
Journal of Food, Nutrition and Diet Science 141 | Volume 2 Issue 1, 2024

Journal of Food, Nutrition and Diet Science
https://luminescience.cn/

Original Research

In vitro toxicity of microalgae species of the phyla chlorophyta and 
ochrophyta in CHO-k1 and HEP G2 cells for potential use in human 
nutrition

Tomke F. Prueser1*, Peggy G. Braun1, Carola Griehl2, Claudia Wiacek1

1 Institute of Food Hygiene, University of Leipzig, An den Tierkliniken 1, 04103 Leipzig, Germany
2 Competence Center Algal Biotechnology, Anhalt University of Applied Sciences, Bernburger Str. 55, 06366 Köthen, 

Germany
* Correspondence to: Tomke F. Prueser, Email: tomke_friederike.prueser@vetmed.uni-leipzig.de. Current address: State 

Office for Consumer Protection Saxony-Anhalt, Freiimfelder Straße 68, 06112 Halle (Saale), Germany

Abstract: Microalgae are a promising component to enhance human nutrition, but to date only a few species have 
been authorized to be used in human nutrition. In this study, the in vitro toxicity of eight novel microalgae strains 
(Botryococcus braunii, Chlorococcum novae-angliae, Microchloropsis salina, Myrmecia bisecta, Stichococcus sp. 
Tetraselmis suecica, Tetradesmus obliquus and Spongiochloris minor) selected for their potential for human nutrition 
was investigated. N-hexane, acetone, ethanol and aqueous extracts of the lyophilized biomass were tested in the 
CHO-k1 and HEP G2 cell lines at concentrations of up to 1.81 mg ml-1 extracted biomass per well. None of the 
tested microalgae extracts reached values defined as a significant cytotoxic effect (IC50 < 0.02 mg ml-1). The highest 
cytotoxic effects were measured for Stichococcus sp. in both cell lines with IC50 values of 0.17 mg ml-1 for the acetone 
extract in CHO-k1 cell culture and 0.18 mg ml-1 for the acetone extract in HEP G2 cell culture. Most cytotoxic effects 
occurred with the acetone and ethanol extracts, while the water and n-hexane extracts showed almost no measurable 
cytotoxic effects. Only Tetraselmis suecica showed no cytotoxic effect under the chosen conditions in both tested cell 
lines, marking this microalgae as particularly interesting for further investigations into its use in human nutrition. 
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Introduction

   Microalgae are microscopically small algae [1]. 
Although they are all specified by their ability to 
perform oxygenic photosynthesis, they are a diverse, 
phylogenetically heterogenous group of microorganisms 
including approximately 72,500 species [1, 2]. Dietary 
supplements and functional foods containing microalgae 
have gained popularity in recent years. It is estimated 
that the global market for algae products will grow from 
USD 5.08 billion in 2023 to USD 7.09 billion in 2028 
[3]. This indicates an increasing demand for microalgae 
supplements, which is justified by their wide range of 
nutritionally beneficial ingredients. They can synthesize 
high amounts of proteins, polyunsaturated fatty acids 
(PUFA), various vitamins and compounds with antioxidant 
capacities such as carotenoids and polyphenolic substances 
[4-6]. The most common species for human consumption, 
Chlorella sp. and Arthrospira sp. (known as "spirulina"), 
provide some of these benefits, but lesser known species 
such as the one discussed in this study covered may be 
even more suited. A study by Sangruber et al. (2023) 
demonstrated that smoothies containing Microchloropsis 
(M.) salina improved fatty acid distribution in plasma 
compared to smoothies containing Chlorella pyrenoidosa 
[7]. Although the range of microalgae products is steadily 
increasing, Chlorella sp. and Spirulina combined, account 
for more than 98 % of the microalgae produced worldwide 
[8]. Even though other microalgae species show high 
nutritional values as well [9]. Aphanizomenon flos-aquae, 
Haematococcus pluvialis, Ulkenia sp., Schizochytrium sp., 
Tetraselmis chuii and Odontella aurita are also approved 
for human nutrition in the EU [10]. The named species 
represent only a small fraction of the known microalgae 
[2]. It is quite conceivable that other microalgae that are 
not yet used for human consumption so far, may contain 
other or additional beneficial ingredients and therefore 
expand the spectrum for the use of microalgae [11, 12].
   An important factor restricting the use of microalgae 
as food is their potential to synthesize toxins. Known 
microalgal toxins are microcystins, nodularin, anatoxin, 
saxitoxin and cylindrospermopsin. They are produced by 
cyanobacteria and dinoflagellates [13]. Additionally, some 
microalgae from the class Bacillariophyceae, known as 
diatoms, are known for being able to produce domoic acid, 
which can act as a neurotoxin [13-15]. The presence of 
known cyanotoxins in microalgae products already on the 
market has been investigated by different research groups. 
Most studies focus on dietary supplements containing 
cyanobacteria such as Spirulina or Aphanizomenon flos-
aquae because cyanobacteria are potential toxin producers. 
Several researchers found microcystins and anatoxin-a 
in a variety of microalgae food supplements [16-20]. 
In addition, toxicity may also be caused by unknown 
components or metabolites of microalgae that do not 
belong to the groups mentioned [21]. To reduce the risks 
posed by toxins entering the food chain, the toxicity of 

