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Abstract: The methanol extract of the aerial parts of Celosia trigyna (Amaranthaceae) was successively frac-
tionated using n-hexane, dichloromethane, ethyl acetate, and n-butanol. The cytotoxic activity of the obtained
fractions was investigated using sulphorhodamine-B (SRB) assay against three carcinoma cell lines; breast ade-
nocarcinoma (MCF-7), colorectal carcinoma (HCT-116) and hepatocellular carcinoma cells (HepG2). The
dichloromethane fraction showed significant in vitro cytotoxic activities against the human cancer cell lines
HCT-116 and HEP-G2 with ICy, values of 10.9 and 11.2 ug/mL, respectively, while all fractions revealed weak
antioxidant activity using DPPH free radical scavenging method. The GC-MS analysis of the most cytotoxic
dichloromethane fraction has resulted in the identification of 12 compounds. The main constituents were
tetrahydroisoquinoline derivative (31.44%), 2,3-dimethylheptadecane (16.71%) and 3-octadecanone (15.56%).
Moreover, the phytochemical study of the dichloromethane and n-butanol fractions led to the isolation and iden-
tification of five known compounds identified as f-amyrin acetate (1), acacetin 8-C-o-rhamnosyl-(1—2)-f-glu-
copyranoside (2), apigenin 8-C-o-rhamnosyl-(1—2)-p-glucopyranoside (3), quercetin 3-O-o-rhamnosyl-

(1—6)-fB-glucopyranoside (4) and 3-hydroxyglutaric acid (5).
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The genus Celosia is a member of edible and
ornamental plants of the family Amaranthaceae. It
comprises about 65 species distributed in tropical
and warm regions of the world (1, 2). Two species
are grown in Saudi Arabia, including C. trigyna L.,
and C. polystachya Forssk (3, 4). Some plants of this
genus exhibit pharmacological activities such as
antioxidant, antidiabetic, tonic, immune-stimulato-
ry, antitumor, antibacterial, anti-inflammatory,
antiosteoporosis, antiulcer, hypolipidemic, diuretic,
larvicidal, antihypertensive, hypoglycemic and anal-
gesic activity (5).

C. trigyna is an annual erect herb commonly
called silver spinach, distributed in tropical Africa
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and grows in southwestern mountainous region in
Saudi Arabia. The leaves and flowers of C. trigy-
na are used for the treatment of diarrhea and
excessive menstruation. The fresh leaves are taken
for heart complaints and applied locally to boils
and skin diseases (6). C. trigyna justify its inclu-
sion in traditional recipes for the treatment of can-
cer in some studies as it has shown a potential
cytotoxic activity (7). Some pharmacological stud-
ies revealed that C. trigyna has analgesic and anti-
oxidant activity (8, 9).

The previous phytochemical investigation of
the plants from the genus Celosia have led to the
isolation of diverse chemicals, including flavonoids
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(10, 11), terpenoids and saponins (12-16), poly-
saccharides (17), alkaloids (18), cyclic peptides (19-
22), palmitic and oleanolic acid (15, 23), phenolics
(24), and fatty acids (25).

Flavonoid-O-glycosides, isoflavonoids and
their aglycones also are common in Celosia genus
(26-30). However, although C. trigyna is a well-
known plant in the traditional folk medicine of many
cultures, it has not been subjected to extensive phy-
tochemical and therapeutic study. Only one phyto-
chemical screening study on the leaves of this plant
species showed it contains flavonoids, amino acids,
terpenoids, saponins, and anthraquinones (8).

Study of phytochemical composition of some
species belonging to the genus Celosia may help in
its chemotaxonomic classification in the Flora of
Saudi Arabia. The aim of this study is to investigate
the phytochemical composition of the methanol
extract of C. trigyna as well as evaluating the antiox-
idant activity of the obtained fractions using DPPH
free radical scavenging method and the cytotoxic
activity against three carcinoma cell lines; breast
adenocarcinoma (MCEF-7), colorectal carcinoma
(HCT-116) and hepatocellular carcinoma cells
(HepG2) using sulphorhodamine-B (SRB) assay.

MATERIALS AND METHODS

Plant material

The aerial parts of C. trigyna L. were collected
during the flowering period from Wadi Lejib road
and Jabal Fayfa in Jazan region, Saudi Arabia (lati-
tude: 17°35°28.0” N and longitude: 42°55’41.1” E )
in April 2016 and identified by Dr. Wael T. Kassim,
Department of Botany, Jazan University, Saudi
Arabia. A voucher specimen (120-42016) has been
deposited in Jazan University Herbarium (JAZUH).

