 0.5 mL/min, the column temperature to 40°C, and the injection volume was 2 μL. The UV absorbance was measured at 210 nm, and PDA absorption spectra were recorded between 190 and 500 nm (1.2 nm steps). The spray voltage was set at 2.6 kV; the sheath gas flow rate (N2) at 600 L/h; the capillary temperature was 350°C; the spectra (150–1000 Da) were recorded every 0.20 s. Fractionation and semi-preparative chromatography were conducted using an Armen Spot preparative chromatographic system (Interchim, Montluçon, France) equipped with a quaternary pump, a UV detector and a fraction collector. The fractionation was performed using two flash chromatography columns connected in series (PF-C18HQ/120 g, 15 μm, Interchim). A Kinetex EVO C18 column (250 × 21.2 mm, 5 μm, Phenomenex) and an X-Select C18 column (250 × 19.0 mm, 5 μm, Waters) were used for semi-preparative HPLC separations. The fractions were analyzed by using an Acquity UPLC System (Waters) with an Acquity BEH C18 column (50 × 2.1 mm i.d., 1.7 μm, Waters).
ECD computational details
The determination of the absolute configuration of compounds 15 and 16 was done by comparing the calculated and experimental ECD spectra. The structures proposed by 1D and 2D NMR experiments were used as a base to perform a conformational search using MMFF94s force field by Spartan Student v7 (Wavefunction, Irvine, CA, United States). Based on the results, the 20 isomers with lowest energy were successively optimized using PM3 and B3LYP/6-31G (d, p) basis sets with the CPCM model in MeOH in Gaussian 16 software (© 2015–2022, Gaussian Inc., Wallingford, CT, United States). All optimized conformers in each step were checked to avoid imaginary frequencies. All optimized conformers were submitted to Gaussian 16 software for ECD calculations, using TD-DFT B3LYP/def2svp as basis set with a CPCM model in MeOH. The calculated ECD spectra were generated in SpecDis1.71 software (Berlin, Germany) based on Boltzmann weighing average. The computation in Gaussian was performed at the University of Geneva on the Baobab cluster, https://plone.unige.ch/distic/pub/hpc/baobab_en).
Antiparasitic and cytotoxicity assays
The in vitro activity was assessed on T. b. rhodesiense (STIB900, trypomastigotes), T. cruzi (Tulahuen C2C4, intracellular amastigotes), L. donovani (MHOM-ET-67/L82, axenically grown amastigotes), P. falciparum (NF54, intraerythrocytic), and L6 cells (ATCC, CRL-1458™, rat skeletal myoblasts) as previously described (Bernal et al., 2020). The activities were determined in serial dilution assays with 72 h compound exposure, respectively 96 h for intracellular T. cruzi. Results are expressed in µg/mL for extracts and in µM for pure compounds. The IC50 values were determined for the compounds only when they were <50 µM.
Plant material
Cassia sieberiana leaves, Ziziphus mauritiana root bark and Sesamum alatum roots were collected in November 2017 in Gabi, Niger. The identification was confirmed by Prof. Mahamane Saadou at the University of Maradi. Voucher specimens were deposited at the University of Geneva (no 2016020-L, 2016018-SB and 89128, respectively).
Extraction
Air-dried and powdered C. sieberiana leaves (760 g) and Z. mauritiana root bark (270 g) were extracted at room temperature by maceration using MeOH and DCM (1:10, m/v), respectively (3 × 24 h). After filtration, extracts were evaporated under reduced pressure at 40°C to yield 12.2 g and 3.7 g of crude extracts of C. sieberiana leaves and Z. mauritiana root bark respectively. S. alatum roots were extracted as previously described (Saraux et al., 2022).
Isolation
The MeOH leaf extract of C. sieberiana (6 g) was mixed with 16 g of Celite 577 (Fluka, Buchs, Switzerland) and introduced into a cartridge for a dry load injection. The fractionation was performed with a linear gradient mode of 20%–100% MeCN containing 0.1% formic acid over 120 min and then 100% MeCN for 30 min. The flow rate was set to 20 mL/min, and UV detection was performed at 220 nm. The separation yielded 214 fractions that were combined into 24 fractions according to their chromatographic profiles. Fraction 1 yielded myricitrin (1, 6 mg) and fraction 5 afforded quercitrin (2, 10 mg). Fractions 15 and 16 were subjected to semi-preparative HPLC using an X-Select C18 column (250 × 19.0 mm, 5 µm) using a linear gradient of 30%–80% MeCN containing 0.1% formic acid over 50 min and then up to 100% MeCN in 30 min to afford 1-palmitoyl-lysolecithin (3, 2 mg). The flow rate was set to 20 mL/min, and UV detection was performed at 220 nm.
