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Abstract: Nowadays, marine microalgae are recognized to be a considerably novel and rich origin of
bioactive moieties utilized in the sectors of nutraceuticals and pharmaceuticals. In the present study,
Nannochloropsis oculata extract (AME) was associated with a wide variety of pharmacological studies
such as in vitro antioxidant, antibacterial, and antifungal and anticancer activity (MDA-MB-231) in
cancer cells through in vitro models. In the study, the chemical composition and structure of the
bioactive compounds found in the AME extract were studied using the LC-MS technique. The results
of the anticancer activity showed a decrease in the percentage of cell viability of the MDA-MB-231 cells
in a concentration- and time-dependent manner (400 µg/mL at 24 h, 300 µg/mL at 48 h, and 200 µg/mL
at 72 h). We have also observed morphological changes in the cells that could be associated with
treatment with AME extract. Our observation of the AME extract-treated MDA-MB231 cells under
light microscopy showed that when the concentration increased, the number of cells began to
decrease. As far as LC-MS analysis is concerned, it showed the presence of the bioactive molecules
was terpenoids along with carotenoids, polyphenolic and fatty acids. The result revealed that the
AME extract exhibited noteworthy in vitro free radical scavenging potential, with an IC50 value of
52.10 ± 0.85 µg/L in DPPH assay, 122.84 ± 2.32 µg/mL in H2O2 assay and, 96.95 ± 1.68 µg/mL in
ABTS assay. The activity was found to be highly significant against bacteria (Gram-positive and
negative) and moderately significant against fungal strain with minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC)/minimum fungicidal concentration (MFC)
values between 15.63 and 500 µg/mL.
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1. Introduction

Natural products are important components of medicines. The use of plants as medicine may
date back to the ancient period. Nature has created a rich repository of herbal medicine to treat
human disease [1]. The discovery of therapeutic potential in flora and fauna has driven the disclosure
of bioactive compounds, with significant implications in the laboratory context, and recognition of
dynamic concepts of clinical value [2]. Marine natural products were, moreover, the target of finding
novel drugs of chemical and biological significance. Marine organisms are the source of major new
drugs with numerous different biological activities [3]. Microalgae could be found over almost all
ecosystems and habitats on the planet, from the Northern Hemisphere to the equator. They may be
free-floating or growing attached to substrates. Microalgae may even form mattresses on silt surfaces [4].
There is a possibility of the well-founded opportunity for a larger range of microalgae species to be
utilized for human nourishment. A wide variety of microphytes comprise very rich sources proteins
for humans [5]. A few of the most widely accepted microalgae pigments are essential for human
health, have anticancer properties, and function as antioxidants. Nutritious polyunsaturated fatty
acids prosper in a few algal species, advertising imperative fatty acids required for human wellbeing.
Despite these prospects, few microalgae species have been identified for use during the nutritional
sciences industry [6]. Microalgae manufacture a variety of secondary metabolites with biological effects,
including anticancer, antimicrobial, antifungal, antiviral, anti-inflammatory, and other substances,
and are a possible future source of novel therapeutic drugs [7]. They produce various bioactive
molecules as a reaction to ecological pressure. They are essential biological resources that have a
large number of physical, biological, and molecular approaches to handle stress. They have a broad
range of metabolites and natural active components such as fatty acids, polysaccharides, phycocyanins,
carotenoids, terpenoids, enzymes, and phenolic compounds [8]. The analysis of macro-algae extracts
has recently been studied for their significant effectiveness in the prevention of different diseases.
Despite the enormous proportion of marine algae in this region, only a few studies have been performed
regarding the phytochemical, antioxidant, and pharmacological activities of algae [9,10].

