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A B S T R A C T   

Vernonia leopoldi (Sch. Bip. ex Walp.) Vatke (Asteraceae) is one of the widely used anti-cancer traditional me-
dicinal plants in Ethiopia, despite the lack of data to support its therapeutic efficacy. Here we describe the 
isolation of compounds from the plant and the investigation of their cytotoxicity and other bioactivities. We 
identified the novel sesquiterpene lactone (SL) 11ß,13-dihydrovernodalol along with the three other SLs (ver-
nomenin, vernolepin, and 11ß,13-dihydrovernodalin) and three flavonoids (apigenin, eriodyctiol, and luteolin) 
isolated from this plant for the first time. The structures of all the compounds were established based on 
extensive analysis of nuclear magnetic resonance spectroscopic data and confirmed by high-resolution electro-
spray ionization mass spectrometry. We then studied the biological activities of the SLs and found that all were 
cytotoxic at low μM ranges against MCF-7 and JIMT-1 breast cancer cells as well as against the normal-like MCF- 
10A breast epithelial cells evaluated in a spectrophotometric assay. All the SLs significantly reduced JIMT-1 cell 
migration after 72 h of treatment with 2 μM concentrations in a wound healing assay. Treatment with all SLs 
reduced the aldehyde dehydrogenase expressing cancer stem cell sub-population of the JIMT-1 cells significantly, 
evaluated by flow cytometry. Only 11ß,13-dihydrovernodalin resulted in a significant inhibition of tumor ne-
crosis factor-α-induced translocation of nuclear factor κB to the cell nucleus. In addition, we show that the re-
porter fluorophore nitrobenzoxadiazole (NBD) can successfully be conjugated with an SL and that this SL-NBD 
conjugate is taken up efficiently in JIMT-1 cells. Therefore, the overall bioactivities of the SL compounds and 
specifically their effects against the stemness of breast cancer cells make them prime candidates for further in- 
depth investigation.   

1. Introduction 

Vernonia leopoldi (Sch. Bip. ex Walp.) Vatke (Family: Asteraceae), 
which is found in Ethiopia, is a shrub or rarely woody herb, covered with 

soft hairs, that grows up to a height of 0.5–2.5 m [1,2]. The genus 
Vernonia is represented by about 49 species excluding imperfectly 
known taxa [1] and encompasses herbs, shrubs, and small trees. The 
ecology of V. leopoldi encompasses forest margins, acacia wooded 
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grasslands with scrub of Maytenus, Rosa abyssinica, and Carissa on 
shallow soils, often in ravines, roadside thickets, and wastelands found 
in the 1850 and 2850 m altitudinal range [1]. The traditional medicinal 
use of the plant includes treatment of malignancies [3,4]. 

In addition to Ethiopia, V. leopoldi is found only in Yemen, where it is 
traditionally used for the treatment of cough, colic, and skin diseases [5, 
6]. In 2016, a new lanostane-type triterpene (lanost-3β, 23S-dihy-
droxy-22(31)-ene) was isolated from the aerial parts of the plant from 
Yemen and cytotoxicity with IC50 values ranging between 25.7 and 58.8 
µM were reported in various cell lines [6]. Understanding the compo-
sition of traditional medicinal plants is crucial both to increase an effi-
cient use and reduce side effects [7]. Also, WHO has suggested the use of 
traditional medicine as a complement to national health care systems 
[8]. 

The aim of the present study was to isolate and chemically charac-
terize compounds from the Ethiopian traditional anti-cancer medicinal 
plant V. leopoldi followed by investigation of the cytotoxicity in dose 
response and other bioactivity assays in breast-derived cell lines (cancer 
and normal-like) in agreement with our previous report [9]. We have 
investigated the effect of the SLs in inhibiting cancer cell migration, 
which is an important part of metastasis, the main cause of cancer death 
[10]. A problem causing cancer recurrence is the presence of treatment 
resistant cancer stem cells (CSCs), a small tumorigenic multi-potential 
sub-population of various tumors with self-renewal and differentiation 
properties [11] and thus we have investigated the effect of the SLs on 
this sub-population. An important aspect of new potential compounds 
for anti-cancer treatment is their up-take and cellular localization and 
thus we also synthesized a unique fluorescently labeled SL. 

