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Abstract
Aim: We investigated the antimicrobial and anticancer properties of an ethanol crude extract of Red Sea brown alga (Hormophysa 
cuneiformis) from Egypt.
Methods: Extraction was achieved by mixing 100 g of sample powder with absolute ethanol, incubating at 37 °C overnight in a shaking 
incubator, and then collecting the extract. The extract’s antimicrobial activity was tested using a well diffusion assay against the tested 
pathogens (Escherichia coli, Bacillus subtilis, Staphylococcus aureus, and Candida albicans) in comparison to commercial antibiotics. 
Anticancer activity was assessed using MTT assay on MCF-7, HepG-2, and HEP-2 cell lines. The anticancer mechanism of action against 
the HepG-2 cell line was investigated using cell cycle analysis, Annexin V, and antioxidant enzymes, in addition to transmission electron 
microscopy.
Results: GC-MS phytoconstituent profile of the extract was dominant with fatty acids. A broad antimicrobial effect against all the 
pathogenic isolates of E. coli, S. aureus, B. subtitles, and C. albicans was demonstrated, especially at the high concentration in comparison 
to commercial antibiotics. The extract could inhibit the growth of the tested cell lines. We observed the most significant effect on  
HepG-2 cells, and the concentration of the extract played a role in the level of inhibition  (IC50 of 44.6 ± 0.6 µg/ml). The extract had 
negligible effects on Vero normal cell lines at the lower concentration, with slight toxicity (90.8% viability) at the highest concentration 
(500 µg/ml). At this same concentration, the extract caused 80–92% inhibition of the cancer cell lines. The extract appears to have 
demonstrated promising effects on cancer cells. It induces programmed cell death (apoptosis), arrests the cell cycle, and affects the 
oxidative/antioxidant balance within the cells, potentially leading to the suppression or elimination of cancer cells. These findings are 
encouraging and may have implications for cancer treatment or further research in this area. More action of extract was seen against 
bacteria than fungi, with a wide antibacterial impact against all of the tested isolates, notably at the high concentration in comparison to 
conventional antibiotics.
Conclusion: According to the findings, H. cuneiformis may be a valuable source of chemicals that are both antimicrobial and anticancer.
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Highlights:
•	 Antimicrobial and anticancer activity of the ethanol extract of H. cuneiformis.
•	 The mechanism of the extract was found to be related to apoptosis and cell cycle arrest.
•	 The extract was found to affect the oxidative status of cancer cells.
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Introduction

Microbial antibiotic resistance and cancer are two serious 
problems that our modern world is facing. The WHO reports 
that many commonly used antibiotics are losing their ability 
to combat bacteria. This leads to difficulties in treatment and 
controlling infections that can eventually lead to death – espe-
cially during surgeries such as cancer, cesarean, and transplan-
tation (WHO, 2021). On the other hand, the second greatest 
cause of death worldwide is cancer (WHO, 2022). According 
to WHO, the most common cancer deaths in 2020 were lung, 

colon, liver, stomach, and breast (WHO, 2022). Only a small 
proportion of patients may be candidates for surgery, depen-
ding on the type and stage of their cancer (Berry, 2014). Che-
motherapy and radiation therapy are two other techniques 
that can be used in conjunction with surgery. However, these 
treatments may come with serious side effects, such as xeros-
tomia, tiredness, diarrhea, and secondary cancers (Piraux et 
al., 2020). Based on this, the need to find new alternative solu-
tions to work against these increasing problems is urgent. Na-
tural products offer a dependable substitute when looking for 
chemicals that can help to prevent and treat diseases (Pádua 
et al., 2015; Wang et al., 2021). Natural products from marine 
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sources have received increasing coverage (Chamberlin et al., 
2019). Among the most important marine studied sources, ex-
tracts and substances made from marine algae have promising 
antimicrobial, anticancer, antioxidant, and anti-inflammatory 
properties (Barreca et al., 2020).

The compounds found in marine algae are structurally dis-
tinct, with a wide range of pharmacological properties that are 
absent in terrestrial plants (Barzkar et al., 2019; Salehi et al., 
2019). Flavonoids, fatty acids, fucoidan, alginate, fucoxanthin, 
phenolics, and other compounds may have unique health-pro-
moting properties that might be exploited in human health-
care applications, including microbes and cancer treatment 
(Mohamed and Saber, 2019). Several studies have reported 
marine algae and their compounds for their antimicrobial and 
anticancer activity (Biris-Dorhoi et al., 2020; Osman et al., 
2019, 2020; Moga et al., 2021; Teleb et al., 2022). Egypt’s Red 
Sea is full of valuable marine algae that still need to be inves-
tigated for their bioactivity (Osman et al., 2020). Hormophy-
sa cuneiformis is an abundant brown marine alga that blooms 
on the coral reefs of the Red Sea, especially when extensive 
expanses of dead coral are present (Rashad and El-Chaghaby, 
2020). Yet, this alga is scarcely investigated for its bioactivi-
ty and chemical profiling (Mohamed and Saber, 2019; Osman 
et al., 2020; Rashad and El-Chaghaby, 2020). Therefore, this 
research aimed to look into the possible antimicrobial and 
anticancer properties of ethanol extract from the brown alga  
H. cuneiformis and having a chemical profile for its extract.

 
Materials and methods

Sample collection and extract preparation
H. cuneiformis, a brown alga, was collected from the intertidal 
and subtidal zones of Ras Sudr reefs, Red Sea, Egypt in March 
2017. The sample was washed with seawater to remove any im-
purities and then washed with fresh water to remove excess 
salt. It was dried by air in the shade, then ground and stored in 
plastic bags until future use. Extraction was achieved by mix-
ing 100 g of sample powder with absolute ethanol, incubating 
at 37 °C overnight in a shaking incubator, and then collecting 
the extract. The process was carried out three times or until 
no color was observed. The extract was then evaporated to 
dryness under a reduced pressure vacuum (after being filtered 
using Whatman No. 4 filter paper). For cell experiments, a 
50 mg/ml stock solution was prepared by dissolving the crude 
extract in dimethyl sulfoxide (DMSO). DMSO was used to pre-
pare the needed concentrations. For the antimicrobial exper-
iment, the stock solution and different concentrations were 
prepared using absolute ethanol.

