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Abstract
Ulva fasciata, U. lactuca, Amphiroa anceps, Corallina mediterranea, and Sargassum filipendula extract were screened for their in vitro anticancer activity
against human breast adenocarcinoma cell line (MCF-7) and colorectal carcinoma cell line (HCT-116). Algal extracts exhibited significantly dose-dependent
anticancer activity without significant cytotoxicity against normal human fibroblasts. The maximum inhibitory percentages against MCF-7 and HCT-116 cell
lines were recorded by U. lactuca (88.5 ± 1.08 %) and A. anceps (86.1 ± 2.88 %) extracts. Algal extracts showed cytotoxic effect against MCF-7 cell line with
fifty percent inhibitory concentration (IC50) values ranging from 3.54 ± 1.2 to 21.2 ± 1.1 µg mL-1. The seaweeds extract has a less cytotoxic effect against HCT-
116. FTIR and GC-MS analyses of the extracts indicated that the anticancer potential of the tested seaweeds may be returned to the presence of various
anticancer compounds such as palmitic acid, oleic acid, retinoic acid, dihydroactinidiolide, thiosemicarbazide, diisobutyl phthalate, and phytol. Thus, seaweed
extracts may be a promising natural source of safe anticancer agents against human breast and colon cancers.

1. Introduction
Macroalgae were classified into three broad groups as green algae (Chlorophyta), brown algae (Phaeophyta), and red algae (Rhodophyta). For many ages,
algae have been considered a basket for many applicable compounds in many fields including pharmaceutical products (Mofeed and Mosleh, 2013).
Seaweeds known as marine macroalgae are gaining significant importance due to their production of novel medically active substances like fatty acids,
alkaloids, polysaccharides, cyclic peptides, heterocyclic carbons, terpenes, and stereos. Most of these substances display a broad range of biological activities
such as anticancer, anti-inflammatory, antimicrobial, antioxidant, antiviral, and antimalarial (Mofeed et al., 2019; Deyab et al., 2020).

Cancer is considered one of the most diseases threatening the survival of humanity nowadays and there is no main reason for it. In all cancer types, some of
the body’s cells begin to divide without stopping, forming an uncontrolled cell growth that spread into surrounding tissues and can concurrently start anywhere
in the human body (Yousefi et al., 2018; Mofeed et al., 2018).

Breast cancer is the first most common malignant tumor in women and the second in the world (Ilhan et al., 2017). It is the most likely cause of cancer deaths
in women worldwide. Incident of breast carcinoma has been increased from 1.7 million in 2005 to 2.4 million cases in 2015 (Fitzmaurice et al., 2017). In Egypt,
breast cancer occupied the top rank and constitutes 32% among women (Ibrahim et al., 2014).

Colon cancer known as colorectal cancer is the third most common cancer in the world with an estimated 1.4 million cases diagnosed and 693,900 deaths in
2012 occurring worldwide. It is the second-leading cause of cancer deaths in both men and women (Torre et al., 2015). In Egypt, colorectal cancer is the 7th
commonest cancer, representing 3.47% of male cancers and 3% of female cancers (Ibrahim et al., 2014).

Till now, cancer treatments do not have safe medicine as the currently available drugs are causing side effects like vomiting, diarrhea, fatigue, and nausea.
Hence, it is important to explore and identify new safe, cheap, and less toxic anticancer agents from natural sources. Most pharmaceutical products have been
derived from various microorganisms, herbal plants, and seaweeds (Mofeed, 2019).

Macroalgae can be seen as natural factories for producing bioactive compounds. A sulfated polysaccharide (fucoidan) extracted from the brown seaweeds,
Fucus spp., Sargassum spp., Turbinaria spp. and Padina spp. has been shown anti-carcinogenic activity against both colon and breast cancer cell lines
(Isnansetyo et al., 2017). Numerous studies have reported anticancer activity of various compounds extracted from Laminaria digitata, Cymopolia barbata,
Lithothamnion calcareum, Undaria pinnatifida against HT-29 colon cancer cells (Yang et al., 2013; Badal et al., 2012). Moreover, some compounds isolated
from chlorophytes have been exhibited cytotoxic activity against breast, skin, lung, and prostate cancer lines (Tavares-Carreón et al., 2020).

Some marine macroalgal species, collected from Egypt such as Ulva fasciata and U. lactuca (Chlorophyta), Amphiroa anceps, and Corallina mediterranea
(Rhodophyta), and Sargassum filipendula (Phaeophyta) have been sufficiently unexplored as anticancer drugs. Therefore, the main objective of the present
study is to analyze the composition of these five seaweeds using FTIR and GC-MS analyses to screen their metabolites for in vitro anticancer potentialities
against breast cancer adenocarcinoma cell line (MCF-7) and colon carcinoma cell line (HCT-116).

2. Materials And Methods

2.1. Collection of seaweed samples
Five seaweeds were collected from Egypt's shores by hand-picking during low tide in October 2016. Ulva fasciata and Amphiroa anceps were collected from
Alexandria seashore – the Mediterranean Sea, Egypt (Abu-Qir 31°19N, 30°03 E), Ulva lactuca and Corallina mediterranea were collected from Damietta
seashore – the Mediterranean Sea, Egypt (Ras-Elbar 31°30′ N, 31°49′ E), while Sargassum filipendula was collected from Hurghada seashore - Red Sea, Egypt
(Hurghada 27°13′ N, 33°45′ E) (Fig. 1). Seaweed species were taxonomically identified according to Braune and Guiry (2011) and Jha et al. (2009). Photos of
the collected seaweeds were shown in Fig. 2.

