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ABSTRACT

It has been discovered that bisphenol A (BPA), an established anthropogenic xenoestrogen, is a causal factor in developing cancer,
cognitive impairment, neurotoxicity, oxidative stress, and other harmful effects in humans and other species. Although there is
some research into the mechanisms of BPA-induced toxicity, it is unclear whether there is a chance of amelioration through natural
intervention. Zebrafish (Danio rerio) were used in this study after waterborne exposure to BPA, to assess whether carvacrol cosupplementation could reduce the destructive potential of the compound. All the chemicals and reagents utilized in the current
investigations were purchased from Sigma-Aldrich, Ottochem, India. 5-7month-old zebrafish were acquired from a local fish store
in Kolathur, Chennai and kept in a 50-L tank at a constant temperature of 25±2ºC. There were no animal ethical issues involved to
carry out this research. Laboratory studies were conducted to determine whether the antioxidant nature of carvacrol might protect the
zebrafish brain from BPA-induced altered behavioural responses and oxidative stress. The current data demonstrates that carvacrol
is effective in alleviating the altered behavioural response caused by BPA. Biochemical investigations in the zebrafish brain suggest
that carvacrol may have therapeutic potential in treating oxidative stress induced by BPA. In addition, the zebrafish brain is protected
by carvacrol against BPA-induced toxicity. These preliminary data suggest that carvacrol may be a helpful intervention in treating
BPA-induced toxicity in zebrafish by inhibiting the reactive oxygen species production. Novel therapeutic approaches for treating
BPA-induced predisposition to severe illnesses could emerge from future research on signaling cascades.
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INTRODUCTION
The demand for consumer goods has increased the usage
of synthetic polymers in the current manufacturing of
high-quality plastic and micro-plastic materials. Their
uncontrolled release into the environment poses hazard to
human health in the form of the appearance of significant
health problems in the future due to the release of these
substances into the atmosphere. Because of its widespread
use since its inception in the (1950s), bisphenol A (BPA),
a synthetic compound with polymeric nature, an analogue
of bisphenol (BP), is used in the production of plastics.
BPA is the most frequently encountered chemical in the
synthesis of epoxy and polycarbonate resins (Ansari et al.
2009; Abdalla et al. 2013). The discharge of sewage effluents
and waste seepage have been identified as probable sources
of BPA in surface water and groundwater. As an additional
Article Information:*Corresponding Author: nalininam@yahoo.com
Received 15/12/2021 Accepted after revision 28/02/2022
Published: 31st March 2022 Pp- 260-267
This is an open access article under Creative Commons License,
https://creativecommons.org/licenses/by/4.0/.

