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Abstract
Context—Vernonia amygdalina Del. (VA; Asteraceae or Compositae) is a small tree growing
throughout tropical Africa. It is widely used for food and medicinal purposes by local people. It
was reported that it had several qualities, including anticancer activity.

Objective—A sesquiterpene lactone, vernodalinol, was isolated from VA leaves. The first
reported source of vernodalinol was in 2009 from a different plant, only 1H NMR spectrum and no
detailed structural analysis was carried out. No whole spectroscopic data were provided.

Materials and methods—VA dried leaves were extracted with 85% ethanol followed by
further separation into four fractions by liquid–liquid extraction technique using various solvents:
hexane, chloroform, and n-butanol. Vernodalinol was separated from the n-butanol fraction by
column chromatography. The biological activity of vernodalinol was evaluated in estrogen
receptor-positive (ER+) human breast carcinoma cells (MCF-7) in vitro.

Results—Results indicated that vernodalinol (25 and 50 μg/mL) inhibited breast cancerous cell
growth (DNA synthesis) by 34% (P < 0.025) and 40% (P < 0.025), respectively. It is reasonable to
expect an LC50 of 70–75 μg/mL for vernodalinol in MCF-7 cells.

Discussion and conclusion—Vernodalinol structure was confirmed using a battery of
spectroscopic methods, 1D and 2D NMR, high-resolution mass spectrometry (HR-MS), UV, IR,
and X-ray. These results suggest that vernodalinol, although it has some biological activity, is
likely to work in concert with other ingredients responsible for the anticancer activity exhibited of
VA.
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Introduction
Vernonia amygdalina Del. (VA), a member of the Asteraceae (or Compositae) family,
commonly called “bitter leaf,” is a small tree that grows up to 5 m in height. It grows
throughout tropical Africa. VA is widely used for food and medicinal purposes. The water
extracts of its leaves have been used as tonic drinks to prevent and/or treat various illnesses
(Farombi, 2003). Also, it was reported that VA has antioxidant (Oboh, 2005; Iwalokun et
al., 2006; Odukoya et al., 2007), hepatoprotective (Iwalokun et al., 2006), antimicrobial
(Jisaka et al., 1992b; Akinpelu, 1999), antiparasitic (Koshimizu et al., 1994), antiplasmodial
(Tona et al., 2004), and anticancer (Jisaka et al., 1992b; Izevbigie, 2003; Izevbigie et al.,
2004) activities.

In our previous research, we reported that VA aqueous extracts potently inhibited the growth
of human estrogen receptor-positive (ER+) cell line (MCF-7) in vitro at low concentrations
(12.5 μg/mL) by modulating the extracellular signal-regulated kinases 1 and 2 (ERK-1 and
-2) activities on MCF-7 cells (Izevbigie et al., 2004), cytochrome P450 enzymes (Howard et
al., 2003), and membrane disruption (Opata & Izevbigie, 2006). Also, we showed that using
solvent extraction, spectrophotometric, and chromatographic techniques can fractionate and
identify anticancer activity markers in VA extracts (Oyugi et al., 2009). With these previous
research results, the active components of VA, with anticancer activities, need to be
identified in next step. We used the bioassay method from our previous research to track the
active components in VA ethanol extract and found that two fractions of ethanol extract
showed anti-cancer activities. One was mid-polar fraction, which was chloroform fraction.
The other fraction was high-polar fraction, which was n-butanol fraction.

In this study, vernodalinol (Figure 1), (4aR,5R,6S,7S,8aR)-8a-ethenyloctahydro-5-
hydroxy-7-[[2-(hydroxymethyl)-1-oxo-2-propen-1-yl]oxy]-α,4-bis(methylene)-3-oxo-1H-2-
benzopyran-6-acetic acid (CAS 1158650-97-5), was isolated from n-butanol fraction, which
was one of the active fractions of VA ethanol extract. A battery of spectroscopic methods,
1D and 2D NMR, IR, UV, and high-resolution mass spectrometry (HR-MS), was used for
unequivocal structural determination. This is the first time obtaining the pure form of
vernodalinol and its detailed spectroscopic data. The isolated vernodalinol was also tested
for inhibition of DNA synthesis in MCF-7 cells in vitro to see if this compound is the active
ingredient for the anticancer activity exhibited by VA.

