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Abstract:



A new triterpenoid, 3-oxo-12β-hydroxy-oleanan-28,13β-olide (1), and six known triterpenoids 2–7 were isolated from the root bark of Ekebergia capensis, an African medicinal plant. A limonoid 8 and two glycoflavonoids 9–10 were found in its leaves. The metabolites were identified by NMR and MS analyses, and their cytotoxicity was evaluated against the mammalian African monkey kidney (vero), mouse breast cancer (4T1), human larynx carcinoma (HEp2) and human breast cancer (MDA-MB-231) cell lines. Out of the isolates, oleanonic acid (2) showed the highest cytotoxicity, i.e., IC50’s of 1.4 and 13.3 µM against the HEp2 and 4T1 cells, respectively. Motivated by the higher cytotoxicity of the crude bark extract as compared to the isolates, the interactions of oleanonic acid (2) with five triterpenoids 3–7 were evaluated on vero cells. In an antiplasmodial assay, seven of the metabolites were observed to possess moderate activity against the D6 and W2 strains of P. falciparum (IC50 27.1–97.1 µM), however with a low selectivity index (IC50(vero)/IC50(P. falciparum-D6) < 10). The observed moderate antiplasmodial activity may be due to general cytotoxicity of the isolated triterpenoids.
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1. Introduction


Ekebergia capensis Sparrm (Meliaceae) is a deciduous tree attaining a height of up to 30 m. It is widely distributed in the central and Nyanza regions of Kenya [1,2], and is also widespread in South Africa, Swaziland, Zimbabwe, Uganda and Ethiopia. The Zulu community in South Africa uses its wood to facilitate childbirth [3]. In Kenya, the Sabaot community uses its leaf macerations internally and externally to treat headache, fever, cough and skin diseases, while the Agĩkũyũ community treats diarrhea with its stem bark [1,4]. Pharmacological studies have indicated antiplasmodial, antiinflammatory, hypotensive, uterotonic and antituberculotic activities of the crude extracts of this plant [3,5,6,7,8], providing scientific support for their indigenous use. Phytochemical investigations of its stem bark led to isolation of triterpenoids, steroids and flavonoids [3,9,10]. The safe application of E. capensis in traditional medicine requires the presence of metabolites with useful pharmacological properties and low toxicity levels. Here, the isolation, spectroscopic identification, and biological evaluation of the constituents of E. capensis root bark and leaf extracts are reported, with special attention given to the evaluation of the cytotoxicity of the constituents.




2. Results and Discussion


2.1. Isolation and Spectroscopic Identification


The air-dried root bark and the leaves of E. capensis were extracted separately with MeOH-CH2Cl2 (1:1) at room temperature. The two extracts were subjected to column chromatography on silica gel yielding ten metabolites (Figure 1), which were characterized by NMR and MS. Out of the seven constituents isolated from the roots, one (compound 1) was new, whereas six were known triterpenoids, namely oleanonic acid (2) [3,9], 3-epi-oleanolic acid (3) [3,9], oleanolic acid (4) [9], ekeberin A (5) [9], 2-hydroxymethyl-2,3,22,23-tetrahydroxy-6,10,15,19,23-pentamethyl-6,10,14,18-tetracosatetraene (6) [9,10], and 2,3,22,23-tetrahydroxy-2,6,10,15,19,23-hexamethyl-6,10,14,18-tetracosatetraene (7) [9,10]. From the leaves, proceranolide (8) [9], kaempferol-3-O-β-d-glucopyranoside (9) [11], and quercetin-3-O-β-d-glucopyranoside (10) [12] were identified.


