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ABSTRACT
Phytochemical investigations of the trunk bark extract of Funtumia elastica (Preuss) Stapf, afforded a new ceramide namely, funtulaticamide (1) along with six known compounds: funtulatine (2), methyl ursolate (3), epicatechin (4), myricetin (5), sucrose (6) and 5-hydroxypyridine-3-carboxamide (7). Their structures were determined on the basis of various spectroscopic and chemical methods, as well as comparison with literature. Compounds were mostly isolated for the first time from this plant, and no evidence could be found on a previous report of a phytosphingosine-type ceramide in the genus Funtumia. Similarly, compound 7 is isolated from the Apocynaceae family for the first time. Hence, the chemophenetic significance of isolates was briefly introduced. In addition, compound 2 exhibited a moderate activity against Leishmania donovani 1S (MHOM/SD/62/1S) with an IC50 value of 15.9 μM.


1. Subject and source
Funtumia elastica (Preuss) Stapf. (Apocynaceae) (also known as the bush rubber tree) is a medium-sized African rubber tree with glossy leaves and long woody seed pods (Blench, 2006), mostly found in central and western parts of Africa (Truong-Ho et al., 1963). Its stem bark is often used in pharmacopeia to treat whooping cough (Burkill, 1995), inflammatory diseases such as asthma, blennorrhea, and painful menstruation (Olaniyi, 1989), cutaneous fungal infections, hemorrhoids, syphilis, gonorrhea (Odugbemi, 2006; Burkill, 1995), wounds (Adekunle and Ikumapayi, 2006), snake bites and malaria (Betti al., 2004). The trunk bark of F. elastica (Preuss) Stapf, was collected in October 2019, in Mbankomo Sub-division (Ntouessong II Mountain, Centre Region (3° 25' 00" N, 11° 15' 00" E: Altitude 774 m). The plant material was identified by Mr. Tsambang Nole, Senior Scientific Officer, at the Institute of Medical Research and Medicinal Plants Studies, Yaounde, Cameroon. A voucher specimen (N° 59,012 HNC) was deposited at the National Herbarium in Yaounde, Cameroon.
2. Previous work
Previous phytochemical investigations of F. elastica (leaves, stem bark, seeds) resulted in the isolation of steroidal alkaloids (Kom et al., 2021; Zirihi et al., 2005; Wagner et al., 1987; Tolela and Foche, 1979; Truong-Ho et al., 1963; Janot et al., 1963), triterpenoids (Kom et al., 2021; Mukam et al., 1973), a lactonic acid and sterols (Mukam et al., 1973) and a pyridine derivative compound (Kom et al., 2021). Recently, Frempong et al. (2021a) deduced that the total flavonoids content of the plant species was 78.0 ± 5.1 mg (QE/g of dried extract) in accordance with some results from Kom et al. (2021) who reported flavonol derivatives from the leaves of F. elastica. In continuation of our search for new biologically active compounds from this plant, we have investigated the trunk bark of the same plant collection, due to the fact that there is poor report about the chemical composition of this part of the plant species.
3. Present study
3.1. General experimental procedures
Optical rotations were measured on JASCO P-2100 polarimeter. UV and visible spectra were recorded in MeOH at 25 °C using a Kontron Uvikon spectrophotometer. The IR spectra were measured on a PerkinElmer 1750 FTIR spectrometer. 1D and 2D NMR spectra (1H and 13C, HSQC, HMBC, 1H-1H COSY and NOESY) were recorded in CDCl3 and/or MeOH-d4 on a Bruker 500 MHz NMR Avance II spectrometer equipped with a cryoprobe, with TMS as an internal reference. Melting points of the isolated compounds were determined using an Electro thermal IA9000 Series digital melting point apparatus (Bibby scientific, Great Britain). Chemical shifts (δ) were expressed in ppm with reference to TMS and coupling constants (J) were given in Hz. GC-MSD analyses were carried on a GCMS-QP2010SE (Shimadzu); HRESIMS spectra were determined on microTOF-focus and microTOF-Q III mass spectrometers (Bruker) and on Shimadzu LCMS-IT-TOF spectrometer (Kyoto, Japan). EI-MS was measured on Waters AutoSpec Premier P776 spectrometer. Analytical TLC were performed on precoated silica gel 60 F254 (Merck. 1.05735, Hohenbrunn, Germany) plates. After development ( n-hexane/EtOAc and/or CH2Cl2/MeOH, at different polarities), the dried plates were examined under short-wave (254 nm) or long-wave (366 nm) UV light. Liebermann-Burchard’s test and Dragendorff spray reagent were used for the staining of compounds on TLC silica gel plates. 0.036-0.071 mm (215-400 mesh) was used for CC with step gradients of n-hexane/EtOAc and CH2Cl2/MeOH as eluents respectively.