2. Materials and methods 

2.1. Extraction and isolation of compounds 

Powdered dry leaves of V. leopoldi (1 kg) were extracted by macer-
ation at room temperature in 95% ethanol (EtOH) (5 L, 7 days). The 
filtered solvent was removed under reduced pressure to yield a semisolid 
residue (145.2 g). After being suspended in 1.2 L of a mixture of H2O: 
methanol (8:2, v/v), the solution was successively extracted with hep-
tane (three times, 2:1, v/v) and ethyl acetate (three times, 1:1, v/v). The 
ethyl acetate extract (46.3 g) was subjected to vacuum liquid chroma-
tography (VLC) on silica gel 60 (230–400 mesh, Merck, Darmstadt, 
Germany), using a step gradient of heptane:ethyl acetate (1:0–0:1, v/v), 
which afforded eighteen fractions (A-R). Fraction N (24.1 g) was sub-
jected once more to VLC on silica gel, using a step gradient of heptane: 
ethyl acetate (8:2–0:1, v/v) to yield five sub-fractions (Na-Ne). The sub- 
fraction Nc (2.2 g) was subjected to Sephadex LH-20 chromatography, 
eluted with methanol, and four fractions (Nca-Ncd) were obtained. 
Compound 1 was obtained from fraction Nca. Fraction Ncc (60 mg) was 
separated by preparative thin layer chromatography using a preparative 
Silica gel 60 (F254, 20 ×20, 2 mm, glass, Merck) as a stationary phase and 
a chloroform/methanol 8:2 mobile phase to give compound 2 and a 
mixture of compound 2 and compound 3. Sub-fraction Nd (17.2 g) was 
subjected to VLC on silica gel and was eluted with heptane:ethyl acetate 
(8:2–0:1, v/v) to give 2 sub-fractions (Nda and Ndb). Fraction Ndb (11.5 
g) was eluted with heptane:ethyl acetate (1:1, v/v) from which two 
fractions (Ndb1 and Ndb2) were obtained. The fraction Ndb1 was 
identified as compound 4. From Ndb2 (7.75 g), a portion (2.20 g) was 
purified using Sephadex LH-20 chromatography, eluted with methanol. 
The eluate was then subjected to silica gel column chromatography (CC) 
with heptane:ethyl acetate (4:6–0:100, v/v). From this, compounds 5, 6, 
and 7 were obtained. 

All elution steps described above were carried out under an atmo-
sphere of nitrogen in oven-dried glassware. Reagents and solvents were 
purchased from commercial suppliers and used as received. Nuclear 
magnetic resonance (NMR) spectra were recorded at room temperature 
on a Bruker Avance II 500 MHz spectrometer (Bruker, MA, USA). The 

spectra were recorded in deuterated chloroform (CDCl3) and the solvent 
signals (7.27/77.0) were used as references. VLC separation was carried 
out on Merck Silica gel 60G, while CC was performed using Silica gel 60 
(230–400 mesh, Merck, Darmstadt, Germany) and gel permeation on 
Sephadex LH-20 (GE Healthcare, Chicago, IL, USA). Chromatograms 
were visualized under a UV lamp at 254 nm followed by spraying with 
vanillin heating. High-resolution electrospray ionization mass spec-
trometry (HR-ESI-MS) was performed in a Waters Q-TOF Micro system 
spectrometer (Waters, Wilmslow, UK) using H3PO4 for calibration and 
as internal standard. 

2.2. Compound stock solutions 

All compounds were dissolved to 100 mM stock solutions in 100% 
DMSO which were kept at − 20 ◦C. For dose response testing, serial 
dilutions from the 100 mM stock solutions were made with phosphate- 
buffered saline (PBS) to obtain solutions with 10 times higher concen-
trations than the desired concentrations in the 96-well plates (see 
Figs. 4, 5, and 9). Twenty µL of these solutions were added to the wells of 
the 96-well plates with 180 µL medium resulting in a 10 times dilution 
(see below as well). When used at the highest concentration in dose 
response testing i.e. 100 μM (see Figs. 4 and 9), the DMSO concentration 
was 0.1% in all wells. Control was then treated with 0.1% DMSO. We 
have confirmed that 0.1% DMSO did not affect the cells (not shown). 
When used in all other assays, the DMSO concentration was below 0.1% 
and control always received the appropriate DMSO concentration 
equivalent to that found in treated cultures. The treatment concentra-
tion used are found as data points in dose response curves (Figs. 4, 5, and 
9) and in figure legends. 

2.3. Cell lines and culturing conditions 

For the bioactivity studies, the following cell lines were used: the 
human JIMT-1 and MCF-7 breast cancer cell lines and the human MCF- 
10A normal-like breast epithelial cell line. The cell lines MCF-7 (HTB- 
22) and MCF-10A (CRL-10317) were purchased from American Type 
Culture Collection (Manassas, VA, USA), whereas the JIMT-1 (ACC589) 
was purchased from the German Collection of Microorganisms and Cell 
Cultures (Braunschweig, Germany). The cell lines were routinely 
cultured and maintained as previously described [12]. The seeding 
densities were: at 1.5 × 104 cells/cm2 (JIMT-1), 2 × 104 cells/cm2 

(MCF-7), and 104 cells/cm2 (MCF-10A) in tissue culture vessels of the 
appropriate size with the volume of medium about 0.2–0.3 mL per cm2. 

