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Abstract
Oreochromis niloticus were subjected to 30 days of α-Olefin 
Sulfonate sublethal toxicity test after which samples of brain, 
liver, and blood were collected for biochemicals evaluations. 
The brain under control treatment showed higher specific 
acetyl cholinesterase activity than the blood. Nonetheless, 
AChE activities in the brain and erythrocytes of O. niloticus 
exposed to sublethal concentration of α-OS revealed that 
the toxicant decreases the activities of the enzyme in 
both tissues, and the inhibition is concentrations and time 
dependent and was more in the brain than the erythrocytes. 
Though, there were inhibitions in all the treatments but were 
not significant (P ≥ 0.05) when compared with the control 
except 2.0 mg/L in both tissues. The Catalase (CAT) and 
glutathione peroxidase (GPx) activities were not significantly 
(p ≥ 0.05) decreased on the day 2nd of exposure α-OS, 
but drastically increased compared to their control on day 
30th. The ALP activity increases with doses and exposure 
durations. There were slight changes in the cortisol levels in 
the control group, while in the exposed groups, the cortisol 
levels increase spontaneously with the dosage and duration 
of exposure to α-Olefin. Organophosphates are major 
agrochemicals that strongly affect different neuroenzymes, 
antioxidants enzymes and the endocrine of various fish 
species, but surfactants possess similar attributes to these 
pesticides. In the present study, AChE activities in the brain, 
and blood together with the liver functions enzymes, and 
cortisol levels in the serum after exposing fish to α-OS 
showed that the enzymes can be used as a biomarker for 
observations of surfactant contamination in natural water. 
This study showed that α-OS poisoning may have similar 
effects on human health as well, and can ultimately cause 
serious damage to human life. As major sources of

surfactant exposure are anthropogenic, hence concerned 
authorities must impose strict mitigation measures to control 
this hazard.
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Introduction
Various products created with chemicals improve 

the quality of modern living, but they also raise 
worries about the potential dangers they pose to 
the environment. Anionic, non-ionic, cationic, and 
amphoteric are the most widely employed surfactant 
classes today in both commercial and residential 
settings. Surfactants, which are commonly present in 
many industrial and domestic cleaning formulations, 
continue to find their way into our rivers.

Detergents are normally discharged into the 
environment via sewage treatment infrastructure 
(sewers, sewage treatment plants) or directly in cases 
where no treatment systems are available [1]. Their 
usage and disposal frequently contaminate the aquatic 
habitat, which typically serves as an effluent recapture 
system. When detergents are dumped into rivers or 
lakes without being purified, they can contaminate 
water and be hazardous to aquatic organisms. They are 

https://doi.org/10.23937/2572-4061.1510050
https://doi.org/10.23937/2572-4061.1510050
http://crossmark.crossref.org/dialog/?doi=10.23937/2572-4061.1510050&domain=pdf


ISSN: 2572-4061DOI: 10.23937/2572-4061.1510050

Ohwofasa. J Toxicol Risk Assess 2022, 8:050 • Page 2 of 8 •

importance, the species O. niloticus has been widely 
used for environmental studies as well as assessing the 
toxicity of contaminants in aquatic ecosystems.

The goal of this study was to see how sublethal 
concentrations of Alpha Olefine Sulfonate affected 
acetyl cholinesterase activity and cortisol levels in the 
plasma and serum of O. niloticus, a commercial and 
ecologically significant fish species in the Niger Delta of 
Nigeria.

Materials and Methods

Pre-analytical stage
The fish experiments were conducted following the 

applicable standards and laws. The O. niloticus utilized 
in this study were observed from the egg stage till the 
appropriate maturity stage was reached. The fish was 
spawned in clay ponds to create pure fry. Spawning 
took place in April and May 2021 in a well-built shallow 
pond filled with one male to five females. The following 
conditions and physicochemical parameters of the 
water in the aquariums were maintained throughout 
the experiment: The optimal temperature range of 
25-29 °C was maintained, daily illumination of 12-14 
hours with a 100-W fluorescent bulb suspended 50 cm 
above the water surface was maintained, the breeding 
stocks were fed a protein- and vitamin-rich diet, and the 
spawning aquariums were cleaned every 4-5 days.

The mating procedure begins when the male selects 
the best-developed female and pushes the remaining 
females to the farthest corner of the tank. The entire 
spawning and fertilization process take up to two 
hours. The female immediately departs the aquarium’s 
nest area with the fertilized eggs in her mouth after 
spawning.

During the incubation stage and until the newly 
hatched fries have completely absorbed the yolk sac, 
the females do not eat because their mouths were full of 
eggs and then newly hatched fry. Immediately following 
the female’s departure from the nest, the male chooses, 
and another female repeats the same process.

After the fry absorbed the yolk sac, they were 
transported to a nursing pond until they reached 
maturity. Fry consume on their own, acquire the form of 
fish, and grow to a length of 1-2 cm. When a fry reaches 
a size of 10-15 cm or roughly the size of a finger, it is 
referred to as a fingerling. It takes approximately 45-60 
days for fry to reach fingerling size. Fry and fingerlings 
were fed a tailored diet in the form of soybean powder 
or finely powdered cake and rice bran 4-5 times 
per day at a ratio of 1:1. After two to three weeks of 
stocking, the nursery pond is drained and advanced 
fries were transferred to the rearing pond for fingerling 
development.

A greenhouse was built to represent the fish’s 
natural habitat, and it was cleaned daily. Clayey loam 

among the commercial chemical products that pollute 
water and are toxic to aquatic organisms [2].

Surfactants’ surface action against biological 
membranes is what causes their ecotoxicity [3], and are 
divided into cationic, anionic, non-ionic, and amphoteric 
categories based on their chemical makeup, which 
determines how they affect aquatic and terrestrial life 
[4]. α-Olefine sulfonates (AOS) are utilized in a variety 
of ways including laundry powder detergents, liquid 
dishwashing detergents, and hair shampoos. Chemicals 
like norust CR 486 (corrosion inhibitor) and Neatex 
(detergent) are used to clean oil pipelines because they 
contain AOS that aids with the removal of oil stains and 
soils from surfaces [3].