Cancer has become one of the world’s leading adverse health effects with significant social
and economic implications. Presently, cancer incidence rates account for one in seven deaths in the
world, with far more deaths than AIDS, tuberculosis, and malaria combined [11]. A major number of
women across the world die of breast cancer [12]. Of all breast cancers, a subtype of cancer that lacks
three receptors (progesterone, estrogen, and HER2) known as triple-negative breast cancer (TNBC)
constitutes about 15% in the United States of America. TNBC is distinguished by its attacking nature,
unique molecular structure, lack of active treatment, and specific metastatic trends [13]. The essentiality
of the presence of receptors for cancer cells makes common medications such as hormone therapy and
estrogen, progesterone, and HER-2 targeting drugs ineffective. Therefore, chemotherapy using the
cytotoxic drug that inhibits cancer cells is mainly used in the treatment of TNBCs. TNBCs often exhibit
metastasis to secondary sites such as the brain and lungs. Furthermore, they are extremely proliferative
and consistently develop resistance against chemotherapeutic agents [14]. Natural compounds are an
extremely valuable resource of biologically active moieties which play a major role in the quest for new
drugs by acting as lead molecules for the discovery of new drug candidates [15]. Natural compounds,
obtained from various sources, act as a reserve of biologically active compounds that have transformed
and improved the range of cancer treatment [16]. At present, the percentage of drugs derived from
natural sources, with anticancer potential, is quite high corresponding to approximately 60 percent [17].
Several research findings have reported microalgae species with anti-cancer properties [18].

The green algae genus Nannochloropsis (Order: Eustigmatales; Family: Eustigmatophyceae.) is
characterized by unicellular lacking flagella, planktonic, with 3 to 4 × 1.5 µm cylindrical cells [19].
They seem to be mostly rich in phytochemicals, making them suitable to be utilized as a nutritive
supplement and natural therapy for the management of several ailments due to their ability to
accumulate elevated levels of PUFAs (polyunsaturated fatty acids) [20].
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This research was aimed at performing the phytochemical screening and assessing the antioxidant,
antimicrobial, and anticancer activity of Nannochloropsis oculata.

2. Material and Methods

2.1. Preparation of Material and Extraction

Nannochloropsis oculata was cultured in the laboratory by adapting Sharifah et al. [21] culture
technique. An amount of 100 g of microalgae (Nannochloropsis oculata) was thoroughly washed with
demineralized water. The algae are therefore transferred to an Erlenmeyer flask and extracted with
absolute methanol using an ultrasonic homogenizer (BioLogics, Inc., Manassas, VA, USA) for 1 hr
at RT, 15 kHz. The mixture was filtered and using a rotary evaporator (Buchi Rotavapor® R-210,
Flawil, Switzerland) the solvent was removed. By making use of freeze-drying technique the mass was
lyophilized. The Nannochloropsis oculata extract (AME) was then placed in a desiccator to store it for
further evaluation.

2.2. Total Phenolics Content (TPC)

Folin–Ciocalteu test was employed to estimate the TPC of AME extract following the methodology
of Aryal et al. [22]. The standard reference sample used for plotting curve was gallic acid (20–100 µg/mL)
and the TPC of AME extract was reported w.r.t gallic acid as µg/mg of corresponding gallic acid
i.e., GAE/mg.

2.3. Total Flavonoid Content (TFC)

To evaluate this parameter the technique of colorimetry was employed as reported by Shi et al. [23].
For plotting the curve, the reference standard used was quercetin (20–100 µg/mL). AME extract was
reported as µg/mg of the corresponding quercetin i.e., QE/mg.

2.4. Tannins Content (TC)

The methodology outlined by Siddhuraju et al. [24] was employed to measure the tannins content
of the AME extract.

2.5. In Vitro Antioxidant Activity

The free radical scavenging potential of AME extract was assessed by DPPH assay [25],
H2O2 assay [26] and ABTS assay [27]. The AME extract was compared to the reference standard
butylated hydroxyanisole (BHA) and was evaluated in triplicate.

