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ABSTRACT: Algae are highly significant in various fields due to their capability to replace chemical treatments and avoid their associated side 
effects. They have consistently shown strong efficacy against numerous diseases, regardless of whether they are micro or macroalgae. This 
research inves>gated the an>oxidant and an>cancer proper>es of a methanol extract from Chlorella vulgaris. The growth metrics revealed that 
C. vulgaris reached its peak op>cal density on the 8th day, its highest growth rate on the 18th day, and its maximum pigment content on the 12th 
day. The methanol extract displayed in vitro an>cancer poten>al by inhibi>ng the prolifera>on of breast cancer (MCF-7) and colon cancer (HCT-
116) cell lines, with a stronger effect against colon cancer, achieving inhibi>on rates of 80.57 ±0.81% and 76.43 ±0.74%, and IC50 values of 14.8 
±0.39 µg and 21.7 ±0.09 µg respec>vely. The extract's an>oxidant ac>vity was highlighted through DPPH and FRAP assays, showing the highest 
scavenging ac>vity at a concentra>on of 5 mg/ml. Phytochemical screening iden>fied phenols, alkaloids, flavonoids, glycosides, and saponins as 
ac>ve compounds. In conclusion, the methanol extract of C. vulgaris exhibited strong an>oxidant and an>cancer proper>es. 
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INTRODUCTION 

Microorganisms, like unicellular microalgae, can be 
found in both fresh and saltwater (Garima 2024). 
Numerous inves@ga@ons have already been carried 
out to examine the microalgal byproducts to 
determine their biological ac@vity as well as to search 
for components that may have uses for people in 
several significant fields (Wang et al. 2024). They 
contain various physiological effects, including 
an@oxidants, an@microbial, enzyme-inhibi@ng, 
cytotoxic, and algicide ac@vity. These effects include 
both primary and secondary metabolites (Taskin 
et al., 2007). According to current trends in natural 
medicinal research, algae have promise as a source of 
novel biochemically ac@ve compounds (Ghaliaoui, et 
al., 2024). In the mean@me, a coopera@ve technique 
for exploring the promising effects of these 
metabolites is the screening of extracts or the 
isola@on of metabolites from different microalgae 
(Herrero et al., 2013).  

C. vulgaris belongs to the family Chlorophyceae. Many 
nutri@onal components like pigments, soluble 
vitamins, choline, dietary fiber, mineral salts like iron, 
and other bioac@ve components are all present in 
good amounts in this species (Spínola et al., 2023). 
According to Wizilla et al. (2024), it is recognized as a 
nutri@ous food source.  Reports suggest that Chlorella 
vulgaris microalgae posi@vely influences children's 
development and enhances body cell growth. (Lee 
and Lee, 2002). Because it also includes a wide variety 
of reductants and bioac@ve secondary metabolites, 
the microalga is regarded as a good source of 

an@oxidants (Coulombier et al., 2021). Numerous 
inves@ga@ons have been conducted to determine the 
promising roles of Chlorella, including increasing 
animal development, strengthening the immune 
system, preven@ng ulcers brought on by stress, ac@ng 
as an an@diabe@c, and trea@ng dyslipidemia brought 
on by a high-fat diet (Chia, et al., 2013).  An imbalance 
in the ability of the living cells to recover or neutralize 
the damaging effects of these ROS might result from 
an excess of them (Verma et al., 2024). Such ROS 
cause stress leading to lipid peroxida@on, protein 
denatura@on, or DNA conjuga@on, which are all signs 
of oxida@ve damage to biological components and 
ul@mately lead to cell death (Yavuz et al., 2003). Any 
organ's aberrant cell prolifera@on can lead to cancer, 
a deadly illness. Finding efficient medica@ons to treat 
different forms of cancer is challenging, in addi@on to 
the high expense of an@cancer treatments and their 
detrimental side effects on the en@re body. These 
problems all make it necessary to create fresh, 
efficient treatment (Patel et al., 2020). Phytochemical 
explora@on for several promising bioac@ve 
components of C. vulgaris methanolic extract (CME) 
will be examined in this work, along with an 
assessment of its an@cancer and an@oxidant 
proper@es. 