GC-MS phytoconstituent profiling of the extract 
The Thermo Scientific TRACE 1310 gas chromatograph cou-
pled with an IQS LT single quadrupole mass spectrometer was 
employed for H. cuneiformis ethanol crude extract analysis. 
This instrument (30 m length; 0.25 mm internal diameter; 
0.25  film thickness) used a DB5-MS and a capillary column 
filled with cross-linked 5% diphenyl and 95% dimethylpol-
ysiloxane. An electron ionization system was employed for  
GC/MS detection. It was ionized with a 70 eV energy. The 
carrier was made up almost entirely of helium gas. It had a  
1 ml/min constant flow rate and a 1 ml injection volume (spit-
less mode; injector temperature, 200 °C; ion-source tempera-
ture, 300 °C). The oven was at a set temperature of 40 °C (iso-
thermal for 3 min). It increased at a rate of 5 °C/min until it 
reached 280 °C, after which it increased at a rate of 7.5 °C/min 

until it reached 290 °C. A 9-min isothermal at 300 °C marked 
the end of this phase. At 70 eV, mass spectra were recorded. 
Additionally, 0.5-second scan intervals and components be-
tween 45 and 450 Da were collected. The GC ran for 63 min in 
total. Mass spectra and chromatograms were processed using 
a TurboMass, and the relative percentage sum of each factor 
was calculated by multiplying its average peak area by the total 
number of areas.

Estimation of the extract’s antimicrobial activity using 
well diffusion assay
The antimicrobial effect of H. cuneiformis extract was test-
ed using the well-diffusion method (Behravan et al., 2019) 
against selected microorganisms. Standard isolates of Bacillus 
subtilis (ATCC 10783) (NRRL B-543) and Staphylococcus au-
reus (ATCC 25923) as gram-positive bacteria, Escherichia coli 
(ATCC 25922) as gram-negative bacteria, in addition to Can-
dida albicans (ATCC 16404) as fungus were used. The isolates 
were acquired from the Botany and Microbiology Department, 
Faculty of Science, Suez Canal University, Egypt. On Muller 
Hinton agar and Sabouraud Dextrose Agar media, 100 μl of 
a solution containing 108 cfu/ml of bacteria and 106 cfu/ml 
of fungus, were applied, respectively. A sterile cork borer was 
used to create wells that were 6 mm in diameter. The wells 
were loaded with different concentrations of the extract at  
25 µg/well and 50 µg/well. DMSO was used as a negative 
control at a concentration of 0.1%. For positive control, Aug-
mentin (AG), Chloramphenicol (C), and Streptomycin (S) were 
used at 30 μg/well. The inoculated plates were incubated at  
37 °C (24 h for bacteria and 48 h for the fungus). The size of the 
inhibition zone (mm) was measured and taken as an indication 
of antimicrobial action for the extract.

Evaluation of the extract’s anticancer activity
Normal and cancer cell lines culture and maintenance
Normal Vero cells (monkey kidney), MCF-7 cells (human 
breast cancer cell line), HepG-2 cells (human hepatocellular 
cancer cell line), and HEP-2 cells (human larynx cancer cell 
line) were acquired, cultured, and maintained at the regional 
center of mycology and biotechnology (Al-Azhar University, 
Egypt). For Vero cell, Roswell Park Memorial Institute (RPMI) 
medium was used, accompanied by 1% antibiotic (100 U/ml 
of penicillin, 100 µg/ml of streptomycin), sodium pyruvate 
(110 mg/ml), and 10% FBS On Dulbecco’s modified Eagle’s 
medium (DMEM), which also contains 10% heat-inactivated 
foetal bovine serum, 1% L-glutamine, a HEPES buffer, and  
50 mg/ml gentamycin, cancer cells were cultured. Every cell 
line was subcultured twice weekly at 37 °C in 5% CO2 (Mira-
belli et al., 2019).

Extract cytotoxicity test against Vero normal cell line 
The cytotoxicity of extracts was assessed using the colorimet-
ric MTT test (Mosmann, 1983). Vero cells were sown in a 96-
well plate at a density of 1 × 105 cells/ml and incubated there 
for 24 h at 37 °C and 5% CO2. The cells were subsequently ex-
posed to extract at various concentrations (62.5, 125, 250, and 
500 µg/ml) and incubated for an additional 24 h. Following 
incubation, 250 µl of the MTT stock solution (50 µl; 2 mg/ml) 
was applied to each well. After 3 h of incubation, the super-
natants were removed, and each well’s formazan crystals were 
dissolved using DMSO. Using an ELISA microplate reader, the 
produced purple formazan’s absorption was determined at 
540 nm. 100% vitality was determined by the optical density 
(OD) of the formazan produced in the untreated control cells. 
The result is shown as the mean percentage of viable cells com-
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pared to the corresponding control (Vijayarathna and Sasidha-
ran, 2012).

Evaluation of extract proliferation inhibitory effect against cancer 
cell lines
MCF-7, HepG-2, and HEP-2 cancer cell lines were planted in a 
96-well plate at a cell concentration of 1 × 105 cells/ml. After 
24 h incubation (37 °C with 5% CO2), each cell line was treat-
ed with different extract concentrations (3.9, 7.8, 15.6, 31.25, 
62.5, 125, 250, and 500 µg/ml) and further incubated for 24 h. 
The inhibition in cancer cell line growth was measured using 
the MTT assay (Mosmann, 1983) as described above. The OD 
for control cells (no treatment) was considered to have 100% 
viability. The data are presented as the mean percentage of 
inhibition compared to the control group’s inhibition of cell 
growth. The 50% inhibitory concentration (IC50) was calculat-
ed for each cell line. The cancer cells most susceptible to the 
extract proceeded for further mechanism investigation.

Cell cycle analysis
To survey the proportion of DNA content and cytotoxicity 
mechanism of the extract, a cell cycle analysis was performed 
according to Nicoletti et al. (1991). HepG-2 cancer cells were 
seeded on 6-well plates with 2 × 105 cells/ml concentration 
and treated with the extract at various concentrations (25, 50, 
and 100 μg/ml). The cells were harvested after 24 h incuba-
tion (37 °C with 5% CO2), fixed in 1 ml of 70% ethanol for  
30 min at 4 ̊ C, and rinsed twice via 2 mM EDTA in PBS (spin at  
2000 rpm for 5 min per each wash), then incubated in the dark 
with 1ml propidium iodide (PI) solution composed of 2 mM 
EDTA PBS, 100 μg of (PI) and 100 μg RNaseA for 30 min at  
37 °C. The percentage of cells at each cell cycle stage was calcu-
lated using flow cytometry (Țigu et al., 2021).

Analysis of apoptosis with Annexin V Staining
Annexin-V FITC assay kit was used to quantify early and late 
apoptosis, as well as necrosis for the extract-treated cancer cell 
line through a flow cytometer. The same procedures of treat-
ment and cell preparation for cell cycle analysis were used. Af-
ter rinsingtwice with PBS, 500 µl of binding buffer was added. 
5 µl of Annexin-V FITC and 5 µl of PI were used to stain the 
cells for 5 min at room temperature. The cells were analyzed 
using a flow cytometer to give a percentage of apoptotic and 
necrotic cells (Lakshmanan and Batra, 2013).