2.4. Dose response assay 

The dose response assays were performed as previously described 
[12]. Briefly, confluent cells were trypsinized using 0.05% 
Trypsin-EDTA and the cell number was determined by counting in a 
hemocytometer. Cells of the different cell lines were seeded at the rec-
ommended densities (described above) in 180 µL of medium into the 
wells of 96-well plates and then allowed to attach for 24 h before adding 
the test compounds in 20 µL aliquots to achieve the desired concentra-
tions. After 72 h of incubation with the compounds, 20 µL of 3-(4, 
5-dimethylthiazolyl-2)− 2, 5-diphenyltetrazolium bromide (MTT) (Sig-
ma-Aldrich Sweden AB, Stockholm, Sweden) solution (5 mg/mL in PBS) 
was added to the wells and the 96 well plates were wrapped with 
aluminum foil and returned to the CO2 incubator for 1 h. Then, dis-
solving the formazan precipitates and absorbance measurement were 
done as described earlier [12]. Three independent dose-response ex-
periments were performed for each compound and the IC50 values were 
obtained using the GraphPad Prism software (San Diego, CA, USA) 
version 7.02. The results are presented as mean IC50 ± SD. 
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2.5. Breast CSC population estimation by the ALDH assay 

The ALDH assay was performed as previously described [9] using 
JIMT-1 cells that had been treated for 72 h with a 2 μM concentration of 
the 4 SLs. The ALDEFLUOR™ kit (Stem Cell Technologies, Grenoble, 
France) procedures as given in the manufacturer’s protocol were fol-
lowed. The BD Accuri C6 Flow cytometer (BD Biosciences, San Jose, CA, 
USA) was used to analyze the samples. DEAB-treated cells for each 
sample were used to set the ALDH+ region. The data was evaluated using 
the CFlow software. 

2.6. Wound healing assay 

The JIMT-1 cells were seeded at high density (~125,000 cells/cm2) 
in Petri dishes and incubated at 37̊C in a humidified incubator with 5% 
CO2 in air for 24 h to allow them to attach and form a confluent layer of 
cells. Then, the medium was removed and three parallel scratch wound 
areas were made in the cell layer using a sterile 200 µL pipette tip, 
following the previously established protocol [13]. Then it was washed 
twice with PBS and serum-free medium was added. The treatments were 
done at a final concentration of 2 μM, while the controls were treated 
with 0.005% DMSO. The zero hour (0 time) photographic images of the 
scratch wound area were taken immediately before the incubation at 
37 ◦C in a CO2 incubator and then photographed 72 h later. To estimate 
the wound closure between time 0 and 72 h, the scratch areas were 
measured with ImageJ 1.47 v software (https://imagej.nih.gov) and 
calculated in percentage of the wound at time zero. 

2.7. Nuclear factor-κB translocation assay 

The inhibition of the compounds on TNF-α-induced translocation of 
NF-κB to the cell nucleus was evaluated. For this experiment, JIMT-1 
cells were used and it was performed as reported in our previous 
study [9] and the compounds were added at a 10 μM concentration. An 
Olympus epifluorescence microscope (Olympus Optical Co. Ltd., Japan) 
equipped with a digital camera (Nikon Imaging Japan Inc., Japan) was 
used for the immunofluorescence imaging of the slides. 

2.8. Synthesis of vernolepin-NBD conjugate 

To a solution of nitrobenzoxadiazole-Cl (NBD-Cl) (310 mg, 1.6 
mmol) in EtOH (3 mL), a solution of ethanolamine (0.175 mL, 2.17 
mmol) in EtOH (2 mL) was added. The resulting solution was stirred at 
room temperature for 30 min. The NDB-linker formed as a yellow pre-
cipitate was filtered, dried in vacuum, and used in the next step without 
further purification. Phosgene 20% in toluene (300 µL, 0.65 mmol) was 
added dropwise over 3 min to a flask containing pyridine (1.3 mL, 16.3 
mmol) at − 10 ◦C and a yellow suspension was formed immediately. The 
solution was stirred for 5 min, followed by addition of a solution of NBD- 
linker (129 mg, 0.543 mmol) in pyridine (0.87 mL, 10.87 mmol) which 
was added dropwise over 3 min. The resulting red suspension was stirred 
for 5 min, after which a solution of vernolepin (30 mg, 0.109 mmol) in 

