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Online: Nov. 5, 2022 extracts on pathogenic bacterial samples collected from patients with burns
and urinary tract infections (UTI), as well as environmental bacteria isolated

from soil. Four concentrations of Cholrella and Spirulina algae extract were
used (50, 100, 150, 250 mg ml™), against environmental bacteria such as;
Aeromonas veronii. Pantoea spp, Pasteurella testudinis, and the pathogenic
Salmonella typhimurium and Streptococcus pyogenes. In this study, A.
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E;(;?alllc’t veronii showed to be sensitive towards Chlorella and Spirulina extracts,
Pathogéns where the inhibition zone was (44 mm- 46 mm) respectively. According to

the results, the highest inhibition rate was at the concentration of 250 mg ml™
for Spirulina, and 150 mg ml™ for Chlorella extract. Interestingly, all isolates
showed different patterns of susceptibility towards algal extract, as P.
testudinis was resistant to Chlorella concentrations, and E.coli was resistant
to Spirulina extract.

INTRODUCTION

Increasing the usage of industrial drugs, particularly, antibiotics has many
unfavorable effects (Frazzini et al. 2022). Excessive use of these antibiotics resulted in
the development of disease-causing bacteria with high resistance due to the emergence of
mutations and plasmid-mediated resistance genes (Benedetti et al. 2018; Afrasiabi et al.,
2022). As a result, using alternative materials to decrease the negative health effects has
become popular (Vahdati et al. 2021).

Many pharmaceutical firms have started producing various extracts from medical
algae with low therapeutic dosages and no toxicity due to the enormous benefits of
employing their extracts (Hadi and Brightwell, 2021). Algal species, development stage,
light, temperature, and metabolic makeup all differ. If an organism is developed in a

Indexedin (SCOPUS ’\tl LSEVIER “IUCAT
A




2 Saja H. AbdulAmeer, 2022

batch culture, the variation in biochemical composition caused by the development stage
is typically connected to culture age and nutrient depletion. When an organism is growing
photoautotrophical, light serves as its energy supply (Ali et al. 2020), mostly sugars, from
carbon dioxide into organic molecules in response to light intensity (Barkallah et al.
2020; Al Bayati and Amansoori, 2022).

Human skin serves as the body's first line of defence against the outside world (Sauve
et al. 2015), and as an immune system protector. Managing fluid levels and temperature
to prevent the normal colonization of microorganisms and protection against disease
causing germs is also provided by the natural and beneficial impact on human skin
infections (Gullberg et al. 2011). Staphylococcus aureus, E. coli, and Pseudomonas
aeruginosa are the bacteria that are most frequently found in wounds and burns among
those that cause infections (Lari et al. 1998). The most prevalent aquatic creatures are
algae, which are a highly diverse groubs in terms of their morphology, ecology,
taxonomy, and biochemical characteristics (Alebachew et al. 2011). Microalgae and
seaweeds are the two primary divisions of algae (Li et al. 2016). Seaweeds, also known
as macroalgae, are a diverse collection of pluricellular marine organisms that can adapt to
the harsh circumstances of marine settings by creating special natural chemicals (Reusch
et al. 2014). The bioactive components like polysaccharides, proteins, lipids, and
polyphenols (Ghosh et al. 2022), are particularly well known for their antibacterial,
antiviral, and antifungal activity (Anbuchezhian and Karuppiah 2016).

