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REVISED GRAPHICAL ABSTRACT 

 

 

Images (1-8) represent the eight plant drugs collected and tested against T. gondii. MeOH 80% extract 

of E. guineensis leaves was proven to be bioactive and allowed the isolation of previously undescribed 

compounds 16-18 and 20. 
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Abstract  19 

The apicomplexan parasite Toxoplasma gondii causes toxoplasmosis, a ubiquitous and cosmopolitan 20 

parasitosis, generally asymptomatic and potentially dangerous for the fetus and highly 21 

immunocompromised patients. Pyrimethamine and sulfadiazine, supplemented with folic acid, are the 22 

drugs of choice to treating the disease, but they produce severe side effects and treatments fail due to 23 

drug resistance. New anti-Toxoplasma compounds are needed, and natural compounds can be a good 24 

source for obtaining them. The antiparasitic activity of 40 polar and non-polar extracts of eight 25 

antiparasitic medicinal plants used in Côte d’Ivoire, and selected based on ethnopharmacological survey, 26 

were evaluated in vitro against T. gondii. Among them, the hydromethanolic extract of the Elaeis 27 

guineensis leaves exhibited the best parasite growth inhibition (94% ± 0.07) at 25 μg/mL without being 28 

cytotoxic at the same dose. The fractionation of this extract did not allow the recovery of antitoxoplasmic 29 

activity in its individualized fractions. The 13C-NMR based dereplication of this extract and the 30 

purification of two fractions highlighted the presence of saccharides (1-2), aliphatic acids (3 and 8-11), 31 

cardanols (12-13), triterpene (14), sterol (15), nor-sesquiterpene (16), megastigman derivatives (7 and 32 

17-19), glycosylated benzyl (20-21), flavonoids (4-6 and 22), pseudoalkaloid (23), and allyl glycoside 33 

(24). Nine compounds 1-9 were identified during the dereplication process, whereas fifteen compounds 34 

10-24 were identified after purification and four of them were undescribed (16-18 and 20). A synergistic 35 

effect between these metabolites is thought to be responsible for the anti-Toxoplasma activity. However, 36 

further studies should be carried out to confirm and explain this synergistic or antagonistic effect 37 

between the identified compounds. 38 

 39 

Keywords: Toxoplasma gondii, Vero cell, cytotoxicity, bioguided fractionation, NMR, dereplication, 40 

medicinal plants, Elaeis guineensis, nor-sesquiterpene, megastigman derivatives, benzyl glycoside 41 
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1. Introduction 42 

Elaeis guineensis Jacq. (Arecaceae) is the West African oil palm tree, reaching 20-25 m height, with a 43 

stipe measuring between 22-75 cm in diameter. Its leaves are pinnate and the petiole is robust and thorny. 44 

Flavonoids, tannins, saponins, phenolic compounds, alkaloids, and tocotrienols were previously 45 

identified in the leaves (Che Zain et al., 2021; Yin et al., 2013; Horvath et al., 2006). Infusion of the 46 

leaves, either alone or in alcohol, is employed as an anti-parasitic remedy, particularly against malaria 47 

in Côte d'Ivoire. Nevertheless, oxidised palm oil has been demonstrated to cause kidney, lung, liver and 48 

heart toxicity (Ebong et al., 1999). The hydromethanolic extracts of the leaves exhibit antimalarial 49 

activity against P. falciparum (Annan et al., 2012), and antimicrobial activities (Ebong et al., 1999; Yin 50 

et al., 2013).  51 

Toxoplasmosis is a ubiquitous disease of parasitic origin caused by an obligate intracellular eukaryote 52 

Toxoplasma gondii, whose final host is a felid (Frenkel, 1974). Although most human infections are 53 

uncomplicated, the parasite can persist and the infection can be reactivated in immunosuppressed 54 

patients leading to cerebral or generalized toxoplasmosis in immunocompromised patients (Robert-55 

Gangneux et al., 2022). In add, when infection is acquired during pregnancy, it can cause congenital 56 

toxoplasmosis with serious consequences for the fetus (Wong and Remington, 1994; McLeod et al., 57 

2009; Codiacconi et al., 2020) or the infant. T. gondii could also cause severe ocular disease in 58 

immunocompetent patients (Holland, 2004; Kim et al., 2013) and in congenital toxoplasmosis (Bosch-59 

Driessen et al., 2002). It is estimated in a recent meta-analysis that about 30-35% of the world's 60 

population is infected with T. gondii (Bigna et al., 2020). Toxoplasmosis is ranked as the third largest 61 

contributor to the health burden caused by foodborne illness in Europe (De Sousa et al., 2023). In Côte 62 

d'Ivoire, the latest studies Epidemiological studies have shown that seroprevalence has decreased from 63 

80% in the 1960s to 45 % in 2014 (Bonouman-Ira et al., 2017). The current treatment of acute 64 

toxoplasmosis is the combination of sulfadiazine and pyrimethamine, which act synergistically to block 65 

the folate pathway, involved in DNA synthesis with the dihydrofolate reductase (DHFR) and 66 

dihydropteroate synthetase (DHPS) enzymes. Unfortunately, this inhibition also creates a deficiency in. 67 

the host leading to adverse effects (hematopoiesis and foetological disorders) (Dujovne et al., 1967). 68 

In addition to these side effects, there is drug resistance (Anacleto-Santos et al., 2023); therapeutic 69 

failures (Derouin, 2001; Baatz et al., 2006), and lack of a human vaccine shows that it is of great 70 

importance to identify novel potent candidates that would be well-tolerated and act on both tachyzoites 71 

and cysts (Mamaghani et al., 2023). The antiparasitic properties of natural products, such as plant 72 

derived substances, have been extensively investigated (Sepulveda-Arias et al., 2014). A review carried 73 

out between the period 1981-2019 stated that out of 20 antiparasitic drugs proven as a treatment, there 74 

were, nine derived from natural products and three were derived from synthetic pharmacophoric sources 75 

of natural products (Newman and Cragg, 2020). In recent years, several studies have been conducted in 76 

vitro and or in vivo that have shown that plant species could effectively inhibit the growth of T. gondii 77 

(Anacleto-Santos et al., 2023; Darme et al., 2022; Darme et al. 2021).  78 
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In this study, eight plant species were selected, based on a literature survey on plants most widely used 79 

by traditional healers in Côte d’Ivoire to treat bacterial and parasitic diseases, and for which anti-80 

Toxoplasma activity had never been evaluated. These included: Combretum micranthum G. Don 81 

(Combretaceae) leaves, Elaeis guineensis Jacq. (Arecaceae) leaves, Erigeron floribundus Kunth Sch.Bip 82 

(Asteraceae) aerial parts, Oldfieldia africana Benth. & Hook. F. (Picrodendraceae) stem bark, 83 

Octoknema borealis Hutch. & Dalziel (Olacaceae) leaves and stem bark, Omphalocarpum ahia A. Chev. 84 

(Sapotaceae) leaves and stem bark, Omphalocarpum elatum Miers stem bark, and whole plant of 85 

Tristemma coronatum Benth (Melastomataceae). C. micranthum, commonly called Kinkeliba, is used 86 

in West Africa as a traditional medication for the treatment of malaria, diabetes, high blood pressure and 87 

inflammatory diseases. Its leaves extracts showed antitoxoplasmosis (Sepulveda-Arias et al., 2014), 88 

antibacterial (Banfi et al., 2014), antiviral activity (Ferrea et al., 1993), and protective effect against 89 

kidney damage (Osonwa et al., 2012). E. floribundus, a terrestrial herbaceous plant, is used in Côte 90 

d’Ivoire for the treatment of skin disorders, dyspepsia, abdominal pains, various diseases of microbial 91 

origin (Koné et al., 2002), in AIDS therapy, rheumatism, gout, cystitis, nephritis, dysmenorrhoea, dental 92 

pain, headache (Valnet, 1983; Burkill, 1985). The aerial parts extracts showed antimicrobial (Atindenou 93 

et al., 2002), antifungal (Tra Bi et al., 2008), anthelminthic (Diehl et al., 2004), anti-Trypanosoma brucei 94 

(Petrelli et al., 2016), and antimalarial effect (Tepongning et al., 2018). O. africana is a large tree 95 

considered in Côte d’Ivoire as a powerful fetish tree with efficacious medicinal virtues. The bark is 96 

antiseptic and haemostatic. A decoction of the bark is added to baths and draughts to treat blennorrhoea 97 

and act as a pelvic decongestant (Burkill, 1985). The stem bark extracts showed antimalarial (Rusaati et 98 

al., 2012), antibacterial and antifungic activities (Berinyuy, 2014). The stem bark of O. borealis, a large 99 

tree, are used in traditional medicine for the treatment of pulmonary troubles whereas the leaves are used 100 

as febrifuges (Abbiw, 1990; Burkill, 1985). O. ahia is an evergreen medium-sized tree. It is used in 101 

folklore medicine for the treatment of pain, inflammation, bacterial and parasitic diseases (Armah et al., 102 

2016; Burkill, 1997). The stem bark extracts showed antibacterial, anti-leishmania and anti-103 

inflammatory activities (Alake et al., 2021). O. elatum is a large tree from West African, used 104 

traditionally for the treatment of sterility of males and increases lactation in women. A decoction of the 105 

bark, combined with the fruits of peppers (Capsicum annuum) and Solanum anguivi, is used to treat 106 

malaria. A decoction of the young leaves is used for the treatment of cough. Its stem bark extracts showed 107 

high in vitro anthelmintic (Nyasangox et al., 2018), anti-inflammatory and antimicrobial activities 108 

(Sandjo et al., 2014). T. coronatum is a semi-prostrate herb or shrub to nearly 1 m high in the ground 109 

vegetation of the closed forest, from Guinea to Togo. Leaves are used in folklore medicine as pain-110 

killers, sedatives, for arthritis and rheumatism (Burkill, 1985), against typhoid fever, hemorrhoids, 111 

infertility, and skin diseases (Nguenang et al., 2018). Its leaves extracts showed antibacterial activity 112 

against a strain of Pseudomonas aeruginosa and strains of Staphylococcus aureus, as well as antifungal 113 

activity against Candida species, such as C. albicans, C. tropicalis and C. glabrata (Ahoua et al., 2015). 114 
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In this study, n-heptane (n-Hept), ethyl acetate (EtOAc), dichloromethane (DCM) and aqueous methanol 115 