Indiscriminate deposition of effluents/toxicants 
into an aquatic ecosystem can impair respiration in 
aquatic organisms, leading to asphyxiation (which is 
an indication of unconsciousness or depth caused by 
failure of blood to become properly oxygenated in 
lungs) and may eventually result in organ architectural 
degradation such as liver dysfunction and enormous 
stress [5,6]. Stress reactions and behavior appear to 
show that fish experience pain and suffering, primarily 
near the end of their lives [7]. The response varies 
depending on the nature of the stress and the species of 
fish [8]. The stressor drives changes in stress hormones 
such as plasma cortisol, which rise quickly and return to 
normal after a period.

Anionic surfactants have been shown to cause 
inflammation and oxidative damages [9-11], and 
toxicity studies of AOS on aquatic animals, as well as 
the influence of aquaculture-related stresses, have 
shown that fish can be predisposed to disease when 
exposed to this surfactant [12]. Fish showed a range 
of physiological changes in response to stressors, with 
the main stage involving catecholamine release and 
activation of the corticotrophin interregnal axis, and the 
secondary stage involving haematological, metabolic, 
blood enzymatic, and osmoregulatory alterations 
[13]. In addition to stimulation of oxygen uptake and 
transfer, mobilization of energy substrates, reallocation 
of energy away from growth and reproduction, and 
primarily suppressive effects of immune functions, the 
tertiary stage resulting from chronic exposure of fish to 
stressors is susceptibility to pathogens and behavioral 
changes [14].

The tilapia is one of the most widely cultivated 
freshwater fish in Nigeria. Despite being an exotic species, 
this fish is immune to water-soluble contaminants 
and insoluble particles at the air-water interface [15]. 
Precipitated pollutants may be less accessible to tilapia, 
as they have less contact with this part of the aquatic 
environment and spend the majority of their time in 
the upper water column. Due to its ease of handling, 
adaptation to confinement, laboratory maintenance, 
susceptibility to various pollutants, and economic 
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then treated with 10 L of ATC (2.5 M) in 96-well plate II, 
followed by a 10-minute incubation.

Thiocholine is produced when the cholinesterase 
enzyme hydrolyzes the substrate acetylthiocholine. 
Thiocholine and Ellman’s reagent (DTNB) react to 
form 2-nitrobenzoate-5-mercaptothiocholine. A 
reading was taken at 405 nm using a microplate reader 
(Tecan Multimode Microplate, United Kingdom) with 
fluorescence excitation at 485 nm and emission at 
535 nm [17]. The enzymatic activities of erythrocytes 
were measured in mol/min percent hematocrit, while 
those of the brain were measured in mol/min/mg 
protein. Each unit of activity corresponded to 1nmol of 
substrate hydrolysis per minute. The hematocrit level 
was measured using capillary hematocrit tubes.

Assessment of the liver function enzymes
The liver was carefully excised from the fish sample 

and the supernatant used for the analysis follow the 
same procedure as described above.

Catalase was evaluated by measuring the decrease 
of H2O2 concentration at 240 nm [18], with one unit of 
CAT activity equal to the decomposition of one mol of 
H2O2/min/mg protein.

The activity of glutathione peroxidase (GPx) was 
measured using Tert-butyl hydroperoxide and GSH 
as substrates as described by [19]. The changes in 
absorbance intensity at 340 nm were used to monitor 
the conversion of NADPH to NADP+ caused by the 
reduction of GSSG to GSH by GR. Using a molar extinction 
coefficient of 6.22 × 103 M-1 cm-1, one unit was expressed 
as one µmol mol of NADPH consumed each minute.

The alkaline phosphatase (E.C. 3.1.3.1) analysis 
was carried out with slight changes, as previously 
described by Garen and Levinthal (1960) using the 
Reitman and Frankel colorimetric method. Para-
Nitrophenylphosphate (p-NPP), sample, 0.1 MgCl2, and 
bicarbonate buffer (0.1 M, pH 9.2) are all included in the 
enzyme assay mixture. After that, the reaction mixture 
was incubated for 15 minutes at 25 °C before being 
stopped with 0.1 N NaOH. At a constant temperature of 
25 °C, one unit of ALP activity was defined as nanomoles 
of p-nitrophenol released/min/mg protein.

Cortisol assessment
The plasma cortisol levels in the investigated fish 

were measured using a human cortisol ELISA test kit. 
For standard curve calibration, seven cortisol standard 
solutions in human plasma (0, 20, 50, 100, 200, 400, and 
800 ng.ml-1) were used. The recovery test used cortisol 
standard solutions of 50, 100, and 200 ng.ml-1, and the 
linearity test used four dilutions of fish plasma samples 
(1/2, 1/4, 1/8, and 1/16). Plasma samples and standard 
solutions were added to each well fish before adding 
the enzyme-substrate, and the content was conjugated 
to peroxidase. After stopping the enzymatic reaction 

soil was utilized to construct fifteen earthen ponds, 
each measuring 27 1/4 inches by 24 1/8 inches by 29/12 
inches. Each of the final ponds received ten fingerlings, 
which were fed a finely powdered cake and rice bran 
three times per day for 12 weeks. After cleaning the 
aquariums with a manual pumping device to remove 
stale water, the water was replaced twice per week. 
After the 12th week, no deaths were observed.

Analytical stage

At the end of the 12th week, each of the final ponds 
and their replicates was exposed for 30 days to the 
range of α-Olefin Sulfonate concentrations detected in 
the field (0.5, 1.0, 1.5, and 2.0) mg/L and the control. 
Throughout the tests, both control and experimental 
fish were fed roughly 3% of their body weight twice 
every day. Water and toxicants were entirely replaced 
every 24 hours, and the earthen ponds were kept in 
immaculate condition.

Throughout the investigation period, daily 
measurement of the water’s physicochemical properties 
was taken. After each study period, a fish is retrieved 
from each pond, transported to the laboratory in a 
container with adequate ventilation, and anesthetized 
with MS222 (Ethyl 3-aminobenzoate methanesulfonate 
salt, Sigma).

In the laboratory, biochemical profiles were 
measured on days 2 and 30. The unutilized fish were 
returned to the main pond.

