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Article Info ABSTRACT

Article type: Microalgae are good tools for toxicity indicators in aquatic habitats. The present study was

Research Article carried out to evaluate the toxicity of bisphenol A at different concentrations (1, 5, 10, 20, 50,
75, 100) mg/1 and the oxidative response induced by this exposure using the cyanobacterium

Article history: Gloeocapsopsis crepidinum. The results showed a decrease in the algal biomass rate with
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Cyanobacteria The results showed that Catalase (CAT) and Ascorbate peroxidase (APX) enzymes recorded a
BPA higher value of (0.34 and 4.66) U/g at 100 mg/l BPA, while the lowest values of these enzymes
Oxidative Stress recorded 0.10 and 3.7 U/g in the control group respectively. While the Superoxide dismutase

(SOD) enzyme recorded a high value of 22.22 U/g at 1 mg/l BPA and decreased with a lower
value of 19.46 U/g at 100 mg/l. In addition, Glutathione (GST) showed lower values of 5.413
umole/g in the control group and increased at higher values at a concentration of 100 mg/l which
reached to 18.68 pmole/g. Nevertheless, the indication of cell damage such as Malondialdehyde
(MDA) and Reactive Oxygen Species (ROS) recorded lowest values of 0.13 and 14.153 pmole/g
in the control group, while higher values recorded with increasing concentrations of BPA
were recorded at 3.487 and 74.4 umole/g at 100mg/l BPA, respectively. All treatments were
statistically analyzed with p < 0.05 as significant differences were found between all treatments.
This study concluded that cyanobacteria G. crepidinum have the ability to resist the toxic effects
of bisphenol A by increasing antioxidant production in their bodies, so they can be considered
biological tools to eliminate toxic compounds in aquatic environments.
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INTRODUCTION

Bisphenol A (BPA) is a synthetic compound commonly used in the manufacture of plastics
such as epoxy resins and polycarbonate plastics. Its widespread use in various industries,
including food packaging, consumer products and medical devices, has raised concerns about
its potential negative effects on both the environment and human health. Recent studies have
shown that in addition to posing risks to human health, BPA also poses a significant threat to
aquatic organisms, especially algae (Sharma et al., 2023). Algae are one of the primary and
main producers in aquatic ecosystems and is highly sensitive to changes in their environment.
Exposure to bisphenol A can produce reactive oxygen species (ROS), highly reactive molecules
that can induce oxidative stress and disrupt cellular functions in algae. Due to its widespread
industrial use, BPA has been detected in aquatic environments around the world. Recent research
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has focused on investigating the potential toxicity of BPA to algae, which plays a crucial role
as major producers in aquatic ecosystems. Studies have shown that BPA can interfere with
many physiological and biochemical processes in various types of algae, including cell growth,
photosynthesis and the production of light-harvesting pigments (Azizullah et al., 2022; Kearney,
2023).

Several studies have reported that BPA exposure stimulates DNA production in algae. ROS,
including O2-, H202-, and OH-, are natural by-products of cellular metabolism. However,
overproduction of ROS can overwhelm algae antioxidant defense systems, leading to oxidative
stress. Fan et al. (2021) studied the effects of BPA exposure on Microcystis aeruginosa, the
results showed that ROS levels increased significantly in BPA-exposed blue cells at all stages of
development. Furthermore, ROS production was higher in cells in the stationary phase compared
to cells in the lag or exponential growth phase in both BPA control and treatment groups. MDA
levels decreased, and SOD and GSH activity did not show significant differences between
controlled groups and low BPA concentration. However, exposure to higher concentrations of
BPA significantly increased SOD, GSH activity and intracellular oxygen levels. Another study
looked at the toxicity of bisphenol A (BPA) in micro-sea algae Stephanodiscus hantzschii and
its ability to accumulate and remove BPA from contaminated water. The results showed that the
96-hour effective concentration of BPA for S. hantzschii was 8.65+0.26 mg/] and that both cell
count and chlorophyll content were significantly reduced when exposed to BPA concentrations
above 3 mg/L. The study concluded that S. hantzschii is a solid strain that can tolerate BPA and
has the potential to be used to remove BPA from contaminated water (Li et al., 2009).