80% (MeOH 80%) extracts were prepared from the ten selected plants and tested in vitro at 25 μg/mL 116 

to evaluate their activity against T. gondii, and cytotoxicity on normal Vero cell line. In addition, a 13C-117 

NMR-based dereplication workflow combined with a bioactivity-guided fractionation process was 118 

applied on the most active extract (MeOH 80% extract of the leaves of E. guineensis) to identify the 119 

compounds being involved in the biological effect against T. gondii. This paper describes the isolation 120 

and characterization of three nor-sesquiterpenes and one benzyl glycoside previously undescribed. 121 

 122 

2. Results and Discussions 123 
 124 
2.1. Identification of compounds from Elaeis guineensis  125 

Chemical profiling of the six fractions HP1A–HP5 by 13C-NMR based dereplication was initiated in order 126 

to identify the main chemicals that could potentially be involved in the activity of the MeOH 80% extract 127 

of E. guineensis leaves (Fig. 1). Nine compounds, including two saccharides (1-2), three flavonoids (4-128 

6), one megastigman derivative (7), three aliphatic acid derivatives (3 and 8-9) were identified. The 129 

correlated chemical shifts of cluster 1 in fraction HP1A were assigned to glucopyranose (1) and α-130 

galactopyranosyl-(13)-β-galactopyranoside (2) (Agrawal, 1992). Similarly, cluster 2 in fraction HP1B 131 

proposed 1-monopalmitin (3) (Hu et al., 2022). The cluster 3 in fraction HP3 proposed vicenin-2 (4) 132 

(Islam et al., 2014) and vitexin-2''-O-β-D-glucopyranoside (5) (Pauli and Junior, 1995). The cluster 4 in 133 

fraction HP3 proposed vitexin (6) (Kim et al., 2005). The cluster 5 in fraction HP4 proposed roseoside 134 

(7) (Matsunami et al., 2010) whereas cluster 6 in fraction HP5 proposed elaidic acid methyl ester (8) and 135 

linoelaidic acid methyl ester (9) (Alexandri et al., 2017) (Figure 1). The identification of these 136 

compounds was confirmed by comparison with literature data and by analysis of HR-ESI-MS spectra 137 

of HP1A–HP5. 138 

The HP3 fraction was purified giving four flavonoids (4-6 and 22), four megastigman derivatives (7 and 139 

17-19), two benzyl glycosides (20-21), one pseudo alkaloid (23) and one allyl glycoside (24). Their 140 

structures were elucidated through the use of 1D and 2D-NMR experiments, in conjunction with the 141 

analysis of HR-ESI-MS data and by comparison with previously reported values. Three compounds 17- 142 

18 and 20 were undescribed and the know compounds are vicenin-2 (4) (Islam et al., 2014), vitexin-2’’-143 

O-glucoside (5) (Pauli & Junior, 1995), vitexin (6) (Kim et al., 2005), scutellarein-8-C-β-D-glucoside 144 

(22) (Kim et al., 2015), roseoside (7) (Matsunami et al., 2010), byzantionoside B (19) (Matsunami et 145 

al., 2010), hydrangeifolin I (21) (Hamerski et al., 2005), 2-ethyl-3-methylmaleimide N-β-D-146 

glucopyranoside (23) (Krajewski et al., 1996) and erigeside F (24) (Yamamura et al., 1998) (Figure 2). 147 

Likewise, HP5 fraction was purified giving four aliphatic acid derivatives (8-11), two cardanol 148 

derivatives (12-13), one triterpene (14), one sterol (15) and one undescribed nor-sesquiterpene (16). The 149 

known compounds are elaidic acid methyl ester (8), linoelaidic acid methyl ester (9), palmitic acid (10), 150 

palmitic acid methyl ester (11) (Alexandri et al., 2017), 3-[12(E)-pentadecenyl]phenol (12), 3-[14(E)-151 
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heptadecenyl]phenol (13) (Liu and Abreu, 2006), ursolic acid (14) (Mahato and Kundu, 1994), and 152 

stigmasta-4,24(28)-dien-3-one (15) (Sheu et al., 1999) (Figure 2). 153 

Compound 16 has the molecular formula C13H16O4, deduced from the protonated molecular ion at m/z 154 

237.1125 [M + H] + (calcd for C13H17O4, 237.1127), in positive mode HR-ESI-MS. The 1H NMR and 155 

1H–1H COSY spectra displayed signals of three methyl groups at δH 1.25, 1.26 and 1.74, two methylene 156 

protons at δH 2.44 (1H, d, J = 17.2 Hz), 2.55 (1H, d, J = 17.2 Hz), 2.67 (1H, d, J = 18.4 Hz), 3.07 (1H, 157 

d, J = 18.4 Hz) and one ethylenic proton at δH 6.95 (1H, br. s) (Table 1). This, in a combination with 158 

signals in 13C NMR and HSQC spectra of two ketones at δC 195.7 and 201.0, four ethylenic carbons at 159 

δC 103.1, 131.9, 142.8 and 160.0, two methylene carbons at δC 39.9 and 50.5, two quaternary carbons at 160 

δC 39.0 and 83.8, and three methyl carbons at δC 17.5, 21.9 and 23.2, suggest a nor-sesquiterpene 161 

derivative (ITO et al., 1997) (Fig. 2). The ketone at δC 201.0 (C-3) correlates in HMBC with the 162 

methylene protons Hαβ-2 at δH 2.67 and 3.07, coupled together with a geminal coupling constant of J = 163 

18.4 Hz, which indicates that these protons were between two quaternary carbons. HMBC correlations 164 

were observed from H2αβ-2 to carbons at δC 39.0 (C-1), 83.8 (C-6) and 131.9 (C-4), from C-1 to the 165 

methylene protons Hαβ-7 at δH 2.44 (d, J = 17.2 Hz) and 2.55 (d, J = 17.2 Hz), and the methyl protons 166 

H-13 (δH 1.25) and H-12 (δH 1.26), and from Hαβ-7 to the second ketone at δC 195.7 (C-8) (Fig. 3). 167 

Similarly, HMBC correlations were observed between methyl protons H-13 and carbons C-12 and C-6. 168 

The ethylenic proton H-4 at δH1 6.95 (δC4 131.9) showed HMBC correlations with two ethylenic carbons 169 

at δC 142.8 (C-5) and 160.0 (C-11), attached to a hydroxyl. Finally, the methyl protons at δH 1.74 (H-170 

10), were correlated in the HMBC with the quaternary ethylenic carbon C-9 at δC 103.1 (Fig. 3). The 171 

absolute configurations of C-6 was established (6S) by comparing the experimental ECD spectra of 16 172 

with the published (-)-(6S)- eucomegastigmane A (Yan et al., 2017). The 20[α]D -0.3° (c 0.1; MeOH) 173 

confirm the stéréochemistry. Thus, the structure of compound 16 is (-)-(6S)-4,5,6,7-tetrahydro-5,9-174 

dihydroxy-4,4,8-trimethyl-2(3H),7-naphthalendione which named (-)-(6S)-elaeisdione. 175 

Compound 17 has the molecular formula C13H20O4, deduced from the protonated molecular ion having 176 

lost one or two water molecules at m/z 223.1333 [M - H2O + H] + (calcd C13H19O3, 223.1312) or 205.1223 177 

[M - 2H2O +  H] + (calcd C13H17O2 205.1226) (Hu and al., 2022), in positive mode HR-ESI-MS. Analysis 178 

of the 1H NMR, 13C NMR, COSY, ROESY, HSQC and HMBC spectra led to the identification of a 179 

cucubalactone derivative (Cheng et al., 2002) (Figs. 2 and 4), a nor-sesquiterpene megastigman. 180 

The 13C-NMR spectrum displayed thirteen signals: three methyls (δC 17.8, 22.2, 22.3), two methylenes 181 

(δC 35.8, 37.5), three methynes (δC 57.5, 64.5, 67.3), two ethylenic carbons (δC 120.3, 142.4), two 182 

quaternary signals (δC 46.2, 85.5) and one carbonyl at δC 180.0. The signals at δC 64.5, 67.3, and 85.5 183 

were characterized as carbons bearing an oxygen atom. The similarity of the NMR data of 17 and 184 

cucubalactone showed that they had an identical carbon skeleton (Table 1). The main difference in the 185 

13C-NMR spectra was the presence of one supplementary hydroxy substituent at C-6 in cucubalactone 186 

(Cheng et al., 2002). The specific chemical shift of the tertiary carbon C-3 at 64.5 ppm (δH3 3.80) is 187 

indicative of the presence of a tertiary alcohol in a ring. This correlated in HMBC with the methylene 188 
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protons Hαβ-2 at δH 1.62 (dt, J = 13.7, 6.5 Hz) and 1.76 (dd, J = 13.7, 7.3 Hz) and Hαβ-4 at δH4 1.64 (dd, 189 

J = 13.8, 6.8 Hz), and 2.11 (dd, J = 13.8, 6.8 Hz), allowing their respective positioning. Similarly, the 190 

protons Hαβ-4 correlated in HMBC with the methyl C-13 (δC 22.2), carbons C-2 (δC 35.8), C-6 (δC 57.5), 191 

C-3 (δC 64.5) and C-5 (δC 85.5). The protons H2αβ-2 showed HMBC correlation with the methyl C-11 (δC 192 

17.8), carbons C-4 (δC 37.5), C-1 (δC 46.2), C-3, C-6 and the carbonyl C-12 at δC 180.0 ppm (Fig. 4). 193 

The lactone function between C-12 and the quaternary carbon C-5 (δC 85.5) was corroborated by their 194 

specific chemical shifts (Cheng et al., 2002). HMBC correlations from C-5 to protons H-6, H2-4, H-13 195 

and H-7 suggested the position of the lateral chain. The ethylenic proton H-7 at δH 5.77 (1H, dd, J = 196 

15.4, 9.6 Hz) is coupled in COSY spectrum with the vicinal protons H-6 (δH 2.49, d, J = 9.6 Hz) and H-197 