Assessment of acetyl cholinesterase activity

AChE activity was measured using a commercial kit 
manufactured by Bohringer Mannhim, which was based 
on the Ellman spectrophotometric assay procedure 
adapted for microplates as described by Galloway, et al. 
(2003) and used acetylthiocholine iodide as a substrate.

Using a 1-ml insulin syringe, blood was drawn from 
fish and put into heparinized tubes containing 66 L of 
0.1 M sodium-EDTA. The erythrocyte was centrifuged at 
4 °C for an hour, separated, and then resuspended in 
0.5 mL of potassium phosphate (12.5 mM, pH 7.4) after 
two washes with 0.9% NaCl for the enzyme test [16].

The brain was homogenized (1:10, w/v) at 9500 rpm 
for 1.5 minutes in a homogenization buffer composed of 
100 m KCl and 1 m EDTA (pH 7.4), and the supernatant 
was then separated by centrifuging the homogenates at 
10,000 g for 30 minutes at a temperature of 4 °C.

Throughout the experiment, 50 M Tris-HCl with a 
pH of 7.4 was used as a buffer. Acetylcholine (ATC) was 
produced in 50 M Tris-HCl in 96-well plates containing 
5, 5-dithiol-bis-2-nitrobenzoic acid (DTNB). I. 210 L 
of Tris-HCl (pH 7.4) buffer, 20 L of 0.1 M DTNB, and 
10 L of theliver’s acetyl cholinesterase enzyme. The 
supernatant was transferred to another 96-well plate II 
and incubated at 28 °C for 15 minutes. The mixture was 
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6.60 ± 0.42 µM/min/mg protein.

The CAT activities on days 2nd and 30th with the same 
concentrations of α-OS were 13.20 ± 0.14, 6.50 ± 0.30, 
8.20 ± 0.31, 7.10 ± 0.22, 4.80 ± 0.15, and 13.50 ± 0.60, 
16.10 ± 0.73, 18.40 ± 0.20, 21.80 ± 0.11, and 23.40 ± 
0.60 respectively. Although the catalase and GPx 
activities were not significantly decreased on the day 2nd 
of exposure, their activities were drastically increased 
compared to their control on day 30th (Figure 2).

The ALP activity increases with doses and exposure 
durations. On days 2nd and 30th the ALP activities were 
0.70 ± 0.30, 0.81 ± 0.42, 1.20 ± 0.18, 1.52 ± 0.15, 1.86 
± 0.23, and 0.71 ± 0.03, 1.46 ± 0.03, 2.38 ± 0.35, 2.53 ± 
0.17, 4.60 ± 0.25 respectively. ALP activities in all the 
treated fish groups were significantly higher (p ≤ 0.05), 
when compared with the control on days 2nd and 30th 
(Figure 2).

There were slight variations in the cortisol level in the 
control group. In the exposed group, the cortisol level 
increases spontaneously with the doses and duration of 
exposure. The range of cortisol in the control group was 
(3.20 ± 0.20 - 3.87 ± 0.04), while the range of cortisol 
secretion in fish treated with 0.50 mg/L of α-OS was 
(4.50 ± 0.11) ng/mL to (7.30 ± 0.15) ng/mL, while it 
was (4.90 ± 0.10 - 8.40 ± 0.25) ng/m and (5.60 ± 0.18 
- 9.30 ± 0.90) ng/mL in fish treated with 1.0 mg/L, 1.50 
mg/L, and 2.00 mg/L. On day 2, there was no discernible 
difference between the control and various treatments 
(p ≥ 0.05). However, on day 30, it significantly varied (P 
≤ 0.05), (P ≤ 0.01) and was concentrations-dependent 
(Table 1).

Discussion
It is necessary to understand the connections 

with 0.5 M phosphoric acid, the absorbance at 450 nm 
was read.

Statistical evaluation
Microsoft Excel 2010 (Roselle, IL, USA), SAS (SAS 

institute Inc, 1985), SPSS version 16.0 (Chicago, IL, 
USA), and SPSS, version 10 (SPSS, 2016) software were 
used for the statistical and graphical evaluations. For 
comparisons between the treatment and control 
groups at a probability level of 0.05% and 0.01%, post 
hoc analysis was used to determine the least significant 
difference (LSD).

Results
AChE activities in the brain and erythrocytes of O. 

niloticus exposed to sublethal concentration of AOS 
revealed that the toxicant decreases the activities of 
the enzyme in both matrixes. Inhibition is concentration 
dependent on day 2. At the concentration of 0.5, 1, 2 
mg/l of AOS in the brain and the red blood cells the 
activities of the enzyme were; 45.12, 44.9, 41.23, (unit) 
and 26.11, 25.12, 24.2, and 20.23 respectively (Figure 
1). On day 30 the same trend was observed. The high 
inhibition of 23.40 mol/min/mg protein and 17.10 mol/
min percent hematocrit were reported for brain and 
erythrocytes respectively (Figure 1). No significant (P ≥ 
0.05) in both matrixes, duration, and treatments except 
2.0 mg/L of α-OS in both tissues. In the presence of α-OS, 
the specific activity of catalase and GPx diminished at 
the initial exposure as observed on day 2nd in doses 
dependent manner. On day 2, the GPx activities at 0.00, 
0.50, 1.00, 1.50 and 2.00 mg/L of AOS were: 3.53 ± 0.11, 
3.10 ± 0.50, 2.70 ± 0.30, 2.62 ± 0.20 and 2.13 ± 0.40 µM/
min/mg protein, while on day 30th, the activities were; 
3.51 ± 0.23, 4.60 ± 0.57, 5.30 ± 0.91, 6.10 ± 0.52 and 

         

Figure 1: AChE activities in the brain (μmol/min/mg protein) and erythrocytes (μmol/min % hematocrit) in O. niloticus 
exposed to sublethal concentrations of alpha olefin sulfonates; A symbol shows a significant differences β(p < 0.05 between 
the control and treatment.
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Figure 2: CAT (mM/min/mg protein),GPx (µM/min/mg protein) and ALP (IU/min/ mg-1 protein) activities in the liver of 
O.niloticus exposed to sublethal concentrations  of alpha olefin sulfonates; Data presented as mean ± SE.