Microalgae are known as a sizable category of photosynthetic unicellular eukaryotes
(Reusch et al. 2014; Decelle et al. 2015). They create a wide range of substances,
including polysaccharides, lipids, proteins, carotenoids, pigments, vitamins, sterols,
enzymes, antibiotics, medicines, and certain fine chemicals, in addition to biofuels
(Hassan et al. 2022). Microalgal bioactive compounds have neuroprotective,
immunostimulating, antibacterial, antiviral, anticancer, antihypertensive, antioxidant, and
other health benefits. These substances are highly sought-after in the fields of medicine,
cosmetics, the food industry, aquaculture, energy, agriculture, nutrition, and the
manufacture of functional foods (Hadi and Brightwell, 2021; Ali et al. 2020; Barkallah et
al. 2020; Al Bayati et al. 2022). One of the main health problems that arises as a result of
the use of antibiotics is the development of bacterial resistance, which is one of the
biggest challenges facing human health. Antibiotic resistance refers to the ability of
bacteria to survive in the presence of antibiotics and the reduced effectiveness of
antibiotics against bacteria, due to improper use of medication (Sukhikh et al. 2022;
Bbosa et al. 2014). Chlorella is very small algae and one of the oldest plants on earth. It
is a source of crucial nutrients, and among the numerous vitamins and minerals (Rani et
al. 2018), it contains iron, calcium, magnesium, zinc, potassium, and sulfur, in addition to
proteins. Chlorella is considered a source of necessary amino acids for the human body
(Kovac et al. 2013).
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Spirlina is multicellular, filamentous cyanobacteria. Spirulina was categorized as algae
within the prokaryote kingdom. Spirulina includes the genera Arthrospira and Spirulina.
The health benefits of using A. maxima and A. platensis, is mainly for food (Ali and
Saleh, 2012). They were also placed in the Spirulina genus, and there has been a
significant debate over their proper taxonomic placement. Although they are extremely
different from one another scientifically, they were once referred to as "spirulina."
(Darienko et al. 2010).

The genus is polyphyletic among the groups of Chlorophyceae and
Trebouxiophyceae, according to recent genetic studies. Chlorella species is single celled,
spherical or ovoid, and have a mucilaginous membrane. It has been reported that the
identification of Chlorella species is difficult because of their extensive evolutionary
diversity. Six lineages closely related to Chlorella vulgaris were discovered using a
polyphasic analysis method which relies on the combination of the internal transcribed
spacer (ITS) in ribosomal RNA, and the small subunit (SSU) (Champenois et al. 2015).
These lineages are typically described by three new species; C. pituita sp. nov., C.
coloniales sp. nov., C. singularis (Luo et al. 2006). Other three new species without
mucilage were also identified and designated (Johansen et al. 2013).

The most abundant source of vitamin B12 and chlorophyll is found in plants, and they
also include porphyrin, which stimulates cellular metabolism (Li et al. 2016). Most of
spirulina’s health advantages are related to its high antioxidant content, with carotenoids,
chlorophyll, and phycocyanin, which are antioxidant pigments (Hoseini et al. 2013). Its
application in medicine and some of its undiscovered qualities are currently being
investigated. Spirulina is distinguished by having high protein content between 60% and
80%. Vitamins and minerals are added to the meals of malnourished children in poor
nations as a source of protein. Spirulina protein weighs one kilogramme per gramme
(Lari et al. 1998). Spirulina protein's amino acids are some of the finest found in any
veggie in the plant kingdom. S. platensis is used to cure several medical disorders as it
contains a lot of protein (Al Bayati and Almansoori, 2022). In this study, the ethanolic
extract of Chlorella and Spirullina was used as an alternative antimicrobial agent towards
clinically isolated bacteria and environmental bacteria, and to assess the susceptible
patterns of each isolate towards both algal extracts.

MATERIALS AND METHODS

2. Materials and Methods
2.1. Bacterial samples collection

Bacterial isolates were collected from patients with wounds and urine, from the
city of medicine teaching laboratory, from March 2021 to August 2021(Supplementary
file 1, Ethical approval). Swabs were collected from wounds in the early morning before
they were cleaned from patients, swabs were previously sterilized with normal saline
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solution (0.85%) and directly transported to the laboratory. Environmental bacteria were
isolated from different agricultural soil at the University of Baghdad. The soil samples
were sterilized under UV light before bacterial isolation.

2.2. ldentification of bacterial isolates

All pathogenic and environmental isolates were cultured on nutrient agar (NA) under
sterilized conditions for 24 h. The isolates were then subcultured on selective media and
incubated for 24 h at 37°C. A pure culture of each isolate was obtained by re-subcultured
of a single colony, and all isolates were identified by VITEK®2 Compact System,
according to the manufacturer’s instructions.

2.3. Algal extracts Preparation:

Algal samples were obtained from the Department of Biology, College of Science for
Women, phycology laboratory. Algal species were routinely cultured and prepared for
extraction.