Available at: https://bbrc.in/ DOI: http://dx.doi.org/10.21786/bbrc/15.1.40

point of reference, BPA contamination has been evident in
the dust and human urine, providing further evidence of its
omnipotence in the environment. The estrogenic properties
of bisphenol A (BPA) make it a potent anthropogenic
xenoestrogen in the endocrine-disrupting chemicals (EDC)
class. These estrogenic characteristics can make it a potential
endocrine disruptor (Bencan et al. 2009; Ahn et al. 2015).
Bisphenol A (BPA) is lipophilic, allowing it to pass through
the placenta and the blood-brain barrier and even into the
breast milk (Calafat et al. 2005; Canesi et al. 2015; BenJonathan et al. 2016; Barboza et al. 2020).
According to the opposing viewpoint, many studies have
discovered that BPA exposure is associated with various
adverse effects such as depression, cognition failure,
cancer, inflammation, reproductive problems, and increased
stress due to oxidation. A further concern is that increased
oxidative stress has contributed to various health problems
such as cardiovascular disease, ageing, cancer, and
inflammation. BPA's repercussions and oxidative stress have
been widely researched in both in vitro and in vivo models
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focusing on organs such as the liver, colon, pancreas, and
testes (Ahn et al. 2015; Barboza et al. 2020). Nevertheless,
the pathological expression of this stress in the brain has
remained a mystery until now (Bindhumol et al. 2003).
BPA's increased production of reactive oxygen species
(ROS) has been indicated in several earlier studies as a
possible contributor to increased oxidative stress (Crain
et al. 2007; Egan et al. 2009; Dong et al. 2014; Joseph et
al. 2015; Eid et al. 2015; Cassar et al. 2020). As a result,
further research into the potential involvement of increased
BPA exposure in developing the brain stress pattern upon
oxidation is required (Corrales et al. 2015; Costa et al. 2016;
Das et al. 2020).
The development of significant health issues resulting
from BPA discharge in water bodies near human habitation
regions poses a considerable health risk to the general
public and should be considered. Zebrafish (Danio rerio) is
currently considered an excellent animal model for various
preclinical studies because it exhibits a clear behavioural
pattern and the response to different chemical interventions
and stress conditions, including those induced by therapy
(Ishisaka et al. 2011; Kajta et al. 2013; Chin-Chan et
al. 2015; El-Horany et al. 2016). Natural intervention
as a prophylactic/therapeutic strategy may be a feasible
alternative to alleviate BPA-induced toxicity. Carvacrol
(CVC) is a monoterpenoid phenol available in the essential
oils of oregano (Origanum vulgare), thyme (Thymus
vulgaris), pepperwort (Lepidium flavum) and many other
plants.Several studies have demonstrated that carvacrol
(CVC) has anti-inflammatory, antibacterial, antioxidant,
and anticancer effects (Das et al. 2020).
As a phyto-additive in dietary supplements, carvacrol
has shown to have considerable antioxidant activity and
has been used successfully in animal studies to boost the
antioxidant status of animals (Inadera et al. 2015; Gassman
et al. 2017; Gao et al. 2018). It is most commonly used in
conjugation with thymol. Many preclinical models of cancer
have demonstrated that CVC has anticancer properties that
are mediated by proapoptotic pathways (Kabuto et al. 2003;
Heo et al. 2004; Flint et al. 2012). Research on carvacrol
preventive efficacy on BPA-induced behavioural pattern
changes and oxidation changes is unexplored. Therefore,
in the current experiment, zebrafish was used as an in vivo
model to determine the harmful effects of BPA on the brain
antioxidant defense system and the alleviatory effect of
carvacrol on BPA-induced changes in the brain of zebrafish
(Das et al. 2020).