Table 1: Responses of hydrocortisone (ng/ml) in the plasma of O. niloticus exposed to sublethal concentrations of Alpha Olefin 
Sulfonates (mg/L). Data presented as mean ± SE.

Day Control 0.50 1.0 1.50 2.00
Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE

2 3.20 ± 0.02a 4.10 ± 0.01a 4.50 ± 0.11a 4.90 ± 0.10a 5.60 ± 0.18a

30 3.82 ± 0.03a 5.90 ± 0.13b 7.30 ± 0.15c 8.40 ± 0.25c 9.30 ± 0.90c

*anot significant (p ≤ 0.05); bsignificant (p ≤ 0.05), chighly significant (p ≤ 0.01)

Acetylcholine is a neurotransmitter that is 
degraded by AChE in cholinergic synapses, as well 
as pseudocholinesterases that are involved in the 
detoxification of some xenobiotics [26]. Due to 
excessive ACh buildup at synapses and neuromuscular 
junctions brought on by its inhibition, ACh receptors 
may become over stimulated, which may ultimately 
result in respiratory failure and death [27]. These results 
suggest that AChE activity may serve as a biomarker for 
the detection of surfactant contamination in natural 
water.

The liver is the main organ involved in the metabolism 
of xenobiotics in animals, and the antioxidant 
enzymes in the liver are thought to be indicators of 
hepatotoxicity brought on by different substances. ROS 
are produced during the xenobiotics’ transformation 
in processes mediated by monooxygenases from the 
CYP 450 families. To aid in the detoxification of oxygen 
free radicals and help avoid or reduce macromolecule 
damage, antioxidant enzyme activities frequently rise 
when oxidative stress is induced in fish [28,29].

However, it has been demonstrated that free radicals 
can partially inactivate various enzymes in the early 
phases; for example, hydrogen peroxide can inactivate 
CAT, as observed in this investigation. CAT and GPx 
activity decreased on the second day and increases 
with time, and the highest activities were observed on 
the 30th. These enzymes’ initial subdued and abrupt 
increase in activity could be related to an adaptive 

between chemical exposure, biomarker responses, 
and the negative effects of using a biomarker in 
biomonitoring. In the case of AChE, these attributes have 
been well established, and numerous studies found a 
connection between AChE inhibition and exposure 
to organophosphorus compounds in a population of 
exposed workers [20]. To evaluate the effects of these 
pollutants on physiological, biochemical, and genetic 
parameters in various fish species, toxicity tests with 
organophosphate and carbamate pesticides have been 
widely used [21-23], whereas surfactant research, on 
the other hand, had been extremely limited, though, 
surfactants may not be lethal to fish, but they may have 
negative effects on development, metabolism, and their 
offspring.

Organophosphates and carbamates affect neuro-
enzymes and fish growth, but surfactants have similar 
properties. In the current study, AChE activities in 
the brain and blood were examined after fish were 
exposed to α-OS. It was discovered that changes were 
observed in the brain and erythrocyte activity in the fish 
exposed to the surfactant, likely reflected in movement 
disturbances, with fish lethargic and immobile in 
the swimming habit, and that these changes help to 
explain behaviour changes induced by α -OS. Similar 
findings were made in Anguilla anguilla after exposure 
to fenitrothion and thiobencarb [24], and silver catfish 
fingerlings exposed to 10 mg L-1 clomazone for 96 h 
[25].
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may have been caused by the release of cortisol from 
the interrenal tissue as a stress-reduction strategy, 
an abnormal plasma chloride level, or the attempt to 
return the values to normal. Likewise, since corticoids 
have been linked to electrolyte balance and gill ATPase 
activity, elevated cortisol levels are likely related to 
either causing abnormal chloride and ATPase levels 
or to the process of attempting to restore the values 
to normal [43]. According to Scott, et al. [44] when 
fish were exposed to an alarm substance, a chemical 
released from skin epithelium, plasma cortisol levels in 
rainbow trout increased. This increase was prevented 
by cadmium. Additionally, Hontela, et al. [45] found that 
copper has a direct toxic effect on adrenocortical cells, 
which disrupts cortisol secretion at high concentrations. 
According to [45], the interrenal tissue of teleost fish 
typically secretes the steroid hormone cortisol in 
response to nearly all types of environmental stress. 
Therefore, exposure to toxins that impair cortisol 
secretion may affect social interactions and restrict the 
activities of the organism.

Conclusion
This study demonstrated that α-OS acts as an 

endocrine disruptor and has a significant impact on the 
fish control system. These enzymes have the potential 
to be useful biomarkers for detecting surfactant 
pollution in aquatic bodies. The findings also revealed 
that the presence of surfactants in water bodies could 
be detrimental to the health of aquatic animals. To 
explain the specific differences in the relationship 
between AChE inhibition, disruption of endocrine, and 
physiological perturbation associated with alterations 
of marker enzymes in fish and other aquatic inhabitants, 
additional research is required.

Statement of Problem
The impact of surfactant pollution on the aquatic 

environment has been overlooked. Surfactant toxicity 
poses a serious threat to ecological and environmental 
balances. Surfactants like Alcohol Ethoxy Sulfates, 
Sodium Dodecyl Sulfate, and Nonylphenol Ethoxylates 
may harm aquatic. Aquatic organisms may have a lower 
survival rate as a result of their physiological changes. 
To prevent aquatic ecosystems from being harmed 
by contaminants that have been carelessly dumped 
into waterways, precautions must be taken, and more 
research must be conducted to strengthen the findings 
that have already been made. For a more complete 
understanding of their harmful effects on aquatic 
ecosystems, additional research is needed into their 
potential residual effects and the use of environmentally 
friendly surfactants.
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response. The decrease in CAT and GPx activities at 
the early stage indicated that the tissue was involved 
in neutralizing the impact of peroxides formed during 
the α-OS stress. Visweswaran and Krishnamoorthy 
[30] reported fluctuations in GPx activity in Tartrazine-
treated rats’ testis.