novel food products is thoroughly tested before they are 
approved for human consumption [22]. This necessary but 
lengthy process is the main reason for the use of already 
established microalgae in food products. In this work, 
microalgae species that are currently not yet approved for 
use in human food were investigated for their cytotoxic 
potential to evaluate whether these microalgae could be 
promising candidates for future use in novel foods. 
   The eight selected species include Botryococcus (B.) 
braunii, Chlorococcum (C.) novae-angliae, M. salina, 
Myrmecia (M.) bisecta, Stichococcus sp. Tetraselmis (T.) 
suecica, Tetradesmus (T.) obliquus and Spongiochloris 
(S.) minor. They were selected for their potential to enrich 
human nutrition with PUFA, vitamins and polyphenolic 
compounds. B. braunii, C. novae-angliae, M. salina, 
M. bisecta and T. suecica can produce high amounts of 
eicosapentaenoic acid (EPA) and docosapentaenoic acid 
(DHA), which Chlorella sp. and Spirulina do not provide 
[23-29]. T. suecica and Microchloropsis sp. are also 
known to accumulate vitamin B12 in addition to their 
high PUFA content [30]. Stichococcus sp. and T. obliquus 
can accumulate vitamin B12 as well [30]. Commercially 
available microalgae such as Chlorella sp. can theoretically 
also accumulate vitamin B12, but studies with Chlorella 
sp. supplements show that the declared vitamin B12 
concentrations are seldomly correct [29, 31]. Spirulina 
mainly produces pseudo cobalamin and is therefore not 
suited to supplement vitamin B12 in human nutrition [31]. 
T. obliquus can also produce high quantities of proteins 
and PUFAs, especially linoleic and linolenic acids [32, 33]. 
While proteins and PUFAs can also be supplemented by 
spirulina, the amount of n3-PUFAs is significantly higher in 
T. obliquus [29, 34]. The microalga S. minor was selected 
due to the amounts of polyphenolic compounds found in 
this species [35]. Polyphenolic compounds are known for 
their antioxidant potential, which makes them interesting 
additions to human nutrition [6, 36, 37]. Furthermore, all 
eight chosen species were evaluated for nutrients beneficial 
for human nutrition by Sandgruber et al. (2023) [34]. In this 
study, all eight species showed beneficial properties, with 
M. salina having the most benefits of the chosen species 
[34]. All eight species belong to the phyla Chlorophyta and 
Ochrophyta. So far, these phyla are not known to produce 
typical microalgal toxins. 
   Cytotoxicity was tested against two different cell lines. 
The CHO-k1 cell line is a rodent cell line known for its 
use in the evaluation of cytotoxicity and genotoxicity of 
novel foods and pharmaceuticals [38-40]. CHO cells 
are recommended in the OECD guideline 487 [41]. This 
OECD guideline is also referenced to by the European 
Food Safety Authority in its paper on genotoxicity testing 
for food and feed safety assessment [42]. HEP G2 cells 
are a human hepatocellular carcinoma cell line that was 
chosen as they are often used for screening cytotoxic or 
hepatoprotective substances [43-45].
   Our study aimed to find out which of these microalgae do 
not exert significant cytotoxic effects on the cell lines we 
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selected in order to gain an initial understanding of their 
suitability for human consumption. This is particularly 
important for those microalgaes that produce EPA and 
DHA, as these nutrients are not readily available except 
from fish [46, 47]. For this reason, it is important to find 
new sustainable sources of EPA and DHA, which the tested 
microalgae could provide [48].

Material and Methods

Chemicals

   Iscove's modified Dulbecco's medium (IMDM) with 
HEPES and L-glutamine, Ham's F12 medium with 
L-glutamine, RPMI 1640 with L-glutamin, penicillin-
streptomycin mixture (5000 units ml-1 penicillin, 5000 
µg ml-1 streptomycin) and trypsin/EDTA (10X) (contains 
5 g L-1 trypsin 1:250 and 2 g L-1 Versene® (EDTA)) 
were obtained from Lonza (Verviers, Belgium). Heat-
inactivated fetal bovine serum (FBS) was obtained from 
Life Technologies GmbH (Darmstadt, Germany). 
   For cytotoxicity measurements, Rotitest®Vital 
(2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulfophenyl)-2H-tetrazolium) (WST 8)) was supplied 
by Carl Roth (Karlsruhe, Germany). Solvents for the 
extraction of algal biomass such as acetone (ROTISOLV® 
HPLC), ethanol (ROTISOLV® HPLC Gradient Grade), 
n-hexane (ROTISOLV® HPLC) and dimethyl sulfoxide 
(DMSO) (ROTIPURAN® ≥ 99.8 %) were obtained from 
Carl Roth (Karlsruhe, Germany) as well. 

Microalgae strains and biomass production

   The eight microalgae strains tested are listed in Table 
1. They were cultivated at the Competence Center Algal 
Biotechnology of the Anhalt University of Applied 
Sciences in Köthen, Germany. The microalgae biomass 
was produced in 1.5 L bubble column photobioreactors or 
10 L flasks. The culture media are also specified in Table 1. 
Cultivation was performed in duplicates (2-12 replicates) 
and cultures were illuminated with 100 or 300 µmol 
photons m-2 s-1 by LED panels or neon tubes, respectively, 
with a 14 h/10 h light/dark cycle, at room temperature (21-
26°C) and aerated with CO2-enriched air (1.67 × 10-5 m3 
s-1, 1% CO2). The initial concentration of biomass was 
adjusted between 0.1 to 0.5 g L-1. 
   The cultivation was maintained until the stationary phase 
was reached (5-33 days). The biomass was harvested by 
centrifugation at 16,000 × g using a Thermo Multifuge 
X3R (Thermo Scientific, Germany) equipped with an 
F146 × 250 rotor with 6 × 250 mL centrifuge cups. The 
harvested biomass was washed twice. For mechanical 
disruption of the algae cell walls, a biomass slurry with 
10 % dry matter was prepared in water, cooled on ice and 
continuously fed into a MiniSeries laboratory agitator bead 
mill (Netzsch, Germany) until the complete disintegration 
of the algae cells could be observed under the microscope. 
The agitator bead mill was operated at a milling speed of 
3000 min-1 using 0.5 mm ZetaBeads (Netzsch, Germany) 
as the grinding medium, with which the grinding chamber 
was 80 % filled. The disintegrated biomass was lyophilized 
using a laboratory freeze dryer Beta 2-8 LD Plus (Martin 
Christ, Germany). The lyophilized biomass was stored at 
-20°C.Preparation of extracts

Table 1. List of investigated microalgae species including specification of culture medium, cultivation vessel and illumination [14]

Species
name Strain Phylum Class Order Family Source Medium Cultivation 

vessel

Illumination
(µmol photons 

m-2 s-1)

S. minor KASC
 29-01

Chloro
phyta

Chloro
phyceae

Chlamy
domonadales

Chloroco
ccaceae Terrestrial BBM 10 L flask 300 

(Neon tube)
C. novae-

angliae
SAG 
5.85

Chloro
phyta

Chloro
phyceae

Chlamy
domonadales

Chloroco
ccaceae Freshwater ES 10 L flask 300 

(Neon tube)

B. braunii 
var. Showa

University
of Tokyo,
Prof. Dr.
Shigeru
Okada

Chloro
phyta

Trebouxio
phyceae Trebouxiales Botryoco

ccaceae Freshwater BG11 1.5 L bubble 
column

100 
(LED Panel)

M. bisecta SAG 
2043

Chloro
phyta

Trebouxio
phyceae Trebouxiales Trebouxiaceae Terrestrial BBM 1.5 L bubble 

column
100 

(LED Panel)

T. obliquus SAG 
276-1

Chloro
phyta

Chloro
phyceae

Sphaero
pleales

Scenedes
maceae Freshwater BBM 10 L flask 300 

(Neon tube)
Stichoco
ccus sp.