Estimation of oxidative status biomarkers
The oxidative stress biomarkers of the extract were evaluated 
by the determination of the oxidative stress products and an-
tioxidant enzymes. HepG-2 cancer cells were seeded on 6-well 
plates with 2 × 105 cells/ml and treated with different concen-
trations of extract (25, 50, and 100 μg/ml). The cells were har-
vested after 24 h incubation (37 °C with 5% CO2) and then ly-
sed using ultrasonication in 0.1 M potassium phosphate buffer 
(pH 7.4) and 1.15% KCl for 1 min. Following a 15-minute cen-
trifugation at 3000 rpm of the combination, the supernatant 
was utilized to measure the levels of oxidative enzymes.

Determination of malondialdehyde (MDA)
200 μl of supernatant was mixed with 1.5 ml of 0.8% 2-thio-
barbituric acid and 1.5 ml of 20% acetic acid. A pink color 
was formed that was measured with a spectrophotometer at 
532 nm. Using 1,1´,3,3´-tetramethoxypropane serial dilutions, 
a calibration curve was created. The information was displayed 
as nmol/ml (Uchiyama and Mihara, 1978).

Determination of myeloperoxidase (MPO)
Hexadecyl trimethyl ammonium bromide was diluted 1  :  1 
in 200 l of supernatant and then added to the mixture on 
ice. A tube containing 2 ml of chloroform was filled with 
the supernatant after the combination was centrifuged at  
4000 rpm for 15 min at 4 °C. 1 ml of the top aqueous phase was 
taken shortly after, and it was centrifuged for 15 minutes at  
8000 rpm. A mixture of 0.2 ml of supernatant, 0.5 ml of PBS, 
0.6 ml of HBSS containing 0.25% bovine serum albumin,  
0.1 ml of 0.125% DMB, and 0.1 ml of 0.05% H2O2 was creat-
ed. After being vortexed, the mixture was let to stand at room 
temperature for 15 minutes. 0.5 ml of 1% sodium azide was 
added to stop the reaction, and the optical density (OD) was 
then measured spectrophotometrically at 460 nm as U/ml 
(Marklund, 1985).

Determination of Superoxide Dismutase (SOD)
25 µl of pyrogallol (24 mmol/l produced in HCl) were com-
bined with 100 µl of supernatant, and the final volume was 
adjusted to 3 ml using Tris HCl (0.1 M, pH 7.8). The variations 
in absorbance were noted at 420 nm for 3 intervals, using a 
spectrophotometer. SOD was expressed as U/mg Protein 
(Marklund, 1985).

Determination of catalase (CAT)
100 µl of supernatant was mixed with 2.9 ml of 19 mmol/l 
H2O2 solutions prepared in potassium phosphate buffer  
(0.1 M, pH 7.4). A JANEWAY 6305 UV/Visible Spectrophoto- 
meter was used to record the changes in absorbance at 240 nm 
once per minute for two minutes. The enzyme was measured in  
U/mg proteins (Claiborne, 1985).

Determination of glutathione peroxidase (GPx)
200 µl of supernatant was mixed with 0.8 mM EDTA, 10 mM 
sodium azide, 2.5 mM H2O2, reduced glutathione, and 0.4 M 
phosphate buffer (pH 7). The mixture was incubated for 3 min-
utes at 37 °C before adding 0.5 ml of 10% TCA to terminate the 
process. The mixture was centrifuged at 2,000 rpm, and the 
supernatant was mixed with 3 ml of 0.3 mM disodium hydro-
gen phosphate and 1.0 ml of 0.04% DTNB. GPx was produced 
as U/mg proteins and the generated color was evaluated spec-
trophotometrically at 420 nm instantly (Paglia and Valentine, 
1967).

Determination of glutathione-S-transferase (GST)
According to the GST kit, 500 µl of supernatant was mixed with 
1 ml of phosphate buffer (pH 7.4) and 100 µl of glutathione 
reagent (GSH), and was then incubated for 5 min at 37 °C. 
A 100 µl of Chloro, 2dinitrobenzenezen (CDNB) was added to 
the mixture and again incubated for 5 min at 37 °C. The re-
action was terminated using 100 µl trichloroacetic acid, and 
centrifuged at 3000 rpm for 5 min, then measured at 340 nm 
against the blank (Seyyedi et al., 2005). Results were expressed 
as nmol/mg proteins.

Determination of glutathione (GSH)
500 µl of supernatant was mixed with 500 µl TCA-EDTA, shak-
en for 15 min, then centrifuged for 5 min at 2000 rpm. 100 µl 
of supernatant was mixed with 1.7 ml phosphate buffer and 
0.1 ml Ellman’s reagent. A spectrophotometer was used to 
evaluate the optical density at 412 nm against a blank after 
five minutes using a GSH calibration curve. Proteins were used 
to measure GSH in mol/mg (Ellman, 1959).
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Transmission electron microscopy
HepG-2 cells were seeded in 6-well plates at 1 × 105 cells/ml. 
After 24 h incubation, the cells were treated with the H. cu-
neiformis extract IC50 (44.6 μg/ml) and incubated for anoth-
er 24  h. The cells were rinsed in PBS before being fixed in a 
PBS buffer containing 2% paraformaldehyde and 2.5% gluta-
raldehyde. Before being anchored in 1% osmium tetraoxide, 
the cells were washed twice in the same buffer. The cells were 
immersed in an LR White resin and polymerized after being 
rinsed and dehydrated in a graded alcohol series overnight at 
70 °C. The ultrathin components were then chopped and put 
on a TEM grid using a diamond cutter. Using a Philips CM10 
electron microscope with an 80 kV accelerating voltage, the 
bits were analyzed (Graham and Orenstein, 2007).

Data analysis
SPSS statistical package (SPSS Inc., Version 11.5) and Micro-
soft Excel 2010 were used for statistical analyses. ANOVA was 
used to test the significance of differences among treatments. 
Duncan’s test was used for calculating the least significant dif-
ferences among means at a probability level of P ≤ 0.05. The 
IC50 value was calculated as the H. cuneiformis ethanol extract 
concentration that inhibits cell proliferation by 50% compared 
to the untreated control cells. It was estimated from graphic 
plots of the concentration-response curve for each concentra-
tion using GraphPad Prism software (San Diego, CA. USA).