8 (δH 5.87, dd, J = 15.4, 5.4 Hz), which correlated in COSY with it vicinal proton H-9 at δH 4.31 (1H, q, 198 

J = 6.4 Hz/δC 67.3). The coupling constant J = 15.4 Hz indicated that this ethylenic group was in the 199 

trans configuration (Fig. 4). Carbon C-9 correlated in HMBC with the methyl protons H-10 at δH 1.28 200 

(3H, d, J = 6.2 Hz/δC10 22.3). Finally, the stereochemistry of carbons C-3, C-6 and C-9 was established 201 

by the ROESY correlations between H-3 with Heq-4, H-6 with H-11, H-6 with H-13 and H-7 with H-9 202 

or H-8 with H-9, showing that they belong to the same chemical environment, respectively. Thus, the 203 

structure of compound 17 was elucidated to be 1β,5β-dimethyl-3β-hydroxy-6α-(3-hydroxy-1-butenyl)-204 

12-oxobicyclo-[3.2.1]-13-oxaoctane, which was named 6-dehydroxy-cucubalactone or elaeisdiol. 205 

Compound 18 has the molecular formula C24H40O12 deduced from the sodium ion at m/z 543.2418 206 

[M + Na] + (calcd C24H40O12Na, 543.2417), in positive mode HR-ESI-MS. The 1H NMR and 13CJ-modulated 207 

NMR spectral data of compound 18 showed similarity to that of compound 17 (Table 1). The difference 208 

was presence of a ketone at C-3 (δC 211.2) rather than a hydroxyl, an oxygen-linked methylene forming 209 

a cyclised ether-oxy function at C-12 (δH 3.58/δC 78.0) rather than a lactone group, the loss of the 210 

ethylenic group in C-7 position, and the presence of a sugar moiety. HMBC correlations from the methyl 211 

protons H-13 with quaternary carbon C-5 (δC 84.2), C-3 and C-4, and from methyl protons H-11 with 212 

carbons C-5, C-3, C-12, and C-6 (δC 53.3) provided compelling evidence for the cyclised form. 213 

Correlations in COSY between H-7 and its vicinal H-6 and H-8, between H-8 and its vicinal H-7 and 214 

H-9, and between H-9 and its vicinal H-8 and H-10 justified their respective positions. The 215 

stereochemistry of carbons C-1 and C-6 was established by the ROESY correlations between H-12 with 216 

Heq-2, and H-6, alpha oriented, and between methyl H-11 with protons H-7b and H-8b. The chemical 217 

shift of C-9 (δH 3.91/δC 74.5) indicate a carbon bearing a hydroxyl and is indicative for 9S (ca. 74 ppm) 218 

configuration as observed for Δ7,8-type of 9-hydroxymegastigmane 9-O-β-D-glucopyranoside like in 219 

byzantionoside B (19) (Matsunami et al., 2010). The remaining 1H and 13C NMR resonances were 220 

assignable to two sugar moieties. The signals for an anomeric proton at δH 4.33 (1H, d, J = 7.8 Hz, H-221 

1′), two oxymethylene protons at δH 3.59 (1H, dd, J = 11.9, 5.4 Hz) and 3.96 (1H, dd, J = 11.9, 2.2 Hz) 222 

(H2-6′), an oxymethylene carbon at δC 67.3 (C-6′), five oxymethine carbons at δC 70.5 (C-4′), 73.7 (C-223 

2′), 75.9 (C-5′), 76.8 (C-3′) and 100.9 (C-1′), and proton coupling constants above 7 Hz, were consistent 224 

with those of a β-glucopyranosyl moiety (Table 1). The large coupling constants from anomeric proton 225 
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(>7 Hz) and the axial correlations observed between H-1'/H-3' and H-1'/H-5' in the ROESY spectrum, 226 

indicated their β-configurations. A second anomeric proton at δH 5.07 (1H, d, J = 2.6 Hz, H-1'') was 227 

correlated in COSY with an oxymethylene protons at δH 3.89 (1H, d, J = 2.6 Hz, Hβ-2''), and the signals 228 

of two oxymethylenes carbon at δC 64.2 (C-5′′) and 73.5 (C-4′′), are consistent with an apiofuranose. 229 

HMBC correlations from H-9 to the anomeric carbon C-1' (δC 100.9) and from H-1'' (δH 5.07) to the 230 

carbon C-6' indicate the positions of the sugar chain and the interglycosidic linkage. This is confirmed 231 

by the ROESY correlations between H-1'/H-9 and H-1''/H-6'. Thus, compound 18 was elucidated as 232 

(1S,6R,9R)-6-[3-hydroxybutyl]-1,5-dimethyl-12-oxabicyclo-[3.2.1]-octan-3-one-9-O-α-233 

apiofuranoside-(1→6)-O-β-glucopyranoside name elaeisoside. 234 

Compound 20 has the molecular formula C24H28O13, deduced from the sodium molecular ion at m/z 235 

499.1424 [M + Na] + (calcd C20H28O13Na, 499.1428), in positive mode HR-ESI-MS. The 1H NMR and 236 

13C NMR spectral data of compound 20 showed similarity to that of 2,3-dihydroxybenzoic acid methyl 237 

ester 3-O-β-D-glucopyranosyl-(1→6)-β-D-glucopyranoside (Xu et al., 2009) (Table 1). Analysis of the 238 

COSY, ROESY, HSQC and HMBC spectra indicated that in contrast to the compound described by Xu 239 

et al, the second glucose unit is replaced by rhamnopyranose in 20. It is characterised by its methyl 240 

group at δH 1.21 (3H, d, J = 6.2 Hz) and δC 16.5 (C-6"), and its anomeric proton at δH 4.71 (1H, d, J = 241 

1.5 Hz) and carbon at δC 100.7 (C-1").The coupling constant of H-1'' (3JH-1''/H-2'' = 1.5 Hz) and the 242 

correlations observed between H-1''/ H-2'' in the ROESY spectrum of 20, indicated the α-anomer 243 

configuration of the rhamnose unit. The structural elucidation of benzyl was readily established from 244 

the specific chemical shifts of an identified aromatic ring [δH-5 6. 91/δC-5 118.6, δH-4 7.39/δC-4 122.3, δH-245 

6 7.57/δC-6 123.2] (Table 1). HMBC correlations from H-6 to δC 151.3 (C-2) and 170.4 (C-7), H-5 to δC 246 

113.1 (C-1) and δC 145.7 (C-3) allowed their respective positioning. The ester function was justified by 247 

the HMBC crosspeak between C-7 and H3-8 (δH 3.98/δC 51.6). The interglycosidic linkage was 248 

established by HMBC correlations from H-1' (δH 4.89) to carbon C-3 (δC 145.7) and from H-1'' (δH 4.71) 249 

to carbon C-6' (δC 66.3) and by ROESY correlation between H-1''/H-6'. Thus, the structure of 20 was 250 

elucidated as methyl ester of 2,3-dihydroxybenzoic acid 3-O-α-L-rhamnopyranosyl-(1→6)-β-D-251 

glucopyranoside (20) (Figs. 2 and 4). 252 

 253 
2.2. Biological screening of crude extracts on T. gondii 254 

The n-Hept, DCM, EtOAc and 80%MeOH extracts of the ten selected drugs were evaluated for their 255 

cytotoxic activity against Vero cells. Among the 40 tested extracts, six were found to be cytotoxic at the 256 

concentration of 25 μg/mL, namely the n-Hept extract of T. coronatum, the DCM extracts of E. 257 

floribundus and leaves of O. ahia, the EtOAc extracts of leaves and bark of O. borealis and the MeOH 258 

80% extract of O. Elatum (Table 2). The toxicity induced by these extracts on cells leads to cell death, 259 

and therefore would have as an immediate consequence preventing cell invasion by tachyzoites or 260 

parasite multiplication. Consequently, very few parasites will be marked by antibodies in the enzyme-261 

linked immunosorbent assay (ELISA), which will not reflect the actual inhibition of parasite 262 
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multiplication by the product. Therefore, only the non-cytotoxic extracts were then evaluated for their 263 

antitoxoplasmic activity in vitro at 25 μg/mL (Table 2). The results revealed that eight of the 34 non-264 

cytotoxic extracts showed more than 60% parasite growth inhibition at 25 µg/mL. These extracts were 265 

the DCM and EtOAc extracts of C. micranthum, the MeOH 80% extract of E. guineensis, the n-Hept 266 

and DCM of O. africana, the EtOAc of the leaves and DCM of the stem bark of O. ahia, and the DCM 267 

extract of T. coronatum with a parasite growth inhibition rate of 79%, 64%, 94%, 67%, 87%, 91%, 96%, 268 

and 72%, respectively. 269 

Previous study on C. micranthum leaves showed that its aqueous extract had moderate antitoxoplasmic 270 

activity with IC50 of 254 μg/mL (Benoit-Vical et al., 2000) and 217 μg/mL (Sepúlveda-Arias et al., 2015) 271 

against RH tachyzoites of T. gondii in the RMC5 cells. However, our work showed also that DCM and 272 

EtOAc extracts of this plant possessed antitoxoplasmic activity at 25 μg/mL on Vero cells with 79% ± 273 

0.18, and 64% ± 0.23 growth inhibition, respectively. The use in traditional medicine of the genus 274 

Omphalocarpum as an antiparasitic is more highlighted in the literature. This fact has been corroborated 275 

by our results which supported the traditional use of the stem bark of O. ahia as an antiparasitic (Armah 276 

et al., 2016) based on the strong inhibition of T. gondii growth at 25 μg/mL of the DCM extracts from 277 

stem bark (96% ± 0.05) and EtOAc from leaves (91% ± 0.10). Whereas DCM extract of O. elatum was 278 

moderately active against T. gondii tachyzoites (57% ± 0.13). Our work showed for the first time that 279 

the stem bark of Oldfieldia africana and all plant of Tristemma coronatum were active against T. gondii 280 

at 25 μg/mL (Table 2). The traditional antiparasitic use of E. guineensis leaves in Côte d’Ivoire that had 281 

been observed for the 70% hydroethanolic extract against P. falciparum (another Apicomplexa parasite) 282 

with IC50 1.195 μg/mL (Annan et al., 2012), was supported by the strong inhibition (94 % ± 0.07) of T. 283 

gondii growth at 25 μg/mL by the hydromethanolic 80% extract. This extract was therefore selected for 284 

further study to identify the compounds being involved in the biological effect against T. gondii.  285 