KASC 
30-01

Chloro
phyta

Trebouxio
phyceae Prasiolales Stichoco

ccaceae Freshwater BBM/ Setlik 
(1:1)

1.5 L bubble 
column

100 
(LED Panel)

T. suecica CCAP
 66/38

Chloro
phyta

Chlorodendro
phyceae

Chloroden
drales

Chloroden
draceae Marine SWES 1.5 L bubble 

column
100 

(LED Panel)

M. salina SAG
 40.85

Ochro
phyta

Eustigmato
phyceae

Eustig
matales

Monodop
sidaceae Marine F/2 10 L flask 300 

(Neon tube)
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Preparation of extracts

   Biomass extraction was carried out as described by 
Himuro et al. (2017) with the following modification: in 
addition to ethanol and water, hexane and acetone were used 
as solvents to extract components of different polarity [49]. 
An ultrasound processor (200 W, 24 kHz) (Dr. Hielscher 
GmbH, mod. UP200S, Teltow, Germany) with a titanium 
horn tip of 2mm diameter (Dr. Hielscher GmbH, mod. 
S26d2, Teltow, Germany), equipped with an amplitude 
and pulse control system, was used for sonification at an 
amplitude of 190 µm (100 % amplitude, 600 W/cm2) and 
a pulse cycle of 0.6. The ultrasonic treatment was carried 
out for 1 minute on ice. The extraction was scaled down to 
the use of 10 mg of microalgae dry matter for extraction 
with hexane, acetone and ethanol. The extracts were 
concentrated and redissolved in 0.5 ml of solvent or 0.5 ml 
of a mixture of the solvent and 10 % (v/v) DMSO, resulting 
in a final concentration of 20 mg extracted biomass ml-1. 
Thereby the solubility of the extracted components was 
ensured under the test conditions. 
   For ethanolic extraction, aliquots containing 10 mg 
of microalgal dry matter per 1.5 ml ethanol (100 %) 
were prepared and sonicated on ice for one minute. The 
sonicated samples were stored in the dark at 25 °C for 24 
hours and then centrifuged at 15,285 × g for 20 minutes. 
The supernatant was transferred into a new tube and the 
ethanol was evaporated to dryness in a vacuum concentrator 
(Eppendorf, mod. Concentrator 5301, Hamburg, Germany) 
for 60-90 minutes. The dry residue was redissolved in 0.4 
ml of 10% (v/v) DMSO and 0.1 ml of 80% (v/v) ethanol. 
Extraction with acetone and n-hexane followed a similar 
protocol, except that the aliquots contained 10 mg dry 
matter per 1.5 ml acetone (100 %) and n-hexane (100 %), 
respectively, and the final solvent consisted of 0.4 ml of 
10 % (v/v) DMSO and 0.1 ml of 100 % acetone or 0.5 
ml of 100% n-hexane without DMSO, respectively. The 
aqueous extraction was conducted according to Himuro et 
al. (2017), but scaled down to 50 mg of microalgae dry 
matter [49].
   All extracts had a final concentration of 20 mg extracted 
biomass ml-1 extracts and were serially diluted four times 
with 10 % (v/v) DMSO for ethanol and acetone extracts, 
with 100 % n-hexane for hexane extracts and with distilled, 
sterilized water for aqueous extracts (one part extract: 2.5 
parts solvent). The dilution resulted in concentrations of 
5.71, 1.63, 0.47, and 0.13 mg extracted biomass ml-1 in 
the cell culture assay wells. These concentrations were 
chosen based on preliminary experiments (not published) 
to include at least one non-cytotoxic concentration for all 
chosen algae to ensure the plateau could be reached.

Cell culture and exposure to extracts

   The four extracts of eight microalgae species were tested 
against two cell lines. CHO-k1 cells (Chinese hamster 
ovary cells) were kindly provided by the collection of cell 

lines in veterinary medicine, Greifswald, Germany (CCLV-
RIE 315). They were cultured in IMDM/F12 supplemented 
with 10 % FBS and antibiotics (100 units ml-1 penicillin. 
100 µg ml-1 streptomycin). HEP G2 cells (hepatocellular 
carcinoma cells) (DSMZ number: ACC 180) were cultured 
in RPMI 1640 supplemented with 10 % FBS and antibiotics 
(100 units ml-1 penicillin, 100 µg ml-1 streptomycin). Both 
cell lines were cultivated in a humidified incubator at 37 °C 
and a 5 % CO2 atmosphere. 

Cytotoxicity assay (WST-8-Assay)

   Cytotoxicity was assessed for each algae extract and cell 
line using the WST-8 cell viability assay (Rotitest®Vital, 
Carl Roth GmbH + Co. KG, Karlsruhe, Germany) according 
to the instructions for use. This colorimetric assay is based 
on the reduction of the water-soluble tetrazolium salt to 
orange formazan dye, which absorbs light at 460 nm by 
NADH/NADPH-dehydrogenase. 
   For cytotoxicity assessment, 100 µl of CHO-k1 and HEP 
G2 cells were seeded into 96 well plates at a density of 
5*103 cells per well, and cultivation was continued for 
24 hours (CHO-k1 cells) or 72 hours (HEP G2 cells) in a 
humidified incubator at 37 °C in a 5 % CO2 atmosphere 
until subconfluency was reached. The cells were incubated 
for another 24 hours with 10 µl of either the prepared 
extracts, sterilized and distilled water (negative control for 
aqueous extracts), n-hexane (negative control for hexane 
extracts), ethanol or acetone diluted with 10 % (v/v) 
DMSO in water (negative controls for ethanol and acetone 
extracts) or 1 % (v/v) Triton-X-100 (positive control for all 
extracts) (Table 2). Then 10 µl of the WST-8 test solution 
was added to each well and the absorbance was measured 
with a microplate reader (Tecan Group Ltd., mod. Sunrise-
basic, Männedorf, Switzerland) directly after adding the 
WST-8 test solution (t = 0) and a second time after 3 hours 
(t = 180) according to the manual. 
   The wavelength used for measuring absorbance was 
450 nm with a reference wavelength of 620 nm. Three 
wells were used for each concentration and each control. 
All experiments were performed in four independent 
determinations on different days and in different passages 
(n = 4). To verify that the effects shown in the assay were 
cytotoxic rather than antiproliferative, the wells were also 
observed microscopically using an inverse microscope 
(Carl Zeiss AG, mod. Axiovert 40C, Jena, Germany).