Figure 1. Compounds 1–10 isolated from Ekebergia capensis.
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Compound 1 was isolated as a white amorphous powder. Its HR(ESI)MS analysis suggested the molecular formula C30H46O4 (observed [M+H]+, m/z 471.3386, calcd. 471.3474). The presence of seven methyl singlets in its 1H-NMR spectrum at δH 1.32, 1.20, 1.10, 1.05, 0.91 integrating for 3H each, a methyl at δH 0.99 integrating for 6H (Table 1), and that of thirty 13C-NMR signals including an oxygenated methine (δC 76.2), a quaternary carbon (δC 90.6), and two carbonyls (δC 217.7 and 179.9) was compatible with a pentacyclic triterpenoid skeleton. This presumption was supported by the high similarity of its NMR data to that of the oleanane triterpenoid 3-oxo-11α-12α-epoxy-oleanan-28,13β-olide, previously isolated from Cedrela montana [13]. The HMBC correlations (Table 1) of the carbonyl carbon at δC 217.7 ppm to the methyl protons at δH 1.10 ppm (H-23) and δH 1.05 ppm (H-24), and to the methylene protons at δH 2.53 and 2.45 ppm (CH2-2) suggests its C-3 position in the triterpenoid backbone. The placement of a hydroxyl group at C-12 (δC 76.2 ppm) was established following the 1H,1H COSY correlation of H-11 and H-12, and the HMBC correlation of H-12 (δH 3.91 ppm) with C-9 (δC 44.0 ppm), C-13 (δC 90.6 ppm) and C-14 (δC 42.3 ppm). This was further confirmed by the HMBC correlation of H-11 (δH 2.06, 1.46 ppm) and H-9 (δH 1.72 ppm) to C-12 (δC 76.2 ppm). The relative configuration of the C12-hydroxyl group was determined based on the NOE observed between H-12 (δH 3.91 ppm) and H-27 (δH 1.32 ppm), revealing their syn orientation (Figure 2). This assignment was further supported by the absence of NOE between H-12 and CH3-26 (δH 1.20 ppm). Small, comparable 3JH12-H11a and 3JH12-H11b indicate the gauche orientation of H-12 to both H-11a and H-11b, and thus its pseudo-equatorial orientation. The 13C-NMR shifts δC 179.9 ppm (C-28) and δC 90.6 ppm (C-13) are typical of a 28,13β-lactone moiety [13,14,15,16]. It should be noted that so far all naturally occurring triterpenes possessing a 28,13-lactone moiety were reported to have 28,13β-configuration [13,17,18]. The relative orientation of the bridgehead methyl groups and protons was elucidated based on their NOE correlations, shown in Figure 2. Hence, the absence of NOE between H-18 and H-27, H-5 and H-25, and H-26 and H-27 is diagnostic for their anti-orientation. The observed NOEs revealed that H-5, H-9, H-12 and H-27 are α-oriented, whilst H-18, H-25, and H-26 are β-oriented. The assigned relative configuration is in excellent agreement with previous literature reports [13,17,18]. On the basis of the above spectroscopic data, the new compound was characterized as 3-oxo-12β-hydroxy-oleanan-28,13β-olide (1). Compounds 2–10 were identified by their 2D NMR and MS data (see Supporting Information). Their structures were confirmed by comparison of their spectroscopic data to that previously reported [9,10,11,12].


Figure 2. Key NOE correlations observed for compound 1 (mixing time 700 ms, CDCl3, 25 °C, 799.88 MHz), allowing determination of its relative configuration, are shown to the left. An expansion of the NOESY spectrum showing the characteristic NOE correlations of H-12 is shown to the right. The NOE correlation of H-12 and H-27, and the absence of NOE between CH-12 and H-26 indicate the β-orientation of OH-12. The full NOESY spectrum is shown in the Supporting Information.
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Table 1. 1H- (799.88 MHz) and 13C- (201.20 MHz) NMR data for 3-oxo-12β-hydroxy-oleanan-28,13β-olide (1) in CDCl3.







	

	
δH (I, multiplicity, J in Hz)

	
δC

	
HMBC (2J, 3J)






	
1

	
1.47 (1H, ddd, 7.6, 9.8, 12.5)

	
39.8

	
C2, C3, C5, C10, C25




	
1.94 (1H, ddd, 4.4, 7.6, 12.5)




	
2

	
2.53 (1H, ddd, 7.6, 9.8, 15.7)

	
34.1

	
C1, C3, C4, C10




	
2.45 (1H, ddd, 4.4, 7.6, 15.7)




	
3

	
-

	
217.7

	
-




	
4

	
-

	
47.5

	
-




	
5

	
1.39 (1H, dd, 2.7, 12.0)

	
55.0

	
C4, C6, C7, C9, C10, C23, C25




	
6

	
1.55 (1H, m)