 286 
2.3. Bioguided screening of MeOH extract of Elaeis guineensis on T. gondii 287 

Based on the results of the antitoxoplasmic activity screening, an extraction was carried out on 1.5 kg 288 

of the air-dried and powdered E. guineensis leaves. The hydromethanolic extract was fractionated on a 289 

Diaion HP-20 resin column to obtain HP1–HP5 fractions. The cytotoxicity of the MeOH 80% extract 290 

and obtained fractions was evaluated at 25 μg/mL on Vero cells (Table 3) and showed that the less polar 291 

fraction HP5 is cytotoxic with a growth inhibition rate of 67%. Therefore, HP5 was excluded from the 292 

antiparasitic screening. The HP1–HP4 fractions were evaluated for their anti-Toxoplasma activity at the 293 

concentration 25 μg/mL, but none showed anti-Toxoplasma activity (Table 3). It seems that the 294 

fractionation of the hydromethanolic extract led to the loss of the antitoxoplasmic activity. A 295 

chemosensitivity on the HP5 fraction was carried out to determine the concentration at which it is no 296 

longer cytotoxic, in order to measure its anti-toxoplasmic activity. The cytotoxicity of HP5 was evaluated 297 

on Vero cells at 25, 12.5, 6.25, 3.125 and 1.563 μg/mL and the IC50 was found to be 16.0 µg/mL. The 298 
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concentration which induced less than 12 % of Vero cells growth inhibition was 6.25 µg/mL. 299 

Unfortunately, HP5 showed less than 1% T. gondii growth inhibition at this concentration.  300 

It is important to point out that, despite the historical effectiveness of bioguided fractionation of plant 301 

extracts, loss of activity and failure to isolate active compounds during this process can occur (Caesar 302 

and Cech, 2019; Nothias et al., 2018). The main reasons of these pitfalls may be the degradation of 303 

compounds during the purification process, low concentration of bioactive compounds making their 304 

isolation difficult, and/or potential synergistic effects (Nothias et al., 2018). This can be avoided by 305 

“synergy-directed fractionation” (Junio et al., 2011) which combines chromatographic separation and 306 

synergy testing in combination with a known active constituent in the original extract. Several studies 307 

have shown that the overall activity of plant extracts can result from mixtures of compounds with 308 

synergistic, additive, or antagonistic activity (Wagner and Ulrich-Merzenich, 2009). 309 

While there are multiple possible explanations for this failure, it is true that in some cases loss of activity 310 

occurs because multiple constituents are required to observe the biological effect. 311 

The first explanation could be the irreversible adsorption of compounds on the column packing (Qiu et 312 

al., 2013). To test this purpose, the MeOH 80% extract was fractionated by centrifugal partition 313 

chromatography (CPC), a solid support free liquid–liquid separation technique involving the distribution 314 

and transfer of solutes between at least two immiscible liquid phases according to their partition 315 

coefficients. This method avoids irreversible adsorption of analytes due to the absence of solid support. 316 

The CPC fractionation of the MeOH 80% extract led to eleven fractions which were evaluated for their 317 

cytotoxicity on Vero cells at 25 μg/mL showing that the less polar fractions (CPC1–CPC3) possessed 318 

cytotoxic activity (Table 3). The non-cytotoxic fractions were evaluated for their antiparasitic activity, 319 

unfortunately revealing that CPC4–CPC11 fractions possessed less than 50% anti-Toxoplasma activity at 320 

25 µg/mL. Thus, the loss of activity of the MeOH 80% extract is not due to irreversible adsorption of 321 

compounds to the column. This suggests that the anti-Toxoplasma activity of the MeOH 80% extract 322 

could result from mixtures of compounds with synergistic, additive, or antagonistic activity.  323 

The second hypothesis was that there was a synergistic interaction between the metabolites of the MeOH 324 

80% extract. It is known that when two or more drugs are given in combination, the effect can be 325 

superadditive (synergistic); that is, they can demonstrate action beyond that is expected of their 326 

individual power and effectiveness. Unlike synergy, some drug combinations may show sub-additivity 327 

(antagonism) or simple additivity (Tallarida, 2011). Thus, the idea that HP5, the only cytotoxic fraction 328 

at 25 μg/mL, could be responsible of the anti-Toxoplasma activity of the MeOH 80% extract of                           329 

E. guineensis at lower concentrations when mixed with another fraction was verified. So, five 330 

combinations were reconstituted HP1A + HP5, HP1B + HP5, HP2 + HP5, HP3 + HP5 and HP4 + HP5, 331 

respecting their ratios in the MeOH 80% extract (Table 4). These combinations were evaluated for their 332 

cytotoxicity at the concentration of 25 µg/mL on Vero cell line (Table 4) and, surprisingly, none of these 333 

combinations showed more than 20% cytotoxic activity at the concentration tested. The combination 334 

tested HP1B + HP5 (25 µg/mL), in which the HP5 concentration was 13.88 µg/mL showed a toxicity of 335 
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19% while HP5 tested alone showed toxicity of 40% at this concentration. The other combinations tested                 336 

HP2 + HP5, HP3 + HP5, and HP4 + HP5 also showed that these combinations were less cytotoxic than HP5 337 

alone at the same concentration for HP5 (Table 4). These results suggested a sub-additive (antagonist) 338 

effect concerning the cytotoxic activity on Vero cell line. 339 

These five combinations were evaluated for their anti-Toxoplasma activity at the concentration                         340 

25 µg/mL. The HP3 + HP5 combination in which the concentration of HP5 was 5.95 µg/mL showed an 341 

anti-Toxoplasma effect of 50%, resulting in synergistic activity since the anti-Toxoplasma activity of 342 

HP5 alone at the same concentration was 1%. The most active combination was HP4 + HP5 with 74% 343 

antiparasitic activity (Table 4). 344 

 345 

2.4. Discussion of the anti-toxoplasmic activity of compounds identified in E. guineensis 346 

The activity observed in these plants could be attributed to a synergistic effect between the 347 

phytochemical constituents, including aliphatic acids, terpenoids, sterols and flavonoids which could 348 

have antiparasitic activities. However, further studies should be carried out to confirm and explain this 349 

synergistic or antagonistic effect between the identified compounds. All CPC fractions (CPC1CPC11) 350 

were analyzed by 1H and 13C NMR spectroscopy in order to identify the main class of compounds (Table 351 

3) and compared to HP1A–HP5 fractions. No additional compounds were identified. 352 

HP5 contained long-chain fatty acids identified as palmitic acid (10), palmitic acid methyl ester (11), 353 

elaidic acid methyl ester (8), and linoelaidic acid methyl ester (9). Three of them (8-9 and 11) belong to 354 

fatty acid methyl esters (FAMEs) which have been reported to exhibit antibacterial properties. Some 355 

authors have even described that FAMEs could be the next generation of antibiotic agents acting through 356 

membrane disruption and reactive oxygen species production (Casillas-Vargas et al., 2021). Fatty acids 357 

are a broad group of amphipathic molecules with a terminal carboxyl group that, based on the number 358 

of double bonds, are classified into saturated and unsaturated fatty acids. These molecules play a crucial 359 

role in the structure of cell membranes, energy production, signaling, and regulation of different 360 

biochemical pathways (De Carvalho and Caramujo, 2019). Most likely, fatty acids like as those in the 361 

active fraction HP5 affected the lipid bilayer integrity or even the inner membrane complex of T. gondii. 362 

Both structures are vital for invasion and replication of the parasite (Choi et al., 2019). Similar 363 

compounds, such as hexadecanoic acid methyl ester, have been shown to affect the integrity of bacterial 364 

cell membranes (Shaaban et al., 2021). In addition to affecting cell membranes, inhibition of bacterial 365 

fatty acid synthesis is suggested to be linked to these molecules (Abubacker and Deepalakshmi, 2013, 366 

Zheng et al., 2005). T. gondii acyl-CoA diacylglycerol acyltransferase (TgDGAT) is an integral 367 

membrane protein localized in the cortical and perinuclear endoplasmic reticulum of the parasite and is 368 

responsible for triacylglycerol synthesis (Anacleto-Santos et al., 2023). Some studies have reported that 369 

oleate, palmitoleate, and linoleate impair parasite replication by interfering with TgDGAT function 370 

(Nolan et al., 2018). Therefore, T. gondii growth can be limited by controlling the parasite lipidomics, 371 

as previously reported (Anacleto-Santos et al., 2023; Smith et al., 2021). Based on these reports, the 372 
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fatty acids in HP5 could disrupt the parasite’s membranes or inhibit enzymes required for T. gondii fatty 373 

acid synthesis. 374 

Like fatty acids, allyl glycoside such as erigeside F (24) isolated from HP3 may also exhibit selective 375 

toxicity towards the parasite by inhibiting fatty acid synthesis within the parasite (enoyl-acyl carrier 376 

protein reductase). 377 

Among drug discoveries with antibacterial potentials, 75% were terpenes, including mono, di- and 378 

triterpenes (Zacchino et al., 2017). Although the exact mechanism of action of terpenes remains 379 

unknown, it is believed that they can inhibit both oxygen uptake and oxidative phosphorylation 380 

processes (Grin et al., 1999). Terpenes have been extensively reported to exhibit antibiotic, antiviral, 381 

and antiparasitic properties (Bisht et al., 2021). The growth inhibitory activity of ursolic acid, a 382 

triterpenoid detected in HP5, against T. gondii has already been reported with IC50 of 5.9 µM (Choi and 383 

Lee, 2019; Deng et al., 2019; Choi and Lee, 2018). Triterpenoids isolated from the barks of Quercus 384 

crispula, 29-norlupane-3,20-dione, oleanolic acid acetate, and ursolic acid acetate, showed anti-385 

Toxoplasma activity with an IC50 between 6.8 and 24.4 μM (Endo et al., 2019). A pentacyclic triterpenoid 386 

from Olea europaea, maslinic acid, was evaluated on T. gondii tachyzoites and showed an IC50 of 58.2 387 