Statistical analysis

   The final absorption of each well was defined as Abs 
= Abst = 180 - Abst = 0 and expressed as a percentage of the 
respective negative control for each extract. By subtracting 
Abst=0, the different absorbance of the microalgae samples 
was negated. A dose-response curve was obtained for each 
algae extract tested. The concentrations of algae extract 
that inhibited 25 % (IC25), 50 % (IC50), and 75 % (IC75) 
of the cell population were calculated with a nonlinear 
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regression model (using log transferred data). The IC25, 
IC50 and IC75 were expressed in mg extracted biomass ml-1. 
If one or more ICs were not included in the experimental 
data, the IC value was estimated using the nonlinear 
regression model (indicated as *estimated value). For 
this, the nonlinear regression curve fitted to the algae was 
expressed as a function and solved for Y = 25, Y = 50 and 
Y = 75.
   Some extracts showed no cytotoxicity in the tested 
concentration range, so it was not possible to calculate 
IC25, IC50 or IC75 values. If all four determinations showed 
no cytotoxicity in the tested range, the data was indicated 
as not calculable (nc). If one or more of the replicates 
showed cytotoxicity, the dose-response curves were 
established and analyzed by nonlinear regression for each 
independent determination and the mean and standard error 
were calculated. All calculations were done with graph pad 
prism software (GraphPad Prism Version 4.00).
   According to Niccolai et al. (2017), the threshold for 
cytotoxicity was defined as an IC50 of more than 15 mg 

extracted biomass ml-1 and therefore any IC50 above 15 mg 
extracted biomass ml-1 was expressed as > 15 mg extracted 
biomass ml-1 [50]. This value represented the highest 
threshold for cytotoxicity found in all studies reviewed and 
was chosen to screen the microalgae for their safety for 
human consumption. 

Results

   The IC50 of all eight microalgae species extracted with 
four different solvents are shown in Figure 1 for the 
CHO-k1 cell line and in Figure 2 for the HEP G2 cell line.
Only the biomass of T. suecica displayed an IC50 > 15 
mg ml-1 for all tested extracts in both cell lines and was 
classified as non-cytotoxic according to Niccolai et al. 
(2017) [50]. All other microalgae species showed an IC50 
< 15 mg ml-1 for at least one tested extract in one cell line 
(Table S1) (Figure 1 - 2).

Table 2. Concentration of used solvents and controls for each extract

Algal Extract Negative Controls
for each extract Positive Control

Solvent
Concentrations
(% (v/v) in cell 

culture)
Solvent

Concentrations
(% (v/v) in cell 

culture)
Chemical

Concentration
(% (v/v) in cell 

culture)

Hexane-n 1.81; 0.51; 0.15; 
0.04; 0.012 Hexane-n 9.09 Triton-X-100 0.91

Acetone 1.81; 0.51; 0.15; 
0.04; 0,012 Acetone 1.81; 0.52; 0.15; 

0.04; 0.01 Triton-X-100 0.91

Ethanol 1.81; 0.51; 0.15; 
0.04; 0.012 Ethanol 1.45; 0.42; 0.12; 

0.03; 0.01 Triton-X-100 0.91

Water 1.81; 0.51; 0.15; 
0.04; 0.012 Water 9.09 Triton-X-100 0.91

Figure 1. Cytotoxic activity (IC50) expressed as mg extracted biomass ml-1 of different microalgae species against CHO-cells; * = 
estimated value; > 15 = values above 15 mg extracted biomass ml-1
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   For B. braunii, the cytotoxicity of the aqueous extracts 
was demonstrated in CHO-k1 cells and the of hexane 
extracts in HEP G2 cells. All ethanolic extracts tested, 
except T. suecica, showed cytotoxic effects in both cell 
lines, ranging from IC50 values of 14.92 mg ml-1 (CHO-k1) 
and 7.73 mg ml-1 (HEP G2) in S. minor to 0.27 mg ml-1 
(CHO-k1) and 0.52 mg ml-1 (HEP G2) in Stichococcus sp. 
extracts (Table S1).
   For most extracts, the cytotoxicity was similar in CHO-k1 
and HEP G2 cells. Only in B. braunii, M. salina and T. 
obliquus did the cytotoxicity differ noticeably between 
these two cell lines (Figure 1 - 2). For M. salina, the acetone 
extract displayed cytotoxicity with an estimated IC50 of 
7.31 mg ml-1 in one of four independent determinations in 
HEP G2, but not in CHO-k1 cells. For T. obliquus, an IC50 
of 0.81 mg ml-1 for the acetone extract in CHO-k1 cells and 
an IC50 >15 mg ml-1 in HEP G2 cells was calculated (Table 
S1). In B. braunii, cytotoxic effects on HEP G2 cells could 
be detected in the n-Hexane extract but not in the aqueous 
extract, while it was the other way around in CHO-k1 cells.
   The differences in toxicity could be demonstrated more 
clearly when the IC25 and IC75 values are included in the 
evaluation (Table 3 - 4). The strongest cytotoxic effects for 
ethanolic and acetone extracts in CHO-k1 and HEP G2 cells 
were reached by Stichococcus sp. (Figure 1 - 2). M. salina 
and B. braunii also showed high cytotoxicity in ethanolic 
extracts, but no or weak cytotoxicity in acetone extracts 
to both cell lines (Figure 1 -2). In M. bisecta, the toxicity 
of acetone and ethanolic extracts to both cell lines seemed 
similar when only considering the IC50. When looking 
at the IC75, the divergence of the cytotoxicity was more 
pronounced for the different cell lines and the cytotoxicity 
in HEP G2 cells was weaker for both extracts (IC75 >15 
mg ml-1) than cytotoxicity for CHO-k1 cells (Table 3-4).

   In general, it could be demonstrated that the tested 
aqueous and hexane extracts had a calculated IC50 > 15 mg 
ml-1 or no toxicity in the tested range in all but one case 
(Table S1), while most cytotoxic effects were observed 
in ethanolic extracts. The effects on CHO-k1 cells were 
slightly more pronounced than the effects on HEP G2 cells 
(Table S1; Table 3-4).

