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The Red Sea coast is rich in different types of seaweeds, which are suggested to possess medicinal prop-
erties. In this study, methanolic extract of Chondrus crispus (MEC), a species of red algae collected from
the southeast coast of Jeddah, Saudi Arabia was prepared and analysed for its chemical composition,
antioxidant, anti-inflammatory and cytotoxic properties. HPLC analysis revealed that flavonoids were
found to be predominant constituents of MEC followed by phenols and tannins. Among phenols, catechin,
gallic and p-coumaric acids were found to be major components of MEC. The MEC at 200 mg/mL concen-
tration significantly decreased the levels of free radicals including 2,2-diphenyl-1-picryl-hydrazyl-hydr
ate (DPPH) and 2,20-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS), and displayed significant
total antioxidant capacity (TAC). The MEC also significantly inhibited the denaturation of bovine serum
albumin (BSA), indicating its anti-inflammatory potential. Furthermore, hepatocellular carcinoma
(HepG2) and adenocarcinoma human alveolar (A549) cells treated with MEC exhibited 81.9% and
71.8% cytotoxic cell death respectively as compared to 69% cell death found in cells treated with reference
drug sorafinib. Collectively, the data revealed that flavonoids, phenols and tannins are the major chemical
constituents of chondrus crispus species of red algae. Further, the methanolic extract of this species was
found to exhibit significant antioxidant, anti-inflammatory and cytotoxic properties in several human
cancer cell lines. Thus, red algae commonly found along the shore of Red Sea can be utilized for its medic-
inal value.
� 2020 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The coastal region of Red Sea along the Jeddah city in KSA is a
rich source of diverse types of seaweeds. A collective group of non-
flowering plants, acts as a crew of photosynthetic, nonflowering
plant-like organic entities called macroalgae are abundant in the
ocean. Nearly 500 species of algae have been recorded in the Red
Sea (Garcia-Vaquero et al., 2017). Seaweeds are utilized as source
of food by humans in various civilisations (Bezerra and Marinho-
Soriano, 2010). Seaweeds are also major source of secondary com-
pounds including polysaccharides, proteins and phenols and used
as animal feed, prescription drugs and fertilizers (Aziz et al.,
2020; Kazłowski et al., 2012). The marine nonflowering growth
at the coast of Saudi Arabia warranted comprehensive and concen-
trated investigation (Garcia-Vaquero et al., 2017). The Red Sea
acquired its algal population from the nearby African and Arabian
coasts (mainly the Indian Ocean), which has been occupied in par-
ticular by sufficiently sized, tropical Indo-Pacific marine flora. Dif-
ferent species occupy exclusive habitats that are based on the
depth, degree of exposure to wave action, shore beds and different
environmental elements (Sales and Ballesteros, 2009). Benthic
algae have been regarded an indicator of marine biodiversity in
coastal areas (Kazłowski et al., 2012) because they adopt the colour
and content of the marine environment in optically clear, shallow
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coastal and reef waters (Phinn et al., 2005; Kutser and Jupp, 2006).
Lively water flow is important for several species, but dense algal
growth occurs on unconsolidated substrates, thus affecting the sta-
bility of the environment. Seaweeds or macroalgae belong to three
classes: purple (Rhodophyta), brown (Phaeophyta) and inexperi-
enced (Chlorophyta) (McHugh, 2003). Red algae are regarded the
principal group and blankets some species that develop deeper in
the Red Sea than anywhere else because of water transparency
and increasing energy-conserving patterns. Red algae are rich in
bioactive compounds, such as proteins, peptides, amino acids,
lipids, fibres, colors, polyphenols and polysaccharides (Kumar
et al., 2008), and have potential health effects as edible crimson
algae against tumour cells; this type of algae also contains beta-
carotene and lutein, which can protect against mutagenicity and
inflammation (Pulz and Gross, 2004). Due to abundancy of red
algae along the shores of red sea and the reported economical
and medicinal values, the present study investigated its chemical
nature and its effects on major biomarkers of oxidative stress, in-
flammation and cell survival utilizing three human cancer cell
lines.

