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Abstract

This in vivo study is aimed to assess the antibiofilm and cytotoxic potential of selected microalgae
isolates. Different concentration of microalgal isolates used for each of antibiofilm and cytotoxic studies.
A total extract of 10 pL MTT was added to each well with LB broth, plates were read using microtiter
plate spectrophotometer at 490 nm and 630 nm, respectively. The cell viability was determined in CCD-
18°C cells (3x10° cells/well) by MTT assay at 590 nm. The microalgae isolates showed antibiofilm
affect after 48 hrs on Pseudomonas aeruginosa PAOL and this effect was observed to be higher than
those of S. aureus. Chlorella sp. which showed the maximum antibiofilm activity while Arthrospira
platensis had no biofilm inhibition activity. Chlorella sp. inhibited about 82.67% of the biofilm at 5
mg/mL concentration. Moreover, the antibiofilm effects of Chara sp. and Spyrogyra sp.1 reached
79.01% and 76.31% at 1 mg/mL, respectively. Among all microalgal isolates, a moderate inhibitory
effect was observed on Pseudomonas aeruginosa biofilm with Chlorella sorokiniana. Cell viability was
not changed significantly at higher doses extracts. More than 73% of the cells were viable in all
concentration of the algae extracts. All of the microalgal samples were found to have biofilm inhibition
activity. The findings suggested that future development of microalgal samples as a means of inhibiting
Pseudomonas aeruginosa biofilms is possible. Colonic epithelial cells may become cytotoxic in
response to algae extracts. Further research is necessary to verify that extracts are safe for human
consumption, which may have been hypothesized.

Keywords: Antibiofilm, Cell Line, Cytotoxicity, Cell viability, Microalgae.

Introduction

The occurrence of many biofilm-based human is @ major concern in medicine and human health.
infections and their multiple antimicrobial resistance ~ The treatment of infections caused by biofilms with
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antimicrobial drugs has prompted several studies
since biofilms act a significant role in infectious
diseases. However, due to the development of
multidrug-resistant bacteria, antibiotic therapy in
infections brought on by foreign bodies is
insufficient 2. Bacterial anti-biofilm actions are thus
expected to manage bacterial populations in an
ecological niche in a natural way 3. Compounds with
antibacterial action generated by cyanobacteria and
microalgae have been reported in several studies.
Nevertheless, there are little investigations on the
antibiofilm activity of the extracts and/or chemicals
these microbes create. Several studies have
demonstrated that microalgae play an important role
in the pharmaceutical business because of their
potential to create secondary metabolites with a wide
variety of pharmacological actions, such as anti-
inflammatory, antioxidant, and antimicrobial
properties, antibacterial, cytotoxic, antiviral, and
anticoagulant. Antibacterial  activity from
microalgae extracts has been examined by several
researchers due to the rising number of reported
cases of antibiotic resistance®.

Microalgae are photosynthetic organisms that
account for a large amount of freshwater and marine
phytoplankton®. The rise of antibiotic-resistant
bacteria necessitates the investigation of novel
microalgal bioactive chemicals that are cost-
effective, safe, and potent®. Many studies showed
that natural products obtained from plant, algae,

Materials and Methods
Bacteria and Algal Strains:

Staphylococcus aureus ATCC 29213 and
Pseudomonas aeruginosa PAOl were used in the
present study. Both bacterial strains were sub-
cultured in Nutrient Broth (NB) and incubated in
shaker incubator at 37 °C, for 24 hrs. with agitation
speed 150 rpm. Each culture was then streaked on a
nutrient agar medium and stained with gram stain to
confirm purity of strains.

Different algal strains obtained from betwata-Erbil
transferred to College of Health Sciences,
Microbiology lab; sub cultured on BG11 medium.
Furthermore, each of algal colony was identified
under microscope based on morphological forms and
then transferred to BG11 liquid medium, after 14
days the fresh biomass was dried overnight at 50 °C

microorganisms etc. has great diversity of
pharmacological activities due to their secondary
metabolites contents’. Antibody-based antitoxins are
a treatment option for neutralizing toxins in people
who have been exposed to them or who have been
infected with a toxin-producing microbe. The
antibiotic activity of microalgae and cyanobacteria
has been attributed to compounds belonging to
several chemical classes, such as alkaloids, aromatic
compounds,  acetogenins,  cyclophanes and
paracyclophanes, dicarboximides, indanes, indoles,
pH, lactones, and lipids 8.

Many bioactive molecules obtained from microalgae
have cytotoxic effects on cancer cells. However, the
fact that a substance has shown cytotoxicity to cancer
cells in anticancer drug research is not an adequate
result. For a substance to have drug potential, it is
important that it exhibits selective cytotoxicity °.

