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ABSTRACT

Halophytes are plants with significant economic potential for their nutritional and medicinal
properties. High-performance liquid chromatography (HPLC) was used to identify the phenolics and
flavonoids compounds of six halophyte plants (Spergularia marina, Suaeda aegyptiaca, Arthrocnemum
fruticosum, Halophila stipulacea, Halodule uninervis, and Thalassodendron ciliatum) ethanol extracts,
additionally, physiochemical parameters such as total ash, water-soluble ash acid in soluble ash, total
carbohydrates, soluble carbohydrates, total nitrogen, and total protein were estimated. The results
showed that nineteen phenolic and eleven flavonoid compounds were confirmed by HPLC
qualitatively and quantitatively in ethanol extracts of all plants. The major compounds were
chlorogenic, gallic, vanillic, naringin, and naringenin. Also, evaluation of their anticancer activities
against cell lines such as pancreatic carcinoma (PA1), lung cancer (A549), prostate cancer (PC3), and
colon cancer (Caco2) was carried out. The anticancer activities of A. fruticosum site (1), S. marina, and
A. fruticosum site (2) extracts demonstrated the highest effective anticancer activities with IC50 values
of 74.38 + 3.04, 85 = 2.11, and 88.922 + 0.735 pg/mL, respectively, against human cancer cell lines
(caco2) than other plants that were understudied. As a result of this research, halophyte plants can be
viewed as a potential medicinal ingredient.
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and each of these classes is comprised of

INTRODUCTION thousands of different individual compounds

Halophytes are plants that survive and and possesses a variety of biological activities
complete their life cycles in extreme salinity in such as anticancer, antibacterial, antibacterial
water or soil, besides various harsh anti-inflammatory, antifungal, and
environmental conditions (El-Din, 2012; antioxidant, as well as their nutritional values.
Kumari et al, 2015, Joshi et al, 2015). (Kannan et al.,, 2012; Baehaki et al., 2016;
Halophytes are found all over the planet, from Hamdy et al., 2020; Parthasarathi et al., 2021;
deserts, which make up 8% of the total land Kim et al., 2021)

surface, to coastal regions on the sea (O'Leary
et al., 1994). Halophytes can be produced and
collected as raw materials for food, animal
feed, and pharmaceuticals, despite the high
salt content in their tissues. Additionally, they
stand out because of the existence of
biologically active substances that could be
helpful for treating diseases as well as be used
as additives in the food industry (Menzel and
Lieth, 2003; Ksouri et al., 2009). Plants from the
aquatic ecosystem haven’t been fully explored
because of the complexity of the marine
ecosystem with interconnected food chains,
constant changes in the environment, and
variation in marine species. One such group of

Several study papers on different aspects of
the physiology of halophytes have been
published (Shabala 2013, Yin et al., 2019, and
Yuan et al, 2019), including ecology and
evolution (Lastiri-Hernandez et al., 2020),
biochemistry, = and  molecular  biology
(Rozentsvet et al., 2017). They are fascinating
plants because they live and develop in harsh
environments with high salt content. To
survive in these environments, they have
developed a variety of morphological,
anatomical, physiological, and biochemical
strategies (Ghanem et al., 2021; Grigore and
Toma 2021; de la Fuente et al., 2021).

under discovered marine plants are the sea Phenolic compounds are substances with a
grasses (Rengasamy et al., 2019). Sea grasses wide range of biological functions, such as
are the only flowering halophyte plants that anti-cancer, anti-inflammatory, antioxidant,
grow when completely submerged in marine and anti-atherogenic properties. (Mori et
or shallow estuarine and coastal waters under al.,1999; Middleton et al., 2000; Medina et al.,
extreme saline conditions. Additionally, they 2007; Badhani et al., 2015, Kumar and Goel,
are a rich source of secondary metabolites such 2019). The phenolic compounds can be divided
as phenolics, alkaloids, flavonoids, terpenes into two main groups: phenolic compounds
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(phenols, phenolic acids, and phenol
condensation) and flavonoids, which play
important roles in plant defence against salt-
induced stress Reginato et al.
(2014). Derivatives of hydroxybenzoic acid,
such as p-hydroxybenzoic, catechol, and
vanillic acid, as well as hydroxycinnamic acid
forms, such as p-coumaric, gallic, and caffeic
acid have significant anticancer action (Rocha
et al., 2012, Tanaka et al., 2011). Natural
phenolic compounds have gained more
attention as a result of their strong antioxidant
activities and their notable contributions to the
prevention of a number of oxidative stress-
related illnesses, particularly cancer (Dai et al.,
2010)

Cancer is a complex condition marked by
excessive cell growth brought on by
deficiencies in cellular regulation as well as
impediments to cell cycle progression. It
assaults, obliterates healthy cells, and
destabilizes the body, with the potential to
spread metastatically. Chemotherapy,
radiation, and  chemically  generated
medications that have a variety of negative
effects on healthy cells are among the current
cancer treatments. (Mansoori et al., 2017)
Therefore, the discovery of new anticancer
agents from natural products, particularly
plants, is under investigation. Medicinal plants
remain a good source for the discovery and
improvement of anticancer agents. (Greenwell
and Rahman 2015). (Custodio et al ., 2022)
studied the anticancer activity of halophytes
from different families, including, whenever
possible, the bioactive molecules involved in
such therapeutically properties along with
possible mechanisms of action.

