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equisetifolia
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Abstract

Background Casuarina equisetifolia belongs to the Casuarina species with the most extensive natural distribution,
which contain various phytochemicals with potential health benefits. This study aimed to investigate the chemical
composition and biological activities of different extracts of Casuarina equisetifolia.

Methods The n-hexane extract was analyzed for its unsaponifiable and fatty acid methyl esters fractions, while chlo-
roform, ethyl acetate, and butanol extracts were studied for their phenolic components. Six different extracts of C.
equisetifolia needles were evaluated for their total phenolic content, total flavonoid content, and their antioxidant,
antimicrobial, and cytotoxic activities.

Results The n-hexane extract contained mainly hydrocarbons and fatty acid methyl esters, while ten phenolic com-
pounds were isolated and identified in the chloroform, ethyl acetate, and butanol extracts. The methanolic extract
exhibited the highest total phenolic and flavonoid content, highest antioxidant activity, and most potent cytotoxic
activity against HepG-2 and HCT-116 cancer cell lines. The ethyl acetate extract showed the most significant inhibition
zone against Staphylococcus aureus and Bacillus subtilis.

Conclusion Casuarina equisetifolia extracts showed promising antioxidant, antimicrobial, and cytotoxic activities.
Overall, Casuarina equisetifolia is a versatile tree with a variety of uses, and its plant material can be used for many dif-
ferent purposes.
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Background

Cancer is a complex disease that affects public health glob-
ally. Naturally occurring compounds found in vegetables
and herbs, such as alkaloids, terpenoids, and polyphenols,
have antitumor and chemopreventive effects. Up to 70%

* .

ﬁ;{;eéig;:degzedauah of approved anticancer agents have been derived from
we.el-sayed@nrc.scieg natural sources [1]. Casuarina equisetifolia is an ever-
! Chemistry of Medicinal Plants Department, Pharmaceutical and Drug green plant belonging to the Casuarinaceae family that
Industries Research Institute, National Research Centre, 33 El Buhouth St. . . R iy .

(FormerE| Tahrir St), Dokki, Giza 12622, Eqypt grows in various environmental conditions and is known
2 Physical Chemistry Department, Electrochemistry and Corrosion Lab, to store various compounds, including catechin, ellagic
National Research Centre, EI-Bohouth St. 33, Dokki, Giza 12622, Egypt acid, gallic acid, quercetin, and lupeol [2] The presence of

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12906-024-04422-4&domain=pdf

Abdallah et al. BMC Complementary Medicine and Therapies

diverse compounds, including carbohydrates, alkaloids,
proteins, glycosides, saponins, phenolics, flavonoids, tan-
nins, steroids, gum, reducing sugars, and triterpenoids,
was displayed by phytochemical screening of several
Casuarina equisetifolia parts [3]. Several compounds
have been isolated from Casuarina equisetifolia, includ-
ing kaempferol-3-a-rhmanoside, quercetin-3-a-araboside,
luteolin-3}4’-dimethoxy-7-8-rhamnoside, kaempferol-3-
B-dirhamnoside, and quercetin-3-f5-glucoside [3]. Addi-
tionally, compounds such as 6,7-dimethoxy coumarin
and scopoletin have been isolated from the chloroform-
soluble fraction of methanol extract of the plant’s fresh
leaves [4]. HPLC analysis has shown that the plant con-
tains phenolic and flavonoidal compounds, including
gallic acid, protochatechuic acid, quercetin, rutin, and
kampferol [5]. Casuarina equisetifolia has a long history
of traditional medicinal use, with various parts of the
plant being used to treat a range of ailments including res-
piratory, digestive, and skin disorders [6]. Recent scientific
research has focused on the plant’s phytochemical profile
and the assessment of its antioxidant, antimicrobial, and
cytotoxic activities [7—9]. Flavonoids are a group of poly-
phenolic compounds that are widely distributed in the
plant kingdom and are known for their antioxidant activ-
ity. Investigation of the antioxidant activity of different
extracts of Casuarina equisetifolia using various in vitro
assays, including the DPPH assay, the FRAP assay, and
the ABTS assay [10]. Several studies have investigated the
antimicrobial activity of the plant extracts against a range
of bacteria and fungi, including Staphylococcus aureus,
Escherichia coli, Candida albicans, and Aspergillus niger
[11]. Casuarina equisetifolia extracts have significant
cytotoxic activity against different cancer cell lines, like
breast cancer, lung cancer, and colon cancer cell line [12,
13]. The phytochemical profile and bioactivity of different
parts of the plant, including the leaves, bark, and wood
have been investigated [14]. According to our understand-
ing, limited work has been carried out on the antiprolifer-
ative activity of Casuarina equisetifolia needles, this study
aims to isolate some chemical components and investigate
the in vitro antioxidant, antimicrobial, and antiprolifera-
tive activities of different extracts of the plant’s needles.

Materials and methods

Plant material

In March 2022, needles from the C. equistefolia plant
were collected from an authorized farm in Zagazig city,
El-Sharkia governorate in Egypt. The Collection of the
plant was done according to the National Research Cen-
tre in Egypt following national institutional guidelines
and regulations. The identification of the plant was done
by Dr. Mona Marzouk, who is a Professor of Taxonomy
at the National Research Centre in Egypt. A voucher
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specimen of the plant was kept in the herbarium of the
National Research Centre with accession number M194.
The above-ground part of the plant was dried in the
shade for 10 days, with a daily reversal. Once completely
dried, the plants were finely powdered to facilitate extrac-
tion and analysis.

Extraction and fractionation of C. equistefolia
needles

A total of 1.5 kg of air-dried powdered C. equistefolia
needles were extracted exhaustively using 9 L of 80%
methanol through percolation. The resulting methanol
extract was then concentrated under reduced pressure,
resulting in a residue of 160 g. This residue was dissolved
in 750 mL of hot distilled water and left to stand over-
night. The filtrate was then subjected to sequential par-
titioning with hexane (3 x 500 mL), chloroform (3 x 500
mlL), ethyl acetate, n-butanol (3 x 500 mL), and the resi-
due of the mother liquor fraction.

Isolation of lipoidal matter

A portion of the hexane extract that was obtained was
subjected to saponification, which resulted in the pro-
duction of unsaponifiable matter and fatty acid methyl
esters.

About 2 g of the hexane extract were saponified by
refluxing with 100 mL N/2 alcoholic KOH. The unsapon-
ifilable matters were extracted by shaking with succes-
sive portions of diethylether (3x100 ml). The combined
ether extract was evaporated in vacuo till dryness to give
a yellowish semi solid residue of unsaponifiable matters
which were subjected to GC/MS analysis. The hydroal-
coholic soap solution after saponification was rendered
acidic (pH-2) with 5% sulphuric acid (H,SO,). The liber-
ated fatty acids were thoroughly extracted several times
with diethylether. The solvent was evaporated in vacuo at
about 40 °C till dryness. GC/MS analysis of the fatty acid
methyl esters was carried out [15].

GC/MS analysis of unsaponifiable fraction
GC/MS analysis of unsaponifiable fraction refers to the
use of gas chromatography (GC) coupled with mass
spectrometry (MS) to analyze the non-saponifiable com-
ponents of a sample, such as oils or fats.

Gas chromatography-mass spectrometry was used to
analyze the unsaponifiable fraction of C. equisetifolia
needles at the Department of Medicinal and Aromatic
Plants Research, National Research Center. The equip-
ment used for the analysis included a TRACE GC Ultra
Gas Chromatographs (THERMO Scientific Corp., USA),
coupled with a thermo mass spectrometer detector (ISQ
Single Quadrupole Mass Spectrometer) and a TG-5MS
column (30 m x 0.25 mm i.d., 0.25 um film thickness).
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Helium was used as the carrier gas at a flow rate of 1.0
mL/min and a split ratio of 1:10. The temperature pro-
gram used was 50°C for 3 min, followed by a rise of 5.0°C
/min to 300°C and holding for 20 min. The injector and
detector were maintained at 280°C.

GC/MS analysis for FAMEs

The analysis of the fatty acid methyl esters (FAMEs)
of C. equisetifolia needles was conducted using a tem-
perature program that began at 80°C for 1 minute, fol-
lowed by a rise of 4.0°C /min to 300°C and held for 1
minute. The injector and detector were set to 240°C,
and the diluted samples (1:10 hexane, v/v) of 0.2 pL of
the mixtures were injected. Helium was used as the car-
rier gas at a flow rate of 1.0 mL/min and a split ratio of
1:10. Mass spectra were obtained by electron ionization
(EI) at 70 eV, using a spectral range of m/z 40-450. The
National Institute of Standards and Technology (NIST)
reference library, Willey 5, and mass finder were used
to interpret the mass spectra, along with data reported
by Adams. The constituent percentages were deter-
mined based on the peak area.

Fractionation and isolation of the phenolic components

of C. equistefolia extracts

The chloroform extract weighing 1.3 g was passed
through a silica gel column chromatography with
230-400 mesh size, using an n-hexane-EtOAc mix-
ture with increasing polarity to obtain 31 fractions
of 100 mL each. The progress of the fractionation
process was monitored using paper chromatogra-
phy on Whatman 1 mm with n-butanol: acetic acid:
water (BAW) (3:1:1) and 15% acetic acid as solvent
systems. Fractions 2-7 were combined and subjected
to further separation on a silica gel column chroma-
tography with n-hexane/EtOAc (10:1, v/v) to isolate
compound 1 (43 mg). Similarly, fractions 10-12 and
16-24 were pooled together and subjected to column
chromatography using n-hexane/EtOAc (v/v) in ratios
of 10:1 and 7:3, respectively, to yield compounds 2
and 3, weighing 29 mg and 43 mg, respectively. For
the ethyl acetate fraction weighing 2.1 g, a Sephadex
LH-20 column (100 x 5 cm) was used with methanol:
water (90:10) as the solvent system to obtain 38 frac-
tions of 100 mL each. These fractions were then com-
bined based on their similarity, resulting in four main
sub-fractions, consisting of sub-fractions 4-9, 13-16,
18-24, and 27-33, respectively. The sub-fraction 4-9
(0.22 g) was subjected to silica gel column chromatog-
raphy (50 x 3 cm) using chloroform and chloroform-
methanol gradients. The main fraction obtained was
further purified on a Sephadex LH-20 column (50 x
3 cm) to isolate compound 4 (25 mg). Similarly, the
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13-16 sub-fraction (0.3 g) was purified using silica gel
column chromatography (50 x 3 cm) with chloroform:
methanol (95:5) as the eluent to yield compound 5 (30
mg). The 18-24, and 27-33 sub-fractions (0.2 g) were
subjected to preparative paper chromatography using
n-butanol: acetic acid: water (3:1:1) as the solvent sys-
tem. The two main bands were isolated, and the com-
pounds were further purified using a Sephadex LH-20
column eluted with methanol: water (95:5) to obtain
compounds C-6 (20 mg) and C-7 (35 mg). The butanol
fraction weighing 3.1 g was passed through a Polyam-
ide column (100 x 5 cm) using water, water/methanol
gradients, and methanol 100% to obtain fractions of
250 mL each. These fractions were then subjected to
paper chromatographic investigation on Whatman 1
mm using BAW (3:1:1) and 15% acetic acid as solvent
systems. The fractions exhibiting similar chromato-
graphic patterns were pooled together, and the main
compounds were further purified using small col-
umns of Polyamide using water/methanol gradients
and methanol 100%, and Sephadex LH-20 eluted with
methanol: water (95:5) to yield three compounds (C-8,
C-9, and C-10). The purity of the isolated compounds
was verified using TLC and PC.