3.2. Extraction and isolation
The trunk bark powder of F. elastica (1.5 kg) was soaked with CH2Cl2/MeOH (1:1) in a percolator at room temperature for 72 h. The extract was concentrated under vacuum and the residue (75 g, 5.0%) was obtained. A part of crude extract (70 g), was subjected to a gravity CC over silica gel by elution with CH2Cl2/MeOH in increasing order of polarity, to afford 5 fractions (A-E) according to TLC profile: fraction A [CH2Cl2 (100%)], fraction B [CH2Cl2/MeOH (5%-10%)], fraction C [CH2Cl2/MeOH (10%-20%)], fraction D [CH2Cl2/MeOH (20%-35%)] and fraction E [CH2Cl2/MeOH (35%-50%)]. The B2 subfraction (1.2 g), originating from fraction B (5.6 g), yielded compound 1 (19 mg) by elution with n-Hex/EtOAc (7:2) after repeated CC. Fraction C (8.5 g), was subjected to a silica gel CC using gradients of increasing amounts of MeOH (10-100%) in CH2Cl2, affording 4 subfractions (C1-C4). Subfraction C1 (258 mg) was subjected to a silica gel flash chromatography using n-hexane/EtOAc (9:1 to 3:1) to afford compounds 2 (22 mg) and 3 (5 mg). Subfraction E3 (600 mg), originating from fraction E (12 g), was subjected to a silica gel CC using gradients of increasing amounts of MeOH (10-100%) in CH2Cl2, yielding compounds 4 (8 mg) and 5 (9 mg). Purification of the remaining solid E4 (3.8 g, from fraction E under the same chromatographic conditions as already described, allowed the spectroscopic identification of compounds 6 (6.9 mg) and 7 (8.4 mg).
3.3. Identification of compounds
Compound 1 was obtained as a white amorphous powder. The molecular formula C38H73NO4 was determined by the HR-ESI-MS pseudo-molecular ion peak at m/z 608.5689 (calcd for C38H74NO4, 608.5694 [M + H]+), suggesting three double bond equivalent (DBE). Its IR spectrum displayed characteristic absorption bands at 3420 cm-1 (hydroxy group), 2945 cm-1 (aliphatic C-H), 1652 cm-1 (olefinic group), 1637 cm-1 (amide carbonyl group), 1556 cm-1 (N-H bending) and 1027 cm-1 (hydroxy methine groups) (Ibrahim et al., 2008; Khedr et al., 2018). The 1H and 13C NMR spectra of 1 showed an amide proton at δH 7.32 (d, J = 9.0 Hz), three hydroxy groups at δH 5.56 (brs, 1-OH) and 5.75 (brs, 3, 4-OH), and two disubstituted olefinic bonds at δH/δC 5.36/129.5 and 5.36/131.1, as well as the resonance at δC 173.6 and 51.6, implying a ceramide structure for 1 (Table 1) (Balemaken et al., 2021). The characteristic resonances for the 2-amino-1,3,4-triol moiety were observed at δH 3.88 (dddd, J = 4.5, 5.5, 9.5, 10.0), H-2)/δC 51.6 (C-2), 3.55 (dd, J = 10.8, 5.2 Hz, H-1a) and 3.50 (dd, J = 10.8, 4.6 Hz, H-1b)/δC 60.9 (C-1), 3.36 (m, H-3)/δC 74.8 (C-3), and 3.33 (m, H-4)/δC 71.2 (C-4) (Balemaken et al., 2021; Tazoo et al., 2007). This was confirmed by correlations observed on its COSY 1H-1H (Fig. S7) spectrum, between protons: H-1a/H-1b and H-2, H-2 and H-3, H-3 and H-4, enabling the location of the three hydroxy groups. Moreover, the two primary methyl signals at δH 0.86 (6H, t, J = 6.5 Hz, H-22, 16')/δC 14.3 (C-22, 16') and the methylene groups cluster at δH 1.24-1.29/δc 29.1-30.0 ( δH 1.23-2.25/δC 22.5-33.6) associated to the two long chains strengthened the ceramide core structure of 1. This was further characterized by comparison of its NMR spectral data with those of related ceramide derivatives (Khedr et al., 2018; Balemaken et al., 2021). The NMR data of 1 were similar to those of previous reported rel-(2S,3S,4R,16E)-2-[(2'R)-2'-hydroxynonadecanoylamino]-heneicosadec-16-ene-1,3,4-triol isolated from Acnistus arborescens (Maia et al., 2010). The significant differences between 1 and the aforementioned