Discussion

   Screenings for cytotoxic algae components were performed 
to test cytotoxicity against either cancer or non-cancerous 
cell lines [51, 52]. Antimicrobial, antifungal, antiviral or 
anticancer activities are of interest for the pharmaceutical 
use of microalgae extracts, while cytotoxicity against non-
cancerous cell lines can be a first step to assess the safety of 
microalgae species [52-54, 50]. This paper aims to present 
the first toxicity screening for eight microalgae of interest 
as a food source. The final assessment of safety for human 
consumption still rely on in vivo methods, as substances 
that are cytotoxic in vitro may be non-toxic in vivo and 
vice versa. When assessing cytotoxicity, the IC50 values 
defined as significant cytotoxic effects vary, because any 
substance can be administered at a high enough dose to 
produce cytotoxic effects. Niccolai et al. (2017) defined 
a non-cytotoxic extract as an IC50 value above 15 mg 
extracted biomass ml-1 [50]. In contrast, a significant 
cytotoxic effect was defined as less than 0.02 mg extract 
ml-1 or less than 0.1 mg extract ml-1 when searching for 
anticancer drugs [55, 56]. It should be noted that the 
approaches in the studies differ in whether they calculate 
the IC50 of the amount of extract or the IC50 of the amount 

Figure 2. Cytotoxic activity (IC50) expressed as mg extracted biomass ml-1 of different microalgae species against HEP G2 cells; nc  
= not calculable; * = estimated value; > 15 = values above 15 mg extracted biomass ml-1
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of extracted algae biomass. With the latter approach, it is 
possible to compare two studies with different algae inputs, 
whereas this is not possible when cytotoxicity is calculated 
based on the amount of extract used. We used the approach 
adopted by Niccolai et al. (2017) and Himuro et al. (2017) 
[49, 50]. A comparison to the IC50 of specific extracts is 
therefore inconclusive. IC50 values are calculated values, 
which are estimated from the appropriate dose-response 
curve. Therefore, IC50 values can change regarding the 
fit of the dose-response curve and the functional model 
used. This makes it even more difficult to reliably compare 
cytotoxicity data, as different research groups may choose 
different curve fits and different quality parameters for 
these estimations.
   It was not possible to distinguish between antiproliferative 
and cytotoxic effects in the algae, which showed only 
weak effects. It is possible that growth was inhibited in 
these samples due to antiproliferative effects, which can 
not be differentiated from a small amount of cells that died 
due to cytotoxic effects. It is conceivable that the effects 
observed in the algae, for which only estimated values are 
given, are not cytotoxic. Instead, they could be the results 
of antiproliferative activities. 

   As our study is the first toxicity screening of the chosen 
species comparisons to other studies had to be made with 
some caveats. As no studies on the same species were 
available, studies dealing with species of the same genus 
were chosen for comparison. However, it should be noted 
that species of the same genus may have different cytotoxic 
activities, which can be a reason for different results, e. 
g. different culture conditions as well as different solvents 
and extraction methods. Depending on the polarity of the 
solvents, the extracted substances and their cytotoxicity 
can vary. For example, phenolic substances are best 
extracted with methanol and ethanol, tannins are best 
extracted with water and xanthones and are best extracted 
with non-polar substances such as hexane [57, 58]. We 
chose solvents that cover a broad range of polarities to 
extract as many different components as possible. This is 
in line with our screening approach, which aims to get an 
overview of the cytotoxic potentials rather than performing 
an in-depth analysis of a single substance. We also chose 
solvents that did not affect the growth of the cell line at 
the concentrations tested. Other studies have shown that 
substances can exhibit stronger cytotoxic effects if they 
are used in solvents with higher cytotoxic potential [59]. 

Table 3. IC25 Values (expressed as mg extracted biomass ml-1) calculated or estimated for microalgae extracts; data are reported as 
mean ± standard error; nc = not calculable; * = estimated value

Strain
IC25 Value (mg extracted biomass ml-1)

CHO-k1 HEP G2
n-Hexane Aceton Ethanol Water n-Hexane Aceton Ethanol Water

S. minor > 15* 0.71 ± 0.17 1.00 ± 0.20 1.54 ± 0.76 7.95 ± 4.90 * 0.74 ± 0.40 1.07 ± 0.73 11.36 ± 11.18 
*

M. salina > 15* 3.10 ± 1.76 * 0.52 ± 0.02 0.16 ± 0.11 >15* 3.51 * 0.50 ± 0.04 >15*
B. braunii > 15* 0.22 ± 0.07 0.52 ± 0.04 0.91 ± 0.82 1.59 ± 0.58 nc 0.43 ± 0.01 nc
T. obliquus > 15* 0.55 ± 0.26 0.68 ± 0.04 0.22 >15* 1.09 ± 0.34 0.73 ± 0.10 nc

Stichococcus 
sp. 2.75 ± 2.36* 0.13 ± 0.05 0.19 ± 0.05 0.66 ± 0.16 >15* 0.13 ± 0.06 0.38 ± 0.07 0.90

M. bisecta > 15* 0.07 ± 0.02 0.58 ± 0.23 5.45 4.51 * 0.85 ± 0.32 0.76 ± 0.27 nc
C. novae-

angliae > 15* 8.76 ± 7.78 * 1.20 ± 1.00 13.62 ± 13.09 
* >15* >15* 1.57 ± 0.07 0.13

T. suecica 8.54 ± 5.32 * 3.05 > 15* > 15* 8.97 ± 5.32 * >15* nc nc

Table 4. IC75 Values (expressed as mg extracted biomass ml-1) calculated or estimated for microalgae extracts; data are reported as 
mean ± standard error; nc = not calculable; * = estimated value

Strain
IC75 Value (mg extracted biomass ml-1)

CHO-k1 HEP G2
n-Hexane Aceton Ethanol Water n-Hexane Aceton Ethanol Water

S. minor > 15* 2.24 ± 1.12 * > 15* > 15* >15* 9.67 ± 7.35 * >15* >15*
M. salina > 15* > 15* 0.86 ± 0.04 > 15* >15* >15* 1.51 ± 0.06 >15*
B. braunii > 15* > 15* 0.79 ± 0.03 > 15* >15* nc 0.75 ± 0.06 nc
T. obliquus > 15* 1.55 ± 0.40 1.10 ± 0.04 > 15* >15* >15* 1.95 ± 0.19 * nc

Stichococcus 
sp. > 15* 0.22 ± 0.05 0.38 ± 0.05 > 15* >15* 0.26 ± 0.11 0.73 ± 0.08 >15*