2.2. Preparation of seaweed samples
After collection, fronds of seaweeds were washed several times with tap water and then with distilled water to remove epiphytes, sand, and salts. Seaweeds
were spread on paper to remove excess water and shade-dried at room temperature. Finally, 100 g of dry samples were ground into 2 mm and stored in airtight
brown glass containers at room temperature for further analysis.

2.3. Extraction methods
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The dried seaweed sample (25 g) was extracted using 250 ml methanol: hexane (1:1) at 65°C in the Soxhlet apparatus. The extraction procedure was repeated
until the extract was clear (most compounds were completely extracted). The extraction process of U. fasciata, U. lactuca, A. anceps, C. mediterranea, and S.
filipendula has run for 22, 24, 16, 18, and 16 hours, respectively. The liquid extracts were then cooled and concentrated using a rotary evaporator at 30–45°C.
Extracts were stored in labeled sterile screw-capped bottles at 4°C until it was tested. Methanol and hexane were of analytical grade and were purchased from
Sigma Aldrich, USA.

2.4. In vitro anticancer activity

2.4.1. Cell lines
Human breast adenocarcinoma cell line (MCF-7), Human colon carcinoma cell line (HCT-116), and normal human fibroblast cells were obtained from the
American Type Culture Collection (ATCC, Minnesota, USA) and were maintained at the National Cancer Institute, Cairo, Egypt, by serial sub-culturing. MCF-7
cells were cultured in Dulbecco's Modification of Eagle's Medium (DMEM, Sigma Aldrich, USA) while, HCT-116 cells were cultured in McCoy’s 5a medium
(Sigma–Aldrich, USA). Both media were supplemented with antibiotic-free 10% Fetal Bovine Serum (FBS, Sigma., USA), 100 U mL− 1 penicillin, and 2 mg mL− 1

streptomycin. The cells were maintained at 37°C in 95% relative humidified atmosphere containing 5% CO2.

2.4.2. Anticancer activity of organic extract of seaweeds using Sulforhodamine B (SRB)
assay
After seaweed extraction, we get rid of methanol: hexane solvent and dissolve it in DMSO for further analyses. Various concentrations (0, 12.5, 25, 50, and 100
µg mL− 1) of organic seaweeds extract were prepared for the following in vitro anticancer assay. 0.5% (v/v) DMSO was used as a control sample.

In vitro anticancer assay of the algal extracts against MCF-7, HCT-116, and fibroblast normal cells were performed using a SRB assay as it is a sensitive
method for evaluating cytotoxic activity (Skehan et al., 1990). All determinations were replicated three times in a day and the mean values were recorded. IC50

(the extract concentration that resulted in 50% of cell growth inhibition) was calculated using the Prism program (Graph Pad prim version 7.0 software at a
95% confidence limit.). Also, the percent of cell inhibition (death) was calculated using the following formula:

Percent cell inhibition (%) = 100 – (Absorbance of sample/Absorbance of control × 100)

2.5. Identification of phytochemicals in the algal extracts

2.5.1 Fourier transforms infrared spectrometry (FTIR) analysis
The FTIR characterization of powdered seaweeds was carried out with a Mattson 5000 FTIR spectrometer. Two mg of seaweed powder was ground with
approximately 100 mg of KBr in a mortar until the mixture was formed in fine particles and then pressed as a disc (10 mm) for transforming IR spectral
measurements in the frequency range of 4000 − 400 cm− 1 at 25 oC.

2.5.2. GC-MS analysis
Gas Chromatography-Mass Spectrometry (GC-MS) analysis of methanol: hexane extracts of the tested seaweeds were performed using Varian Chrompack
CP-3800 GC/MS/MS-2000 equipped with split-splitless injector and DB-5.625 GC column (30 m × 0.25 mm i.d., 0.25 µm film thickness). An electron ionization
system with ionization energy of 70 eV was used. The injector temperature was set at 275°C for 5 min with injection of 5 µl volumes of extracts. A linear
temperature program was adapted to separate the different components as follows: initially, the column maintained at 40°C for 3.5 min, ramped at a rate of
10°C min− 1 to 250°C at which it was held isothermal for 10 min; a second ramp (20°C min− 1) was then applied to 280°C and held isothermal for 5 min, the
total run time was 75.5 min. The temperatures of the transfer line and ion source were maintained at 250°C and 200°C, respectively. Identification of the
compounds was performed based on the comparison of their relative retention time (Rt) and mass spectra with those of the National Institute of Standards
and Technology (NIST) and Wiley MS spectra libraries data of the GC/MS system. Also, the percent relative peak area of the identified components was
estimated.

2.6. Statistical analysis
Data were analyzed by two-way analysis of variance (ANOVA) using SPSS version 22. The difference was considered significant when p < 0.05. All
determinations were carried out in triplicates and the results are expressed as a mean ± standard deviation (SD).

3. Results

3.1. Cytotoxicity activity of seaweeds extracts
Different concentrations (12.5, 25, 50, and 100 µg mL− 1) of organic extract (methanol: hexane) of U. fasciata, U. lactuca, A. anceps, C. mediterranea, and S.
filipendula were applied to SRB assay to test their anticancer potential. Also, IC50 was calculated for all extracts against both MCF-7 and HCT-116 cell lines. To
evaluate the cytotoxic effect of the tested extracts against both MCF-7 and HCT-116 cell lines, the activity of these extracts was also examined using human
fibroblast cells. All the tested extracts did not affect the viability of normal fibroblast cells.