μM. It seems that this terpenoid disrupts the ultrastructure and motility of the parasite due to inhibition 388 

of protease activity (De Pablos et al., 2010). Betulone, a lupane-type triterpene extracted from the bark 389 

of Alnus glutinosa showed anti-Toxoplasma activity in vitro (IC50 2.7 µM) (Darme et al., 2021). Their 390 

ability to affect lipid membranes has also been reported (Mahizan et al., 2019). Some pentacyclic 391 

triterpenes have been shown to inhibit the expression of COX-2 (De-Almeida et al., 2019), which 392 

reduces T. gondii infection and upregulates the proinflammatory immune response in mice (Pereira et 393 

al., 2019). COX-2 is a crucial factor in T. gondii propagation in human trophoblasts; therefore, its 394 

inhibition can induce a proinflammatory response capable of controlling parasite proliferation (De Souza 395 

et al., 2021). Ursolic acid identified in HP5 is also pentacyclic; therefore, it could affect the host Th1 396 

immune response. A sterol, β-sitostenone, analogue of stigmasta-4,24(28)-dien-3-one (15) was 397 

evaluated on T. gondii tachyzoites and showed IC50 of 17.3 µM (Darme et al., 2022). 398 

It has been demonstrated that a sesquiterpene, kurubasch aldehyde, exerts a moderate inhibitory effect 399 

on the growth of Plasmodium falciparum (IC50=76 μM) and slow-proliferating breast cancer cells MCF7 400 

(78 μM). However, it was discovered to be a highly potent inhibitor of S180 cancer cell proliferation, 401 

with an IC50 value of 7.4 μM (Traoré-Coulibaly et al., 2017). In a review published between 2015 and 402 

2020, the authors conducted a comprehensive examination of the biological activity of sesquiterpenes 403 

and reported cytotoxicity, antibacterial, antifungal, anthelmintic and other activities. In light of these 404 

assertions, it would be useful to assess the anti-Toxoplasma activity of the nor-sesquiterpenes (7 and 16-405 

19) identified in E. guineensis, from whitch three of previously undescribed, as the presence of glycoside 406 

could influence their pharmacological properties. The mode of action of terpenes includes, among other 407 

mechanisms, the generation of reactive oxygen species (ROS) and other free radicals after an oxidative 408 

stress process. Based on these facts, it could be inferred that the anti-Toxoplasma effect of E. guineensis 409 
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MeOH 80% extract could be linked to these mechanisms of action. Nevertheless, more studies need to 410 

be done in order to evaluate this extract as well as its possible characterized compounds on the complete 411 

life cycle of T. gondii and in vivo models. 412 

T. gondii inhibits production of TNF-α and IL-12. TNF-α is a cytokine of inflammatory and immune 413 

response and together with IL-6 can enhance proliferation and differentiation of B lymphocytes (Lang 414 

et al., 2007). TNF-α activates eosinophil cytotoxicity toward protozoa and induces secretion of acute 415 

phase proteins via IL-6 production. TNF-α and IFN-γ have antiproliferative properties. In toxoplasmosis, 416 

TNF-α appears to be indispensable for macrophage activation and inhibition of parasite replication.  417 

Several studies reported the anti-inflammatory properties of E. guineensis leaf extracts (Tow et al., 2021; 418 

Yin et al., 2013; Soundararajan and Sreenivasan, 2012). E. guineensis extracts contained flavonoids 419 

which have antioxidant, apoptosis-inducing, and anti-inflammatory properties (Hassanpour et al., 2023) 420 

and also decreases oxidative stress (Bubols et al., 2013; Miller, 1996). Flavonoid’s mechanism is based 421 

on the activation of nuclear factor Nrf2 (Adetunji et al., 2023; Mendonca and Soliman, 2020), which 422 

activates other cellular defense mechanisms by Phase II initiation of detoxifying and antioxidant. 423 

However, there is a paucity of information in the literature regarding their cytotoxicity and anti-parasitic 424 

activity. Furthermore, in vitro studies have demonstrated that the combination of pyrimethamine with 425 

taxifolin (dihydroquercetin) exhibits significant inhibitory activity against T. gondii RH strain 426 

tachyzoites, with an IC50 of 1.39 μg/mL (p < 0.05). Notably, this combination is not cytotoxic for HFF 427 

and Hek-293 infected cell lines (Abugri et al., 2018). Similarly, Dégbé et al. (2018) demonstrated that 428 

the ethanolic extract of Vernonia amygdalina leaves exhibited a proportional content of phenols, tannins, 429 

flavonoids, and polysaccharides. The extract demonstrated the highest efficacy against the T. gondii RH 430 

strain tachyzoites and the lowest cytotoxicity on the HFF cell (Dégbé et al., 2018). These results suggest 431 

that the C-glycoside flavonoids isolated in the HP3 fraction may modulate or enhance the 432 

antitoxoplasmic activity of terpenes, sterols, or other compounds in a mixture. 433 

 434 

3. Conclusions 435 

This study revealed the in vitro anti-Toxoplasma activities of the DCM and EtOAc extracts of the stem 436 

bark of C. micranthum, of the MeOH 80% extract of the leaves of E. guineensis, n-Hep and DCM 437 

extracts from the stem bark of O. africana, EtOAc extract from the leaves and DCM extract from the 438 

stem bark of O. ahia, from the DCM extract of the stem bark of O. elatum and the DCM extract of the 439 

aerial parts of T. coronatum. Further research will need to be investigated to identify their active 440 

components and to search for original compounds to treat toxoplasmosis.   441 

Four undescribed compounds 16-18 and 20 and twenty known compounds were isolated from the leaves 442 

of E. guineensis. Among the compounds elucidated by dereplication or after purification, only  443 

vicenin-2 (4) and vitexin (6) were previously identified in E. guineensis by UHPLC-UV/PDA (Che Zain 444 

et al., 2021; Tow et al., 2021). The MeOH 80% extract of E. guineensis is active against T. gondii RH 445 

and is not cytotoxic to Vero cells at concentrations at 25 µg/mL that killed up to 94% of the parasites. 446 
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The fractionation of the MeOH 80% extract did not allow recovery of antitoxoplasmic activity in its 447 

individualized fractions. Its efficacy could be related to the mechanisms of action of fatty acids, 448 

flavonoids and terpenes; nevertheless, as different molecules are found in this extract, a synergistic or 449 

antagonistic effect cannot be discarded. It is therefore crucial to evaluate the components of the MeOH 450 

80% extract as well as their mode of action, both in the parasite and host cells, to validate the vital targets 451 

(preferably those not supplied by the host) leading to the identification of a main molecule which will 452 

probably allow the design of analogous triterpenoids or FAMEs with anti-Toxoplasma activity. Finally, 453 

these results demonstrated that E. guineensis metabolites can be considered as possible candidates to 454 

obtain lead compounds against T. gondii and that natural compounds can be a good source for the 455 

development of new antiparasitic drugs. However, further biological studies will be required in order to 456 

promote the antiparasitic efficacy of these molecules. 457 

 458 

4. Materials and methods 459 

 460 

4.1. Instrumentation 461 

1D and 2D-NMR spectra were recorded in CD3OD on a Bruker Avance III 500 spectrometer (1H at 500 462 

MHz and 13C at 125 MHz) or on Bruker Avance DRX III 600 spectrometer equipped with a TCI 463 

cryoprobe, and using standard Bruker microprograms (Karlsruhe, Germany). The 13C NMR spectra were 464 

acquired at 150.91 MHz using a standard zgpg pulse sequence with an acquisition time of 0.9 s, a 465 

relaxation delay of 3 s. HR-ESI-MS were obtained from Micromass Q-TOF micro-instrument 466 

(Manchester, UK). The centrifugal partition chromatography (CPC) equipment consists of a 303 mL 467 

FCPE300® column (Rousselet Robatel Kromaton, Annonay, France) containing 7 circular partition 468 

disks etched with a total of 231 partition twin cells (≈ 1 mL per twin cell), a Knauer Preparative 1800 469 

V7115 pump (Berlin, Germany), a UVD 170 S detector set at 210, 254, 280 and 366 nm (Dionex, 470 

Sunnivale, CA, USA) and a Pharmacia Superfrac collector (Uppsala, Sweden). Flash chromatography 471 

was performed on a Grace Reveleris system equipped with dual UV and ELSD detection using Grace 472 

cartridges (silica gel or RP-C18), and the monitored wavelengths were at 205, 254, and 366 nm. Semi-473 

preparative HPLC was performed on an apparatus equipped with an ASI-100 Dionex autosampler, an 474 

Ultimate 3000 pump ThermoFisher Scientific, a diode array detector UVD 340S and a Chromeleon 475 

software (Dionex, ThermoFisher Scientific, France). RP-C18 column (Phenomenex 25015 mm, Luna 476 

5 µm, Interchim, France) was used for the semi-preparative HPLC with a binary gradient eluent (H2O 477 

pH 2.4 with TFA; CH3CN) and a flow rate of 4.7 mL/min; RP-C18 column (Phenomenex 25021,1 mm, 478 

Luna 5 µm, Interchim, France) was used for the preparative HPLC with a binary gradient eluent (H2O 479 

pH 2.4 with TFA; CH3CN) and a flow rate of 20 mL/min. The chromatogram was monitored at 205, 480 

254, 300, and 360 nm. Analytical TLC was performed using silica gel plates (Merck Kieselgel 60 F254) 481 

and RP-C18 plates (Kieselgel 60 F254) and visualized at 254 and 366 nm and by spraying the dried plates 482 

with vanillin and 50 % of H2SO4, followed by heating. 483 
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4.2. Chemicals, reagents, parasites and cell culture 484 

All solvents for extraction, fractionation and solubilized were purchased from Carlo Erba Reactifs SDS 485 

(Val de Reuil, France). The RH strain (genotype I) of T. gondii was provided by the Toxoplasma 486 

Biological Resource Center (BRC Toxoplasma, France). Tachyzoites of T. gondii the RH strain were 487 

cultured on Vero cells monolayers (ATCC, CCL81) at 37 °C, 5% CO2 in a humidified incubator. Cells 488 

and parasites were cultured in Iscove's Modified Dulbecco's Medium (IMDM) (Invitrogen, France) 489 

supplemented with 5% fetal bovine serum (SVF) for cells cultures or 2% (v/v) SVF for parasites cultures 490 