The current study aims to assess the
proximate  composition and secondary
bioactive constituents of some dominant
halophytes naturally occurring in Hurghada,
the Red Sea, and Baharyia Oases, Egypt
(Halophila  stipulacea, ~ Halodule  unineruis,
Thalassodendron ciliatum sea grasses, Spergularia
marina, Suaeda aegyptiaca, and Arthrocnemum
fruticosum terrestrial plants) with relation to
soil variables, and additionally the anticancer
activities of ethanolic extracts of plants that
were under investigation against four cell
lines.

MATERIAL AND METHODS:
Collection of Samples

Three fresh sea grass species (order
Alismatales) were hand-collected in Hurghada,
Red Sea, Egypt, at a depth of 0.5 to 1 m. Two of

90

Abd El-Gwaid et al

the species, Thalassodendron ciliatum (Forsskl)
den Hartog and Halodule uninervis (Forsskl)
Ascherson, are members of the family
Cymodoceaceae, and Halophila stipulacea (Forsk.),
One species of Caryophyllaceae (Spergularia
marina), one species of Amaranthaceae (Suaeda
aegyptiaca), and one species of Chenopodiaceae
(Arthrocnemum fruticosum) were collected from
four naturally growing populations of
Bahariya oases, Egypt, between April 2020 and
April 2021 and then identified by Ass. Prof. Al-
Baraa Salah El-Din. The plants were cleaned,
dried in the shade, and then ground.

Sediment analysis

A soil sample was collected in sealed plastic
bags at a depth of 5-25 cm during the spring.
The soil sample was air-dried, sieved through
a 2mm mesh, and stored at room temperature
for further physical and chemical analysis. Soil
pH and electrical conductivity (EC) were
measured in water suspension (1:2.5), as
described by Jackson (1973), as were total
soluble salts. Sulphates, carbonates,
bicarbonates, and chlorides are determined by
the titration method according to Jackson
(1967). Calcium and Magnesium were
determined by the titration method, according
to Page (1982). Sodium and Potassium were
determined using a flame photometer
according to Allen et al. (1974) and Rowell
(1994).

Physicochemical parameters

Total carbohydrates, soluble carbohydrates,
total ash, water-soluble ash and acid-insoluble
ash were detected by using British
Pharmacopoeia (1980) methods. The total
nitrogen was determined by the Kjeldahl
method (Pirie et al., 1955), and the protein
contents of the plant species were determined
by multiplying the N contents by the factor
6.25.

Preparation of plant extract

The air-dried root and shoot parts of each
plant (200 g) were extracted with slight
modifications (Moustafa et al, 2014). The
extract was prepared by percolation of the
material with 500 mL of ethanol (70%), and
then fully extracted by percolation at ambient
temperature on a shaker for 72 hours. The
extracts were filtered using Whatman No. 1
paper and concentrated under reduced
pressure at 40°C. They were dried by high
vacuum, and the crude extracts were kept in
the refrigerator at 4°C until used for the
experiment. Yields for Halodule uninervis,
Halophila stipulacea, Thalassodendron ciliatum,
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Spergularia marina, Suaeda
aegyptiaca, Arthrochnemum fruticosum site (1),
and Arthrochnemum fruticosum site (2) were 9.1,
,8.59.25,.16.67,19.83,18.01 and 1765 g,
respectively.

Determination of phenolic compounds

Chemical reagents for HPLC analysis of
phenolic compounds, ethanol, and acetonitrile
(HPLC grade) were purchased from SDS
(Peypin, France), phosphoric acid from Probus
(Badalona, Spain), and acetic acid from Merck
(Darmstadt, Germany). Pure water was
obtained from Milli-Q (Millipore, MA, USA).
Phenolic standards: protocatechuic acid,
coumaric acid, quercetin, - hydroxyl benzoic
acid, alloevodionol, 5-hydroxyverotric acid,
chlorogenic acid, neptein,3,4,’-
dimethoxychrysin, 3,4’dimethoxychrysin,
epicatechin, catechin, gallic acid, ferulic acid,
caffeic acid, chlorogenic acid, trimethoxy
quercetin, apigenin hyperoside, kaempferol,

kaempferol-3-O-glucoside, keampferol-
3rutinoside, kaempferol-7-O-
neohesperidoside, quercitrin, isoquercitrin,

iso-rhamnetin, luteolin, luteolin-6-C-glucoside,
luteolin-8-C-glucoside, luteolin-7-O-glucoside,
apigenin, apigenin-7-O-glucoside, apigenin-6-
C-glucoside, apigenin-8-C-glucoside,
amentoflavone, naringin, naringenin,
naringenin-7-O-glucoside, isorhoifolin and
rutin were purchased from Sigma Co. (St.
Louis, MO, USA). The purity of the standards
was 98%.