General experimental methods

Silica gel 60 (0.063 — 0.200 mm, Merck,
Germany), Sephadex LH-20 (Lipophilic Sephadex,
25-100 um, Sigma-Aldrich USA) and Polyamide
6C (Fluca USA) were for column chromatography.
Silica gel 60 F254 plates (Merck, Germany) was
used for thin-layer chromatography analysis. The
chromatograms were visualized under UV light
then sprayed with anisaldehyde and vanillin
reagents. UV spectra were recorded on an HP
Agilent 8453 (USA) Infra-Red spectra were recor-
ded on a Bruker IFS instrument. ESI-MS was per-
formed on Finnigan MAT SSQ 7000 instrument.
NMR spectra for the isolated metabolites were
obtained on Bruker 400 spectrometers using TMS
as an internal standard.

Extraction and isolation

The air-dried, powdered aerial parts of C. try-
gina (565 g) were extracted thrice with methanol
(3 x 2 L) at room temperature (24 h each). The com-
bined extract was concentrated under reduced pres-
sure to yield a sticky dark gum (39.7 g). The crude
extract was suspended in 500 mL water and succes-
sively partitioned with n-hexane, dichloromethane
(CH,Cl,), ethyl acetate (EtOAc), and n-butanol
(BuOH). Each fraction was concentrated in vacuo to
yield dry extracts (25.03 g, 3.27 g, 4.0 g, 74 g),
respectively. The CH,Cl, extract (3.72 g) was sub-
jected to silica gel open column chromatography
(230-400 mesh) and eluted using n-hexane-EtOAc
mixture with increasing polarity to afford 12 frac-
tions. Based on thin-layer chromatography (TLC)
profiles on silica gel eluted with n-hexane/EtOAc
(10 : 1, v/v), fractions 2-7 were combined and fur-
ther separated using silica gel column chromato-
graphy with n-hexane/EtOAc (15:1-5: 1, v/v) to af-
ford compound 1 (60 mg, white powder). Fractions
8-10 were combined (TLC on silica gel eluted with
n-hexane/EtOAc 20 : 1, v/v) then subjected to silica
gel column chromatography using the same TLC
system to afford compound 5 (colorless liquid). The
n-BuOH extract (7.4 g) was separated by polyamide
column chromatography eluted with water/ethanol
with decreasing polarity to afford 20 fractions.
Combined fractions 5-9 (paper chromatography
(PC) using the eluent butanol /acetic acid /water, 4 :
1 :5, v/v) were separated by preparative PC using
the same eluent system and further purified with
Sephadex LH-20 column chromatography using
MeOH to give compound 4 (140 mg, yellowish
powder). Compound 3 (82 mg, yellowish powder)
was isolated from the combined fractions 11-15
(preparative PC using the eluent 15% acetic acid)
and purified by Sephadex LH-20 column chro-
matography eluting with MeOH. Similarly, frac-
tions 17-20 were combined (PC using the eluent sys-
tem butanol /acetic acid /water, 4 : 1 : 5, v/v) then
purified on Sephadex LH-20 column chromatogra-
phy eluted with the isocratic system methanol-
ethanol (1 : 1) to give compound 2 ( 125 mg) as a
yellow amorphous powder.

Gas chromatography-mass spectrometry (GC-
MS) analysis

The dichloromethane soluble fraction of C. try-
gina was analyzed using Thermo Scientific GC-MS
equipped with AS 3000 autosampler, trace ultra GC
and ISQ detector. A non-polar column consisting of
5% phenylpolysilphenylene siloxane (Thermo
Scientific TR 5SMS) with dimensions of 30 m x 0.25
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Table 1. "C-NMR (150 MHz, CDCl;) data and selected HMBC correlations of compound 1.

B-amyrin acetate HMBC correlations (C—H) of compound 1
Position O, (ppm) | Position | 9, (ppm)
1 38.26 16 23.53
2 26.92 17 41.70
3 80.94 18 47.22
4 36.84 19 46.78
5 55.25 20 31.09
6 18.26 21 37.14
7 34.73 22 32.58
8 37.71 23 28.40
9 47.55 24 16.81 o)
10 32.49 25 15.56 Al
11 23.57 26 16.71 e
12 121.64 27 28.04 .
13 145.21 28 23.70
14 39.80 29 33.35
15 26.13 30 25.95
1 171.02
2 21.33
> O OH O
T
O//C 1‘\0 5
1
Ho~ ~OH
O
(@) OH

