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Background: Spathodea campanulata P. Beauv. known as the African tulip tree has potential medicinal properties
that have been shown traditionally for the treatment of various ailments. The aim of the present study was
isolation, identification, and evaluation of the cytotoxic activity of phytochemicals from the chloroform extract of S.

Result: Three compounds were isolated by using column chromatography and preparative TLC from chloroform
extract of leaves of S. campanulata. The structures of the isolated compounds were elucidated by using
spectroscopic methods, including, FTIR, ESI-TOF MS, 'H NMR, and '*C NMR spectroscopy. In vitro cytotoxic activity
of compounds was evaluated by using SRB assay against human leukemia cancer cell lines (HL-60). Results were
expressed in ICsq values. Stigmasta-5,22-dien-3-ol, octadecenamide, and umbelliferone were isolated and identified
from chloroform extract. The isolated compounds showed cytotoxicity with decreasing cell viability in a dose-
dependent manner, but it was found low as compared to positive control, i.e, Adriamycin against HL-60 cell lines.

Conclusion: The results indicate that isolated compounds, i.e., stigmasta-5,22-dien-3-ol (44.12ug/ml),
octadecenamide (35.65pg/ml), and umbelliferone (80.60ug/ml) showed antiproliferative activity, but it was low
compared to positive control Adriamycin (10.09 ug/ml). Also, according to our knowledge, this study is the first
report on the isolation and identification of octadecenamide and umbelliferone from the leaves of S. campanulata.
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Background

Plants have been used for the prevention and treatment of
various diseases and ailments since ancient times and are
considered an excellent source of bioactive components.
The vast array of pharmacological properties associated
with medicinal plants included antidiabetic, analgesic, anti-
inflammatory, antimalarial, hypoglycemic, antimicrobial,
stimulant, immune-modulator, and anticancer [1]. Accord-
ing to the World Health Organization (WHO), 80% of the
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world population uses herbal medicine in some aspects of
primary health care. It is proved that plants have always
been a useful and promising source for anticancer com-
pounds. Approximately 60% of currently used anticancer
agents are derived from plants [2]. The National Cancer In-
stitute (NCI) has investigated approximately 35,000 differ-
ent plant species for potential anticancer properties, and
about 3000 species have demonstrated reproducible anti-
cancer activity [3]. Vincristine, vinblastine, etoposide, col-
chicinamide, Taxol, 10-hydroxycamptothecin, elliptinium,
curcumol, gossypol, lycobetaine, tetrandrine, homoharring-
tonine, monocrotaline, and curdione are remarkable anti-
cancer phytochemicals derived from plant species [4].
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Spathodea campanulata P. Beauv. belongs to the
Bignoniaceae family commonly known as the African
Tulip tree. It is a perennial plant native to the African
continent commonly used as folkloric medicine in
Nigeria [5]. Flowers of the plant show anti-inflammatory
and diuretic properties, while the leaves are used in kid-
ney diseases, urethra inflammations, and as an antidote
against animal poison [6]. Numbers of phytochemicals
have been isolated from S. campanulata such as triter-
pene acid, spathodic acid, sitosterol-3-p-D-glucopyrano-
side, steroids, ursolic acid, tomentosolic acid, and pectic
substances [7, 8]. Spathodol, triterpenoids 3-p acetoxyo-
leanolic acid, siaresinolic acid, and oleanolic acid are re-
ported from leaves [9], whereas the fruits contain
polyphenols, tannins, saponins, and glycosides [10].
Flowers contain oleic acid, anthocyanin, 1, 2-
benzenedicarboxylic acid, N-hexadecanoic acid, and dii-
sooctyl ester [11]. The plant was reported to have mol-
luscicidal [12], hypoglycemic, anti-complementary and
anti-HIV [13], antimicrobial [14], analgesic and anti-
inflammatory [15], antimalarial [16], and cytotoxic [17,
18] activity. In this study, we focused on the isolation
and identification of phytochemicals from chloroform
extracts of leaves of S. campanulata, and then we evalu-
ated the cytotoxic activity of isolated compounds on
HL-60 cell lines.

Methods

Plant material

The leaves of S. campanulata were collected from
Nagarjuna School campus, Kautha, Nanded district,
Maharashtra, India. The plant was authenticated by a
botanist. The voucher specimen was submitted to the
department (voucher specimen number: BSI/WRC/100-
2/Tech/2017/39).