 
Results and discussion

GC-MS profile of the extract
The ethanol extract’s phytochemical GC-MS analysis of  
H. cuneiformis (Fig. 1) revealed the existence of 49 compounds 
(36  of them shown in Table 1). Most of the compounds be-
longed to fatty acids with the presence of phthalic acid, phytol, 
terpenes, ketones as well as steroids. The saturated fatty acids 
were represented by palmitic (C16:0), myristic (C14:0), mar-
garic acid (C17:0), and stearic (C18:0), with a peak area per-
centage of 29.12%, 3.91%, 27.87%, and 1.43%, respectively. 
Concerning monounsaturated fatty acids, oleic (C18:1, ω-9) 
acid was present with a peak area of 13.36%. Polyunsaturated 
fatty acids were dominant with arachidonic acid (C20:4, ω-6), 
alpha-linolenic acid (C18:3, ω-3), linoleic acid (C18:2, ω-6), ei-
cosapentaenoic acid (C20:5, ω-3), dihomo-γ-linolenic (C20:3, 
ω-6), and docosahexaenoic acid (C22:6, ω-3). The current re-
sults are aligned with those of Mohamed and Saber (2019), 
who investigated H. cuneiformis chloroform extract collected 
from Hurghada, Egypt. In Table 2, the previous reports about 
the antimicrobial and anticancer activity of some compounds 
found in the H. cuneiformis crude ethanolic extract’s profile 
were traced. The reports suggested 29 compounds in the etha-
nol extract of H. cuneiformis with antimicrobial and anticancer 
effects.

  Fig. 1. GC-MS chromatogram of the absolute ethanol extract of H. cuneiformis

Antimicrobial activity
Researchers are studying new compounds to combat microbial 
resistance. In a step toward facing the problem of microbial 
resistance, novel compounds with antimicrobial effects have 
been a concern of researchers lately. Many publications have re-
ported marine algal extracts as a valuable source of compounds 
that possess antimicrobial activity with fewer side effects and 
higher bioavailability in humans (Arguelles and Sapin, 2022; 
Biris-Dorhoi et al., 2020; Chojnacka et al., 2012; El Shafay et 
al., 2016; Mohamed and Saber 2019; Osman et al., 2019; Silva 
et al., 2020). In the current study, pathogenic isolates of E. coli, 
S. aureus, B. subtitles, and C. albicans were used to assess the 
antibacterial efficacy of H. cuneiformis ethanol extract. The re-
sults showed a broad antimicrobial effect against all the tested 
isolates, especially at the high concentration in comparison to 
commercial antibiotics (Table 3). The extract showed higher 
activity against bacteria than fungi. At the lower concentra-
tion (25 µg/well), the effect against the three bacterial isolates 

(E. coli, S. aureus, and B. subtitles) had no significant difference. 
The extract at the higher concentration (50 µg/well) was no-
ticed to be more effective against S. aureus and B. subtitles than 
E. coli, with the highest effect against S. aureus. The 50 µg/well 
extract concentration was found to possess an effect that is 
like or even higher than the tested commercial antibiotics. The 
results suggest that H. cuneiformis has the potential for use in 
developing new antibiotic drugs. The new results were better 
than those that Osman et al. (2019) reported. The current 
result about C. albicans was found to be lower than the one 
obtained by Mohamed and Saber (2019), who studied the ef-
fect of H. cuneiformis chloroform extract on fungi. Extracting 
solvent, the season of collection, and geography were found 
to affect the algal species activity (Osman et al., 2019), which 
explains the difference in results. As shown in Table 2, many of 
the extracts’ analyzed compounds had been previously report-
ed for their antimicrobial activity.

Osman et al. / J Appl Biomed
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Table 1. Phyto-constituents profile for the ethanol extract of H. cuneiformis using GC-MS analysis

No Compounds identified RT Peak area (%) Mol. formula Mol. Wt.

  1 Hexadecanoic acid, Ethyl Ester 35.45 27.02 C18H36O2 284

  2 Heptadecanoic acid, Ethyl Ester 35.45 27.02 C19H38O2 298

  3 Ethyl Pentadecanoate 35.45 27.02 C17H34O2 270

  4 5,8,11,14-Eicosatetraenoic acid, Ethyl Ester, (All-Z)- 47.00 19.08 C22H36O2 332

  5 5,8,11,14-Eicosatetraenoic acid, Methyl Ester, (All-Z)- 47.00 19.08 C21H34O2 318

  6 Ethyl Oleate (9-Octadecenoic acid (Z)-Ethyl Ester) 41.23 13.02 C20H38O2 310

  7 Ethyl (9z,12z)-9,12-Octadecadieno Ate # 41.68 11.28 C20H36O2 308

  8 9,12-Octadecadienoic acid, Methyl Ester, (E, E)- 41.68 11.28 C19H34O2 294

  9 8,11,14-Eicosatrienoic acid, (Z,Z,Z)- 47.14   5.14 C20H34O2 306

10 9,12,15-Octadecatrienoic acid, Ethyl Ester, (Z,Z,Z)- 47.14   5.14 C20H34O2 306

11 9,12,15-Octadecatrienoic acid, Methyl Ester, (Z,Z,Z)- 47.14   5.14 C19H32O2 292

12 Tetradecanoic acid, Ethyl Ester 29.23   3.21 C16H32O2 256

13 1,2-Benzenedicarboxylic acid, disooctyl Ester 54.42   2.50 C24H38O4 390

14 1,2-Benzenedicarboxylic acid, 3-Nitro- 54.42   2.50 C8H5NO6 211

15 1,2-Benzenedicarboxylic acid, Mono(2-Ethylhexyl) Ester 54.42   2.50 C16H22O4 278

16 2-Pentadecanone, 6,10,14-Trimethyl- 30.46   1.21 C18H36O 268

17 2-Undecanone, 6,10-Dimethyl- 30.46   1.21 C13H26O 198

18
4,7,10,13,16,19-Docosahexaenoic acid, methyl ester, 
(all-Z)-

47.76   0.96 C23H34O2 342

19 Ethyl 5,8,11,14,17 icosapentaenoate 47.76   0.96 C22H34O2 330

20 5,8,11,14,17-Eicosapentaenoic acid, methyl ester, (all-Z)- 47.76   0.96 C21H32O2 316

21 5,8,11,14-Eicosatetraenoic acid, ethyl ester, (all-Z)- 47.76   0.96 C22H36O2 332

22 9,12,15-Octadecatrien-1-ol, (Z,Z,Z)- 47.91   0.88 C18H32O 264

23 Z,Z,Z-4,6,9-Nonadecatriene 47.91   0.88 C19H34 262

24 Hexadecanoic acid, methyl ester 33.57   0.85 C17H34O2 270

25 Heptadecanoic acid, methyl ester 33.57   0.85 C18H36O2 284

26
Oxalic acid, mono-{5-[(2-bromophenyl)(2,2-dim 
ethylpropionyloxy)methyl]-7,8-dihyd ro-5H-[1,3]dioxolo[4,5-g]
isoquinoli n-6-yl} ester