The dichloromethane extract from Z. mauritiana root bark (3.7 g) was mixed with 8 g of Celite 577 and introduced into a cartridge for a dry load injection. Fractionation was performed using two flash chromatography columns connected in series (PF-C18HQ/120 g, 15 µm) with a linear gradient mode of 10%–100% MeCN containing 0.1% formic acid over 170 min and then 100% MeCN for 55 min. The flow rate was set to 20 mL/min, and UV detection was performed at 280 nm. The separation yielded 220 fractions that were combined into 27 fractions according to their chromatographic profiles. Fraction 4 yielded mauritine F (4, 1.5 mg), fraction 5 gave mauritine A (5, 0.8 mg) and fraction 20 gave ceanothic acid (6, 93.3 mg). Fractions 6, 9, 10, 22, 23, 25, and 27 were selected for further purification using a semi-preparative HPLC with a Kinetex EVO C18 column (250 × 21.2 mm, 5 µm) with MeCN/H2O/0.1% formic acid. The flow rate was set to 20 mL/min and UV absorbance was measured at 210 nm. Fraction 6 was subjected to a separation using a gradient of 15%–22% MeCN over 80 min, which yielded sanjoinine B (7, 1.9 mg), lotusanine A (8, 2.8 mg), nummularine K (9, 0.8 mg), amphibine H (10, 0.6 mg), and N-demethylamphibine H (11, 0.7 mg). Fractions 9 and 10 were separated using a gradient of 25%–40% MeCN in 80 min and gave mauritine M (12, 1.3 mg). Fractions 22 and 23 were fractionated using a gradient of 45%–65% MeCN in 80 min and yielded 3-dehydroxyceanothan-28β-19β-olide (13, 1.8 mg) from fraction 22. Fraction 23 afforded colubrinic acid (14, 1.4 mg) and (1R)-3-O-benzoyl ceanothic acid (15, 11.7 mg). Fraction 25 afforded (1S)-3-O-benzoyl ceanothic acid (16, 2.2 mg), ceanothenic acid (17, 0.7 mg) and 3-O-trans-p-coumarylalphitolic acid (18, 1.3 mg) using a gradient of 50%–55% MeCN in 80 min. Fraction 27 was separated using a gradient of 60%–65% MeCN in 80 min and gave betulinic acid (19, 2.6 mg).
Compounds 20–30 were isolated from the roots of S. alatum by liquid chomatography and characterized by spectral methods as previously described (Saraux et al., 2022).
Compound 13: white, amorphous solid; [image: image] −110.2 (c 0.1, MeOH); UV (MeOH) λmax (log ε), 231 (3.22), 270 (2.44) nm; 1H and 13C NMR, see Table 1; HRESIMS m/z 483.3123 ([M–H])- (calcd for C30H43O5, 483.3105).
TABLE 1 | 1H NMR (DMSO-d6, 600 MHz) and 13C NMR (DMSO-d6, 150 MHz) data of compounds 13, 15, and 16.
[image: Table 1]Compound 15: white, amorphous solid; [image: image] −3.8 (c 0.1, MeOH); UV (MeOH) λmax (log ε) 241 (3.33), 273 (3.19) nm; IR νmax 2945, 1717, 1452, 1272, 1175, 1111, 1026 cm-1; 1H and 13C NMR, see Table 1; HRESIMS m/z 589.3543 ([M–H])- (calcd for C37H49O6, 589.3524).
Compound 16: white, amorphous solid; [image: image] −32.4 (c 0.1, MeOH); UV (MeOH) λmax (log ε) 241 (3.35), 273 (3.15) nm; IR νmax 2931, 1720, 1453, 1273, 1175, 1112, 1028 cm-1; 1H and 13C NMR, see Table 1; HRESIMS m/z 589.3541 ([M–H])- (calcd for C37H49O6, 589.3524).
RESULTS AND DISCUSSION
Antiprotozoal activity of extracts
Based on the screening of 38 plants from Niger against T. b. rhodesiense, T. cruzi., L. donovani and P. falciparum, the MeOH extract from the leaves of C. sieberiana, the DCM extract from the root bark of Z. mauritiana, and the DCM extract from the roots of S. alatum were selected for further analysis (IC50 values <10 μg/mL). These three extracts showed some cytotoxicity in L6 cells (Table 2).
TABLE 2 | Antiparasitic activity and cytotoxicity of Cassia sieberiana, Ziziphus mauritiana, and Sesamum alatum extracts.
[image: Table 2]Compound isolation and structure elucidation
The LC-HRMS/MS-based dereplication of the MeOH leaf extract of C. sieberiana suggested the presence of several fatty acids, flavonoids, and chlorophyll derivatives. This extract was subjected to a flash column chromatography and semi-preparative HPLC to isolate two flavonoids and a phospholipid. The flavonoids were identified as myricitrin (1) (David et al., 1996) and quercitrin (2) (Mendez et al., 1995) (Supplementary Figures S1–S14) by comparison of the experimental data with the literature. Compound 3 was defined to be 1-palmitoyl-lysolecithin based on HRESIMS and MS/MS spectra, as well as NMR data (Supplementary Figures S15-S21). This compound showed structural similarities with miltefosine (Figure 1), a compound initially developed as an anti-tumor drug, which was the first effective oral drug against visceral and cutaneous leishmaniasis (Croft et al., 2003; Dorlo et al., 2012). Compound 3 and miltefosine share a phosphocholine moiety. The former is known to be a cellular membrane component in eukaryotic cells (Kim et al., 2003). To the best of our knowledge, there is no biological activity reported for this compound but some analogues were isolated from the marine sponge Spirastrella abata and from deer antler, and showed antifungal activities (Min et al., 2001).
[image: Figure 1]FIGURE 1 | Structures of compounds 1 to 3 isolated from the MeOH leaf extract of C. sieberiana.
The DCM extract from the root bark of Z. mauritiana was subjected to flash column chromatography and semi-preparative HPLC to obtain eight cyclopeptide alkaloids and eight triterpenoids (4—19) (Figure 2). Their structures were elucidated by analysis of 1D and 2D NMR spectra, as well as HRESIMS data. Thirteen known compounds were identified as mauritine F (4) (Tschesche et al., 1974c), mauritine A (5) (Tschesche et al., 1972), ceanothic acid (6) (Julian et al., 1938), sanjoinine B (7) (Han et al., 1990), lotusanine A (8) (Zarga et al., 1995), nummularine K (9), (Tschesche et al., 1977), amphibine H (10) (Tschesche et al., 1974b), N-demethylamphibine H (11) (Tschesche et al., 1974a), mauritine M (12) (Panseeta et al., 2011), colubrinic acid (14) (Roitman and Jurd, 1978), ceanothenic acid (17) (Jou et al., 2004), 3-O-trans-p-coumaroylalphitolic acid (18) (Yagi et al., 1978) and betulinic acid (19) (Siddiqui et al., 1988) (Supplementary Figures S23–S79, Supplementary Figures S88–S94, and Supplementary Figures S113–132). To our knowledge, this is the first time that compounds 4–10, 14, and 17–19 are reported in the genus Ziziphus. In addition, compounds 13, 15, and 16 are described here for the first time.