M. bisecta > 15* 2.29 ± 1.51 * 1.36 ± 0.28 > 15* >15* >15* >15* nc
C. novae-

angliae > 15* > 15* > 15* > 15* >15* >15* 1.98 ± 0.08 * >15*

T. suecica > 15* > 15* > 15* > 15* >15* >15* nc nc
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In future experiments, it might be beneficial to include 
solvents such as DMSO, which is a universal amphiphilic 
solvent [59]. The exposure time and the cell lines used 
also varied, which impacted the results as well. We chose 
widely used and recognized cell lines and exposure times 
appropriate for these cell lines to ensure that the cells were 
still viable at the end of the exposure. 
   Of the eight microalgae tested, the highest cytotoxicity 
potential in our study was calculated for the ethanolic and 
acetonic extracts of Stichococcus sp. in both cell lines. The 
in vitro toxicity of this genus was also measured by Gürlek 
et al. (2020), who extracted Stichococcus (S.) bacillaris 
with methanol and examined the cytotoxic effect on HEP 
G2 cells after 48 hours of exposure, and Atasever-Arslan 
et al. (2016), who investigated the effect of methanolic S. 
bacillaris extract on human leukemia and endothelial cell 
lines [60, 61]. Both report their results in mg extract ml-1, 
which explains the perceived differences as it is not known 
what amount of extracted algae corresponds to their results. 
In the study by Gürlek et al. (2020), the IC50 was set at 0.37 
± 0.09 mg extract ml-1 and described as non-toxic, because 
significant toxic effects were defined as an IC50 below 0.02 
mg ml-1 [61, 56]. The results in our study were 0.18 mg 
extracted biomass ml-1 and 0.52 mg extracted biomass 
ml-1 in acetone and ethanol extracts, respectively. In the 
study by Atasever-Arslan et al. (2016), S. bacillaris had no 
cytotoxic effect on the non-cancerous endothelial cell line 
at concentrations up to 0.5 mg extract ml-1 and cell viability 
of both leukaemia cell lines was reduced by 50 % at 0.05 
and 0.5 mg ml-1, respectively [60]. This demonstrates the 
varying effects that algae extracts can have on different 
cell lines. Despite the differences in solvents, calculation 
and different subspecies of microalgae, the components 
that led to the cytotoxic effect in the investigation by 
Gürlek et al. (2020) and Atasever-Arslan et al. (2016) 
may be the same components that cause cytotoxicity 
in both cell lines in our study [60, 61]. In the study by 
Atasever-Arslan et al. (2016), these components were 
further investigated and it was demonstrated that extracts 
of S. bacillaris lead to the induction of apoptotic pathways. 
Potential molecules that regulate this mechanism could be 
2,2,4-trimethyl-1,3-pentanediyl bis (2-methylpropanoate), 
5,6-dihydroergosterol and 9-octadecenamide, which 
were present in S. bacillaris extracts and the essential oil 
generated from S. bacillaris. These effects could only be 
induced in leukemia cells in the study by Atasever-Arslan 
et al. (2016), but they may show the same effect on our cell 
lines and are extracted by ethanol (as another short-chained 
alcohol) as well [60]. Further studies are required to 
investigate this further and to verify whether the cytotoxic 
effects are exclusive to cancerous cells. 
   In our study, M. bisecta showed cytotoxicity in both cell 
lines tested. The cytotoxicity of M. bisecta has not been 
studied so far, but its antibacterial effect on methanolic 
extracts has been described by Santhakumaran et al. (2020) 
[62]. It is possible that bioactive compounds that lead to 
an antibacterial effect also affect cell lines. For example, 

free fatty acids, which are also found in microalgae such 
as M. bisecta, have antimicrobial effects due to their 
effect on the cell wall, which can lead to the dissolution 
of the membrane [63]. At lower concentrations, they can 
disrupt the electron transport chain and the oxidative 
phosphorylation, impair nutrient uptake, and inhibit 
enzyme activities, among other mechanisms of action 
[63]. In cell lines, free fatty acids have been shown to 
have cytotoxic and anticancer effects by triggering cell 
cycle arrest and inducing apoptosis of tumor cells [64]. 
Even though the mechanisms of action of free fatty acids 
against microorganisms differ from those that lead to 
cytotoxicity, it could be possible that free fatty acids lead 
to the observations in the ethanol and acetone extracts in 
our study as well as to the antibacterial effects documented 
by Santhakumaran et al. (2020) [62].
   T. obliquus displayed cytotoxicity of ethanol and acetone 
extracts in CHO-k1 cells and cytotoxicity of ethanol extracts 
on HEP G2. No cytotoxic effect of hexane and aqueous 
extracts was detected. The cytotoxicity of this microalgae 
has been extensively studied and several publications have 
been published on the presence of bioactive compounds 
and cytotoxicity towards different cell lines. In these 
studies, different strains of Tetradesmus, different cell lines, 
solvents and incubation times were tested, which explains 
the wide range of results. Marrez et al. (2019) tested the 
cytotoxicity of Scenedesmus (S.) obliquus (synonym for 
T. obliquus [14]) in diethyl ether extracts in HEP G2 and 
two other cancer cell lines as well as in three non-cancer 
cell lines after 48 hours of exposure at concentrations up to 
0.18 mg extract ml-1 [65]. The IC50 of this extract in HEP 
G2 was 0.04 mg extract ml-1 and no cytotoxicity against 
non-cancerous cell lines could be detected [65]. Marrez et 
al. (2019) investigated potential molecules responsible for 
the cytotoxicity and found that 3-hexadecyloxycarbonyl-
5-(2-hydroxyl)-4-methylimidazolium was present in the 
extracts. The substance has shown cytotoxic effects in 
other studies [65, 66]. In contrast to the study by Marrez 
et al. (2019), no selective toxicity towards cancer cells was 
detected in our experiment [65]. The fatty acid fraction 
of S. obliquus was investigated in more detail by Abd el 
Baky et al. (2014) and an IC50 of 0.01 -0.02 mg oil ml-1 
was shown for S. obliquus oil in the cell lines HEP G2, 
HCT116 and MCF7 after 48 hours of exposure [67]. It 
is discussed that fatty acids, carotenoids and phenolic 
compounds can induce apoptosis in cancer cell lines and 
could be the cause of the antiproliferative effect [67]. 
Singab et al. (2018) showed the antiproliferative effect 
of polysaccharides extracted from Scenedesmus obliquus 
[68]. The IC50 of these polysaccharides on HEP G2 cells 
was estimated to be 0.1 mg polysaccharides ml-1, indicating 
that polysaccharides could be another potential substance 
leading to cytotoxicity. Furthermore, in various studies 
the effect of different extracts of Scenedesmus sp. on 
tumoral- and non-tumoral cell lines [69-72] was tested. In 
contrast to the results of Reyna-Martinez et al. (2018) and 
Zaharieva et al. (2022), Ördög et al. demonstrated that non-
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cancerous cell lines can also be inhibited by sufficiently 
high concentrations of Scenedesmus sp. extracts [70-
72]. In conclusion, the different studies conducted on 
Scenedesmus sp. indicate that different substances present 
in the microalgae, including fatty acids, carotenoids, 
polysaccharides and phenolic compounds, but also more 
specific substances such as 3-hexadecyloxycarbonyl-5-(2-
hydroxyl)-4-methylimidazolium, can be responsible for 
the cytotoxicity observed in our study. 
   In our experiment, cytotoxicity of the ethanol and acetone 
extracts of S. minor was observed against both cell lines, 
although this was more pronounced in the acetone extract. 
Comparable studies on this microalga are currently not 
available. The antibacterial effects of the aqueous extracts 
of two Spongiochloris sp. Strains were investigated by 
Ördög et al. (2004) but were less distinct than those of 
the other microalgae extracts tested and were therefore 
not quantified further [72]. Since Spongiochloris spp. are 
rich in polyphenolic compounds and these are known 
for their biological activities, these may explain both the 
antimicrobial effect in the study by Ördög et al. (2004) and 
the cytotoxic effect on the cells tested [72, 73]. 
   The microalgae species M. salina was formerly known 
as Nannochloropsis (N.) salina [14]. In our study, ethanol 
extracts of M. salina showed a cytotoxic effect against both 
tested cell lines with an IC50 of 0.67 mg extracted biomass 
ml-1 in CHO-k1 cells and 0.87 mg extracted biomass ml-1 in 
HEP G2 cells, while acetone extracts were only cytotoxic 
against HEP G2 cells with an IC50 of 7.31 mg extracted 
biomass ml-1. Other research groups tested N. oculate, 
N. oceanica or undefined Nannochloropsis sp. for their 
cytotoxic potential and safety in vivo and in vitro [50, 
74-76, 77, 78]. In the study by Sanjeewa et al. (2016), N. 
oculata was first extracted with methanol and the resulting 
extract was fractionated using a hexane-ethyl acetate step-
gradient elution [78]. None of the extracts obtained had 
cytotoxic effects on Vero cells at concentrations up to 
0.03 mg fractionated extract ml-1, but HL-60 cells were 
inhibited by the less polar extracts. Ávila-Roman et al. 
(2016) tested oxylipin derived from N. gaditana on HT-
29 and UACC-62 cells to monitor the effects on cancer 
and non-cancer cell lines [74]. While no IC50 could be 
determined in the non-cancerous cell line (HT-29), an 
IC50 of up to 53 µM oxylipin was found in UACC-62 
cells [74]. Venkatraman et al (2022) examined the effect 
of methanolic extracts of Nannochloropsis sp. on HEP G2 
cells, which resulted in an IC50 of 0.4 mg extract ml-1 after 
24 hours [77]. None of these studies can be quantitatively 
compared to our studies as they only investigated specific 
fractions of Nannochloropsis sp. extracts and calculated 
their IC50 based on this fraction [78, 74] or they calculated 
the IC50 based on the extract concentration [77]. Niccolai et 
al. (2017) proved the cytotoxic effect of aqueous extracts of 
N. oceanica in vitro on fibroblasts with an IC50 of 11.2 mg 
extracted biomass ml-1, which could not be replicated in our 
study. However, we found cytotoxic effects of M. salina on 
HEP G2 cells. These could be caused, for example, by the 