Methodology
All the chemicals and reagents utilized in the current
investigations were purchased from Sigma-Aldrich,
Ottochem, India. 5-7month-old zebrafish were acquired
from a local fish store in Kolathur, Chennai and kept in a
50-L tank at a constant temperature of 25±2ºC. The 12–12
h light and dark cycle were maintained in the laboratory
for zebrafish maintenance. There were no animal ethical
issues involved to carry out this research. For toxicity
testing and dose standardization the LC50 of BPA was
analyzed, the BPA solution was prepared by dissolving it
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in 100% EtOH and vigorously mixing the solution. In the
end, EtOH concentration was made 0.003 percent (v/v) in
all experimental groups for acute toxicity testing and BPA
dose-response study. The dose-response analysis revealed
that BPA caused 100 percent mortality at a concentration
of 38.04 M, while the fatal concentration for BPA was
estimated to be 28.28 M. The findings of this test revealed
that behavioural paradigm shift occurred at a dose of 20.52
M after 96 hours, indicating that the drug was harmful. Thus,
in this study, BPA dosage of 20.52 M was potent to explore
the changes in zebrafish brain and nervous system.
The increasing load of BPA in the environment prompted
us to investigate the effects of waterborne exposure to
BPA at a substantially higher concentration than the
environmentally relevant dose. Carvacrol standardization
was done to determine the toxicity of carvacrol and to
evaluate the LC50 and also to assess the preventive dose of
carvacrol for its protective effects on BPA-induced toxicity.
Following a dose-dependent investigation, the carvacrol
LC50 was found to be 55.83 µM. The behavioural study
revealed a quick swing in its pattern at a dose of 12.82 µM.
Because of this, carvacrol concentration of 2.96 µM was
utilized in the current investigation to encase its protective
effects in zebrafish. Zebrafish were grouped according to
five different experimental strategies: naive, control, BPA,
carvacrol, and BPA + carvacrol. Each group consisted
of ten mature zebrafish, which were housed in a 15-litre
experimental aquarium. According to the experimental
paradigm, zebrafish from the relevant experimental groups
were exposed to BPA and carvacrol for a total of 21 days
(Fig.1).
In the behavioural evaluation by light and dark test it is
suggested that the zebrafish have a strong preference for
darker environments which is evident through the light/dark
preference test (LDT). LDT was performed in the current
investigation once the required experimental setup had been
completed for 21 days. The adult zebrafish were moved
separately and individually to the dark chamber of the
apparatus after one minute of adaption in the light zone with
the separating door screened between each zone. This was
captured on a 5-minute video recorder after the separating
gate was removed and the behavioural shifts were observed
(Magno et al. 2015, Sera et al. 1999). The exploratory
behaviour of zebrafish was done through the Novel Tank
Test (NTT). NTT is the most frequently recommended
method for analyzing zebrafish exploratory behaviour. It
was discovered that zebrafish had a strong preference for
spending most of their time in the bottom of the novel tank.
The exploratory behaviour of zebrafish was assessed in this
study (Bencan et al. 2009; Egan et al. 2009).
As soon as the studies were completed and the zebrafish
behaviour had been assessed, they were sacrificed, and their
brains were separated and stored at 4ºC for biochemical
investigation. The zebrafish brains were used for the
biochemical analysis, which was performed three-fold for
each experiment (Mohanty et al. 2016). The brain samples
were carefully homogenized using a glass homogenizer at
4ºC with an ice-cold RIPA buffer, then incubated at 4ºC
for 25 min, and then centrifugated for 20 minutes 12,000
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RPM. It was necessary to collect the supernatant, divide
it and store it at -20ºC until used. Protein carbonylation
determines how many carbonyls remain after oxidation
(Mohanty et al. 2016). The supernatant was separated from
10% homogenate and centrifuged at 12,000 rpm for 20
min. The supernatant was then treated with 0.5 mL 10 mM
DNPH (2,4-dinitrophenylhydrazine) in 2 M HCl for 1 h at
room temperature, followed by 15 minutes of vortexing
every 15 minutes. To obtain the final product, 0.5 mL of
20% trichloroacetic acid was combined and centrifuged at
11,000 g for 10 minutes at 4ºC. The pellet was washed three
times with 1 mL of ethanol–ethyl acetate (1:1) to remove
unreactive reagents before drying. A spectrophotometer
measured the concentration of carbonyls in the pellet protein
at 366 nm. The samples were incubated with 2 M HCl to
obtain a blank test. Carbonyl content was determined using
the aliphatic hydrazone molar extinction coefficient, and
results were expressed as nMole/mg carbonyl.
Lipid peroxidation test.Thymidine TBARS formation
is considered a distinguishing characteristic of the
peroxidation of lipids (Mohanty et al. 2017). For the most
part, 100 ml of the supernatant from the brain was combined
with 3.8 ml of the anti-TBARS and incubated at 95ºC for
60 minutes, after which it was centrifuged at 10,000 g for
10 minutes to remove any remaining reagent. At this point,
a pink chromogen formed was evaluated at 532 nm in an
ultraviolet spectrophotometer. The results were expressed
in terms of moles of TBARS generated per milligram of
protein.
The activity of the catalase enzyme was determined
using the procedure previously described. Catalase
degrades H2O2, and the amount of H2O2 degraded was
measured in 15-second intervals for up to 2 minutes with a
spectrophotometer at a wavelength of 240nm. nanokatal/mg
protein was used to express the catalase activity, where one
nano katal (nkatal) is equal to one mole of H2O2 consumed
per second in the reaction mixture, and one milligram of
protein (mg protein) was used to express the catalase activity
measured in milligrams. Tissue glutathione (GSH) can be
used to detect low levels of cytosolic oxidative stress in the
tissue. The GSH level in zebrafish brain tissue homogenate
was determined in this study using the procedure that has
previously been described. Phosphoric acid solution was
mixed with approximately 200 mL of brain supernatant,
and the solution was centrifuged at 4000 g for 15 minutes
at 4ºC. A 30-minute incubation at room temperature with
5, 5-dithiobis-2-nitrobenzoic acid resulted in the generation
of supernatant, which was then used to measure GSH. Once
this was done, a spectrophotometric measurement at 412
nm was performed, and the amount of GSH present was
expressed as micromoles per gram of tissue.
The glutathione reductase assay was carried out according
to the previously published technique for GR activity
assessment in zebrafish brain (Sarkar et al. 2014). To
determine the degree of change in GSSG to GSH, a
spectrophotometric measurement at 340 nm was taken,
and the degree of change in GSH was calculated. When
measuring glutathione reductase activity, the molar
extinction coefficient of NADPH is utilized. This value
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