Concisely, secondary metabolites from microalgae
and cyanobacteria are highly regarded and are being
extensively explored as replacements in biomedical
research because to their potential biological and
pharmacological qualities. Numerous scientific
reports have been mentioned and are continuously
being investigated in this regard. This in vivo study's
objective is to assess the antibiofilm and cytotoxic
potential of microalgae and cyanobacteria that were
isolated from various locations between Erbil and
Irag.

, and was used for further processing ( antibiofilm
and cytotoxic activities)®.

Determination of Biofilm Inhibition Effect

The quantity of each living bacteria S. aureus ATCC
29213 and P. aeruginosa PAOL in the biofilm was
monitored by methoxynitrosulfophenyl-tetrazolium
carboxanilide (XTT) assay 3. The microalgal
isolates at different concentrations (0.125-5.0
mg/mL), and Lysogeny broth (LB) broth were added
to a 96 well plate to a final volume of 100 pl and
incubated at 37°C for 24-48 hrs. After that, the wells
were washed 2 to 3 times with 100 pl Phosphate
buffered saline (PBS) and 50 pl XTT reaction
solutions. The plate was incubated at 37°C for 5 hrs.,
later the plates were read in a microtiter plate
spectrophotometer at 490, 630 nm, respectively. The
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media sterility control without biofilm was
represented as zero indicates, whereas the presence
of biofilm creation is revealed by a positive value.

Fluorescence Microscope Analysis

For microscopy analysis, the coverslips prepared
determining the method described by, The
mixture of SYBR Green and Propidium iodide
(SYBR Green/PI; z ratio of 1: 3 in 100uL dH20) was
used and the coverslips were analyzed by
Fluorescence Microscope (100x magnification).

Cytotoxic Effect

Cell Culture

The human fibroblast cell line CCD-18Co
(CVCL_2379) was obtained from ATCC (American
Type Culture Collection). The cells were cultivated
in Dulbecco's Modified Eagle Medium (DMEM)
with 10% fetal bovine serum (FBS, Serox) and 1%
penicillin/streptomycin mixture (100x, Capricorn) in
5% CO; in humidified air at 37°C in a 75cm? culture
flasks (Nest). After the cells reached 90%
confluence, the culture medium was replaced every
2-3 days .

Viability Assay

The MTT reagent (3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide) was purchased and
used by following the procedure of the manufacturer.
The cell line CCD-18°C cells (3x102 cells/well) were
seated in 96-well plates and incubated for 24 hrs.
Then, the medium was refreshed with that containing
concentration of each extract. The final
concentrations of each microalgal strains were 0,
125, 250, 500, 750, and 1000 pg/mL. The experiment
was carried out three times, with three replicates
included for each treatment. The medium was taken
out after 48 hrs, and each well received 10 mL of
MTT solution (5 mg/mL) in 100 mL of media'’. To
dissolve the purple-colored formazan products, the
solution was withdrawn after 4 hrs and 50 L of
dimethyl sulfoxide (DMSO, Carlo Erba) was added.
A microplate reader was used to measure absorbance
at 590 nm after the plates had been incubated for 30
min at 37 °C. The percentage of cell viability was
calculated by using following formula:

Results and Discussion

The observation of samples under microscope
showed the following characters Table 1 and Fig. 1

Percentage of cell viability = (OD value in the
experiment group — OD value in the blank well)/(OD
value in the control group — OD value in the blank
well) x 100% 8,

Molecular Characterization of Cyanobacteria
and Microalgea

For molecular identification, Thermo Scientific
GeneJET Genomic DNA Purification Kit was used
for DNA isolation of the isolates. The procedure was
applied in the user manual of the relevant kit. The
amount and purity of DNA obtained after DNA
isolation was determined by spectrophotometric
measurements in Thermo Scientific Nanodrop 2000
(USA).

CYAT781R — CYAB359F *° primers were used in the
PCR studies and Amplification was done on the gene
areas that were intended for species identification.
PCR reactions were performed with Solis Biodyne
(Estonia) FIREPol® DNA Polymerase Taq
polymerase enzyme. PCR products were sequenced
using the same primer pairs on the ABI 3730XL
Sanger sequencing instrument (Applied Biosystems,
Foster City, CA) with the BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems, Foster
City, CA). Sanger sequencing was performed by a
commercial firm (BM LABOSIS, Ankara, Turkey).
The obtained DNA sequences were first edited using
BioEdit software and then compared with other
sequences in the NCBI (National Center for
Biotechnology Information) Gene Bank (NCBI
database) using the nucleotide BLAST algorithm.
For identification at the species level, the criterion of
the sequence in question was more than 99% similar
to the species in the gene bank.