Preparation of extract

S. campanulata leaves were dried at room temperature
and ground to a coarse powder prior to extraction using
an electric grinder. One kilogram of powdered leaf ma-
terial was defatted with n-hexane and then conducted
extraction in the Soxhlet apparatus using chloroform.
The extract was filtered, concentrated, and dried under
vacuum using a rotary evaporator at 40 °C and stored in
a refrigerator for further analysis.

Chemicals and reagents

Chloroform, n-hexane, ethyl acetate, methanol, cell lines
(HL-60, From NCCS, Pune), cell culture medium, fetal
bovine serum, sulforhodamine B, sodium bicarbonate,
trichloroacetic acid, acetic acid 10mM unbuffered Tris
base solution, dimethyl sulfoxide, and Adriamycin. All
required chemicals and reagents were purchased from
Merck Chemicals Ltd.
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Equipment

FTIR (BRUKER FTIR, ALPHA), ESI-TOF MS, (Q-TOF
MICROMASS), '"H NMR (BRUKER AVANCE NEO
500MHz), *C NMR (BRUKER AVANCE NEO 500MHz),
melting point apparatus (METTLER TOLEDO).

Isolation of phytochemicals from S. campanulata
chloroform extract by chromatography

In this study, we attempted to isolate compounds from
the chloroform extract of S. campanulata. The chloro-
form extract of leaves (15 g) was subjected to column
chromatography on silica gel (60-120 mesh, Merck)
eluted using a solvent mixture of increasing order of po-
larity of chloroform, ethyl acetate, and methanol mix-
ture. By using chloroform (F1-20), chloroform: ethyl
acetate (F21-30), and chloroform: ethyl acetate: metha-
nol (F31-50) fractions were collected. Fifty fractions (F1-
50) were collected and analyzed on TLC. Fractions with
similar TLC patterns were pulled together, and fractions
with inseparable compounds were rejected. Crude frac-
tions, i.e., CF1 (F9-19), CF2 (F21-25), and CF3 (F30-34)
were identified based on their response to spraying re-
agent and produced considerable yield. CF1 (F9-19) was
processed by column chromatography with chloroform
and obtained a compound known as compound 1. Pre-
parative thin layer chromatography of CF2 (F21-25) was
performed using silica gel H as adsorbent and chloro-
form: ethyl acetate (9.5:0.5) as a mobile phase. It was fur-
ther purified by column chromatography to get
compound 2. Compound 3 was recovered from CF3
(F30-34) by column chromatography using chloroform:
ethyl acetate: methanol (8.5:1:0.5).

Identification of phytochemicals by spectroscopy

The isolated compounds were identified by using spec-
tral data of Fourier transform infrared (FTIR), ESI-TOF
MS, and nuclear magnetic resonance (*H & 3C NMR)
spectroscopy and compared with available reference
data.

The melting point of the isolated compounds was de-
termined using the Digital Melting Point apparatus. A
small amount of samples was filled in the capillary and
kept in the apparatus. The melting point of the samples
was recorded which was displayed on the screen FTIR
spectra of isolated compounds recorded on the BRUKER
ALPHA FTIR instrument. Moisture-free samples were
directly kept on the sample holder plate and recorded
the spectra. "H NMR and >C NMR of the isolated com-
pounds were recorded on BRUKER AVANCE NEO 500
MHz NMR spectrometer using Tetramethylsilane
(TMS) as internal standard, and all chemical shifts were
measured in 8§ ppm. Mass spectra of the isolated com-
pounds were recorded on WATERS, Q-TOF MICRO-
MASS (ESI-MS) at SAIF, Panjab University, Chandigarh.
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Cell growth inhibition assay

In vitro cytotoxic activities of the isolated compounds
were carried out by SRB assay against HL-60 cell lines
[19, 20]. The SRB assay carried out by the cells were
seeded in 96 well-plate at the density of 20,000 cells per
well in culture medium and incubated overnight (24 h)
at CO, incubator.