Similarly, the decrease in GPx activity correlated 
with a decrease in catalase enzyme synthesis and 
can be linked to H2O2 generation under α-OS stress, 
as described by Vijayavel, et al. [31] in naphthalene-
exposed Scylla serrate. Bindu and Babu [32] noticed a 
similar observation when an Oreochromis mossambicus 
was given sub-lethal dosages of anionic, cationic, 
or nonionic surfactants at 1 mg/L. A significant (p 
≤ 0.05) dose- and time-dependent increase in GPx 
activity suggests that α-OS promoted ROS generation 
in the test fish, which increased the enzyme’s level in 
the liver. Although it is primarily responsible for the 
elimination of organic peroxides, it is also involved in 
the metabolization of H2O2 [33].

Dose- and time-dependent increase in CAT activity 
in the liver under the stress of the surfactant, may 
have been a consideration to provide defense against 
lipid hydroperoxides and H2O2. Similar observations 
were reported when the liver of Carassius auratus 
was exposed to 3,3’-dimethylbenzidine, nitrobenzene, 
cadmium, naphthalene, and phenanthrene [34-37].

The results of this study’s analysis of liver enzymes 
reveal that consuming surfactants also raised the serum 
ALP level, which was a sign of stress, and myocardial 
infarction. The rise in plasma ALP could be the result 
of toxic damage brought on by AOS, which induced 
tissue healing by stimulating protein synthesis and 
respiration. Similar findings were reported by [38] in a 
freshwater fish subjected to diethyl phthalate. Changes 
in fish plasma enzyme activity have been observed as 
a result of toxicants or pollutants impacting numerous 
cells, immune systems, tissues, and organs [39,40]. 
The serum ALP activity in this study was comparable to 
the findings of [41], who reported a considerable rise 
in ALP that could be indicative of broad pathological 
alterations and injury to specific organs of C. gariepinus. 
Conversely, Inyang, et al. [42] reported a decrease in 
plasma ALP, in the fishes, although, a sublethal dose of 
diazinons was administered to the C. gariepinus.

The physiological process that is activated in response 
to environmental stressors, such as pollutants, is known 
as homeostasis, and it includes the endocrine response 
to pollutants. Vertebrates need the hypothalamic-
pituitary-adrenal (HPA) axis to be able to respond to 
stressors. Since fish have interrenal cells in their head 
kidneys rather than adrenals, this axis is known as the 
HPI axis in fish, and its output is cortisol, which has both 
glucose- and mineral ocorticoid-regulating properties. 
The significant (p ≤ 0.01) rise in plasma cortisol levels 
during the treatments of O. niloticus to AOS in this study 

https://doi.org/10.23937/2572-4061.1510050


ISSN: 2572-4061DOI: 10.23937/2572-4061.1510050

Ohwofasa. J Toxicol Risk Assess 2022, 8:050 • Page 7 of 8 •

Palaemonetesvarians: A radiotracer study. Mar Pollut Bull 
85: 244-247.

11.	Sobrino-Figueroa A (2018) Toxic effect of commercial 
detergents on organisms from different trophic levels. 
Environ Sci Pollut Res 25: 13283-13291.

12.	Barton BA (2002) Stress in fishes a diversity of responses 
with particular reference to changes in circulating 
corticosteroids. Integer Comp Biol 42: 517-525.

13.	Ortuno J, Angeles Esteban M, Meseguer J (2002) Lack of 
effect of combining different stressors on innate immune 
responses of sea bream (Sparus aurata L.). Vet Immunol 
Immunopethol 84: 17-27.

14.	Vutukuru SS, Suma CK, Madhavi R, Juveria JS, Pauleena 
JV, et al. (2005) Studies on the development of potential 
biomarkers for rapid assessment of copper toxicity to 
freshwater fish using Esomusdanricus as model. Int J 
Environ Res Public Health 2: 63-73.

15.	Gu J, Chang TMS (2009) Extraction of erythrocyte enzymes 
for the preparation of polyhemoglobin-catalase-superoxide 
dismutase. Artif Cells Blood Substit Immobil Biotechnol 37: 
69-77.

16.	Wu SM, Chou YY, Deng AN (2002) Effects of exogenous 
cortisol and progesterone on metallothionein expression and 
tolerance to waterborne cadmium in Tilapia (Oreochromis 
mossambicus). J Zool Study 41: 111-118.

17.	Hassan I, Wan Ibrahim WN, Yusuf FM, Ahmad SA, Ahmad 
S (2020) Biochemical constituent of Ginkgo biloba (seed) 
80% methanol extract inhibits cholinesterase enzymes in 
Javanese Medaka (Oryziasjavanicus) model. J Toxicol 
2020: 8815313.

18.	Lushchak VI, BagnyukovaTV (2006) Temperature increase 
results in oxidative stress in goldfish tissues. Indices of 
oxidative stress. Comparat Biochem Physiol 143: 30-35.

19.	Beutler E (1984) Red cell metabolism: A manual of 
biochemical method. (3rd edn), Grune and stratton: Orlando, 
FL, USA P: 68-73.

20.	Remor AP, Totti CC, Moreira DA, Dutra GP, Heuser DV, 
et al. (2009) Occupational exposure of farm workers to 
pesticides: Biochemical parameters and evaluation of 
genotoxicity. Environ Int 35: 273-278.

21.	Glusczak L, Miron DS, Crestani M, Fonseca MB, 
Pedron FA, et al. (2006) Effect of glyphosate herbicide 
on acetylcholinesterase activity and metabolicand 
hematological parameters in piava (Leporinusobtusidens). 
Ecotoxicol Environ Saf 65: 237-241.

22.	Langiano VC, Martinez CBR (2008) Toxicity and effects 
of a glyphosate-based herbicide on the Neotropical fish 
Prochiloduslineatus. Comp Biochem Physiol 147: 222-231.

23.	Modesto KA, Martinez CBR (2010) Effects of roundup 
transorb on fish: Hematology, antioxidant defenses and 
acetylcholinesterase activity. Chemosphere 81: 781-787.

24.	Fernández-Vega C, Sancho E, Ferrando MD, 
Andreu E (2002) Thiobencarb-induced changes in 
acetylcholinesterase activity of the fish Anguilla anguilla. 
Pesticide Biochem Physiol 72: 55-63.

25.	Miron DS, Crestani M, Shettinger MR, Morsch VM, 
Baldisserotto B, et al. (2005) Effects of the herbicides 
clomazone, quinclorac, and metsulfuron methyl 
on acetylcholinesterase activity in the silver catfish 
(Rhamdiaquelen) (Heptapteridae). Ecotoxicol Environ Saf 
61: 98-403.