OH O

2 R=CHj

3 R=H

Figure 1. Chemical structures of compounds 1-5 from C. trigyna
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mm (internal diameter) X 0.25 pm (film thickness)
was used for separation of the components. Helium,
at a flow rate of 1 mL/min (constant flow mode),
was used as a carrier gas. A volume of 2 pL of sam-
ple extracts was injected in splitless mode. The
injection port was set at 260°C and the temperature
of the was initially set at 50°C for 2 min. Then it was
ramped to 140°C at rate of 5°C/min for 2 min and
finally to 280°C at rate of 3°C/min for 50 min. The
maximum oven temperature was set at 330°C. The
mass spectrometer was operated in an electron ion-
ization (EI) mode within the mass range of 50-700
amu with 20 scan times (min). The MS transfer line
temperature and ion source temperature were kept at
290°C and 300°C respectively with electron multi-
plier voltage of 1 Kv. The mass spectra were inter-
preted using the reference library of the National
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Institute of Standards and Technology (NIST), US,
along with Willey 5 and mass finder, as well as data
reported by Adams (31). The constituent percent-
ages were measured based on the peak area. The
components were identified after comparison with
those available in the computer library (NIST and
Willey) attached to the GC-MS instrument.

Cell culture and in vitro cytotoxic activity

Three human tumor cell lines, breast adenocar-
cinoma (MCF-7), colorectal carcinoma (HCT-116)
and hepatocellular carcinoma cells (HepG2) were
used in this study and obtained from the American
Type Culture Collection, Minnesota, USA. The cell
lines were maintained at the National Cancer
Institute, Cairo, Egypt, by serial subculturing. The
samples were prepared by dissolving 1 : 1 stock

Table 2. Cytotoxic activity of dichloromethane, ethyl acetate, n-butanol and n-hexane fractions of C. trigyna.

Dichloromethane Ethyl acetate
Cone. (pg/mL) MCF7 HCT-116 HEPG2 MCF7 HCT-116 HEPG2
0 1 1 1 1 1 1
12.5 0.903 0.439 0.435 0.956 0.964 0.91
25 0.741 0431 0.385 0.792 0.906 0.75
50 0.534 0513 0.335 0.414 0.846 0.54
100 0.395 0.581 033 0352 0.821 0.55
IC,, 62.7 10.9 1.2 44.4 nd.* nd.
n-Butanol n-Hexane
Conc. (ug/mL) MCF7 HCT-116 HEPG2 MCF7 HCT-116 HEPG2
0 1 1 1 1 1 1
125 0973 0.940 0.885 0.880 0.812 0.760
25 0.871 0.666 0.795 0.703 0.870 0.695
50 0.664 1.041 0.640 0.403 0.949 0.665
100 0385 1.051 0.550 0.282 0.940 0.580
IC,, 78.7 n.d. n.d. 42.1 n.d. n.d.

*n.d. (not determined)

Table 3. Antioxidant activity of dichloromethane, ethyl acetate, n-butanol and n-hexane fractions of C. trigyna.

Sample IC,, (pg/mL) LC,, (ng/mL)* Remarks
n-Hexane fraction 207.0 345.0 11.4% at 100 pg/mL
Dichloromethane fraction 129.6 208.7 25.5% at 100 pg/mL
Ethyl acetate fraction 164.4 256.0 14.3% at 100 pg/mL
n-Butanol fraction n.d.* n.d.* 10.1% at 100 pg/mL

*The ICs, value of the positive control, butylated hydroxyanisole (BHA), was measured as 53 +3.1 pg/mL. *The IC,, value of the positive
control, vitamin C, was measured as 12+ 3.5 pg/mL. *n.d. (not determined)
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solution in dimethylsulfoxide at 100 mmol/L and
stored at -20°C.

The cytotoxicity of the obtained fractions was
carried out using sulphorhodamine-B (SRB) assay
following the method reported by Vichai (32). The
cytotoxicity of the samples was compared with dox-
orubicin, the control anticancer drug. SRB is a
bright pink aminoxanthrene dye with two sulphonic
groups. It is a protein stain that binds to the amino
groups of intracellular proteins under mildly acidic
conditions to provide a sensitive index of cellular
protein content. The cells were seeded in 96-well
microtiter plates at initial concentration of 3 x 10°
cell/well in a 150 pL fresh medium and left for 24 h
to attach to the plates. Different concentrations 0, 5,
12.5,25, 50 ng/mL of extracts were added. The frac-
tions at each concentration were tested in triplicate.
The cells were treated with different fractions for 48
hours. Next, the cells were fixed with 50 pL cold
trichloroacetic acid 10% final concentration for 1
hour at 4°C. The plates were washed with distilled
water using (automatic washer Tecan, Germany)

and stained with 50 pL 0.4% SRB dissolved in 1%
acetic acid for 30 min at room temperature then
washed with 1% acetic acid and air-dried.