2. Materials and methods

2.1. Collection of seaweed

Reddish brown seaweed or macroalgae were collected from the
Red Sea in the Abhur area of Jeddah City, KSA (Fig. 1) and algal
specimens were handpicked and washed completely to eliminate
all impurities, such as sand particles and epiphytes.

2.2. Preparation of the methanolic extract of condrus crispus (MEC)

The dried algal powder (10 g) was steeped in 100 cc of 80%
methanol and was incubated at room temperature under shaking
condition for 24 h. The extract was purified, and the extraction
was renewed more than once. The obtained extract was analysed
for its chemical composition antioxidant, cytotoxic and anti-
inflammatory properties.

2.3. Measurement of total phenol, tannin and flavonoid content

The phenolic and tannin compounds in the MEC were measured
using the Folin–Ciocalteu reagent (Singleton et al., 1999), whereas,
total flavonoid content was estimated using aluminium chloride
method with quercetin as a standard (Tambe and Bhambar, 2014).
Fig. 1. Reddish Brown Macroalgae.
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2.4. Determination of phenolic components of MEC

The phenolic components in the MEC were identified by high-
performance liquid chromatography (HPLC) following the method
described by Gupta et al. (2012).

2.5. Measurement of free radical scavenging activity of MEC

The free radical–scavenging activity of the methanolic extract
was determined by measuring the ability of MEC to inhibit free
radicals including ABTS and DPPH as described by Ye et al. (2009).

2.6. Estimation of total antioxidant capacity of MEC

The total antioxidant capacity of MEC was estimated by the
method detailed by Prieto et al. (1999).

2.7. Determining anti-inflammatory activity of MEC

The anti-inflammatory property of MEC was assessed by its
ability to inhibit BSA denaturation following the method described
by Rahman et al. (2015). Aspirin was used as a referral drug (stan-
dard) to compare with the effect of MEC on BSA denaturation.

2.8. Assessing cytotoxic effects of MEC

The cytotoxic effect of MEC against HepG2, MCF7, Caco-2 and
A549 cancer cells was assessed by MTT assay (Mosmann, 1983).
Briefly, cells growing in 96 well plate in DMEM culture media were
treated with 200 lg/ml concentration of MEC for 24 h followed by
incubation with MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte
trazolium bromide) at 5 mg/ml concentration for 4 h at 370C in
CO2 incubator. Cells were washed with PBS and further incubated
in DMSO at room temperature for 1 h and the absorbance of devel-
oped purple colour was measured at 540 nm. The % cell viability
was calculated from absorbance of MEC treated cells against absor-
bance of control cells.

2.9. Statistical analysis

Statistical analysis was performed by CoStat Version 6.45 Statis-
tics package. The differences between different groups were anal-
ysed by two-way ANOVA followed by Duncan’s multiple range
test. The data were expressed as mean ± SE of three replicates. A
P < 0.05 was considered to be significant.

3. Results

3.1. Chemical composition of MEC

Collected seaweed was identified to be Chondrus Crispus spe-
cies of red algae based on colour, morphological structure, ingredi-
ents and collection location. The Chemical composition of MEC is
provided in Table 1. HPLC analysis of MEC revealed that flavonoids
were predominant constituent than phenols and tannins. On the
other hand, phenols and tannins were in comparable amounts in
MEC (Table 1).

3.2. Phenolic constituents of MECCompound

The different phenolic constituents present in MEC was deter-
mined by HPLC. The data are presented in Table 2. Catechin at
2.335 mg/mL concentration was the dominant constituent among
different phenols followed by gallic acid (1.09 mg/mL) and p-
coumaric acid (0.581 mg/mL). However, other compounds such as



Table 1
Concentrations of Phenolic, Flavonoid and Tannin Content in MEC.