Ethanol extraction (80%) of Chlorella vulgaris and Spirullina was done according to
(Wang et al. 2008) with some modifications. Briefly, 1 mg of finely powdered desiccant
was dissolved in 10 ml ethanol (80%) in an airtight glass vial. The mixture was heated in
a water bath at 80 °C for 4 h. After that, the extract was centrifuged for 15 min at 2000
rpm. The filtrate from the cellular residues was then dried after being evaporated using a
rotary evaporator at 50 °C to get the extract in the dry form. The extraction procedure was
repeated many times until a good yield was obtained. The resulting pellets were then re-
dissolved in methanol (98%). The extract was then centrifuged for 15 minutes at 3000
rpm to remove any remaining material. The filtrate from the cellular residues was then
dried after being evaporated using a rotary evaporator at 50 °C to produce a dry extract.
The stock solutions of algal extraction were prepared and serial concentrations ranged
from 50-250 mg ml™.

2.4. Antimicrobial assay

Agar well diffusion assay was performed according to (Gonilimali et al. 2018).
Briefly, an overnight culture of bacterial isolates was inoculated into Mueller Hinton
broth (MHB) and incubated aerobically at 37° C with gentle shaking. The growth was
monitored by measuring the ODggo until it reaches the mid-exponential phase (ODggo Of
0.5). A100 pl of each bacterial growth was poured on Mueller Hinton agar (MHA) plates,
around 5 mm wells were made using sterile Cork borer, and 200 ul of the algal extract
was loaded into the well. All plates were incubated under the above conditions. The
antimicrobial activity of algal extracts was determined by measuring the zone of
inhibition around each well. The control was assessed using methanol without extract.
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2.5. Statistical Analysis
The statistical analysis was done by using GraphPad prism (v.8). Student t-test with *
P<0.05, ** P<0.001, and *** P <0.001were done.

RESULTS

3.1. Antimicrobial Activity of algal extracts
In order to determine the antimicrobial effect of the algal extract on different

environmental and pathogenic bacteria, serial concentrations of Chlorella and Spirulina
extracts were used. The results showed that among all tested species, Chlorella extract
was only effective against A. veronii, Pantoea spp. and S. pneumonia, as the inhibition
zone values were (10, 30, and 31 mm) respectively at a concentration of 50 mg ml™. The
inhibition ability of Chlorella extract was increased (44, 35, and 36 mm) respectively,
when 250 mg ml™ was used (Table 1). Most notably, E.coli was sensitive toward
Chlorella extract, where the inhibition value was 36 mm at 250 mg ml™. On the other
hand, S. typhimurium was slightly inhibited by all concentrations of Chlorella extract,
whereas, P. testudinis was high resistance to all concentrations.

Table 1. lllustrate the inhibition zone (mm) of Chlorella vulgaris extract on selected isolates

Bacterial isolates Conc. Of Chlorella vulgaris
50mgml* 100 mg ml™ 150mg ml™ 250 mg ml™
A. veronii 10 mm 25 mm 30 mm 44 mm
Pantoea spp. 30 mm 34 mm 35 mm 35 mm
S. typhimurium 2mm 4 mm 4 mm 5 mm
P. testudinis 0 0 0 0
S. pneumonia 31 mm 36 mm 35 mm 36 mm
E.coli 0 11mm 22 mm 36 mm

In order to unequivocally determine the killing activity of Spirulina extract against
selected isolates, and the potential use as an alternative approach to inhibit the growth of
pathogenic bacteria, several concentrations of Spirulina extract were used (50, 100, 150,
250 mg ml™). The results revealed that A. veronii, Pantoea spp., and S. pneumonia exert
similar patterns of susceptibility toward Spirulina extract. The inhibition values of above
mentioned isolates were (29 and 30 mm) for A. veronii and S. pneumonia respectively at
50 mg ml®, whereas, Pantoea spp. was resistance at the same concentration.
Interestingly, Spirullina extract was more potent against all isolates when a high
concentration (250 mg ml™) was used.
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Table 2: The effect of Spirulina extract on the growth of selected isolates presented by
inhibition zone (mm).