The value of IC50 defines the extract concentration that inhibits 50% of the radicals. The anti-radical
concentration for 50% of DPPH, H2O2 and ABTS free radical was quantified from the logarithmic
regression equation.

2.6. Phytochemical Screening of AME Extract by Using LC-MS

The chemical screening of AME extract was performed on an LC-MS instrument connected to
HPLC with an ESI interface. For chromatographic separation Acquity C18 column (100 × 4.6) × 5 µm
was used. Isocratic elution condition was employed for mobile phase with A:B Methanol:2mM
Ammonium acetate:formic acid (65:35:0.1) maintaining a flow rate of 0.6 mL/min. The linearity
was achieved from 1 to 250 ppm. The LC-MS conditions were voltage 30 V, capillary voltage 3.5 V,
desolvation gas 900 L/h, desolvation temperature 400 ◦C, cone gas 50 L/h, source temp 150 ◦C, collision
energy 22 V. The ionization was carried out in positive ion mode. The spectral data were obtained using
PDA detector. To verify the compounds, all the data, procurements, and evaluations were regulated
using the database library.



Separations 2020, 7, 54 4 of 11

2.7. In Vitro Cytotoxicity Assay

2.7.1. Cell Line and Cell Culture

The cell line utilized for this study was triple-negative human breast cancer cell line (MDA-MB-231).
The cell lines were provided with Dulbecco’s Modified Eagle’s Medium (DMEM). The medium of
culture that included Dulbecco phosphate-buffered saline (DPBS) was accompanied by bovine fetal
serum (10%) along with streptomycin/penicillin (100 U/mL) at 37 ◦C 5%, 95% humidity and CO2.
After the removal of confluent media, the washing of sub-cultured cells was done with phosphate
saline buffer (1×), then Trypsin was added to MDA-MB-231 cells for detaching the cells from substrate
surface and counting the cells (cells/mL) at the time of plates seeding for cell viability experiment

2.7.2. Treatment of AME Extract to MDA-MB-231

MDA-MB-231 cells were transferred into 96-well plates. The density at which seeding was
performed was 5000 cells/well. This was followed by overnight incubation of seeded plates which
were then tested with increasing concentrations of AME extract, dissolved in 70% ethanol (50, 100, 200,
400 and 600 µg/mL) or ethanol (control). These were then incubated for another 24, 48 and 72 h. Cells
were then subjected to cell viability measurement.

2.7.3. Measurement of Cell Viability

The cell viability measurement, at the indicated times was done by removing the media from
each well then 50 µL of fresh media was added first, followed by addition of CellTiter-Glo (Promega,
Madison, WI, USA) reagent (50 µL). After mixing the plate for 2 min, another 10 min incubation period
was done at room temperature. After that, luminescence was noted using the GloMax® Explorer
Multimode Detection System. CellTiter-Glo measures the amount of ATP signaling the prevalence of
metabolically active cells. Data was provided as proportional viability (%) by equating the data for
treated cells to untreated cells (possessing the viability of 100 percent).

2.8. Antimicrobial Activity

To assess the antimicrobial activity, the agar well plate technique for determination of minimum
inhibitory concentration (MIC), minimum bactericidal concentration (MBC), and minimum fungicidal
concentration (MFC) values was used [28]. Four different American Type Culture Collection (ATCC)
strain/s of microbes (bacteria and fungi) were used for the study, they are: Staphylococcus aureus
ATCC 25923 (Gram-positive bacteria), Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC 25922
(Gram-negative bacteria) and Candida albicans ATCC 24433 (Yeast). Three replicates were made against
each of the tested microorganisms. The data have been presented as mean ± standard deviation.

2.9. Statistical Analysis

All findings are tabulated as Mean ± S.D. For paired or unpaired values, the Student t-test was
performed. The p-value of <0.05 taken as significant.