Phenols Flavonoids Tannins

Concentration mg/gm 12.38 ± 2.31 202.66 ± 3.05a* 13.64 ± 0.71
LSD 5.29

aSignificant difference compared to phenols and tannins. No significant difference
was observed between phenols and tannins. CoStat Version 6.45 Statistics package
and two-way ANOVA followed by Duncan’s multiple range test was used for sta-
tistical analysis. Data were expressed as mean ± SD of three independent experi-
ments, at *P < 0.05.

Table 2
Concentrations and retention times of different phenolic constituents of MEC.

Phenolic constituent Retention time (min) Concentration (mg/ml)

Gallic acid 4.413 1.092
Protocatechuic acid 7.593 0.186
p-hydroxybenzoic acid 11.00 0.255
Gentisic acid 11.839 0.199
Cateachin 12.604 2.335
p-coumaric acid 30.865 0.581
Cinnamic acid 41.33 0.050
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p-hydroxybenzoic acid, gentisic acid, protocatechuic acid and cin-
namic acid were detected in smaller concentrations at different
retention times (Table 2).
Table 5
Anti-Inflammatory Activity of MEC and standard.

MEC Concentration (lg) (mg /gm)

100 150 200

BSA (lg/gm) 81.74 ± 7.22 a 85.50 ± 7.23 a 88.48 ± 6.22a

Aspirin concentration (lg)
BSA (lg/g) 33.44 ± 2.12b 56.20 ± 3.52b 80.79 ± 6.85a

Lsd 8.77

Data were expressed as mean ± SD of three replicates. a,b letters expressed signif-
icant difference between concentrations at P<> 0.01. CoStat Version 6.45 Statistics
package and two-way ANOVA followed by Duncan’s multiple range test was used
for statistical analysis
3.3. Free radical scavenging activity

Free radical scavenging activity of MEC and Trolox & BHT stan-
dards are presented in Table 3. The results suggest the strong free
radical scavenging activity pf ethanolic extract of Chondrus sp. In
inhibiting ABTS and DPPH free radicals. The percentage of inhibi-
tion increased gradually with the increasing concentrations of
extract. The highest concentration (200 lg) induced 120.29% of
inhibition of ABTS compared to 100.25% inhibition by the Trolox
standard. On the contrary, the same concentration exerted
84.17% inhibition of DPPH compared with 91.51% in the BHT
standard.
Table 3
Free Radical–Scavenging activity of MEC and standards (Trolox & BHT).

Free radical MEC (lg)

50 100 150 200

ABTS (% inhibition) 82.0 ± 2.6 98.0 ± 2.0a* 108.9 ± 1.9ab* 120.3 ± 0.3
MEC (lg)
50 100 150 200

DPPH (%inhibition) 25.0 ± 2.6 37.8 ± 1.0a* 47.3 ± 2.6ab* 84.2 ± 3.7a

DPPH: 2,2-diphenyl-1-picryl-hydrazyl-hydrate; ABTS: 2,20-azino-bis (3-ethylbenzothiazo
DPPH free radical scavenging standard. aSignificantly different compared to 50 lg of MEC
cSignificantly different compared to 150 lg of MEC, Trolox or BHT. Data were express
Statistics package and two-way ANOVA followed by Duncan’s multiple range test was u

Table 4
Total Antioxidant Capacity of MEC and standard.

MEC Concentration(mg)
100 200

TAC 88.48 ± 1.81 94.77 ± 1.7a*

Standard (vitamin C)
TAC 127.97 ± 8.93 147.37 ± 12.15a

LSD 11.06

MEC, methanolic extract of Chondrus Crispus, TAC, total antioxidant capacity, aSignifican
to 200 lg MEC or standard, cSignificantly different compared to 300 lg MEC or standar
CoStat Version 6.45 Statistics package and two-way ANOVA followed by Duncan’s mult
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3.4. Total antioxidant capacity

The data on total antioxidant capacity of MEC and vitamin C
standard are shown in Table 4. Consistent with its free radical scav-
enging activity, the MEC displayed a significant total antioxidant
capacity. Moreover, a dose dependent response was observed as
the total antioxidant capacity increased with the increasing con-
centration of MEC. Highest total antioxidant capacity was observed
with the 400 mg concentration of extract which was near equal to
the total antioxidant capacity of standard at equivalent concentra-
tion (Table 4).