Phytochemical screening

Quantitative analyses were conducted to examine the
phytochemicals present in six distinct extracts from C.
equistefolia, namely chloroform extract (7 CE), ethyl ace-
tate extract (8 CE), n-butanol extract (9 CE), methanol
extract (10 CE), aqueous mother liquor (11 CE), and hex-
ane extract (12 CE). Studies have shown that Casuarina
equisetifolia contains several classes of phytochemicals
such as flavonoids, tannins, alkaloids, terpenoids, and
phenolic compounds. These phytochemicals are known
to exhibit various biological activities such as antioxidant,
antimicrobial, and cytotoxic properties. Overall, the phy-
tochemical screening of different extracts of Casuarina
equisetifolia can help to identify the presence of various
bioactive compounds that may have potential pharmaco-
logical activities.

Total phenolic contents (TPC)

Using gallic acid as a reference standard, the Folin-Cio-
calteu method was employed to evaluate the total phe-
nolic contents of the six distinct extracts [16].

Total flavonoid contents (TFC)

The total flavonoid contents of the six different extracts
was assessed using the colorimetric method described by
[17], with quercetin as the reference standard. The TFC
was expressed in terms of quercetin equivalents per gram
of extract.
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Biological studies

Antioxidant activity assay

The DPPH method, as described by [18], was employed
to determine the radical scavenging activity of the six dif-
ferent plant extracts. The assay mixture consisted of 1 mL
of 0.1 mM DPPH (dissolved in methanol), and 1 mL of
extract (dissolved in 10 to 500 pg/mL methanol), and the
volume was made up to 3 mL with methanol. The mix-
ture was thoroughly shaken and left in the dark at normal
room temperature for 30 minutes. The absorbance was
measured at 517 nm using a blank solution (1 mL sample
+ 2 mL methanol). Quercetin was used as the standard
compound. The antioxidant activity of the plant extracts
was calculated using the following formula:
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Cytotoxic activity

At Al-Azhar University, The Regional Center for Mycol-
ogy & Biotechnology, the assessment of the impact on
cell viability for six distinct extracts was conducted using
HepG-2 and HCT-116 cell lines. The HepG-2 cells, which
are a type of human hepatocellular cancer cell line, and
the HCT-116 cells, which are colon carcinoma cells, were
procured from VACSERA Tissue Culture Unit.

Chemicals used

Sigma (St. Louis, Mo., USA) was the supplier of Dimethyl
sulfoxide (DMSO), crystal violet, and trypan blue dye.
Lonza was the source of Fetal Bovine serum, DMEM,
RPMI-1640, HEPES buffer solution, L-glutamine, gen-

Antioxidant activity (%) = 100 — {[(AB sample — AB blank)x100]/AB control} (1)

Where AA represents antioxidant activity, AB sample
represents the absorbance of the sample and DPPH, AB
blank represents the absorbance of the sample and meth-
anol, and AB control represents the absorbance of DPPH
and methanol.

Antimicrobial activity

The antimicrobial activity of six different extracts was eval-
uated against various microorganisms using a modified
Kirby-Bauer disc diffusion method, following the protocol
described by [19]. Six microorganisms, including bacte-
rial and fungal strains obtained from the Micro Analytical
Center at the Faculty of Science, Cairo University, were
investigated; Staphylococcus aureus (ATCC 12600) and
Bacillus subtilis (ATCC 6051) were used as Gram-positive
bacteria, while Escherichia coli (ATCC 11775) and Pseu-
domonas aeruginosa (ATCC 10145) were used as Gram-
negative bacteria. Candida albicans (ATCC 7102) and
Aspergillus flavus (ATCC 9643) were used as fungal strains.
Ampicillin and Amphotericin B (Bristol-Myers Squibb,
Switzerland) were used as standard antibacterial and anti-
fungal drugs, respectively. Filter discs impregnated with
10 pL of solvent (distilled water, chloroform, DMSO) were
used as negative controls. The zone of inhibition, or clear
zone, was designated as the region with no growth around
the disc. 100 pl of microbial suspension was spread onto
agar plates. The approved standard disc diffusion technique
for filamentous fungi (NCCLS, 2002) was used to investi-
gate the susceptibilities of filamentous fungi to antifungal
agents. The approved standard method for yeasts (NCCLS,
2003) was used. Plates inoculated with A. flavus were incu-
bated at 25°C for 48 hours. S. aureus, B. subtilis, E. coli, and
P aeruginosa were incubated at 35-37°C for 24-48 hours.
C. albicans was incubated at 30°C for 24-48 hours, and the
diameters of the inhibition zones were measured [20].

tamycin, and 0.25% Trypsin-EDTA. Crystal violet stain
(1%) was prepared by combining 0.5% (w/v) crystal violet
and 50% methanol, followed by adjusting the final vol-
ume with ddH,O and filtering it through a Whatmann
No.1 filter paper.

Cytotoxicity assay

To conduct the cytotoxicity assay, cells were seeded
into a 96-well plate at a concentration of 1x104 cells
per well, with 100 uL of growth medium added to each
well. After 24 hours, a fresh medium containing various
test samples and vinblastine sulfate as a positive control
were added. The test samples were added as two-fold
dilutions to the confluent cell monolayers dispensed
into 96-well, flat-bottomed microtiter plates (Falcon,
NJ, USA). The microtiter plates were then placed in a
humidified incubator with 5% CO, at 37°C for 48 hours.
Three wells were allocated for each test sample concen-
tration, with control cells being incubated without test
samples and with or without DMSO. It was observed
that the small amount of DMSO present in the wells
(maximum 0.1%) did not impact the experiment. To
assess cell viability, a colorimetric method was used, as
previously reported by [21]. Following aspiration of the
media, 1% crystal violet solution was added to each well
and left for 30 minutes, with the procedure completed
following [22]. Cytotoxicity refers to the ability of a sub-
stance to kill or damage cells.

Statistical analysis

The study’s outcomes were presented as mean + stand-
ard deviation (S.D). The data were analyzed and com-
pared using one-way analysis of variance (ANOVA) using
Graphpad Prism software (San Diego, CA. USA).



Abdallah et al. BMC Complementary Medicine and Therapies

Results

Identification of chemical constituents in hexane extract
Unsaponifiable fraction

The analysis of unsaponifiable fraction (UF) can pro-
vide valuable insights into the composition and poten-
tial health and industrial applications of various lipids
and oils. Gas chromatography/mass spectrometry (GC/
MS) was utilized to analyze the unsaponifiable fraction
of C. equistefolia needles. The total ion chromatogram
and the various components of the unsaponifiable frac-
tion were shown in Fig. 1. The unsaponifiable fraction’s
GC/MS analysis (Table 1) revealed that it included
a combination of triterpenes, sterols, and hydrocar-
bons. The hydrocarbons ranged from Cg to Cy5 with
C, (16.15%) being the predominant hydrocarbon. The
sterol a-sitosterol was also present (0.53%). The triter-
penes a-amyrin, germanicol, and lupenone were pre-
sent, with lupeol being the primary triterpene (9.09%).

Fatty acid methyl esters

The GC/MS technique was used to examine the fatty
acid methyl esters of C. equistefolia. The chromato-
gram (Fig. 2), depicted the analysis and presenting the
fatty acid composition. The findings from the analy-
sis of fatty acids using GC/MS (Table 2) showed that
there were 13 fatty acid methyl esters present, which
accounted for 89.44% of the overall acids. The primary
fatty acid was palmitic acid methyl ester (C,¢,,), which
constituted 54.75%, followed by arachidic acid methyl
ester at 10.27%.
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Identification of the phenolic components

Eight flavonoidal compounds and two phenolic acids were
isolated from different column chromatography techniques
of chloroform, ethyl acetate, and butanol extracts see Fig. 3.
The chloroform extract led to the identification of two phe-
nolic acids and one flavonoidal compound, while the ethyl
acetate and butanol extracts resulted in the isolation of
four and three flavonoidal compounds, respectively. The
structures of these compounds were determined through
color reactions, Rf values, chemical investigations such as
acid and enzymatic hydrolysis, and spectral measurements
including UV, NMR, and EI/MS. The spectroscopic data
were compared with previously published values to confirm
their identities [23, 24]. The compounds were identified as
caffeic acid (1), ferulic acid (2), apigenin (3), quercetin (4),
kaempferol (5), 3,5-dihydroxy-7,3 ‘4’ -trimethoxyflavone
(6), apigenin-7-O-glucoside (7), kaempferol-3,7-O-dirham-
noside (8), luteolin 6,8-di-C-glucoside (9), and quercetin-3-
O-a-rhamnosyl (17" —6"") B-glucoside (10).