	
19.2

	
C7, C8, C10, C26




	
1.47 (1H, m)

	
C7, C8, C10, C25, C26




	
7

	
1.61 (1H, m)

	
33.5

	
C5, C6, C8, C26




	
1.30 (1H, m)

	
C5, C8, C9, C26




	
8

	
-

	
42.3

	
-




	
9

	
1.72 (1H, dd, 2.3, 13.1)

	
44.0

	
C1, C5, C8, C10, C11, C25, C26




	
10

	
-

	
36.3

	
-




	
11

	
2.06 (1H, m)

	
29.3

	
C8, C9, C10, C12, C13




	
1.46 (1H, m)




	
12

	
3.91 (1H, dd, 3.3, 3.3)

	
76.2

	
C9, C13, C14




	
13

	
-

	
90.6

	
-




	
14

	
-

	
42.3

	
-




	
15

	
1.88 (1H, ddd, 2.6, 2.6, 12.4)

	
28.2

	
C14, C16, C17, C18, C27




	
1.20 (1H, m)




	
16

	
2.14 (1H, ddd, 5.9, 13.3, 13.3)

	
21.3

	
C17, C18, C22, C28




	
1.29 (1H, m)

	
-




	
17

	
-

	
44.9

	
-




	
18

	
2.05 (1H, dd, 3.5, 13.4)

	
51.3

	
C12, C13, C14, C16, C19, C20




	
19

	
2.01 (1H, dd, 13.1, 13.4)

	
39.7

	
C17, C18, C20, C21, C29, C30




	
1.87 (1H, dd, 3.5, 13.1)




	
20

	
-

	
31.8

	
-




	
21

	
1.38 (1H, m)

	
34.3

	
C20, C22, C30




	
1.27 (1H, m)




	
22

	
1.64 (2H, m)

	
27.6

	
C16, C17, C18, C20, C28, C29




	
23

	
1.10 (3H, s)

	
26.7

	
C3, C4, C5, C24




	
24

	
1.05 (3H, s)

	
21.2

	
C3, C4, C5, C23




	
25

	
0.99 (3H, s)

	
16.4

	
C1, C5, C9, C10




	
26

	
1.20 (3H, s)

	
18.4

	
C7, C9, C13, C14, C27




	
27

	
1.32 (3H, s)

	
18.6

	
C8, C13, C14, C15




	
28

	
-

	
179.9

	
-




	
29

	
0.99 (3H, s)

	
33.4

	
C19, C20, C21,C30




	
30

	
0.91 (3H, s)

	
24.0

	
C19, C20, C21,C29















2.2. Antimalarial Activity and Cytotoxicity


Previous phytochemical studies have revealed the in vitro antiplasmodial potency of some triterpenoids [9,19]. Therefore, the constituents of E. capensis were tested against the chloroquine sensitive (D6), and the chloroquine resistant (W2) strains of Plasmodium falciparum. Seven metabolites showed moderate in vitro antiplasmodial activity against the D6 (IC50 = 27–97.1 µM), whilst four had moderate activity against the W2 (IC50 = 64–82.7 µM, Table 2) strains. Due to the low amount isolated, the bioactivity of 1 was not evaluated. A moderate in vitro antiplasmodial activity of oleanolic acid (4) against the 3D7 strain of P. falciparum has been previously reported [20].



Table 2. The antiplasmodial and cytotoxic activities of Ekebergia capensis leaf and root bark crude extracts and their constituents.







	

	
IC50a




	
D6 b

	
W2 b

	
Vero

	
4T1 c

	
HEp2

	
MDA-MB-231






	
roots

	
18.2 ± 0.1

	
34 ± 0.8

	
2.8 ± 0.1

	
9.3 ± 0.1

	
61 ± 1.4

	
n.d.




	
leaves

	
44.9 ± 0.8

	
45.3 ± 0.5

	
97.8 ± 0.8

	
82.1 ± 5.7

	
71.6 ± 1.8

	
n.d.