3.5. Anti-inflammatory capacity

The data on anti-inflammatory effects of MEC and standard are
provided in Table 5. The anti-inflammatory effect of MEC was
assessed by its ability to prevent denaturation of BSA. The SEC sig-
nificantly inhibited the denaturation of BSA in a dose dependent
manner as protein concentration of non-denatured BSA increased
with increasing concentration of MEC indicating that less amount
of BSA is denatured and more amount of non-denatured BSA
remained in the reaction mixture resulting in an increase in pro-
tein concentration. At 200 lg concentration of MEC, the amount
of non-denatured BSA was 80.78 lg/g of total BSA, which was com-
parable to 80.48 lg of non-denatured BSA per gram of total BSA
found with aspirin (standard).
Trolox (lg)

50 100 150 200 LSD

abc* 41.9 ± 2.1 81.6 ± 0.8a* 94.07 ± 3.0b* 100.2 ± 0.4c* 2.63
BHT (lg)
50 100 150 200

bc* 29.3 ± 0.6 45.8 ± 4.6a* 84.2 ± 4.4ab* 91.5 ± 1.5abc* 4.7

line-6 sulfonic acid. Trolox is a ABTS free radical scavenging standard and BHT is a
, Trolox or BHT, bSignificantly different compared to 100 lg of MEC, Trolox or BHT,

ed as mean ± SD of three independent experiments, *p < 0.05. CoStat Version 6.45
sed for statistical analysis

300 400

136.88 ± 2.99b* 235.81 ± 3.20*c

230.14 ± 6.20b* 243.46 ± 3.56c*

tly different compared to 100 lg MEC or standard, bSignificantly different compared
d. Data were expressed as mean ± SD of three independent experiments. *P < 0.05.
iple range test was used for statistical analysis
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3.6. Cytotoxic effects of MEC

The cytotoxic effects of MEC on different cancer cell lines are
presented in Table 6. As the data suggest significant cytotoxic
effects were noted in all the studied cancer cell lines treated with
extract. The MEC at different concentrations induced gradual
growth inhibition in HepG2, MCF7, Caco-2 and A549cells. At
100 mg concentration 81.9% and 71.8% growth inhibitions were
noted in HepG2 and A549 cells respectively compared 69.1% and
70.6% growth inhibition by sorafinib drug in these two cell lines.
On the contrary, at the same concentration (100 mg) MEC induced
relatively lower growth inhibition in Caco-2 (64.5%) and MCF7
(47.8%) cells compared to reference drug.
4. Discussion

Seaweeds are a valuable source of bioactive compounds with
pharmacological properties and therefore warrant in depth
research for their possible utilization in the treatment and preven-
tion of chronic diseases. Seagrass comprises of enormous species of
algae, which have been shown to contain biologically active com-
pounds such as polyphenols, flavonoids and tannins (Ismail et al.,
2019). In the present study Chondrus crispus species of red algae
picked from the red sea coast in Jeddah was investigated for its
bioactive compounds, properties and cellular effects. The extract
prepared from the collected Chronrus crispus was found to be
abundant in flavonoid content and tannins and simple phenolic
compounds in lesser amounts. The dominant phenolic compounds
detected by HPLC in the MEC were catechin, gallic aicd and p-
coumaric acid. However, other compounds such as p-
hydroxybenzoic acid, gentisic acid and protocatechuic acid were
detected in smaller amount.