Methods
General experimental procedures

The melting point of vernodalinol was measured on the X-4 microscopic melting point
apparatus, made by Beijing Tech Instrument. Optical rotation was measured on WXG-4 disc
polarimeter, made by Shanghai Precision & Scientific Instrument. UV and IR were
measured on Unico (China) UV-2102PCS and Nicolet NEXUS470 FT-IR,
respectively. 1H, 13C NMR, gradient heteronuclear single quantum coherence (HSQC),
gradient heteronuclear multiple-bond correlation (HMBC), and gradient correlation
spectroscopy (COSY) and distortionless enhancement by polarization transfer (DEPT)
spectra were recorded on a Varian Unity INOVA 500 FT-NMR at 500 MHz for 1H and 125
MHz for 13C, respectively, in CH3OD with TMS as internal standard. Chemical shifts are
given in δ (ppm) and coupling constants in Hz. High-resolution electrospray ionization-mass
spectrometry (HR ESI-MS) was obtained on a Agilent 6200 series accurate-mass time-of-
flight (TOF) LC/MS. Column chromatography was performed over silica gel (300–400
mesh; Haiyang, China) and thin-layer chromatography (TLC) with silica gel HF254. X-Ray
crystal structure analysis was carried out with Nonius Kappa CCD diffractometer equipped
with an Oxford Cryostream cryostat.
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Plant material
Pesticide-free, fresh VA leaves were collected in Benin City, Nigeria, following Good
Agricultural Practices (GAP) in January 2006 and shipped to United States. The leaves were
rinsed with distilled water and spread out evenly on galvanized-wire screens with the edges
bent upward 2 in. on all sides. The galvanized-wire screen were placed in a specially
constructed dryer and heated to 55–60°C for complete dryness in 4 h. The VA leaves were
authenticated by Plant Quarantine Service, Federal Department of Agriculture, Nigeria
(Phyto-sanitary Certificate No. IK2006/075).

Extraction and isolation
The extraction and isolation processes followed Figure 2. From fractions 24 to 28, brown
crystals appeared in the vials. These fractions had the same components shown by TLC
analyses (Rf = 0.61 in the 80% chloroform and 20% methanol developing solvents).
Combined fractions 24 to 28 (150 mg) were recrystallized five times from anhydrous MeOH
in a Teflon crystallizer. After each recrystallization, the crystals were washed with EtOAc
and acetone separately. Colorless crystals (120 mg) were obtained.

Inhibition of DNA synthesis assay
DNA synthesis was determined by the incorporation of [3H]-thymidine into cellular nucleic
acids as we previously described (Izevbigie et al., 2000, 2002). Cells were grown to about
60% confluence in 35-mm diameter tissue culture plates with RPMI-1640 medium
containing 1% antibiotic–antimycotic solution containing 10,000 U/mL penicillin, 10,000
μg/mL streptomycin, and 25 μg/ mL amphotericin B (fungizone), and 10% fetal bovine
serum. Stock solution (5 mg/mL) was prepared by dissolving 5 mg of vernodalinol into 1
mL EtOH, and the cells were treated with either 25 or 50 μg/mL final concentrations of
vernodalinol. Untreated cells served as negative controls, whereas vehicle-treated cells
served as positive controls. The cells were then incubated for 18 h in a 37°C humidified 5%
CO2 incubator before the addition of 1 μCi/mL of [3H]-thymidine per 35-mm well,
following by an additional 4 h. The incubation was stopped by media aspirated, then
followed by three sequential washes with cold phosphate-buffered saline at pH 7.4. Two
times (2 mL/35 mm) of ice-cold 10% trichloroacetic acid (TCA) were added and the cells
were incubated for 10 min at 4°C. TCA solution was aspirated and the cells were washed
three times with ice-cold distilled water, and then solubilized with 2 mL of 0.5 M NaOH
solution at 37°C for 30 min. Upon solubilization, 1 mL per well aliquot samples was
transferred to scintillation vials into which 5 mL of scintillation cocktail was added. DNA
synthesis in treated and controlled cells was quantified by a Liquid Scintillation Analyzer
(Try-Carb 2700TR).