EXPERIMENTAL  
C. vulgaris culturing condi,ons  

Axenic cultures of C. vulgaris (Chlorophyta) were 
obtained from the Phycology Laboratory at the 
Faculty of Science, Tanta University, Egypt. The 
species was first iden@fied using standard 
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morphological and taxonomical methods as per 
Desikachary (1959) and Prescoe (1962). Algae Base 
(hep://www.algaebase.org) was used to confirm the 
iden@fica@on of Chlorella vulgaris Beyerinck 
(Beijerinck). A standard bacterial test was then 
conducted on a regular basis by inocula@ng one drop 
of C. vulgaris culture at the start and end of the test 
into sterilized 10 ml vials containing a bacterial growth 
medium (GM), F. medium (Feeley et al. 1978). 200 ml 
of the chosen medium in Bold's Basal Medium (BBM) 
was added to 500 ml Erlenmeyer flasks (EF) to 
cul@vate C. vulgaris axenic cultures. Under carefully 
monitored laboratory sejngs (28 °C temperature, 80 
µmol m−2S−1 light intensity), the experiment was 
conducted in a culturing chamber. According to 
Ginzburg and Ginzburg (1981), this temperature was 
selected. A cycle of 16 hours of light and 8 hours of 
darkness was used to enlighten the cultures. To 
separate adherent C. vulgaris cells, each culture flask 
was manually swirled every day. There were eighteen 
days throughout the research period. The same 
growing condi@ons were used to prepare a large-scale 
cul@va@on to obtain adequate biomass for bioac@vity 
assessments. 

Growth measurements  

Growth was es@mated using C. vulgaris's op@cal 
density, growth rate, which was calculated according 
to Guillard (1979) equa@on: 

Growth rate = 
 

Where OD1 was es@mated at t1, @me at the beginning 
of the experiment, while OD2 was es@mated at t2, 
@me at the end of the experiment and pigment 
content (chlorophyll a and carotenoids). For the next 
eighteen days, these analyses were performed every 
two days. According to Robert (1979), a Perkin Elmer 
(Lambda 1) Visible–UV (ultraviolet) spectrophoto-
meter was used to measure the op@cal density (OD) 
at 450 nm. Absorp@on of chlorophyll pigment was 
observed at 664, 647, and 630 nm wavelengths. 
Chlorophyll a and b were calculated using the 
trichroma@c equa@on of Jefrey and Humphrey (1975). 
The spectrophotometric approach suggested by 
Jensen and Liaaen (1959) was used to es@mate the 
carotenoids at 450 nm. 

C. vulgaris mass produc,on and collec,on  

Prior to this, a C. vulgaris culture was cul@vated in a 2 
L Erlenmeyer flask with 1400 ml of GM and 50 ml of a 
known aliquot (OD 0.07 at 450 nm). Five groups of 280 

ml each of this aliquot were created, and each aliquot 
was then placed in a 2L EF that had 1400 ml of 
autoclaved GM. This resulted in five flasks. The indoor 
airliq cultures and batch cultures were cul@vated 
similarly. For aera@on, air bubbles were expelled from 
the flask boeoms using an air injec@on device 
aeached to a glass pipe with a 0.2 m sterile bacterial 
filter. To guarantee adequate culture mixing by the 
upward migra@on of air bubbles, the air-flow rate was 
changed. To harvest the algal cells, centrifuga@on was 
performed at 3606 g for 20 minutes. Obtained cells 
were u@lized to create the methanol extract (ME) 
aqer the supernatants were eliminated.  

C. vulgaris methanol extract  

One liter of 100% methanol was used to extract 100 
grams of C. vulgaris biomass. For three days, the 
mixes were maintained at room temperature in a 
shaking incubator. The materials were separated at 
7200 g for 20 min aqer three days. A lyophilizer was 
used to dry the clear extract aqer it had been 
concentrated using a rotary evaporator at 40 °C and 
reduced pressure (72 mbar). According to Chernane 
et al. (2014), the pellets were gathered and 
subsequently dissolved in 5 mg/ml Di-methyl 
sulfoxide (DEMSO). 

Phytochemical analysis of Chlorella Methanol 
Extract (CME)  

The following standard methods, as outlined by 
Andima et al. (2014), were applied to CME for 
phytochemical components' screening as follows: 

Alkaloids: Aqer adding 3 milliliters of 1% 
concentrated hydrochloric acid to 3 milliliters of CME 
in a steam bath, Wagner's reagent was added. 
Alkaloids existence is demonstrated by the 
precipita@on’s turbidity.  

Tannins: Aqer adding equal amounts of CME and 
dis@lled water while s@rring, a few drops of FeCl3 were 
added. Tannins existence was shown by the 
produc@on of a green precipitate.  

Saponins: In a test tube, five milliliters of extract and 
five milliliters of dis@lled water were mixed vigorously 
and then heated. Stable forma@on was interpreted as 
a sign that saponins were present.  

Flavonoids: One milliliter of extract was mixed with 
one milliliter of 2N NaOH solu@on. The yellow 
precipitate's development was interpreted as a 
flavonoid test result.  
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Terpenoids: Aqer dissolving 2 ml of the CME in 2 ml 
of chloroform, the mixture was dried by evapora@on. 
Aqer adding two milliliters of concentrated sulfuric 
acid, the mixture was heated for approximately two 
minutes. Terpenoids are indicated by a greyish @nt.  