Recently it is shown that lectin from the marine red algae,
Bryothamnion seaforthii, inhibited oxidative stress in rats with
streptozotocin-induced diabetes (Alves et al., 2020). Similarly, 3-
Bromo-4,5-Dihydroxybenzaldehyde from Polysiphonia morrowii
red algae attenuated hydrogen peroxide-induced oxidative stress
in vitro and in vivo (Cho et al., 2019). The red algae, Porphyra
yezoensis, inhibited oxalate-induced oxidative stress in renal
epithelial cells (Sun et al., 2019). In an in vitro study Eucheuma cot-
tonii red algae extract displayed significant antioxidant activity in
mice (Teo et al., 2020). Consistently, with the above experimental
data, a significant antioxidant activity was observed in the present
study with the methanolic extract prepared from Chondrus crispus
Table 6
Cytotoxic effects of MEC and Sorafenib (reference drug) on HepG2, MCF7, Caco-2 and A54

Concentration of MEC/Sorafinib

IC50 mg/ml 100 mg/ml 10 mg/ml 1.0 mg/m

% inhibition of HepG2 cells
1.32 ± 0.07 81.88 ± 5.23 66.02 ± 3.56 44.36 ±
2.23 ± 0.07 69.1 ± 2.67 59.2 ± 1.84 44.4 ± 1

% inhibition of MCF7 cells
179 ± 8.66 47.82 ± 2.46 34.65 ± 2.35 22.07 ±
4.0 ± 0.33 64.6 ± 1.78 60.7 ± 2.41 59.50 ±

% inhibition of CaCo2 cells
8.24 ± 0.31 64.52 ± 5.63 52.79 ± 3.56 35.82 ±
2.88 ± 0.14 65.6 ± 2.78 56.7 ± 2.41 46.0 ± 1

% inhibition of A549 cells
7.90 ± 0.33 71.83 ± 4.58 50.00 ± 3.66 31.39 ±
2.55 ± 0.55 70.6 ± 1.78 66.7 ± 2.41 49.50 ±

MEC: Methanolic extract of Chondrus Crispus, HepG2: hepatic tumour cell line; MCF7:
human alveolar cells. Data were expressed as mean ± SD of three independent experimen
multiple range test was used for statistical analysis
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species of red algae as it effectively scavenged ABTS and DPPH free
radicals in a dose dependent manner. Additionally, the extract
showed remarkable total antioxidant capacity. These data demon-
strate the antioxidant properties of Chondrus crispus species of red
algae and substantiates previous data. Mechanistically, the capa-
bility of the flavonoids constituents in inhibiting the active free
radicals depends on the type of reaction between the assay reagent
and the sample and in the manner of dimerization and polymerisa-
tion during the reaction (Zhang et al., 2019; Jelínek et al., 2015) The
antioxidant properties of different species of red algae are attribu-
ted to presence of flavonoids and polyphenols and the strength of
antioxidant ability depended on the concentration of these bioac-
tive compounds (Zhang et al., 2019; Melpha et al., 2014; Jiang
et al., 2008; Meepagala et al., 2005). Since Chondrus crispus extract
also found to possess flavonoid and phenols, the antioxidant prop-
erties demonstrated by the extract in the present study could be
ascribed to these bioactive constituents.