Statistical analysis
Data collected were analyzed using one-way analysis of variance (ANOVA) with post test
(GraphPad Prism, version 4). Means were further classified using Tukey–Kramer honestly
significant difference (HSD) test. P-values of <0.05 were considered significant.

Spectroscopic analyses
The colorless crystals from the above recrystallization has a melting point 217–218°C;
<math/> +178.70 (c 0.253, dry MeOH); UV (dry MeOH) λmax (log ε): 235 (2.76) nm; IR
(KBr) νmax 3600–2600 (–COOH), 3443 (s, O–H), 3108 (w, =C–H), 3083 (w, =C–H), 1707
(vs C=O), 1626 (m, C=C) cm−1; for 1H and 13C NMR spectroscopic data (CH3OD), see
Table 1. HR ESI-MS m/z 379.1383 [M + H]+ (calcd 379.1387 for C19H23O8).
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X-ray structure analysis of vernodalinol
A suitable colorless crystal, grown by slow evaporation of dry MeOH solution in a Teflon
crystallizer, was mounted on a Nonius Kappa CCD diffractometer equipped with MoKα
radiation (λ = 0.71073 Å) and an Oxford Cryostream low-T device. Crystal data: C19H22O8,
Mr = 378.37 g/ mol, monoclinic, P21, a = 6.1981(8) Å, b = 9.7736(10) Å, c = 15.545(2) Å, β
= 91.317(7)o, V = 941.4(2) Å3, Z = 2, Dcalc = 1.335 mg/m3, μ (MoKα) = 0.11 mm−1, T = 90
K, crystal size = 0.25 × 0.18 × 0.10 mm3. Total 21,053 reflections were collected in the
range 3.2° < θ < 30.9° (Rint = 0.066). The total number of independent reflections measured
was 5800, of which 5036 were observed [I > 2σ(I)]. Hydroxyl hydrogen atoms were refined
individually. Those on carbons were visible on difference maps, and were placed in
idealized positions. The final indices were R1 = 0.040, wR2 = 0.092 with goodness-of-fit =
1.03. The absolute configuration was chosen to be that accepted for sesquiterpene lactones
from higher plants (Fischer et al., 1979). Analysis of 2498 Bijvoet pairs by the method of
Hooft et al. (2008) based on resonant scattering of the light atoms yielded the parameter y =
−0.1(3). This corresponds to a probability of 0.998 that this configuration is correct. Data
have been deposited with the Cambridge Crystallographic Data Centre (CCDC) as
supplementary publication No. CCDC 748346. Copies of the deposited crystal data can be
obtained, free of charge, at via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; Fax: +44-(0)-1223 336033 or
deposit@ccdc.cam.ac.uk).

Results
Structure elucidation

Vernodalinol was isolated and purified from VA as colorless crystals. The molecular
formula was established as C19H22O8 from the positive HR ESI-MS at m/z 379.1383 [M +
H]+. Its IR spectrum displays carboxyl (3600–2600 cm−1), hydroxyl (3443 cm−1), carbonyl
(1707 cm−1), and alkene (1626 cm−1) functional groups. The absorption spectrum at λmax =
235 nm shows the presence of enones. The assignments of 1H and 13C NMR spectroscopic
data of vernodalinol are summarized in Table 1, based on HSQC, HMBC (Figure 3), and
COSY spectra. The 13C NMR spectrum shows 19 resonances. A DEPT NMR experiment
classifies the 19 13C NMR resonances into seven methylene, five methine, and seven
quaternary carbons.