Statistical Analysis

Vassar Stats, an online statistical software tool, was
used to conduct the statistical analyses. The data was
presented as means, with standard error of the means
included (SEM). The student t-test used to compare
the data and (p< 0.05) was chosen for statistical
significance.

Also, molecular analyze of two species confirmed
that one of the cultures belong to Chlorella genus and
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shows that Chlorella sorokiniana with similarity of
100% (Accession number: MK177540.1). Another

culture was determined to be Arthrospira platensis

Table 1. Morphological structure of algae

with a 100 % (Accession number: MT426015.1)
similarity rate.
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Figure 1. Morphological structures algal strains®®

The inhibition of metabolic activity was detected by
XTT Assay and the percentage of metabolic
inhibition was evaluated as biofilm inhibition effect.
The antibiofilm activity of algal samples against both
pathogenic bacteria appeared to be dosage related.
The results of antibiofilm activity of aqueous extracts
were given as mean =+ standard deviation (SD) for
three independent experiments. Statistically there
was significant difference compared to the control
(*p<0.05).

In the first 24 hrs. of incubation, the samples did not
show any effect on gram negative P. aeruginosa. The
samples showed an effect on P. aeruginosa 48 hrs.
In other words, the microalga and Cyanobacteria
samples showed antibiofilm affect after 48 hrs on P.
aeruginosa PAQO1 and this effect was observed to be
higher than those of S. aureus. Against P. aeruginosa

biofilms, Chlorella sp. showed the maximum
antibiofilm activity while Arthrospira platensis had
no biofilm inhibition activity. Chlorella sp. inhibited
about 82.67% of the biofilm at 5 mg/mL
concentration. Moreover, the antibiofilm effects of
Chara sp. and Spyrogyra sp.1 reached 79.01% and
76.31% at 1 mg/mL, respectively. Among all
microalgal samples, the moderate inhibitory effect
was observed on P. aeruginosa biofilm with
Chlorella sorokiniana. In general, it was observed
that S. aureus were more resistant than P. aeruginosa
against all samples, Fig. 2. Among the algal samples,
only Chara sp., Chlorella sp. and Chlorella
sorokiniana samples were found to have a significant
biofilm inhibition. This difference in their
antibiofilm activities may be related to both
differences of microalgal and Cyanobacteria
samples and the difference in bacterial behavior.
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Figure 2. Antibiofilm activity of extracts. a. Chlorella sorokiniana, b. Arthrospira platensis,
c. Spyrogyra sp.1, d. Spyrogyra sp.2, e. Chara sp., f. Chlorella sp.
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We now face a huge public health issue since the
majority of traditional antimicrobial drugs are no
longer effective at this crucial moment when
infections have developed diverse resistance routes
that have allowed them to surpass our capacity to
effectively manage them. In this context, the quest
for natural remedies with unique methods to prevent
and/or treat life-threatening illnesses might be
inspired by the aquatic environment, a place of great
biodiversity.

The findings of this investigation revealed that six
unprocessed algal extracts exhibit antibacterial
properties against P. aureginosa and S. aureus.
According to the findings, all algal extracts had a
substantial amount of antibiofilm activity. High
antibiofilm activity showed by Chlorella against P.
aeruginosa within 48 hrs while Arthrospira platensis
showed low antibiofilm activity. The researchers in
20 ysed different solvents for antibiofilm activity and
they concluded that each of solvents showed
different antibiofilm activity this discrepancy in the
results is likely due to a number of variables that
affected the antimicrobial effectiveness of marine
algae, including the season and place of algal species,
various phases of plant development, extraction
ability.

The acetone extract of Pleurastrum minutum
demonstrated the highest antimicrobial activity
among the tested extracts and showed moderate

antioxidant activity. Conversely, the methanol
extract of the same microalgae exhibited the highest
antioxidant activity and moderate antimicrobial
activity. These findings underscore the significance
of the choice of solvent in the extraction process, as
it plays a crucial role in selectively extracting

specific bioactive compounds with diverse properties
21

Anwer and coauthor’s isolated phenolic compound
and fatty acid properties of some microalgae species
and they found that microalgae with a high
antioxidant capacity may be investigated for various
industrial and pharmaceutical uses 2.