oxylipin or the same fractions extracted by Sanjeewa et al. 
(2016). In contrast to the previously discussed microalgae, 
there are in vivo studies on N. oculate. Kagan and Matulka 
(2015) demonstrated that oral administration of N. oculata 
solution at a concentration of 1 × 10E8 algal cells ml-1 at 
a dose of 10 ml kg-1 for 14 days did not cause toxic effects 
in rats [75]. In another study, Kagan et al. (2014) tested 
the safety of an oil produced from N. oculata using CHO 
cells for genotoxicity assessments in vitro and an in vivo 
assessment of toxicity in rats [79]. The IC50 for the algal 
oil used to determine chromosome aberration ranged from 
0.004 mg Almega PL ml-1 to 0.008 mg Almega PL ml-1 
after 21 hours of exposure and no genotoxicity was 
observed in the chromosome aberration test, while the dose 
of 2000 mg kg-1 per day showed no toxic effects in rats 
[79]. These findings prove that even an IC50 of less than 
0.01 mg ml-1 does not necessarily correspond to in vivo 
toxicity. Furthermore, Neumann et al. (2018) demonstrated 
that the total biomass of N. oceanica had no toxic effects 
on mice in vivo [76, 50]. This is further evidence that the 
in vitro effects of algal extracts may not correlate with in 
vivo toxicity. This is often the case in in vitro cytotoxicity 
studies, as the effect of digestion on bioactive substances 
is not replicated in vitro. Furthermore, cell cytotoxicity 
assays cannot predict whether bioactive substances are 
resorbed in vivo at all. The in vivo studies indicate that 
the use of M. salina in human diet is possible despite its 
cytotoxic effects. Nevertheless, in vivo studies with exactly 
these algae are needed, as even closely related algae may 
differ in their toxicity. 
   In B. braunii, the ethanolic extract inhibited both cell 
lines. The water extract only inhibited CHO-k1 cells, while 
the hexane extract only affected HEP G2 cells. Hexane, 
diethyl ether, acetone and water extracts of Botryococcus 
sp. were investigated by Custódio et al. (2015) [80]. They 
found that cytotoxic effects on neuroblastoma cells (SH-
SY5Y) started at a concentration of 0.05 mg ml-1 of B. 
braunii extracts, but it was not specified which extract 
led to these effects [80]. These cytotoxic effects are about 
ten times stronger than the cytotoxicity measured in our 
investigations, which started at an IC50 of 0.57 mg extracted 
biomass ml-1. This could be consistent with our results if 
the extract used by Custódio et al. (2015) corresponds to 
about 10 % of the weight of the dried biomass [80]. In 
addition, the anticancer effects of ethanolic extracts of B. 
braunii on three cancer- and one non-cancer cell line were 
investigated by İnan Benan et al. (2021) [81]. An IC50 could 
not be determined, as B. braunii only had a weak cytotoxic 
effect on one cell line (SHSY-5Y cancer cells) after 24 
hours and 80 % of the cells in this cell line were still viable 
even at the highest concentration (0.38 mg oil ml-1). This 
differs from our results as the ethanolic extract had an IC50 
of 0.57 mg extracted biomass ml-1 against the HEPG2 
cancer cell line. The stationary phase of B. braunii has a 
total lipid content of 51 g in 100 g of dried microalgae 
[34]. Therefore, 0.57 mg B. braunii could correspond to a 
maximum of 0.29 mg extracted oil. The difference between 