A similar result was achieved by Zhang ef al. (2014) in acute and chronic toxic effects of
bisphenol A (BPA) on two algae species, Chlorella pyrenoidosa and Scenedesmus obliquus,
acute test results showed that BPA significantly inhibits the growth of both algae. However,
chronic exposure did not show a similar trend. The activities of SOD and CAT enzymes in both
algae were stimulated in all treatments, suggesting that the cells attempted to counter oxidative
stress caused by BPA. In both algae, the synthesis of chlorophyll A, a necessary pigment for
photosynthesis, showed a similar inhibitory trend in short-term treatments. However, in chronic
tests, C. pyrenoidosa showed no visible effect, while S. obliquus showed dose-dependent
inhibitory effects. Another study investigated the effects of fluorine 9-bisphenol (BHPF), a
substitute for bisphenol A (BPA), on common chlorella. Results showed that common chlorella
was sensitive to BHPF concentrations above 1 mg L-1 resulting in a significant increase in lipid
peroxidation, suggesting oxidative stress in algae. In addition, antioxidant enzyme activities in
algal cells were significantly reduced when exposed to BHPF concentrations above 0.5 mg/l
(Zhang et al., 2021).

Czarny-Krzyminska et al. (2022) investigated the toxicity of bisphenol A (BPA) and
its six structural congeners, as well as their mixture, on green algae Chlorella vulgaris and
Desmodesmus armatus. The study showed that BPA exhibited fewer damaging effects than
its structural congeners, with a 14-day EC50 of 42.29 mg/L for C. vulgaris and its structural
congeners with average 14-day EC50 values of 22.39 mg/L and 27.16 mg/L for C. vulgaris and
D. armatus, respectively. These results provide important insights into the toxicity of structural
congeners of BPA and their mix to microalgae and contribute to the assessment of potential
environmental risks of these compounds in aquatic environments. According to the study by Li
et al. (2022), the effects of bisphenol A (BPA) and bisphenol S (BPS) on growth, chlorophyll,
and the oxidative content and stress of Chlorella pyrenoidosa were investigated. yours results
showed that both BPA and BPS, Either alone or combined, showed dose-dependent inhibition
of C. pyrenoidosa growth. The highest inhibition rate was observed on Day 6 of the trial.
In addition, the combination of BPA and bps increased the production of ROS in algae and
increased the activity of antioxidant enzymes such as SOD and POD.
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The study aims to investigate the effects of bisphenol A (BPA) on cyanobacteria
Gloeocapsopsis crepidinum, as exposure to BPA increases oxidative stress in these particular
cyanobacteria, contributing to a broader understanding of the toxicity of BPA and its potential
impact on cyanobacterial populations in aquatic ecosystems.

MATERIALS AND METHODS

Algal Cultivation

The isolate of Gloeocapsopsis crepidium was cultured in the BG-11 medium under laboratory
conditions at 25 °C, 60 umol m  s-! light intensity, pH 7.2 and a dark light cycle of 16:8. The
effect of different concentrations of BPA (1, 5, 10, 20, 50, 75, 100) mg/l was studied (Hakim
and Alghanmi, 2024).

Experimental Design

To examine the toxicity of BPA to cyanobacterium, seven concentrations of BPA (1, 5, 10,
20, 50, 75, 100) mg/L were made using BG-11 media in addition to the Control group without
adding BPA, inculcated with 1% (v/v) of Gloeocapsopsis crepidium cultures, and incubated
at 60 umol m2 s-1, 26 °C, pH 7, and photoperiod 16 light: 8 dark (Hakim and Alghanmi,
2024). To determine the antioxidant enzyme activity the samples were collected after 12 days
of growth in the stationary phase.

Biomass And 1c50 Estimation

The wet weight method (50 mg) was used to estimate the toxicity of bisphenol A (IC50)
by sampling the alga after 12 days at the beginning of the stationary phase. The samples were
then centrifuged at 6000 rpm for 15 minutes. The centrifugation was repeated once more to
completely remove the water. The weight of the alga was then calculated using a sensitive
balance and the EC50 was calculated based on the wet weight of the alga (Sebaugh, 2011).