It is known that cell-to-cell intercellular interaction
is an important for biofilm formation and structure.
For an effective intercellular communication,
bacterial cells need to be positioned in close
proximity with their neighbors. After the treated with
micro-algal and Cyanobacteria samples, the
bacterial biofilm structure imaged and the close
interaction of cells were degraded. The photograph
of microscopy images of control group (untreated
with samples) and cells treated with micro-algal
samples were given in Fig. 3. The general biofilm
structure after the treated with algal samples was not
a continuous and no dense EPS-matrix. Moreover,
the micro-colonies of cell aggregates encapsulated in
EPS-matrix and the water channels were degraded.
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Spyrogyra sp1 Spyrogyra sp2
Control 1 mg/mL 1.5 mg/mL

Chara Chlorella sp1 Chlorella sorokiniana
5 mg/mL 5 mg/mL 5 mg/mL

Pseudomonas aeruginosa 48h

Chara
Control 5 mg/mL

Chlorella sp1 Chlorella sorokiniana
5 mg/mL 5 mg/mL

Staphylococcus aureus 24h

Figure 3. General Biofilm structure before and after the treated with algal samples

To evaluate the cell viability, all extracts were tested speculated that extracts are safe for human usage and
by using the MTT assay method. The results for the  further tests will be required to test this hypothesis.
percentage of cell viability after treatment for 48 hrs.,

are shown in Fig. 4. As can be seen in Fig. 4, the cell

viability was not changed at higher doses and more

than 73% of the cells was viable in all concentration

of the algae extracts. These results also clearly

showed that all algae extracts cannot showed

cytotoxic effect on colon cells. It may have
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Figure 4. Effects of samples on the CCD-18Co
cells after 48 h of treatment. Results were given as
mean = standard deviation (SD) for three
independent experiments. Statistically, there was
significant difference compared to the control (*
p<0.05).

CCD-18Co is well-known human fibroblast cell line
isolated from normal colon tissue. It is widely used
in experimental pharmacology and cancer studies.
Moreover, it is important to describe whether
secondary metabolites have toxicological effects to
gastrointestinal system or not 2%, Thus, CCD-18°C
cell line was used throughout in this study.

The results indicated a minimal decline in the
viability even in higher doses of algae extracts after
48 hrs. incubation. These results also clearly showed
that all algae extracts cannot showed cytotoxic effect
on colon cells. Therefore, it may be speculated that
they are safe to use many purposes including
antioxidant source. Algae have been shown to
contain large amounts of cytotoxic substances with

Conclusion

Antibiotic resistance spreads among bacteria in the
world and biofilm formation is effective in spreading
this resistance. All algal strains showed antibiofilm
activity. Chlorella sp. showed maximum antibiofilm
activity. It was observed that all microalgal samples
had biofilm inhibition activity. And these findings
were also confirmed by fluorescent microscopy
analysis. Bacterial biofilms will cause a lot of
damage in the future, both in the health sector and in

anticancer, antitumor, antiproliferative, and
antimetastatic  characteristics such  fucoidans,
laminarians, and terpenoids 2% 27, In a study done
by? 2° it was found that the viability of cells
decreased as extract concentrations increase.
Bechelli and coauthors® implied that algae extracts
may be able to suppress primary leukemia blasts and
AML cell lines, as well as normal hematopoietic
cells. As demonstrated by %, the methanol extract
showed more cytotoxicity oxidative stress than the
chloroform extract in the MCF-7 cell line and the
tested algae may have potential use for treatment of
cancer. These results showed that algae extracts may
have the potential to be cytotoxic to cancer cells
including gastrointestinal cancers without affecting
normal cells. But, further experiments will be
required to verify this condition.

Due to its quick growth, ease of large-scale
cultivation compared to other microalgae, and
valuable nutritional contents, chlorella is one of the
microalgae that has been investigated extensively.
According to research by?, oral administration of
Chlorella pyrenoidosa effectively and dose-
dependently prevented increases in blood aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), and glutamate aminotransferase (GAT) and
alkaline phosphatase (ALP) activities in male rats
with d-galactosamine-induced hepatic lesions. It also
appeared to alleviate hepatic cell necrosis.
Additionally, they discovered that C. pyrenoidosa
reduced lipid peroxide levels and restored normal
triglyceride levels in rat serum. When compared to
earlier research, the current study revealed limited
impacts on cell viability; this could be because the
current study utilized a low concentration3®34,

the economic field. In order to prevent this, it is
important to find new antibiofilm substances.
Although the importance of microalgae among new
antibiofilm products is increasing, it is necessary to
investigate their mechanism of action in detail. Also,
the results indicated that microalgal samples have the
potential to be developed as an agent to inhibition of
P. aeruginosa biofilms in the future.