	
2

	
38.8 ± 0.5

	
76.7 ± 4.0

	
35.8 ± 1.3

	
13.3 ± 0.2

	
1.4 ± 0.1

	
>212




	
3

	
205.0 ± 3.0

	
179.4 ± 6.0

	
58.0 ± 5.2

	
30.3 ± 2.6

	
29.8 ± 0.3

	
36.54 ± 0.02




	
4

	
49.6 ± 2.3

	
82.7 ± 2.0

	
112.0 ± 5.1

	
117.6 ± 2.6

	
134.9 ± 0.7

	
39.82 ± 0.03




	
5

	
182.2 ± 6.0

	
>219

	
>219

	
163.2 ± 4.3

	
>219

	
n.d.




	
6

	
27.1 ± 0.4

	
66.9 ± 0.6

	
35.7 ± 2.1

	
30.2 ± 1.3

	
38.4 ± 0.8

	
36.69 ± 0.04




	
7

	
56.1 ± 0.4

	
64.3 ± 1.0

	
24.7 ± 1.8

	
22.5 ± 3.2

	
35.5 ± 3.1

	
> 209




	
8

	
84.7 ± 0.8

	
150.2 ± 3.0

	
>213

	
>213

	
>213

	
n.d.




	
9

	
97.1 ± 1.0

	
105.8 ± 0.5

	
>223

	
>223

	
>223

	
>223




	
10

	
42.9 ± 0.3

	
105.8 ± 1.0

	
>216

	
>216

	
>216

	
>216








a IC50: half maximal inhibitory concentration, given in μM for pure compounds and in μg/mL for crude extracts. The mean values of at least three independent experiments are reported; b Chloroquine was used as positive control (IC50(D6) = 7.7 ± 1 nM, IC50(vero) = 43.9 ± 0.5 µM); c Positive control: podophyllum resin, IC50(4T1) = 0.47 ± 0.05 µg/mL; n.d., not determined.








For evaluation of the possible risks associated with the application of E. capensis extracts in traditional medicine, we have studied their cytotoxicity using vero cells (Table 2). The flavonoid containing leaf extract showed a low, whereas the root bark extract, rich in triterpenoids, a high toxicity towards vero cells. The latter observation is in agreement with the cytotoxicity reported for triterpenoids previously isolated from other plants [11,16].



The substantial toxicity of the root bark extract of E. capensis towards vero cells motivated us to assess the anticancer properties of its metabolites. Indeed, compounds 2, 3, 6 and 7 exhibited even higher toxicity against the 4T1 murine breast cancer cell line than against vero cells (Table 2). This toxicity and the corresponding low selectivity index (IC50(vero)/IC50(D6) < 10) suggest that the observed moderate antiplasmodial activity of the metabolites likely originates from their cytotoxicity. For further evaluation of anticancer potency, we assessed the toxicity of the samples against the HEp2 and MDA-MB-231 human cancer cell lines (Table 2). Of the seven triterpenoids isolated from the root bark, oleanonic acid (2) showed the highest cytotoxicity, 1.4 μM against HEp2 cells. Here, it should be noted that the toxicity of 2 against “normal” vero cells is as low as that of the positive control chloroquine, motivating its further assessment as a possible anticancer agent.





It is interesting to note that the root extract was more toxic to vero cells than to HEp2 cells, while the reverse situation (Table 2) was observed for oleanonic acid (2). The high toxicity of the root extract to vero cells may be due to synergistic effect of some of its constituents. Therefore, the interaction of oleanonic acid (2), the most toxic metabolite against HEp2 cells, with triterpenoids 3–7 against vero cells was evaluated. 3-Epi-oleanolic acid (3) markedly antagonized the cytotoxic effects of 2 at all concentrations tested, whereas its stereoisomer (4) showed only slight antagonistic effect (Table 3). The cytotoxicity of oleanonic acid (2) was antagonized by high concentrations of ekeberin A (5), but at lower relative concentrations 5 enhanced the toxicity of 2. Triterpenoids 6 and 7 showed weak antagonistic effects. Overall, no significant synergistic effect was observed.



Table 3. Interaction of oleanonic acid (2) (IC50 14.84 µg/mL) with other constituents (3–7) of the root bark extract of Ekebergia capensis against vero cells.







