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Republic 
c Centre for Natural Products Discovery, School of Pharmacy and Biomolecular Sciences, Faculty of Science, Liverpool John Moores University, Byrom Street, L3 3AF, 
Liverpool, United Kingdom 
d Department of Pharmaceutical and Medicinal Chemistry, College of Pharmacy, Afe Babalola University, Ado-Ekiti, Nigeria   

A R T I C L E  I N F O   

Keywords: 
Olax subscorpioidea, Olacaceae 
Cancer 
Triterpene saponins 

A B S T R A C T   

Bioactivity-guided phytochemical fractionation of the methanol extract of Olax subscorpioidea root has led to the 
isolation of six triterpenes. Three of these compounds are previously undescribed triterpenoid saponins: oleanolic 
acid 3-O-[α-L-rhamnopyranosyl-(1→3)-β-D-glucopyranosyl-(1 → 2)-6-O-methyl-β-D-glucuronopyranoside]-28-O- 
β-D-glucopyranosyl ester (2), oleanolic acid 3-O-[β-D-glucopyranosyl-(1 → 4)-β-D-glucopyranosyl-(1 → 3)-β-D- 
glucopyranoside] (3), and oleanolic acid 3-O-[β-D-glucopyranosyl-(1 → 4)-6-O-methyl-β-D-glucuronopyrano
side] ester (5). Other reported known compounds include two triterpene glycosides: oleanolic acid 3-O-[β-D- 
glucopyranosyl-(1 → 4)-6-O-methyl-β-D-glucuronopyranoside]-28-O-β-D-glucopyranosyl ester (1) and oleanolic 
acid 3-O-[β-D-glucopyranosyl-(1 → 4)-β-D-glucuronopyranoside] (4); and a triterpene acid, oleanolic acid (6). 
The structures of these compounds were elucidated by spectroscopic means. The isolated compounds were tested 
against human cervical cancer (HeLa), colorectal cancer (Caco-2) and breast cancer (MCF-7) cell lines using the 
in vitro 3-[4,5-dimethylthiazole-2-yl] 3,5-diphenyltetrazolium bromide (MTT) assay, with vincristine as positive 
control. The cytotoxicity assay showed that compounds 3 and 5 exhibited significant inhibitory effects on the 
HeLa cell line, with IC50 values of 7.42 ± 0.34 μM and 10.27 ± 1.26 μM; and moderate effects on MCF-7 (IC50 
values, 36.67 ± 1.23 μM and 43.83 ± 0.65 μM) and Caco-2 (IC50 values, 35.83 ± 0.55 μM and 39.03 ± 4.38 μM, 
respectively) cell lines. They were also more selectively cytotoxic than vincristine against the cancer cell lines, 
when compared with cytotoxicity against the normal lung cell line MRC5.   

1. Introduction 

Cancer continues to be a leading cause of death globally, only second 
to cardiovascular diseases (CVDs) in mortality rate (Sung et al., 2021). 
Cancer killed almost 10 million people worldwide with an estimated 
19.3 million new cases in 2020 (Ferlay et al., 2021). A recent study has 
found the rate of CVDs to have reduced during the past decade while 
cancer, with dangerously rising projections that may overtake CVDs 
soon, was noted to have an increasing rate (ReFaey et al., 2021). About 
70% of all cancer-related deaths are from low- and middle-income 

countries (Kuete and Efferth, 2015). The global economic cost of can
cer has been estimated to be US $1.16 trillion (Stewart and Wild, 2014). 
Most available anti-cancer drugs are often plagued with severe side ef
fects (Gyanani et al., 2021). There is therefore need for more tolerable, 
potent, and less toxic anticancer agents. In Africa, medicinal plants 
remain the most affordable, available, and productive source of anti
cancer agents; yet they are enormously under-studied (Kuete and 
Efferth, 2015). 

The genus Olax L. comprises ethnobotanically important plants 
indicated in the management of several ailments (Odoma et al., 2020). 
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Olax subscorpioidea Oliv. is a shrubby tree which attains a height of 
about 10 m (Odoma et al., 2017). The plant is called different names by 
different groups of people in Nigeria: Ifon (Yoruba), Ukpakon (Esa
n/Edo), Aziza (Nsukka), Igbulu/Osaja (Igbo) and Ocheja (Igala) (Ukwe 
et al., 2010). Ethnobotanical information has revealed O. subscorpioidea 
has been used traditionally in the management of cancer (Soladoye 
et al., 2010; Segun et al., 2018). In an ethnobotanical survey carried out 
among the people living in Ogun State, Southwestern Nigeria, the root of 
O. subscorpioidea was said to be included in the herbal recipe for the 
management of breast cancer (Gbadamosi and Erinoso, 2016). Pre
liminary cytotoxic analysis of the methanol root extract of 
O. subscorpioidea showed antiproliferative activity against human 
rhabdomyosarcoma (RD) and breast cancer (MCF-7) cell lines (Adekunle 
et al., 2022a). 