Page | 3459


https://doi.org/10.21123/bsj.2024.9824

2024, 21(11): 3452-3462
https://doi.org/10.21123/bsj.2024.9824
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

Baghdad Science Journal

Acknowledgment

The study was carried out at Pamukkale University,
Denizli- Turkey and Hawler Medical University,
Erbil-Iraq.

Authors’ Declaration

- Conflicts of Interest: None.

- We hereby confirm that all the Figures and Tables
in the manuscript are ours. Furthermore, any
Figures and Images, that are not ours, have been
included with the necessary permission for re-
publication, which is attached to the manuscript.

Authors’ Contribution Statement

S.S.A. and A. A. contributed in Isolation and
identification of Microalgae, R. C. B. was
responsible for molecular identification, S. A. and D.
M. analyzed cytotoxic activity of samples, N. M. D.,
N. B. K. and made antibiofilm and V. K. used

References

1. Schulze A, Mitterer F, Pombo J P, Schild S. Biofilms
by bacterial human pathogens: Clinical relevance -
development, composition and regulation -
therapeutical strategies. Microb Cell. 2021 Feb; 8(2):
28-56. https://doi.org/10.15698/mic2021.02.741

2. Prestinaci F, Pezzotti P, Pantosti A. Antimicrobial
resistance: A global multifaceted phenomenon. Pathog
Glob Health. 2015 Sep; 109(7): 309-318.
https://doi.org/10.1179/2047773215Y.0000000030

3. Schoenborn AA, Yannarell SM, Wallace ED, Clapper
H, Weinstein | C, Shank EA. Defining the expression,
production, and signaling roles of specialized
metabolites during bacillus subtilis differentiation. J
Bacteriol. 20210ct; 203(22): e0033721.
https://doi.org/10.1128/JB.00337-21

4. Karunakaran E, Biggs CA. Mechanisms of bacillus
cereus biofilm formation. An investigation of the
physicochemical characteristics of cell surfaces and
extracellular proteins. Appl. Microbiol Biotechnol.
2011 Feb; 89(4): 1161-1175.
https://doi.org/10.1007/s00253-010-2919-2

5. Shaima AF, Yasin NH, lbrahim NH, Takrif MS,
Gunasekaran DI, Mahmud YY. Unveiling
antimicrobial activity of microalgae Chlorella
sorokiniana (UKM2), Chlorella sp. (UKM8) and
Scenedesmus sp. (UKM9). Saudi J Biol Sci. 2022 Oct;
29(2): 1043-1052.
https://doi.org/10.1016/j.sjbs.2021.09.069

6. Lauritano C, Andersen J, Hansen E, Albrigtsen ME,
Esposito F, Khanssen K, et al. Bioactivity screening of
microalgae for antioxidant, anti-inflammatory,

- No animal studies are present in the manuscript.

- No human studies are present in the manuscript.

- Ethical Clearance: The project was approved by
the local ethical committee at Hawler Medical
University

fluorescence microscopy for analysis. All authors
have substantial contributions to the final manuscript
and approved this submission. All authors read the
manuscript carefully and approve the final version of
their MS.

anticancer, anti-diabetes, and antibacterial activities.
Front Mar Sci. 2016 May;, 3(68): 1-2.
https://doi.org/10.3389/fmars.00068

7. Barrera DJ, Rosenberg JN, Chiu JG, Chang YN,
Debatis M, Ngoi SM, et al. Algal chloroplast produced
camelid VH antitoxins are capable of neutralizing
botulinum neurotoxin. Plant Biotechnol J. 2015 Jan;
13(1): 117-124. https://doi.org/10.1111/pbi.12244

8. Tian F, Li J, Nazir A, Tong Y. Bacteriophage - a
promising alternative measure for bacterial biofilm
control. Infect Drug Resist. 2021 Jan; 20(14): 205-
217. https://doi.org/10.2147/1IDR.S290093

9. Arslan A, Yilancioglu K, Kusoglu S, Albayrak G.
Chemical constituent of Isochrysis galbana microalgae
extract and its cytotoxic activities on leukemic cell
lines. Istanbul J Pharm. 2022 Apr; 52 (1): 64-68.
https://doi.org/10.26650/1stanbulJPharm.2022.105733

10. Anwer S. Direct analysis of algae for determination of
major and minor elements using energy dispersive x-
ray fluorescence (EDXRF), Kuwait Journal of
Science, 2023 Sep; 50 ( 4): 697-702,
https://doi.org/10.1016/j.kjs.2023.04.012.