The dye was solubilized with 100 pL/well of
10 M Tris base (pH 10.5) and optical density (O.D.)
of each well was measured spectrophotometrically
at 570 nm with a microplate reader (Sunrise Tecan
reader, Germany). The mean background absor-
bances were automatically subtracted and mean val-
ues of each extract concentration was calculated.
The percentage of cell survival was calculated as
follows:

Surviving fraction = O.D. (treated cells)/

O.D. (control cells).

The ICs, values (the concentrations of drug
required to produce 50% inhibition of cell growth)
were also calculated.

Free radical scavenging activity

The free radical scavenging activity of extracts
was measured by 1,1-diphenyl-2-picryl-hydrazil
(DPPH) using the Shimada method (33). All

Table 5. 'H-NMR (600 MHz, MeOD) and “C-NMR (150 MHz, MeOD) data and HMBC correlations of compound 4.

Quercetin -3-0-o- thamnosyl-(1—6)--glucopyranoside (4)

Position 5, (ppm), J (Hz) dc(ppm) cosrfel;acttii)(il?(l\é[iCH)
2 157.45 H2, H6®
3 134.47 H1™
4 177.87
5 161.30 H6
6 6.16 (d, 2.1) 98.74 H8
7 164.90 H6, H8
8 6.34 (d, 2.1) 93.63 H6
9 156.91 H8
10 104.63 H6, H8
r 121.72 H2
2 7.87 (d, 2.3) 114.75
3 144.23 H2", H5"
4 148.54 H2", H5", H6
5 6.87 (d, 8.6) 116.66 H6"
6 7.57 (dd, 8.6, 2.3) 121.36 H5"
1™ 5.12(d, 8.1) 104.01

P | semn | Rmme s e
6 Yo 65.98 HI™
IO 4.54 (br s) 101.01
6" 1.23 (d, 6.1) 16.61
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Table 6. Chemical composition of the dichloromethane soluble fraction of the aerial parts of C. trigyna.
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No Compound RT Probability | Molecular Formula | Percentage %
1 tert-Hexadecanethiol 20.37 12.29 C,H,,S 1.31
2 1-Hexadecanol 27.71 4.2 C,H,,0 2.58
3 2,6,10-Trimethyltetradecane 31.71 18.26 C;H;, 1.97
4 3-Heptadecanone 37.71 61.45 C,,H,,0 6.5
5 3-Octadecanone 44.04 17.89 C,H;.O 15.56
6 Tetracosane, 11-decyl- 50.38 7.54 C,H,O 3.73
7 3-Chloropropionic acid, heptadecyl ester 57.38 10.85 C,H;,CIO, 7.55
s | e Temioande il | g5y | ans | cauvo, | i
9 Heptadecane, 2,3-dimethyl- 72.05 5.11 C,,H,, 16.71
10 7,8-Epoxylanostan-11-ol, 3-acetoxy 81.72 19.17 C,,H,,0, 3.22
11 Oleic acid, 3-(octadecyloxy) propyl ester 89.39 7.97 C,,H;,0, 0.34
12 Ziz;lgfzegr_;?;ﬁzl'l'°X"‘Sp‘r°(4’5)d"'°a'6’9‘ 93.056 |  9.89 C,H,0, 9.04
Total % 99.96%

extracts were screened at 100 pg/mL while the most
potent active extracts (gave more 90%) were
assayed at 25-75pg/ mL. Briefly, 0.1 mM solution of
DPPH in methanol was prepared. Then, 1 mL of this
solution was added to 3 mL of extract solution at
different conc. (25-75 pg/mL). The mixture was
shaken vigorously and allowed to stand at room
temperature for 30 min. Then the absorbance was
measured at 517 nm in a microplate reader. Lower
absorbance of the reaction mixture indicated higher
free radical scavenging activity.
DPPH scavenging effect (%) =
100 — [((Ag-A,)/Ag) X 100]

where A, was the absorbance of the control reaction
and A, was the absorbance in the presence of the
sample (34).

RESULTS AND DISCUSSION

Structure elucidation

The main reason to focus some light on C. trig-
yna is the widespread ethnomedical uses and the
lack of phytochemical studies of this plant species in
Arab peninsula (6-9).