A yellowish-brown powder compound C1, was obtained
in a quantity of 43 mg, has an R; value of 0.70 in BAW
and an R, value of 0.55 in 15% acetic acid. The UV Amax
(nm) of C1 in MeOH is 270 and 268, indicating that it has
a phenolic nature when sodium methoxide (NaOMe) is
added. The molecular formula of C-1 is CgHgO,, as con-
firmed by EI/MS with an m/z of 180. The 'H-NMR (500
MHz, CD;0D) spectrum of C1 shows peaks at dppm 7.65
(1H, d, J = 2.0 Hz, H-2), 6.24 (1H, d, ] = 9.2 Hz, H-5), 6.38
(1H, dd, ] = 8.2, 2.0 Hz, H-6), 7.21 (1H, d, ] = 15.9 Hz,
H-7), and 6.12 (1H, d, ] = 15.9 Hz, H-8). By comparing
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GC/MS chromatogram of the unsaponifiable fraction of C. equistefolia needles
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Table 1 GC/MS of the unsaponifiable fraction of C. equistefolia needles

Peak No. RT (min) Rel. % M. Wt. MF Compounds

1 8.44 354 142 CioHyo Decane

2 9.09 1.30 142 CioHy Octane, 3,3-dimethyl

3 9.34 0.84 129 CeH1NO, Cyclohexane, nitro-

4 9.98 144 138 CioHis Cyclopentane, pentylidene-

5 10.10 1.76 156 CiiHog Decane, 3-methyl

6 10.19 044 156 CiHou Decane, 4-methyl-

7 10.28 248 156 CiHou Decane, 2-methyl-

8 10.84 1.07 126 CoHig Cyclohexane, 1-ethyl-4-methyl-, trans-
9 11.00 1.32 127 C,H,5NO Cyclohexanone, 2-methyl-, oxime
10 11.35 13.78 112 CgHie 1-Hexene, 3,4-dimethyl-

11 11.59 132 152 CioHis0 6-Octen-1-yn-3-ol, 3,7-dimethyl-
12 11.82 1.88 156 CiHou Undecane

13 12.10 2.59 170 CioHog Decane, 3,7-dimethyl-

14 12.30 2.59 140 CoH,0 5-Heptenal, 2,6-dimethyl-

15 12.69 1.03 238 CigH300 Hexadecadien-7,11 ol-1

16 12.90 339 190 Ci3H,50 1-Hexen-4-ol, 3-methyl-5-phenyl-
17 13.02 1.74 170 CioHog Undecane, 2-methy!

18 13.15 6.98 170 CioHog Undecane, 4-methyl

19 1333 2.77 170 CioHae Undecane, 3-methyl

20 13.76 1.73 184 CioH60s3 Limonene

21 13.88 1.06 168 CioHou 6-Dodecene, (2)-

22 14.20 16.15 141 CHisN; Heptane, 4-azido-

23 1454 362 184 CisHog Undecane, 2,6-dimethyl-

24 14.75 0.84 186 C,Hy60 1-Octanol, 2-butyl

25 15.20 1.10 168 CioHou Cyclohexane, hexyl

26 15.30 0.74 140 CioHyo Cyclopentane, (3-methylbutyl)-
27 15.59 097 184 CisHyg Dodecane, 6-methyl

28 15.64 1.57 184 CisHog Dodecane, 5-methyl

29 15.76 1.74 184 Ci3Hog Dodecane, 4-methy!

30 15.89 2.88 184 CisHog Dodecane, 2-methy!

31 16.13 243 156 CiHou Octane, 2,3,7-trimethyl

32 16.25 040 168 CioHou 4-Undecene, 6-methyl

33 16.85 0.94 184 Ci3Hag Tridecane

34 2401 044 224 CigHao Cetene

35 2831 0.67 252 CigHse E-7-Octadecene

36 3222 0.72 280 CooHao 3-Eicosene

37 3579 047 280 CooHao 9-Eicosene

38 46.36 0.86 492 CysH5y Pentatriacontane

39 5215 1.53 414 CyoHs00 a-Sitosterol

40 5236 0.86 426 CaoHs0 a-Amyrin

41 5245 1.90 426 CH500 Germanicol

42 5266 1.90 424 C3pHy0 Lupenone

43 52.96 069 426 C3oHs500 Lupeol

this data with literature data [25], C1 was confirmed to be

caffeic acid.

A colorless powder compound C2, was obtained in a
quantity of 15 mg, with an Ryvalue of 0.48 in BAW and an

Rfvalue of 0.8 in 15% acetic acid. The molecular formula
of C2 is C;yH,,0,, as confirmed by EI/MS with an m/z of
194. The 'H-NMR (500 MHz, CD;0D) spectrum of C2
shows peaks at ppm 7.67 (1H, d, ] = 2.0 Hz, H-2), 9.12
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Fig.2 GC/MS Chromatogram of fatty acid methyl esters fraction of C. equistefolia needles
Table 2 GC/MS of fatty acid methyl esters fraction of C. equistefolia needles
Peak No. RT (min) Rel. % M. Wt. MF Compounds
1 4.98 0.34 158 CoHi50, Caprylic acid, methy! ester (Cg,)
2 8.62 0.82 242 Ci5H300, Myristic acid, methyl ester (C; )
3 13.04 5475 270 Ci7H3,0, Palmitic acid, methyl ester (C,,)
4 1441 0.76 296 CioH360, Oleic acid, methyl ester (¢1g.1)
5 16.76 6.68 294 CioH340, Linoleic acid, methyl ester (C,4.)
6 16.87 767 296 CioH360; 11-Octadecenoic acid, methyl ester (Cy4.,)
7 17.42 504 298 CioH350, Stearic acid methyl ester (C,g,)
8 20.77 043 292 CioH3,0; Linolenic acid, methyl ester (C;g.)
9 21.05 0.55 324 CyHa00, Gondoic acid, methyl ester (Cy.)
10 2157 10.27 326 CyH0, Arachidic acid, methyl ester(C,,)
1 23.55 0.20 340 CHu0, Heneicosanoic acid, methyl ester (C,;,)
12 2545 143 354 Cy3H460, Behenic acid, methyl ester (C,,,)
13 29.06 0.13 382 Cy5H500, Lignoceric Acid methyl ester (C,,,)

(C-3, OH, s, H-4), 6.42 (1H, d, ] = 8.0 Hz, H-5), 6.65 (1H,
dd, ] = 8.0, 2.0 Hz, H-6), 6.98 (1H, d, ] = 16.0 Hz, H-7),
6.12 (1H, d, ] = 16.0 Hz, H-8), and 3.60 (3H, s, O-Me).
The *C-NMR (125 MHz, CD,0D) spectrum of C2 shows
peaks at dppm 127.1, 110.8, 148.7, 150.0, and 115.7 for C
(1,2, 3,4, 5), and 123.5, 146.2, 116.1, and 170.8 for C (6,
7,8, 9), and 56.2 for O-Me. By comparing this data with
literature data [26], C2 was confirmed to be ferulic acid.

A vyellow shapeless compound C3, was found and its
Rf values were measured in two solvents, 15% acetic acid
and BAW (3:1:1), showing that it is an aglycone. The data
gathered from UV, MS, and "H-NMR analyses were iden-
tical to the data reported for apigenin in a previous study
by [27].

A yellow powder, compound C4 (also known as querce-
tin) was obtained in a quantity of 25 mg. Its behavior
in various solvent systems was analyzed through chro-
matography on PC, which showed that it is an aglycone
(with Ry values of 0.69 in BAW and 0.21 in 15% acetic
acid). The spectra measured for the compounds were
consistent with those reported for quercetin in a previous
study conducted by [27].

A vyellow shapeless substance, C5, was obtained in a
quantity of 30 mg. Its behavior in different solvent sys-
tems was analyzed through chromatography on PC,
which revealed that it is an aglycone (with R, values
of 0.72 in BAW and 0.11 in 15% acetic acid). The com-
pound’s UV spectra were measured in various solvents
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Fig. 3 Chemical structures of the phenolic compounds isolated from different extracts of Casuarina equistefolia needles
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(MeOH, NaOMe, AICl;, AICL;/HCl, NaOAC, NaOAC/
H,BO,), and its EI/MS and 'H-NMR spectra were
obtained as well. Based on the obtained data, the com-
pound was identified as kaempferol and the data was
consistent with that reported in a previous study by [28].
A yellow powder, compound C6, was obtained in a
quantity of 20 mg. Its behavior in different solvent sys-
tems was analyzed through chromatography on PC,
which revealed that it has R, values of 0.85 in BAW and
0.28 in 15% acetic acid. The compound’s UV spectra were
measured in various solvents (MeOH, NaOMe, AICl;,
AICl;/HCl, NaOAC, NaOAC/H;BOs), and its EI/MS and
'"H-NMR spectra were obtained as well. Based on the
obtained data, the compound was identified as 3,5 dihy-
droxy- 7,3, 4’-tri methoxy flavone, and the data was con-
sistent with that reported in a previous study by Elgindi
et al. in 2016. The compound has a molecular formula
of C;H,,0; and its "H-NMR spectra showed signals at
7.50, 7.22, 7.08, 6.80, and 6.53 ppm, which are attributed
to various protons in the molecule. The compound also
showed three signals corresponding to three methoxy
groups at 3.70, 3.66, and 3.63 ppm [29]. Compound C7
was identified as apigenin-7-O-glucoside, a yellow amor-
phous powder weighing 35 mg. Its chromatographic
behavior on PC in different solvent systems indicated
that it is glycosidic, with R, values of 0.36 in BAW and
0.28 in 15% acetic acid. Complete acid hydrolysis yielded
apigenin as an aglycone and glucose as the sugar moiety.
UV analysis showed A, values of 268, 291, and 333 nm
in MeOH, and 269, 314, and 382 nm in NaOMe, among
others. EI/MS analysis revealed a primary ion with m/z
432 and a secondary ion with m/z 270 for the aglycone
apigenin, indicating the formula C,H,,O;,. 'H-NMR
analysis showed peaks at § ppm 7.92 (2H,d, ] = 8.2 Hz
H-2,6), 6.90 (2H, d, ] = 8.15 Hz, H-3, H-5'), 6.82 (1H, d,
J=2.2 Hz, H-8), 6.43(1H, d, J= 2.2 Hz, H-6), 5.44 (1H,
d, J=7.4 Hz, H-1"), and 3.17-3.47 (5H, m, H-3"-H-6").
The data matched the characteristics reported in the lit-
erature [27]. The compound C8, also known as kaemp-
ferol-3,7-O-dirhamnoside, is a yellow amorphous powder
with a weight of 16 mg and a yield of 25 mg. It exhibits
glycosidic behavior based on its chromatographic prop-
erties in various solvent systems, with an R; value of
0.36 in BAW (3:1:1) and 0.70 in 15% acetic acid. Upon
complete acid hydrolysis, kaempferol is released as the
aglycone, while rhamnose is the sugar moiety. Its UV
spectrum shows absorption peaks at 254, 264, and 350
nm in MeOH, 254, 269, and 412 nm in NaOMe, 261,
305, 364, and 400 nm in AICl,, and 253, 270, and 349 nm
in NaOAc/H3;BO;, among others. Its EI/MS spectrum
exhibits a molecular ion peak at m/z 610 corresponding
to the molecular formula Cy,H;,0,,, with secondary ions
at m/z = 432 and m/z = 286 corresponding to the loss
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of rhamnose moieties. Its '"H-NMR spectrum in CD,0D
shows signals at § ppm 7.77, 6.9, 6.7, 6.45, 5.5, 5.32, 1.3,
and 0.9, which are consistent with the published data
[30]. The compound C9, luteolin 6,8-di-C-glucoside, also
known as Lucenin-2, is a yellowish powder with a glyco-
sidic nature. Its behavior on paper shows an Rf value of
0.30 in BAW (3:1:1) and an Rfvalue of 0.62 in 15% acetic
acid. Its UV spectrum in various solvents such as MeOH,
NaOMe, AICl;, AICl;/HCI, NaOAC, and NaOAC/H;BO,4
shows absorption maxima at different wavelengths. Its
molecular formula is C,;H;,0,,, and its EI/MS spectrum
shows a molecular ion peak at m/z 610. Its 'H-NMR
spectrum in DMSO-d6 shows signals at § ppm 7.55, 7.48,
6.88, 6.69, 4.76, and 4.81. It is identified as luteolin 6,8-di-
C-glucoside (Lucenin-2) by responding to enzymatic
hydrolysis with 5-glucosidase and resisting acid hydroly-
sis, indicating it is in C-glycosidic linkage. This identifica-
tion is consistent with previously reported data [15]. The
compound C10, Quercetin-3-O-a-rhamnosyl (17—6")
B-glucoside, also known as rutin, is a yellow amorphous
powder weighing 25 mg. Its chromatographic behavior
on PC in different solvent systems shows an Ry value of
0.38 in BAW (3:1:1) and an R, value of 0.66 in 15% ace-
tic acid, indicating its glycosidic nature. Upon complete
acid hydrolysis, it yields quercetin as an aglycone, rham-
nose, and glucose as sugar moieties. Its UV spectrum in
various solvents such as MeOH, NaOMe, AlICl;, AICl,/
HCl, NaOAc, and NaOAc/H;BO; shows absorption
maxima at different wavelengths. Its molecular formula
is C,;H3,0;4, and its EI/MS spectrum shows a molecular
ion peak at m/z 610. Its "H-NMR spectrum in DMSO-d6
shows signals at 6 ppm 7.50, 6.80, 6.34, 6.15, 5.11, 4.33,
3.90-3.20, and 0.95. It is identified as quercetin-3-O-a-
rhamnosyl (1”—6") B-glucoside (rutin), which is consist-
ent with previously reported data [31].