56.52   0.84 C24H26BrNO8 535

27 Octadecanoic acid, Ethyl Ester 56.52   0.84 C20H40O2 312

28 2-Myristynoyl pantetheine 56.52   0.84 C25H44N2O5S 484

29 Phytol 38.98   0.80 C20H40O 296

30 Ethyl iso-allocholate 60.69   0.74 C26H44O5 436

31 Ergosta-14,22-DIEN-3-OL, (3á,5à,22E)- 60.69   0.74 C28H46O 398

32 Allopregnane-3á,7à,11à-triol-20-one 60.69   0.74 C21H34O4 350

33 Methyl 10-oxohexadecanoate 43.54   0.70 C17H32O3 284

34 Z-8-Methyl-9-tetradecenoic acid 43.54   0.70 C15H28O2 240

35 9-Methyl-Z-10-tetradecen-1-ol acetate 43.54   0.70 C17H32O2 268

36 Dodecanoic acid, 11-oxo-, methyl ester 43.54   0.70 C13H24O3 228

Note: Compounds with a fatty-acid nature are in bold to show their dominance in the extract chemical profile.

Osman et al. / J Appl Biomed



126

Table 2. Previously reported antimicrobial and anticancer activity for some of the identified compounds in the ethanol extract of  
H. cuneiformis

No Name of the compound Biological activity References

  1 Hexadecanoic Acid, Ethyl Ester Antioxidant, antimicrobial, anticancer 
activity, cancer preventive

Gideon, 2015; Guerrero et al., 2017; 
Jargalsaikhan et al., 2014; Sianipar 
and Purnamaningsih, 2016; Tyagi and 
Awargal, 2017; Zayed et al., 2014

  2 Heptadecanoic Acid, Ethyl Ester Anti-microbial, antioxidant Zayed et al., 2014

  3 Ethyl Pentadecanoate Antimicrobial Mujeeb et al., 2014

  4 5,8,11,14-Eicosatetraenoic Acid, Methyl Ester, (All-Z)- Antifungal, antibacterial, antitumor 
cytotoxic effects

Agoramoorthy et al., 2007

  5 Ethyl Oleate [9-Octadecenoic Acid (Z)-, Ethyl Ester] Anti-oxidative, anti proliferative,  
anti-cancer, anti-microbial

Abubakar and Majinda, 2016; 
Jargalsaikhan et al., 2014

  6 Ethyl (9z,12z)-9,12-Octadecadieno Ate # Hepatoprotective Guerrero et al., 2017; Tyagi and Awargal, 
2017

  7 9,12-Octadecadienoic Acid, Methyl Ester, (E, E) Antimicrobial, anticancer El-Din and Mohyeldin, 2018

  8 9,12,15-Octadecatrienoic Acid, Ethyl Ester, (Z,Z,Z)- Cancer preventive, hepatoprotective Guerrero et al., 2017

  9 9,12,15-Octadecatrienoic Acid, Methyl Ester, (Z,Z,Z)- Antimicrobial, Anticancer, 
Hepatoprotective, cancer preventive

Mujeeb et al., 2014; Tyagi and Awargal, 
2017

10 Tetradecanoic Acid, Ethyl Ester Antioxidant, antimicrobial, cancer 
preventive

Gideon, 2015; Pinteus et al., 2017

1 Hexadecanoic Acid, Ethyl Ester 
 

Antioxidant, 
Antimicrobial, 
anticancer 
activity, cancer 
preventive 

Gideon, 2015; Guerrero et al., 
2017; Jargalsaikhan et al., 2014; 
Sianipar and Purnamaningsih, 
2016; Tyagi and Awargal, 2017; 
Zayed et al., 2014 

 
2 

Heptadecanoic Acid, Ethyl Ester 
 

Anti-microbial, 
Antioxidant 

Zayed et al., 2014 

 

3 Ethyl Pentadecanoate 
 

Antimicrobial Mujeeb et al., 2014 

 
4 5,8,11,14-Eicosatetraenoic Acid, Methyl 

Ester, 
(All-Z)- 
 

Antifungal, 
antibacterial, 
antitumor 
cytotoxic effects 

Agoramoorthy et al., 2007 

 
5 Ethyl Oleate (9-Octadecenoic Acid (Z)-, 

Ethyl Ester) 
Anti-oxidative, 
Anti proliferative, 
Anti-cancer, anti-
microbial 

Abubakar and Majinda, 2016; 
Abubakar and Majinda, 2016; 
Jargalsaikhan et al., 2014  

 6 Ethyl (9z,12z)-9,12-Octadecadieno Ate # 

 

Hepatoprotective Guerrero et al., 2017; Tyagi and 
Awargal, 2017 

 

7 9,12-Octadecadienoic Acid, Methyl Ester, 
(E, E)

 

Antimicrobial, 
Anticancer 

El-Din and Mohyeldin, 2018 

 
8 9,12,15-Octadecatrienoic Acid, Ethyl Ester, 

(Z,Z,Z)- 
Cancer 
preventive, 
Hepatoprotective 

Guerrero et al., 2017 

 
9 9,12,15-Octadecatrienoic Acid, Methyl 

Ester, (Z,Z,Z)- 
Antimicrobial, 
Anticancer, 
Hepatoprotective,

 cancer preventive 

Mujeeb et al., 2014; Tyagi and 
Awargal, 2017 

 
10 Tetradecanoic Acid, Ethyl Ester Antioxidant, 

Antimicrobial, 
Cancer preventive 

Gideon, 2015; Pinteus et al., 2017 
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Table 2. (continued)

No Name of the compound Biological activity References

11 1,2-Benzenedicarboxylic Acid, Diisooctyl Ester Antimicrobial Zayed et al., 2014

12 1,2-Benzenedicarboxylic Acid, 3-Nitro- Antimicrobial, antioxidant Elsayed et al., 2020

13 1,2-Benzenedicarboxylic Acid, Mono(2-Ethylhexyl) 
Ester

Antimicrobial, antioxidant Beulah et al., 2018

14 2-Pentadecanone, 6,10,14-Trimethyl- Antibacterial Akpuaka et al., 2013; Yuyama et al., 
2020

15 2-Undecanone, 6,10-Dimethyl- Antibacterial Reddy and Al-Rajab, 2016

16 5,8,11,14,17-Eicosapentaenoic acid, Methyl Ester, 
(all-Z)-

Cytotoxic Rayssan and Shawkat, 2019

17 9,12,15-Octadecatrien-1-ol, (Z,Z,Z)- Antimicrobial Crout et al., 1982

18 Hexadecanoic Acid, Methyl Ester Antifungal, antioxidant, antimicrobial Akpuaka et al., 2013

19 Heptadecanoic Acid, Methyl Ester Antioxidant Zayed et al., 2014

20 2-Myristynoyl pantetheine Antimicrobial Marimuthu et al., 2014; Parham et al., 
2020