Journal of Food, Nutrition and Diet Science150 | Volume 2 Issue 1, 2024

our results and those of İnan Benan et al. (2021) could be 
due to the difference in the cell lines used or the shorter 
exposure [81].
   In C. novae-angliae, only the ethanolic extract had 
cytotoxic effects on both cell lines. The antigenotoxic effects 
of C. humicola carotenoids were described by Bhagavathy 
and Sumathi (2012) in human lymphocytes, where 
concentrations of 0.1 mg ml-1 - 0.3 mg carotenoids ml-1 
protected the lymphocytes from genotoxic effects [82]. 
In addition, no cytotoxicity could be detected at these 
concentrations [82]. Since the IC50 values determined 
for C. novae-angliae in the present study were 1.76 mg 
extracted biomass ml-1 and 4.6 mg extracted biomass ml-1 
in HEP G2 and CHO-k1 cells, respectively, the study by 
Bhagavathy and Sumathi (2012) may indicate that this 
cytotoxic effect is not caused by carotenoids but by another 
extracted component. The compounds mentioned in the 
section of other algae, e. g. polysaccharides, fatty acids or 
phenolic components, are possible candidates [82]. 
   In our study, T. suecica did not show an IC50 below 15 
mg extracted biomass ml-1 for any of the extracts tested. T. 
suecica is the only species in our study that belongs to a 
genus in which one species is approved for use in human 
nutrition. T. chuii has been approved as a novel food in 
the EU [83]. It was tested in vivo at doses up to 2500 mg 
lyophilized biomass kg-1 per day in a 90-day feeding study 
in rats and showed no signs of toxicity [84]. The safety of 
another strain of Tetraselmis sp. was discussed by Custódio 
et al. (2014) [69]. Different extracts were tested on HEP G2 
and S17 cells, resulting in an IC50 of 0.06 mg extract ml-1 
for hexane extracts on HEP G2 cells and a similar IC50 on 
S17 cells after 72 hours of exposure [69]. It is not possible 
to compare these findings with our study as it is unknown 
how much dried hexane extract correlates to our amount 
of extracted biomass. Rosa et al. (2005) investigated the 
effect of T. suecica on VERO, MDCK, and Hela cells [85]. 
The maximum nontoxic dose of lyophilized T. suecica 
was 0.05 mg lyophilized algae ml-1 on VERO and MDCK 
cells after 48 hours. For the extracts, the cytotoxicity 
depended on the solvent, and for methanol, chloroform, 
and hexane, the maximum nontoxic dose was 0.02, 0.04, 
and 0.25 mg extract ml-1 on Hela cells after 48 hours of 
exposure, respectively. The results of Rosa et al. (2005) 
are in agreement with those of Custódio et al. (2014) but 
are in contrast to our research, as our extracts out of 0.50 
mg lyophilized algae did not show cytotoxicity [69, 85]. 
Since the cytotoxicity of methanol extracts was highest 
in the study by Rosa et al. (2005), it is possible that the 
cytotoxicity of the lyophilized algae was caused by a 
component that was not extracted through our solvents, 
even though most substances extracted with methanol 
should be extracted with ethanol as well [85]. Parra-Riofrío 
et al. (2020) examined the effect of exopolysaccharides 
from T. suecica on cancer cells and found that the cytotoxic 
effect depended on whether T. suecica was grown as 
a total or acid autotrophic or heterotrophic organism 
[17]. The exopolysaccharides from total autotrophic and 

heterotrophic cultures reached their IC50 at about 10-fold 
higher concentrations than those from acid autotrophic 
cultures. The results are not comparable to our study, as 
the IC50 is displayed in mg exopolysaccharides ml-1, but 
the study by Parra-Riofrío et al. (2020) demonstrated 
another problem when comparing cytotoxicity results, as 
these are highly dependent on the way the microalgae are 
grown [17]. In conclusion, the results of our study suggest 
that T. suecica may be suitable for human nutrition, as no 
cytotoxicity could be detected. However, it must be noted 
that cytotoxic effects of Tetraselmis sp. have been observed 
in other studies. It is unclear whether these are related to 
in vivo toxicity, as T. chuii has been extensively tested in 
vivo.
   In general, further investigation of the generated data 
is required. This could be done specifically in relation 
to the cytotoxic compound by analyzing the cytotoxic 
extracts, identifying potentially cytotoxic molecules and 
investigating the specific metabolic pathways by proteomic 
or metabolomic approaches. With regard to the use of 
microalgae in human nutrition, it would be important to 
check whether in vitro cytotoxicity corresponds to in vivo 
cytotoxicity. To check this, an assay with Artemia salina 
could be suitable. It would also be necessary to conduct 
genotoxicity tests. The IC50 values we determined could be 
a starting point for these further studies.

Conclusion

   Microalgae play a growing role in human nutrition and 
the microalgae investigated could enrich the human diet 
with different nutrients, some of which are otherwise only 
present in particular food categories. Our study showed 
that the cytotoxicity of most algae was weaker than 
previously described. This might result from different 
culture conditions and strains. Additionally, most of the 
studies discussed were conducted on other cell lines, which 
makes a direct comparison difficult.
   Only T. suecica showed no cytotoxic effects in any of 
the extracts tested. However, it is also possible that the 
cytotoxic effects in our study are due to compounds in the 
microalgae that are non-toxic or even beneficial to humans. 
There are studies demonstrating that free fatty acids can 
cause cytotoxicity in HEP G2 and CHO-k1 cells, which 
may have been the cause of the measured cytotoxic effects 
in our study [86, 87]. Therefore, further studies are needed 
to determine whether the cytotoxic effects shown also have 
correlating effects in vivo. Assays relaying on invertebrates 
such as Artemia salina could be an intermediate step before 
continuing with in vivo tests on vertebrates. Microalgae 
such as T. suecica and M. salina would be suitable 
candidates for these examinations as they provide valuable 
nutrients and there is already data on other microalgae of 
this genus generated from in vivo examinations.
   On the other hand, microalgae with a selective cytotoxic 
effect on HEP G2 could also show an anticancer activity on 
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other tumor cell lines or even in vivo. In our study, the only 
cell line exhibited selective cytotoxic effects on HEP G2 
cells was C. novae-angliae. The cytotoxicity of the ethanol 
extract resulted in an IC75 of 1.98 mg extracted biomass 
ml-1 for HEP G2 cells, while the IC75 for CHO-k1 cells was 
more than 15 mg ml-1. Although selective cytotoxicity was 
demonstrated, the effects may be too weak to be useful for 
cancer research. It is possible that these effects could be 
stronger when more specific algal metabolites are tested. 
Further studies are required to isolate the algal metabolites 
that induce anticancer effects, determine their structures 
and verify the effects on other cell lines. 
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