The present study describes the isolation and
identification of five compounds from the aerial
parts of this plant (Fig. 1) including one oleanane-
type pentacyclic triterpenes 1; two flavonoid-C-gly-
cosides, 2-3, one flavonoid-O-glycoside 4 and 3-
hydroxyglutaric acid 5. This is the first report of
compounds 1-5 from the species C. trigyna.

Moreover, compound S has not been isolated previ-
ously from Amaranthaceae.

The structures of the obtained compounds were
elucidated by interpretation of their spectral data,
including 1D- and 2D-NMR ('H, "“C, DEPT-135,
HSQC, and HMBC) (Tables 1, 4 and 5) and by com-
parison with those reported data in the related liter-
ature (35-39). The compounds were identified as f-
amyrin acetate (1), acacetin-8-C-a-rhamnosyl-
(1>2)-B-glucopyranoside (2), apigenin-8-C-o-
rhamnosyl-(1—2)-B-glucopyranoside (3), quercetin-
3-0-or-rhamnosyl-(1—6)-f-glucopyranoside (4) and
3-hydroxyglutaric acid (5).

In vitro cytotoxicity and antioxidant activity

The cytotoxic effect of the C. trigyna organic
fractions against different human solid tumor cell
lines of breast adenocarcinoma (MCF-7), colorectal
carcinoma (HCT-116) and hepatocellular carcino-
ma cells (HepG2) was determined. As shown in
Table 2, the assay revealing metabolic cytotoxicity
of the tested fractions with ICy, ranged from 10.9 to
78.7 pg/mL. The dichloromethane fraction showed
the highest in vitro cytotoxic effect against HCT-
116 and HepG?2 cells with ICs, values of 10.9 and
11.2 pg/mL, respectively, compared to the drug ref-
erence doxorubicin. While the MCF7 cells were
moderately resistance to the dichloromethane frac-
tion with ICs, values 62.7 pg/mL. On the other
hand, the ethyl acetate and n-hexane fractions
exhibited mild activity against the breast carcinoma
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cell lines (MCF7) with ICy, values of 44.4 and 42.1
pg/mL, respectively, and very weak activity against
colon and liver carcinoma cell lines at all studied
concentrations.

The n-hexane, dichloromethane and ethyl
acetate fractions exhibited weak antioxidant activi-
ties using the DPPH free radical scavenging assay
with ICs, values of 207.0 pg/mL, 129.6 pg/mL,
164.4 pg/mL, respectively, while n-butanol fraction
showed very weak antioxidant activity (Table 3).

The remarked difference in cytotoxic activities
of dichloromethane fraction may be due to the
oleanane-type pentacyclic triterpenes content of this
fraction. These results are in agreement with the
recent findings of Sultana (40) and Fabiyi (41),
where they proposed that oleanolic acid and S-
amyrin acetate are powerful cytotoxic metabolites.
Further phytochemical and biological studies for
this plant species are needed.

GC-MS analysis

The GC-MS analysis of the dichloromethane
soluble fraction of the aerial parts of C. trigyna led
to the identification and quantification of 12 major
components accounting for 99.96% of the total com-
ponents present (Table 6). Tetrahydroisoquinoline
derivative (31.44%), 2,3-dimethylheptadecane
(16.71%), 3-octadecanone (15.56%), deca-6,9-
diene-2,8-dione derivative (9.04%), and 3-chloro-
propionic acid, heptadecyl ester (7.55%) were the
main components of the extract.

CONCLUSION

The main purpose of this study was to evaluate
the anti-proliferative properties of C. trigyna. To our
knowledge, this work is likely the first phytochemi-
cal study to assess the cytotoxic and antioxidant
activities of this plant species. Hence, we can come
to the conclusion that the dichloromethane extract
demonstrated the highest cytotoxicity against the
selected human cancer cell lines MCF-7, HCT-116
and HepG2. The GC-MS analysis of this extract led
to the identification and quantification of 12 major
compounds belong to 7 classes of compounds
including hydrocarbons, alcohols, ketones, esters of
fatty acids, steroids, alkaloids, and thiol. Moreover,
the phytochemical study of the dichloromethane and
n-butanol extracts afforded five identified com-
pounds not reported previously for this species. Till
date, the presence of novel secondary metabolites
with anti-cancer property to justify the inclusion of
this plant species in traditional recipes for the treat-
ment of cancer is not reported. Hence, based on the

results of our analysis and the low ICs, values of the
obtained fractions, further investigation in order to
more detailed characterization of chemical composi-
tion is still needed.
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