Three carbonyl carbons are noted at δC 163.3 (C-16), 163.7 (C-3), and 166.5 (C-12). Eight
double-bond carbons are found at 139.7 (C-1), 112.9 (C-2), 131.4 (C-4), 136.2 (C-11), 127.0
(C-13), 131.2 (C-15), 138.6 (C-17), and 122.3 (C-19). Four oxygenated carbon resonances
are shown at 67.0 (C-6), 68.0 (C-8), 69.0 (C-14), and 58.5 (C-18). On the basis of HSQC
data, five protonated double-bond carbons are present: four gem-coupled resonances at δH/
δH 5.21/5.25, 5.79/6.34, 5.77/6.54, and 5.85/6.19 are assigned to H-2a/b, H-13a/b, H-15a/b,
and H-19a/b, which are attached to C-2, C-13, C-15, and C-19, respectively. One methylene
group shows its resonance at δH/δC 5.76/139.7, which is assigned to H-1/C-15. Also,
according to COSY data with coupling constants and multiplicities in Table 1, C-1 and H-2
are part of a vinyl group and H-1 and H-2b are trans to each other.

The COSY experiment shows the sequence: H-5–H-6–H-7–H-8–H-9. Resonances at δH/δC
2.55/49.2 (H-5/C-5) and 1.64 and 2.01/35.9 (H-9a and b/C-9) display in the HMBC
correlations with the carbon at δC 38.1 (C-10). From these data, a cyclohexane structure is
assigned. Because of the relatively large coupling constants ranging from 10 to 11.5 Hz,
H-5, H-6, H-7, H-8, and H-9a must be in the axial positions of the cyclohexane ring.
According to HMBC data in Table 1 and Figure 3, C-16, C-17, C-18, and C-19 compose an
independent system, a [2-(hydroxymethyl) acryloyl]oxy substituent. This substituent should
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link the C-8 through an ether bond because of the resonance at 5.38/68.0 (H-8/C-8) that
displays the HMBC correlation at δC 163.3 (C-16). The HMBC data also indicate that C-7 in
the cyclohexane ring connects with a prop-2-enoic acid moiety through its 2 position. The
propenoic acid is composed of C-11, C-12, C-13, and H-13a/b. The vinyl group connects
with the C-10 due to the resonance at δH/δC 5.76/139.7 (H-1/C-1) with C-10 at δC 38.1.
Because of HMBC, the carbons (C-3, C-4, and C-14) and hydrogens (H-14a/b) are in a δ-
lactone ring, which is fused with the cyclohexane ring with C-5 and C-10. C-15 and H-15a/b
form an exocyclic double bond with C-4 in the lactone ring.

For the bond between C-10 and C-14, there are two options, axial or equatorial. In COSY
spectrum, H-14a has correlation with H-5 (Figure 4), the coupling constant J = 2.0 Hz. This
long range four-bond coupling is only possible if all four bonds linking the two coupled
nuclei are arranged in a sterically fixed “W” configuration (Friebolin, 2005). Therefore, the
bond between C-10 and C-14 must be in the axial position to produce a “W” pattern
between H-14a and H-5 (Figure 4), which matches the X-ray crystal structure in Figure 5.