Quantitative analysis of the phytochemicals

Table 3 presents the findings on the total phenolic and
flavonoid contents, as well as antioxidant activity, of
various extracts of C. equistefolia needles. The metha-
nolic extract (10 CE) had the highest total phenolic con-
tent (58.44+0.37 mg/g gallic acid eq.), followed by the
ethyl acetate extract (8 CE) (49.33+0.32 mg/g gallic acid
eq.) and butanol extract (9 CE) (45.02+0.30 mg/g gallic
acid eq.). The total phenolic contents of the chloroform
extract (7 CE), mother liquor (11 CE), and hexane extract
(12 CE) were (41.21+0.29, 35.71+0.25, and 27.53+0.18
mg/g gallic acid eq.), respectively. Meanwhile, the metha-
nolic extract (10 CE) had the highest total flavonoid con-
tent (32.05+0.30 mg/g quercetin eq.), while the hexane
extract (12 CE) had the lowest total flavonoid content
(15.73£0.22 mg/g quercetin eq.). The results also revealed
that antioxidant activity increased as the absorption at
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Table 3 TPC, TFC and antioxidant activity of different extracts of
C. equisetifolia

Samples (TPC) (mg/g  (TFC) (mg/g  Antioxidant
gallic acid quercetin activity (%)
eq.) eq.)

Chloroform extract (7 CE)  41.21+0.29 18.31+0.25 70.11+0.22

Ethyl acetate extract (8 49.33+0.32 21.42+0.19 82.65+0.31

CE)

Butanol extract (9 CE) 45.02+0.30 20.12+0.28 81.23+0.17

Methanol extract (10 CE)  58.44+0.37 32.05+0.30 86.32+0.17

Mother liquor (11CE) 35.71+0.25 19.54+0.26 58.66+0.25

Hexane extract (12 CE) 27.53+0.18 15.73+0.22 49.22+0.19

517 nm decreased. The methanolic extract (10 CE) dem-
onstrated the most potent antioxidant activity, account-
ing for about 86.32%, followed by the ethyl acetate extract
(8 CE) at 82.65%.

Antimicrobial activity

The researchers screened six extracts for their antimicro-
bial activity against six microorganisms, including two
Gram-positive bacteria, two Gram-negative bacteria, and
two fungal species, and recorded the size of the inhibi-
tion zones in Table 4 and Fig. 4. The ethyl acetate extract
(8 CE) demonstrated a larger inhibition zone ranging
from 13 to 16 mm against Gram-positive (Bacillus sub-
tilis and Staphylococcus aureu) respectively, and Gram-
negative bacteria (P aeruginosa and E. coli), with a clear
zone diameter ranging from 12 to 13 mm. respectively.
The hexane extract (12 CE) demonstrated effective anti-
microbial activity against Gram-positive bacteria with a
range of clear zone diameters between 13 to 15 mm, and
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against Gram-negative bacteria with a range of 12 to 13
mm. Additionally, with a zone of inhibition of 12 mm.
ranging from 13 to 14 mm against both Gram-positive
and Gram-negative bacteria, the butanol extract (9 CE)
also demonstrated antibacterial activity. The chloroform
extract (7 CE) also showed antibacterial activity, with
clear zone widths of 12 to 13 mm against Gram-negative
bacteria and 13 to 14 mm against Gram-positive bacteria
(with a zone of inhibition of 12 mm). The study found no
inhibitory action against Gram-negative bacteria (E. coli),
but found modest antibacterial activity against Gram-
positive bacteria (S. aureus) and Gram-negative bacteria
(P. aeruginosa) with methanolic extract (10 CE) of Casu-
arina equisetifolia needles. The mother liquor extract (11
CE) showed less inhibitory activity compared to other
extracts against both Gram-positive and Gram-negative
bacteria. None of the extracts showed inhibitory activity
against fungal species Aspergillus flavus and Candida
albicans.

Cytotoxic activity

The resulting IC;, values, presented in Table 5, reveal
that these extracts displayed an inhibitory effects on the
viability of the two cell lines at different concentrations.
As the IC;, values decreased, the inhibitory activity of
the extracts increased. Notably, the methanol extract (10
CE) exhibited the most potent cytotoxic effect on both
cell lines, with the lowest ICy, values recorded at 3.68 pg/
mL and 5.59 pg/mL for HepG-2 and HCT-116, respec-
tively, that should be recommended for further clinical
studies. The chloroform extract (7 CE) displayed high
cytotoxic activity on both the HepG-2 and HCT-116
cancer cell lines, with low IC;, values of 11.2 pg/mL and
14.6 pg/mL, respectively.

Table 4 Antimicrobial activity of the different extracts of C equistefolia needles against Staphylococcus aureus (ATCC 12600) and
Bacillus subtilis (ATCC 6051) were used as Gram-positive bacteria; Escherichia coli (ATCC 11775) and Pseudomonas aeruginosa (ATCC
10145) were used as Gram-negative; Candida albicans (ATCC 7102) and Aspergillus flavus (ATCC 9643) were used as fungal species

Samples Inhibition zone diameter (mm/mg Sample)

Bacterial species Fungal species

Gt G~

B. subtilis S. aureus E. coli P. aeruginosa A. flavus C. albicans
Standards Ampicillin 31 24 30 28 - -

Amphotericin B - - - - 16 21

Chloroform extract (7 CE) 12 12 12 11 0.0 0.0
Ethyl acetate extract (8 CE) 13 16 13 12 0.0 0.0
Butanol extract (9 CE) 13 14 12 12 0.0 0.0
Methanol extract (10 CE) 12 10 10 10 0.0 0.0
Mother liquor (11CE) 10 10 10 10 0.0 0.0
Hexane extract (12 CE) 13 15 13 12 0.0 0.0
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Fig. 4 Different C. equistefolia extracts were tested using a modified Kirby-Bauer disc diffusion method for their antimicrobial effects
against Gram-positive bacteria like Staphylococcus aureus (ATCC 12600) and Bacillus subtilis (ATCC 6051), as well as Gram-negative bacteria
like Escherichia coli (ATCC 11775) and Pseudomonas aeruginosa (ATCC 10145) and Candida albicans (ATCC 7102)

Table 5 Cell Viability Inhibition (ICg, + S.D., pug/mL) of different
extracts on HepG-2 (liver carcinoma cell line) and HCT-116 (colon
carcinoma cell line)

Samples HepG-2 (IC5,) = HCT-116
S.D. ug/ mL (IC50) £S.D.
Hg/ mL
Chloroform extract (7 CE) 11.2£05 146+038
Ethyl acetate extract (8 CE) 153+1.3 275+19
Butanol extract (9 CE) 289+ 2.1 445 + 3.7
Methanol extract (10 CE) 3.68+0.1 559+03
Mother liguor (11 CE) 239+103 208 £ 8.6
Hexane extract (12 CE) 204 +9.8 153+74
Vinblastine Sulfate (Standard) 2.59+0.09 315+0.7

The ethyl acetate extract (8 CE) showed moderate
cytotoxic activity on both cell lines, with IC;, values of
15.3 pg/mL and 27.5 pg/mL for HepG-2 and HCT-116,
respectively. The butanol extract (9 CE) exhibited the
least cytotoxic activity on both cell lines, with IC,, values
of 28.9 pug/mL and 44.5 pg/mL for HepG-2 and HCT-116,
respectively.