Steroids: Aqer dissolving two milliliters of the extract 
in two milliliters of chloroform, two milliliters of 
strong sulfuric acid were added. The presence of 
steroids was detected by the forma@on of a red color 
in the boeom chloroform layer. 

Carbohydrates: Two milliliters of Molisch's reagent 
were combined with three milliliters of CME, and the 
mixture was thoroughly shaken. Aqer that, two 
milliliters of concentrated H2SO4 were cau@ously 
poured down the test tube's side. The presence of 
carbohydrates is shown by a violet ring near the 
interphase.  

Glycosides: The Keller-Kiliani technique was applied 
to explore Glycosides existence via adding one drop of 
FeCl3 solu@on to two milliliters of glacial ace@c acid to 
dissolve two milliliters of CME, then transferred into a 
test tube that held one milliliter of concentrated 
H2SO4. The presence of a deoxy sugar, which is typical 
of cardenolides, is indicated by a brown ring in the 
interphase. 

Phenolics: The Folin-Ciocalteau technique was used 
to determine the total phenolic concentra@on (Cox 
et al., 2010). This procedure involved mixing 100 µl 
of CME with 2.0 ml of 2% Na2CO3 and lejng it stand 
at room temperature for two minutes. Next, 100 µl 
of the 50% phenol reagent from Folin Ciocalteau was 
applied. Aqer 30 minutes of room temperature 
incuba@on away from light, the absorbance at 720 
nm was measured. The usage of gallic acid served as 
posi@ve control. The amounts of gallic acid 
equivalent per gram dry weight (mg GAE/g DW) were 
used to express the samples' total phenolic contents. 

Cytotoxic against MCF-7 and HCT-116 cells  

MCF-7 and HCT-116 cells from the ATCC Culture 
Collec@on were used. Trypan blue dye, crystal violet, 
and DMSO were all sold by Sigma (St. Louis, Mo., 
USA). DMEM, RPMI-1640, HEPES buffer solu@on, L-
glutamine, gentamycin, 0.25% Trypsin–EDTA, and 
fetal bovine serum were all supplied by Lonza. A 
Whatmann No. 1 filter paper is used to filter the 0.5% 
(w/v) crystal violet and 50% methanol that make up 
the 1% crystal violet stain (Mosmann 1983). The cells 
were grown in Dulbecco's modified Eagle's medium 
(DMEM) supplemented with 50 g/ml gentamycin, 
10% heat-inac@vated foetal bovine serum, 1% L-

glutamine, and HEPES buffer. Every cell was cul@vated 
2 @mes a week in a moisted environment with 5% CO2 
at 37oC.  

Viability assay  

In Corning® 96-well @ssue culture plates (96-WTCP), 
tumor cell lines were suspended in the medium at a 
density of 5×104 cells/well, with 24 hours incuba@on. 
Then, to reach 10 concentra@ons, CME was applied to 
96-WTCP in three duplicates, then, six vehicles 
containing media or 0.5% DMSO that operated as a 
control. The number of viable cells following a 24-
hour incuba@on period was ascertained using the 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide assay (MTT test). With ODt 
standing for the mean op@cal density of wells treated 
with CME and ODc for the mean op@cal density of 
untreated cells, the viability percentage was 
computed as [(ODt/ODc)]×100%. Plojng the 
rela@onship between surviving cells and medica@on 
concentra@on yields the survival curve for each tumor 
cell line following CME treatment. Graphical 
representa@ons were done using Graphpad Prism 
soqware (San Diego, CA, USA) were used to 
determine the 50% inhibitory concentra@on (IC50), or 
the concentra@on needed to produce harmful effects 
in 50% of intact cells (Mosmann 1983). 

Evalua,on of an,oxidant ac,vity  

The free radical scavenging proper@es were tested 
using the an@oxidant chemical that stops DPPH from 
oxidizing (Blois 1958). The ability of CME to scavenge 
DPPH radicals was determined using the following 
formula:  

DPPH radical scavenging ac@vity= Acontrol − Asample 
/Acontrol × 100 

We measured the hydroxyl radical scavenging ac@vity 
according to Elizabeth and Rao's (1990) methodology. 
The following method was used to es@mate the 
inhibi@on percentage: 

The inhibi@on percentage (%) = test – control / 
control × 100 

According to Banerjee and Maulik (2002) and 
Sutharsingh et al. (2011), ferric reducing an@oxidant 
power (FRAP) is used to assess the an@oxidant ability 
of CME. The an@oxidant molecule in CME donates an 
e-, which transforms ferric cyanide into ferrous form 
and provides the reducing power that measured at 
700 nm.  
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RESULT AND DISCUSSION 