Compounds were solubilized in dimethyl sulfoxide
(DMSO) and diluted with the medium to get different
concentrations (10, 20, 40, 80, 100 pg/ml) before they
were added to the cell culture medium. Plates were incu-
bated for 24 h at 37 °C in a 5% CO, atmosphere. After
the incubation period, cells were fixed by the gentle
addition of 50 pl of ice-cold 30% (w/v) TCA (final con-
centration, 1% TCA) and incubated again for 60 min at
4 °C. The supernatant was discarded, and the plates were
washed five times with distilled water and air-dried. Fifty
microliters SRB solution was added to each well and in-
cubated at room temperature for 20 min. After the
staining process, the residual dye was removed by wash-
ing five times with 1% acetic acid, and the unbound dye
was recovered. The plates were air-dried. The bound
stain was subsequently eluted by using 10 mM trizma
base, and the absorbance was read on a plate reader at a
wavelength of 510 nm with 690 nm reference wave-
length. In this assay, negative control (medium with cells
without compounds) and positive control (medium with
cells and Adriamycin) were used.

Statistical analysis

Each experiment was conducted in triplicate, and the
obtained results were given as mean values. ICs, values
were calculated using a mathematical formula and apply-
ing statistics [19, 20].

Result

In this study, stigmasta-5, 22-dien-3-ol, octadecenamide,
and umbelliferone were isolated from chloroform extract
of S. campanulata. All isolated compounds were ana-
lyzed by spectroscopic methods (FTIR, ESI-TOF MS, 'H
NMR, and *C NMR) and compared with those reported
literature data. The compounds identified were as
follows:

Stigmasta-5, 22-dien-3-ol (67 mg): (Cy9H4g03) white
crystalline powder, melting point 160 °C; FTIR spectra
showed characteristic band at 3666.18 cm™, 2933.57
em™, 145321 ecm™, 137623 cm™, and 1054.57 cm ™.
Mass spectra were taken and molecular ion peak ob-
served at 412.25 [M]" and other ion peak appeared at
409.42, 393.52, 380.21, 301.48, 302.52, 274.65, 254.52,
and 149.42. '"H NMR spectra (CDCl3) showed peaks at §
0.6 (3H, s, CH3-29), 0.7 (3H, s, CH3-18), 0.8 (3H, d,
CH3-26, and CH3-27), 3.5(1H, -OH, H-3), and 5.3 (ole-
finic protons H-6). ">*C NMR spectrum showed presence
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of 29 carbon atoms in the structure. The spectrum
showed different ppm, viz, § 31.67 (C-1), 37.26 (C-2),
71.83 (C-3), 42.23 (C-4), 140.75(C-5), 121.73 (C-6), 31.91
(C-7), 31.91 (C-8), 50.16 (C-9), 36.53 (C-10), 21.10 (C-
11), 39.69 (C-12), 42.31 (C-13), 56.88 (C-14), 24.37 (C-
15), 28.93 (C-16), 55.96 (C-17), 12.26 (C-18), 19.41 (C-
19), 40.50 (C-20), 21.08 (C-21), 138.33 (C-22), 129.20
(C-23), 51.25 (C-24), 31.91 (C-25), 18.99 (C-26), 21.22
(C-27), 21.22 (C-27), 25.42 (C-28), 12.06 (C-29) (Fig. 1).

Octadecenamide (70 mg): (C;3H35NO) white, wax like
solid, melting point 95 °C. The FTIR spectra showed fre-
quency bands at 3300 cm™!, 293541 cm™', 1690.85
ecm™!, 1516.77 ecm™', 1457.50 cm™', 1375.55 cm™', and
1053.32 cm™'. Mass spectra showed molecular ion peak
at m/z 282.60 [M]", and other ion peak appeared in the
mass spectra at 265.73, 247.63, 223.65, and 209.23. The
'H NMR exhibited signals at 6 0.8 (3H, t, CH3-18), 1.3—
1.4 (20H, m, methylene), 1.6 (2H, m, H-3), 2.0 (4H, m,
H-8, H-11), 2.2 (2H, CH,CONH,, H-2), and 5.3 (2H, m,
H-9, H-10). **C NMR (CDCl;) showed peaks at different
ppm, viz.,, § 17645 (C-1), 35.78 (C-2), 31.74 (C-3),
27.76-27.36 (C-4 to C-7) and (C-12 to C-15), 25.54 (C-8
and C-11), 127.77 (C-9), 127.72 (C-10), 22.63 (C-17),
and 14.11 (C-18) (Fig. 2).