Although several scientific reports are available on the numerous 
pharmacological activities of O. subscorpioidea including its anticancer 
potentials, there is a dearth scarcity of information on isolated cytotoxic 
compounds from the plant (Agbabiaka and Adebayo, 2021; Ahmad 
et al., 2021; Adekunle et al., 2022b). Forgacs and Provost (1981) iso
lated an oleanane-type triterpene glycoside, olaxoside, from the leaves, 
root, and bark extracts of some Olax species including O. andronensis 
Baker, O. glabriflora P. Danguy and O. psittacorum (Lamk) Vahl. Ole
anane triterpene acids and glycosides were reported in several Olax 
plants including O. obtusifolia De Wild (Pertuit et al., 2018), O. mannii 
Oliv. (Sule et al., 2011), O. imbricata Roxb (Nga Thi et al., 2019). 

This paper reports bioactivity-guided isolation and structure eluci
dation of three previously undescribed triterpene glycosides, two known 
triterpene glycosides and one known triterpene acid from the methanol 

Fig. 1. Chemical structures of compounds 1–6 isolated from the root of O. subscorpioidea.  
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root bark extract of O. subscorpioidea Oliv. The structures of all com
pounds were elucidated by spectroscopic means (1H, 13C, DEPT-Q, 
1H–1H COSY, 1H–13C HSQC, NOESY, 1H–13C HMBC) together with 
HR-ESI-MS data and comparing their data with respective literature 
values. The isolated compounds were tested on three cancer cell lines. 
The most active compounds were also subjected to selectivity test using 
MRC5 cell line (Song et al., 2019). 

2. Results and discussion 

2.1. Structure elucidation 

The bioassay-guided separation of the cytotoxic fraction of 
O. subscorpioidea root obtained by Soxhlet extraction (MeOH) led to the 
isolation of three previously undescribed oleanane-type glycosides (2, 3 
and 5), two known triterpene glycosides (1 and 4), and one triterpene 
acid (6) (Fig. 1). The structures of isolated compounds were determined 
by extensive spectroscopic experiments, including 1H, 13C-DEPT-Q, 
1H–1H COSY, 1H–13C HSQC, NOESY, and 1H–13C HMBC (600 MHz) and 
HR-ESI-MS, and comparison with the respective literature data. The 
structure of compound 1 was concluded as oleanolic acid 3-O-[β-D- 
glucopyranosyl-(1 → 4)-6-O-methyl-β-D-glucuronopyranoside]-28-O- 
β-D-glucopyranosyl ester (Do et al., 2020), compound 4 was deduced as 
oleanolic acid 3-O-[β-D-glucopyranosyl-(1 → 4)-β-D-glucuronopyrano
side] (Huan et al., 1998; Patkhullaeva et al., 1972; Stefaniak et al., 
2018), and compound 6 was concluded as oleanolic acid (Mahato and 
Kundu, 1994). Compounds 1 and 4 are reported here for the first time in 
Olax genus (Tsakem et al., 2022). 

Compound 2 was isolated as a white amorphous powder. Its mo
lecular formula was determined to be C55H88O23 from the HR-ESI-MS 
spectrum which showed an ion peak at m/z 1115.5630 [M-H]– and 
1161.5706 [M + HCOOH]–. The IR spectrum showed peaks at 3360 
cm− 1 (OH stretching), 2970 cm− 1 (CH stretching), 1750 cm− 1 (C––O 
stretching), 1690 cm− 1 (C––O stretching), 1050 cm− 1 (CO stretching). 
The 1D NMR data and comparison with the literature data revealed that 
the aglycone of compound 2 is 3-β-hydroxyolean-12-en-28-oic acid 
(oleanolic acid) (Forgacs and Provost, 1981; Seebacher et al., 2003; 
Pertuit et al., 2018). The 1H NMR spectrum showed signals assignable to 
seven angular methyl (-CH3) groups at δH 1.07 (H-23), 0.82 (H-26), 0.97 
(H-25), 0.88 (H-24), 1.17 (H-27), 0.93 (H-29) and 0.95 (H-30). The 
proton NMR spectrum also showed an oxymethine proton at δH 3.21 (m, 
1H) with HSQC correlation at δC 91.1 (C-3). An olefinic proton was 
determined at δH 5.27 (br s, 1H). 13C NMR spectrum showed seven 
methyl carbon signals for the aglycone at δC 27.0 (C-23), 15.5 (C-24), 
14.6 (C-25), 16.3 (C-26), 24.9 (C-27), 32.1 (C-29) and 22.6 (C-30) 
(Table 1). The presence of a methylene group at δC 122.4 (C-12)/143.4 
(C-13) and of a carbonyl group at δC 176.7 were observed. 