As shown in Table 1, two-way ANOVA showed that there were significant effects of seaweeds extracts and their concentrations on both MCF-7 and HCT-116
cell lines. The results indicated that seaweeds extracts at different concentrations exhibited significant dose-dependent inhibitory effects (p < 0.005) against
both MCF-7 and HCT-116 cell lines after 48 hours of exposure (Table 2 and Fig. 3–4). The highest percentage of growth inhibition against MCF-7 was 88.5 ± Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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1.08% by 100 µg mL− 1 of U. lactuca extract, followed by U. fasciata (86.1 ± 1.73%) and A. anceps (85.8 ± 1.14%). On HCT-116 cancer cell line, the highest
inhibition was represented by A. anceps, followed by C. mediterranea.

Table 1
Two-way ANOVA shows the effect of the main factors (extract

of seaweeds and concentration of extracts) and their
interaction on inhibition percentage of MCF-7 and HCT-116 cell

lines.
Source of variation df F P

  MCF-7 cell line

Seaweed extract 4 58.2 Significant

Concentrations of extract 3 34.4 Significant

  HCT-116 cell line

Seaweed extract 4 3.56 Significant

Concentrations of extract 3 30.6 Significant

Where df: degrees of freedom, F: F-statistics, P: significance.

Table 2
Cell inhibition (%) and IC50 values of extracts of five seaweeds against MCF-7 and HCT-116 cell lines. Each value is the mean of three replicates ± SD

Concentration

(µg mL− 1)

Cell inhibition (%) against MCF-7 cell line line after 48 hours Cell inhibition (%) against HCT-116 cell line after 48 hours

U.

fasciata

U.

lactuca

A.

anceps

C. mediterranea S.

Filipendula

U.

fasciata

U.

lactuca

A.

anceps

C. mediterranea S.

filipe

0 0 0 0 0 0 0 0 0 0

12.5 63.6 ± 
0.86

76.7 ± 3.11 61.9 ± 1.68 53.6 ± 1.45 43.6 
± 0.89

18.9 ± 
1.81

24.6 ± 1.07 42.3 ± 2.25 16.1 ± 0.92

25 76.2 ± 
1.31

84.3 ± 1.62 72.2 ± 0.71 61.3 ± 2.41 51.3 
± 1.25

33.8 ± 
2.40

55.4 ± 0.85 78.6 ± 1.65 73.1 ± 1.37

50 79.8 ± 
1.09

84.8 ± 0.79 83.9 ± 2.05 64.6 ± 1.93 60.2 
± 1.66

56.9 ± 
1.21

65.4 ± 1.62 85.4 ± 3.12 78.9 ± 2.23

100 86.1 ± 
1.73

88.5 ± 1.08 85.8 ± 1.14 66.4 ± 2.19 65.4 
± 2.48

73.1 ± 
2.75

78.7 ± 1.03 86.1 ± 2.88 79.1 ± 1.47

IC50 (µg mL− 

1)

6.53 ± 
1.3

3.54 ± 1.2 7.42 ± 0.8 9.98 ± 0.5 21.2 
± 1.1

40.9 ± 
1.5

23.4 ± 1.1 13.9 ± 1.2 17.6 ± 1.3

All seaweeds extracts inhibited MCF-7 cells significantly with IC50 ranging from 3.54 ± 1.2 µg mL− 1 by U. lactuca to 21.2 ± 1.1 µg mL− 1 by S. filipendula. On the

other hand, all extracts showed less cytotoxicity on HCT-116 cell lines with IC50 ranging from 13.9 ± 1.2 µg mL− 1 by A. anceps to 40.9 ± 1.5 µg mL− 1 by U.
fasciata. Higher cytotoxicity against MCF-7 cells was shown by extracts from Chlorophytes, U. lactuca and U. fasciata with IC50 of 3.54 ± 1.2 and 6.53 ± 1.3 µg

mL− 1, respectively. While Rhodophyta species A. anceps exhibited higher cytotoxicity against HCT-116 cells with IC50 of 13.9 ± 1.2 µg mL− 1. Organic extract of
Phaeophyta, S. filipendula exhibited less cytotoxicity on both MCF-7 and HCT-116 cell lines (Table 2 and Fig. 3–4).

3.2. Identification of phytochemicals in the algal extracts

3.2.1. FT-IR characterization
FTIR analyses of U. fasciata, U. lactuca, A. anceps, C. mediterranea, and S. filipendula were performed to determine the presence of natural compounds in their
crude powder. The characteristic bands are listed in Table 3. These results showed differences between the compositions of crude powdered seaweeds.

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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Table 3
FT-IR absorption frequencies (cm− 1), intensity estimation, and functional group of some seaweeds collected from Egypt.

    Seaweeds     Functional Groups Compound

U. fasciata U. lactuca A. anceps C. mediterranea S. filipendula

A.F. (cm− 

1)
I.E. A.F. (cm− 

1)
I.E. A.F. (cm− 

1)
I.E. A.F. (cm− 

1)
I.E. A.F. (cm− 

1)
I.E.