[image: Figure 2]FIGURE 2 | Structures of compounds 4 to 19 isolated from the DCM root bark extract of Z. mauritiana.
Compound 13 was isolated as a white amorphous solid (Supplementary Figures S80–S87). The molecular formula C30H44O5 was determined by HRESIMS from the deprotonated ion peak at m/z 483.3123 ([M–H])- (calcd for C30H43O5, 483.3105). The 1H and DEPTQ NMR data (Table 1) were similar to those of 6, except for the hydrogen and carbon at position 19. The characteristic doublet of triplet proton signal corresponding to H-19 was absent in the 1H NMR spectrum of 13. In the DEPTQ NMR spectrum, the signal of quaternary carbon resonance observed at δC 91.8 was attributed to C-19. The HMBC correlations of H-29 (δH 1.76) and H-30 (δH 4.93 and 5.13) to C-19 (δC 91.8) confirmed this attribution and indicated an E-ring-γ lactone (Figure 3). These chemical shifts were similar to those of its analogue 3-dehydroxyceanothan-27α-carboxy-28β-19β-olide (Kang et al., 2016). A ROESY experiment showed ROE correlations of H-3 (δH 3.95) and H-11 (δH 1.58) with H-1 (δH 2.23). This indicated an α-orientation of the carboxy group at C-1 (Figure 4). Compound 13 was identified as 3-dehydroxyceanothan-28β-19β-olide.
[image: Figure 3]FIGURE 3 | Key COSY (black bold line) and HMBC (red arrows) correlations of compound 13.
[image: Figure 4]FIGURE 4 | Key ROESY correlations of compound 13.
Compound 15 was isolated as a white amorphous solid (Supplementary Figures S95–S103). The molecular formula C37H50O6 was determined by HRESIMS from the deprotonated ion peak at m/z 589.3543 ([M–H])- (calcd for C37H49O6, 589.3524). The IR spectrum showed the presence of a conjugated carbonyl ester (1717 cm-1) and an aromatic ring (1452 cm-1). The 1H NMR spectrum of 15 (Table 1) indicated six methyl singlets (δH 1.65, 1.17, 1.07, 0.93, 0.91, 0.91) and two vinylic protons (δH 4.69, 4.58). The DEPTQ NMR spectrum (Table 1) exhibited 37 carbon resonances, which were attributed using the HSQC spectrum to six methyl groups, nine methylenes, twelve methines and ten non-protonated carbons. The 1H and DEPTQ NMR data showed great similarities with those of compound 6. The ceanothic acid skeleton of 15 was confirmed by the HMBC correlations between H-25 (δH 1.07) and the methine carbons at δC 63.2 (C-1), 55.9 (C-5), and between H-1 (δH 2.54) and H-3 (δH 5.21) with the carboxylic acid carbon at δC 175.2 (C-2) (Figure 5). Another carboxylic acid group in position C-28 was attributed according to the HMBC correlations from H-18 (δH 1.52) and H-22 (δH 1.43 and 1.81) to C-28 (δC 177.2). The presence of an isopropenyl group at C-19 was supported by the HMBC correlations from H-29 (δH 1.65) to C-19, C-20 and C-30. The unique difference from compound 6 was the presence of an oxygenated methine singlet at H-3 (δH 5.21), with a down-field shift when compared to the signal at δH 3.92 of compound 6. A benzoyl moiety linked to C-3 was revealed by the HMBC correlations from H-2' (δH 7.94), H-6' (δH 7.94) and H-3 (δH 5.21) to C-7' (δC 165.2). The HMBC correlations of H-23 (δH 1.17) and H-24 (δH 0.91) to C-3 (δC 85.3), and of H-3 (δH 5.21) to C-7' (δC 165.2) and C-10 (δC 48.6) confirmed the position of this group at C-3. The substitution at position C-3 is commonly observed in most triterpenoids because of their biosynthetic pathway originating from 2,3-oxidosqualene (Kang et al., 2016). The absence of coupling between H-1 and H-3 indicated an angle of 90° between the two protons and therefore a trans configuration (Figure 6). The absolute configuration of 15 was established by ECD data by comparison of experimental and calculated ECD spectra (Figure 7). A main negative Cotton Effect (CE) was observed at 241 nm perfectly matching the calculated curve for the enantiomer bearing the β-oriented benzoyl moiety. Compound 15 was identified as (1R, 3S)-3-O-benzoyl ceanothic acid.
[image: Figure 5]FIGURE 5 | Key COSY (black bold line) and HMBC (red arrows) correlations of compounds 15 and 16.
[image: Figure 6]FIGURE 6 | 3D structures and 3J coupling constants of compounds 15 and 16.
[image: Figure 7]FIGURE 7 | Experimental and B3LYP/def2svp//B3LYP/6-31G (d, p) calculated spectra in MeOH for compounds 15 and 16.