compound, were the chain-lengths of the fatty acid (C16 in 1, while C19 for rel-(2S,3S,4R,16E)-2-[(2'R)2'-hydroxynonadecanoylamino]-heneicosadec-16-ene-1,3,4-triol) and sphingosine (C22 for 1, whereas C21 in rel-(2S,3S,4R,16E)-2-[(2'R)2'-hydroxynonadecanoylamino]-heneicosadec-16-ene-1,3,4-triol) moieties, as well as the location, number, and configuration of the double bonds (two double bonds with (E)-configurations on the sphingosine moiety in 1, while only one in rel-(2S,3S,4R,16E)-2-[(2'R)2'-hydroxynonadecanoylamino]-heneicosadec-16-ene-1,3,4-triol). In addition, the absence of an α-hydroxy substituent in fatty acid was noticeable. This finding was supported by the unequivocal HMBC correlations found between H-2' (δH 2.25) with C-1' (δC 173.6), C-3' (δC 28.7) and C-4' (δC 24.8). Positions of the hydroxy groups was also deduced from the HMBC spectrum in which the proton signal at δH 7.32 (N-H) showed correlations with the carbonyl (C-1') and the nitro-genated methine (C-2), while the proton signal at δH 3.88 (H-2) exhibited correlations with the carbons C-1 (δC 60.9), C-3 (δC 76.7), and C-4 (δC 71.2) respectively. Moreover, the extent of the long chain base (LCB) and the structure of the fatty acid were determined using HCl: MeOH mixture as described by Mohamed et al. (2015). The fatty acid methyl ester (FAME) resulting from that process was subjected to EI-MS analysis. The FAME spectrum residue was identified as methyl palmitate (C17H34O2) based on the GC and EI-MS analyses (Fig. S15) of the organic phase with a molecular ion peak at m/z 270 [M]+, confirmed by the positive ion peak at m/z 271 [M+H]+ in the LCMS spectrum. Accordingly, the molecular formula of the phytosphingosine unit had to be C24H49NO4. Taking into account the molecular mass of 1 (m/z 608 [M+H]+) and the characteristic LC-MS (APCI and UPLC) fragment ion peak at m/z 338, the LCB was assigned as (2S,3S,4R,10E,16E)- 2-aminodocos-10,16-diene-1,3,4-triol. The location of the double bond in the LCB was determined by the EI-MS analysis of the dimethyl disulfide (DMDS) derivative of 1 that showed remarkable fragment ion peaks at m/z 130 (C7H14S) and 212 (C13H24S) after cleavage of the double bond between the carbon atoms bearing each other a methylthio group (Fig. 3 and Fig. S17); hence, the double bonds in the LCB were located at C-10 and C-16 (Awouafack et al., 2018; Tsamo et al., 2021). These positions at C-10/C-11 and C-16/C-17 in the sphingosine moiety was also confirmed by fragmentation pattern occurring in EI-MS, through important allylic cleavages at m/z 71 [M-C33H62NO4]+, 97 [M-C33H60NO4]+,  m/z 153 [M-C27H52NO4]+ and m/z 179 [M-C25H50NO4]+respectively (Fig. S19). The trans (E) configuration of the double bond was confirmed by the chemical shifts of the allylic carbons at δC 32.1 (C-9/C-12) and 32.9 (C-15/C-18) around the olefinic bonds (Rossi et al., 1982; Fusetani et al., 1989). The relative stereochemistry that might be inferred from the stereocenters C-2, C-3 and C-4 is S*, S* and R* respectively, according to the close relationship between their chemical shifts (Table 1) with those of codonocerebroside A (δH 51.6 (C-2), 75.6 (C-3), 72.8 (C-4)) (Zhao et al., 2013). Additionally, a comparison with literature data of natural sphingamines (Dos Santos et al., 2012) led to the conclusion that the optical rotation of 1 ([α]D = + 9.27°) supported the (2S,3S,4R) configuration (Mohamed et al., 2013; Zhao et al., 2013; Tian et al., 2014). Thus, the structure of 1 was assigned as N-(2S*, 3S*, 4R*, 10E, 16E)-1,3,4-trihydroxydocosa-10,16-dien-2-yl) palmitamide and named funtulaticamide.