is given as nmoles NADPH oxidized/min/mg protein.
Using a previously developed methodology GST activity
was determined (Pabst et al. 1974). To determine the
amount of this enzyme (GST) present in brain tissue, it
was previously necessary to observe the reaction between
glutathione GSH and GST. The substrate CDNB (1-chloro2,4-dinitrobenzene) was measured at an absorbance of 340
nm. The GSH-CDNB conjugate was used to determine the
molar extinction coefficient, which was used to measure
GST activity. The resultant value was reported as nanomoles
of CDNB conjugate formed per minute per milligram of
protein in the sample (nmole CDNB conjugate).
Our methods for calculating total SOD activity have
been somewhat adjusted from the method established by
(Beauchamp C 1971). The reaction mixture contained
2.9 mL 50 mM Na-phosphate buffer, 2 mM riboflavin,
10 mM EDTA, 75 mM Nitro Blue tetrazolium, 13 mM
methionine, and 100 mL brain tissue aliquot which were
added to a 100 mL flask. Further incubation was done at
30°C for 10 minutes to study its absorbance at 560 nm. In
this work, one unit of SOD enzyme activity was defined as
the amount of sample protein required to block the NBT by
50%. For statistical analysis the mean and standard mean of
the mean was used to represent all of the data. Comparing
the outcomes of the different groups was done using
one-way analysis of variance followed by DMRT test for
comparisons between the naive and control carvacrol groups
and between the BPA and the BPA + carvacrol groups. In all
groups, p-value of less than 0.05 was considered statistically
significant.

Results and Discussion
Carvacrol co-supplementation improved the behaviour
of BPA-induced groups, which was associated with
a reduction in BPA exposure: The behaviour was
significantly altered in zebrafish after its exposure to BPA
in the aquatic condition, which was evident by the increase
in time spent in the lighted environment than naive and
control fish (Fig. 2a & 2b). Furthermore, latency to enter
in the black zone in LDT compared to naive and control
groups was very much evident after BPA exposure (Fig. 2c).
Carvacrol significantly reduced the behaviour alterations
in the BPA + carvacrol group compared to the BPA group
of zebrafish.
The antioxidant carvacrol helps zebrafish recover their
bottom-dwelling and explorative behaviours after being
supplemented with BPA: Transition to the top-zone and the
time spent in the entire zone increased in the groups exposed
to BPA compared to groups 1 and 2 (Fig. 3a & b). Also,
when compared to groups 1 and 2, BPA-exposed group had
significantly lower latency to top zone entry (Fig. 3c). The
addition of carvacrol to the BPA-exposed group reduced
the time spent in the top zone, the number of transitions
to the entire area, and the latency to enter the top site. The
findings of the current study suggest that carvacrol may
protect against BPA-induced behavioural changes.
Carvacrol co-supplementation has been shown to
improve the symptoms of BPA-induced oxidative stress:
Microplastics and Changes in Zebrafish
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Compared to other groups, BPA exposure for 21 days
increased LPX and protein carbonylation levels significantly
(Fig. 4a & b). Catalase activity in zebrafish brains were
reduced considerably after BPA exposure (Fig. 4c). The
primary results of the current work reveal that the increased
ROS production in the zebrafish brain resulted in the protein
and lipid component breakdown compared to the control
and naive groups. When used as a preventive supplement,
carvacrol reduced the levels of protein carbonylation, lipid
peroxidation and CAT activity in zebrafish brains exposed
to BPA.
Carvacrol co-supplementation can reverse BPA-induced
changes in glutathione production: The levels of BPA
considerably reduced glutathione reductase activities (GR)
and superoxide dismutase (SOD) activities in the brain of
zebrafish (Fig. 5a, 5b, 5c and 5d) compared to naive and
control zebrafish groups. According to the current study,
BPA causes oxidative stress in zebrafish brains, which
results in changes in antioxidant levels compared with
naive and control groups. Previous studies have supported
the protective role of flavonoids in restored neuronal
redox equilibrium against oxidative stress. A standard
concentration of carvacrol for waterborne complementation
has also been proposed to deduce the function of carvacrol
as a plausible mechanism of action against BPA-induced
toxicity. Our research has shown that BPA has a significant
influence on the antioxidant state of the zebrafish brains. As
a result, carvacrol is shown to drastically reduce the ROS in
the zebrafish brain by increasing antioxidants and the free
radical scavenging enzymes in the cellular environment as
a preventive supplement against oxidative stress induced
by BPA.