3349 S 3447 S 3438 S 3444 S 3448 S • O-H Stretching • Alcohol

2923 W 2900 W 2923 W 2900 W 2923 W • CH2 antisymmetric stretch of methyl
groups

• lipids

2500 W - - 2524 M 2523 W - - • S-H thiols stretching • Sulfur
compound

2113 W 2050 W 2083 W 2100 W -   • C ≡ C stretching • Alkyne

1642 S 1642 S 1799 W 1800 W 1638 W • C = C stretching

• C = O stretching

• Phenyl
compound

• Amide

- - - - 1508 W - - - - • C = C ( in ring) Stretching • Lignin

1454 W 1425 W - - 1411 S 1421 W • S = O stretching

• O-H bending

• Sulfate

• Carboxylic acid

1108 W 1099 M - - - - 1081 W • C-O stretching

(ACH2OH groups)

• Carbohydrate

- - - - 1028 M 1034 M - - • C-N stretching • Amine

872 W - - 876 S 876 S 877 W • C-H bending • 1,2,4-
trisubstituted

669 W 669 W 718 M 718 M 714 W • C = S Stretching • Sulfide

A.F.: Absorption Frequency, I. E.: Intensity Estimation, S: Strong, M: Medium, W: Weak.

3.2.2. GC-MS analysis
The chemical constituents of the crude extracts of the tested seaweeds were analyzed using GC–MS, and the identified compounds with their molecular
formula, peak area, and the chemical group were presented in Tables 4–8. A total of 20, 12, 12, 19, and 23 different compounds were identified in U. fasciata,
U. lactuca, A. anceps, C. mediterranea, and S. filipendula, respectively. The identified compounds in the tested seaweed extracts belong to eleven main
chemical groups (esters, hydrocarbons, terpenes, ketones, fatty acids, alcohols, steroids, aldehyde, amides, amines, and phenols). 8-Heptadecene, Diisobutyl
phthalate, and Octadecanal, 2-bromo- were the major compounds in extracts of U. fasciata, U. lactuca, and S. filipendula, respectively. Whereas 1,2-
Benzenedicarboxylic acid, diisooctyl ester was the major compound in extracts of both A. anceps, and C. mediterranea.
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Table 4
Phytocomponents identified in the organic extract U. fasciata by GC-MS.

NO. Compound Molecular Formula Peak area % Chemical group

1 Hydroxylamine, O-decyl- C10H23NO 1.3 Amine

2 1,2-Bis(trimethylsilyl) benzene C12H22Si2 1 Hydrocarbon

3 Trimethylsilyl 3-methoxy-2-(2-oxo-2-((trimethylsilyl)oxy) ethoxy) benzoate C16H26O6Si2 0.46 Hydrocarbon

4 Benzoic acid, methyl ester C8H8O2 0.71 Ester

5 Octadecane, 6-methyl- C19H40 0.92 Hydrocarbon

6 N-Hydroxy-4-pyridinecarboxamide C6H6N2O2 2.1 Amide

7 10,10-dimethyl-2,6-dimethylidenebicyclo [7.2.0] undecan-5-ol C15H24O 0.46 Alcohol

8 Cyclohexyl isothiocyanate C7H11NS 1 Hydrocarbon

9 3-Methoxy-4-[(trimethylsilyl)oxy] benzaldehyde O-methyl oxime (Vanillin, MO TMS) C12H19NO3Si 1.85 Aldehydes

10 8-Heptadecene C17H34 21.9 Hydrocarbon

11 1-Bromoheptadecane C17H35Br 2.2 Hydrocarbon

12 3,7,11,15-Tetramethyl-2-hexadecen-1-OL C20H40O 14.3 Alcohol

13 6,10,14-Trimethylpentadecan-2-one C18H36O 2.4 Ketone

14 7-Hexadecenoic acid, methyl ester, C17H32O2 6.5 Ester

15 Hexadecanoic acid, methyl ester C17H34O2 3.6 Ester

16 Palmitic acid C16H32O2 16.2 Fatty Acid

17 Oleic acid methyl ester C19H36O2 5.9 Ester

18 Phytol C20H40O 9 Terpene

19 1,2-Benzenedicarboxylic acid, diisooctyl ester (Diisooctyl phthalate) C24H38O4 2.6 Ester

20 24Z-propylidene-cholest-5-en-3beta-ol (Methylisofucosterol) C30H50O 4.7 Steroid

Table 5
Phytocomponents identified in the organic extract U. lactuca by GC-MS.

NO. Compound Molecular Formula Peak area % Chemical group

1 Benzoic acid, hydrazide C7H8N2O 2.2 Aldehyde

2 3-Ethyl-4-Methyl-1h-Pyrrole-2,5-Dione C7H9NO2 2.5 Ketone

3 Phenol, 2,4-bis(1,1-dimethylethyl)- C14H22O 4.8 Phenol

4 Dihydroactinidiolide C11H16O2 7.9 Ketone

5 Tricyclo [4.3.1.1(3,8)] undecane, 1-methoxy- C12H20O 10.2 Hydrocarbon

6 1,6,6-Trimethyl-7-(3-oxobut-1-enyl)-3,8-dioxatricyclo [5.1.0.0(2,4)] octan-5-one C13H16O4 2.7 Ketone

7 9,10-Dimethyltricyclo [4.2.1.1(2,5)] decane-9,10-diol C12H20O2 3.7 Alcohol

8 E-2-Tetradecen-1-ol C14H28O 11.3 Alcohol

9 Diisobutyl Phthalate C16H22O4 37 Ester

10 Phytol C20H40O 7.7 Terpene

11 7,9-Di-tert-butyl-1-oxaspiro (4,5) deca-6,9-diene-2,8-dione C17H24 4.5 Ketone

12 1,2-Benzenedicarboxylic acid, diisooctyl ester (Diisooctyl phthalate) C24H38O4 4.8 Ester

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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Table 6
Phytocomponents identified in the organic extract A. anceps by GC-MS.