11.Shen F, Ge C, Yuan P. Metabolomics Study Reveals
Inhibition and  Metabolic  Dysregulation in
Staphylococcus aureus Planktonic Cells and Biofilms
Induced by Carnosol. Front Microbiol. 2020 Sep; 18;
11: 538572.
https://doi.org/10.3389/fmich.2020.538572

12.Sivaranjani M, Gowrishankar S, Kamaladevi A,
Pandian SK, Balamurugan K, Ravi AV. Morin

Page | 3460



https://doi.org/10.21123/bsj.2024.9824
https://doi.org/10.15698/mic2021.02.741
https://doi.org/10.1179/2047773215Y.0000000030
https://doi.org/10.1128/JB.00337-21
https://doi.org/10.1007/s00253-010-2919-2
https://doi.org/10.1016/j.sjbs.2021.09.069
https://doi.org/10.3389/fmars.00068
https://doi.org/10.1111/pbi.12244
https://doi.org/10.2147/IDR.S290093
https://doi.org/10.26650/IstanbulJPharm.2022.105733
https://doi.org/10.3389/fmicb.2020.538572

2024, 21(11): 3452-3462
https://doi.org/10.21123/bsj.2024.9824
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

e

Baghdad Science Journal

inhibits biofilm production and reduces the virulence
of Listeria monocytogenes an in vitro and in vivo
approach. Int J Food Microbiol. 2016 Nov; 21; 237:
73-82.
https://doi.org/10.1016/j.ijfoodmicro.2016.08.021

13.Feng J, Yee R, Zhang S, Tian L, Shi W, Zhang WH, et
al A Rapid Growth-Independent Antibiotic Resistance
Detection Test by SYBR Green/Propidium lodide
Viability Assay. Front Med. 2018 May; 5(127): 1-11.
https://doi.org/10.3389/fmed.2018.00127

14.Haney EF, Trimble MJ, Cheng JT, Vall Q, Hancock
RE W. Critical assessment of methods to quantify
biofilm growth and evaluate antibiofilm activity of
host defence peptides. Biomolecules. 2018 May;
8(2)29. https://doi.org/10.3390/biom8020029

15. Sahin C, Mutlu D, Nasirli F, Mahmoudi G, Zubkov Fl,
Arslan S, et al. New iridium bis-terpyridine
complexes: synthesis, characterization, antibiofilm
and anticancer potentials. Biometals. 2021 Apr; 34:
701-713. https://doi.org/10.1007/s10534-021-00307-

y

16. David S, Perkins RS, Fronczek FR, Kasiri S, Mandal
SS, Srivastava RS. Synthesis, characterization, and
anticancer activity of ruthenium-pyrazole complexes.
J Inorg Biochem. 2012 Jun;111:33-9.
http:// doi.org/10.1016/j.jinorghio.2012.02.022.

17.Nedji N, Loucif-Ayad W. Antimicrobial activity of
Algerian propolisin foodborne pathogens and its
quantitative chemical composition. Asian Pacific
Journal of Tropical Disease, 2014 4(6): 433-437.
http://doi.org/10.1016/S2222-1808(14)60601-0

18.Wu Z, McGoogan JM. 2020. Characteristics of and
important lessons from the Coronavirus Disease 2019
(COVID-19) outbreak in China: Summary of a Report
of 72 314 Cases From the Chinese Center for Disease
Control and Prevention. Jama-Journal of the American
Medical Association 2020 Apr323(13): 1239-1242.
https://doi.org/10.1001/jama.2020.2648

19. Nibel U, Garcia-Pichel F, Muyzer G. PCR primers to
amplify 16S rRNA genes from cyanobacteria. Appl.
Environ. Microbiol. 1997Aug; 63(8): 3327-3332.
https://doi.org/10.1128/aem.63.8.3327-3332.1997

20. Guchhait KC, Manna T, Barai M, Karmakar M, Nandi
SK, Jana D, et al. Antibiofilm and anticancer activities
of unripe and ripe Azadirachta indica (neem) seed
extracts. BMC Complement Med Ther. 2022 Feb;
22(42): 1-18. https://doi.org/10.1186/s12906-022-
03513-4

21. Elshobary E, El-Shenody A, Ashour M, Zabed M, Qi
X. Antimicrobial and antioxidant characterization of
bioactive components from Chlorococcum minutum.
Food Biosci. 2020  Jan; 35: 100567.
https://doi.org/10.1016/j.fbi0.2020.100567

22. Anwer SS, Sdig KH, Muhammad KR, Aladdin LM.
Phenolic compound and fatty acid properties of some
microalgae species isolated from Erbil City. Braz J
Biol. 2022 Jan; 21; 82: €256927.
https://doi.org/10.1590/1519-6984.256927