26.	Antó MS, Buti E, Cortijo V, Gutiérrez E, Solé M (2009) 

Consent to participate
Not applicable.

Ethics approval
The manuscript meets all applicable standards 

concerning the ethics of experimentation and research.

Code availability
Not applicable.

Potential conflict of interest
I would like to state that the research was self-

funded and conducted in my research laboratory. The 
authors hereby certify that the publishing of this paper 
does not involve any conflicts of interest.

Availability of data and material
Data generated as part of this study is available upon 

request from the corresponding author.

Consent for publication
All the authors have substantial contributions to the 

final manuscript and approved this submission.

References
1.	 Akyuz M, Roberts DJ (2002) Determination of linear 

alkylbenzene sulphonates and their biodegradation 
intermediates by isocratic RP-HPLC. Turk J Chem 26: 669-
679.

2.	 Olkowska E, Ruman M, Polkowska Ż (2014) Occurrence of 
surface-active agents in the environment. J Anal Methods 
Chem 2014: 1-15.

3.	 Jurado E, Fernandez-Serrano M, Lechuga M, Rios F 
(2011) Environmental impact of ether carboxylic derivative 
surfactants. JSD 15: 1-7.

4.	 Jardak K, Drogui P, Daghrir R (2016) Surfactants in aquatic 
and terrestrial environment: occurrence, behavior, and 
treatment processes. Environ Sci Pollut Res 23: 3195-
3216.

5.	 Marcomini A, Pojana G, Alonso J (2000) Behavior of anionic 
and nonionic surfactants and their persistent metabo-lites 
in the Venice Lagoon, Italy. Environ Toxicol Chem 19: 
2000-2007.

6.	 Lambooij EJW, Van Der Vis, Kloosterboer RJ, Pieters C 
(2002) Welfare aspects of live chilling and freezing of farmed 
eel (Anguilla Anguilla L.): Neurological and behavioural 
assessment. Aquaculture 210: 159-169.

7.	 Chandroo KPL, Duncan IJH, Moccia RD (2004) Can fish 
suffer? Perspectives on sentience, pain, fear and stress. 
Appl Anim Behav Sci 86: 225-250.

8.	 Braithwaite VA, Huntingford FA (2004) Fish and welfare: 
Do fish have capacity for pain perception and suffering? 
Anim Welfare 13: S87-S92.

9.	 Susmi TS, Rebello S, Jisha MS, Sherief PM (2010) 
Toxic effects of sodium dodecyl sulphate on grass carp 
Ctenopharyngodon idella. Fishery Technol 47: 145.

10.	Renaud F, Warnau M, Oberhansli F, Teyssie J, Temara 
A, et al. (2014) Bioconcentration of the anionic surfactant 
linear alkylbenzene sulfonate (LAS) in the marine shrimp 