Compounds 2-7 were identified as funtulatine (2) (Oletta, 1963), methyl ursolate (3) (Mukam et al., 1973), epicatechin (4) (Spek et al., 1984), myricetin (5) (Hinou et al., 1988), D-fructofuranosyl-β-(2 → 1)-α-D-glucopyranoside (sucrose) (6) (Yamamori et al., 2017).) and 5-hydroxypyridine-3-carboxamide (7) (Stolyarova et al., 1986) (Fig. 1) based on the comparison of their NMR data with the reported ones. Moreover, structure of compound 2, previously reported without clear specification of stereochemistry, was unambiguously assigned (Table S1) (see Fig. 4) (see Fig. 2).
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Figure 1. Structures (1–7) of the isolated compounds from Funtumia elastica trunk bark.
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Figure 2. Selected 2D NMR correlations of 1.
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Figure 3. Possible fragmentation pattern of 1 (UPLC and EI).
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Figure 4. Mass Spectra fragmentation of methylthiolated alkenyl chains of ceramide
1 (EI).
[image: ]
Table 2.
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3.4. In vitro antileishmanial activity
Leishmania donovani 1S (MHOM/SD/62/1S) promastigotes were cultivated at 28 °C in axenic M199 culture medium (Sigma Aldrich) supplemented with 10% heat-inactivated fetal bovine serum (FBS) (Sigma Aldrich) and 1% streptomycin/penicillin (Sigma Aldrich). The antileishmananial activity of test samples was determined as previously described (Siqueira-Neto et al., 2010) using the resazurin-based assay. Compounds were serially diluted in incomplete M199 medium and 10 μL of each compound were introduced in 90 μL of L. donovani promastigotes (4 × 105 parasites) from an exponential phase culture in complete medium. They were all screened at final concentrations of 100-0.16 μg/mL for extracts and fractions and 50-0.08 μg/mL for compounds and tests plates were incubated for 28 h at 28 °C, followed by the addition of 1 mg/mL resazurin. The negative and positive controls were 0.1% DMSO and amphotericin B (Sigma Darmstadt, Germany) (10-0.016 μg/mL), respectively. After an additional incubation of 44 h, plates were then read on a Magelan Infinite M200 fluorescence multi-well plate reader (Tecan) at an excitation and an emission wavelength of 530 and 590 nm, respectively. For each sample, growth percentages were calculated and dose-response curves were constructed to determine the 50% inhibitory concentration (IC50) using the GraphPad-version 5.0 software.
Biological assays against L. donovani were carried using plant crude extract and some isolates, according to a procedure already described in literature (Siqueira-Neto et al., 2010). Regarding the efficacy assay against Leishmania parasite, only compound 2 showed the best activity with an IC50 value 9.7 μg/mL (IC50 15.9 μM) whereas, 1 and 6 exhibited no significant biological activity with IC50 > 50.0 μg/mL (IC50 > 82.4 and 146.2 μM respectively). Interestingly, the highest antipromastigote activity was recorded for the extract (IC50 = 5.1 ± 0.9 μg/mL), suggesting that isolated constituents and unidentified compounds from the present study, might act synergistically to enhance the antilesimanial effect of the plant (Table 2).
3.5. Data analysis
All the activity data represent mean ± standard deviation (SD) from three independent experiments. Microsoft Excel® software was used to calculate the percentages of inhibition. The IC50 and CC50 values were determined using Graph Pad prism 5.0 Software with data fitted by non-linear regression.
4. Chemotaxonomic significance
Numerous alkaloids, flavonoids, triterpenoids, steroids and ceramides have previously been reported from genera within Apocynacae (Bhutani et al., 1990; Kawamoto et al., 2003; Liang et al., 2006; Hui et al., 2009; Patil et al., 2012; Jain et al., 2013; Zhao et al., 2014; Ebede et al., 2021, 2022), the structural diversity of these compounds across the genus Funtumia (including this study) has not yet been thoroughly investigated, it should be noted that its species are known to provide steroidal alkaloids, flavonoids and triterpenoids (Janot et al., 1960, 1963; Blanpin and Quevauviller, 1960; Oletta, 1963; Mukam et al., 1973; Wagner et al., 1987; Zirihi et al., 2005; Frempong et al., 2021a: 2021b; Kom et al., 2021) hence, these compounds might be of importance in chemotaxonomy.
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