23. Gadhi A, El-Sherbiny M, Al-Sofyani A, Ba-Akdah M,
Satheesh S. Antibiofilm Activities of Extracts Of The
Macroalga Halimeda Sp. From The Red Sea. J Mar Sci
Technol. 2018; 26(6): 838-846.
https://doi.org/10.6119/JMST.201812 26(6).0008

24.lbraheem S, Sadig AS, Al-Tameemli M, Alias MF.
Synthesis, Spectral Identification, Antibacterial
Evaluation and Theoretical Study of Co, Fe, Rhand Pd
Complexes for 2-benzoylthiobenzimidazol. Baghdad
Sci J. 2022  Dec; 19(6): 1326-1334.
https://dx.doi.org/10.21123/bsj.2022.6704

25.Griffin C, Karnik A, McNulty J, Pandey S.
Pancratistatin ~ selectively targets cancer cell
mitochondria and reduces growth of human colon
tumor xenografts. Mol Cancer Ther. 2011 Jan; 10(1):
57-68.  https://doi.org/10.1158/1535-7163.MCT-10-
0735 . PMID: 21220492.

26.Toma JJ, Aziz F. Antibacterial Activity of Three Algal
Genera against some Pathogenic Bacteria. Baghdad
Sci J. 2023 Feb; 20(2): 32-40.
https://dx.doi.org/10.21123/bsj.20022.6818

27. Takawa M, Masuda K, Kunizaki M, Daigo Y, Takagi
K, Iwai Y, etal. Validation of the histone
methyltransferase EZH2 as a therapeutic target for
various types of human cancer and as a prognostic
marker. Cancer Sci. 2011; 102(7): 1298-1305.
https://doi.org/10.1111/j.1349-7006.2011.01958.x

28. Mendanha, D.; Vieira de Castro, J.; Moreira, J.; Costa,
B.M.; Cidade, H.; Pinto, M.; Ferreira, H.; Neves, N.M.
A New Chalcone Derivative with Promising
Antiproliferative and  Anti-Invasion Activities in
Glioblastoma Cells. Molecules 2021, 26, 3383.
https://doi.org/10.3390/molecules26113383

29.Zong A, Cao H, Wang F. Anticancer polysaccharides
from natural resources: a review of recent research.
Carbohydr Polym. 2012 Nov; 90(4): 1395-1410.
https://doi.org/10.1016/j.carbpol.2012.07.026

30. Mosaddegh M, Gharanjik BM, Naghibi F, Esmaeili S,
Pirani A, Eslami Tehrani B, et al. A survey of
cytotoxic effects of some marine algae in the Chabahar
coast of Oman Sea. Res j pharmacogn. 2014; 1: 27-31.

31.Bechelli J, Coppage M, Rosell K, Liesveld J.
Cytotoxicity of algae extracts on normal and malignant
cells. Leuk Res Treatment. 2011 Jan; 2011: 373519.
https://doi.org/10.4061/2011/373519

32.Kurt O, Ozdal-Kurt F, Akgora CM, Ozkut M, Tuglu,
MI.  Neurotoxic, cytotoxic, apoptotic  and
antiproliferative effects of some marine algae.
Extracts on the NA2B cell line. Biotech. Histochem.
2018 January; 93(2): 59-69.
https://doi.org/10.1080/10520295.2017.1381992

33. El-Sheekh M, Abu-Faddan M, Abo-Shady A, Nassar
MZA, Labib W. Molecular identification, biomass,
and biochemical composition of the marine
Chlorophyte Chlorella sp. MF1 isolated from Suez
Bay. J Genet Eng Biotechnol. 2020 Jul; 18(1): 27.
https://doi.org/10.1186/543141-020-00044-8

Page | 3461


https://doi.org/10.21123/bsj.2024.9824
https://doi.org/10.1016/j.ijfoodmicro.2016.08.021
https://doi.org/10.3389/fmed.2018.00127
https://doi.org/10.3390/biom8020029
https://doi.org/10.1007/s10534-021-00307-y
https://doi.org/10.1007/s10534-021-00307-y
https://doi.org/10.1128/aem.63.8.3327-3332.1997
https://doi.org/10.1186/s12906-022-03513-4
https://doi.org/10.1186/s12906-022-03513-4
https://doi.org/10.1016/j.fbio.2020.100567
https://doi.org/10.1590/1519-6984.256927
https://doi.org/10.6119/JMST.201812_26(6).0008
https://dx.doi.org/10.21123/bsj.2022.6704
https://doi.org/10.1158/1535-7163.MCT-10-0735
https://doi.org/10.1158/1535-7163.MCT-10-0735
https://dx.doi.org/10.21123/bsj.20022.6818
https://doi.org/10.1111/j.1349-7006.2011.01958.x
https://doi.org/10.3390/molecules26113383
https://doi.org/10.1016/j.carbpol.2012.07.026
https://doi.org/10.4061/2011/373519
https://doi.org/10.1080/10520295.2017.1381992
https://doi.org/10.1186/s43141-020-00044-8