https://doi.org/10.23937/2572-4061.1510050
https://pubmed.ncbi.nlm.nih.gov/25016418/
https://pubmed.ncbi.nlm.nih.gov/25016418/
https://pubmed.ncbi.nlm.nih.gov/27757746/
https://pubmed.ncbi.nlm.nih.gov/27757746/
https://pubmed.ncbi.nlm.nih.gov/27757746/
https://pubmed.ncbi.nlm.nih.gov/21708747/
https://pubmed.ncbi.nlm.nih.gov/21708747/
https://pubmed.ncbi.nlm.nih.gov/21708747/
https://pubmed.ncbi.nlm.nih.gov/11825595/
https://pubmed.ncbi.nlm.nih.gov/11825595/
https://pubmed.ncbi.nlm.nih.gov/11825595/
https://pubmed.ncbi.nlm.nih.gov/11825595/
https://www.mdpi.com/1660-4601/2/1/63
https://www.mdpi.com/1660-4601/2/1/63
https://www.mdpi.com/1660-4601/2/1/63
https://www.mdpi.com/1660-4601/2/1/63
https://www.mdpi.com/1660-4601/2/1/63
https://pubmed.ncbi.nlm.nih.gov/19229698/
https://pubmed.ncbi.nlm.nih.gov/19229698/
https://pubmed.ncbi.nlm.nih.gov/19229698/
https://pubmed.ncbi.nlm.nih.gov/19229698/
https://www.semanticscholar.org/paper/Effects-of-Exogenous-Cortisol-and-Progesterone-on-Wu-Chou/961c58360d49de8b42a0eb8228b22e5cc7224635
https://www.semanticscholar.org/paper/Effects-of-Exogenous-Cortisol-and-Progesterone-on-Wu-Chou/961c58360d49de8b42a0eb8228b22e5cc7224635
https://www.semanticscholar.org/paper/Effects-of-Exogenous-Cortisol-and-Progesterone-on-Wu-Chou/961c58360d49de8b42a0eb8228b22e5cc7224635
https://www.semanticscholar.org/paper/Effects-of-Exogenous-Cortisol-and-Progesterone-on-Wu-Chou/961c58360d49de8b42a0eb8228b22e5cc7224635
https://pubmed.ncbi.nlm.nih.gov/33029137/
https://pubmed.ncbi.nlm.nih.gov/33029137/
https://pubmed.ncbi.nlm.nih.gov/33029137/
https://pubmed.ncbi.nlm.nih.gov/33029137/
https://pubmed.ncbi.nlm.nih.gov/33029137/
https://pubmed.ncbi.nlm.nih.gov/16423562/
https://pubmed.ncbi.nlm.nih.gov/16423562/
https://pubmed.ncbi.nlm.nih.gov/16423562/
https://www.worldcat.org/title/869647615
https://www.worldcat.org/title/869647615
https://www.worldcat.org/title/869647615
https://pubmed.ncbi.nlm.nih.gov/18678410/
https://pubmed.ncbi.nlm.nih.gov/18678410/
https://pubmed.ncbi.nlm.nih.gov/18678410/
https://pubmed.ncbi.nlm.nih.gov/18678410/
https://pubmed.ncbi.nlm.nih.gov/16174533/
https://pubmed.ncbi.nlm.nih.gov/16174533/
https://pubmed.ncbi.nlm.nih.gov/16174533/
https://pubmed.ncbi.nlm.nih.gov/16174533/
https://pubmed.ncbi.nlm.nih.gov/16174533/
https://pubmed.ncbi.nlm.nih.gov/17933590/
https://pubmed.ncbi.nlm.nih.gov/17933590/
https://pubmed.ncbi.nlm.nih.gov/17933590/
https://pubmed.ncbi.nlm.nih.gov/20684975/
https://pubmed.ncbi.nlm.nih.gov/20684975/
https://pubmed.ncbi.nlm.nih.gov/20684975/
https://www.sciencedirect.com/science/article/abs/pii/S0048357501925817
https://www.sciencedirect.com/science/article/abs/pii/S0048357501925817
https://www.sciencedirect.com/science/article/abs/pii/S0048357501925817
https://www.sciencedirect.com/science/article/abs/pii/S0048357501925817
https://www.sciencedirect.com/science/article/abs/pii/S0147651305000035
https://www.sciencedirect.com/science/article/abs/pii/S0147651305000035
https://www.sciencedirect.com/science/article/abs/pii/S0147651305000035
https://www.sciencedirect.com/science/article/abs/pii/S0147651305000035
https://www.sciencedirect.com/science/article/abs/pii/S0147651305000035
https://www.sciencedirect.com/science/article/abs/pii/S0147651305000035
https://pubmed.ncbi.nlm.nih.gov/19321204/
https://dergipark.org.tr/tr/download/article-file/124282
https://dergipark.org.tr/tr/download/article-file/124282
https://dergipark.org.tr/tr/download/article-file/124282
https://dergipark.org.tr/tr/download/article-file/124282
https://aocs.onlinelibrary.wiley.com/doi/abs/10.1007/s11743-011-1278-z
https://aocs.onlinelibrary.wiley.com/doi/abs/10.1007/s11743-011-1278-z
https://aocs.onlinelibrary.wiley.com/doi/abs/10.1007/s11743-011-1278-z
https://pubmed.ncbi.nlm.nih.gov/26590059/
https://pubmed.ncbi.nlm.nih.gov/26590059/
https://pubmed.ncbi.nlm.nih.gov/26590059/
https://pubmed.ncbi.nlm.nih.gov/26590059/
https://www.academia.edu/6365886/BEHAVIOR_OF_ANIONIC_AND_NONIONIC_SURFACTANTS_AND_THEIR_PERSISTENT_METABOLITES_IN_THE_VENICE_LAGOON_ITALY
https://www.academia.edu/6365886/BEHAVIOR_OF_ANIONIC_AND_NONIONIC_SURFACTANTS_AND_THEIR_PERSISTENT_METABOLITES_IN_THE_VENICE_LAGOON_ITALY
https://www.academia.edu/6365886/BEHAVIOR_OF_ANIONIC_AND_NONIONIC_SURFACTANTS_AND_THEIR_PERSISTENT_METABOLITES_IN_THE_VENICE_LAGOON_ITALY
https://www.academia.edu/6365886/BEHAVIOR_OF_ANIONIC_AND_NONIONIC_SURFACTANTS_AND_THEIR_PERSISTENT_METABOLITES_IN_THE_VENICE_LAGOON_ITALY
https://www.sciencedirect.com/science/article/abs/pii/S0044848602000509
https://www.sciencedirect.com/science/article/abs/pii/S0044848602000509
https://www.sciencedirect.com/science/article/abs/pii/S0044848602000509
https://www.sciencedirect.com/science/article/abs/pii/S0044848602000509
https://www.sciencedirect.com/science/article/abs/pii/S0168159104000498
https://www.sciencedirect.com/science/article/abs/pii/S0168159104000498
https://www.sciencedirect.com/science/article/abs/pii/S0168159104000498
https://www.semanticscholar.org/paper/Fish-and-welfare%3A-Do-fish-have-the-capacity-for-and-Braithwaite-Huntingford/0cecd0694872a9ec9733578d6cbd54d09f602791
https://www.semanticscholar.org/paper/Fish-and-welfare%3A-Do-fish-have-the-capacity-for-and-Braithwaite-Huntingford/0cecd0694872a9ec9733578d6cbd54d09f602791
https://www.semanticscholar.org/paper/Fish-and-welfare%3A-Do-fish-have-the-capacity-for-and-Braithwaite-Huntingford/0cecd0694872a9ec9733578d6cbd54d09f602791
https://agris.fao.org/agris-search/search.do?recordID=IN2022017821
https://agris.fao.org/agris-search/search.do?recordID=IN2022017821
https://agris.fao.org/agris-search/search.do?recordID=IN2022017821
https://pubmed.ncbi.nlm.nih.gov/25016418/
https://pubmed.ncbi.nlm.nih.gov/25016418/
https://pubmed.ncbi.nlm.nih.gov/25016418/


ISSN: 2572-4061DOI: 10.23937/2572-4061.1510050

Ohwofasa. J Toxicol Risk Assess 2022, 8:050 • Page 8 of 8 •

36.	Liu H, Yu H, Giesy JP, Xu T, Zhou Y (2009) Response 
of antioxidant parameters to 3,3′-dimethyl-benzidinein 
goldfish (Carassius auratus) liver. Fresenius Environ Bullut 
18: 737-743.

37.	Peng S, Xing Y, Rui L, Jian-Ping C (2010) Effects of 
nitrobenzene on liver antioxidant defense system of 
Carassius auratus. Chem Res Chin Univ 26: 204-209.

38.	Nivedita G, Vastal M, Madhun K, Pushpa S, Sinkar K, et al. 
(2002) Toxicity study of diethyl phthalate on freshwater fish, 
Cirrhinamrigala. Ecotoxicol Environ Saf 53: 255-258.

39.	Begum G (2004) Carbofuran insecticide induced 
biochemical alternations in linear and muscle tissue of 
Clariasbotrachus and recovery respond. J Aqua Toxico 66: 
83-91.

40.	Gabriel UU, George A (2005) Plasma enzymes in 
Clariasgariepinus exposed to chronic level of round up 
(glyphosate). J Environ Ecol 23: 271-276.