NO. Compound Molecular Formula Peak area % Chemical group

1 Benzoic acid, hydrazide C7H8N2O 8.1 Aldehyde

2 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl-, (R)- C11H16O2 2.8 Ketone

3 Dodecyl acrylate C15H28O2 2.2 Ketone

4 Nonadecane C19H40 5.7 Hydrocarbon

5 Tetradecanoic acid C14H28O2 4.6 Fatty acid

6 Carbonic acid, butyl undec-10-enyl ester C16H30O3 2.24 Ester

7 6,10,14-Trimethylpentadecan-2-one (Phytone) C18H36O 1 Ketone

8 7,9-Di-tert-butyl-1-oxaspiro (4,5) deca-6,9-diene-2,8-dione C17H24 3.4 Ketone

9 Pentadecanoic acid, 14-methyl-, methyl ester C17H34O2 29.5 Ester

10 Palmitic acid C16H32O2 7.8 Fatty acid

11 1,2-Benzenedicarboxylic acid, diisooctyl ester C24H38O4 30.4 Ester

12 Cholesterol C27H46O 2 Steroid

Table 7
Phytocomponents identified in the organic extract C. mediterranea by GC-MS.

NO. Compound Molecular Formula Peak area

%

Chemical group

1 Benzoic acid, hydrazide C7H8N2O 1.5 Aldehyde

2 Octadecanoic acid, 1-[(tetradecyloxy) carbonyl] pentadecyl ester C48H94O4 1.7 Ester

3 Nonanal C9H18O 2.2 Aldehyde

4 Thiosemicarbazide CH5N3S 1.13 Amide

5 Sulfurous acid, butyl undecyl ester C15H32O3S 2.1 Ester

6 2,6-Difluorobenzoic acid, tridec-2-ynyl ester C20H26F2O2 5 Ester

7 Phenol, 3,5-bis(1,1-dimethylethyl)- C14H22O 1.76 Phenol

8 4,4,7a-Trimethyl-5,6,7,7a-tetrahydrobenzofuran-2(4H)-one (Dihydroactinolide) C11H16O2 2.26 Ketone

9 Tetradecanoic acid C14H28O2 9.1 Fatty acid

10 Ethanol, 2-(9-octadecenyloxy)-, (Z)- C20H40O2 3.1 Alcohol

11 Phytol C20H40O 3 Terpene

12 Diisobutyl Phthalate C16H22O4 6.1 Ester

13 7,9-Di-tert-butyl-1-oxaspiro (4,5) deca-6,9-diene-2,8-dione C17H24 8.1 Ketone

14 Pentadecanoic acid, 14-methyl-, methyl ester C17H34O2 1.7 Ester

15 Ethaneperoxoic acid, 1-cyano-1-[2-(2-phenyl-1,3-dioxolan-2-yl) ethyl] pentyl ester C19H25NO5 3.1 Ester

16 Hexadecane, 1,1-bis (dodecyloxy)- C40H82O2 3 Hydrocarbon

17 1-Nonadecanol C19H40O 3.7 Alcohol

18 Methyl (5Z,8Z,11Z,14Z)-icosa-5,8,11,14-tetraenoate (Methyl arachidonate) C21H34O2 2.6 Ester

19 1,2-Benzenedicarboxylic acid, diisooctyl ester C24H38O4 38.2 Ester
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Table 8
Phytocomponents identified in the organic extract S. filipendula by GC-MS.

NO. Compound Molecular Formula Peak area

%

Chemical group

1 Acetic acid, 2-(2-acetoxy-2,5,5,8a-tetramethyldecalin-1-yl)- C18H30O4 3.8 Aldehyde

2 Oleic acid C18H34O2 1.07 Fatty acid

3 Ppropiolic acid, 3-(1-hydroxy-2-isopropyl-5-methylcyclohexyl)- C13H20O3 0.46 Fatty acid

4 Dihydroxanthin C17H24O5 0.3 Ketone

5 Ethanol, 2-(9-octadecenyloxy)-, (Z)- C20H40O2 3.07 Alcohol

6 Cholestan-3-ol, 2-methylene-, (3β,5α)- C28H48O 4 Terpene

7 13-Heptadecyn-1-ol C17H32O 5.5 Alcohol

8 1-Heptatriacotanol C37H76O 1.38 Alcohol

9 Cyclopropanebutanoic acid, 2-[[2-[[2-[(2-pentylcyclopropyl) methyl] cyclopropyl] methyl]
cyclopropyl] methyl]-, methyl ester

C25H42O2 3.8 Ester

10 Palmitic acid C16H32O2 0.76 Fatty acid

11 9,12,15-Octadecatrienoic acid, 2,3-dihydroxypropyl ester, (Z, Z, Z)- C21H36O4 0.46 Ester

12 Octadecanal, 2-bromo- C18H35BrO 32.5 Hydrocarbon

13 9-Hexadecenoic acid C16H30O2 0.92 Fatty acid

14 Docosahexaenoic acid, 1,2,3-propanetriyl ester C69H98O6 0.61 Ester

15 Dasycarpidan-1-methanol, acetate (ester) C20H26N2O2 12.2 Ester

16 Retinoic acid, methyl ester C21H30O2 3.3 Ester

17 5H-Cyclopropa [3, 4] benz[1,2-e] azulen-5-one, 9-(acetyloxy)-3-
[(acetyloxy)methyl]-1,1a,1b,4,4a,7a,7b,8,9,9a-deca