Compound 16 was obtained as a white amorphous solid (Supplementary Figures S104–S112). The molecular formula C37H50O6 was determined from the deprotonated ion peak at m/z 589.3541 ([M–H])- (calcd for C37H49O6, 589.3524) observed by HRESIMS. The presence of a hydroxy group, a conjugated carbonyl ester and an aromatic ring was confirmed by the IR spectrum from bands at 2931, 1720, 1453 cm-1, respectively. The 1H and 13C NMR data of 16 (Table 1) were closely related to those of 15. The HMBC and COSY correlations suggested that 16 presented the same 2D structure as 15 (Figure 5). The coupling constant J = 7.5 Hz between H-1 (δH 2.67) and H-3 (δH 5.31) suggested a cis orientation and an angle close to 0° between H-1 and H-3 (Figure 6). The stereochemistry was established by ECD. A slight hypsochromic shift for the main CE band was observed relative to 15 (from 241 to 234 nm). This is possible due to the spatial interaction with the substituent at C-3. The experimental and calculated curves for the enantiomer 3S matched accordingly. These data demonstrated that 16 was different from 15 at the stereogenic center C-1 (Figure 7). Compound 16 was identified as (1S, 3S)-3-O-benzoyl ceanothic acid.
Antiprotozoal activity
The isolated compounds (3–18), as well as eleven compounds previously isolated from S. alatum by our group (20–30, Figure 8) (Saraux et al., 2022), were tested for their in vitro activity towards T. b. rhodesiense, T. cruzi, L. donovani, and P. falciparum, together with their cytotoxicity in the mouse skeletal L6 cells. Melarsoprol, benznidazole, miltefosine, chloroquine and podophyllotoxin were used as positive controls for the various activities. The biological data obtained are summarized in Table 3. Compounds 5, 8, 27, and 28 were inactive (IC50 >50 µm).
[image: Figure 8]FIGURE 8 | Structures of compounds 20 to 30 isolated from the DCM root extract of S. alatum.
TABLE 3 | Antiparasitic activity and cytotoxicity of compounds 3, 4, 6–18, and 20–26, 29, 30.
[image: Table 3]The antiparasitic activity of myricitrin (1) and quercitrin (2) was already described in the literature (Muzitano et al., 2006; Larit et al., 2021), and therefore it was not evaluated in the present study. Compound 3 was the only compound evaluated from the extract of C. sieberiana and was compared to the activity of miltefosine due to structural similarities. It exhibited a lower antileishmanial activity than miltefosine (Table 3), and the addition of a hydroxypropyl acetate in compound 3 seems to be responsible for this decrease. Among the cyclopeptide alkaloids isolated from the DCM extract of Z. mauritiana (4, 5, 7–12), a methoxy group at C-13 (10–12) seems to be favorable for the antiplasmodial activity. In addition, the indole group at C-29 present in compounds 9 and 12 seems to be important for the activity against T. b. rhodesiense. Overall, compound 12 was the most potent against T. b. rhodesiense and P. falciparum. This is the first report on the antileishmanial and antitrypanosomal activities of these compounds. The antiplasmodial activity of mauritine F (4), ceanothic acid (6), N-demethylamphibine H (11) and mauritine M (12) was already reported with IC50 values of 34.2, >20, 3.6 and 3.7 µM, respectively (Suksamrarn et al., 2006; Panseeta et al., 2011; Tuenter et al., 2017). This is in agreement with our study. Among the triterpene derivatives isolated from the DCM root bark extract of Z. mauritiana (6, 13–19), betulinic acid (19), an already well-studied compound, was not tested in this work. Its antiparasitic activities with IC50 values of 4.2 µM against T. b. rhodesiense and 19 µM against P. falciparum was previously reported (Cretton et al., 2015). This compound did not present significant activity either against Leishmania spp., nor against T. cruzi with IC50 values >25 µM (Rocha et al., 2022). The triterpenoids tested in the present work (Table 3) were mainly active against L. donovani and presented a good selectivity index. The substitution with an epoxy group in compound 13 compared to compound 6 enhanced the activity toward L. donovani and P. falciparum but not against T. cruzi. The activity of compound 15, which has a carboxylic acid group in α position at C-2, was slightly better than the one of compound 16, which has the carboxylic acid group in β position, but there was no major improvement in its selectivity except against L. donovani. The high antileishmanial activity of 15 in comparison with compound 6 could possibly be due to the presence of a benzoic acid group at C-3. Compounds 15 and 16 were tested against the intracellular L. donovani amastigotes in mouse macrophages, but they were not active (IC50 >50 µM). This could be possibly because the molecules may not have reached the intracellular parasite or that they were metabolized by the host cell into a non-active metabolite. Compound 18 was the most active compound against P. falciparum. These results indicate that the antileishmanial and antiplasmodial activities shown by the DCM extract of Z. mauritiana was partly due to the triterpenoids.