In contrast, the hexane extract (12 CE) displayed mini-
mal cytotoxic activity on both the HepG-2 and HCT-116
cancer cell lines, with ICy values of 204 pug/mL and 153

pg/mL, respectively. Similarly, the mother liquor fraction
(11 CE) exhibited feeble cytotoxic activity against both
cell lines, with IC;jvalues of 239 ug/mL and 208 pg/mL
for HepG-2 and HCT-116, respectively.

Table 6 presents the results of this study, demon-
strating the inhibitory impact of the different extracts
against HepG-2 cell line. The chloroform extract (7 CE),
ethyl acetate extract (8 CE) and butanol extract (9 CE)
from C. equistefolia showed 98.03%, 97.46% and 96.18%
inhibition of the HepG-2 cells respectively, as shown in
Fig. 5, which illustrate the relationship between sample
concentrations and cell viability, revealing a gradual
reduction in cell viability as the extract concentration
increases.

The results of this study, as presented in Table 7, pro-
vide evidence of the inhibitory effects of the metha-
nol extract (10 CE), mother liquor (11 CE) and hexane
extract (12 CE) of C. equistefolia on HepG-2 cells in
comparable with the standard vinblastine sulfate. The
methanol extract (10 CE), from C. equistefolia showed
98.57% inhibition of the HepG-2 cells as shown in Fig. 6.
The mother liquor (11 CE) and hexane extract (12 CE)
of C. equistefolia on HepG-2 cells displayed 73.62% and
80.38% inhibition of the HepG-2 cells respectively, as
shown in Fig. 7.
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Table 6 Inhibition of HepG-2 cells by chloroform extract (7 CE), ethyl acetate extract (8 CE) and butanol extract (9 CE) of C. equistefolia

Sample conc. Chloroform Extract (7 CE)

Ethyl Acetate Extract (8 CE)

Butanol Extract (9 CE)

(hg/ml) Viability%  Inhibitory%  S.D.(t)  Viability% Inhibitory%  S.D.(+¥)  Viability% Inhibitory%  S.D. (%)
500 1.97 98.03 0.51 2.54 97.46 0.38 3.82 96.18 0.54
250 3.64 96.36 032 6.31 93.69 0.63 6.49 93.51 0.35
125 7.58 9242 0.64 13.89 86.11 0.97 15.76 84.24 0.62
62.5 16.92 83.08 1.39 20.63 79.37 049 31.85 68.15 0.81
31.25 28.36 71.64 0.86 3495 65.05 1.37 4632 53.68 1.96
15.6 40.83 59.17 2.95 49.27 50.73 3.81 7146 28.54 2.82
7.8 57.21 4279 1.73 70.88 29.12 3.26 87.29 1271 1.35
3.9 71.98 28.02 1.84 83.91 16.09 1.73 95.30 4.7 0.62
2 84.65 1535 132 9244 7.56 092 99.48 0.52 0.54
1 90.84 9.16 0.94 97.52 248 0.87 100 0 0

0 100 0 0 100 0 0 100 0 0

The findings suggest that the feeble potential inhibi- Discussion

tory effects of mother liqour (11 CE) and hexane extract
(12 CE) of C. equistefolia on HepG-2 cells (Table 7,
Fig. 7), in comparable with the standard vinblastine
sulfate may hold promise as a potential inhibitor of
HepG-2 cell proliferation, with increasing concentra-
tions of the extract. Nonetheless, vinblastine sulfate is
a well-known chemotherapeutic drug with documented
efficacy against various cancer types, including liver
cancer (Table 7, Fig. 7).

The results of this study demonstrated the inhibitory
effects of the chloroform extract (7 CE), ethyl acetate
extract (8 CE) and butanol extract (9 CE) of C. equiste-
folia on HCT-116 cells (Table 8). The chloroform
extract (7 CE), ethyl acetate extract (8 CE) and butanol
extract (9 CE) from C. equistefolia showed 97.85%,
96.33% and 95.64% inhibition of the HCT-116 cells
respectively, as shown in Fig. 8, which illustrate the
relationship between sample concentrations and cell
viability, revealing a gradual reduction in cell viability
as the extract concentration increases.

The results of this study, as presented in Table 9, pro-
vide evidence of the inhibitory effects of the metha-
nol extract (10 CE), mother liquor (11 CE) and hexane
extract (12 CE) of C. equistefolia on HCT-116 cells. The
methanol extract (10 CE), from C. equistefolia showed
98.21% inhibition of the HepG-2 cells as shown in
Fig. 9. The mother liquor (11 CE) and hexane extract
(12 CE) of C. equistefolia on HCT-116 cells displayed
81.33% and 85.66% inhibition of the HCT-116 cells
respectively, as shown in Fig. 10.

The findings suggest that the feeble potential inhibitory
effects of mother liqour (11 CE) and hexane extract (12
CE) of C. equistefolia on HCT-116 cells (Table 9, Fig. 10),
in comparable with the standard vinblastine sulfate.

One of the ways to evaluate the potential therapeutic
properties of Casuarina equistefolia is by measuring its
total phenolic and flavonoid contents. Phenolic com-
pounds are known to possess antioxidant properties, and
they have been shown to play a role in preventing oxida-
tive stress-related diseases, such as cancer, cardiovascu-
lar disease, and neurodegenerative disorders. Overall,
evaluating the TPC, phytochemical profile, and potential
therapeutic properties of different extracts of Casuarina
equistefolia can provide valuable insights into the plant’s
potential as a source of novel therapeutics. The variation
in the quantitative analysis of the different extracts may
be attributed to the solvent polarity and the ratio of solute
to the solvent used in the extraction process [32]. In addi-
tion to their relative amounts and composition, phenolics
and flavonoids’ antioxidant potency is also influenced by
their concentration, degree of polymerization, and inter-
actions with various colorimetric tests [33]. Antioxidants
are compounds that can prevent or delay oxidative dam-
age caused by free radicals in the body. Casuarina equi-
setifolia has been found to possess significant antioxidant
activity due to its high content of phenolic compounds
and flavonoids. The ethyl acetate and methanol extracts
exhibited significant antioxidant activity, attributed to the
presence of phenolic and flavonoid compounds [34].
Casuarina equisetifolia extracts have been reported
to exhibit antimicrobial activity against a wide range of
pathogenic bacteria and fungi. Antimicrobial activity is
attributed to the presence of various secondary metabo-
lites such as flavonoids, tannins, and alkaloids [9, 11].
Saranya and Gowrie [34], stated that the antimicrobial
properties of the methanol extract of Casuarina equiseti-
folia against these microorganisms may be attributed to
the presence of phenolic compounds, alkaloids, saponin,
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Fig. 5 Inhibition of HepG-2 cells by chloroform extract (7 CE), ethyl acetate extract (8 CE) and butanol extract (9 CE) of C. equistefolia. A represents
the relationship between sample concentrations vs the cell viability, and the relationship between sample concentrations vs the inhibitory
percentages, and (B) represents the relationship between sample concentrations vs the standard deviations
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Table 7 Inhibition of HepG-2 cells by methanol extract (10 CE), mother liquor (11 CE), hexane extract (12 CE) of C. equistefolia and

standard vinblastine sulfate

Sample conc. 10CE 11 CE 12CE Standard Vinblastine
(ng/ mL) Sulfate
Viab. % Inhib. % (+) S.D. Viab. % Inhib. % (+) S.D. Viab. % Inhib. % (+) S.D. Viab. % Inhib. % (+) S.D.
500 143 98.57+0.56 26.38 73.62+3.64 19.62 80.38+1.87 2.86 97.14+0.16
250 2.96 97.04+0.28 47.21 52.79+3.93 3947 60.53+2.89 513 94.87+0.75
125 6.78 93.22+0.49 79.46 20.5442.82 68.04 31.96+2.62 8.79 91.21+0.62
62.5 1429 85.71+1.07 95.02 498+1.84 89.23 10.77£1.69 14.20 85.8+0.84
31.25 2367 76.33+1.95 98.69 1.31+£0.53 97.81 2.19+0.95 18.65 81.35+0.53
156 31.82 68.18+0.74 100 0 100 0 23.87 76.13+0.69
7.8 41.95 58.05+0.89 100 0 100 0 31.94 68.06+1.24
39 48.60 514+1.28 100 0 100 0 42.85 57.15+0.89
2 57.41 42.59+1.93 100 0 100 0 5298 47.02+1.76
1 65.20 34.8+2.42 100 0 100 0 61.32 38.68
0 100 0 100 0 100 0 100 0
120 T 3.0 T—r—r—rTr—rrrr
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Fig. 6 Inhibition of HepG-2 cells by methanol extract (10 CE) of C. equistefolia. A represents the relationship between sample concentrations
vs the cell viability, and the relationship between sample concentrations vs the inhibitory percentages, and (B) represents the relationship

between sample concentrations vs the standard deviations

and flavonoids in the leaf extract, which interacts with
extracellular proteins and the bacterial cell wall [35, 36].
Numerous microbial pathogens, cell wall degradation,
damage to membrane proteins and cytoplasmic mem-
brane, contents leakage out of the cell, cytoplasm coagu-
lation, and proton motive force depletion are targets of
the identified phytochemicals in hexane extract, and
these mechanisms of action have been reported [37].
None of the extracts showed inhibitory activity against
fungal species Aspergillus flavus and Candida albicans.
These findings align with a previous study by [38], who

found that ethanolic extracts had the most significant
antifungal activity, with Aspergillus flavus being the most
susceptible fungus and Candida albicans being the most
resistant. The study suggests that the presence of phyto-
chemicals, particularly phenolic compounds, may con-
tribute to the potent antimicrobial activity observed in
plant extracts [39].