Previous study had subjected the saponin extract of the root of 
O. subscorpioidea to acid hydrolysis. The acid hydrolysis yielded ole
anolic acid, glucose, rhamnose, and xylose (Delaude and Huls, 1982; 
Pertuit et al., 2018). Biosynthetically, rhamnose synthases use 
UDP-D-glucose as substrate to form UDP-L-rhamnose, the precursor of 
L-rhamnose in plant and fungi (Jiang et al., 2021; Gaglianone et al., 
2022; Li et al., 2022). Elimination of water occurs between C-5 and C-6 
of UDP-D-glucose to form UDP-4-keto-6-deoxy intermediate, which is 
further acted upon by epimerase-reductase to produce UDP-L-rhamnose 
(Kamsteeg et al., 1978). In the HSQC spectrum, a methyl doublet at δH 
1.26 d (6.2 Hz, 3H) was observed with a correlation at δC 16.4 suggesting 
the presence of a rhamnose moiety (Gao et al., 2012). The presence of 
four sugar units in compound 2 was confirmed by their anomeric signals 
at δHC 4.60 d (8.1 Hz)/103.9, 5.07 br s/102.1, 4.62 d (7.7 Hz)/102.3, and 
5.40 d (8.9 Hz)/94.3. For each anomeric proton of a monosaccharide, 
there are a pair of characteristic chemical shifts and J values which are 
not concentration-dependent (Giner et al., 2016). The chemical shifts 
and coupling constant of the anomeric proton signal at δHC 5.07, 1.32 
Hz/102.1 agreed with the literature values for α-L-rhamnopyranosides 

(de Bruyn et al., 1976). Consequently, the sugars were identified as 
glucuronic acid (δH 4.60 d, 8.1 Hz/103.9), rhamnose (5.07 br s/102.1), 
glucose (4.62 d, 7.7 Hz/102.3), and glucose (5.40 d, 8.9 Hz/94.3) 
(Table 2). HMBC experiment suggested that compound 2 was a bisdes
mosidic triterpenoid glycoside (Pertuit et al., 2018). HMBC spectrum 
showed correlations between δH 4.60 d, 8.1 Hz (GlcA) and δC 91.1 (C-3); 
4.62 d, 7.73 Hz and 76.6 (GlcA-C2′); 5.07 br s and 84.3 (GlcA-C3′); and 
5.40 d, 8.87 Hz and 176.7 (C-28). A methyl ester was noted at δH 3.80/δC 
51.5 which had an HMBC correlation with δC 169.6, suggesting a methyl 
ester of the glucuronic acid (GlcA). The β-anomeric configurations of 
glucuronic acid and glucose units, and α-anomeric configuration of 
rhamnose unit were determined from their JH1,H2 coupling constants 
(7.7–8.5 Hz and 1.3 Hz, respectively) (Zheng et al., 2004). The corre
lations that were observed between H-3/H-5, H-5/H-9 and H-3/H-1′ in 
the NOESY spectrum suggested their α-axial orientation, hence the 
β-orientation of the oxygen at C-3 and that of glucuronic acid (C1′) 
(Aliotta et al., 1992; Aouane et al., 2022) (Fig. S13, Supplemental data). 
Similarly, the coupling constant of rhamnose (J = 1.3 Hz) and the axial 
correlations observed between Rhm-H-1′ at δH 5.07/GlA-H-3′ at δH 3.70 
and GlA-H-3’/GlA-H-1′ at δH 4.60 in the NOESY spectrum of 2, indicated 
the α-configuration of the rhamnose unit. The large coupling constant 
from the other two anomeric protons (J = 7.7 and 8.5 Hz) indicated the 
β-configurations of the glucose units (Liang et al., 2011). Putting the 
information from COSY, HSQC, NOESY, and HMBC experiments 
together, and that of HR-ESI-MS spectrum, compound 2 was concluded 
as oleanolic acid 3-O-[α-L-rhamnopyranosyl-(1 → 3)-β-D-glucopyr
anosyl-(1 → 2)-6-O-methyl-β-D-glucuronopyranoside], 28-O-β-D-glucop 
yranosyl ester (Fig. 2). 

Compound 3 was obtained as a white amorphous powder. Its 

Table 1 
1H (600 MHz) and13C NMR data (150 MHz) for compounds 2, 3 and 5 in 
methanol-d4.   

2  3  5  

δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) δC 

1 1.00a, 1.65a 38.4 0.98a, 1.61 m 38.3 0.92a, 1.56a 38.3 
2 1.80a 25.6 1.68a, 1.82 m 25.6 1.62a, 1.73 m 25.6 
3 3.21 m 91.1 3.18 dd (4.6, 

11.8) 
89.8 3.12 dd (4.3, 

12.5) 
89.8 

4 – 39.0 – 38.8 – 38.8 
5 0.79a 55.5 0.78a 55.6 0.73a 55.6 
6 1.42a, 1.56a 17.9 1.41a, 1.56 m 17.9 1.36a, 1.51a 17.9 
7 1.34a, 1.50a 32.5 1.31a, 1.53a 32.6 1.27a 32.6 
8 – 39.3 – 39.2 – 39.2 
9 1.60 m 48.5 1.60 m 48.5 1.55 m 48.0 
10 – 36.5 – 36.5 – 36.5 
11 1.90a 23.2 1.90 m 23.1 1.85a 23.1 
12 5.27 br s 122.4 5.24 t 122.3 5.19 br s 122.3 
13 – 143.4 – 143.8 – 143.8 
14 – 41.5 – 41.5 – 41.5 
15 1.82a 27.5 1.09a, 1.77a 27.4 1.04a, 1.73 m 27.4 
16 1.74a, 2.07a 22.6 1.60a, 2.00 m 22.7 1.55a, 1.96a 22.7 
17 – 46.6 – 46.2 – 46.3 
18 2.87 dd (3.4, 