Inflammation can be beneficial as it is the auto immune
response to harmful stimulations. However, acute inflammation
developing into chronic inflammation may result in the develop-
ment of inflammation mediated disorders (Peng et al., 2018).
Oxidative stress mediated inflammation plays a major role in the
onset and pathogenesis of number of chronic diseases (Schramm
et al., 2012; Rosanna and Salvatore, 2012; Kim et al., 2012;
Hulsmans et al., 2012). The beneficial effects of several marine nat-
ural products in the prevention of oxidative stress mediated
inflammation are well known (Abad et al., 2008). For example,
phytoprostanes and phytofurans from Gracilaria longissima red
algae have shown to exert anti-inflammatory effects in endothelial
cells (Martínez Sánchez et al., 2020). A dietary polysaccharide from
Eucheuma cottonii red algae downregulated proinflammatory
cytokines and ameliorates osteoarthritis-associated cartilage
degradation in obese rats (Sudirman et al., 2019). In an in vivo
study, sulfated polysaccharides from the marine algae Gracilaria
caudata prevented tissue damage by blocking inflammation (da
Silva et al., 2019). Likewise, brown algae prevented oxidative stress
induced inflammation in LPS-stimulated cells (Kim and Kim, 2010).
Clearly above data highlights the antiinflammatory capacity of dif-
ferent species of marine red algae. In line with above observations,
the MEC in the present study demonstrated a remarkable anti-
inflammatory effect in preventing the denaturation of BSA. In most
cases inflammation is driven by cellular oxidative stress and is the
result of body’s immune response. Therefore, these anti-
inflammatory effects of MEC were presumably achieved by block-
ing oxidative stress through free radical scavenging.
9 Cells.

l 0.1 mg/ml 0.01 mg/ml

3.69 29.13 ± 1.03 18.72 ± 1.00 MEC
.52 34.7 ± 1.42 21.5 ± 1.09 Sorafinib

1.23 7.71 ± 0.52 0.35 ± 0.012 MEC
2.76 42.27 ± 0.25 26.10 ± 0.72 Sorafinib

1.58 23.66 ± 2.01 9.50 ± 0.35 MEC
.76 31.8 ± 1.25 25.4 ± 0.85 Sorafinib

2.35 19.02 ± 1.23 10.25 ± 0.63 MEC
2.76 32.27 ± 0.25 23.10 ± 0.92 Sorafenib

Brest cancer cells; Caco-2: colorectal adenocarcinoma and A549: adenocarcinoma
ts. CoStat Version 6.45 Statistics package and two-way ANOVA followed by Duncan’s
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In the present study MEC significantly inhibited cell growth in
four different human cancer cell lines treated at varying concentra-
tions. Moreover, at higher concentrations the growth inhibitory
effects were comparable to those found when cells treated with
referral drug. This clearly indicates the antitumor property of
MEC. Moreover, inhibition of cell growth in different cancer cell
types underscores the versatility of this extract as an antitumor
agent. These findings are consistent with the previous studies
where similar antitumor effects of different species of algae were
reported. For instance, bioactive lipids from green, brown and red
algae inhibited the growth of MDA-MB-231 breast cancer cells
(Lopes et al., 2020). Heteropolysaccharide produced by the red alga
Porphyridium sordidum are shown to exert cytotoxic effects on
MCF7 and MDA-MB-231 breast cancer cells (Nikolova et al.,
2019). Porphyrans from Pyropia yezoensis Chonsoo2 red algae
had no toxicity in normal human liver cells (HL-7702) but showed
antitumor effects on Hep3B, HeLa and MDA-MB-231 cancer cells
(He et al., 2019). Likewise, cytotoxic and antitumor algal activities
of several algal species against a number cancer cell linesbeen doc-
umented (Zandi et al., 2010). Several studies have attributed the
antitumor effect of algae to their polyphenols and flavonoids con-
tent (Aravindan et al., 2015; Gutiérrez-Rodríguez et al., 2018).
Accordingly, antitumor effects of MEC against cancer cells possibly
mediated by its flavonoid and phenolic contents. Moreover, these
antitumorproperties of polyphenols are shown to be due to their
ability to downmodulate oxidative stress which plays an important
role in carcinogenesis (Pejčić et al., 2019; Liu et al., 2019; Lee et al.,
2012).

5. Conclusion

The methanolic extract of Chondrus crispus species of red algae
obtained from the Red sea was found to contain several flavonoids,
polyphenols and tannins. The algal extract also displayed remark-
able antioxidant, anti-inflammatory and antitumor properties.
Therefore, Chondrus crispus extract can be further studied for its
pharmacological application in the prevention and treatment of
chronic diseases particularly human cancers.
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