C24H32O8 2.3 Ketone

18 2-[4-methyl-6-(2,6,6-trimethylcyclohex-1-enyl) hexa-1,3,5-trienyl] cyclohex-1-en-1-
carboxaldehyde

C23H32O 8 Aldehyde

19 Dasycarpidan-1-methanol, acetate (ester) C20H26N2O2 2 Ester

20 5H-Cyclopropa [3, 4] benz [1,2-e] azulen-5-one, 4,9,9a-tris(acetyloxy)-3-
[(acetyloxy)methyl]-1,1a,1b,4,4a,7a,7b,8,9,

C28H36O11 1.4 Ketone

21 Phen-1,4-diol, 2,3-dimethyl-5-trifluoromethyl- C9H9F3O2 5.2 Phenol

22 5H-Cyclopropa [3,4] benz [1,2-e] azulen-5-one, 9a-(acetyloxy)-1,1a,1b,4,4a,7a,7b,8,9,9a-
decahydro-4a,7b,9-trihyd

C22H30O7 3.3 Ketone

23 Acetic acid, 3-hydroxy-4,4,10,13-tetramethyl-7-oxo 2,3,4,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-1H-cyclo

C23H34O4 3.7 Hydrocarbon

4. Discussion

4.1. Cytotoxic activity of seaweeds extracts against MCF-7 and HCT-116 cell lines
The activity against cancer cell lines is one of the most important applications of marine algae. Many previous studies reported cytotoxic and antitumor
activities of several algae (Senousy et al., 2020; Zandi et al., 2010). The SRB toxicity test represents a rapid, simple, and inexpensive assay to evaluate the
cytotoxicity of extracts from natural sources such as seaweeds. The results of this assay revealed that methanol: hexane extract of all the tested seaweeds
had promising cytotoxic activity against both MCF-7 and HCT-116 cancer cell lines in a concentration-dependent manner. Selection of methanol: hexane
mixture for seaweeds extraction is due to its high efficiency to extract polar and nonpolar phytochemicals from seaweeds. Moreover, methanol and hexane are
less toxic, less expensive, and unable to form emulsions during the extraction process (Grosso et al., 2015).

The present results agreed with Alghazeer et al. (2018) who reported significant high cytotoxic effect of U. lactuca extract against human colorectal carcinoma
in a dose-dependent manner at a concentration range of 50–200 µg mL− 1. Ryu et al. (2013) reported that ethanol extract of U. fasciata collected from Korea
presented a less inhibition percentage against HCT-116 (50 % at 200 µg mL− 1) than that reported in this study (56.9 ± 1.21% at 50 µg mL− 1). Moreover, ethanol
extract of a green alga, Cladaphora spp. presented a promising cytotoxic activity at the concentration 7.8 µg mL− 1 and 400 µg mL− 1 on HT-29 colon cancer
cell line (Shanthi et al., 2017).Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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In the present study, the extract of red alga A. anceps presented high cytotoxic activity on HCT-116 cancer cell line with IC50 of 13.9 ± 1.2 µg mL− 1. Harada et
al. (2002) reported that the cytotoxic activity of Amphiroa zonata against human leukemic cells was due to the presence of palmitic acid. The current results
declare the significant cytotoxicity of red seaweed, Corallina mediterranea against both MCF-7 and HCT-116 cancer cell lines with IC50 of 9.98 ± 0.5 µg mL− 1

and 17.6 ± 1.3 µg mL− 1, respectively. Moreover, El-Kassas and El-Sheekh (2014) reported a cytotoxic effect of gold nanoparticles with aqueous extract of
Corallina officinalis, collected from Egypt against human breast cancer cells.

Several Phaeophyta species are known to contain anticancer compounds mainly fucoidan, a sulfated polysaccharide. Zandi et al. (2010) reported remarkable
anticancer activity of fucoidans extracted from Sargassum polycystum, S. oligocystum, S. mcclurei, S. swartzii, and S. denticaprum collected from Vietnam
against human cancer cell lines. In our in vitro assay, S. filipendula showed low cytotoxic activity against both MCF-7 and HCT-116 cancer cell lines with IC50

of 21.2 ± 1.1 µg mL− 1 and 38.1 ± 1.4 µg mL− 1, respectively. Mary et al. (2012) reported that ethanol extract of Sargassum sp. has anticancer activity against
MCF-7 cell line with an IC50 value of 250 µg mL− 1. IC50 values of n-hexane and ethyl acetate extracts of brown seaweed, Turbinaria decurrens collected from

Indonesia were 1.512 µg mL− 1, and 3.058 µg mL− 1, respectively. Differences in cytotoxic effect may be due to differences in seaweed species, collection site,
extraction solvent, and assay methods (Zakaria et al., 2018).

The anticancer activity of the tested seaweeds may be related to the presence of various therapeutic compounds that can induce apoptosis through different
pathways and molecular mechanisms (Moghadamtousi et al., 2014). Therefore, the presence of natural compounds like carbohydrates, alcohols, lipids,
alkynes, amines, sulfur compounds, and sulfates in methanol: hexane extract of U. fasciata, U. lactuca, A. anceps, C. mediterranea, and S. filipendula may be
responsible for the cytotoxic abilities of the tested seaweeds against both MCF-7 and HCT-116 cancer cell lines.