HPLC apparatus Reverse-phase HPLC
apparatus, Agilent Series 1200 apparatus
(Agilent, USA), equipped with an auto
sampling injector, solvent degasser, quaternary
HP pump (Series 1200), ultraviolet (UV)
detector, and a Zobrax ODS C18 column
(particle size 5 pm, 250 mm x 4.6 mm J) was
used for phenolic compounds analysis. The
experiment was carried out at the Soil, Water,
and Environment Research Institute.

Quantitative determination
compounds by HPLC

of phenolic

The previously prepared ethanolic extract
of seven plants (100 mg) was dissolved in
HPLC-grade acetonitrile (2 mL). Separation of
phenolic acids was carried out with the mobile
phase consisted of three solvent A (CH3COOH
2.5%) in water, B (CH3COOH 8%) in water
and C (acetonitrile). The gradient profile was
as follows: at 0 min, A:B:C, 95:5:0; at 20 min,
A:B:C, 90:10:0; at 50 min, A:B:C, 70:30:0; at 55
min, A:B:C, 50:50:0; at 60 min, A:B:C, 0:100:0; at
100 min, A:B:C, 50:50:50; at 110 min, A:B:C,
0:0:100 until 120 min (Pascale et al., 1999).
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Chromatography was performed at 35°C with
a flow rate of 1 mL/min. The injection volumes
were 10 L. UV traces were measured at 280 nm
(Pascale et al., 1999). Flavonoid separation was
done using a mobile phase consisting of 50
mM H3PO4, pH 2.5 (solution A), acetonitrile
(solution B), and acetic acid (40:60, v/v) in the
following gradient: isocratic elution 95% A:5%
B, 0-5 min; linear gradient from 95% A:5% B to
50% A:50% B, 5-55 min; isocratic elution 50%
A:50% B, 55-65 min; linear gradient from 50%
A:50% B to 95% A:5% B, 65-67 min (Mattila et
al., 2000). The temperature of the column was
maintained at 35°C. The flow rate of the
mobile phase was 0.7 mL/min. The volume
injected was 5 L. UV traces were measured at
330 nm (Mattila et al., 2000). UV spectra were
recorded between 200 and 600 nm for peak
characterization. Standard flavonoids and
phenolic acids were prepared as 10 mg/50 mL
solutions in methanol, diluted to make
concentrations (20-40 pg/mL) and injected into
HPLC. The peak area of the external standards
was used to quantify the phenolic compounds
of the plant extracts, and the concentrations of
the identified compounds were expressed.

Anticancer evaluation

Cell lines for pancreatic carcinoma (PA1),
lung cancer (A549), prostate cancer (PC3), and
colon cancer (Caco 2) were kindly provided by
Dr. Mohammed Abd El-Baseir, Laboratory of
Virology, Science Way for scientific researches
and consultations, Faculty of Medicine, Al-
Azhar University, Egypt.

Culturing of cell lines

A laminar airflow cabinet was used to
maintain the sterility of the procedure. The cell
culture was maintained in a Roswell Park
Memorial Institute medium (RPMI 1640). It
contained a 1% antibiotic antimycotic mixture
(10,000 pg/mL streptomycin sulphate, 25
ug/mL amphotericin B and 10,000 U/mL
potassium penicillin), 1% L-glutamine. Fetal
bovine serum (10% heat-inactivated) was used
to supplement the medium, and culturing and
subculturing were performed (Thabrew et al.,
1997).