Umbelliferone (60 mg): (CoHgO3) white, crystalline
solid, melting point 232 °C. FTIR spectra showed fre-
quency band at 3204.27 cm™', 1683.15 cm™’, 1606.53
ecm™, 1581.25 cm ™, and 831.08 cm™*. The mass spectra
showed peak at m/z 162.32 [M]", 149.42, 134.63, 105.25,
and 85.43. "H NMR spectra showed signals at 8 6.7 (1H,
d, H-4), 6.8 (1H, d, H-8), 7.3 (1H, d, H-6), 7.4 (1H, d, H-
5), 7.5(1H, d, H-3), and 7.6 (1H, s, at OH). "CNMR
showed the presence of nine carbon atoms in the struc-
ture and showed peaks at different ppm, viz., § 162.40
(C-2), 11341 (C-3), 153.74 (C-4), 111.30 (C-4a), 125.99
(C-5), 11342 (C-6), 162.12(C-7), 103.35 (C-8), and
155.03 (C-8a) (Fig. 3).

The 1Csq value of isolated compounds (Table 1) was
calculated in Microsoft excel by linear regression equa-
tion and found to be 44.12 pg/ml (stigmasta-5, 22-dien-
3-ol), 35.65ug/ml (octadecenamide), and 80.60pg/ml
(umbelliferone).

Discussion

Cancer is one of the most life-threatening and dreadful
diseases. It is the second leading cause of death in devel-
oped and developing countries and represents a major
public health problem [22]. Cancer is a complicated gen-
etic disease defined as uncontrolled growth, angiogen-
esis, invasion, and metastasis [23].

The present study aimed to isolate phytochemicals
from chloroform extract by column chromatography
and preparative TLC which led to the isolation of three
compounds (Fig. 4). The structures of the isolated
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Table 1 Cytotoxic activity of isolated compounds from S.
campanulata (ICsq pg/ml)

S.N. Name of compound 1C50 (ng/ml)
1 Stigmasta-5, 22-dien-3-ol 4412
2 Octadecenamide 35.65
3 Umbelliferone 80.60
4 Adriamycin 10.09
compounds were determined using spectroscopic

methods including FTIR, ESI-TOF MS, "HNMR, and '*
C NMR.

Compound 1 was obtained as a white crystalline solid.
Its molecular formula was established to be (CyoH,50)
from its ESI-TOF MS spectral data. The IR spectrum ex-
hibited frequencies at 3666.18 cm™" that is characteristic
for —OH stretching. The stretching and bending vibra-
tion of the methyl part was indicated by an intense peak
at 2933.57 cm ™' and the vibration of the methylene part
was shown by medium intensity peak at 1453.21 cm ™.
The peak at 1376.23 cm ! is due to CH,(CHs),. The
corresponding C—C vibration was shown as a weak in-
tense peak at 1054.57 cm™'. The 'H-NMR spectrum of
compound 1 showed methyl proton peaks at 6 0.6 (3H,
CH3-29), 0.7 (3H, CH;3-18), and 0.8 (3H, CH3-26, and
CH3-27). The peak at § 3.5 indicates the proton of hy-
droxyl group attached at the C-3 position (i.e., 1H, -OH
on C-3). "H-NMR spectrum also showed peaks at & 5.3
indicating the presence of olefinic protons in the struc-
ture. The compound was further confirmed by '*C
NMR spectroscopy. In *>*C NMR spectrum, the peaks at
8 140.75, 121.73, 138.33, and 129.20 are assigned to C-5,
C-6, C-22, and C-23 of C=C double bonds, respectively.
The peaks at § 140.75 and 121.73 (C-5 and C-6, respect-
ively) are assigned to C=C double bond carbons in the
cyclic structure of the compound. Reports showed that
the existence of unsaturation between C-5 and C-6 in-
troduces easily recognizable signals at § 140.75 and
121.73. The peaks at & 138.33 and 129.20 are assignable
to the external C=C double bond carbon atoms, and the
peak at & 71.83 is associated with the  hydroxyl carbon
of C-3. The spectrum of compound 1 also confirmed
that the peaks at § 140.75, § 36.53, and 6 42.31 indicate
quaternary carbon atoms. Thus, by comparing spectral
data with literature reports, compound 1 was found to
be identical with stigmasta-5, 22-dien-3-ol [24—26].