	
Compound

	
IC50 (μg/mL)




	
0:1 a

	
1:3 a

	
1:1 a

	
3:1 a






	
3

	
22.5 b

	
9.8 c

	
5.2 c

	
5.8 c




	
4

	
40.3 b

	
3.3 c

	
4.7 c

	
3.6 c




	
5

	
>100 b

	
<4 c

	
<1.4 c

	
<1.3 c




	
6

	
13.6 b

	
2.2 c

	
2.2 c

	
2.3 c




	
7

	
11 b

	
2 c

	
1.9 c

	
2.2 c








a Ratio of oleanonic acid (2) versus various constituents of the root extract; b IC50 (µg/mL) in the absence of 2; c ∑FIC.












3. Experimental Section


3.1. General Information


Column chromatography was carried out on silica gel 60, 0.06–0.2 mm, 70–230 mesh ASTM, obtained from Scharlab SL, or on Sephadex® LH-20, purchased from Fluka (Buchs, Switzerland). PTLC was performed on locally made 20 × 20 cm glass plates using Silica gel G/UV 254 (Macherey-Nagel, Düren, Germany). TLC was run using fluorescent silica gel 60 obtained from Fluka, and was visualized under UV light, 254 or 366 nm, followed by spraying with 1% vanillin dissolved in sulphuric acid. LC(ESI)MS spectra was acquired on a PE SCIEX API 150EX instrument (Perkin Elmer, Waltham, MA, USA) equipped with a Turbolon spray ion source (30 eV ionization energy) and a Gemini 5 mm C-18 110 Å HPLC column, using water:acetonitrile gradient (80:20 to 20:80). Preparative HPLC separation was carried out on a Waters 600E HPLC system (Waters Corp, Milford, MA, USA) using the Chromulan software (Pikron Ltd., Praha, Czech Republic) with a Kromasil C-8 250 × 25 mm C-8 column with water-acetonitrile eluent mixtures. For structure elucidation gCOSY [21], gNOESY [22], gHSQC [23] and gHMBC [24] NMR spectra were acquired on an 800 MHz (Bruker BioSpin AG, Fällanden, Switzerland) or on Varian 500 and 400 MHz spectrometers (Agilent, Palo Alto, CA, USA). Spectra were processed using the MestReNova (v9.0.0) software. Chemical shifts were referenced indirectly to tetramethylsilane via the residual solvent signal (CDCl3, 1H at 7.26 ppm and 13C at 77.16 ppm). High resolution mass analysis (Q-TOF-MS) was performed by Stenhagen Analyslab AB (Gothenburg, Sweden) using a Micromass Q-TOF micro instrument (Waters Corp, Milford, MA, USA) equipped with a lockmass-ESI source.




3.2. Plant Material


The root bark and leaves of Ekebergia capensis were collected from Gakoe forest, Kiambu County, in April, 2013. The plant was authenticated by Mr. Patrick Mutiso and a voucher specimen (BN/1/2013) was deposited at the Herbarium of the School of Biological Sciences, University of Nairobi.




3.3. Extraction and Isolation


The air dried and ground root bark (600 g) of E. capensis was extracted twice with MeOH–CH2Cl2 (1:1, 1 L) for 48 h at room temperature. The filtrate was dried in vacuo to yield a blackish sticky solid (97 g). A 30 g portion of the extract was fractionated using gradient column chromatography with a petroleum ether (b.p.: 60–80 °C) ethyl acetate gradient in the following ratios: 100:0; 19:1; 9:1; 4:1; 3:2; 1:1; 2:3; 1:4; 0:100. A total of 86 fractions, ca. 250 mL each, was collected and combined into 22 fractions (labeled A to V) based on TLC. Fraction B was crystallized in acetone to yield oleanonic acid (2, 2.7 g). The supernatant of fraction B, following crystallization, was separated on Sephadex LH-20 with methanol eluent to yield fraction B1, which was crystallized in acetone to yield ekeberin A (5, 2.1 mg). Fraction C was precipitated with acetone to yield white solid (762.8 mg) that was further purified on reversed-phase HPLC (CH3OH-H2O gradient) to yield 3-epi-oleanolic acid (3, 7.4 mg). Fraction D was separated on PTLC with an 8:2 mixture of petroleum ether and acetone to yield 3-oxo-12α-hydroxy-oleanan-28,13β-olide (1, 2.3 mg) as a white, amorphous solid. Fraction G yielded oleanolic acid (4, 284 mg) as white powder. Fractions I and M were separated on PTLC with petroleum ether-acetone (7:3) eluent to yield 2-hydroxymethyl-2,3,22,23-tetrahydroxy-6,10,15,19,23-pentamethyl-6,10,14,18-tetracosatetraene (6, 30.3 mg) and 2,3,22,23-tetrahydroxy-2,6,10,15,19,23-hexamethyl-6,10,14,18-tetracosate (7, 90.6 mg), respectively.