MTT assay

The cytotoxicity was evaluated by the
mitochondrial-dependent reduction of yellow
MTT (3(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide). The yellow MTT
undergoes a mitochondrial reduction to form a
purple formazan (Mosmann, 1983). The 96-
well tissue culture microplate was inoculated
at a cell concentration of 1 x 105 cells per well
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in 100 uL of growth medium. The microplate
was incubated at 37°C in 5% CO2 for 24 h to
develop a complete monolayer sheet. The
growth medium was decanted from 96 well
microplates after the formation of the
confluent layer of cells. The extract of the seeds
was dissolved in dimethyl sulfoxide (DMSO).
Serial dilutions of the dissolved extract were
prepared by RPMI-1640 medium to give a
final concentration of 156.25; 312.5; 625; 1250;
2500; 5000, 10,000 and upg/ml. Each
concentration of the extract (0.1 mL) was
added to confluent cell monolayers dispensed
into 96-well microplate using a multichannel
pipette. The treated cells were incubated at
37°C in 5% CO2 for 24 h. Three wells were
used for each concentration of the extract.
Control cells were incubated without the seeds
extract. MTT powder was dissolved in PBS
(Bio Basic Canada Inc.) to give a solution at the
concentration of 5ug/ml. After the end of the
incubation period, 20 uL of the MTT solution
was added to each well. The mixing was
allowed at 150 rpm for 5 min using the shaker
(MPS-1, Biosan, London, UK). Then, the 96-
well microplate was incubated at 37°C in 5%
CO2 for 4 h to allow the MTT metabolism.
Formazan (MTT metabolic product) was
resuspended in 200 uL of DMSO and placed
on a shaker at 150 rpm for 5 min for a
thorough mixing (Mosmann, 1983). The optical
density was recorded using a microplate
reader (Mindray-96A, Mindray, Nanshan,
Shenzhen, China) at 560 nm. The results were
corrected using a reference wavelength of 620
nm as a background (Pang et al., 2010). All
experiments were carried out in triplicate.

Microscope

An inverted microscope (Nikon, 118811)
with an objective of 8x was used to observe the
morphological structures of cell lines at varied
concentrations of 70% ethanol halophyte plant
extracts.

Statistical analysis

The parameters of the experiments were
conducted, and results are presented as the
mean * standard deviation. The statistical
significance of the data obtained from in vitro
studies was evaluated by the one-way analysis
of variance (ANOVA), followed by the general
linear model approach in the Minitab 19
system. The least significant difference
approach was used for mean comparisons.
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RESULTS AND DISCUSSION
Sediment analysis

Results in Table (1) indicate that the highest
values of, Cl ,Na* , Ca?2 and Mg* in the case
Of A. fruticosum site(2) soil sample were (
549.238 , 208.704 , 64.870,420.240 Meq/l )
respectively , while the lowest values recorded
(2.599,50.370,39.132,0.255,6.228 and  13.536
Megq/l) respectively in case of S. marina soil
sample also, ClI- and Na* the most dominant
major cations (549.238 and 208.704Meq/l)
respectively, in case of A. fruticosum site (2)
soil sample of Bahryia oasis ,on the other hand
K+ and SOs recorded the lowest values were
0.255 Meq/l and 5.431 Meq/l respectively in
case of S. marina soil while total water soluble
salt (TSS) recoded 3326 mg/l .The results
indicated that the soil type is slightly alkaline.
Elnaggar. (2017) found that in the Bahariya
Qasis, soils are rich in alkali cations, calcium
carbonates, and gypsum, and as a result, their
pH values tend to rise towards alkalinity (pH
greater than 7). Kudo et al. (2010) stated that
the salt environment causes ion-harmful
effects on the halophytes in addition to
reducing their ability to absorb nutrients. The
capacity of plants to remove Na and maintain
the balance of nutrients in the body determines
how much salt halophytes can tolerate.

Physicochemical parameters

Results in Table (2) showed that the total
ash content reached its maximum value (33.50
and 30.70 gm/100 gm), respectively, for T.
ciliatum and S. aegyptiaca, while reaching its
minimum value (18.55 gm/100 gm) for S.
marina. The ash content is used to determine
the impact of saline soil on combustion.
(Stavridou ef al., 2016). The plant's ash content
is essential because it affects the amount of
various types of mineralsin the food.
(Mohanty et al, 2019). High ash content
significantly reduces the energy output
derived from a specific biomass source (James
et al., 2012). The composition difference might
be explained by variations in origin, plant
species, age, climatic conditions, and ecology;
alternatively, it could be related to the
physiological condition of the plant and
nutrients present in the soil. (Abd-El Gawad et
al., 2021; Elshamy et al,, 2019; Hassan et al.,
2021; Assaeed et al., 2020; Singha et al., 2017).
On the other side, the total carbohydrate
reached its maximum value (16.75 gm/100 gm
and 12.95) for S. aegyptiaca and A. fruticosum
site 1, respectively, while the minimum values
are (0.019 gm/100 gm and 0.039 gm/100 gm) for
T. ciliatum and H. stipulacea, respectively. The
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accumulation of total carbohydrates was
closely correlated with the stress of both
drought and salinity. Therefore, it may be
considered one of the most effective
physiological characteristics and safeguards or
adaptive mechanisms against response stress
conditions. Teimouri ef al., (2009) reported that
increasing salinity increases the concentration
rate of plant soluble carbohydrates, which
shows that salinity has a negative influence on
these materials. Parida and Das (2005) showed
that under salt stress, carbohydrates, including
sugar (glucose, sucrose, fructose), and starch
accumulate.