Crystal structure of vernodalinol shows a cis-fusion between cyclohexane and δ-lactone
rings, which is a common structural feature in sesquiterpene from Vernonia plants. The
structure of α-methylene-δ-lactone in the vernodalinol is very similar to what was reported
previously (Erasto et al., 2006). The bond angles around the quaternary carbon, C-10 are in
the range of 108.1°– 112.5° in vernodalinol, in comparison the methyl ester, vernodalol, was
reported to be in the range of 107°–117° (McPhail & Sim, 1971). The cyclohexane ring
adopts a slightly distorted chair conformation, with the endocylic torsion angle magnitudes
in the range of 50.60(14)– 58.53(14)°. The δ-lactone ring adopts a twisted envelope
conformation, with C-5 at the flat position. While C-5 is 0.534(1) Å out of plane, the other
five carbons of the ring are approximately coplanar, with mean deviation of 0.110 Å from
planarity. The twist axis bisects the C-3–O-1 and C-5–C-10 bonds, such that O-1, C-3, C-4,
and C-14 exhibit a mean deviation of 0.019 Å from planarity, whereas C-5 and C-10 lie
0.197(1) and 0.494(1) Å, respectively, on opposite sides of the plane. This is a typical
conformation of cis-fused α-methylene-δ-lactone ring.

Inhibition of DNA synthesis by vernodalinol
Exposure of MCF-7 cells to 25 and 50 μg/mL vernodalinol inhibited DNA synthesis by 34%
and 40% (P < 0.025), respectively, compared with solvent control (second bar in Figure 6).
While the inhibition activity of vernodalinol is relatively modest, it is comparable with
epigallocatechin-3-gallate (EGCG) LC50 value of 84 μM in human diploid fibroblasts
(Meng et al., 2008). Due to quantity limitation, we were unable to determine the LC50 for
vernodalinol in the present study. Based on the 34% and 40% inhibition by 25 and 50 μg/
mL, it is reasonable to expect an LC50 of 70–75 μg/mL for vernodalinol in these cells.

Discussion
Thus far, 32 compounds were isolated and identified from VA. They are classified into three
flavonoids (Igile et al., 1994): one steroidal alcohol (Arene, 1972), 10 steroid glucosides
(Ohigashi et al., 1991; Jisaka et al., 1992a, 1993; Kamperdick et al., 1992; Igile et al., 1994,
1995), 12 fatty acids (Erast et al., 2007b), and six sesquiterpene lactones that were vernolide
(Erasto et al., 2006, 2007a); vernodalol (Erasto et al., 2006); 11,13-dihydrovernodalin
(Ganjian et al., 1983); vernodalin (Kupchan et al., 1969); vernomygdin (Kupchan et al.,
1969); and hydroxyvernolide (Jisaka et al., 1992a). These sesquiterpene lactones show a
range of activities from antifeedant (Ganjian et al., 1983), antioxidant (Erasto et al., 2006,
2007a), antimicrobial (Kupchan et al., 1969), antiparasitic (Jisaka et al., 1992b) to anticancer
activities (Koshimizu et al., 1994).
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In this article, we report the isolation and structural elucidation of another sesquiterpene
lactone, vernodalinol. This lactone, the free acid form has not been isolated, but the methyl
ester was isolated by several reports. McPhail and Sim (1971) isolated the methyl ester of
vernodalinol, which was vernodalol, from Vernonia hymenolepis, a different species of VA,
and obtained X-ray crystal structure in 1971. Koul et al. (2005) synthesized the diacetate of
vernodalol in 2005. In 2006, Erasto et al. (2006) isolated vernodalol from VA. However,
their focus was on bactericidal, antifungal, and antioxidant activities of vernodalol (Erasto et
al., 2006, 2007a), not structural elucidation. The free acid form was reported by Pedersen et
al. (2009), who obtained a 1H NMR spectrum of vernodalinol from HPLC-PDA-MS-SPE-
NMR. The compound itself was not isolated in pure form from a different plant,
Distephanus angulifolius (DC.) H. Rob. & B. Kahn (Asteraceae).

Though our results show that vernodalinol just has a modest activity, previous researches
(Kupchan et al., 1969; Ganjian et al., 1983; Jisaka et al., 1992a; Erasto et al., 2006, 2007a)
have proved that sesquiterpene lactones isolated from VA are the key active ingredients
responsible for most of the activities exhibited of VA, including the anticancer activity. This
information suggests that in the future research we can focus on separating other
sesquiterpene lactones in VA or modifying sesquiterpene lactones found in VA by organic
synthesis.