4.2. Identification of bioactive compounds in the seaweed extracts

4.2.1. FTIR characterization of powdered seaweeds
Marine seaweeds are a natural source of bioactive compounds with a broad range of biological activities. Until now, chemical anticancer drugs have side
effects and drug interactions, and there is no natural, safe, and cheap medicine with no side effects. Thus, there is a great need to exploit novel, safe, natural
anticancer agents and we think that natural products from seaweeds are ideal candidates as anticancer agents. The present study is the first to analyze the
composition of Egyptian seaweeds, Ulva fasciata, Ulva lactuca, Amphiroa anceps, Corallina mediterranea, and Sargassum filipendula using FTIR, and to
examine in vitro anticancer potential of their methanol: hexane extracts against MCF-7 and HCT-116 cells.

In the present study, the FT-IR results of the crude seaweeds showed the presence of various chemical groups. The strong absorption bands at 3349–3448
cm− 1 in different seaweeds representing the O-H stretching are indicative of the presence of alcohols (Hu et al., 2016; Silva et al., 2014). The weak absorption
bands at 2900–2923 cm− 1 in all seaweeds were due to CH2 antisymmetric stretch of methyl groups in lipids (Lu and Rasco, 2012). Noda et al. (1990) found
that several glycolipids and phospholipids from seaweeds were effective against Ehrlich carcinoma.

The medium band of A. anceps at 2524 cm− 1 and the weak bands of U. fasciata and C. mediterranea at 2500–2523 cm− 1 were referred to S-H thiols
stretching in sulfur compounds. The weak absorption bands observed in Chlorophytes and Rhodophytes species at 2050–2113 cm− 1 are characteristic of
alkynes (C ≡ C stretching) (Younger, 2014). The strong band at 1642 cm− 1 of the spectrum of both Chlorophytes species and weak bands around 1638–1800
cm− 1 of the spectrum of Rhodophytes and Phaeophytes species are indicative of C = C stretching of phenyl compounds and C = O stretching of aromatic
amide I (proteins and peptides), respectively (Demir et al., 2015).

The weak band in A. anceps at 1508 cm− 1 representing C = C stretching vibration is indicative of the lignin (Kubo and Kadla, 2005). Lopez et al. (2014)
reported low content of lignin in the cell walls of seaweeds. Moreover, the protecting role of lignin against colon cancer was reported by Lu et al. (1998).

The strong absorption band in C. mediterranea at 1411 cm− 1 is due to the presence of sulfates, whereas weak absorption bands in Ulva species and S.
filipendula at 1421–1454 cm− 1 are indicative of the presence of carboxylic acid (O-H bending) (Younger, 2014). Seaweeds were known to have high carboxylic
acid content, especially, fatty acids. Deyab et al. (2012) reported in vitro anticancer activities of some fatty acids (oleic and palmitic acids) extracted from
seaweeds against Ehrlich ascites carcinoma cells.

The medium band in U. lactuca at 1099 cm− 1 reflected C-O stretching of carbohydrates such as starch, pectin (Singh et al., 2016). The weak band of U.
fasciata at 1108 cm− 1 is attributed to ACH2OH groups of carbohydrate (Mordechai et al., 2001). Many previous studies reported that a sulfated
polysaccharide, fucoidan from brown seaweeds, Fucus sp., Ascophyllum nodosum, and Undaria pinnatifida could inhibit the growth of colon cancer cells and
a wide range of tumor cells (Yang et al., 2013; Kim et al., 2010).

The medium absorption bands at 1028 and 1034 cm− 1 in Rhodophytes, A. anceps, and C. mediterranea, respectively referred to C-N stretching indicate amines
in these seaweeds. A. anceps, and C. mediterranea exhibited a strong band at 876 cm− 1, which is assigned to C-H bending that are characteristic of 1,2,4-
trisubstituted compounds. The medium absorption bands at 718 cm− 1 (in Rhodophytes), and weak absorption bands at 669–714 cm− 1 (Chlorophytes and
Phaeophytes) represent the C = S stretching is indicative of the presence of sulfides in the tested seaweeds (Younger, 2014).

4.2.2. GC-MS analysis
GC-MS analysis of the extracts of the tested seaweeds revealed the presence of some active compounds. The highest number of compounds (23) was
identified in the organic extract of brown seaweed, S. filipendula, whereas the lowest number of compounds (12) was identified in extracts of both U. lactuca,

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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and A. anceps. Previous studies also reported a higher content of bioactive substances in brown algae than red and green algae (Gupta and Abu-Ghannam,
2011; Balboa et al., 2013; Montero et al., 2014).

Bioactive compounds of seaweeds such as terpenes, and steroids were highly diverse compared to higher plants (Manilal et al., 2013). Terpenes were detected
in all the tested seaweeds except in A. anceps extract while steroids were found in the extracts of U. fasciata, and A. anceps. Most of these compounds
expressed important various biological activities such as anticancers, antivirals, antioxidants, and anti-inflammatories. Some of the identified compounds in
the extracts of the tested seaweeds like palmitic acid, oleic acid, retinoic acid, dihydroactinidiolide, thiosemicarbazide, diisobutyl phthalate, and phytol having
anticancer activities (Al-Sheddi et al., 2015; Jiang et al., 2017)