pyridine (0.44 mL, 5.43 mmol) was added dropwise. The resulting 
mixture was stirred overnight and allowed to reach room temperature, 
before diluted with CH2Cl2 (5 mL) and washed with HCl (3 ×3 mL, 0.1 M 
aq.). The organic layer was separated, dried using a phase separator, and 
concentrated under reduced pressure. Purification by flash chromatog-
raphy using CHCl3/MeOH (97:3, v/v) gave a yellow oil that was 
concentrated in vacuum affording 9 mg (15%) of the desired vernolepin- 
NBD (See Fig. 1). All conditions for the synthesis of vernolepin-NBD 
conjugate described above were carried out under an atmosphere of 
nitrogen in oven-dried glassware. 1H NMR (500 MHz, Chloroform-d) δ 
8.44 (d, J = 8.9 Hz, 1H), 6.73 (dd, J =1.0, 0.8 Hz, 1H), 6.21 (d, J = 8.9 
Hz, 1H), 6.19 (d, J = 3.1 Hz, 1H), 5.94 (t, J =1.0 Hz,1H), 5.70 (dd, J =
17.5, 10.9 Hz, 1H), 5.60 (d, J = 2.9 Hz, 1H), 5.33 (d, J = 10.9 Hz, 1H), 
5.28 (d, J = 17.5 Hz, 1H), 4.88 (m, 1H), 4.66 – 4.59 (m, 1H), 4.51 (m, 
3H), 4.42 (d, J = 12.3 Hz, 1H), 4.28 – 4.22 (dd, J =12.3, 0.8 Hz,1H), 
3.99 (t, J = 11.3 Hz, 1H), 3.48 (s, 3H), 2.99 (d, J = 11.3 Hz, 1H), 2.87 (tt, 
J = 11.0, 4.6 Hz, 1H), 2.16 (dd, J = 14.2, 4.6 Hz, 1H), 1.58 (dd, J = 14.2, 
10.2 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 168.14, 162.98, 153.82, 
145.02, 144.57, 144.48, 139.28, 135.98, 135.23, 135.11, 129.65, 
123.57, 121.69, 117.30, 101.95, 77.68, 72.55, 70.40, 65.94, 53.98, 
50.10, 46.44, 41,67, 40.85, 38.72. HRMS calculated for C25H25O10N4 
[M+H]: 541.1572, found: 541.1571 (see additional file: Fig. S1 and 
Fig. S2 for the 1D H1 and C13 NMR spectra). 

2.9. Uptake and localization of vernolepin-NBD conjugate 

The JIMT-1 cells were seeded (0.35 ×106 cells) in a Petri dish con-
taining 2 mL regular medium and incubated for 48 h. Then, the 
vernolepin-NBD conjugate was added to a final concentration of 10 µM, 
under dark conditions whereby phase contrast and immunofluorescence 
images were taken by an inverted phase-contrast microscope equipped 
with a light source for fluorescence using the 40x objective at 1, 5, 10, 
15, 30, 45, 60, and 120 min and at 24, 48, and 72 h after addition of the 
compound. The uptake and localization were qualitatively evaluated. 

2.10. Statistical analysis 

All results are shown as mean ± SD. The data were statistically 
treated by one-way analysis of variance (ANOVA) followed by post hoc 
Dunnett’s test. P < 0.05, CI = 95% was considered as statistically 
significant. 

3. Results 

3.1. The compounds 

Seven compounds were isolated from the ethyl acetate fraction of 
V. leopoldi (Table 1 and Fig. 2). The relative proportion of the SLs was 
higher than that of the flavonoids (Table 1). The compound vernomenin 
(1), an SL, was isolated first in the successive extractions. The flavonoids 
apigenin (2) and eriodyctiol (3) were the next isolates. Another flavo-
noid, luteolin (4) was then obtained as a yellow precipitate and the final 

Fig. 1. Schematic representation of the synthesis of vernolepin-NBD conjugate.  
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elution yielded the last three SLs: vernolepin (5), 11,13-dihydroverno-
dalin (6), and 7, the novel compound 4aR,5R,6S,7S,8aR)− 5-hydroxy- 
6-(3-methoxy-3-oxoprop-1-en-2-yl)− 4-methylene-3-oxo-8a-vinyl-
octahydro-1H-isochromen-7-yl 2-(hydroxymethyl)acrylate), that we 
named 11ß,13-dihydrovernodalol (Fig. 3). The three compounds (5, 6, 
and 7) were estimated to be present in quantities of 707 mg, 22 mg, and 
32 mg, respectively, in the initial EtAc extract (Table 1). Vernomenin 
(1), vernolepin (5), and 11ß,13-dihydrovernodalin (6) have previously 
been isolated from other plant groups and here we report these com-
pounds isolated from V. leopoldi for the first time. 