(Biowest, France) and supplemented with 1% antibiotics (penicillin-streptomycin) (GIBCO). All tested 491 

compounds were isolated by semi-preparative HPLC and compound purity was confirmed to 492 

be ≥ 95% prior to biological assays using analytical HPLC and quantitative NMR spectroscopy. 493 

 494 

4.3. Plant material  495 

The selected plants were all harvested in February 2021 in their natural habitats in Côte d’Ivoire. 496 

Botanical determination was performed by Mr Téré H.G. and authentication was made by Pr. Tiebre S.-497 

M. from the National Floristic Centre (NFC) of university Félix HOUPHOUET-BOIGNY Cocody 498 

Abidjan (Côte d’Ivoire), in which, voucher specimens were deposited (Table 5).  499 

 500 

4.4. Preparation of the 40 crude extracts  501 

Air-dried plant material of each species (10 g) was ground (0.2 mm sieve). The plant material was 502 

extracted successively with n-Hept, DCM, EtOAc and MeOH 80%, at room temperature for 2  24 h, 503 

each 100 mL. The filtrates were taken to dryness under vacuum at 40 °C and the residues were stored at 504 

room temperature until testing.  505 

 506 

4.5. Extraction and fractionation of E. guineensis leaves  507 

Air-dried and powdered leaves of E. guineensis (1.5 kg) were extracted, at room temperature, for 2  24 508 

h, with n-Hept, DCM, EtOAc and MeOH 80%, successively, each 15 L, to give after solvent removal 509 

under vacuum the corresponding extracts n-Hept (25.9 g), DCM (13.6 g), EtOAc (7.1 g) and MeOH 510 

80% (44.6 g). A part of the MeOH 80% extract (30 g) was fractionated by Diaion HP-20 resine 511 

chromatography (5  45.5 cm), eluted successively with H2O, 25%, 50%, 75% of MeOH in H2O and 512 

finally with MeOH; each 3 L, to obtain fractions: HP1 (20.5 g), HP2 (1.5 g), HP3 (3.8 g), HP4 (2.5 g) and 513 

HP5 (1.2 g), respectively. Fraction HPI was solubilized in 200 mL of H2O and partitioned with n-butanol 514 

(3 ×250 mL) to obtain the HP1A (H2O soluble fraction, 19.6 g) and HP1B (n-BuOH soluble fraction, 0.9 515 

g). 516 

 517 

 518 

 519 
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4.6. Chemical profiling of the six fractions by 13C-NMR based dereplication 520 

Briefly, fractions HP1–HP5 were chemically profiled based on 13C NMR data as described in a previous 521 

work (Hubert et al., 2014; Darme et al., 2021). All 13C NMR spectra of the fraction series were processed 522 

and submitted to Hierarchical Clustering Analysis (HCA) for the recognition of 13C NMR metabolite 523 

fingerprints. In this way, similarity measurements between 13C NMR signals belonging to individual 524 

structures within the fraction series were visualized as “chemical shift clusters” on a HCA correlation 525 

heat map given in Fig. 1. As a result, 9 major chemical shift clusters colored in red were revealed on the 526 

heat map, corresponding to the major metabolites of the MeOH 80% extract (Fig. 1). With the help of 527 

acd_lotus/nmrshiftdb2 (Nuzillard, 2023) and NP-MRD databases containing chemical shift values of 528 

natural metabolites, the corresponding chemical structures were identified. 529 

4.7. Purification of HP3 and HP5 and identification of its major components 530 

Fraction HP3 (2 g) was separated into 16 subfractions named HP3-1HP3-16 using silica gel flash 531 

chromatography in solid state mode and eluted with CHCl3/MeOH/H2O (from 95/5/0 to 70/30/5, v/v/v). 532 

Subfraction HP3-2 (17 mg) was purified by semi-prep HPLC, eluted with a gradient from 90% to 100% 533 

of CH3CN in water as a mobile phase, in 26 min to afford compounds 17 (tR 21.0 min, 1 mg) and 19 (tR 534 

23.5 min, 1 mg). Subfraction HP3-6 (17 mg) was purified under the same experimental conditions as 535 

subfraction HP3-2 in semi-prep HPLC, to obtain compounds 23 (tR 7.1 min, 1.5 mg) and 24 (tR 20.0 min, 536 

1.1 mg). Subfraction HP3-8 (85 mg) was purified by preparative HPLC, eluted with a gradient from 90% 537 

to 100% of CH3CN in water as a mobile phase, in 26 min to afford compound 7 (5.3 mg). The 538 

subfractions HP3-10, HP3-11, HP3-14 HP3-15 and HP3-16 were purified under the same experimental 539 

conditions as subfraction HP3-8 in preparative HPLC. Purification of subfraction HP3-10 (233 mg) resulted 540 

in the isolation of compounds 18 (20.6 mg) and 20 (15.7 mg). Purification of subfraction HP3-11 (382 541 

mg) resulted in the isolation of compound 21 (24.3 mg). Purification of subfraction HP3-14 (210 mg) 542 

resulted in the isolation of compound 5 (12.8 mg). Purification of subfraction HP3-15 (266 mg) resulted 543 

in the isolation of compounds 22 (22.4 mg) and 6 (6.3 mg). Purification of subfraction HP3-16 (302 mg) 544 

resulted in the isolation of compound 4 (16.4 mg). 545 

Fraction HP5 (1.1 g) was separated into 37 subfractions named HP5-1HP5-37 using silica gel flash 546 

chromatography eluted with n-Hept/acetone/CHCl3/MeOH (from 95/5/0/0 to 0/0/1/1, v/v/v/v). The 547 

combined subfractions HP5-1 and HP5-2 (21 mg) were purified by semi-prep HPLC, eluted with a gradient 548 

from 80% to 100% of CH3CN in water as a mobile phase, in 10 min, then in isocratic elution with 549 

CH3CN for 10 min to afford compounds 14 (tR 12.9 min, 1 mg), 8 (tR 15.1 min, 1 mg) and 9 (tR 18.6 550 

min, 1.3 mg). Subfraction HP5-3 (20 mg) was purified by semi-prep HPLC, eluted with a gradient from 551 

80% to 100% of CH3CN in water as a mobile phase, in 5 min, then in isocratic elution with CH3CN for 552 

20 min to afford compounds 15 (tR 16.5 min, 2.1 mg), 13 (tR 17.2 min, 1 mg) and 12 (tR 23.7 min, 1 mg). 553 

Subfraction HP5-4 (13 mg) was purified by semi-prep HPLC, eluted with a gradient from 80% to 88% of 554 

CH3CN in water as a mobile phase, in 10 min to afford compounds 10 (tR 7.4 min, 1 mg) and 11 (tR 8.9 555 
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min, 1 mg). Similarly, subfraction HP5-4 was purified by semi-prep HPLC, eluted with a gradient from 556 

80% to 88% of CH3CN in water as a mobile phase, in 7 min, then in isocratic elution with CH3CN for 3 557 

min at 88% of CH3CN and in isocratic elution with CH3CN for 5 min to afford compound 16 (tR 3,3 558 

min, 1 mg). 559 

 560 

4.7.1. (-)-(6S)-elaeisdione (16)  561 

yellowish solid; 1H NMR and 13C NMR (CDCl3), see Table 1; 20[α]D -0.3° (c 0.1; MeOH), IR vmax      562 

(cm-1): OH (3357); CH3 (2953-2823); 2x C=O (1713; 1669); HR-ESI-MS m/z 237.1125 [M + H] +    563 

(calcd C13H17O4, 237.1127). 564 

4.7.2. elaeisdiol or 6-dehydroxy-cucubalactone (17) 565 

yellowish solid; UV (MeOH) λmax nm (log ): 220.0 (5. 00); 20[α]D -5.0° (c 0.1; MeOH); 1H NMR and 566 

13C NMR (CD3OD), see Table 1; IR vmax (cm-1): OH (3550); CH3 (2960-2870); COOC (1830); HR-ESI-567 

MS m/z 223.1333 [M - H2O + H] + (calcd C13H19O3, 223.1312) or 205.1223 [M - 2H2O + H] + 568 

 (calcd C 13H17O2, 205.1226). 569 

4.7.3. elaeisoside (18) 570 

yellowish solid; UV (MeOH) λmax nm (log ): 280.0 (3. 11), 220.0 (5.00); 20[α]D +25.2° (c 0.1; MeOH); 571 

1H NMR and 13C NMR (CD3OD), see Table 1; IR vmax (cm-1): OH (3371); CH3 (2932-2910); 572 

 C=O (1700); CH2-O-C (1012); HR-ESI-MS m/z 543.2418 [M + Na] + (calcd C24H40O12Na, 543.2417). 573 

4.7.4. 2,3-dihydroxybenzoic acid 3-O-α-L-rhamnopyranosyl-(1→6)-β-D-glucopyranoside (20) 574 

yellowish solid; UV (MeOH) λmax nm (log ): 278.0 (4. 82), 220.0 (5. 00); 20[α]D -2,4° (c 0.1; MeOH); 575 

1H NMR and 13C NMR (CD3OD), see Table 1; IR vmax (cm-1): OH (3357); COOC (1673); CH3 (2927); 576 

OH-phenol (1457); HR-ESI-MS m/z 499.1424 [M + Na] + (calcd C20H28O13Na, 499.1428). 577 

 578 

4.8. Centrifugal partition chromatography (CPC) fractionation of MeOH 80% extract  579 

A three-phase solvent system composed of n-Hept/MtBE/CH3CN/water in the ratio 1/1/1/1 (v/v/v/v) 580 

(500 mL, of each) was used. The solvent mixture was thoroughly equilibrated in a separatory funnel. 581 

After separation of the n-heptane-rich upper phase (UP0), one equivalent volume of MTBE (500 mL) 582 

was added to the mixture of middle (MP0) and lower (LP0) phases in order to slightly reduce the polarity 583 

of the remaining two-phase solvent system. After decantation, the final middle and lower phases (MP 584 

and LP) were separated. The column was filled with the LP at the minimal rotation speed of 200 rpm. 585 