3. Results

3.1. Estimation of TPC, TFC, and TC

The TPC, TFC, and TC of AME extract were measured for the assessment of chemical composition
are presented in Table 1. The AME extract was recorded as having 437 ± 0.95 µg QE/g: R2 = 0.964
amount of flavonoid content, 53.92 ± 0.83 mg GAE/g with R2 = 0.989 amount of phenolic content,
and 47.05 ± 0.43 mg GAE/g with R2 = 0.955 amount of tannins content, respectively.
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Table 1. Total phenolics content, total flavonoid content and tannins content of AME extract.

Extract Total Phenolics
µg QE/g R2 Total Flavonoid

mg GAE/g R2 Tannins
mg GAE/g R2

AME 437 ± 0.95 0.964 53.92 ± 0.83 0.989 47.05 ± 0.43 0.955

Tests were performed in triplicates and represented as mean ± SD.

3.2. In Vitro Antioxidant Activity

Table 2 represents the antioxidant potential of AME extract. Although the antioxidant ability of
the AME extract is low with IC50 values for DPPH 52.10 ± 0.85 µg/mL, H2O2 122.84 ± 2.32 µg/mL and
ABTS 96.95 ± 1.23 µg/mL at 250 µg/mL, respectively, in comparison to BHA. Activity with higher IC50

values represents less anti-oxidant activity.

Table 2. In vitro antioxidant activity of AME extract.

DPPH
IC50 µg/mL

H2O2
IC50 µg/mL

GAE/g ABTS
IC50 µg/mL

AME 52.10 ± 0.85 122.84 ± 2.32 96.95 ± 1.68

BHA 35.91 ± 0.38 64.37 ± 1.76 45.27 ± 1.53

Values expressed as mean ± standard deviation (n = 3).

3.3. Phytochemical Profiling of AME Extract by LC-MS

A total of five bioactive molecules were identified and characterized by a correlation of the
molecular (precursor) ions and the fragmentation patterns (i.e., product ions) acquired employing
LC-MS analysis (Table 3). The LC-MS data were then compared to the reported literature, database,
and computer repositories for reference compounds. The bioactive molecules identified in AME extract
were terpenoid along with carotenoids, polyphenolic, and fatty acid compounds as shown in Figure 1.
The compounds found in the AME extract were known for their pharmacological properties.

Table 3. The major components found in the AME extract based on LC-MS analysis.

Peak No. Compound Name Retention Time
(min)

Molecular Formula
(gmol−1)

Theoretical
(m/z)

Measured
(m/z)

Percentage
Content

1. Stigmasterol 11.49 C29H48O 412.69 413.35 2.76

2. Unidentified 10.50 - - 609.39 -

3. Lanosterol 9.43 C30H50O 425.30 426.71 3.98

4. Morin 8.85 C15H10O7 301.29 302.23 1.84

5. Cholesta-3,5-dien-7-one 8.27 C27H42O 382.62 383.23 2.42

6. Unidentified 6.75 - - 290.33 -

7. Beta-carotene 5,6-epoxide 3.41 C40H56O 552.90 454.34 8.76

8. Unidentified 3.07 - - 249.21 -

3.4. Anticancer Activity

This part of the study was intended to measure the potential anticancer activity of AME extract.
For this, the AME extract was tested in vitro for the inhibition of proliferation of neoplastic cells using
human breast cancer cell line. Experimentally, an estimation of time and concentration dependence of
the activity of AME was assessed. This was achieved by the incubation of MDA-MB-231 cells to a
series of different concentrations of AME (50–600 µg/mL) performed for different time periods (24, 48,
and 72 h). Our findings demonstrate that AME extract inhibited the viability of the MDA-MB231 cells
in a concentration and time-dependent manner (Figure 2A).
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Figure 2. Impact of AME extract on morphological changes and viability of human breast cancer cells
MDA-MB-231. (A) Cell viability in percentage subsequent to incubation of exponentially proliferating
cells with specified concentration level of AME extract and control for 24, 48 and 72 h. (B) After
48 h of incubation, the photomicrograph shows the effect of different concentrations of AME extract
on MDA-MB-231 cells. The data display the mean of the test as measured in triplicate. (* p = 0.05,
** p = 0.005 and *** p = 0.0005).