Compound 7 was obtained as a clear oil. The [M + H]+ ion was 
observed at m/z 395.1710 which corresponds to C20H26O8 calculated 
395.1706. This is in accordance with the 1D H1 and C13 NMR data (see 
additional file: Fig. S3 and Fig. S4). 1H NMR (500 MHz, Chloroform-d) δ 
6.66 (d, J = 1.3 Hz, 1H), 6.15 (d, J = 1.2 Hz, 1H), 5.87 (dd, J = 1.4, 
1.2 Hz, 1H), 5.78 (dd, J = 1.6, 0.8 Hz, 1H), 5.66 (dd, J = 17.3, 10.6 Hz, 
1H), 5.24 (d, J = 4.1 Hz, 1H), 5.21 (m, 1H), 5.05 (td, J = 11.5, 4.7 Hz, 
1H), 4.49 (d, J = 12.1 Hz, 1H), 4.35 (dd, J = 12.1, 2.1 Hz, 1H), 
4.30–4.27 (m, 2H), 3.68 (s, 3H), 3.58 (td, J = 10.5, 4.1 Hz, 1H), 3.24 
(qd, J = 7.2, 1.6 Hz, 1H), 2.52 (m, 1H), 2.50 (m, 1H), 1.99 (dd, J = 13.6, 
4.7 Hz, 1H), 1.59 (dd, J = 13.6, 11.4 Hz, 2H), 1.12 (d, J = 7.1 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 176.01, 165.17, 163.58, 140.47, 139.23, 
133.80, 132.52, 126.56, 116.02, 70.84, 67.37, 67.37, 62.14, 51.94, 
51.84, 49.52, 39.34, 37.53, 35.89, 10.01. 

3.2. The SLs were highly cytotoxic in dose response assays 

The basal cytotoxicity of the SLs isolated from V. leopoldi was 
determined using an MTT dose response assay. The MTT assay was 
conducted using the JIMT-1, MCF-7, and MCF-10A cell lines. The four 

SLs were found to have similar cytotoxicity in the JIMT-1 and MCF-10A 
cell lines while the MCF-7 cell line was less sensitive (Table 2 and Fig. 4). 
The novel compound 11ß,13-dihydrovernodalol has the lowest IC50 
value of 1.6 µM in JIMT-1 cells. 

Vernodalol, an SL with closely similar structure to the novel com-
pound reported here, was found to be less cytotoxic against JIMT-1 (IC50 
=11.13 +1.17) and MCF10A (IC50 =12.12 +1.52) cell lines (Fig. 5) 
when compared to the novel compound 11ß,13-dihydrovernodalol (IC50 
=1.6 ± 0.05, JIMT-1 and IC50 =2.2 ± 0.9, MCF-10A) (Table 2). 

3.3. Estimation of the CSCs sub-population using ALDH+ as a marker 

The effect of treating JIMT-1 cells with a 2 μM concentration of the 
four SLs on the ALDH+ sub-population was evaluated following the 
ALDEFLUOR™ assay protocol. Treatment with vernomenin (1) highly 
reduced the ALDH+ CSC subpopulation (P < 0.005). Treatment with the 
other three SLs also resulted in a statistically significant reduction of the 
ALDH+ CSC subpopulation (P < 0.05) (Fig. 6A). Representative cyto-
grams of the ALDEFLOUR™ assay are shown in Fig. 6B. 

3.4. Effect of the SLs on cell migration 

Based on the results of the wound closure defined as 0% closure at 
0 h for each sample, all the compounds inhibited cell migration after 
treatment with a 2 μM concentration for 72 h (P < 0.05). The maximum 
closure was attained by the treatment with vernomenin (1) (35.0%). In 
comparison to the closure attained by the control group (55.2%), this 
inhibition was also statistically significant (P < 0.05) (Fig. 7). 

Table 1 
The compounds isolated from the ethyl acetate fraction of V. leopoldi.  

Compound 
designation 

Name of the compound Chemical formula, 
MW 

1 Vernomenin (220 mga), SLb C15H16O5, 276.29 
2 Apigenin (5 mg), Fc C15H10O5, 270.24 
3 Eriodyctiol (0.35 mg), F C15H12O6, 288.26 
4 Luteolin (8 mg), F C15H10O6, 286.24 
5 Vernolepin (707 mg), SL C15H16O5, 276.29 
6 11ß,13-Dihydrovernodalin 

(22 mg), SL 
C19H22O7, 362.38 

7 11ß,13-Dihydrovernodalol 
(32 mg), SL 

C20H26O8, 394.42 

aThe number denotes mg recovered from 46.3 g of acetate fraction; b SL, 
Sesquiterpene lactone; c F, Flavonoid. 