Total nitrogen and total protein

It is observed from Table (3) that the
maximum percentage of nitrogen was
recorded in H uninervise (2.07%), while the
minimum amount was attained by A.
fruticosum site (1) (0.39%). It is evident from
this study that the sea grasses contain a higher
content of nitrogen and protein than other
plants under investigation. Proteins are
compounds of fundamental importance for all
functions in the cell (Dose, 1980). Osuagwu
and Edeoga (2012) reported that the increment
in nitrogen content under stress conditions
could be due to the metabolism of nitrogen
ions in the leaves for the synthesis of special
proteins and amino acids in the plants as a
defense mechanism against the effects of water
and salinity stresses. On the other hand, Jalal et
al., (2012) mentioned that many studies
showed a decrease in protein concentration in
many plant species grown under drought
stress due to decreased protein biosynthesis
and enhanced degradation. A common effect
of drought stress is to cause oxidative damage.
The production of reactive oxygen species
(ROS) under water stress conditions increases
the breakdown of proteins. The accumulation
of ROS during drought stress, along with

increasing H:02, often enhances protein
oxidation in plant species, while other
reporters investigated ~whether reducing

protein content was a result of the negative
effect of drought on nitrate reducate activity
and nitrogen metabolism.

Identification of the active Phenolic
compounds using HPLC
The phytocompounds are the most

essential non-nutritive components secreted by
plants and are also known as secondary
metabolites that aren’t released by the plants
but are used as a natural defense system for
plants against microbes, environmental
stresses, or disease treatment purposes for
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humans (Das and Gezici, 2018). These
secondary metabolites are relatively easily
produced in small quantities in plants and
have important economic and medicinal
values (Dang, 2018).

It is clear from the results using high-
performance liquid chromatography (HPLC)
analysis for H. uninervis, H. stipulacea, T.
ciliatum, S. marina, S. aegyptiaca, A. fruticosum
site (1), and A. fruticosum site (2) ethanol
extract, tabulated in Table (4) and Figs. (1-10)
contains a high variety of phenolic
compounds. It showed that seventeen different
chemical classes’ of phenolic compounds were
present. The main components were
chlorogenic acid (3695.17 ppm) for S. marina,
followed by gallic acid (3605.81 ppm) for A.
fruticosum site (1). Meanwhile, 3-OH Tyrosol
(5.66 ppm) for H. stipulacea and Cinnamic acid
(319 ppm) for A. fruticosum site (1) are
considered the minor components.

This variation may be caused by a variety
of factors, including salt stress, environmental
changes, and UV radiation. Halophytes
produce secondary metabolites such as
phenolic compounds in a range of quantities.
(Al Jitan et al., 2018). It has been detected that
the total phenolic compounds of Sarcocornia
and Arthrocnemum have antioxidant capacity,
and it has been shown that Sarcocornia and
Arthrocnemum may be used as food due to
their high contents of nutrients (Castafieda-
Loaiza et al., 2020; Oliveira-Alves et al.,2021).
Sea grasses share more characteristics of their
primary and secondary metabolism with
terrestrial plants due to the fact that they are
created from land plants that have secondarily
recolonized marine environments.

The exposure of halophytes to saline
conditions in their natural environment has an
effect on the contents of the bioactive
phytochemical compounds that are present in
them, particularly as a protection mechanism
against the oxidizing agents produced in these
harsh environmental conditions. (Nikalje et al.,
2019)

Our results agree with Zengin et al. (2018),
who identified several phenolic acids in
Arthrocnunm macrostachyum extracts:
chlorogenic acid, gallic acid, protocatechuic
acid, p-coumaric acid, rosmarinic acid, and
caffeic acid. also identified several flavonoids
as quercetin, naringenin, hesperidin, and
rhamnetin for A. macrostachyum. Elsharabasy
et al. (2019) identified compounds using HPLC
and found nine phenolic compounds were
present in the ethanolic extract of Sueada
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pruinosa, while eight compounds were found
in the ethanolic extract of S. monoica. The
extracts of all plants contained gallic acid,
catechin, caffeic acid, syringic acid, rutin,
coumaric acid, vanillin, and quercetin, but
cinnamic acid was found only in the ethanolic
extract of S. pruinosa. Also, Hegazi et al. (2021)
studied the metabolic profiles of Halophila
stipulacea and Thalassia hemprichii species by
using ultra-high-performance liquid
chromatography and high-resolution mass
spectrometry analysis. Also investigated were
144 metabolites, including phenolic acids,
flavonoids, terpenoids, and lipids. Three new
phenolic acids, methoxy benzoic acid-O-
sulphate, O-caffeoyl-O-hydroxyl dimethoxy
benzoyl tartaric acid, dimethoxy benzoic acid-
O-sulphate, a new flavanone glycoside,
hexahydroxy-monomethoxy flavanone-O-
glucoside, and a new steviol glycoside,
rebaudioside-O-acetate, have been prescribed.
As well as estimated the anti-diabetic activities
of H. stipulacea and T. hemprichii species.