The quinone derivatives previously isolated from the DCM root extract of S. alatum (20–29), were generally quite toxic towards L6 cells with selectivity indices <5. However, in some cases, there was a certain selectivity, indicating the importance of various substituents. The addition of a chlorine atom at position 2 of 21 compared to compound 20 led to the improvement of the activity against T. b. rhodesiense. The substitution of a hydroxyl at C-7 (compound 25) for an aldehyde (compound 24) led to a strong increase in activity against T. b. rhodesiense. The addition of an O-β-D-glucopyranoside substituent at C-3 in 26 and C-6 in 29 does not seem to be favorable for the activity. Compounds 24, 25, and 26 have a similar skeleton than vitamin K 2,3-epoxide, which is reduced to vitamin K by the vitamin K epoxide reductase (Robertson, 2004). This enzyme is also present in kinetoplastid parasites such as T. b. rhodesiense, T. cruzi and L. major. It is therefore possible that the quinone epoxides isolated (compounds 24, 25, and 26) are substrates of this enzyme, which was shown to be involved in the anticoagulant activity of certain parasites. Compound 20 was previously evaluated for its antiplasmodial activity (IC50 value of 3.0 µM) (Kopa et al., 2014) and compound 29 for its antiparasitic activities (IC50 values of 12.6 and 7.6 µM against L. amazonensis and T. cruzi, respectively) (Costa et al., 2018). There are many reports on the antiparasitic activities and mechanisms of action of quinone derivatives. It was suggested that naphthoquinones could inhibit glycolysis (Prati et al., 2015), mitochondrial respiration (Salomão et al., 2013; Bombaça et al., 2018; Mendonca et al., 2018) and topoisomerase IB (Perez-Pertejo et al., 2019) in parasites. In addition, quinone derivatives are known to be inhibitors of cytochrome b in P. falciparum (Lane et al., 2018).
CONCLUSION
This study led to the isolation of three compounds that have not been previously reported in the literature, and sixteen known compounds from two Nigerien plant extracts, the MeOH extract from the leaves of C. sieberiana and the DCM extract from the root bark of Z. mauritiana. Fifteen of those compounds, as well as eleven compounds previously isolated from S. alatum, were evaluated for their antiprotozoal activities. Among these, compound 24 showed the strongest activity against T. b. rhodesiense. Moreover, compounds 15 and 18 exhibited activities in the low micromolar range against L. donovani and P. falciparum, respectively.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
Conceived and designed the experiments: OSK, SC, PC, and MC. Performed the experiments: OSK, SC, EH, SK, MK, and LQ-G. Wrote the paper: OSK. Edited the paper: SC, PM, PC, and MC. All authors contributed to the article and approved the submitted version.
FUNDING
This work was supported by a grant from the Swiss National Science Foundation to PM and MC (SNF grant CRSII5_183536).
ACKNOWLEDGMENTS
Dr. L. Marcourt is gratefully acknowledged for the recording of the NMR spectra. We also thank M. Cal, R. Rocchetti, and S. Keller-Märki for the help with the antiprotozoal assays.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2023.1190241/full#supplementary-material
REFERENCES
 Aliyu, Z., Yusha'u, M., and Aliyu, B. (2013). Anti malarial activity of Cassia sieberiana leaf extracts. Open Conf. Proc. J. 4, 72–76. doi:10.2174/2210289201304010072
 Attemene, S. D. D., Beourou, S., Tuo, K., Gnondjui, A. A., Konate, A., Toure, A. O., et al. (2018). Antiplasmodial activity of two medicinal plants against clinical isolates of Plasmodium falciparum and Plasmodium berghei infected mice. J. Parasit. Dis. 42, 68–76. doi:10.1007/s12639-017-0966-7
 Bernal, F. A., Kaiser, M., Wünsch, B., and Schmidt, T. J. (2020). Structure−activity relationships of cinnamate ester analogues as potent antiprotozoal agents. ChemMedChem 15, 68–78. doi:10.1002/cmdc.201900544
 Bombaça, A., Viana, P., Santos, A., Silva, T., Rodrigues, A., Guimarães, A., et al. (2018). Mitochondrial disfunction and ROS production are essential for anti-Trypanosoma cruzi activity of β-lapachone-derived naphthoimidazoles. Free Radic. Biol. Med. 130, 408–418. doi:10.1016/j.freeradbiomed.2018.11.012
 Bunyapraphatsara, N., and Chokechaijaroenporn, O. (1999). Thai medicinal plants, 3. Bangkok: Mahidol University and National Center for Genetic Engineering and Biotechnology, 328–329. 
 Costa, R. S., Souza Filho, O. P., Dias Júnior, O. C. S., Silva, J. J., Le Hyaric, M., Santos, M. A. V., et al. (2018). In vitro antileishmanial and antitrypanosomal activity of compounds isolated from the roots of Zanthoxylum tingoassuiba. Rev. Bras. Farmacogn. 28, 551–558. doi:10.1016/j.bjp.2018.04.013
 Cretton, S., Breant, L., Pourrez, L., Ambuehl, C., Perozzo, R., Marcourt, L., et al. (2015). Chemical constituents from Waltheria indica exert in vitro activity against Trypanosoma brucei and T. cruzi. Fitoterapia 105, 55–60. doi:10.1016/j.fitote.2015.06.007
 Croft, S. L., Seifert, K., and Duchêne, M. (2003). Antiprotozoal activities of phospholipid analogues. Mol. Biochem. Parasitol. 126, 165–172. doi:10.1016/s0166-6851(02)00283-9
 Dahiru, D., Sini, J., and John-Africa, L. (2006). Antidiarrhoeal activity of Ziziphus mauritiana root extract in rodents. Afr. J. Biotechnol. 5, 941–945. doi:10.4314/ajb.v5i10.42946
 David, J. M., Cruz, F. G., Guedes, M. L. S., and Chávez, J. P. (1996). Flavonol glycosides from Davilla flexuosa. J. Braz. Chem. Soc. 7, 115–118. doi:10.5935/0103-5053.19960016
 Dorlo, T. P., Balasegaram, M., Beijnen, J. H., and de Vries, P. J. (2012). Miltefosine: A review of its pharmacology and therapeutic efficacy in the treatment of leishmaniasis. J. Antimicrob. Chemother. 67, 2576–2597. doi:10.1093/jac/dks275