14.2) 
41.2 2.85 dd (4.0, 

13.8) 
41.4 2.80 dd (3.2, 

13.7) 
41.4 

19 1.16a, 1.74a 45.8 1.13a, 1.69 t 45.9 1.08a, 1.65a 45.9 
20 – 30.1 – 30.2 – 30.2 
21 1.24a, 1.42a 33.5 1.20a, 1.39a 33.5 1.16a, 1.34a 33.5 
22 1.63a, 1.75a 31.8 1.54 m, 1.74a 32.4 1.49a, 1.70a 32.4 
23 1.07 s 27.0 1.05 s 27.1 1.00 s 27.1 
24 0.88 s 15.5 0.84 s 15.6 0.80 s 15.5 
25 0.97 s 14.6 0.95 s 14.5 0.90 s 14.5 
26 0.82 s 16.3 0.81 s 16.3 0.77 s 16.3 
27 1.17 s 24.9 1.16 s 25.0 1.12 s 25.0 
28 – 176.7 – 180.4 – nd 
29 0.93 s 32.1 0.91 s 32.2 0.86 s 32.2 
30 0.95 s 22.6 0.94 s 22.6 0.89 s 22.6 

nd: not detected. Assignments were made based on 1D and 2D NMR (1H, 13C, 
DEPT-Q, COSY, HSQC, NOESY and HMBC) experiments. 

a Overlapped peaks, confirmed from COSY, HSQC and HMBC correlations. 
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molecular formula was deduced as C48H78O18 from its HR-ESI-MS 
spectrum showing molecular ion peak at m/z 942.6393 [M-H]-. The IR 
spectrum showed peaks at 3300 cm− 1 (OH stretching), 2930 cm− 1 (CH 
stretching), 1750 cm− 1 (C––O stretching), 1690 cm− 1 (C––O stretching), 
1020 cm− 1 (CO stretching). 1H NMR spectrum revealed seven (7) 
angular methyl groups at 1.05 (H-23), 0.95 (H-25), 0.84 (H-24), 1.16 (H- 
27), 0.94 (H-30), 0.91 (H-29) and 0.81 (H-26). An oxy-methine proton at 
3.18 dd (4.6, 11.8 Hz) and an olefinic proton at δH 5.24 (t, 1H) were 
observed. Three anomeric protons at δC 4.85, 4.56 (d, 7.6 Hz) and 4.46 
(d, 7.8 Hz) were observed. 13C-DEPT-Q showed peaks for seven (7) 
tertiary methyl groups at δC 32.2 (C-29), 27.1 (C-23), 25.0 (C-27), 22.6 
(C-30), 16.3 (C-26), 15.6 (C-24) and 14.5 (C-25) (Table 1). An oxy
methine carbon at δC 89.8; two olefinic carbon signals at δC 122.3 and 
143.8; three anomeric carbons at δC 104.9, 102.9 and 100.1; one 
carbonyl carbon at δC 180.4 were also observed. Other sugar peaks 
occurred between δC 61.2–80.3. Compound 3, like 2, has an olean-12- 
en-28-oic acid triterpene skeleton (Mahato and Kundu, 1994). A 
1H–13C long-range correlation in the HMBC spectrum existed between 
the sugar anomerics at δH 4.46 and δC 89.8 (C-3). Another correlation 
was observed between the sugar anomeric at δH 4.85 and δC 80.3 (C3′); 
and between sugar anomeric δH 4.56 and δC 72.9 (C4′). The β-anomeric 
configurations of glucose units were determined from their JH1,H2 
coupling constants (7.6–7.8 Hz) (Zheng et al., 2004). Like compound 2, 
correlations were observed between H-3/H-5, and H-3/H-1′ in the 
NOESY spectrum indicating their α-axial orientation, hence the 
β-orientation of the oxygen at C-3 and the glucose at C1’ (Aliotta et al., 
1992; Aouane et al., 2022) (Fig. S20, Supplemental data). The large 
coupling constant from the glucose anomeric protons (J > 7.7 Hz) 
indicated the β-configurations of the other glucose units (Liang et al., 
2011). Based on extensive NMR and MS experiments, the structure of 
compound 3 was concluded as oleanolic acid 
3-O-[β-D-glucopyranosyl-(1 → 4)-β-D-glucopyranosyl-(1 → 3)-β-D-glu
copyranoside] (Fig. 2). 