Cassar et al. 2020). Overall, we discovered that carvacrol
lowers BPA-induced oxidative stress and recovers zebrafish
scototaxis and bottom-dwelling behaviour.
NTT demonstrated that co-supplementing carvacrol
following waterborne BPA exposure significantly changed
the bottom-dwelling habit of zebrafish when compared
with the other groups. Compared to other groups, carvacrol
administered group dramatically put back the altered
behavioural changes generated by BPA administration, as
demonstrated by a considerable decrease in the frequency
of movement to the brightly lit zone and the amount of time
spent in the light zone in LDT (Nishikawa et al. 2010; Nagel
et al. 2013; Negri-Cesi et al. 2015; Murata et al. 2018). By
modifying the bottom-dwelling behaviour in zebrafish and
also from the preliminary data it is evident that BPA has
neurotoxic potential in zebrafish (Rochester et al. 2013;
Rennekamp et al. 2015). We looked at the levels of various
oxidants and antioxidant enzymes in the zebrafish brain to
confirm that the BPA-induced altered behavioural response
is due to increased oxidative stress and see if carvacrol
could protect against BPA-induced oxidative stress (Cassar
et al. 2020).
Figure 2: The light/dark test (LDT). [a] Graphs depicting
the number of transitions to light zone, [b] amount of time
spent, [c] and expectancy to pass through the light region
after BPA exposure and carvacrol supplementation. The
mean and SEM are used to express the values. a, b, c, d
represents p< 0.05 when compared to the naïve, control,
carvacrol and BPA group respectively.

Figure 1: Experimental design. The schmetic reprensentation
showing time of BPA exposure, carvacrol co-supplementation
neurobehaviroal assement.

BPA in the environment can be a major danger to human
health in developing serious health concerns. BPA is largely
an anthropogenic toxin. Therefore, the current study seeks
to determine the toxicity of BPA and protective effect of
carvacrol on toxicity of BPA. To investigate the impact of
increased BPA load on zebrafish brains, the concentration
of BPA selected for this study was 20.52 M, significantly
higher than the environmental relevance level in aquatic
bodies. Also, the preventive efficacy of carvacrol at the
concentration of 2.96 µM was studied against BPA-induced
toxicity. According to the current findings, carvacrol has
both ameliorative and protective effects on BPA-induced
oxidative stress-mediated behavioural change and toxicity
(Kelly et al. 1998; Kawato et al. 2004; Kang et al. 2006;
Kang et al. 2007; Lorber et al. 2015; Kuo et al. 2017;
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When supplemented with carvacrol, it lowered ROS and
lipid peroxidation in the zebrafish brain (Sangai et al. 2014).
According to the findings and further investigation we found
that this compound reverses the reductions in antioxidant
levels and the free radical scavenging enzyme system caused
by BPA, hence lowering oxidative stress in the zebrafish
brain (Winston et al. 1991; Wong et al. 2017; Xu et al. 2019).
This study suggests that persistent waterborne exposure to
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS
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BPA increased free radical production in zebrafish brains
while simultaneously decreasing glutathione reductase
function. The zebrafish brain had low glutathione (GSH).
To keep the cell environment healthy, a lively balance
between glutathione synthesis and oxidation is required.
Thus, glutathione reductase is vital in regulating oxidative
stress. According to our findings, carvacrol can reduce
the effects of BPA on glutathione reductase activity in the
zebrafish brain, which has implications for the regulation of
GSH levels in the zebrafish brain and other tissues (redox
balance) (Xu et al. 2019; Cassar et al. 2020).