The dried and ground leaf of E. capensis (500 g) was extracted with MeOH–CH2Cl2 (1:1, 1 L) to yield 21 g of a greenish sticky solid. A 20 g portion was fractionated on a silica gel column eluting with a mixture of petroleum ether and acetone with the gradient 100:0, 9.75: 0.25, 9.5:0.5, 9.25:0.75, 9:1, 8.75:1.25, 8.5:1.5, 8.25:1.75, 8:2, 7:3, 1:1, 0:100. A total of 81 fractions, ca. 250 ml each, were collected and combined into 22 fractions labeled as A-V, upon TLC analysis. Fraction Q was further fractionated with reverse-phase HPLC using CH3OH:H2O gradient to yield fractions Q2 and Q6. Fraction Q2 was purified on preparative TLC with iso-hexane:acetone (4:1) to yield proceranolide (8, 5.7 mg). Fractions T and W were purified on reversed-phase HPLC using a CH3OH:H2O gradient to yield kaempferol-3-O-β-d-glucopyranoside (9, 3.5 mg) and quercetin-3-O-β-d-glucopyranoside (10, 10.1 mg), respectively.




3.4. Cytotoxicity Assays


A rapid colorimetric assay was carried out using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) [25,26]. This assay is based on the ability of a mitochondrial dehydrogenase enzyme from viable cells to cleave the tetrazolium rings of the pale yellow MTT and thereby form dark blue formazan crystals, which are largely impermeable to cell membranes, resulting in their accumulation within healthy cells. The amount of generated formazan is directly proportional to the number of cells [25]. In this assay, the mammalian cell lines African monkey kidney (vero), mouse breast cancer (4T1) and human larynx carcinoma (HEp2) were used. Cells were maintained in Eagle’s Minimum Essential Medium (MEM) containing 10% fetal bovine serum (FBS). A cell density of 20.000 cells per well in 100 μL were seeded on 96-well plates and incubated for 12 h at 37 °C and 5% CO2 to attach to the surface. Samples of the tested extracts and isolated compounds were added to the cultured cells in rows H-B over a concentration range of 0.14 to 100 μg/mL, whereas wells 1–8 of row A served as untreated controls and wells 9–12 as blank (1% DMSO, v/v). The plates were incubated for 48 h at 37 °C and 5% CO2, followed by an addition of 10 µL MTT viability indicator reagent. The plates were incubated for additional 4 h at the same conditions. Next, all media was removed from the plates and 100 µL DMSO was added to dissolve the formazan crystals. The plates were read on a Multiskan EX Labsystems scanning multi-well spectrophotometer at 562 nm, and 620 nm as reference. The results were recorded as optical density (OD) per well at each drug concentration. The data was transferred into the software Microsoft Excel and expressed as percentage of the untreated controls. Percentage cytotoxicity (PC) as compared to the untreated controls was calculated as PC = [A − B/A] × 100, where A is the mean OD of the untreated cells and B is the mean OD at each drug concentration [26]. The drug concentration required for 50% inhibition of cell growth was estimated using nonlinear regression analysis of the dose- response curve.