Compound 5 was obtained as a white amorphous powder. HR-ESI- 

MS spectrum showed a molecular ion peak at m/z 807.4502 [M-H]- 

calculated for C43H68O14. The IR spectrum showed signals at 3350 cm− 1 

(OH stretching), 2920 cm− 1 (CH stretching), 1750 cm− 1 (C––O 
stretching), 1695 cm− 1 (CO stretching), and 1020 cm− 1 (CO stretching). 
1H NMR showed seven (7) angular methyl peaks at δH 1.00 (H-23), 0.90 
(H-25), 0.86 (H-29), 1.12 (H-27), 0.89 (H-30), 0.80 (H-24) and 0.77 (H- 
26). An oxy-methine proton at δH 3.12 (C-3); an olefinic proton at δH 
5.19 (br s, 1H, C-12); and two anomeric protons at δH 4.38 d (8.1 Hz) and 
4.25 d (7.7 Hz) were observed. 13C-DEPT-Q showed signals for seven 
methyl functional groups at δC 32.2 (C-29), 27.1 (C-23), 25.0 (C-27), 
22.6 (C-30), 16.3 (C-26), 15.5 (C-24) and 14.5 (C-25). Two olefinic 
carbon signals were observed at δC 122.3 and 143.8. In addition, two 
anomeric carbons at δC 105.5 and 103.2 were noted. Carbon signals for 
sugar moieties occurred at δC 61.1–80.6 (Tables 1 and 2). No other ev
idence of glycosylation was noted. The NMR data agreed with that of 
olean-12-en-28-oic acid triterpenes (Agrawal and Jain, 1992). HMBC 
showed a long-range connectivity between an anomeric proton at δH 
4.38 and δC 89.8 (C-3). A carbonyl functional absorption at δC 169.5 
indicated a uronic acid with a long-range HMBC correlation of a methyl 
group at δH 3.74. The anomeric proton (δH 4.25) correlated with carbon 
δC 80.6 in the HMBC experiment. The β-anomeric configurations of 
glucuronic acid and glucose units were determined from their JH1,H2 
coupling constants (7.7–8.1 Hz) (Zheng et al., 2004). The configurations 
were confirmed from the NOESY experiment in which correlations were 
observed between H-3/H-5, and H-3/H-1′, indicating their α-axial 
orientation, and thus β-orientation of the oxygen at C-3 and glucuronic 
acid (C1’) (Aliotta et al., 1992; Aouane et al., 2022). The large coupling 
constant from the anomeric protons (J = 7.7 Hz) indicated the β-con
figurations of the glucose unit (Liang et al., 2011) (Fig. S34). Extensive 
NMR data analysis and comparison with published data led to the 
conclusion of compound 5 as oleanolic acid 3-O-[β-D-glucopyranosyl-(1 
→ 4)-6-O-methyl-β-D-glucuronopyranoside] (Fig. 2). 

Table 2 
1H (600 MHz) and13C NMR data (150 MHz) of the sugar moieties of compounds 2, 3 and 5 in CD3OD.  

2   3   5    

δH (J in Hz) δC  δH (J in Hz) δC  δH (J in Hz) δC 

3-O-GlcA   3-O-Glc   3-O-GlcA   
1 4.60 d (8.1) 103.9 1 4.46 d (7.8) 104.9 1 4.38 d (8.1) 105.5 
2 3.81a 76.6 2 3.54 t 74.5 2 3.25a 73.6 
3 3.70a 84.3 3 3.93 t 80.3 3 3.47 t 74.6 
4 3.66a 70.6 4 4.05a 72.9 4 3.69 t 80.6 
5 3.93a 75.2 5 3.67 m 70.8 5 3.96 d (9.7) 73.6 
6 – 169.6 6 3.87 m 61.2 6 – 169.5 
-CH3 3.80 s 51.5    -CH3 3.74 s 51.7 
3-O-Glc   3-O-Glc   3-O-Glc   
1 4.62 d (7.7) 102.3 1 4.56 d (7.6) 100.1 1 4.25 d (7.7) 103.2 
2 3.22a 74.2 2 3.32a 77.2 2 3.12 t 73.3 
3 3.38a 76.5 3 3.34a 76.0 3 3.27 t 76.3 
4 3.11 t 71.0 4 3.33a 69.7 4 3.24a 70.0 
5 3.28a 77.3 5 3.31a 72.6 5 3.30a 76.8 
6 3.58a, 3.86a 62.1 6 3.69 m, 3.89a 61.2 6 3.60 m, 3.83a 61.1 
3-O-Rham   3-O-Glc      
1 5.07 br s (1.3) 102.1 1 4.85a 102.9    
2 4.05a 70.8 2 3.29a 76.9    
3 3.68a 70.8 3 3.37a 76.4    
4 3.44a 72.4 4 3.32a 69.9    
5 3.95a 69.3 5 3.29a 74.0    
6 1.26 d (6.2) 16.4 6 3.66 m, 3.86a 61.2    
28-O-Glc         
1 5.40 d (8.5) 94.3       
2 3.34a 72.5       
3 3.66a 70.6       
4 3.95a 69.3       
5 3.44a 72.4       
6 3.70a, 3.82a 61.0       

Assignments were made based on 1D and 2D NMR (1H, 13C, DEPT-Q, COSY, HSQC, NOESY and HMBC) experiments. 
a Overlapped peaks, confirmed from COSY, HSQC and HMBC correlations. 
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Fig. 2. Key 1H–1H COSY, NOESY, and 1H–13C HMBC correlations of compounds 2, 3 and 5 isolated from the root of O. subscorpioidea.  
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2.2. In vitro cytotoxicity 