Identification of the active flavonoid
compounds from Halophyte (terrestrial and

aquatic) plants ethanolic extracts using
HPLC.
The high-performance liquid

chromatography analysis for H. uninervis, H.
stipulacea, T. ciliatum, S. marina, S. aegyptiaca, A.
fruticosum site (1) and A. fruticosum site (2)
ethanol extracts results tabulated in Table (5)
showed that twelve different chemical
classes of flavonoids are present. The major
components are Naringin (1906.1 ppm) for H.
uninervis and Naringenin (432.7 ppm) for T.
ciliatum. Meanwhile, the minor components
are Apigenin, quercetin, and rosmarinic acid

for S. aegyptiaca, A. fruticosuml, and H.
stipulacea  (6.96, 10.74, and 18.2 ppm,
respectively).

Flavonoids are a large class of naturally
occurring substances that are commonly
dispersed in the plant kingdom. Many of these
substances have been reported to have a wide
range of strong biological activities, such as
anti-oxidative tissue protection and tumour
inhibition. (Krant et al., 2005; Kim ef al.,2007;
Matanjun et al., 2008). (Jaganathan and Mandal
2009) indicated that quercetin and kaempferol
have advanced as promising pharmaceuticals
for treating cancer. It is widely accepted that
increasing the intake of flavonoids in the diet
may lower the prevalence of some human
diseases. The health advantages of flavonoids
may result from their interactions with
numerous biological systems, as they have
antioxidant capacity, free radical scavenging
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activities, anticancer activities, cardiovascular
disease preventive potential, and anti-HIV
properties. Numerous papers proved that
flavonoids have antioxidant effects (DeGroot,
1994; Halliwe, 1995; Korkina and Afanas, 1997,
and Mozaffari et al., 2011). Therefore, they
should increase their antioxidant requirements
as a defense against harsh environmental
conditions. Also, they have anti-atherosclerotic
properties, anti-inflammatory, anti-tumor,
anti-thrombogenic, anti-osteoporotic
properties, and anti-viral activities (Arai et al.,
2000; Vinson et al., 2006; Damas et al., 1985;
Xing et al., 2013; Caltagirone et al., 2000; He et
al., 2012; Boji¢ et al., 2011; Uchida et al., 2010;
Lagari ef al., 2012; Harris et al., 2003; Andres et
al, 2009) It is common knowledge that
different plant species and the various parts of
the same plant exhibit a vast range of chemical
compositions. Furthermore, diverse
geographic regions, ages, climates, and soil
conditions resulted in varying chemical
compositions in different plants. These
substances' ability to survive in environments
of high salinity and drought, as well as their
added value for consumption, are both
supported by their existence in various
halophytes. In halophytes, salt tolerance and
nutritional interest are correlated, and the
wide range of chemicals found supports these
Sanchez-Gavilan et al., (2021).

Anticancer evaluation

According to the World Health
Organization, deaths from cancer are more
common in advanced nations than in
developing countries. Cancer is the second-
most prevalent cause of mortality and is
characterized by the unchecked proliferation
of human cells. (Mathers 2020; Akindele et al.
2015). Currently, 60% of the drugs used to treat
cancer come from natural sources Newman
and Cragg. (2016).

Six halophyte plants' ethanol extracts were
tested for their ability to inhibit the growth of
several human cancer cells, including PAl,
A549, PC3, and Caco 2, using the MTT assay.
Product cell viability is assessed using the
MTT (3-(4,5-dimethylthiazol2-yl)-2,5-
diphenyltetrazolium bromide) test. The MTT
assay is based on the reduction of MTT by
mitochondrial dehydrogenase, which results in
the formation of the purple-coloured formazan
product from the colorless tetrazolium. The
present study that is tabulated in Table (6) and
Figs. [11 (b), 11 (c), 11 (d),11 (e)] reveals that
the anticancer activity of ethanol extracts of A.
fruticosum site(1), S. marina and A. fruticosum
site (2) have higher activities against human
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cancer cell lines (caco2) with IC50 (74.38 + 3.04,
85 = 2.11, and 88.922 + 0.735), respectively,
than other plants that understudied extracts,
while H. stipulacea has the lowest activities
against human cancer cell lines Pc3,
Ab549,caco2 with IC50 (776.4 + 24.1 and 494.9
+ 41.8), respectively. Phenolic compounds
might interfere in several of the steps that
prevent the development of tumors, including
protecting DNA from oxidative damage,
preventing  carcinogen  activation, and
stimulating carcinogen-detoxifying systems
(Hodek et al., 2002; Byrd et al., 1998; Nakagawa
et al, 1996, Rodrguez-Garca et al., 2019;
Abotaleb et al., 2018; Yahfoufi et al., 2018).