The rotation speed was then increased to 1400 rpm. The sample solution (1.5 g), dissolved in a mixture 586 

of LP/MP/UP0 (45/10/5 v/v/v), was loaded into the column by progressively pumping the less polar UP0 587 

in the ascending mode. The flow rate of the mobile phase was then maintained at 10 mL/min until the 588 

end of the experiment. The UP0 was pumped for 30 min after the release of the dead volume to ensure 589 

the elution of all hydrophobic compounds. The moderately polar MP was then pumped for 30 min to 590 
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elute compounds with a medium hydrophobicity. Finally, in order to recover the most hydrophilic 591 

compounds retained at the head of the column, the role of the two liquid phases was switched by 592 

pumping the aqueous LP as the mobile phase in the descending mode at 10 mL/min. Fractions of 20 mL 593 

were collected. The separation was monitored by UV at 210, 254, 280 and 366 nm. All fractions were 594 

analyzed by TLC and HPLC and then pooled, giving 11 fractions (CPC1–CPC11). 595 

 596 

4.9. Solubilization of extracts and fractions  597 

All extracts and fractions were solubilized in dimethyl sulfoxide (DMSO). The final DMSO 598 

concentration was less than 0.5% in the final mixture (DMSO/culture medium, v/v). DMSO is 599 

commonly used for in vitro and in vivo experiments and is an aprotic amphiphilic molecule containing 600 

a highly polar domain and two non-polar methyl groups (MacGregor, 1967). This characteristic allows 601 

it to be soluble in polar or non-polar solvents. This also makes it capable of solubilizing many organic 602 

compounds polar and non-polar (Balakin et al., 2004; Santos et al., 2003). 603 

 604 

4.10. Cytotoxic activity 605 

The in vitro cytotoxicity of all 40 crude extract, HP1HP5 and CPC1–CPC11 fractions was assessed on 606 

Vero cell cultures using the UptiBlue viable cell count assay (Interchim, France). The crude extracts 607 

were prepared at 250 μg/mL in dimethyl sulfoxide (DMSO)/culture medium, v/v, and kept at −30°C, for 608 

a final sample tested at 25 μg/mL. A suspension of 20 000 Vero cells were cultured in 96-well plate with 609 

IMDM supplemented with 5% SVF (v/v). After 4 hours of incubation, crude extracts or fractions to test 610 

were deposited in wells at 25 µg/mL. After 72 hours of incubation at 37°C and 5% CO2, wells were 611 

washed with phosphate buffer saline and fresh IMDM culture medium supplemented with 5% SVF and 612 

10% UptiBlue was added. After an additional 3 h of incubation, the plate was measured with 613 

spectrophotometer with two wavelength, 570 nm corrected at 600 nm (FLUOstar Omega microplate 614 

reader, BMG Labtech, France). A cytotoxicity threshold was arbitrarily defined at cell viability of 80%.  615 

 616 

4.11. Anti-Toxoplasma activity 617 

All the experiments were performed at least in triplicate. The crude extracts were prepared at 250 μg/mL 618 

in dimethyl sulfoxide (DMSO)/culture medium, v/v, and kept at −30°C, for a final sample tested at           619 

25 μg/mL. 20,000 Vero cells were filled in 96-well plates with IMDM supplemented with 2% SVF (v/v), 620 

then incubated for 3 hours at 37°C and 5% CO2. Then, 50,000 parasites of the RH strain contained in 621 

50 μL of culture medium were deposited, followed by 3 h of incubation in the same conditions. This 622 

time allowed the parasites to sediment and invade the Vero cells. Host cells were infected in a parasite-623 

to-cell ratio of 5:2. Wells were then washed with PBS and 100 μL and 25 μL of sample solution was 624 

deposited per well in duplicate to obtain a final concentration of 25 μg/mL or 100 µg/mL. Dilutions 625 

were performed with culture medium. Finally, the plates were incubated for 72 h at 37 °C and 5% CO2 626 
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before being fixed with cold methanol for 5 min at −20 °C and then parasite multiplications were 627 

revealed by enzyme immunoassay. 628 

Of the 96 wells, eight wells were reserved as a control of the Vero alone representing 100% cell viability, 629 

then six reserved wells were inoculated with T. gondii as a parasite growth control under untreated 630 

conditions, and finally, two final wells were inoculated under the same conditions as described above 631 

with pyrimethamine at 1 μg/mL as a control. 632 

The IC50 assays were processed in the same conditions as previously described (Darme et al., 2022). 633 

Cells were then rehydrated with 100 μL of PBS for 10 minutes at room temperature. The plate was 634 

treated with 100 μL of a 3% H2O2 solution for 10 minutes at 37°C to destroy the endogenous peroxidases 635 

of the Vero cells and then was washed with PBS and filled with 60 μL of primary polyclonal anti-T. 636 

gondii antibody (Bio-rad Rabbit Anti-T. gondii 9070-0556) diluted to 1/1000th in a conjugate buffer. 637 

After 1 hour of incubation at 37 °C, wells were washed four times with wash buffer. Subsequently, 60 638 

μL of secondary goat antibody anti-rabbit IgG coupled with horseradish peroxidase (Bio-rad Goat Anti-639 

Rabbit IgG (H + L) HRP conjugate 170-6515) diluted to 1/2000th in the conjugate buffer were added, 640 

and incubated for 1 hour at 37°C. The wells were washed four more times and 200 μL of OPD (o-641 

phenylenediamine dihydrochloride) substrate (P8412 Sigma-Aldrich, France) was added in each well. 642 

After 15 min at room temperature protected from light, the enzymatic reaction was stopped by the 643 

addition of 50 μL of hydrochloric acid (HCl) 3 M. To finish, 200 μL of each well were transferred to a 644 

new well and a spectrophotometer reading was performed at 492 nm, corrected at 630 nm.  645 

Each experiment was performed with three controls: control with host cells alone, control with host cells 646 

and parasites without the drug for parasite multiplication, and control with host cells with parasites and 647 

pyrimethamine at 1 μM. The intensity of the staining is proportional to the amount of parasites present 648 

in the well. 649 

The anti-Toxoplasma activity of samples was determined using the formula: 100 – [Ods/ Odv)  100]; 650 

Odv = OD at 492 nm – OD at 630 nm for Vero cells invaded by tachyzoites without sample; Ods = OD 651 

at 492 nm – OD at 630 nm for Vero cells invaded by tachyzoites and treated with sample.  652 

 653 
4.12. Statistical analysis 654 
Statistical significance in plaque assay, proliferation, and fungal growth inhibition assay was evaluated 655 

by two-tailed unpaired tests using an Excel spreadsheet. Statistical data are expressed as the mean value 656 

± standard error. 657 

 658 

Appendix A. Supplementary data  659 

The following items are available online at  660 

Supplemental Material File 1 661 

 662 

 663 
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 941 

 942 
 943 

Fig. 1. Heatmap of peak intensities of 13C NMR (rows) and fractions (columns) from the MeOH 80% 944 

extract of E. guineensis. This representation allows the visualization of the carbon skeleton of the major 945 

compounds. 946 

 947 

 948 

Fig. 2. Structures of compounds purified from HP3 and HP5 fractions of E. guineensis. 949 

 950 

 951 

Fig. 3. Main HMBC correlations of compound 16. 952 

Jo
urn

al 
Pre-

pro
of



24 
 

 953 

Fig. 4. Main HMBC, COSY and ROESY correlations of compounds 17-18 and 20. 954 

 955 

Table 1 956 
13C and 1H-NMR spectroscopic data for compounds 16-18 and 20 in CDCl3 or MeOH-d4.a, b. 957 

a in ppm, J in brackets in Hz.  958 
b NMR spectra recorded at 500 or 600 MHz (1H) and at 125 or 150 MHz (13C). 959 
  960 

Position 16…………………. 

δC                   δH 

17…………………… ……. 

δC                 δH 

18 ………………………… 

 δC                    δH 

20……………………… 

δC                        δH 

1 39.0 - 46.2 - 43.4 - 113.1 - 

2 39.9 3.07 d (18.4) 

2.67 d (18.4) 

35.8 1.62 dt (13.7, 6.5)eq 

1.76 dd (13.7, 7.3)ax 

48.2 2.18 dt (17.5, 1.9)ax 

2.59 d (17.5)eq 

151.3 - 

3 201.0 - 64.5 3.80 m 211.2 - 145.7 - 

4 131.9 6.95 br. s 37.5 1.64 dd (13.8, 6.8)eq 

2.11 dd (13.8, 6.8)ax 

49.2 2.23 dt (17.5, 1.9)ax 

2.61 d (17.5)eq 

122.3 7.39 dd (8.2, 1.5) 

5 142.8 - 85.5 - 84.2 - 118.6 6.91 t (8.1) 

6 83.8 - 57.5 2.49 d (9.6) 53.3 1.76 dd (6.7, 1.9) 123.2 7.57 dd (8.1, 1.5) 

7 50.5 2.55 d (17.2) 

2.44 d (17.2) 

120.3 5.77 dd (15.4, 9.6) 20.8 1.52 m 

1.90 m 

170.4 - 

8 195.7 - 142.4 5.87 dd (15.4, 5.4) 36.2 1.72 m 

1.74 m 

51.6 3.98 s 

9 103.1 - 67.3 4.31 q (6.4) 74.5 3.91 m   

10 17.5 1.74 s 22.3 1.28 d (6.2) 18.9 1.24 d (6.2)   

11 160.0 - 17.8 1.10 s 19.5 1.11 s   

12 23.2* 1.26 s* 180.0 - 78.0 3.58  

 

  

13 21.9* 1.25 s* 22.2 1.36 s 23.8 1.34 s   

     glc  glc  

1’     100.9 4.33 d (7.8) 101.4 4.89 d (7.7) 

2’     73.7 3.17 dd (9.3, 7.8) 73.4 3.54 m 

3’     76.8 3.36 t (9.3) 76.3 3.48 m 

4’     70.5 3.23 t (9.3) 70.1 3.40 m 

5’     75.9 3.42 ddd (7.4, 5.4, 2.2) 76.7 3.36 m 

6’     67.3 3.59 dd (11.9, 5.4) 

3.96 dd (11.9, 2.2) 

66.3 3.61 m 

4.02 d (10.8, 1.6) 

     api  rham  

1’’     109.5 5.07 d (2.6) 100.7 4.71 d (1.5) 