 Eklu-Natey, R. D., Balet, A., and Ahyi, A. M. R. (2012). Pharmacopée africaine: Dictionnaire et monographies multilingues du potentiel médicinal des plantes africaines: Afrique de l'Ouest. Éditions d'en-bas. 
 Franco, J. R., Cecchi, G., Paone, M., Diarra, A., Grout, L., Kadima Ebeja, A., et al. (2022). The elimination of human African trypanosomiasis: Achievements in relation to WHO road map targets for 2020. PLoS Negl. Trop. Dis. 16, e0010047. doi:10.1371/journal.pntd.0010047
 Han, B. H., Park, M. H., and Han, Y. N. (1990). Cyclic peptide and peptide alkaloids from seeds of Zizyphus vulgaris. Phytochemistry 29, 3315–3319. doi:10.1016/0031-9422(90)80207-W
 Hoet, S., Opperdoes, F., Brun, R., Adjakidje, V., and Quetin-Leclercq, J. (2004). In vitro antitrypanosomal activity of ethnopharmacologically selected Beninese plants. J. Ethnopharmacol. 91, 37–42. doi:10.1016/j.jep.2003.11.008
 Jou, S. J., Chen, C. H., Guh, J. H., Lee, C. N., and Lee, S. S. (2004). Flavonol glycosides and cytotoxic triterpenoids from Alphitonia philippinensis. J. Chin. Chem. Soc. 51, 827–834. doi:10.1002/jccs.200400124
 Julian, P. L., Pikl, J., and Dawson, R. (1938). The constituents of Ceanothus americanus. I. Ceanothic acid. J. Am. Chem. Soc. 60, 77–79. doi:10.1021/ja01268a024
 Kamal-Eldin, A., and Yousif, G. (1992). A furofuran lignan from Sesamum alatum. Phytochemistry 31, 2911–2912. doi:10.1016/0031-9422(92)83664-k
 Kang, K. B., Kim, J. W., Oh, W. K., Kim, J., and Sung, S. H. (2016). Cytotoxic ceanothane- and lupane-type triterpenoids from the roots of Ziziphus jujuba. J. Nat. Prod. 79, 2364–2375. doi:10.1021/acs.jnatprod.6b00525
 Kim, Y.-A., Park, M.-S., Kim, Y. H., and Han, S.-Y. (2003). Synthesis of 1-lyso-2-palmitoyl-rac-glycero-3-phosphocholine and its regioisomers and structural elucidation by NMR spectroscopy and FAB tandem mass spectrometry. Tetrahedron 59, 2921–2928. doi:10.1016/S0040-4020(03)00282-5
 Kopa, T. K., Tchinda, A. T., Tala, M. F., Zofou, D., Jumbam, R., Wabo, H. K., et al. (2014). Antiplasmodial anthraquinones and hemisynthetic derivatives from the leaves of Tectona grandis (Verbenaceae). Phytochem. Lett. 8, 41–45. doi:10.1016/j.phytol.2014.01.010
 Lane, K. D., Mu, J., Lu, J., Windle, S. T., Liu, A., Sun, P. D., et al. (2018). Selection of Plasmodium falciparum cytochrome B mutants by putative PfNDH2 inhibitors. Proc. Natl. Acad. Sci. U. S. A. 115, 6285–6290. doi:10.1073/pnas.1804492115
 Larit, F., Elokely, K. M., Nael, M. A., Benyahia, S., Leon, F., Cutler, S. J., et al. (2021). Proposed mechanism for the antitrypanosomal activity of quercetin and myricetin isolated from Hypericum afrum Lam. Phytochemistry, in vitro testing and modeling studies. Molecules 26, 1009–1014. doi:10.3390/molecules26041009
 Mendez, J., Bilia, A. R., and Morelli, I. (1995). Phytochemical investigations of Licania genus. Flavonoids and triterpenoids from Licania pittieri. Pharm. Acta Helv. 70, 223–226. doi:10.1016/0031-6865(95)00027-7
 Mendonca, D. V. C., Lage, D. P., Calixto, S. L., Ottoni, F. M., Tavares, G. S. V., Ludolf, F., et al. (2018). Antileishmanial activity of a naphthoquinone derivate against promastigote and amastigote stages of Leishmania infantum and Leishmania amazonensis and its mechanism of action against L. amazonensis species. Parasitol. Res. 117, 391–403. doi:10.1007/s00436-017-5713-6
 Min, J., Lee, Y.-J., Kim, Y.-A., Park, H.-S., Han, S.-Y., Jhon, G.-J., et al. (2001). Lysophosphatidylcholine derived from deer antler extract suppresses hyphal transition in Candida albicans through MAP kinase pathway. Biochimica Biophysica Acta (BBA)-Molecular Cell Biol. Lipids 1531, 77–89. doi:10.1016/S1388-1981(01)00088-9
 Morton, J. (1987). Indian jujube. Lafayette, Ind, USA: Purdue University. 
 Muzitano, M. F., Cruz, E. A., de Almeida, A. P., Da Silva, S. A., Kaiser, C. R., Guette, C., et al. (2006). Quercitrin: An antileishmanial flavonoid glycoside from Kalanchoe pinnata. Planta Med. 72, 81–83. doi:10.1055/s-2005-873183
 Panseeta, P., Lomchoey, K., Prabpai, S., Kongsaeree, P., Suksamrarn, A., Ruchirawat, S., et al. (2011). Antiplasmodial and antimycobacterial cyclopeptide alkaloids from the root of Ziziphus mauritiana. Phytochemistry 72, 909–915. doi:10.1016/j.phytochem.2011.03.003
 Perez-Pertejo, Y., Escudero-Martinez, J. M., Reguera, R. M., Balana-Fouce, R., Garcia, P. A., Jambrina, P. G., et al. (2019). Antileishmanial activity of terpenylquinones on Leishmania infantum and their effects on Leishmania topoisomerase IB. Int. J. Parasitol. Drugs Drug Resist. 11, 70–79. doi:10.1016/j.ijpddr.2019.10.004
 Potterat, O., Hostettmann, K., Stoeckli-Evans, H., and Saadou, M. (1992). Saponins with an unusual secoursene skeleton from Sesamum alatum Thonn. Helv. Chim. Acta 75, 833–841. doi:10.1002/hlca.19920750318
 POWO (2022). Plants of the world online. Facilitated by the royal botanic gardens. Kew. Available at: http://www.plantsoftheworldonline.org/ (Accessed December 21, 2022). 
 Prati, F., Bergamini, C., Molina, M. T., Falchi, F., Cavalli, A., Kaiser, M., et al. (2015). 2-Phenoxy-1,4-naphthoquinones: From a multitarget antitrypanosomal to a potential antitumor profile. J. Med. Chem. 58, 6422–6434. doi:10.1021/acs.jmedchem.5b00748