MTT assay was used to evaluate the cytotoxicity of the isolated 
compounds 1–6 in concentrations that ranged from 12.5 to 200 μM 
against human breast cancer (MCF-7), cervical cancer (HeLa), and 
colorectal cancer (Caco-2) cell lines. Vincristine was used as a positive 
reference drug or positive control. Compounds 3, 4, 5, and 6 were found 
to possess cytotoxic activity with IC50 values ranging from 7.42 ± 0.34 
μM to 110.21 ± 15.64 μM (Tables 3 and 4). Oleanane-type triterpenes 
have been noted to have evidence of anticancer effects (Parikh et al., 
2014). Compound 6, oleanolic acid, had been reported to possess 
cytotoxic actions on various cancer cell lines (Feng et al., 2009). The 
highest activity was observed in compound 3, a 3-triglucoside derivative 
of oleanolic acid. Compound 3 displayed strong cytotoxicity on HeLa 
(IC50 value, 7.42 ± 0.34 μM) and moderate activity on MCF-7 (IC50, 
36.67 ± 1.23 μM) and Caco-2 (IC50, 35.83 ± 0.55 μM). Compound 5 
showed moderate activity while compounds 4 and 6 displayed low 
cytotoxicity on all cell lines tested (Table 3) (Kuete and Efferth, 2015; 
Indrayanto et al., 2021). Comparing the activity of compounds 1 and 2 
with those of 3, 4 and 5 suggested that glucosylation at C-28 of com
pounds 1 and 2 was not favourable for the antiproliferative activity 
(Table 3). In addition, 6-methylation of the glucuronic acid of compound 
5 was observed to enhance anticancer activities across the panel of cell 
lines used when compared with the activities of compound 4. 

Selectivity index (SI) was determined for the most active compounds, 
3 and 5, using the normal lung cell line (MRC5) (Table 4). SI, the ratio of 
toxicity to biological activity, is a measure of the differential toxicity of a 
chemical substance against cancerous cells in comparison to normal 
cells (Pritchett et al., 2014). A compound with SI value greater than 2 is 
generally considered selective for the cell line (Nogueira and do Rosário, 
2010). SI values ranging from 0.44 to 1.15 were recorded for vincristine, 
the positive control. Previous works have also reported a lack of selec
tivity for vincristine (Rasli et al., 2023) and vinblastine (Segun et al., 
2019). Compounds 3 and 5 were found to be more potently cytotoxic 
against the HeLa than the MCF-7 and Caco-2 cell lines (Table 3) and 
were also more selective than vincristine against the cancer cell lines 
compared to the normal lung cell line MRC5 (Table 4). 

3. Conclusions 

Three previously undescribed oleanane-type triterpene glycosides 
(2, 3, and 5), two known triterpene glycosides (1 and 4), and one tri
terpene acid (6) have been isolated from the methanol root extract of 
Olax subscorpioidea Oliv. (Olacaceae), using several chromatographic 
techniques. Their chemical structures were established with extensive 
NMR analysis (1D and 2D) and MS experiments. Compounds 3 and 5 
were found to be potently cytotoxic against the cervical cell line HeLa, 
with good selectivity index. 

4. Experimental 

4.1. General methods 

UV spectra were obtained on a UV–Visible spectrophotometer 
(Specord® 210, Analytik Jena, Germany). IR data were recorded on 
Cary 630 FTIR spectrophotometer (Agilent Technologies, USA). The 
melting point was obtained on Melting Point Apparatus (Griffin, UK). 1D 
and 2D NMR spectra were obtained on Bruker Avance III NMR spec
trometer at 600 MHz (Massachusetts, U.S.A) for NMR experiments in 
methanol-d4 using the solvent residue as internal standard. 1H NMR 
experiment showed proton types; 13C NMR showed carbon types; 13C- 
DEPT-Q spectra were used to differentiate methyl, methylene, methine 
and quaternary carbons; 1H–1H COSY was used to determine correla
tions between neighbouring protons; 1H–13C HSQC revealed proton 
carbon connectivity over one bond; 1H–13C HMBC spectra helped in 
determining connectivities of protons to carbons over two or three 
bonds. All NMR data were processed using Bruker TopSpin 4.1.4. 
Chemical shifts were presented in part per million (ppm) and coupling 
constant (J values) were recorded in Hz. High-resolution mass spectro
metric analyses (HR-ESI-MS) were recorded on 6530 Accurate-Mass 
Quadrupole Time-of-Flight (Q-TOF LC/MS) mass spectrometer (Agi
lent Technologies, USA). Rotary evaporator R-100 rotavapor (BUCHI, 
Switzerland) was used to concentrate the extract. Solid-phase extraction 
(SPE) was performed using a Strata C-18 cartridge (35 μm; 70 Å; 20 g, 
Phenomenex). Chromatographic separations were performed on Agilent 
1260 Infinity HPLC system, and DIONEX Ultimate 3000 HPLC system 
(Thermo Fisher Scientific, Germany) connected with Phenomenex 
Luna® C18 column (150 × 21.2 mm, 10 μm). All solvents were of HPLC 
grade methanol, water (Fisher Chemical, Loughborough, United 
Kingdom), (Thermo Scientific, Germany). Cell culture materials include 
Dulbecco’s Modified Eagle Medium (UK), Fetal bovine serum (Sigma- 
Aldrich, U.S.A), Gibco’s trypLE Express (1X) (UK), Dulbecco’s phos
phate buffered-saline, MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl- 
2H-tetrazolium bromide) (Sigma-Aldrich, U.S.A), Tocris’ vinblastine 
(Abingdon, UK), antibiotic-antimycotic (100X) (Gibco, U.S.A), L-gluta
mine 200 mM (100X) (Gibco, UK). MTT optical density values were 
measured on Tecan Spark 10M multimode microplate reader 
(Switzerland). 