2024, 21(11): 3452-3462 Q*B
https://doi.org/10.21123/bsj.2024.9824

P-ISSN: 2078-8665 - E-ISSN: 2411-7986 -

Baghdad Science Journal

34. Yarmohammadi S, Hosseini R, Foshati S, Moradi M, and Meta-Analysis. Clin Nutr Res. 2021 Jan; 10(1):83-
Hemati N, Moradi S, et al. Effect of Chlorella vulgaris 94, https://doi.org/10.7762/cnr.2021.10.1.83
on Liver Function Biomarkers: a Systematic Review

adlga (e gl A Al ABdal Qlladal) Jd cpe LOAL cacd) BLAL g (5 gaad) Slail) ands
G adl/d ) U g A Adlid

51 92 9598 L1 68 Sal gy s AR ) 51 gl g (S 98 93 A S L 3gr 08 BlS S A 2 ) Gl JS e
SO 53 Ol e Ay 3 S0l (A 9

B )l n Rl il el IS iy ol elonsl oo
-L.B\J"J\ ‘J:\g‘)\ J\.}j}ﬂ\ Miu\:. ‘UA:\JAS” R_JS cuaf‘)A_\l\ e.uﬁz

é\‘)ﬂ\ ‘d.__\g‘)i Al d:u‘)i Azala “;\A.xn dgaall (L S ec.qﬁ.;.d\ Asia ?u§3
LS e d e‘sﬂs_,.o\_] daala cduigall 4 Ul LAl agaat

LS 5 0ol 300 ¢ NS gl Aaaln o slall K ¢ 5l S

DAL

Leliall al e M i o) g Adail) LS jall jacaeS UKL Lo s ay ol s gai 5 Lo ) A gl |l 238000 Cilladal) eltias
Al llaal 4y gl o panad) 5 3y on) 4pie U saliaall 5,080 2 I (0 ViVO) IS < pa) il Al jall o3 Cang Akl 5
DA 5 Ay paa) clalimall il 3 (ge JS 8 A8 lladall Y e (g dilina 380 5 LAl o5 ol 31 L S <Y e 55 jlide
A2ty s gl sl 8 sty LB (b ye alaaialy yi JS I MTT Gesiad s Sae 10 053 Mea) (alivivee dilal casi |, el
CCD-La 40l 5,08 ol ant o Wil e | e il 630 5 sise 55 490 die 5ish5 Ssa da sl i gucall Calall uliie

3 (5 s slime Ll ARl llallall Y e <jelal | e il 590 e MTT kil ddasd 5 (3x10° cells/well) 18C°
Chlorella sp. S. aureus. e o 80 e el LUl 1 o) s 85 Pseudomonas aeruginosa PAQL e 4cls 48
Chlorella A sl 4u3e 3 eyl bl ) Arthrospira platensis s (S al e (5 sal) sbiaal) bl oY) aall jelal

J 4 sl se U saliaall @l 3 é @lly e 30 | o\ pale § 58 5 (8 g sl eliall e 82.67% () s~ Laii s,
Y el msea o (e L sl e Jalasle [ 2ie 76.31% 579.01% () 4w Slea s ( Spyrogyra sp.1s Chara sp. )
Chlorella g Pseudomonas aeruginosa J 4ssll dpde¥) e Jaine lafe 580 aga Lagl dadll Qllalll
Bladl AL CulS LA (50 73% (0 S Adle e ja claliiin 8L sale JS0 B A0 L8 a5 01 sorokiniana
O Y il s A gl Apdie V) Jayi oLt Ll 48800 Clladall cilie qen e an s callakall Cilaliiie &3S i asen
zoai B Sas el Pseudomonas aeruginosa J A sl 4k ¥yl Al S 488l Qlladall il Ltadl) gl
O e Gl SV e 3al sl 55 mall e cllakll claliiod laiu) dede AA Al Ll 43l
Lo it ()5S0 e sa 5 syl @Dlginadl Al cilialiival)

A8 ALl IRl A a6 1) dand) ¢g 1Al Jakl) ey puall bzl sAgaliiall cilall

Page | 3462


https://doi.org/10.21123/bsj.2024.9824
https://doi.org/10.7762/cnr.2021.10.1.83