 Robertson, H. M. (2004). Genes encoding vitamin-K epoxide reductase are present in Drosophila and trypanosomatid protists. Genetics 168, 1077–1080. doi:10.1534/genetics.104.029744
 Rocha, V., Quadros, H., Meira, C., Silva, L., Carvalho, D., Hodel, K., et al. (2022). Potential of triterpenic natural compound betulinic acid for neglected tropical diseases new treatments. Biomedicines 10, 831. doi:10.3390/biomedicines10040831
 Roitman, J. N., and Jurd, L. (1978). Triterpenoid and phenolic constituents of Colubrina granulosa. Phytochemistry 17, 491–494. doi:10.1016/S0031-9422(00)89345-0
 Salomão, K., De Santana, N. A., Molina, M. T., De Castro, S. L., and Menna-Barreto, R. F. S. (2013). Trypanosoma cruzi mitochondrial swelling and membrane potential collapse as primary evidence of the mode of action of naphthoquinone analogues. BMC Microbiol. 13, 196–213. doi:10.1186/1471-2180-13-196
 Saraux, N., Cretton, S., Kilicaslan, O. S., Occioni, C., Ferro, A., Quirós-Guerrero, L., et al. (2022). Isolation and structure elucidation of compounds from Sesamum alatum and their antiproliferative activity against multiple myeloma cells. J. Nat. Prod. 85, 2706–2713. doi:10.1021/acs.jnatprod.2c00406
 Siddiqui, S., Hafeez, F., Begum, S., and Siddiqui, B. S. (1988). Oleanderol, a new pentacyclic triterpene from the leaves of Nerium oleander. J. Nat. Prod. 51, 229–233. doi:10.1021/np50056a006
 Suksamrarn, S., Panseeta, P., Kunchanawatta, S., Distaporn, T., Ruktasing, S., and Suksamrarn, A. (2006). Ceanothane-and lupane-type triterpenes with antiplasmodial and antimycobacterial activities from Ziziphus cambodiana. Chem. Pharm. Bull. 54, 535–537. doi:10.1248/cpb.54.535
 Tamboura, H., Bayala, B., Lompo, M., Guissou, I., and Sawadogo, L. (2005). Ecological distribution, morphological characteristics and acute toxicity of aqueous extracts of Holarrhena floribunda (G. DON) durand & schinz, Leptadania hastata (PERS.) decne and Cassia sieberiana (DC) used by veterinary healers in Burkina FasoAfr. J. Tradit. Complement. Altern. Med. 2, 13–24. doi:10.4314/ajtcam.v2i1.31100
 Tschesche, R., Wilhelm, H., and Fehlhaber, H. W. (1972). Alkaloide aus Rhamnaceen. XIV. Mauritin-A und Mauritin-B, zwei Peptidalkaloide aus Zizyphus mauritiana Lam. Tetrahedron Lett. 13, 2609–2612. doi:10.1016/s0040-4039(01)84887-5
 Tschesche, R., Miana, G. A., and Eckhardt, G. (1974a). Alkaloide aus Rhamnaceen, XXV. Nummularin-A, -B und -C, drei neue 13gliedrige Peptidalkaloide aus Zizyphus nummulaira. Chem. Ber. 107, 3180–3185. doi:10.1002/cber.19741071004
 Tschesche, R., Spilles, C., and Eckhardt, G. (1974b). Alkaloide aus Rhamnaceen, XVIII. Amphibin-F, -G, und -H, weitere Peptidalkaloide aus Ziziphus amphibia A. Cheval. Chem. Ber. 107, 686–697. doi:10.1002/cber.19741070241
 Tschesche, R., Wilhelm, H., Kaußmann, E. U., and Eckhardt, G. (1974c). Alkaloide aus Rhamnaceen, XVII Mauritin-C, -D, -E und -F; neue Peptidalkaloide aus Ziziphus mauritiana Lam. Justus Liebigs Ann. Chem. 1974, 1694–1701. doi:10.1002/jlac.197419741022
 Tschesche, R., Elgamal, M., and Eckhardt, G. (1977). Alkaloide aus Rhamnaceen, XXVIII. Nummularin-G, -H und -K, weitere Peptidalkaloide aus Ziziphus nummularia. Chem. Ber. 110, 2649–2655. doi:10.1002/cber.19771100722
 Tuenter, E., Segers, K., Kang, K. B., Viaene, J., Sung, S. H., Cos, P., et al. (2017). Antiplasmodial activity, cytotoxicity and structure-activity relationship study of cyclopeptide alkaloids. Molecules 22, 224. doi:10.3390/molecules22020224
 Verheij, E., and Coronel, R. (1991). “Plant resources of south-east asia 2,” in Edible fruits and nuts ed . Editors E. M. V. Verheij,, and E. Coronel (Wageningen, Netherlands: PROSEA, Pudoc), 223–225. 
 WHO (2021). Weekly epidemiological record, 2021. [full issue], 96, 35. Available at: https://apps.who.int/iris/handle/10665/344794 (Accessed August 25, 2022). 
 WHO (2022a). Chagas disease (also known as American trypanosomiasis). Available at: https://www.who.int/news-room/fact-sheets/detail/chagas-disease-(american-trypanosomiasis) (Accessed August 25, 2022). 
 WHO (2022b). Neglected tropical diseases. Available at: https://www.who.int/teams/control-of-neglected-tropical-diseases (Accessed August 25, 2022). 
 WHO (2022c). World malaria report 2022. Available at: https://www.who.int/publications/i/item/9789240064898 (Accessed February 06, 2023). 
 Yagi, A., Okamura, N., Haraguchi, Y., Noda, K., and Nishioka, I. (1978). Studies on the constituents of Zizyphi fructus. I. structure of three new p-coumaroylates of alphitolic acid. Chem. Pharm. Bull. 26, 1798–1802. doi:10.1248/cpb.26.1798
 Zarga, M. A., Sabri, S., Al-Aboudi, A., Ajaz, M. S., Sultana, N., and Atta-Ur-Rahman, (1995). New cyclopeptide alkaloids from Zizyphus lotus. J. Nat. Prod. 58, 504–511. doi:10.1021/np50118a004
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Sevik Kilicaslan, Cretton, Hausmann, Quirós-Guerrero, Karimou, Kaiser, Mäser, Christen and Cuendet. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/inline_2.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Antiprotozoal activity of natural products from Nigerien plants used in folk medicine		Introduction