11 1,2-
Benzenedicarboxylic 
Acid, Diisooctyl Ester 

Antimicrobial Zayed et al., 2014 

 

12 1,2-Benzenedicarboxylic Acid, 3-Nitro- Antimicrobial, 
Antioxidant 

Elsayed et al., 2020 

 13 1,2-Benzenedicarboxylic Acid, Mono(2-
Ethylhexyl) Ester 

Antimicrobial, 
Antioxidant 

Beulah et al., 2018 

 14 2-Pentadecanone, 6,10,14-Trimethyl- 
 

Antibacterial Akpuaka et al., 2013; Yuyama et 
al., 2020 

 
15 2-Undecanone, 6,10-Dimethyl- 

 
Antibacterial Reddy and Al-Rajab, 2016 

 
16 5,8,11,14,17-Eicosapentaenoic acid, Methyl 

Ester, (all-Z)- 
Cytotoxic Rayssan and Shawkat, 2019 

 17 9,12,15-
Octadecatrien-1-
ol, (Z,Z,Z)- 
 

Antimicrobial Crout et al., 1982 

 
18 Hexadecanoic Acid, Methyl Ester Antifungal, 

Antioxidant, 
Antimicrobial 

Akpuaka et al., 2013 

 

19 Heptadecanoic Acid, Methyl Ester 
 

Antioxidant Zayed et al., 2014 

 

20 2-Myristynoyl pantetheine 
 

Antimicrobial Marimuthu et al., 2014; Parham et 
al., 2020 
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Table 2. (continued)

No Name of the compound Biological activity References

21 Phytol Anticancer, antimicrobial Rency et al., 2015; Seca and Pinto, 2018

22 Ethyl iso-allocholate Antimicrobial Malathi and Ramaiah, 2017

23 Ergosta-14,22-Dien-3-OL, (3á,5à,22E)- Antimicrobial, antitumor Ibrahim et al., 2020; Teixeira et al., 2019

24 Z,Z,Z-1,4,6,9-Nonadecatetraene Antimicrobial Ibrahim et al., 2020

25 Z3, Z6, E8-Dodecatrien-1-OL Cytotoxicity, toxicity activity Monzote et al., 2010; Pasaribu and 
Waluyo, 2020

26 1,3-Dioxane, 4-Methyl- Antibacterial, antifungal Küçük et al., 2011; Shukla et al., 2018

27 Docosanoic Acid, Ethyl Ester Antibacterial, antioxidant Gideon, 2015; Kim et al., 2020

28 1-Iodo-2-Methylundecane Antimicrobial Nishanthini et al., 2014

29 Undecane, 3-Methyl- Antioxidant, antimicrobial Mushtaq et al., 2013

21 Phytol 
 

Anticancer, 
Antimicrobial 

Rency et al., 2015; Seca and Pinto, 
2018 

 22 Ethyl iso-allocholate Antimicrobial Malathi and Ramaiah, 2017 

 23 Ergosta-14,22-Dien-3-OL, (3á,5à,22E)- 
 

Antimicrobial, 
Antitumor 

Ibrahim et al., 2020; Teixeira et al., 
2019 

 
24 Z,Z,Z-1,4,6,9-Nonadecatetraene 

 
Antimicrobial  Ibrahim et al., 2020 

 25 Z3, Z6, E8-
Dodecatrien-1-OL 

Cytotoxicity, 
toxicity activity 

Monzote et al., 2010; Pasaribu and 
Waluyo, 2020 

 26 1,3-Dioxane, 4-Methyl- Antibacterial, 
antifungal  

Küçük et al., 2011; Shukla et al., 
2018 

 
27 Docosanoic Acid, Ethyl Ester Antibacterial, 

Antioxidant 
Gideon, 2015; Kim et al., 2020 

 
28 1-Iodo-2-Methylundecane 

 
Antimicrobial Nishanthini et al., 2014 

 29 Undecane, 3-Methyl- 
 

Antioxidant, 
Antimicrobial 

Mushtaq et al., 2013 
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Table 3. Antimicrobial activity of H. cuneiformis ethanol extract

Sample Treatment E. coli S. aureus B. subtiles C. albicans

Negative control Absolute ethanol -ve -ve -ve -ve

Positive control

AG 12c ± 0.13 10e ± 0.06 10c ± 0.14 -ve

C 11d ± 0.07 17c ± 0.09 15b ± 0.03 18a ± 0.07

S 10e ± 0.10 20b ± 0.04 19a ± 0.03 -ve

H. cuneiformis
25 µg/well 15b ± 0.07 15d ± 0.03 15b ± 0.01 10c ± 0.03

50 µg/well 18a ± 0.3 28a ± 0.07 19a ± 0.1 14b ± 0.07

Note: Each value is the mean of the inhibition zone (mm) ± S.D (n = 3). AG, augmentin; C, chloramphenicol; S, streptomycin. Significance difference 
accepted at P ≤ 0.05. Within the same column, values with different letters are significantly different.

Extract cytotoxicity against normal and cancer cells
As the second death-leading disease, cancer remains the con-
cern of many scientists. The main goal for researchers in devel-
oping anticancer drugs is to seek more effective alternatives 
with fewer side effects. Marine macroalgae and their isolated 
compounds have been studied and reported for their antican-
cer effects (Biris-Dorhoi et al., 2020; Gupta and Abu-Ghannam, 
2011; Gutiérrez-Rodríguez et al., 2018; Moga et al., 2021; Os-
man et al., 2020; Zorofchian Moghadamtousi et al., 2014). An 
MTT test was utilized in the current investigation to assess 
the cytotoxicity of H. cuneiformis on the viability percentage of 
healthy cells (Vero cell) and cancer cell lines (MCF-7, HepG-2, 
and HEP-2). The normal Vero cells showed a good adaptation 
to the different concentrations of H. cuneiformis, with slight 
cytotoxicity towards the high concentration (500 μg/ml had 
90.8 % cell viability) (Fig. 2). For cancer cell lines, the extract 
was found to be effective in inhibiting the growth of the three 
cancer cell lines concentration-dependently (Table 4). The IC50 
values for the extract against MCF-7, HepG-2, and HEP-2 were 
95 ± 3.9, 44.6 ± 0.6, and 156 ± 2.1 μg/ml, respectively (Ta-
ble 4). The IC50 results indicated the highest anticancer activity 
for the extract against HepG-2. These results agreed with the 
findings of Osman et al. (2020), who studied the anticancer 
activity of methanol extract of H. cuneiformis among six algal 
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Fig. 2. Cytotoxicity effect of different extract concentrations (62.5, 
125, 250, and 500 µg/ml) on Vero normal cell line versus control 
(untreated cells) using MTT assay to check cell viability %. Values are 
the mean of 3 replicas ± S.D.

extracts. Osman et al. (2020) found that H. cuneiformis had the 
highest anticancer activity against HL60, A549, and HCT116 
cancer cells in a concentration-dependent manner. Many 
compounds discovered in the extract had been previously re-
ported for their anticancer effect – as summarized in Table 2. 
As a result of being the most suppressed cancer cell line with  
H. cuneiformis extract, HepG-2 was chosen for further studies 
to understand the anticancer mechanism of the extract.