Separations 2020, 7, 54 7 of 11

We also monitored cell morphological changes that might be associated with AME extract
treatment. The study reflected that the MDA-MB231 cells, when observed under light microscope,
show a decrease in the cell count with increase in concentration of AME (Figure 2B).

3.5. Antimicrobial Activity

The antimicrobial potential of the AME extract was studied using Muller Hinton agar as a medium
against different pathogen strains. In this investigation, for determining the antimicrobial activity
of the AME extract, a sequential dilution technique was employed. Findings showed that the AME
extract exhibited poor inhibitory activity on the fungi evaluated, the MIC and MFC of AME extract
values against Candida albicans was higher than 500 µg/mL. The MIC and MBC for Staphylococcus aureus
was 15.62 and 31.25 µg/mL, likewise, for Escherichia coli the MIC values were recorded to be 125 and
250 µg/mL and for Pseudomonas aeruginosa 62.50 and 125.00 µg/mL respectively as shown in Table 4.

Table 4. Antimicrobial activity of Nannochloropsis oculata extract.

Pathogens Strains ZoI MIC MBC/MFC
µg/mL

Staphylococcus aureus 10 ± 1.23 15.62 31.25

Escherichia coli 7 ± 1.58 125 250

Pseudomonas aeruginosa 9 ± 1.96 62.50 125

Candida albicans 5 ± 0.82 500 -

ZoI, zone of inhibition (mm); [-], no activity; MIC, minimum inhibition concentration (mg/mL); MBC, minimum
bactericidal concentration (µg/mL); MFC, minimum fungicidal concentration (µg/mL).

4. Discussion

Microalgae exhibit a wide range of molecules that promote their sustainability and metabolism
in an excessively harsh and challenging environment [29]. Research and development of new and
unique bioactive components responsible for the production of their synthesis pathway of secondary
metabolites have produced a resurgence of interest in the pharmaceutical industry.

Our research is among the few to simultaneously evaluate microalgae extraction, phytochemical
screening, and biological activity evaluation such as anti-cancer, antioxidant, and antimicrobial activity.

Polyphenolic compounds are abundant in plants and algae, which could facilitate public health
and safety [30]. Polyphenols (e.g., flavonoids) have recently been recognized to be non-toxic
antioxidants [31]. Many more findings suggest that adequate nutritional quality of organic phenolics
is significantly related to increased life span, substantially reduced chances of acquiring certain chronic
illnesses, such as chemopreventive agents [32]. Our observation corresponds to the observation of
Haoujar et al., according to whom Nannochloropsis oculata has higher polyphenol content [33] but
is lower than reported by Maadane et al. [34]. Polyphenolic constituents found in the microalgae
are associated with antioxidant activity and therefore are highly reliant mostly on solvent and algae
organisms used during extraction [35].

The significant relationship between polyphenolic constituents and the antioxidant activity of
algae is thoroughly reported [36] and as per several studies performed on microalgae, it has been
found that phenolics are amongst the antioxidants of chief importance [37]. In the present study,
DPPH, H2O2, and ABTS assays were employed for the evaluation of the antioxidant capacity of AME
extract. Typically, the DPPH•− scavenging model was used to determine the potential of hydrogen
to transfer atoms since the transition of hydrogen atoms is a required mechanism in the DPPH•−

scavenging system [38]. DPPH is a free radical having an absorption peak at 517 nm. The purple
color of DPPH disappears easily whenever it confronts a proton radical scavenger. ABTS assay is
perhaps the best technique for the evaluation of free radical scavenging ability of diverse bioactive
molecules/extracts/fractions. The phenolic antioxidant compounds appear to give an electron to ABTS•+
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free radical which incapacitates the positive electrical charge present on it and as a result, a stable neutral
ABTS molecule is formed [39]. Hydrogen peroxide individually is not all that reactive, although it has a
deleterious effect on cells since it leads to the formation of hydroxyl radicals. Therefore, the elimination
of both H2O2 and O2