Quorum sensing, inhibition of bacterial virulence,
which hinders their ability to form biofilms, inhibition
of efflux pumps, inhibition of NADH-cytochrome C
reductase activity, and inhibition of ATP synthase are
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Fig. 7 Inhibition of HepG-2 cells by mother liquor (11 CE), hexane extract (12 CE) and standard vinblastine sulfate of C. equistefolia. A represents
the relationship between sample concentrations vs the cell viability, and the relationship between sample concentrations vs the inhibitory
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Table 8 Inhibition of of HCT-116 cells by chloroform extract (7 CE), ethyl acetate extract (8 CE) and butanol extract (9 CE) of C.

equistefolia

Sample conc. Chloroform Extract (7 CE)

Ethyl Acetate Extract (8 CE)

Butanol Extract (9 CE)

(hg/mb) Viability % Inhibitory%  S.D.(x)  Viability% Inhibitory%  S.D.(x)  Viability% Inhibitory%  S.D. (%)
500 215 97.85 049 367 96.33 081 436 95.64 042
250 392 96.08 0.76 9.58 9042 064 987 90.13 069
125 871 91.29 083 1647 83.53 135 2049 7951 237
62.5 1906 80.94 142 3092 69.08 179 37.56 6244 395
31.25 31.92 68.08 176 4536 54,64 282 59.21 40.79 341
156 4670 533 238 64.81 35.19 397 7842 2158 286
78 72.83 27.17 391 87.50 125 142 91.53 847 199
39 87.56 1244 136 94.23 577 095 97.60 24 0.72
2 9472 528 094 99.34 066 018 100 0 0

1 98,67 133 035 100 0 0 100 0 0

0 100 0 0 100 0 0 100 0 0

all part of the antimicrobial mechanism of flavonoids
like quercetin, naringenin, myricetin, and kaemp-
ferol [37]. Casuarina equisetifolia extracts have been
reported to exhibit antimicrobial activity against a wide
range of pathogenic bacteria and fungi.

Natural polyphenolic chemicals are prized for their
ability to prevent cancer [40, 41]. All the detected com-
pounds in the non-polar fraction as well as the sepa-
rated flavonoids and/or phenolic acids from the plant
leaves were reported for their cytotoxic and antioxi-
dant properties. MCEF-7 cancer cells did not exhibit any
growth inhibition in response to polar solvent extracts.
However, non-polar solvent extracts were found to
induce cell death through apoptosis, which involves
DNA fragmentation and the release of caspase 3 [42].

The presence of polyphenols and certain flavo-
noids, which were identified during the phytochemi-
cal screening and have been shown to have substantial
antioxidant and anticancer effects, may be the cause of
the alcoholic extract’s remarkable activity [43].

The results of this study demonstrate the inhibitory
effects of the chloroform extract (7 CE), ethyl acetate
extract (8 CE) and butanol extract (9 CE) of C. equistefolia
on HCT-116 cells. It reveals a concentration-dependent
decrease in cell viability with increasing concentrations of
the chloroform extract, indicating a stronger inhibition of
HCT-116 cell growth at higher concentrations (Table 8).
This indicates that the chloroform extract contains bio-
active components with significant anti-proliferative
properties against HCT-116 cells. Overall, these findings
suggest that the chloroform extract (7 CE) of C. equistefo-
lia holds promise as a potential anti-cancer agent against
HCT-116 cells (Fig. 8).

The results of this study, displayed that higher concen-
trations of the chloroform extract (7 CE), ethyl acetate
extract (8 CE) and butanol extract (9 CE) led to a stronger
inhibition of HepG-2 and HCT-116 cell growth. Moreo-
ver, it also demonstrates that the inhibitory effect of these
extracts increase with higher concentrations, suggesting
that the active compounds within the chloroform, ethyl
acetate and butanol extracts possess significant anti-
proliferative properties against HepG-2 and HCT-116
cells. Additionally, it represents the relationship between
sample concentrations and standard deviations and pro-
vides insight into the consistency of the inhibitory effects
across different concentrations (Fig. 8). A lower standard
deviation suggests a more consistent inhibitory effect,
indicating that the extract’s efficacy remains relatively
stable throughout the tested concentration range.

In the current investigation, chloroform extract (7 CE)
was shown to include phenolic components, includ-
ing flavonoids (apigenin) and phenolic acids (caffeic and
ferulic acids). Numerous of these phenolic compounds
have been shown to have chemopreventive and chemo-
therapeutic effects against liver and colon cancer, and the
underlying processes are well understood [44].

The various extracts of Casuarina equisetifolia’s anti-
oxidant, antibacterial, and cytotoxic properties have
molecular explanations based on typical bioactive chemi-
cals present in plants and their recognized effects on
microbes and cancer cells.

In numerous in vitro and in vivo investigations, phe-
nolic acids, a subclass of plant phenolics further sepa-
rated into benzoic and cinnamic acids, have been linked
to powerful anticancer properties. Additionally, the
therapeutic effects of phenolic acids are strengthened by
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Fig. 8 Inhibition of HCT-116 ells by chloroform extract (7 CE), ethyl acetate extract (8 CE) and butanol extract (9 CE) of C. equistefolia. A represents
the relationship between sample concentrations vs the cell viability, and the relationship between sample concentrations vs the inhibitory

percentages, and (B) represents the relationship between sample concentrations vs the standard deviations
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Table 9 Inhibition of HCT-116 cells by methanol extract (10 CE), mother liquor (11 CE), and hexane extract (12 CE) of C. equistefolia and

standard vinblastine sulfate

Sample conc. 10CE 11 CE 12CE Standard Vinblastine
(ng/ mL) Sulfate
Viab. % Inhib. % (+) S.D. Viab. % Inhib. % (+) S.D. Viab. % Inhib. % (+) S.D. Viab. % Inhib. % (+) S.D.
500 1.79 98.21+0.58 18.67 81.33£1.94 14.34 85.66+1.68 3.86 96.14+0.48
250 3.84 96.16+1.23 39.04 60.96+2.82 32.71 67.29+4.57 6.54 93.46+0.32
125 10.23 9.77+0.69 71.32 28.68+3.96 54.89 45114+2.73 11.38 88.62+0.67
62.5 19.51 80.49+0.72 94.63 537+1.81 78.62 21.38+1.34 16.89 83.11+0.93
31.25 2874 71.26+0.95 99.75 0.25+0.23 92.79 7.21+0.95 2042 79.58+1.84
15.6 35.20 64.8+1.46 100 0 98.14 1.86+0.62 2897 71.03+£1.51
7.8 43.65 56.35+2.71 100 0 100 0 36.48 63.52+0.98
39 54.86 45.1442.92 100 0 100 0 4536 54.64+1.72
2 62.30 37.743.46 100 0 100 0 56.31 43.69+1.87
1 73.69 26.31+£1.83 100 0 100 0 64.87 35.13+0.89
0 100 0 100 0 100 0 100 0
Methanol Extract (A) Methanol Extract (B)
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Fig. 9 Inhibition of HCT-116 cells by methanol extract (10 CE) of C. equistefolia. A represents the relationship between sample concentrations
vs the cell viability, and the relationship between sample concentrations vs the inhibitory percentages, and (B) represents the relationship

between sample concentrations vs the standard deviations

their function as epigenetic regulators and promoters of
unfavorable side effects or resistance linked to traditional
anticancer therapy [45].

Numerous biological activities, including antioxidant
and anti-cancer properties, are held by caffeine in nature
and its derivatives (caffeic acid phenethylester) [46].

Numerous tumors, including colorectal cancer, breast
cancer, liver cancer, lung cancer, melanoma, prostate can-
cer, and osteosarcoma, have shown apigenin to have wide
anticancer effects [47].

Through causing cell death, promoting autophagy,
and modifying the cell cycle, this flavone prevents the

development of cancer cells. Additionally, apigenin
reduces the motility of cancer cells and prevents their
migration and invasion. Apigenin has recently been
claimed to exhibit anti-cancer properties by triggering
an immune response [47].

Apigenin can also increase chemotherapy-induced
cell death via regulating the degree of mitochondrial
protein expression. Apigenin increased the expression
of Bim and decreased the expression of Mcl-1 in the
colorectal cancer cell lines HCT116, which combined
with the Bcl-2 inhibitor ABT-263 to cause mitochon-
dria-dependent cell death [48].
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Fig. 10 Inhibition of HCT-116 cells by mother liquor (11 CE), hexane extract (12 CE) and standard vinblastine sulfate of C. equistefolia. A represents
the relationship between sample concentrations vs the cell viability, and the relationship between sample concentrations vs the inhibitory
percentages, and (B) represents the relationship between sample concentrations vs the standard deviations
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In the current investigation, ethyl acetate extract (8
CE), was shown to include phenolic components, includ-
ing flavonoids (quercetin, kaempferol, 3,5-dihydroxy-
7,34’ -trimethoxyflavone and apigenin-7-O-glucoside).

Important flavonoids and phenolics including kaemph-
erol and quercetin, which are recognized as potent anti-
oxidants and have a range of anti-cancer activities, are
also present in the ethyl acetate extract [49].

Adults are most frequently diagnosed with hepatocel-
lular carcinoma (HCC), which is a primary liver cancer.
Human liver cancer cells (HepG2, SK-HEP-1, Huh7) were
shown to be greatly inhibited in their ability to prolifer-
ate by kaempferol, and this inhibition was dose-depend-
ent. Kaempferol inhibits cell invasion and migration
by inducing cell death and cell cycle arrest in the G2/M
phase. By causing the loss of mitochondrial membrane
potential, swelling of the mitochondria, and an increase
in the quantity of cleaved caspase-3, kaempferol is also
capable of releasing cytochrome c [50].

More than 1.8 million new instances of colorectal can-
cer are reported each year, making it one of the most
prevalent diseases in the world. According to reports,
kaempferol has cytotoxic effects on a variety of human
colorectal cancer cell lines, including LS174-R colon,
HCT116, HT-29, HCT-15, and SW480 cells [50].

Due to ROS level modulation-induced apoptosis and
S phase arrest-induced flavonol kaempferol reduced
the development of malignant bladder cells. In colorec-
tal cancer HCT116, HCT15, and SW480 cell lines, it
induced apoptosis by activating caspases as a result of
ROS production [51]. Additionally, by targeting mito-
chondria through ROS, kaempferol has lethal effects on
rat hepatocellular carcinoma cells [52].

In vitro and in vivo models of various malignancies
have demonstrated quercetin’s ability to exhibit anti-
tumor activities through a number of pathways, and the
results are encouraging. In vitro, quercetin greatly slows
down the cell cycle, encourages apoptosis, and blocks
angiogenesis and metastasis. The results of in vivo inves-
tigations suggest that the chosen dosage of quercetin is
beneficial in preventing the development of xenograft
tumor models. Quercetin-derived bioactive substances
have been demonstrated to stop the growth of liver can-
cer cells [44].