Antioxidant Parameters Determination
Chlorophyll-A And Total Carotenoid Estimation
The chlorophyll-a and carotenoid content of alga was determined by the method of (Zavtel
et al., 2015) using the spectrophotometer (Apple / Japan) according to the following equations:
Chla [pug/ml] = 12.9447 (A665 — A720)
Carotenoids [png/ml] = [1000 (A470 — A720) — 2.86 (Chl-a [pg/ml])] / 221

Superoxide Dismutase Enzyme (SOD) Activity
The efficacy of the enzyme to block the autoxidation of pyrogallol was used to determine
SOD activity using a simple and quick technique. (Marklund and Marklund, 1974).

Catalase (CAT) Activity

For determining catalase activity of alga G. crepidinum, a precise colourimetric technique
was developed (Hadwan and kadhum, 2018). This assay is based on reactions of ammonium
metavanadate with H20, under acidic conditions, and H202 dissociation rates are directly
proportional to catalase activity.

Ascorbate Peroxidase (APX) Activity

APX activity was assessed by monitoring ascorbate reduction and measuring the change in
absorbance at 290 nm over 1 minute in a 2ml reaction mixture containing 50mM potassium
phosphate buffer(Nakano and Asada, 1987).
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Malondialdehyde (MDA) Estimation

Lipid oxidation in plants has been assessed using reactive acidic thiobarbituric acid
compounds. The TBA test provides a basic, repeatable and standardized tool for measuring
fat oxidation. The MDA-TBA compound, formed by the reaction of MDA and 1,3-diethyl-
2-thiobarbituric acid (DETBA) at high temperatures of 90-100 °C under acidic conditions, is
measured colourimetrically at a wavelength of 530-540 nm or fluorometrically at an emission
wavelength of 555 nm with an excitation wavelength of 515 nm (Jo and Ahn, 1998).

Glutathione (GSH) Estimation
The reagent used is dithiobis (2-nitrobenzoic acid) (DTNB). DTNB is readily reduced by
glutathione compounds to give a very intense yellow compound. It has a maximum absorbance

at 412 nm and directly proportional to the glutathione concentration (Hadwan and kadhum,
2018).

Reactive Oxygen Species (ROS) Estimation

Aunique method developed by Erel (2005) was used to measure the reactive oxygen species
(ROS) in the sample. The oxidants present in the sample cause the ferrous ion-o-dianisidine
complex to be oxidized to a ferric ion. The oxidation reaction is further enhanced by glycerol
molecules, which are abundant in the reaction medium.

Statistical Analysis

Statistical analysis was performed using a one-way analysis of variance (ANOVA) with less
significant differences (LSD) to compare the mean of toxic effect of bisphenol concentrations
and oxidative stress, all treatments were performed in triplicate.

RESULTS AND DISCUSSION

There are two main types of antioxidants, enzymes and non-enzymes. Enzymatic
antioxidants, such as CAT, SOD and APX, serve as the primary defense against ROS. Non-
enzymatic antioxidants, including glutathione (GSH), carotenoids, act as a secondary defense
against ROS, While MDA and ROS indicate cell damage. (Kim et al., 2020).

The results showed a decrease in the algal biomass rate with increasing concentrations of
bisphenol A. The highest concentration was recorded in the untreated control group and started
to decrease with increasing concentration, while the IC50 of BPA was 2.68 mg/l. (Figure 1, 2).

The results of the current study showed that the photosynthetic pigments chlorophyll-a and
carotenoids recorded their highest value in the control group, which amounted to 0.96 and 0.56
ug/ml, while the concentrations of these pigments decreased with increasing concentrations of
BPA, their lowest value being recorded at 0.543 and 0.356 pg/ml at a concentration of 100 mg/
liter, respectively. The results of this study showed that CAT and APX enzymes activity recorded
a higher value of 0.345 and 4.660 U/g at 100 mg/l BPA, While the lowest values of these
enzymes recorded 0.104 and 3.7 U/g in the control group, respectively. While the SOD enzyme
recorded a high value 0f22.227 U/g at 1 mg/l BPA and decreased with increasing concentrations
of BPA with a lower value of 19.467 U/g at 100 mg/I. In addition, GST recorded lower values of
5.413 pmole/g in the control group and increased with increasing concentrations of BPA until it
recorded higher values at a concentration of 100 mg/l, reaching 18.680 pmole/g. Nevertheless,
the indication of cell damage such as MDA and ROS recorded lowest values 0.13 and 14.153
umole/g in the control group, while higher values were recorded with increasing concentrations
of BPA 3.487 and 74.4 pmole/g at 100mg/l1 BPA, respectively. (Table 1 and Figure 3, 4). The
statistical analysis supported the results of this study at probability level p<0.05.