− is extremely essential for the protection of antioxidants in cells or nutrition [40].
The results from this study are similar to the findings of the former studies by Millao et al. [41]

and Custodio et al. [42] that reported maximum scavenging activity in methanol extract attributed to
polyphenols, carotenoids, polyunsaturated fatty acids, etc. [43].

The findings of the study exhibited that the AME extract successfully prohibited the proliferation
of both Gram-positive as well as Gram-negative bacteria in comparison to fungi. Our observations
correspond with the findings of Kokou et al. [44]. Secondary metabolites such as terpenoids [45],
fatty acids [46] and, polyphenolic [47] can damage the plasma membrane of both types of bacteria.
Nannochloropsis oculata will serve as a possible future source of novel phytochemical constituents of
importance for diagnostic and therapeutic applications [48]. The presence of different antimicrobial
compounds in extraction liquid extracts from the organisms studied might just be the cause of the
increase in antimicrobial efficacy.

Cancer can be regarded as a multifactorial disease characterized by the unrestrained production
and growth of cells in the body [42,49]. Microalgae are rich reservoirs of a variety of biomolecules such
as pigments, fats, and fatty acids, carbohydrates, vitamins, and so on [49]. Though microalgae possess
a huge array of promising biomolecules, and a variety of compounds are recovered from them with
the attribution of many pharmacological activities to them, only a few recent studies have reported the
anticancer activity of microalgae [50].

Our findings on MDA-MB-231 cells showed that AME extract exhibits a significant effect on their
proliferation which was affected by concentration as well as time. At a concentration of about 200µg/mL,
approximately 25% of cell-viability inhibition was reached after 24 h. After 48 h, more than 50% of
cell-viability inhibition was reached at 400 µg/mL concentration. After 72 h, cell-viability inhibition
increased dramatically compared with 24 h and 48 h. Thus, the cell-viability inhibition had the least
average at 72 h, which means that AME extract shows its potent effect after 72 h. Interestingly, we also
noted that MDA-MB231 cells treated with concentrations of 400 and 600 µg/mL experienced a fall in
cell count when the concentration increased, besides undergoing structural alterations caused due to
loss of architecture of epithelium, echinoid spikes, and cellular rounding visible after 48 h of treatment.

To learn whether apoptosis is related to the anti-proliferative effect and observed morphological
changes, further analysis for the apoptosis process was done, using apoptosis assays, as one possible
mechanism exerted by AME anti-proliferative effect is required.

Recently, in agreement with what has been found in this study, several reports have been made
regarding the in vitro anticancer activity of some microalgae species using different human and mouse
cell lines.

Sanjeewa et al. [51] assessed the anti-cancer effect of hexane fractions of Nannochloropsis oculata
using various cell lines (A-549, HEP-3B, HCT-116, SW-480, and HL-60). Cells were incubated with
different concentrations of hexane fractions for 24 h and the viability of the cells were measured using
colorimetric 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The authors
performed a cytotoxicity study and observed that there was a substantial dose-dependent decrease
in the viability of cancer cell lines. Microalgae may, therefore, represent an interesting source of
biologically active moieties that can be considered as promising anti-cancer agents for clinical prospects.

5. Conclusions

The outcomes of this study suggested there was substantial variance in the in vitro antioxidant,
antimicrobial, and anticancer potential of Nannochloropsis oculata. Further research on the phytochemical
compounds in the extract to recognize unique and novel constituents and to assess which compound/s
is responsible for all these pharmacological activities and to evaluate their effects on in vivo
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models to enhance the system antioxidant function by defending against different oxidative
stress-induced diseases.
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