In the current investigation, butanol extract (9 CE), was
shown to include phenolic components, including flavo-
noids (kaempferol-3,7-O-dirhamnoside, luteolin 6,8-di-
C-glucoside, and quercetin-3-O-a-rhamnosyl (1""'—6"")
B-glucoside).

In a separate study, rutin was administered to the
SW480 tumor cell line (a human colon cancer cell line),
and it was found to enhance the mean survival time by
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50 days while also having less detrimental effects on the
body and relative organ weight of mice [53].

One of the primary naturally occurring forms of
quercetin is quercetin glycosides, which makes them
intriguing substances for the treatment of cancer. As
a result, several researchers investigated the effects of
quercetin derivatives in various cancers, including hepa-
tocellular carcinoma HCC [54].

Similar to quercetin, quercetin glycosides have a pro-
apoptotic effect. The apoptosis of cancer cells was even-
tually brought on by quercetin glycosides, which also
increased the production of cytochrome ¢ and controlled
the expression of apoptosis-related proteins. In HepG2
cells, quercetin glycosides can also promote caspase-
3-induced apoptosis [55].

Antunes-Ricardo et al., demonstrated that isorhamne-
tin diglycosides were more cytotoxic than pure isorham-
netin aglycone against colon cancer HT-29 cells and that
glycosylation impacts the anti-proliferative action of the
extract of Opuntia ficus-indica (L.) Mill. var Jalpa (Cac-
taceae) [56].

Overall, these findings underscore the potential of the
chloroform extract (7 CE), ethyl acetate extract (8 CE) and
butanol extract (9 CE) from C. equistefolia as a promising
candidates for further exploration and development as an
anti-cancer agent against HepG-2 and HCT-116 cells.

The methanol extract (10 CE), from C. equistefolia
showed the most potent inhibition of the HepG-2 and
HCT-116 cells (Figs. 6 and 9), respectively, illustrating a
dose-dependent decrease in cell viability with increasing
concentrations of the extract, indicating that the metha-
nol extract contains bioactive components capable of
inhibiting HepG-2 and HCT-116 cell growth.

The fact that herbal medicine formulations frequently
contain a number of different ingredients, each of which
functions in concert to produce a drug with the best pos-
sible biological and clinical effects, is one of its funda-
mental tenets. In keeping with this, it is uncommon for
a single ingredient from herbs or spices with the best
biological and clinical action to be separated. As a result,
several studies have demonstrated that combining vari-
ous bioactive components inhibits cancer development
synergistically [57].

The findings in our work showed that the examined
methanol extracts’ combination of phenolic acids and
flavonoids, in particular, had a synergistic impact among
various bioactive substances that resulted in a potent
lethal effect on liver and colon cancer cell lines.

Furthermore, it is also demonstrated that the inhibitory
effect becomes more pronounced at higher concentra-
tions, suggesting potent anti-proliferative properties of
the methanol extract against HepG-2 and HCT-116 cells.
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The relationship between sample concentrations and
standard deviations, depicted in it, indicates a consist-
ent inhibitory effect of the extract across different con-
centrations. These findings highlight the potential of the
methanol extract (10 CE) of C. equistefolia as a promis-
ing candidate for further investigation as an anti-cancer
agent against HepG-2 and HCT-116 cells.

Similarly, the results of this study, Figs. 7 and 10 dis-
played weak potential inhibitory effects of the mother
liquor (11 CE) of C. equistefolia on HepG-2 cells and
HCT-116 cells, respectively.

Additionally, the findings of this study suggest feeble
potential inhibitory effects of the hexane extract (12 CE)
of C. equistefolia on HepG-2 cells (Table 7, Fig. 7) and
on HCT-116 cells (Table 9, Fig. 10), in comparable with
the standard vinblastine sulfate. Nonetheless, Vinblastine
sulfate is a well-known chemotherapeutic drug with doc-
umented efficacy against various cancer types, including
liver cancer.

However, further experimental research is necessary to
validate and confirm these findings, including the identi-
fication of more specific bioactive compounds and eluci-
dation of the underlying mechanisms of action.

Conclusion

The effectiveness of predicting the constituents of medic-
inal plants depends largely on the solvent used during
extraction. A recent study on C. equisetifolia needles
found that different extracts had varying levels of anti-
oxidant activity. The study measured the total phenolic
and flavonoid content and discovered that the extracts
had different degrees of antimicrobial activity against all
tested isolates. Five organic solvents and a mother lig-
uor fraction were used to determine the antimicrobial
activity of the C. equisetifolia extracts. The ethyl acetate
extract (8 CE) was found to have a larger inhibition zone,
while the methanol extract (10 CE) showed the most
cytotoxic activity against both (HepG-2) and (HCT-116)
cancer cell lines with low ICs, values (3.68 pg/mL and
5.59 pug/mL, respectively). These findings suggest that the
combination of antioxidant antimicrobial and cytotoxic
properties make C. equisetifolia extracts useful for treat-
ing diseases such as cancer and AIDS.

Acknowledgements
The authors are thankful to National Research Centre, Egypt, for providing the
appropriate facility to conduct the research activities.

Authors’ contributions

W.E. designed the study, analyzed and interpreted the data, edited the manu-
script and contributed to actual laboratory work and reviewed the manuscript
and KA. edited the manuscript, contributed to actual laboratory work, writing
and reviewed the manuscript and A.M. revised the editing and wrote the
manuscript.

(2024) 24:128

Page 21 of 22

Funding

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

Availability of data and materials
All data generated or analysed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no financial and non-financial competing of interests.

Received: 20 September 2023 Accepted: 29 February 2024
Published online: 20 March 2024

References

1. Priya’S,Noor A. Satheesh PK Antioxidant and anti-proliferative activ-
ity of different solvent extracts of Casuarina equisetifolia needles. Int J
Phytomed. 2012;4(1):99-107.

2. Ekpo MA, Etim PC. Antimicrobial activity of ethanolic and aqueous
extracts of Sida acuta on microorganisms from skin infections. J Med
Plant Res. 2009;3(9):621-4.

3. Muthuraj S, Muthusamy P, Radha R, llango K. Pharmacognostical, phy-
tochemical and pharmacological review on Casuarina equisetifolia Linn.
World J Pharm Res. 2019;8(4):328-39.

4. Badran, OA, Tawfik SA, Stem analysis of some Casuarina spp. grown in the
U.AR. Alexandria. J Agric Res. 1971; 149-157.

5. Ogunwande IA, Flamini G, Adefuye AE, Lawal NO, Moradeyo S, Avoseh
NO. Chemical compositions of Casuarina equisetifolia L., Eucalyptus toreli-
ana L. and Ficus elastica Roxb. Ex Hornem cultivated in Nigeria. S Afr J Bot.
2011,;77:645-9.

6. Aher AN, Pal SC, Yadav SK, Patil UK, Bhattacharya S. Antioxidant activity of
isolated phytoconstituents from Casuarina equisetifolia Frost (Casuari-
naceae). J Plant Sci. 2009;4:15-20.

7. Takahashi H, luchi M, Fujita Y, Minami H, Fukuyama Y. Coumaroy! triterpe-
nes from Casuarina equisetifolia. Phytochemistry. 1999;51:543-50.

8. Nash RJ, Thomas PI, Waigh RD, Fleet GWJ, Wormald MR, De Lilley PMQ,
Watkin DJ. Casuarine: a very highly oxygenated pyrrolizidine alkaloid.
Tetrahedron Lett. 1994;35:7849-52.

9. Li-Hua Z, Gong-Fu Y, Yi-Ming L, Hai-Chao Z, Qi Z. Seasonal changes in tan-
nin and nitrogen contents of Casuarina equisetifolia branchlets. J Zhejiang
Univ Sci B. 2009;10:103-11.

10. Tani C, Sasakawa H. Proline accumulates in Casuarina equisetifolia seed-
lings under salt stress. Soil Sci Plant Nutr. 2003;52:21-5.

11. Parekh J, Jadeja D, Chanda S. Efficacy of aqueous and methanol extracts
of some medicinal plants for potential antibacterial activity. Turk J Biol.
2005;29:203-10.

12. Al-Snafi AS. The pharmacological importance of Casuarina equi-
setifolia - An overview. Int Journal of Pharmacol Screen Methods.
2015;4(9):2249-7749.

13. Kabir H, Siddigi MMA, Al-Mansur MA, Sohrab MH, Chowdhury AMS,
Hasan CM. Phytochemical and biological investigations of Casuarina
equisetifolia. Dhaka Univ J Sci. 2010;58(2):191-3.

14. El-Tantawy WH, Mohamed SA, Abd Alhaleem EN. Evaluation of biochemi-
cal effects of Casuarina equisetifolia extract on gentamicin-induced
nephrotoxicity and oxidative stress in rats Phytochemical analysis. J Clin
Biochem Nutr. 2013;53(3):158-65.



Abdallah et al. BMC Complementary Medicine and Therapies

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32

33

34

35.

36.

37.

Alghamdi SB, Abdallah WE, Abdelshafeek KA. Assessment of antioxidant,
antimicrobial, cytotoxic activities, and isolation of some chemical con-
stituents from different extracts of Pergularia daemia. Trop J Nat Prod Res.
2021;5(10):1816-27.

Singleton VL, Rossi JA. Colorimetry of total phenolics with phos-
phomolybdic-phospho-tungstic acid reagents. Am J Enol Viticult.
1965;16:144-58.

Kim DO, Chun OK, Kim YJ, Moon HY. Lee CY Quantification of polyphe-
nolics and their antioxidant capacity in fresh plums. J Agric Food Chem.
2003;51(22):6509-15.

Chia-Pu L, Gow-Chin Y. Antioxidant activity and bioactive compounds of
tea seeds (Camellia oleifera Abel.). Oil J Agric Food Chem. 2006;54:779-84.
Pfaller MA, Burmeister L, Bartlett MA, Rinaldi MG. Multicenter evalua-
tion of four methods of yeast inoculum preparation. J Clin Microbiol.
1988;26:1437-41.

Bauer AW, Kirby WM, Sherris C, Turck M. Antibiotic susceptibility testing
by a standardized single disk method. Am J Clin Pathol. 1966;45:493-6.
Mosmann T. Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. J Immunol Methods.
1983,65:55-63.