4.2. Plant material 

The root bark of Olax subscorpioidea Oliv. (Olacaceae) was collected 
by Dr T. K. Odewo a taxonomist at Forestry Research Institute of Nigeria 
(FRIN), Ibadan, Nigeria, in November 2021. The herbarium specimen 
was deposited at Forest Herbarium Ibadan (FHI:113182) for authenti
cation. The root material was washed, peeled, and air-dried under lab
oratory conditions. It was then ground into powder. 

Table 3 
Cytotoxic effects of compounds 1 to 6 on three human cancer cell lines and a 
non-cancerous cell line. Vincristine was used as a positive control. The data are 
presented as mean ± SEM (n = 3).  

Compounds IC50 ± SEM (μM) 

HeLa MCF-7 Caco-2 MRC5 

1 >200 >200 >200 – 
2 >200 >200 >200 – 
3 7.42 ± 0.34 36.67 ± 1.23 35.83 ± 0.55 63.84 ± 1.06 
4 67.58 ± 3.68 89.41 ± 1.91 50.9 ± 4.19 – 
5 10.27 ± 1.26 43.83 ± 0.65 39.03 ± 4.38 67.0 ± 1.99 
6 110.21 ± 15.64 66.63 ± 8.76 62.92 ± 0.82 – 
Vincristine 1.42 ± 0.40 0.54 ± 0.06 1.33 ± 0.05 0.62 ± 0.01  

Table 4 
Selectivity index (SI) for compounds 3 and 5 and vincristine, when their cyto
toxic potencies (IC50) were compared in the HeLa, MCF-7 and Caco-2 cell lines 
versus the normal cell line MRC5.  

Compounds HeLa MCF-7 Caco-2 

1 – – – 
2 – – – 
3 8.60 1.74 1.78 
4 – – – 
5 6.52 1.53 1.72 
6 – – – 
Vincristine 0.44 1.15 0.47  
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4.2.1. Extraction and isolation 
The pulverized root (440 g), was extracted with methanol (MeOH) 

using the Soxhlet extraction procedure. The filtrate was then concen
trated with rotary evaporator R-100 rotavapor (BUCHI, Switzerland) at 
about 40 ◦C. The extract was stored in an air-tight container before use. 
Before preparative HPLC analysis, the extract was fractionated by solid- 
phase extraction (SPE). The SPE cartridge (Strata C-18; 35 μm; 70 Å; 20 
g) was conditioned by rinsing with MeOH (50 mL), followed by equili
brating with 100 mL of water. The extract (2 g) was dissolved in 40% 
MeOH in water, loaded on the cartridge and eluted with 20%, 50%, 
80%, and 100% MeOH in water, and finally with 100% dichloromethane 
(200 mL each) (Sarker and Nahar, 2012) to afford five fractions, OSF1, 
OSF2, OSF3, OSF4, and OSF5, respectively. The fractions were 
concentrated by rotary evaporator, and consequently evaporated to 
dryness inside a fume hood. SPE fractions were screened against the 
human cervical cancer cell line (HeLa), colon cancer cell line (Caco-2) 
and breast cancer cell line (MCF-7). OSF3 showed cytotoxic effects on 
the tested cell lines. OSF3 (477 mg) was purified on reversed-phase 
preparative HPLC system with the mobile system: 70–90% 
MeOH-water containing 0.1% TFA, 30 min, brought to 100% MeOH, 5 
min, maintained at 100% MeOH for another 5 min, then back to 70% 
MeOH in another 5 min, to afford OS1 (3.8 mg; tR = 6.5 min); OS2 (14.8 
mg; tR = 9.5 min); OS3 (59.8 mg; tR = 11.6 min); OS4 (79.7 mg; tR =

13.1 min); OS5 (93.4 mg; tR = 14.7 min); OS6 (2.8 mg; tR = 18.1 min); 
OS7 (53.1 mg; tR = 23.5 min); and OS8 (51.0 mg; tR = 26.1 min). OS4 
(79.7 mg) was re-purified on a reversed-phase semi-preparative HPLC 
system (Thermo Scientific UPLC 3000 Dionex) with mobile phase con
taining 0.1% TFA: 70–90% MeOH in water in 30 min to afford com
pound 1 (10 mg; tR = 11.3 min) and compound 2 (5.8 mg; tR = 12.7 
min). OS7 (53.1 mg) was re-purified to isolate compound 3 (7.5 mg; tR =

18.8 min). OS8 (51.0 mg) yielded compound 4 (1.5 mg; tR = 20.5 min), 5 
(3.8 mg; tR = 22.7 min) and compound 6 (1.4 mg; tR = 32.3 min). UV 
wavelengths were maintained at 220, 254, 280 & 310 nm. 