and establish preventive efficacy of carvacrol (Zhou et al.
2017; Barboza et al. 2020).
Figure 4: Assay for the parameters of oxidative stress. [a]
Graphs depicting changes TBARS levels, [b] changes in the
amount of protein carbonyl, and [c] changes in the catalase
activity in the zebrafish brain following BPA exposure and
carvacrol supplementation. The values are given as mean
± SEM. a, b, c, d represents p< 0.05 when compared to the
naïve, control, carvacrol and BPA group respectively.

Figure 3: Novel Tank Test (NTT). [a] Graphs depicting
changes in number of entries to the top zone, [b]time spent
in the top zone of the tank, and [c] Expectancy to enter
the top zone of the tank exposure to BPA and carvacrol.
The values are given as mean ± SEM. a, b, c, d represents
p< 0.05 when compared to the naïve, control, carvacrol and
BPA group respectively.

Figure 5: Enzymatic assay for free radical scavenging.
[a] Graphs depicting changes in GSH concentration, [b]
Glutathione reductase activity, [c] GST activity, and [d]
superoxide dismutase activity in zebrafish brain after
chronic BPA exposure and carvacrol supplementation.
The values are given as mean ± SEM. a, b, c, d represents
p< 0.05 when compared to the naïve, control, carvacrol and
BPA group respectively.

The antioxidant capacity of carvacrol is thought to be
enhanced by its ability to regulate the level of cytosolic
GSH, which is responsible for its protective effects.
Following prior publications, our results suggest that
carvacrol greatly reduces the increase in LPX in the
zebrafish brain, potentially through an increase in GSH
levels and superoxide dismutase activity (Eid et al. 2015).
As a result, the simultaneous activation of GPX and CAT
activity is essential for protection against oxidative stress,
which is consistent with the involvement of SOD in
superoxide radical detoxification. Under the initial assertion,
our results demonstrate that carvacrol greatly alleviated
the BPA-induced downregulation of CAT activity in the
zebrafish brain (Zimmers et al. 2014; Yamazaki et al. 2015).
Based on our findings, carvacrol appears to be a suitable
supplement for zebrafish suffering from BPA-induced
oxidative stress, resulting in altered behavioural responses.
Additional research on behaviour was carried out to better
understand the potential consequences of BPA exposure
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS
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Our findings indicate that carvacrol co-supplementation
greatly mitigated the behavioural pattern changes due to
BPA exposure. To put it succinctly, human populations
of developing and undeveloped countries have become
indiscriminate users of plasticizers (microplastics,
including BPA) in recent years. As shown in the current
study, carvacrol has a better and protective effect on the
behavioral changes, toxicity, and oxidative stress caused
by BPA. On the whole, we found that carvacrol reduces
oxidative stress due to BPA, restores zebrafish behaviour
changes. The NTT revealed a significant improvement in
the bottom-life habit of zebrafish when compared to naive
and control groups (Serra et al. 1999; Rahal et al. 2014). The
altered behaviour in LDT caused by BPA was significantly
reversed by the carvacrol co-supplementation, which is
evident by the sudden downfall in the of the number of
light zone transitions and time spent in light zone following
administration of BPA. These findings strongly support
the hypothesis that toxic potential of BPA in zebrafish by
altering behaviour can be alleviated by using carvacrol
(Barboza et al. 2020).

CONCLUSION
The findings of the present study suggest that the toxicity in
brain caused by BPA is protected by carvacrol in zebrafish.
According to the current research, increased oxidative stress
caused altered behavioural responses in zebrafish. Carvacrol
has been shown to effectively scavenge ROS and hydroxy
radicals after prolonged aquatic exposure to BPA, it is also
effective when used therapeutically. Carvacrol increases
GSH levels and antioxidant enzymes in the cell, which may
help protect against BPA-induced brain damage. Based on
the findings of this study, carvacrol may be used to treat
BPA-induced behavioural changes and oxidative stress.
Novel therapeutic approaches for treating BPA-induced
predisposition to severe illnesses could emerge from future
research on signaling cascades.
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