Gomha SM, Riyadh SM, Mahmmoud EA, Elaasser MM. Synthesis and
anticancer activities of thiazoles, 1,3-thiazines, and thiazolidine using
chitosan-grafted-poly(vinylpyridine) as basic catalyst. Heterocycles.
2015,91(6):1227-43.

Mabry T, Markham K, Thomas M. The systematic identification of flavo-
noids. New York: Springer-Verlag; 1970.

Markham KR. Techniques of flavonoid identification, vol. 36. London:
Academic press; 1982.

Abdallah WE, Elsayed WM, Hassanein HD, Shams KA, Ismail SI, Ali SM.
Phytochemical and biological investigations of Onopordum alexandrinum
seeds. Res J Pharm Biol Chem Sci. 2015;6(2):363-74.

Bunzel M, Ralph J, Funk C. Isolation, and identification of ferulic acid
dehyrotrimer from saponified maize bran insoluble fiber. Eur Food Res
Technol. 2003;217:128-33.

Tavakoli S, Khalighi-Sigaroodi F, Dehaghi NK, Yaghoobi M, Hajiaghaee

R, Gholami A, Ghafarzadegan R. Isolation, and purification of apigenin,
quercetin and apigenin 7-O-glycoside from Apium graveolens L., Pet-
roselinum crispum (Mill.) Fuss, Allium cepa L., respectively. J Med Plants.
2022;21(83):72-86.

Cardoso CAL, Coelho RG, Honda NK, Pott A, Pavan FR, Leite CQF. Phenolic
compounds and antioxidant, antimicrobial and antimycobacterial activi-
ties of Serjania erecta Radlk. (Sapindaceae). Br J Pharm Sci. 2013; 49 (4).
https://doi.org/10.1590/51984-82502013000400017.

Elgindi MR, Singab AB, Aly SH, Mahmoud II. Phytochemical investigation,
and antioxidant activity of Hyophorbe verschaffeltii (Arecaceae). J Pharma-
cogn Phytochem. 2016;5(2):39-46.

Kucukislamoglu M, Yayli N, Sentiirk HB, Geng H, Ozden S. Flavonol glyco-
sides from Consolida armeniaca. Turk J Chem. 2000;24:191-7.

Lin L, Huang X, Lv Z. Isolation, and identification of flavonoids compo-
nents from Pteris vittata L. Springer Plus. 206; 5:1649.

Hossen SM, Jahidul 1J, Shakhawat HSM, Mofizur RM, Firoj A. Phytochemi-
cal and biological evaluation of MeOH extract of Casuarina equisetifolia
(Linn.) leaves. Eur J Med Plants. 2014;4(8):927-36.

Kishore DV, Rahman R. Spasmolytic activity of Casuarina equisetifolia bark
extract. Int J Pharm Sci Res. 2012;3(5):1452-6.

Saranya V, Gowrie US. Pharmacological studies: antibacterial, antioxidant
and anti-inflammatory efficacy of Casuarina equisetifolia root extracts.
Asian J Pharm Clin Res. 2018;11(8):270-6.

Gumgumjee NM, Hajar AS. Antimicrobial efficacy of Casuarina equisetifo-
lia extracts against some pathogenic microorganisms. J Med Plants Res.
2012,6(47):5819-25.

El-Ansari MA, Ishak MS, Ahmed AA, Saleh NAM. Flavonol glycosides of
Carya pecan and Casuarina equisetifolia. Zeitschrift fur Naturforschung,
section C. Biosciences. 1977;32:444-5.

Elbanoby NE, El-Settawy AAA, Mohamed AA, Salem MZM. Phytochemi-
cals derived from Leucaena leucocephala (Lam.) de Wit (Fabaceae) bio-
mass and their antimicrobial and antioxidant activities: HPLC analysis of
extracts. Biomass Conversion Biorefinery. 2022. https://doi.org/10.1007/
$13399-022-03420-1.

(2024) 24:128

38.

39.

40.
41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

Page 22 of 22

National Committee for Clinical Laboratory Standards. Reference method
for broth dilution antifungal susceptibility testing of Conidium-forming
filamentous Fungi: Proposed Standard M38-A. NCCLS: Wayne. 2002.
National Committee for Clinical Laboratory Standards. Method for anti-
fungal disk diffusion susceptibility testing of Yeast: Proposed Guideline
M44-P.Wayne, PA: NCCLS; 2003.

Suffness M. Assays related to cancer drug discovery. Methods Plant
Biochem. 1990;6:71-133.

Greenwell M, Rahman P. Medicinal plants: their use in anticancer treat-
ment. Int J Pharm Sci Res. 2015:6(10):4103.

Rajeswari VD, Gajalakshmi S, Vijalakshimi S. Phytochemical and phar-
macological properties of Annona muricata: a review. Int J Pharm Sci.
2012;4(2):3-6.

Czaplinska M, Cezpas J, Gwozdziniski K. Structure, antioxidative and
anticancer properties of flavonoids. Postepy Biochemii. 2012,58:253-244.
Okafor JNC, Rautenbauch F, Meyer M, Roes-Hill ML, Harris T, Jideani VA.
Phenolic content, antioxidant, cytotoxic and antiproliferative effects of
fractions of Vigna subterraenea (L.) verdc from Mpumalanga South Africa.
Heliyon. 2021;7:¢08397.

Abotaleb M, Liskova A, Kubatka P, Busselberg D. Review: Therapeutic
potential of plant phenolic acids in the treatment of cancer. Biomol-
ecules. 2020;221:10. https://doi.org/10.3390/biom10020221.

Murtaza G, Karim S, Akram MR, Khan SA, Azhar S, Mumtaz A, Bin Asad
MHH. Caffeic acid phenethyl ester and therapeutic potentials. Biomed
Res Int. 2014; 145342 https://doi.org/10.1155/2014/145342.

Xiaohui Y, Miao Q, Pengfei L, Zhan Y, Shao H. Apigenin in cancer therapy:
Anti-cancer effects and mechanisms of action. Cell Biosci. 2017;7:50.
https://doi.org/10.1186/513578-017-0179-x.

Shao H, Jing K, Mahmoud E, Huang H, Fang X, Yu C. Apigenin sensitizes
colon cancer cells to antitumor activity of ABT-263. Mol Cancer Ther.
2013;12:2640-50.

Upadhyay RK. Nutraceutical, pharmaceutical and therapeutic uses of
Allium cepa: A review. Int J Green Pharm. 2016;10(1):46-64.

Imran M, Salehi B, Sharifi-Rad J, Gondal TA, Saeed F, Imran A, Shahbaz

M, Fokou PVT, Arshad MU, Khan H, Guerreiro SG, Martins N, Estevinho
LM. Review: kaempferol: a key emphasis to its anticancer potential.
Molecules. 2019;24:2277. https://doi.org/10.3390/molecules24122277.
Kopustinskiene DM, Jakstas V, Savickas A, Bernatoniene J. Review: Flavo-
noids as anticancer agents. Nutrients. 2020;12:457. https://doi.org/10.
3390/nu12020457.

Seydi E, Salimi A, Rasekh HR, Mohsenifar Z, Pourahmad J. Selective cyto-
toxicity of luteolin and kaempferol on cancerous hepatocytes obtained
from rat model of hepatocellular carcinoma: Involvement of ROS-medi-
ated mitochondrial targeting. Nutr Cancer. 2018;70:594-604.
Alonso-Castro AJ, Domi’nguez F, Garci‘a-Carranca” A. Rutin exerts antitu-
mor effects on nude mice bearing SW480 tumor. Arch Med Res. 2013; 44
(5): 346-351.

Fernandez-Palanca P, Fondevila F, Méndez-Blanco C, Tunén MJ, Gonzalez-
Gallego J, Mauriz JL. Antitumor effects of quercetin in hepatocarcinoma
invitro and in vivo models: A systematic review. Nutrients. 2019;11:2875.
https://doi.org/10.3390/nu11122875.

Tang SM, Deng XT, Zhou J, Li QP, Ge XX, Miao L. Review: Pharmacological
basis and new insights of quercetin action in respect to its anti-cancer
effects. Biomed Pharmacother. 2020;121:109604.

Antunes-Ricardo M, Moreno-Garcia BE, Gutierrez-Uribe JA, Araiz- Hernan-
dez D, Alvarez MM, Serna-Saldivar SO. Induction of apoptosis in colon
cancer cells treated with isorhamnetin glycosides from Opuntia ficus-
indica pads. Plant Foods Hum Nutr. 2014,69:331-6.

Prasad S, Yadav VR, Sung B, Reuter S, Kannappan R, Deorukhkar A,
Diagaradjane P, Caimiao Wei C, BaladandayuthapaniV, Krishnan S, Guha
S, Aggarwal B. Ursolic acid inhibits growth and metastasis of human
colorectal cancer in an orthotopic nude mouse model by targeting
multiple cell signaling pathways: Chemosensitization with capecitabine.
Clin Cancer Res. 2012;18:4942-53.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1590/S1984-82502013000400017
https://doi.org/10.1007/s13399-022-03420-1
https://doi.org/10.1007/s13399-022-03420-1
https://doi.org/10.3390/biom10020221
https://doi.org/10.1155/2014/145342
https://doi.org/10.1186/s13578-017-0179-x
https://doi.org/10.3390/molecules24122277
https://doi.org/10.3390/nu12020457
https://doi.org/10.3390/nu12020457
https://doi.org/10.3390/nu11122875

	Phytochemical analysis and evaluation of its antioxidant, antimicrobial, and cytotoxic activities for different extracts of Casuarina equisetifolia
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Materials and methods
	Plant material

	Extraction and fractionation of C. equistefolia needles
	Isolation of lipoidal matter
	GCMS analysis of unsaponifiable fraction
	GCMS analysis for FAMEs
	Fractionation and isolation of the phenolic components of C. equistefolia extracts
	Phytochemical screening
	Total phenolic contents (TPC)
	Total flavonoid contents (TFC)
	Biological studies
	Antioxidant activity assay
	Antimicrobial activity
	Cytotoxic activity
	Chemicals used
	Cytotoxicity assay

	Statistical analysis

	Results
	Identification of chemical constituents in hexane extract
	Unsaponifiable fraction
	Fatty acid methyl esters
	Identification of the phenolic components
	Quantitative analysis of the phytochemicals
	Antimicrobial activity
	Cytotoxic activity


	Discussion
	Conclusion
	Acknowledgements
	References