4.2.2. Oleanolic acid 3-O-[α-L-rhamnopyranosyl-(1→3)-β-D- 
glucopyranosyl-(1 → 2)-6-O-methyl-β-D-glucuronopyranoside]-28-O-β-D- 
glucopyranosyl ester (2) 

Amorphous, white powder; UV (MeOH) λmax (log ε) 192.0 
(− 0.5636A) nm, 194.0 (− 0.7342A) nm, 199.0 (− 0.8431A) nm; IR (KBr) 
vmax 3360 cm− 1, 2970 cm− 1, 1750 cm− 1, 1690 cm− 1, 1050 cm− 1; 
Melting point: 223–226 ◦C; 1H and 13C NMR data, see Tables 1 and 2; 
HR-ESI-MS m/z 1115.5630 [M-H]- and 1161.5706 [M + HCOO]- 

calculated for C55H88O23 (calculated: 1115.5638). 

4.2.3. Oleanolic acid 3-O-[β-D-glucopyranosyl-(1→4)-β-D- 
glucopyranosyl-(1 → 3)-β-D-glucopyranoside] (3) 

Amorphous, white powder; UV (MeOH) λmax (log ε) 193.0 
(− 0.0867A) nm, 199.0 (− 0.3119A) nm, 206.0 (− 1.5513A) nm; IR (KBr) 
vmax 3300 cm− 1, 2930 cm− 1, 1750 cm− 1, 1690 cm− 1, 1020 cm− 1; 
Melting point: 265–267 ◦C; 1H and 13C NMR data, see Tables 1 and 2; 
HR-ESI-MS m/z 942.5188 [M-H]- calculated for C48H78O18 (calculated: 
942.5188). 

4.2.4. Oleanolic acid 3-O-[β-D-glucopyranosyl-(1 → 4)-6-O-methyl-β-D- 
glucuronopyranoside] ester (5) 

Amorphous, white powder; UV (MeOH) λmax (log ε) 191.0 nm, 193.0 
(− 0.7542A) nm, 195.0 (− 0.9086A) nm, 198.0 (8.0000A) nm, 200.0 
(− 0.2083A) nm; IR (KBr) vmax 3350 cm− 1, 2920 cm− 1, 1750 cm− 1, 1695 
cm− 1, 1020 cm− 1; Melting point: 238–240 ◦C; 1H and 13C NMR data, see 
Tables 1 and 2; HR-ESI-MS m/z 808.4537 [M-H]- calculated for 
C43H68O14 (calculated: 808.4609). 

4.3. Cell lines and cell culture 

Human cancer cell lines: breast (MCF-7), colorectal (Caco-2), cervi
cal (HeLa), and normal (non-cancerous) cell line MRC5 were originally 

obtained from the American Type Culture Collection (ATCC). The cell 
lines were grown in Dulbecco’s Modified Eagle Medium (DMEM) sup
plemented with 10% foetal bovine serum (FBS), 1% 2 mM L-glutamine, 
and 1% penicillin-streptomycin solution, and kept in an incubator at 
37 ◦C in a humidified atmosphere of 5% CO2. They were passaged by 
removing the old medium, rinsing the cells with PBS (5 mL) and then 
adding 5 mL trypsin for about 60 s. Trypsin was removed and cells were 
incubated for about 5 min. The detached cells were flooded with the 
growth medium and triturated for a couple of minutes to get the cells 
into a homogeneous suspension. Cell density was determined using an 
automated plastic haemocytometer (C-Chip NanoEnTek, USA) and 
microscope-assisted counting. A volume of 100 μL, containing 7.5 × 103 

cells, was added into each well of 96-well, flat bottom, μclear microtitre 
plates. Plates were then incubated for 24 h before experiments. Cells 
were visualised with an inverted microscope (Olympus CKX41, UK) at 
x10. 

4.3.1. Cytotoxicity assay 
The cytotoxic effect of isolated triterpenoid compounds from the root 

of O. subscorpioidea was measured by MTT colourimetric assay. Cell 
density optimisation (with 5 × 103 cells/well and 7.5 × 103 cells/well) 
revealed 7.5 × 103 cells/well to be optimal for cell growth for HeLa, 
MCF-7, Caco-2 and MRC5. After cells were cultured for 24 h, they were 
treated with SPE fractions (OSF1, OSF2, OSF3, OSF4 and OSF5). 
Working concentrations of 1, 10, 50, 100, 200 and 500 μg/mL for each 
sample were prepared from a 100 mg/mL stock solution in DMSO. All 
working dilutions were made using the full growth medium, with a final 
DMSO concentration of not more than 0.1% (Basar et al., 2015). The 
cells were treated with the dilutions, 100 μL/well, in triplicates. DMSO 
(at the %v/v in the highest sample concentration), growth medium, and 
vincristine were used as vehicle, negative and positive controls, 
respectively. The plates were incubated for 48 h. Then, 10 μL of 5 
mg/mL MTT solution was added to all wells. The plates were incubated 
for 2 h to allow mitochondrial enzymatic action, converting the tetra
zolium salt to formazan (Mosmann, 1983). The content of each well was 
then removed and 100 μL DMSO was added to solubilise the formed 
purple formazan (Aslantürk, 2018). The plates were gently shaken at 95 
revolutions per minute for 5 min. The optical densities (OD) were read at 
570 nm using Tecan Spark 30M multimode microplate reader 
(Switzerland). The above procedure was repeated for isolated com
pounds with the concentrations 12.5, 25, 50, 100, and 200 μM. The 
results were presented as concentrations of fractions or isolated com
pounds Each experiment was done in triplicate and repeated at least 
three independent times (n = 3). 
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