		Materials and methods		General experimental procedures

		ECD computational details

		Antiparasitic and cytotoxicity assays

		Plant material

		Extraction

		Isolation





		Results and discussion		Antiprotozoal activity of extracts

		Compound isolation and structure elucidation

		Antiprotozoal activity





		Conclusion

		Data availability statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		Supplementary material

		References









OPS/images/inline_1.gif





OPS/images/inline_3.gif





OPS/images/fphar-14-1190241-t003.jpg
Csg? [uM] (SI)

Compound T. b. rhodesiense L. donovani P. falciparum Cytotoxicity®
3 >20 121424 (17 >20 >10 >20
4 >50 >50 >50 243 £ 45 (>5.5)° >50
7 6 >50 >50 290 £33 (>17)° >50 >50
7 >50 >50 >50 231 £ 9.0 (>6.0)° >50
7 8 >50 >50 >50 >50 >50
9 127 +38 (27)° 43.6 £ 7.1 (08)° >50 207 £ 58 (16)° 336 £ 49
10 304 + 46 (>2.5)° >50 >50 151 £05 (>5.3)° >50
1 >50 >50 448 = 34 (515 147 + 42 (>5.4)° >50
12 64+20 (505 157 £ L1 (20)° >50 26 +02 (122 31876
13 >50 >50 116 £ 24 (>93)° 2.1 £ 4.1 (>3.7) >50
14 >50 >50 19 £ 0.4 (>45)° 153 + 4.1 (5.5)° >50
15 117 £ 10 (14 438+ 84 (04)° 05 02 (328)° 10.1 £ 06 (16)° 164£58
16 [ 306+ 2.8 (L1)° >50 18 £ 07 (17.9) 153 £ 15 (21)° 32351
17 >50 >50 26 +02 (>40)° 139 £ 4.0 (>8.0)° >50
18 259 + 26 (06)° 195 + 06 (0.8)° 30+ 02 (53)° 02 004 (79.0)° 158+ 64
20 69+ 13 20 27.4 £ 13 (05) 19 £ 04 (74)° 450 £ 46 (03)° 140 + 04
r 21 0.5+ 0.3 (15.8)° 215+ 02 (04)° 30+ 04 (26)° 92+ 2.1 (09) 79+13
2 360 + 9.4 (08)° >50 79409 (38)° 50 304 £ 106
2 9.3 3.1 (123)° >50 151 + 10 (7.6)° 369 £ 154 (3.1)° >50
u 0.007 £ 0.003 (57.1)° 19£09 (0.2)° 05 £02 (08)° 21£03 (02)° 04 £0.16
25 25+ 0.1 (76) >50 127 £ 53 (1L5)° 140 £ 19 (1L4)° 19023
26 9945 (12 392450 (03) ¢ 3505 (35)° 9.0 £ 54 (14) 122£18
2 125 £ 16 (32)° >50 114 £23 (35)° >50 40307
30 202 + 18 (06)° 292 % 114 (04)° 134 £ 23 (L0)° 226 £ 2.0 (06)° 130£17
Melarsoprol 0016 + 0.002
Benznidazole 23402
Miltefosine 052 £ 0.07
Chloroquine 0,009 + 0.001
Podophyllotoxin [ 0017 + 0.002

“The ICsy are the means of two independent assays + deviation from the mean.
"Rat skeletal myoblast (L6 cels).
Ty T e p—

Selectivity index (SI.






OPS/images/fphar-14-1190241-t002.jpg
ICso” [ug/mL]

T. b. rhodesiense T. cruzi L. donovani P. falciparum Cytotoxicity"
Cassia sieberiana Leaves MeOH 57 83 >40 >20 185
Ziziphus mauritiana Rootbark  DCM 102 74 27 17 61
Em—— Roots pem 125 420 59 76 134
Melarsoprol 0005
 Bensmidazole 0.667
Miltefosine® 0282
Chloroquine* 0.003
Podophyllotoxin® 0,008

“The ICsq values are the means of two independent experiments (n = 2), except for Cassia sicberiana, where the experiments against T. b. rhodesiense, L. donovani and P. falciparum were

performed three times (n = 3).
"Rat skeletal myoblast (L6 cells).
Rt ot










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





OPS/images/fphar-14-1190241-g005.gif





OPS/images/fphar-14-1190241-g006.gif





OPS/images/fphar-14-1190241-g003.gif





OPS/images/fphar-14-1190241-g004.gif





OPS/images/fphar-14-1190241-t001.jpg
Position 8y U in Hz) 8y U in Hz)
1 223,m 615, CH 2545 632, CH 267,d(75) 59.4, CH
2 - 1741,C - 1752,C - 1722,C
3 3.95,d (7.6) 817, CH 5218 853, CH 531,d(75) 84.1, CH
4 - aic - 428,C - 422,C
5 g £ 170, m 559, CH 105, m 60.9, CH
6 125,m 4 ism 179, cH 135, m 17.3, CH,
1.36, m 172, m 145, m
7 129,m a3 134, m 36, CHy 134, m 337, CH,
8 - 414,C - 416,C - 122,C
9 140,m 49.4, CH 166, m 442, CH 150, m 486, CH
10 - 46.6,C - 486,C - 46.6,C
11 123,m oz 137,m 239, CH, 132,m 23.6, CH,
158,m 1s5m 143, m
12 150, m 283, CH, 096,m 20, CH, 102, m 247, CH,
1.80, m 1.56, m 161, m
13 223,m | nec 23.a 60,122 ws.cn amaea 2y 37.4, CH
14 - 09, C - 426,C - 409,C
15 L14,m 27.6, CH, 1o m | 204, CH, 110, m 294, CH,
1.40, m 144, m 144, m
16 132,m 4o 137,m 317, CH, 136, m 317, CH,
217, m 212, dt (3.2, 125) 212, dt (32, 123)
17 - s - 554, C - 55.2,C
18 1.95, m 544 152, m 485, CH 152, m 48.5, CH
19 - 918, C 2,94, td (48, 10.6) 465, CH 2.94,1d (47, 104) 46.6, CH
20 - 140 - 1503, C - 1504, C
21 151, m 22.1,CH, 130, m 30.1, CH, 131, m 300, CH,
181, m 181, m 1.81, m
2 146,m 3 143, m 364, CH, 143, m 364, CH,
1.80, m 1.81, m
23 093,s 315, CH, 117, 30.1, CHy 115, 304, CH,
24 0765 19.2, CH; 091,'s 196, CH, 076, s 19.0, CHs
25 106, 1408, c, 107, 18.1, CH, 124,5 18.9, CHs
26 081,s 15.5, CH, Cosus 162, CH, 088, s 160, CH,
27 086, s 15, CH, 093,s 144, CH, 097,s 145, CH,
28 - 1780,C - 1772,C - 1769, C
29 176,5 w1 e o1, o 165, s 19.0, CHs
30 493, br s 1115, CH, 458 bes 1096, CH, 457, bes 1097, CH,
5.13,br s 469, brs 470, brs
g 1335,C 1333,C
2 7.94,dd (12,83) 1291, CH 7.92, dd (14, 83) 129.1, CH
37 7.54,4(7.7) 1289, CH 754, 1 (7.8) 1288, CH
rg 7.67, (7.6) 1334, CH 7.6, ¢ (7.6) 1333, CH
5 7.54,t (7.7) 1289, CH 7.54, £ (7.8) 1288, CH
6 7.94,dd (12, 83) 129, CH 7.92, dd (14, 83) 129.1, CH
7 - 1652,C - 1650,C
-OH 1229, s - 1204, -
-on 12295 - 12045 -
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