Marine seaweeds are rich in fatty acids that have significant bioactivity such as anticancer activity. Pacheco et al. (2018) reported the cytotoxicity effect of
fatty acids extracted from some seaweeds against MCF-7 and MDA-MB-231 human breast cancer cells. In the present study, palmitic acid was detected in the
extracts of U. fasciata, A. anceps, and S. filipendula. The second major compound in U. fasciata extract was palmitic acid. It was the most prevalent saturated
fatty acid in all the red seaweeds. Zafaryab et al. (2019) reported that IC50 value of palmitic acid against MCF-7 cell line was 118.87 ± 0.22 µg mL− 1 for 48
hours. The high IC50 value of palmitic acid compared with that of the tested extracts reveals that seaweed extracts result in higher cytotoxicity than pure
palmitic acid. Palmitic acid extracted from Amphiroa zonata (red seaweed) induces apoptosis in the human leukemic cell line MOLT-4 (Pacheco et al., 2018).
Previous studies showed a considerable anticancer potential of palmitic acid as it induces cellular apoptosis in Chinese hamster ovary (CHO) cells, pancreatic
β-cells, and breast cancer cell lines (Listenberger et al., 2001; Karaskov et al., 2006; Lin et al., 2012). The main different pathways involved in apoptosis
signaling mediated by palmitic acid are ROS generation, de novo ceramide synthesis, nitric oxide generation, decreases in phosphatidylinositol-3-kinase, toll-
like receptor 4/reactive oxygen species (ROS)/p53 pathway, and modification of mitochondrial structure or function (Shimabukuro et al., 1998; Listenberger et
al., 2001; Zhang et al., 2017). Zafaryab et al. (2019) reported that treatment of MCF-7 breast cancer with palmitic acid enhanced the expression of apoptosis-
related proteins including caspase-3, 9, Bax and p53 whereas the expression of anti-apoptotic pro tein Bcl-2 was decreased. Furthermore, oleic acid was found
in U. fasciata, and S. filipendula extracts. Oleic acid exhibited high anti-proliferation of breast cancer cells through proteasome inhibition, cell cycle G0/G1
arrest, glycolysis, and induction of apoptosis and autophagy via blocking the Akt/mTOR pathway (Moon et al., 2014; Dapeng et al., 2016; Jiang et al., 2017).

Retinoic acid was found in S. filipendula extract. Retinoic acid is an active metabolite of vitamin A that was found to reduce breast (MCF-7), liver (HepG2),
lung, prostate, bladder, ovarian, oral, and skin cancers via cell cycle inhibiting protein (p27) and cell cycle regulator (Cdk5) with cyto-differentiating, anti-
proliferative, and apoptotic effects that are mediated by activation of the nuclear hormone retinoic acid receptors RARα, RARβ and RARγ (Garattini et al., 2012;
Al-Sheddi et al., 2015).

Dihydroactinidiolide, a mixture of sterols (campesterol, stigmasterol, β-sitosterol) was identified in the extract of U. lactuca. Abdul Malek et al. (2009) reported
a strong cytotoxic effect of dihydroactinidiolide against colorectal carcinoma cell line (HCT-116); with IC50 of 5.0 µg mL− 1. The low IC50 value of
dihydroactinidiolide compared with that of the tested extracts reveals that pure dihydroactinidiolide results in higher cytotoxicity than the seaweed extracts.

GC-MS analysis of the methanol: hexane extract of C. mediterranea revealed the presence of thiosemicarbazide. It has an anticancer potential similar to that
of triapine and methisazone (anticancer drugs). This activity was related to its ability to inhibit ribonucleotide reductase that is involved in the rate-limiting
step of DNA synthesis (Arora et al., 2014).

Diisobutyl phthalate is a phthalate ester that has moderate cytotoxic activity against various cancer cell lines (Wang et al., 2012). Diisobutyl phthalate was
detected in the extracts of U. lactuca and C. mediterranea.

The organic extracts of U. fasciata, U. lactuca, and C. mediterranea contain phytol. Sheeja et al. (2016) reported a potent anticancer activity of phytol purified
from Gracilaria edulis against MCF-7 cell lines with no side effects.

This study sheds light on the anticancer activity of Ulva fasciata, Ulva lactuca, Amphiroa anceps, Corallina mediterranea, and Sargassum filipendula collected
from Egyptian coasts against human breast adenocarcinoma cell line (MCF-7) and colorectal carcinoma cell line (HCT-116). The crude extract of U. lactuca
and A. anceps showed the maximum activity against MCF-7 and HCT-116 cell lines, respectively. The tested seaweeds contain different anticancer
compounds that will make the seaweeds a promising source for cheap and safe anticancer drugs in the future. Therefore, purification of active substances
from these seaweeds and the mechanisms by which the seaweeds induce anti-proliferation activity needs to be considered in further studies to facilitate the
future potential application of these novel natural anticancer agents.
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Figures

Figure 1

A map showing the collection sites.
Note: The designations employed and the presentation of the material on this map do not imply the expression of any
opinion whatsoever on the part of Research Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning the
delimitation of its frontiers or boundaries. This map has been provided by the authors.
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Figure 2

Photos of the collected seaweeds (A): U. fasciata, (B): U. lactuca, (C): A. anceps, (D): C. mediterranea, and (E): S. filipendula.

Figure 3

Effect of the organic extract of seaweeds; (a): U. fasciata, (b): U. lactuca, (c): A. anceps, (d): C. mediterranea, and (e): S. filipendula on the growth of MCF-7
cells. Results represent the means ± SD from three replicates.Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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Figure 4

Effect of the organic extract of seaweeds; (a): U. fasciata, (b): U. lactuca, (c): A. anceps, (d): C. mediterranea, and (e): S. filipendula on the growth of HCT-116
cells. Results represent the means ± SD from three replicates.
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