Bacteria isolates Conc. of Spirulina extract

50mgml™  100mgml™*  150mgml™  250mgml ™

A. veronii. 29 mm 34 mm 41 mm 46 mm

Pantoea spp. 0 0 21 mm 24 mm

S. typhimurium 3 mm 4 mm 9 mm 15 mm

P. testudinis 0 0 16 mm 21 mm

S. pneumonia 30 mm 34 mm 35 mm 36 mm

E.coli 0 0 0 24 mm

3.2. Susceptibility patterns of isolated bacteria

Based on the above findings, all isolated bacteria exhibit different resistance phenotype
towards both extracts as shown in Figure (2). A. veronii was almost sensitive to all
concentrations for both extracts, and there were significant differences between Chlorella
extract and Spirulina extract as the later was more potent (Figure 2 A). Similarly, S.
pneumponia; a pathogenic isolate showed to be sensitive to both extracts under different
concentrations, however, there is no significant difference between extracts (Figure 2 B).
Unlike, Pantoea spp. and E. coli were more resistant to Spirulina extract, except for using
high concentrations (150, 250 mg ml™) (Figure 2 C, and D). In addition, the pathogenic S.
typhimurium showed a moderate resistance toward both extracts, and the significant
differences were assessed (Figure 2 E). On the other hand, P. testidinis exhibits a high
level of resistance toward both extracts, even at high concentrations, and only a high
concentration of Spirulina extract was able to inhibit the growth of E. coli (Figure F).
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Figure 2: The antimicrobial activity of Chlorella and Spirulina extracts against selected
isolates. All isolates bacteria were subjected to well diffusion assays with serial concentrations of
both algal extracts. The diameter of the inhibition zone was measured. Each assay was done in
three biological replicates. The statistical analysis was done by student t-test with * P< 0.05, **
P<0.001, and *** P < 0.001. the black arrows refer to no inhibition zone . A: A. veronii; B: S.
pneumonia; C: Pantoea spp.; D: E. coli; E: S. typhimuurium; and F: P. testudinis.

DISCUSSION

The current study was focused on the potential use of algae as an alternative drug

to overcome the persistence and distribution of pathogenic bacteria and
environmental bacteria, due to the improper use of antibiotics and the increase in the
emergence of multi-drug resistance pathogens. The antimicrobial capacity of
Chlorella and Spirullina extract was examined using the main cause of UTI in Iraqi
patients; E.coli, and the most virulent S. typhimurium. S. pneumonia is the most
common cause of community-acquired pneumonia (CAP) worldwide. Our findings



8 Saja H. AbdulAmeer, 2022

indicate that both extracts have antimicrobial activity against most the isolates,
particularly at high concentrations. The activity of Chlorella and Spirullina extract
might due to the high phenolic compounds and flavanones present in microalgae,
which play an important role as antioxidant and antibacterial agents (EI-Chaghaby et
al. 2019). In addition, many studies reported that many microalgae have bioactive
compounds that are used as antimicrobial drugs, including polysaccharides,
phycocyanin, neophytadiene, phytol, fatty acid, and diacylglycerol that are produced
mainly by Spirulina sp. (de Morais et al. 2015). Furthermore, Chlorella vulgaris is the
main source of carotenoids, sulfated polysaccharides, sterols, and canthaxanthin,
which is used as an antitumor, antibacterial, and anticoagulant activity (Amaro et al.
2013, Andrade et al. 2017).

The inhibition ability of algal extract toward A.veronii, S. pneumonia, Pantoea spp.,
and S. typhimurium, is attributed to the production of hydrogen peroxide from
polyphenols under aerobic conditions and directly associated with hydroxyl groups
(Dell’ Anno et al. 2020). Moreover, E. coli was the most resistant isolate toward all
concentrations of Chlorella extract; whereas, it was slightly affected by the high
concentrations of Spirullina extract (150, and 250 mg ml™). The pathogenicity and
high resistance ability of E. coli toward different pharmaceutical compounds are due
to possessing virulence factors and many exotoxins in addition to their biofilm
formation ability. It was reported that the polyphenols compound is the active
component to target E. coli in particular as bacteriostatic and bactericidal effect
(Wang et al. 2008, Daglia, 2012). On the other hand, Frazzini et al. (2022) reported
that the extraction method also effect the inhibition efficacy of microalgae, and a high
concentration of algal extract gave a high inhibition rate. In this study, using 250 mg
ml™ of Chlorella extract may not be sufficient to kill P. testudinis, thus means that the
Killing activity is concentration-dependent.

CONCLUSION

The wide spectrum activity of microalgae as an antibacterial agent is diverse
worldwide, as they can inhibit the growth of both Gram-negative, and Gram-positive
bacteria. Microalgae play an indispensable role in nature as well as in human health,
thus leads to suggest that microalgae could be an alternative approach to decrease the
emergence of multi-drug resistance pathogens and to restrict the improper use of
antibiotics.
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