Measures of growth measurements of C. vulgaris 
growth by OD, GR and pigment contents (carotenoid 
content, and chlorophyll a and b) are shown in Figures 
1 and 2. For all pigments, the highest values of these 
measures were recorded on the eighth, eighteenth, 
and twelqh days of cul@va@on, respec@vely. 
Consequently, the 18th day of cul@va@on was chosen 
as the harvest date to maximize the number of algal 
cells produced. Chlorella vulgaris screening using 
phytochemicals. In accordance with Abdel-Karim et 
al., 2020, who used a different solvent for the 
extrac@on of C. vulgaris and discovered that the 
observed phytochemical groups are present, Table 1 
showed that some groups were not detected. 

Cytotoxic ac,vity of CME  

Table 2 showed that CME inhibit MCF-7 and HCT-116 
with inhibitory percentages range from 2.14±0.25%–
76.43±0.74% and 6.11±0.12%–80.57±0.81%, 
respec@vely, indica@ng that CME exhibits cytotoxicity 
at all concentra@ons. The an@cancer ac@vity 
increased as the extract concentra@on increased 
gradually. CME was therefore more successful in 
preven@ng colon cancer than breast cancer. The 
an@cancer effect of CME is demonstrated by the fact 
that geraniol, an alkaloid molecule, has been 
extensively studied as a possible an@cancer drug 
(Gabriel et al., 2022; Makhlof et al., 2023). Hong et al. 
2021 explored that Querce@n, a flavonoid compound, 
and gallic acid, a phenolic substance, have also been 
connected to the development and preven@on of 
certain cancer types.  

An,oxidant capacity 

Figure 3 illustrates CME's an@oxidant ac@vity in DPPH 
scavenging and FRAP. At minimum quan@@es (0.001 
mg/ml), the ac@vity peaked, and as the concentra@on 
of CME rose, it declined. At the maximum CME conc. 
(5 mg/ml), the strongest FRAP and DPPH scavenging 
occur. Flavonoids, alkaloids, and phenolic compounds 
are the main sources of CME's reducing power (Table 
1), which is corroborated by Xu et al. (2019) that 
examined the an@oxidant ac@vity of geranoil (an 
alkaloid), gallic acid (a phenolic), and querce@n (a 
flavonoid), with encouraging findings. Saponins are 
used in medicine to treat hypercholestrolemia, 
hyperglycemia, weight reduc@on, an@oxidants, 
an@cancer, and an@-inflammatory condi@ons. 
Addi@onally, it has an@fungal quali@es (Mandal et al., 
2005).  

 
Figure 1. Growth measured as op>cal density and growth rate of 
C. vulgaris cultured for 18 days. 
 
 

 
Figure 2. Chlorophyll a, Chlorophyll b, and Carotenoids content of 
C. vulgaris cultured for 18 days. 
 

 
Figure 3. The an>oxidant ac>vity of C. vulgaris methanol extract in 
DPPH scavenging and FRAP 
 
Table 1. Qualita>ve phytochemicals screening of Chlorella vulgaris 
methanol extract 

Phytochemical group  Result 
Alkaloid  + 
Phenol + 
Flavonoid + 
Tannins - 
Glycoside + 
Saponins + 
Steroid  - 
Terpenoids  - 
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Table 2. Cytotoxic ac>vity of Chlorella vulgaris methanol extract against (HCT-116 and MCF-7) cell lines 

Sample conc. (µg/ ml) 
HCT-116 cell line IC50=14.8±0.39 µg MCF-7 cell line IC50=21.7±0.09 µg 

Viability% Inhibitory% Viability% Inhibitory% 
0 100 0 100 0 

1.56 93.89 6.11±0.12 97.86 2.14±0.25 
3.125 80.14 19.86±0.23 90.68 9.32±0.15 
6.25 71.93 28.07±085 84.74 15.26±0.85 
12.5 49.12 50.88±1.02 69.53 30.47±1.02 
25 30.25 69.75±0.85 42.98 57.02±0.78 
50 19.43 80.57± 0.81 23.57 76.43±0.74 

 

 
CONCLUSION 

Following the required clinical research, C. vulgaris 
may show promise as a therapy for oxida@ve damage 
disorders and cancer. The results show that the 
methanolic extract of C. vulgaris exhibits promising 
an@oxidant and cytotoxic effects on MCF-7 and HCT-
116 cell lines. Op@mizing growth variables may boost 
the quan@ta@ve and qualita@ve efficacy of the 
obtained chemicals because every algal extrac@on 
technique has different characteris@cs. Many 
inves@ga@ons recommended to be done using C. 
vulgaris as a promising alga 
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