Microalgae serve as valuable bioindicators for monitoring environmental changes and
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Fig. 1. Biomass of alga G. crepidinum treated with different concentrations of BPA in comparison with the control
group
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Fig. 2. IC50 of alga G. crepidinum treated with different concentrations of BPA in comparison with the control
group
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Fig. 3. Photosynthetic pigments Chl-a and Carotenoid of alga G. crepidinum treated with different concentrations
of BPA in comparison with the control group

conducting environmental risk assessments, as well as for setting limits on the release of toxic
chemicals into aquatic environments. The results of the current study are consistent with the
work of Ebenezer and Ki (2016), who investigated the effects of bisphenol A (BPA) on the green
alga Tetraselmis suecica, the diatom Ditylum brightwellii and the dinoflagellate Prorocentrum
minimum. Each species showed varying degrees of sensitivity to BPA exposure, with the diatom
D. brightwellii being the most sensitive. The 72-hour effective concentration (EC50) for BPA
was calculated to be 0.037 mg/L for D. brightwellii, indicating greater sensitivity than the other
species. This is also consistent with the study by Czarny-Krzyminska et al. (2022), who tested
the green alga Chlorella vulgaris and Desmodesmus armatus for the toxicity of bisphenol A and
its six structural congeners. Bisphenol A (with a mean EC50 of 42.29 mg L-1 over 14 days) was
less toxic to C. vulgaris (with a mean EC50 of 22.39 mg L-1 over 14 days) than its structural
congeners such as bisphenol AF, bisphenol G and bisphenol X, and bisphenol AF, bisphenol G,
bisphenol M and bisphenol X to D. armatus (with a mean EC50 of 27.16 mg L-1 over 14 days).

Another study found that BPA inhibited the growth and photosynthesis of both algae, with
Graesiella having a greater effect than Picocystis. The growth IC50 (4 days) was 32 mg L-1
for Graesiella, which was higher than 75 mg L' for Picocystis. Increased levels of oxidative
stress were observed in both strains when exposed to increasing concentrations of BPA, as
indicated by an increase in MDA levels. Furthermore, BPA exposure led to an up-regulation of
antioxidant activities (APX, GST and CAT) in Picocystis, while these activities were suppressed
in Graesiella (Ben Ouada et al., 2018). Likewise, research results investigated the immediate
and long-term adverse effects of bisphenol A (BPA) on Chlorella pyrenoidosa and Scenedesmus
obliquus. The results showed that BPA significantly inhibited the growth of both algae in short-
term tests, but did not have the same effect on prolonged exposure. In addition, the activities of
superoxide dismutase (SOD) and catalase (CAT) were increased in both algae in all treatments.
Furthermore, the synthesis of chlorophyll a in both algae showed a similar inhibition pattern
in the short-term experiments. This study contributes to a fundamental understanding of the
toxicity of BPA to aquatic organisms (Zhang et al., 2014).

The reasons for the decrease in biomass and photosynthetic pigments and the induction of
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Fig. 4. Antioxidant enzymes (CAT, SOD and APX), GSH, MDA and ROS of alga G. crepidinum treated with dif-
ferent concentrations of BPA in comparison with the control group

some of the antioxidants studied may be due to the toxicity of bisphenol A to aquatic organisms,
especially algae, as many of the above studies have shown that bisphenol A causes environmental
stress and thus stimulates the production of many free radicals in algae, leading to an increase
in reactive oxygen species, and this is what was observed in the current study, the antioxidant
response increased with increasing concentrations of bisphenol, leading to deterioration and
decrease in biomass, photosynthetic pigments, lipid peroxidation and super enzymes, While the
enzymes CAT and APX also increased GSH to eliminate or limit ROS production and increase
the toxicity of BPA, thus increasing the ability of algae to tolerate bisphenol toxicity.
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CONCLUSIONS

Bisphenol A, a toxic substance to the aquatic environment due to its toxicity to aquatic algae,
the toxic effect of bisphenol A on alga G. crepidinum induces oxidative stress as evidenced
by an increase in the levels of reactive oxygen species and oxidative damage. This highlights
the potential deleterious effects of bisphenol A on the cellular health and antioxidant defense
mechanisms of this alga.
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