Conclusion
In this study, another sesquiterpene lactone, vernodalinol, was isolated from VA and its
unequivocal structure was determined by a battery of spectroscopic methods and confirmed
by a detailed X-ray crystallographic analysis. Its biological activity was evaluated by DNA
synthesis assay. Vernodalinol showed a modest inhibition. At the concentrations of 25 and
50 μg/mL, it inhibited 34% (P < 0.025) and 40% (P < 0.025) MCF-7 cell growth,
respectively.
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Figure 1.
The structure of vernodalinol.
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Figure 2.
The flow chart of vernodalinol isolation.
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Figure 3.
Selected heteronuclear multiple-bond correlations (HMBC) for vernodalinol.
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Figure 4.
The conformation of cyclohexane ring for vernodalinol and the key correlation spectroscopy
(COSY) correlation.
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Figure 5.
Crystal structure of vernodalinol. (See colour version of this figure online at
www.informahealthcare.com/phb).
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Figure 6.
Inhibition of DNA synthesis by vernodalinol. Cells at the logarithmic growth phase were
treated with either 25 or 50 μg/mL for 18 h before addition of 1 μCi/mL [3H]-thymidine for
4 h. Each data point represents the mean of three independent experiments done in
duplicates (n = 3). Exposure of vernodalinol inhibited DNA synthesis in both concentration-
and solvent-dependent fashion. Vernodalinol at 25 μg/mL inhibited DNA synthesis by ~34%
(P-value <0.025), while at 50 μg/mL vernodalinol inhibited DNA synthesis by 40% (P-
value <0.025).
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Table 1
1H and 13C NMR (500 and 125 MHz, methanol-d) data for vernodalinol.

Position δH (mult., J, Hz) δ C gHMBC

1 5.76 (dd, 11.0, 17.5) 139.7 5, 9, 10, 14

2 a: 5.21 (d, 11.0)a 112.9 1, 5, 10

b: 5.25 (d, 17.5)a 1, 5, 10

3 — 163.7 —

4 — 131.4 —

5 2.55 (dd, 10.5, 2.0) 49.2 1, 3, 4, 6, 7, 9, 10, 14, 15

6 4.08 (dd, 11.0, 10.5)b 67.0 4, 5, 7, 11, 15

7 2.74 (dd, 11.5, 11.0)b 52.7 5, 6, 8, 9, 11, 12, 13

8 5.38 (dt, 11.5, 11.5, 4.5) 68.0 7, 9, 11, 16

9 a: 1.64 (dd, 13.5, 11.5) 35.9 1, 5, 7, 8, 10

b: 2.01 (dd, 13.5, 4.5) 1, 5, 7, 8, 10

10 — 38.1 —

11 — 136.2 —

12 — 166.5 —

13 a: 5.79 (d, 1.0) 127.0 7, 8, 11, 12

b: 6.34 (d, 1.0) 7, 8, 11, 12

14 a: 4.42 (dd, 12.0, 2.0) 69.0 1, 3, 5, 9, 10

b: 4.76 (d, 12.0) 1, 3, 5, 9, 10

15 a: 5.77 (d, 1.0) 131.2 3, 4, 5, 6, 10

b: 6.54 (d, 1.0) 3, 4, 5, 6, 10

16 — 163.3 —

17 — 138.6 —

18 4.19 (dd, 4.0, 2.0) 58.5 16, 17, 19

19 a: 5.85 (dd, 4.0, 3.0) 122.3 16, 17, 18

b: 6.19 (dd, 2.0, 3.0) 16, 17, 18

a
The gem-coupled resonance between these two hydrogens is invisible in the spectrum.

b
The coupling constants of H-6 and H-7 are very close and their multiplicities in the spectrum look like triplet, not doublet–doublet.
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