Compound 2 was obtained as a white solid substance.
ESI-TOEMS spectra gave molecular ion peak at m/z at
282.60, compatible with the molecular formula
(C1gH35NO). The IR spectra of compound 2 revealed
the characteristic absorption bands at 3300 cm™" due to
N-H stretching that predicts the presence of amide NH,
group, and amide C=O stretching was observed at
1690.85 cm™'. The stretching and bending vibration of
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Fig. 4 Chemical structures of the isolated compounds from leaves of S. campanulata

the methyl part was indicated by an intense peak at
293541 cm™, and the vibration of the methylene part
was shown by a medium intensity peak at 1457.50 cm ™.
The peak at 1375.55 cm™* is due to C—H bending of
CHjs. The corresponding C—C vibration was shown as a
weak intense peak at 1053.32 cm™'. 'H NMR spectra
showed the resonance signals, olefinic protons -CH=CH
at 6 5.3 (2H, m), protons « to carbonyl and adjacent to
—C-0 at 2.2 (2H, t), protons [ to carbonyl at § 1.6 (2H,
m), methylene group —CH,- adjacent to —-CH=CH at &
2.0 (4H, m), and others at §1.3—-1.4 (20H, m), terminal —
CH; § 0.8 (3H). '*C NMR spectra indicated the presence
of a total of 20 carbon atoms in the structure and con-
firmed the presence of —C=0 at C-1 (176.45), two ole-
finic carbons at 127.77, 127.72 for C-9 and C-10
respectively, 8 —CH, ranging from 27.76 to 27.36, and
one —CHj3; at 14.11. Based on the spectral data and

comparison of the data given in the previous literature,
compound 2 was identified as octadecenamide [27].
Compound 3 obtained as yellowish-white, crystalline
solid, ESI-TOFMS spectra gave molecular ion peak at m/z
at 162.32, compatible with the molecular formula
(CoHgO3). FTIR spectra of compound 3 showed bands at
3204.27 cm™ for the phenolic aromatic ring (Ar—OH)
and characteristic band at 1683.15 to 1606.53 cm™* for
lactone ring. The corresponding C=C vibration was shown
by peaks at 1581.25 cm ™, and the C—H vibrations of the
unsaturated part were observed at 831.08 cm™. The NMR
spectrum showed signals displayed by three protons on
the benzene ring at § 7.4 (1 H, d), 6.8 (1 H, d), and 6.7 (1
H, s) probably due to the presence of 1, 2, 4-trisubstituted
benzene ring. The NMR spectrum also showed the pres-
ence of 1, 2-disubstituted cis-olefin protons at 7.3 (1H, d)
and 7.4 (1H, d). The *C NMR spectral data showed
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eleven signals. The C-2 of the structure indicative of signs
of carbon a-carbonyl, f-unsaturated at 6 162.40 character-
istic feature of lactone ring without substituent in the C-3
and C-4 carbon atom, and & 155.03 relates to =C-O.
Based on spectral data and comparison with published
data in previous literature, compound 3 was confirmed as
umbelliferone [21, 28].

Numerous studies have reported the cytotoxic activity
of isolated compounds against different human cancer
cell lines, viz., stigmasta-5, 22-dien-3-ol, octadecena-
mide, and umbelliferone through various mechanisms
and pathways. The anticancer activity of stigmasterol
against Ehrlich ascites carcinoma [21], breast cancer
cells [30], liver cancer cells [31], and Hela cells [32] were
reported in the literature. The anticancer activity of
umbelliferone against HepG2 hepatocellular carcinoma
cells via the induction of apoptosis and cell cycle [33]
and human renal cell carcinoma [34] were reported. In
previous reports, antibacterial and anticancer activities
of 9-octadecenamide (Z) present in biosurfactants from
halophilic Halomonas sp. was shown [35]. Antibacterial
and anticancer activity of a sediment-derived fungus
fraction that contains oleamide was also identified [36].

In the present study, the cytotoxic activity of the iso-
lated compounds was evaluated against HL-60 cell lines,
and ICs, values were found to be 44.12 pg/ml (stig-
masta-5, 22-dien-3-ol), 35.65 pg/ml (octadecenamide),
and 80.60pg/ml (umbelliferone). Among isolated com-
pounds, octadecenamide showed more cytotoxicity but
less than Adriamycin against HL-60 cell lines.

Conclusion

In conclusion, the phytochemical study of chloroform
extract of leaves of Spathodea campanulata led to the
isolation of three compounds, i.e., stigmasta-5, 22-dien-
3-ol, octadecenamide, and umbelliferone. The identifica-
tion of isolated compounds was carried out by using
spectroscopic data. All isolated compounds exhibited
dose-dependent cytotoxicity against HL-60 cell lines,
which was found to be less than positive control Adria-
mycin. This is the first time that octadecenamide and
umbelliferone were isolated from this plant. This trad-
itional plant could be considered as a potential source of
bioactive phytochemicals in the drug discovery process.
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