Fig. 2. Structures of the SLs (vernomenin (1), vernolepin (5), 11ß,13-dihydrovernodalin (6), and 11ß,13-dihydrovernodalol (7)) and the flavonoids (apigenin (2), 
eriodyctiol (3), and luteolin (4)) isolated from the ethyl acetate fraction of V. leopoldi. 

Fig. 3. Chemical structure of the novel compound 7, 4aR,5R,6S,7S,8aR)− 5- 
hydroxy-6-(3-methoxy-3-oxoprop-1-en-2-yl)− 4-methylene-3-oxo-8a-vinyl-
octahydro-1H-isochromen-7-yl 2-(hydroxymethyl)acrylate, named as 11ß,13- 
dihydrovernodalol. 

N. Tuasha et al.                                                                                                                                                                                                                                 



Toxicology Reports 9 (2022) 382–392

386

3.5. Effects of the SLs on the nuclear translocation of NF-κB 

Using JIMT-1 cells, the inhibitive effects of the compounds on TNF- 
α-induced NF-κB nuclear translocation was evaluated. Fresh solutions of 
the test compounds were prepared as 400 µM solutions and they were 
tested at 10 µM concentration. Only, the compound 11ß,13-dihy-
drovernodalin (6) resulted in a significant reduction of the NF-κB posi-
tive nuclei compared to control which was treated with TNF-α and the 
compound vehicle (P < 0.05) (Fig. 8). 

3.6. Uptake and localization of vernolepin-NBD conjugate 

The vernolepin-NBD conjugate was found to be toxic in JIMT-1 cells, 
however, with an increased IC50 compared to vernolepin alone (IC50 =

10.3 µM and 1.7 µM, respectively) (Fig. 9). 
The uptake and localization study shows that the compound is taken 

up by JIMT-1 cells within 60 s and the intensity in the cells increases up 
to 2 h after addition of vernolepin-NBD to the cell culture medium 
(Fig. 10). The fluorescence is found in the entire cell. However, the in-
tensity decreased after incubation with vernolepin-NBD for 24, 48, and 
72 h (Fig. 10). 

Table 2 
The IC50 (μM) values from dose response curves obtained after treatment of JIMT-1 and MCF-7 breast cancer cells and normal like MCF-10A breast epithelial cells with 
the SLs isolated from the ethyl acetate fraction of V. leopoldi.  

Cell lines Vernomenin (1) Vernolepin (5) 11ß,13-Dihydrovernodalin (6) 11ß,13-Dihydrovernodalol (7) 

JIMT-1 2.2 ± 0.9 1.7 ± 0.3 2.2 ± 0.8 1.6 ± 0.05 
MCF-7 35.0 ± 16.5 15.9 ± 0.6 4.9 ± 0.3 3.9 ± 0.7 
MCF-10A 1.6 ± 0.1 2.3 ± 0.2 2.0 ± 0.5 2.2 ± 0.9 

The number of 96-well assays run for each compound is found in Fig. 4 as each assay generates one curve. The replicates are ≥ 3 96-well plate independent assays with 
n = 6 wells in each assay. The data are presented as mean ± SD. 

Fig. 4. Dose response curves obtained after treatment of JIMT-1 and MCF-7 breast cancer cells and normal like MCF-10A breast epithelial cells with the SLs isolated 
from the ethyl acetate fraction of V. leopoldi. VN, Vernomenin (1). VP, Vernolepin (5). DV, 11ß,13-Dihydrovernodalin (6). 1a2-P, 11ß,13-Dihydrovernodalol (7). Each 
curve represents one experiment with the mean of 6 wells in each data point. The values in parenthesis show IC50 values of the different repeats (R1-R3). 
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4. Discussion 

Sesquiterpenoids are natural products with 15 carbons in the back-
bone and they are widely found in leaves, fruits, or roots of many plants 
[14]. The SLs are a subclass of sesquiterpenoids and they are typical 
secondary metabolites of several plant families including Acanthaceae, 
Anacardiaceae, Apiaceae, Euphorbiaceae, Lauraceae, Magnoliaceae, 
Menispermaceae, Rutaceae, and Winteraceae [15]. They are found in 

almost all genera of Asteraceae (also called Compositae), the sunflower 
family and notably in Vernonia, Tanacetum, Helenium, Ambrosia, 
Arnica, and Artemisia [16]. The compounds are bitter, colorless sub-
stances, with lipophilic character, and they are thermolabile and less 
volatile [17]. 