CONCLUSION
Halophytes are plants that produce
numerous metabolites with  promising

nutritional values and bioactive effects such as
antioxidants, antimicrobials, and anticancer
agents. The material from Halodule unineruvis,
Halophila stipulacea , Thalassodendron ciliatum ,
Spergularia maring, Suaeda aegyptiaca
and Arthrocnemum fruticosum contained high
contents of macromolecular antioxidants
phenolic constituents , i.e. Chlorogenic acid,
Gallic acid, Naringin, Rosmarinic, Apignin -7-
glucoside, Quercetin, Caffeic and Kaempferol
3-2-p-coumaroylglucose, rise their antioxidant
demands as a defense against the harsh
environmental conditions and their
remarkable contributions to the prevention of
a number of oxidative stress-related illnesses,
particularly cancer so, natural phenolic
compounds have attracted greater attention.
A. fruticosum and S. marina showed promising
potential activities against human cancer cell
lines (caco2). So, halophyte plants can be
considered to have promising nutritional,
pharmaceutical, and medicinal properties.
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plants (terrestrial and aquatic) plants:

Plants pH EC TSS S04 CO3- HCO3 ClMeq/l Na K Ca Mg

ds/m mg/l Meg/l - Meg/1 Meg/l  Meg/l Megq/l Meg/1

A. fruticosum  8.15  29.41 17611 24.960 - 1.560  289.799  186.964  1.658  37.365 80.173
site (1)

A. fruticosum  8.46  68.03 37365 131.040 - 11.698  549.238  208.704 0.816 64.870  420.240
site (2)

S. marina 828 5.84 3326 5.431 - 2.599 50.370 39.132 0.255  6.228 13.536

S. aegyptiaca 8.04  15.3 8373 13.520 - 1.690 138.000 56.524  1.785 31.138 64.555

Sediment of 8.0 9.3 5520 13.5 0.779  0.910 178.960 76.090 1.301  3.321 12.470

Sea grasses
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Table 2: Total ash, Water soluble ash, Acid insoluble ash and total carbohydrates gm/100gm contents
of Halophyte (terrestrial and aquatic) plants.

Water soluble L total In soluble soluble
Total ash Acid insoluble
parameters m/100em ash ash ¢m/100gm carbohydrates carbohydrates carbohydrates
& & egm/100gm & & em/100gm em/100gm em/100gm
S.marina 18.55 21.70 26.935 11.90 0.285 11.615
A. fruticosum 23.14 22.78 14.789 12.95 0.425 12.525
site (1)
A'fsr ;Zlgj”m 21.70 20.84 21.128 10.65 0.260 10.39
S. aegyptiaca 30.70 24.17 9.349 16.75 0.388 16.362
H .uninervise 20.70 28.68 17.97 0.125 0.003 0.122
H . stipulaceae 25.60 33.6 23.18 0.039 0.001 0.038
T. ciliatum 33.50 21.27 19.39 0.019 0.002 0.017

Table 3: Total nitrogen and total protein of Halophyte (terrestrial and aquatic) plants:

Plants Total N % Total protein%

S.marina 0.89 5.54

A. fruticosum site (1) 0.39 242
A. fruticosum site(2) 0.84 5.27
S. aegyptiaca 0.88 5.49

H .uninervise 2.07 12.93

H. stipulaceae 1.31 8.21

T. ciliatum 1.62 10.09

Table 4: Identification of the active Phenolic compounds from Halophyte (terrestrial and aquatic)

plants ethanolic extract using HPLC:

N Phenolic H. uninervis T. ciliatum H. stipulacea . fruticosumssite (1) A. fruticosum site (2) S. marina S. aeqyptiaca
0 compounds Rt. ppm Rt. ppm Rt ppm Rt. ppm Rt. ppm Rt. ppm Rt. ppm
1 Pyrogallol 423 39194 4192 34226 4.061 107.01 - - - - - - - -

2 Gallic 4729 2544 4767 3359 4730 33.82 3.369 1453.34 3.369 360581  3.369  565.14 3.368  246.77
3 3-OH Tyrosol  5.823 1715 5935 2984 5803 5.66 - - - - - - - -

4 Catechol 6.109 55875 6.193 35548 6.040 180.84 6.875 12535 6.782 0 6.858  812.77 6.782 0

5 4-Aminobenzoic  6.518 21.53 6.481 41.53 6.470 10.24 - - - - - - - -

6 Catechein - - - - 6.623 387.77 4.651 14448 4.652 52421 4.603 0.00 4.638 36.71
7 Chlorogenic - - 7350 214.77 7.466 220.48 - 0 4.219 4299 4328 369517 4218 377.44
8 Benzoic 7.637 24622 7512 228.40 - - - - - - - - - -