Cytotoxicity tests on MDA-MB-231 cells were carried out following a previously described procedure [27]. MDA-MB-231 human breast cancer cells were cultured in Dulbecco’s modified eagle medium (DMEM) supplemented with 10% (v/v) fetal bovine serum, 2 mM L-glutamine, 100 units/mL penicillin and 100 μg/mL streptomycin at 37 °C in humidified 5% CO2. For cytotoxicity assays, cells were seeded in 96-well plates at optimal cell density (10,000 cells per well) to ensure exponential growth for the duration of the assay. After a 24 h preincubation growth, the medium was replaced with experimental medium containing the appropriate drug concentrations or vehicle controls (0.1% or 1.0% v/v DMSO). After 72 h of incubation, cell viability was measured using Alamar Blue reagent (Invitrogen Ab, Lidingö, Sweden) according to the manufacturer’s instructions. Absorbance was measured at 570 nm with 600 nm as a reference wavelength. Results were expressed as the mean ± standard error for six replicates as a percentage of vehicle control (taken as 100%). Experiments were performed independently at least six times. Statistical analyses were performed using a two-tailed Student’s t-test. p < 0.05 was considered to be statistically significant.



The interaction of oleanonic acid (2) with other triterpenoids was studied using the fixed concentration ratios oleanonic acid: ‘other triterpenoid’ 0:1, 1:3, 1:1, 3:1, 1:0. The vero cell cytotoxicity assay was used, as described above, to evaluate the toxicity of the mixtures. To determine whether there was synergy, additive effect or antagonism, the sum of fractional inhibition concentration (∑FIC) was calculated using the formula Ax/Ay + Bx/By = K, where Ax and Bx are the IC50s when the substances are used in combination, and Ay and By are the IC50s, when the substances are used alone. The data was scored with the scale ∑FIC < 1: synergism, 2 > ∑FIC ≥ 1: additive, 4 > ∑FIC ≥ 2: slight antagonism, ∑FIC ≥ 4: marked antagonism [28].




3.5. In Vitro Antiplasmodial Assay


Continuous in vitro cultures of asexual erythrocytic stages of Indochinese chloroquine-resistant W2 and Sierra Leonean chloroquine-sensitive D6 strains of P. falciparum were maintained following the modified procedure described by Trager and Jensen [29]. Drug assay was carried out following a modification of the semiautomated microdilution technique, which measures the ability of the extracts to inhibit the incorporation of (G-3H) hypoxanthine into the malaria parasite [30]. Plates were harvested onto glass fibre filters and (G-3H) hypoxanthine uptake was determined using a micro-beta trilux liquid scintillation and luminescence counter (Wallac, MicroBeta TriLux) with the results recorded as counts per minute (cpm) per well at each drug concentration. Data was transferred into the software Microsoft Excel and was expressed as the percentage of the untreated controls. The drug concentration required for 50% inhibition of (G-3H) hypoxanthine incorporation into parasite nucleic acid was calculated with nonlinear regression analysis of the dose-response curve. The criterion described by Batista and co-workers for scoring activity was adopted [31], i.e., IC50 < 1 μM: highly active; 20 μM > IC50 ≥ 1: active; 100 μM > IC50 ≥ 20: moderately active; IC50 > 100 inactive.





4. Conclusions


Phytochemical analysis indicated that the root bark of E. capensis contains pentacyclic triterpenoids. The major secondary metabolites of the root bark are present in the stem bark as well [9]. The triterpenoid 3-oxo-12β-hydroxy-oleanan-28,13β-olide (1) is a new compound. Most constituents of the root bark showed moderate antiplasmodial activity with low selectivity indices, revealing their limited applicability for antimalarial drug development. The triterpenoids 3–7 showed comparable cytotoxicity towards “normal” (vero) and tumor cells, whereas oleanonic acid (2) possessed low toxicity against vero cells yet high toxicity (1.4 μM) against the 4T1 and HEp2 cancer cell lines. Its low activity against MDA-MB-231 human breast cancer cells indicates some selectivity of its anticancer activity. No significant synergism on the cytotoxicity of oleanonic acid (2) with other constituents of the root bark was detected. Based on the above observations we recommend further evaluation of oleanonic acid (2) on additional normal and cancerous cell lines for careful evaluation of its potency as anticancer lead. Whereas the root bark extract of E. capensis possesses high toxicity against “normal” (2.8 μM, vero) cells, no toxicity for its leaf extract or its constituents was observed. Although in vitro toxicity cannot be directly extrapolated to in vivo toxicity, our observations suggest a low risk of the indigenous application of E. capensis leaf extracts, but a substantial risk associated with the traditional medicinal use of its root extracts.
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