Table 4. Growth inhibitory effect of H. cuneiformis extract at different concentrations against three cancer cell lines examined by MTT assay

Cell 
lines

Inhibitory effect (%) at different crude extract concentrations (µg/ml) IC50  
(µg/ml)3.9 7.8 15.6 31.25 62.5 125 250 500

MCF-7 0 1.84g ± 0.05 9.26f ± 0.24 21.98e ± 0.23 38.6d ± 1.25 60.54c ± 1.72 73.29b ± 0.78 87.62a ± 0.44 95 ± 3.9

HepG-2 5.77h ± 0.11 11.49g ± 0.21 25.18f ± 0.54 43.25e ± 0.76 59.02d ± 0.72 71.68c ± 0.84 84.03b ± 0.34 92.48a ± 0.24 44.6 ± 0.6

HEp-2 0 0 1.41f ± 0.18 9.56e ± 0.16 26.83d ± 0.46 45.04c± 1.07 64.92b ± 1.70 80.59a ± 0.45 156 ± 2.1

Note: The values are the mean ± S.D (n = 3). P ≤ 0.05 was accepted for significance deference. Values with different letters are significantly different.

Cell cycle analysis
To understand the anticancer mechanism of H. cuneiformis ex-
tract towards HepG-2 cancer cells, a flow cytometry analysis 
for the cell cycle stages was performed (Fig. 3). According to 
the results (Fig. 4), treatment with the extract was capable of 
significantly increasing the cells at the sub-G1 stage from 1.6% 
for the control (untreated) to 33.1% for the highest concentra-
tion (100 µg/ml). Accumulating cells at sub-G1 is an indication 
of apoptosis stimulation (Kajstura et al., 2007; Osman et al., 
2020). The outcomes demonstrated a considerable concentra-
tion-dependent reduction in both G0-G1 and S phases upon 
extract treatment versus the control, indicating cell prolif-
eration inhibition. For the G2-M phase, the results reflect a 

significant elevation from 10.67% in the control to 35.3% at  
100 µg/ml extract concentration. G2-M is a vital checkpoint 
for DNA damage in the cell cycle to decide whether to stop re-
pairing DNA and proceed in proliferation or go through apop-
tosis. Shifting the cell population to the G2-M phase reflects 
a cell cycle arrest (Kajstura et al., 2007; Osman et al., 2020). 
Based on the results, the extract’s anticancer effect is related to 
apoptosis stimulation as well as cell cycle arrest induction. This 
agrees with the results of Osman et al. (2020), who studied 
the mechanism of action of H. cuneiformis against HL60, A549, 
and HCT116 cancer cells. The results also agree with Sakthivel 
and Devi (2019), who studied the anticancer activity of related 
species Hormophysa triquetra.
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Fig. 3. Flow cytometric cell cycle analysis of propidium iodide (PI)-stained HepG-2 cells. HepG-2 cells were treated with different 
concentrations of H. cuneiformis ethanol extract (A = control, B = 25 µg/ml, C = 50 µg/ml, and D = 100 µg/ml). FL2H is the norm filter of the 
flow cytometer.
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Fig. 4. Cell-cycle distribution of HepG-2 cells treated with the H. cuneiformis extract at different concentrations (25, 50, and 100 µg/ml), 
compared to the untreated control. DNA was stained with propidium iodide and analyzed by flow cytometry. The data presents the mean 
of 3 replicas ± S.D. a: significant difference as compared to control, b: compared to 25 µg/ml of extract, and c: compared to 50 µg/ml of the 
extract. P ≤ 0.05 was accepted as a significant difference.
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Annexin V analysis
To determine apoptosis and necrosis percentage upon extract 
treatment, annexin V assay was applied (Fig. 5). The results 
reflect a significant increase in early, late, and total apoptosis, 
as well as necrosis, concentration-dependently (Fig. 6). The 
100 µg/ml concentration recorded 11.4% necrosis compared 
to 1.04% necrosis for the low dose. Early and late apoptosis 

increased from 0.51% and 0.11% in the control to 7.67% and 
18.58% in the 100 µg/ml extract concentration, respectively. 
Total apoptosis increased from 1.56% in the control to 30.01% 
in the 100 µg/ml extract concentration. The results indicate 
that a decrease in cancer cell proliferation is more likely due 
to the triggering of apoptosis rather than necrosis, which con-
firms the cell cycle results.
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Fig. 5. The proportion of apoptotic HepG-2 cells evaluated via the annexin-V flow cytometry assay using different extract concentrations versus 
control untreated cells (A = control, B = 25 µg/ml, C = 50 µg/ml and D = 100 µg/ml)
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Fig. 6. The effect of the H. cuneiformis ethanol extract at different concentrations (25, 50, and 100 µg/ml) on apoptosis induction stages 
(necrosis, early apoptosis, late apoptosis, and total apoptosis) in HepG-2 cells compared to control (untreated cells). Values are presented 
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difference.
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Oxidative status biomarkers
To examine the oxidative status of cancer cells before and af-
ter extract treatment, the enzymatic and non-enzymatic anti-
oxidants were measured (Table 5). MDA is a byproduct of the 
lipid peroxidation (LPO) process and an indicator of damage 
(Pradhan et al., 2021; Zhang et al., 2012). The results showed 
a significant elevation of MDA levels from 14.58 ± 0.57 to  
63.89 ± 0.82 nmol/ml in control and 100 µg/ml treatments, 
respectively. A concentration-dependent increase in MDA 
reveals the extract’s ability to harm cancer cells. This result 
agreed with that of Yusof and Abdul-Aziz (2005), who studied 
the anticancer effect of ginger extract on HepG-2 cells. MPO 
is an enzyme related to the immune response of the host. 
According to the current results, MPO was found to increase 

from 15.24 ± 0.11 (control) to 19.3 ± 0.76 (100 µg/ml) U/ml. 
This result was in agreement with Ali et al. (2022), who sug-
gested the increase of MPO as a modern procedure of antican-
cer treatment, especially for radiotherapy patients.