9  p-OH-benzoic - - - - 7513 13.86 - - - - - - - -
10 Caffeic 7957 23846 7.887 37410 7.830 238.74 - 0 5.882 7929  6.104 22.40 6.059 0
11 Vanillic - - 8.129 8794 8.057 12196 9.842 170.39 9.848 29651 9.701 18.94 9.667 2651.86
12 Caffeine - - 8.702 14257 8.643 109.16 - - - - - - - -
13 Ferulic 9592 90.63 9.765 51854 9.720 336.43 14168 34.03 10.216  193.27 10.378  65.78 10.269  57.33
14 Ellagic 10499 562.42 10.483 107408 10433 648.68 8.882 20835 8.890  520.08 8.826 1386.61 8.973 0
15 Coumarin 11478 141.69 11.391 45.49 77.20 - - 9.180 0 9.383 47941 - 0
16 Methyl gallate - - - - - - 5415 88.01 5398 33697 5551  259.94 5.582 62.69
17 Syringic acid - - - - - - 6.390 57857  6.389 134267  6.442  120.57 6.661 12.77
18  Cinnamic acid - - - - - - 14168  3.19 14.162 1044 13.733  46.80 13.955 8.50
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Table 5: Identification of the active flavonoid compounds from Halophyte (terrestrial and aquatic)
plants ethanolic extracts using HPLC

. H. uninervis T. ciliatum  H. stipulacea  A. fruticosum1  A. fruticosum?2 S. marina S. aegyptiaca
No  Flavonoids
Rt. Ppm Rt.  ppm Rt. ppm Rt ppm Rt. ppm Rt. ppm Rt. ppm
1. Rutin 9.903 39.6 - - 9910 424 7903 6596 7.865 175.24 7.985 37856 8176 3147
2. Naringin 10.108 145.6 10150 19061  10.057 2352 - - - - - - - -
3. Rosmarinic  10.341 30.9 10.293 857 10.343 182 - - - - - - - -
4. Quercetrin 10951 56.0 11.017 632 10927 73.7 - - - - - - - -
5. APIBNINT- 1y gsc g3 11843 916 11814 612 - - - - - - - -
glugose
6. Quercetin 12.153 138.5 12.019 2248 11991 1407 13.074 10.74 12582 40.72 12.787 3539 12819 25537
7. Naringenin ~ 12.547 69.4 12.602 4327 12556 419. 10486 37.22 10482 180.39 10.719 96.09  10.480 6.06
Kampferol
8. 3-2p- 12776 7265 - - 12829 3423 - - - - - - -
coumaroyl
glucose
9. Kampferol 13.032 57.8 12986 176.6 13.030 61.7 15.168 0 15.168 0 15.140 10533 15408 12.61
10 Apigenin 14.143 13990 304 14.086 349 14.655 0 14.655 0 14.671 7.95 14.692 6.96

11 Daidzein - - - - - - 12.303 15.39 12.303 33.88 12.035 2810 12312 150.35
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Figure 2: HPLC of phenolic compounds of H. stipulacea ethanol extract.
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Figure 3: HPLC of phenolic compounds of T. ciliatum ethanol extract.
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Figure 5: HPLC of flavonoids compounds of Halophila stipulacea ethanol extract.
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Figure 6: HPLC of flavonoid compounds of T. ciliatum ethanol extract.
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Figure 7: HPLC of phenolic and flavonoid compounds of A. fruticosum site (1) ethanol extract.
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Figure 8: HPLC of phenolic and flavonoid compounds of A. fruticosum site (2) ethanol extract.
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Figure 9: HPLC of phenolic and flavonoid of S. marina ethanol extract

Figure 10: HPLC of phenolic and flavonoid compounds of S. aegyptiaca ethanol extract.

Figure 11 a: Control Caco2 cells
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Figure 11 (b): Morphological features by optical microscope after 24 hours for Caco2 cells treated with

ethanol extract of A. fruticosum site (2) concentrations (1000 ,500 ,250 ,125 ug/mL).
h

Figure 11 (c): Morphological features by optical microscope after 24 hours for Caco2 cells treated with
ethanol extract of Suaeda concentrations (1000 ,500 ,250 ,125 ug/mL).

Figure 11 (d): Morphological features by optical microscope after 24 hours for Caco?2 cells treated with
ethanol extract of S. marina concentrations (1000 ,500 ,250 ,125 pug/mL).
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62.5 ug/ml- . , 31.25 ug/ml

Figure 11 (e): Morphological features by optical microscope after 24 hours for Caco2 cells treated with
ethanol extract of A. fruticosum site (1) concentrations (1000 ,500 ,250 ,125 pg/mL).
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