More than 5000 structurally different SLs are known so far with a 
proportionally high number (over 3000) isolated from Asteraceae 
[17–20]. A wide variety of biological and pharmacological activities of 

Fig. 5. Dose response curves obtained after treatment of JIMT-1 breast cancer cells (A) and normal like MCF-10A breast epithelial cells (B) with vernodalol. Each 
curve represents one experiment with the mean of 6 wells in each data point. The values to the left are the IC50 from the individual repeats R1 – R3 while the IC50 
value to the right is the mean of the three repeats ± SD. 

Fig. 6. Treatment with a 2 μM concentration of the SLs for 72 h significantly reduced the ALDH+ sub-population evaluated by flow cytometry. A. ALDH+ cells in % of 
control. The data are presented as mean ± SD for n = 3. *P < 0.05; **P < 0.005; CI: 95%; all the values were compared with control. B. Representative cytograms 
used to obtain the data shown in A. SSCA-A, side scatter. FL1-H, fluorescence signal from substrate cleaved by ALDH. The percentage in each figure represents the 
proportion of ALDH+ cells (found in the outlined red region) in relation to all cells. The red gate was set in samples that did not receive the substrate according to the 
manufacturer’s instructions. VN, Vernomenin (1). VP, Vernolepin (5). DV, 11ß,13-Dihydrovernodalin (6). 1a2-P, 11ß,13-Dihydrovernodalol (7). 
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the SLs have been described [17,21]. The potential of many SLs for use 
in the treatment of cancer and cardiovascular disease have received 
large interest [18,20,22,23] and anti-cancer activities have been re-
ported [24]. The α-methylene-γ-lactone group found in SLs is correlated 
with many of their pharmacological actions [20,25]. Studies involving 
structure-activity relationships indicate that rapid Michael type of 
addition takes place when cytotoxic SLs react with thiols, such as free 
sulfhydryl groups in mainly the amino acid cystine in proteins [17,21]. 
According to these studies, selective alkylation of growth regulatory 
biological macromolecules (e.g. enzymes) results in the inhibition of 
tumor growth through cascades of reactions which leads to apoptosis. 
Factors including molecular geometry, lipophilicity, and chemical 
environment of the target sulfhydryl group affect their activities [21]. 

Vernomenin (1), vernolepin (5), and 11ß,13-dihydrovernodalin (6), 
isolated from V. leopoldi, for the first time in the present study as well as 
the novel compound 11ß,13-dihydrovernodalol (7) were found to be 
cytotoxic to JIMT-1 and MCF-7 breast cancer cell lines at low doses, 
however, somewhat less toxic to MCF-7 cells compared to JIMT-1 cells. 
They were also toxic to the normal-like MCF-10A cells to a similar de-
gree as to the JIMT-1 cell. We have previously studied the toxicity of 
other natural and synthesized SLs in the same cell lines and have then 
found a higher toxicity in JIMT-1 breast cancer cells compared to MCF- 
10A normal-like cells [22,26]. Apparently, the compounds 1, 5, and 6, 
are not as selective between the cancerous JIMT-1 cells and 
non-cancerous MCF-10A cells compared to the SLs we used in previous 
studies [22]. However, as will be discussed below, all compounds 
decreased the CSC sub-population of the JIMT-1 cell line and this is a 

favorable property of these SLs. 
Both vernomenin (1) and vernolepin (5) were first isolated from 

V. hymenolepis [27] and the spectra were used as a reference. A range of 
biological activities, including anti-trypanosomal [28,29] and cytotox-
icity against human pharyngeal carcinoma (KB) cells [27] were reported 
for vernomenin (1). It was also reported to be widely used in traditional 
Chinese medicine in various formulations [30]. 

In similarity with the present finding, vernolepin (5) was found to be 
cytotoxic to the normal L6 cell line [28], the normal VERO and LLC-PK1 
cell lines [31], and to SK-MEL, KB, BT-549, and SK-OV-3 cancer cell lines 
[27,31] at similar doses. Other biological activities reported for verno-
lepin (5) include anti-trypanosomal [28], anti-microbial [32], and 
platelet anti-aggregating [33] activities. 

The compound 11ß,13-dihydrovernodalin (6) has been isolated from 
the leaf of V. amygdalina [34] and the spectrum was used as a reference. 
This compound is common in various plants in the family Asteraceae 
[23,35,36]. Strong anti-plasmodial [36,37], anti-trypanosomal [28], 
and anti-feedant [34] activities were reported. In the present study, the 
compound 6 was found to be highly cytotoxic in all breast-derived cell 
lines studied, a finding which is corroborated by other reports [31,34]. 
However, our finding that 11ß,13-dihydrovernodalin treatment signifi-
cantly reduced the TNF-α-induced translocation of NF-κB to the cell 
nucleus has not been reported previously. The inhibition of NF-κB 
translocation testifies that the compound has mechanistic 
anti-inflammatory effects and also affects the maintenance of the CSC 
population [25,31,38]. 