The results reveal a rise in the antioxidant enzymes and 
non-enzyme CAT, GST, and GSH (Table 5). SOD levels have 
been found to significantly rise at the extract’s concentration 
of 25 g/ml while falling at the 100 g/ml level. The extract did 
not show a significant effect on GPx. These results were in 
agreement with Zhang et al. (2012), who studied the effect of 
aqueous extract of Sargassum pallidum in gastric cancer. The 
results were also in agreement with Popovici et al. (2021) who 
studied the effect of Usnea barbata extract on the oxidative sta-
tus of oral carcinoma.

Table 5. Evaluation of the effect of different extract concentrations of algae on the antioxidant enzymes of HepG-2 cells

Oxidative-antioxidant 
parameters Control

Treated (µg/ml)

25 50 100

MDA (nmol/ml) 14.58d ± 0.57 36.41c ± 0.73 62.13b ± 0.62 63.89a ± 0.82

MPO (U/ml) 15.24c ± 0.11 15.06c + d ± 0.9 18.99b ± 0.93 19.3a ± 0.76

SOD (U/mg proteins) 4.91c ± 0.41 5.0a ± 0.56 4.96b ± 0.9 4.89c ± 0.5

CAT (U/mg proteins) 3.14d ± 0.05 3.23c ± 0.41 3.44b ± 0.56 3.52a ± 0.9

GPx (U/mg proteins) 2.64a ± 0.11 2.25d ± 0.21 2.46c ± 0.54 2.53a + b ± 0.76

GST (nmol/mg proteins) 3.03d ± 0.21 3.09c ± 0.54 3.11b ± 0.57 3.27a ± 0.62

GSH (µmol/mg proteins) 0.31b ± 0.03 0.25c ± 0.01 0.3b ± 0.01 0.32a ± 0.01

Note: The data is presented as mean ± S.E (n = 3). MDA, malondialdehyde; MPO, myeloperoxidase; SOD, superoxide dismutase; CAT, catalase; GPx, 
glutathione peroxidase; GST, glutathione-S-transferase; and GSH, glutathione. P ≤ 0.05 was accepted as a significant difference. The same raw values 
with different letters are significantly different.

This research demonstrates that H. cuneiformis extracts 
have anticancer properties due to the induction of oxidative 
stress and antioxidant enzyme imbalance, which induce cyto-
toxicity in the cancer cells. The results were different from oth-
er studies, which suggest that the anticancer activity of some 
natural extracts is due to the antioxidant protective effect of 
lowering GSH, MDA, and MPO, while increasing SOD, CAT, 
and GPx (Su et al., 2014). The contradiction between studies 
may be due to the difference in both cancer cells and extract 
behaviors. As there are no previous studies on the effect of  
H. cuneiformis extract on the oxidative status of HepG-2 cells 
(to the best of the authors’ knowledge), more studies are re-
quired to understand the triggered signal pathways for the 
extract.

Transmission electron microscopy (TEM)
TEM was used to examine the morphological ultra-micro-
structural alterations in HepG-2 cancer cells after treatment 
with an IC50 concentration of the extract compared to control 
untreated cells (Figs 7, 8). According to the TEM images, the 
morphological changes in the treated cells (Fig. 8) compared to 
the control (Fig. 7) included cell membrane blebbing, microvilli 
absence/reduction (blunt microvillus), chromatin aggregation, 
mitochondrial denaturation, apoptotic body formation, and 
lysosomes containing analytic organelles. Also, it shows cyto-
plasmic compartments, swelling, and mitochondrial cristate 
disappearances. The findings confirmed that the extract can 
induce apoptosis. These actions toward cancer cell morphol-
ogy have been reported for other marine macroalgal extracts 
(Namvar et al., 2013).
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Fig. 7. Transmission electron microscopy (TEM) of the positive control HepG-2 cell line. A–B shows a magnification of 5000×; C shows a 
magnification of 8000×; and D shows a high magnification at 10,000×. cNC, condensed nuclear chromatin; Ly, lysosomes; Mt, mitochondria; 
Mv, microvilli; N, nuclei; Nm, nuclear membrane; Nu, nucleoli; Pm, plasma membrane; rPm, rounded plasma membrane; sMt, swelling 
mitochondria; V, vacuole.
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Fig. 8. Transmission electron microscopy (TEM) of the HepG-2 cell line after treatment with IC50 (44.6 µg/ml) of the H. cuneiformis extract.  
A–B show high magnification at 10,000×; C shows magnification at 5000×; D shows magnification at 8000×. cNC, condensed nuclear 
chromatin; Ly, lysosomes; Mt, mitochondria; Mv, microvilli; N, nucleus; Nm, nuclear membrane; Nu, nucleoli; RER, rough endoplasmic 
reticulum; sMt, swelling mitochondria; sSM, smooth surface membrane; V, vacuole.
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Conclusion

The goal of the present study was to examine the chemical 
composition, antibacterial, and anticancer properties of the 
ethanol extract of H. cuneiformis. The study clarifies that fatty 
acids, which have previously been noted for their antibacte-
rial and anticancer effects, are the predominant components 
in the chemical profile of H. cuneiformis. The extract was prov-
en to possess a broad-spectrum antimicrobial effect through 
the growth suppression of E. coli, S. aureus, B. subtitles, and  
C. albicans in a comparable manner to commercial antibiotics. 
The normal Vero cells were found to be well adapted to the 
extract concentrations with slight cytotoxicity towards the  
500 µg/ml concentration. The three cancer cell lines under 
investigation showed that the extract has anticancer action. 
(MCF-7, HepG-2, and HEP-2) in correlation to the concentra-
tion with the highest cytotoxicity against HepG-2, which was 
chosen for further investigations. The cytotoxic mechanism of 
the extract was found to be related to apoptosis and cell cy-
cle arrest through the increase of sub-G1 and G2-M phases 
in comparison to the control. This result was confirmed with 
Annexin V analysis of apoptosis, which showed a concentra-
tion-correlated increase in total apoptosis (as a percentage). 
The extract induces oxidative stress in HepG-2 cancer cells as 
evidenced by the increased levels of MDA and MPO. The effect 
on GSH levels depends on the concentration of the extract, 
with a decrease observed at a low concentration (25 µg/ml). 
However, the extract appears to enhance the activities of CAT, 
GPx, and GST, which are antioxidant enzymes at higher con-
centrations. The decrease in SOD activity suggests a potential 
impairment in the cell’s ability to neutralize superoxide radi-
cals. Overall, these results suggest that the extract may exert 
its cytotoxic effects on cancer cells by inducing oxidative stress 
and disrupting the balance of antioxidant enzymes.

The observation of apoptotic body formation in treated 
cells suggests that the H. cuneiformis extract contains bioactive 
compounds with potential antimicrobial and anticancer prop-
erties. Further research is needed to isolate, purify, identify, 
and understand the mode of action of these compounds before 
they can be considered for drug development.
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