2’’     76.6 3.89 d (2.6) 70.7 3.27 t (6.9) 

3’’     79.1 - 71.4 3.82 dd (3.4, 1.6) 

4’’     73.5 3.75 d (9.5) 

3.95 d (9.5) 

72.6 3.36 m 

5’’     64.2 3.59 m 68.4 3.64 m 

6’’       16.5 1.21 d (6.2) 
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Table 2 961 
In vitro cytotoxicity of selected plant extracts on Vero cells.  962 

 963 

 964 
 965 

 966 

 967 

 968 

 969 

 970 

 971 

 972 

 973 

 974 

 975 

 976 

 977 

 978 

 979 

 980 

 981 

 982 

In vitro anti-Toxoplasma activity of extracts exhibiting less than 20% cytotoxicity at 25 µg/mL (N=6). 983 
a nd=not determined  984 
Positive anti-toxoplasmic activity control (pyrimethamine): 70-90% parasite growth inhibition rate at 1 µM. 985 
Positive cytotoxicity control (pyrimethamine): 60-70% cytotoxicity at 20 µg/mL (i.e. 80 µM).  986 

Plant species Plant part Extract  Cytotoxic activity 

against Vero cells  

Anti-toxoplasma activity 

against T. gondii 

C. micranthum leaf n-Hep 3% ± 0.02  1% ± 0.01 

DCM 2% ± 0.01 79% ± 0.18 

EtOAc 3% ± 0.03 64% ± 0.23 

MeOH 80% 3% ± 0.04 5% ± 0.04 

E. guineensis leaf  n-Hep 2% ± 0.03 29 % ± 0.16 

DCM 2% ± 0.01 1% ± 0.01 

EtOAc 6% ± 0.06 9% ± 0.09 

80% MeOH 5% ± 0.04 94% ± 0.07 

E. floribundus aerial 

parts 

n-Hep 3% ± 0.03 13% ±0.13 

DCM 56% ± 0.9 nda 

EtOAc 3% ± 0.02 25% ±0.18 

MeOH 80% 4% ± 0.04 3% ± 0.03 

O. africana stem bark n-Hep 10% ± 0.02 67% ± 0.08 

DCM 10% ± 0.05 87% ± 0.09 

EtOAc 3% ± 0.02 7% ± 0.07 

MeOH 80% 7% ± 0.03 14% ± 0.09 

O. ahia leaf n-Hep 6% ± 0.03 7% ± 0.03 

DCM 82% ±0.17 nda 

EtOAc 16% ±0.14 91% ± 0.10 

MeOH 80% 10% ± 0.04 6% ± 0.08 

O. ahia Stem 

bark 

n-Hep 4% ± 0.02 10% ± 0.09 

DCM 7% ± 0.02 96% ± 0.05 

EtOAc 5% ± 0.07 23% ± 0.17 

MeOH 80% 3% ± 0.02 1% ± 0.01 

O. borealis 
 

leaf n-Hep 7% ± 0.02 11% ± 0.12 

DCM 4% ± 0.03 5% ±0.04 

EtOAc 32% ± 0.10 nda 

MeOH 80% 11% ± 0.06 1% ± 0.01 

O. borealis Stem 

bark 

n-Hep 10% ± 0.02 19% ± 0.08 

DCM 3% ± 0.02 2% ± 0.02 

EtOAc 23% ± 0.07 nda 

MeOH 80% 7% ± 0.05 0% ± 0.00 

O. elatum Stem 

bark 

n-Hep 5% ± 0.02 47% ± 0.38 

DCM 7% ± 0.03 57% ± 0.13 

EtOAc 11% ± 0.01 13% ± 0.19 

MeOH 80% 31% ± 0.05 nda 

T. coronatum whole 

plant 

n-Hep 23% ± 0.05 nda 

DCM 15% ± 0.5 72% ± 0.36 

EtOAc 12% ± 0.03 40% ± 0.31 

MeOH 80% 7% ± 0.01 3% ± 0.04 Jo
urn

al 
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Table 3  987 
Cytotoxicity and anti-Toxoplasma activities of fractions obtained from MeOH 80% extract of                           988 
E. guineensis against T. gondii in Vero cells at 25 μg/mL (N=10). 989 

Fractions from hydromethanolic 

extract of E. guineensis 

Molecular family Cytotoxic activity 

against Vero cells 

Anti-Toxoplasma gondii 

activity  

MeOH 80% extract - 5% ± 0.04 94% ± 0.07 

HP1A Saccharides 7%± 0.09 2% ± 0.02 

HP1B Glycerolipids 4% ± 0.08 5% ± 0.07 

HP2 Flavonoids 6% ± 0.07 6% ± 0.10 

HP3 Flavonoids, terpenoids 2% ± 0.04 8% ± 0.12 

HP4 Flavonoids, terpenoids and sterols 3% ± 0.02 1% ± 0.02 

HP5 Terpenoids, flavonoids and fatty acids 67% ± 0.08 nda 

CPC1 Fatty acids and glycerolipids 81% ± 0.07 nda 

CPC2 Terpenoids and sterols 77% ± 0.04 nda 

CPC3 Terpenoids and sterols 47% ± 0.07 nda 

CPC4 Sesquiterpenoids 9% ± 0.17 22%± 0.015 

CPC5 Sesquiterpenoids 8% ± 0.09 8% ± 0.07 

CPC6 Saccharides 5% ± 0.04 0% ± 0.0 

CPC7 Saccharides 4% ± 0.04 15% ± 0.15 

CPC8 Flavonoids 2% ± 0.04 1% ± 0.01 

CPC9 Sesquiterpenoids and glycosides 3% ± 0.02 1% ± 0.01 

CPC10 Sesquiterpenoids and glycosides 5% ± 0.10 11% ± 0.13 

CPC11  1% ± 0.01 7% ± 0.07 
a nd = not determined  990 
Positive anti-toxoplasmic activity control (pyrimethamine): 70-90% parasite growth inhibition rate at 1 µM. 991 
Positive cytotoxicity control (pyrimethamine): 60-70% cytotoxicity at 20 µg/mL (i.e. 80 µM). 992 

 993 

Table 4  994 
Cytotoxicity and anti-Toxoplasma activities of some fractions and combinations of MeOH 80% extract 995 
of E. guineensis (N=6). 996 

Fractions Concentration 

in µg/mL 

Cytotoxicity 

against Vero cells 

Anti-Toxoplasma 

activity at 25 µg/mL 

Anti-Toxoplasma activity 

at 100 µg/mL 

     

HP1A 23.5 nda nda nda 

HP5 1.5 0± 0.00 nda nda 

HP1A+HP5 25 3% ± 0.01 0± 0.00 0± 0.00 

     

HP1B 11.1 nda  nda nda 

HP5 13.9 40% ± 0.01 nda nda 

HP1B+HP5 25 19% ± 0.01 64% ± 0.05 92% ± 0.02 

     

HP2 14.2 nda  nda nda 

HP5 10.8 30% ± 0.01 nda nda 

HP2+HP5 25 7% ± 0.05 67% ± 0.03 85% ± 0.03 

     

HP3  19 nda nda nda 

HP5 6 15% ± 0.01 1% ± 0.00 nda 

HP3+HP5 25 2% ± 0.01 50% ± 0.08 83% ± 0.05 

     

HP4 16.9 nda nda nda 

HP5 8.1 20% ± 0.01 nda nda 

HP4+HP5 25 10% ± 0.07 74% ± 0.02 92% ± 0.03 

     

 a nd = not determined  997 
Positive anti-toxoplasmic activity control (pyrimethamine): 70-90% parasite growth inhibition rate at 1 µM. 998 
Positive cytotoxicity control (pyrimethamine): 60-70% cytotoxicity at 20 µg/mL (i.e. 80 µM). 999 
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Table 5  1002 
Plant species analyzed for their anti-Toxoplasma activity. 1003 

Botanical name (family) Part used Collection area Collection date Voucher no 

Combretum micranthum G. Don 
(Combretaceae), 

Leaf 
 

Waninou, north-west Côte d’Ivoire  
GPS: 10.06763; 12.84672 

16/02/2021 UCJ002988 

Elaeis guineensis Jacq. 

(Arecaceae) 

Leaf 

 

Adiopodoumé, south Côte d’Ivoire   

GPS: 5.33003; 4.13064 

29/02/2021 UCJ0141165 

Erigeron floribundus (Kunth) 
Sch.Bip. (Asteraceae) 

Aerial parts 
 

Zagné, south-west Côte d’Ivoire  
GPS: 6.21500; 7.48823 

25/02/2021 UCJ003610 

Oldfieldia africana Benth. & 

Hook. f. (Picrodendraceae) 

Stem bark 

 

Zagné, south-west Côte d’Ivoire 

GPS: 6.21500, 7.48823 

23/02/2021 UCJ006232 

Octoknema borealis Hutch. & 
Dalziel (Olacaceae) 

Leaf and stem bark Azaguié, south-east Côte d’Ivoire 
GPS: 5.78954, 4.14758 

07/02/2021 UCJ013216 

Omphalocarpum ahia A. Chev. 

(Sapotaceae) 

Leaf and stem bark Keibly, south-west Côte d’Ivoire 

GPS: 5.99994, 7.7524 

24/02/2021 WAG1830636 

Omphalocarpum elatum Miers 
(Sapotaceae) 

Stem bark 
 

Azaguié, south-east Côte d’Ivoire 
GPS: 5.78954, 4.14758 

07/02/2021 UCJ016568 

Tristemma coronatum Benth. 

(Melastomataceae) 

Whole parts Yacassé-Mé, south-east Côte d’Ivoire 

GPS: 5.76860, 3.99075 

07/02/2021 CSRS004223 

 1004 

 1005 
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Highlights 

 Antiparasitic activity of 40 different extracts from eight plants were investigated. 

 Hydromethanolic extract of Elaeis guineensis leaves inhibited 94% parasite growth. 

 Three nor-sesquiterpenes and one benzyl glycoside have been undescribed. 

 Some binary combinations of fractions have recovered antitoxoplasmic activity. 

 Nine compounds were identified by 13C-NMR based dereplication. 

 Fifteen compounds were purified from the two fractions. 
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