The novel SL 11ß,13-dihydrovernodalol (7) isolated from V. leopoldi 

Fig. 7. The effect of treating with 2 μM concentrations of the SLs on cell migration using a scratch wound healing assay. Wound closure at 72 h after the scratch (A). 
Representative images taken with an inverted phase contrast microscope (B). VN, Vernomenin (1). VP, Vernolepin (5). DV, 11ß,13-Dihydrovernodalin (6). 1a2-P, 
11ß,13-Dihydrovernodalol (7). *P < 0.05; CI: 95%; all the values were compared against the control. Image bars = 100 µm. 
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is closely related to a compound called vernodalol (C20H24O8; 
392.404 g/mol). Vernodalol has a double bond at C1-C13 position 
whereas 11ß,13-dihydrovernodalol (7) is reduced at this position. In the 
present study we have shown that 11ß,13-dihydrovernodalol (7) is 
about 6.9 and 5.5 times more toxic to JIMT-1 and MCF-10A cells, 
respectively, in dose response experiments compared to vernodalol. 
Thus, such small difference in chemical composition can be exploited to 
increase the bioactivity of SLs of various kinds. The IC50 for vernodalol 
was elsewhere reported to be between 16.4 and 23.8 µM in NB4, GK-1a, 
and HL-60 cell lines derived from acute promyelocytic leukemia [39]. 
Vernodalol induced dose dependent G2/M growth arrest and apoptosis 
through the mitochondrial pathway and inhibited activation of the 
PI3K/Akt/mTOR signaling pathway [39]. 

The significant reduction of the ALDH+ CSC subpopulation of JIMT-1 

cells by treatment with the SLs in the present study indicates a possible 
selective inhibition on CSCs at the treatment concentrations used. In 
addition, the significant inhibition of cell migration in a scratch wound 
healing assay is an indication that the compounds may have a role in 
reducing a metastatic burden of cancer. Since CSCs possess more 
mesenchymal features than bulk cancer cells, the inhibition observed 
here may signify the role of the SLs to affect invasive features of the CSCs 
which is associated with metastasis [22,40]. 

Labeling a compound of interest with a fluorescence conjugate is a 
popular technique employed to study the intracellular accumulation and 
localization of xenobiotics [41]. To the best of our knowledge, the 
present study demonstrated for the first time that NBD can be conju-
gated with an SL for intracellular localization studies. The compound is 
found in the cytoplasm as well as in the nuclei. There is no clear 

Fig. 8. Effects of treating JIMT-1 cells with the SLs on TNF-ɑ-induced translocation of NF-κB to the cell nucleus. Positive nuclei in % of total nuclei number (A). 
Representative images from independent experiments for each treatment (B). VN, Vernomenin (1). VP, Vernolepin (5). DV, 11ß,13-Dihydrovernodalin (6). 1a2-P, 
11ß,13-Dihydrovernodalol (7). The control was treated with compound vehicle and TNF-α vehicle whereas TNF-α groups received compound vehicle for 60 min 
and then TNF-α. To visualize the NF-κB expression (green color), the cells were fixed and stained as described in the Materials and Methods section. The scale bars 
denote 20 µm. *P < 0.05; CI: 95%; all the values were compared against TNF-α treatment. 
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accumulation in specific organelles as example has been found for 
salinomycin-NBD [42]. The decreasing intensity after 24 h could be due 
to degradation or excretion of the compound by xenobiotic export 
pump. 

5. Conclusion 

In conclusion, the IC50 values in low μM concentrations point to the 
anti-proliferative activity of the compounds. The SL compounds re-
ported here have shown desired cytotoxicity and other bioactivities 
including reducing the stemness of JIMT-1 breast cancer cells. We 

isolated a novel SL, which despite a small difference in chemical struc-
ture compared to a related compound, was several fold more cytotoxic. 
Thus, a very small change in chemical structure resulted in a significant 
increase in toxicity which may be exploited to enhance the activity of 
SLs. The SLs, in general, are gaining attention for their potential appli-
cations in both cancer chemotherapy and chemoprevention. Wider 
bioassays are therefore recommended to obtain broader understanding 
of their specific anti-cancer effects and normal cell cytotoxicity. In 
addition, further well-designed studies are needed to clearly show the 
localization of vernolepin (5) and other SLs within the cancer cell. These 
would possibly include confocal microscopy imaging, differential la-
beling of organelles, and spectrophotometric determination of the level 
of NBD in the medium after incubating for 24–72 h. 
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