41.	Fatma AS, Nahed SG (2000) Environmental pollution 
induced biochemical changes in tissues of tilapia zilli; solea 
vulgaris and mugil capito from lake qarum; Egypt. Glob 
Veterinaria 2: 327-336.

42.	Inyang IR, Daka ER, Ogemba EN (2010) Changes in 
electrolyte activities Clariasgariepinus exposed to diazinon. 
J Trop Biol Environ Sci 7: 198-200.

43.	Fiess JC, Kunkel-Patterson A, Mathias L, Riley LG, Yancey 
PH, et al. (2007) Effects of environmental salinity and 
temperature on osmoregulatory ability, organic osmolytes, 
and plasma hormone profiles in the Mozambique tilapia 
Oreochromis mossambicus. Comp Biochem Physiol Part 
A: Mol Integr Physiol 146: 252-264.

44.	Scott GR, Sloman KA, Rouleau C, Wood CM (2003) 
Cadmium disrupts behavioural and physiological responses 
to alarm substance in juvenile rainbow trout Oncorhynchus 
mykiss. J Exp Biol 206: 1779-1790.

45.	Hontela A, Gagnon A, Jumarie C (2006) Effects of Cu on 
plasma cortisol and cortisol secretion by adrenocortical 
cells of rainbow trout Oncorhynchus mykiss. Aquat Toxicol 
78: 59-65.

Characterisation of integrated stress biomarkers in 
two deep-sea crustaceans, aristeusantennatusand 
nephrops norvegicus, from the nw fishing grounds of the 
mediterranean sea. Ecotoxicol Environ Saf 72: 1455-1462.

27.	Monte LF, Silva Filho LV, Miyoshi MH, Rozov T (2005) 
Bronchopulmonary dysplasia. J Pediatr 81: 99-110.

28.	Valavanidis A, Vlahogianni T, Dassenakis M, Scoullos M 
(2006) Molecular biomarkers of oxidative stress in aquatic 
organisms in relation to toxic environmental pollutants. 
Ecotoxicol Environ Saf 64: 178-189.

29.	Craig PM, Wood CM, McClelland GB (2007) Oxidative 
stress response and gene expression with acute copper 
exposure in zebrafish (Danio rerio). Am J Physiol 293: 
R1882-R1892.

30.	Visweswaran B, Krishnamoorthy G (2012) Oxidative stress 
by tartrazine in the testis of Wistar rats. J Pharm Biol Sci 
2: 44-49.

31.	Vijayavel K, Gomathi RD, Durgabhavani K, Balasubramanian 
MP (2004) Sublethal effect of naphthalene on lipid 
peroxidation and antioxidant status in the edible marine 
crab Scylla serrate. Mar Pollut Bull 48: 429-433.

32.	Bindu PC, Babu P (2001) Surfactant-induced lipid 
peroxidation in a tropical euryhaline teleost Oreochromis 
mossambicus (Tilapia) adapted to fresh water. Indian J Exp 
Biol 39: 1118-1122.

33.	Zhang JF, Shen H, Wang XR (2004) Effects of chronic 
exposure of 2,4-dichlorophenol on the antioxidant system 
in liver of freshwater fish Carassius auratus. Chemosphere 
55: 167-174.

34.	Shi H, SuiY, Wang X, LuoY, Ji L (2005) Hydroxyl radical 
production and oxidative damage induced by cadmium and 
naphthalene in liver of Carassius auratus. Comp Biochem 
Physiol 140: 115-121.

35.	YinY, Jia H, SunY, Yu H, Wang X, et al. (2007) 
Bioaccumulation and ROS generation in liver of Carassius 
auratus, exposed to phenanthrene. Comp Biochem Physiol 
145: 288-293.

https://doi.org/10.23937/2572-4061.1510050
https://studylib.net/doc/12070970/response-of-antioxidant-parameters-to-3-3%E2%80%99-dimethyl-benzi...
https://studylib.net/doc/12070970/response-of-antioxidant-parameters-to-3-3%E2%80%99-dimethyl-benzi...
https://studylib.net/doc/12070970/response-of-antioxidant-parameters-to-3-3%E2%80%99-dimethyl-benzi...
https://studylib.net/doc/12070970/response-of-antioxidant-parameters-to-3-3%E2%80%99-dimethyl-benzi...
https://www.sciencedirect.com/science/article/abs/pii/S0147651302922128
https://www.sciencedirect.com/science/article/abs/pii/S0147651302922128
https://www.sciencedirect.com/science/article/abs/pii/S0147651302922128
https://pubmed.ncbi.nlm.nih.gov/14687981/
https://pubmed.ncbi.nlm.nih.gov/14687981/
https://pubmed.ncbi.nlm.nih.gov/14687981/
https://pubmed.ncbi.nlm.nih.gov/14687981/
https://pubmed.ncbi.nlm.nih.gov/17134926/
https://pubmed.ncbi.nlm.nih.gov/17134926/
https://pubmed.ncbi.nlm.nih.gov/17134926/
https://pubmed.ncbi.nlm.nih.gov/17134926/
https://pubmed.ncbi.nlm.nih.gov/17134926/
https://pubmed.ncbi.nlm.nih.gov/17134926/
https://pubmed.ncbi.nlm.nih.gov/12727999/
https://pubmed.ncbi.nlm.nih.gov/12727999/
https://pubmed.ncbi.nlm.nih.gov/12727999/
https://pubmed.ncbi.nlm.nih.gov/12727999/
https://pubmed.ncbi.nlm.nih.gov/16564581/
https://pubmed.ncbi.nlm.nih.gov/16564581/
https://pubmed.ncbi.nlm.nih.gov/16564581/
https://pubmed.ncbi.nlm.nih.gov/16564581/
https://pubmed.ncbi.nlm.nih.gov/19321204/
https://pubmed.ncbi.nlm.nih.gov/19321204/
https://pubmed.ncbi.nlm.nih.gov/19321204/
https://pubmed.ncbi.nlm.nih.gov/19321204/
https://pubmed.ncbi.nlm.nih.gov/15858670/
https://pubmed.ncbi.nlm.nih.gov/15858670/
https://pubmed.ncbi.nlm.nih.gov/16406578/
https://pubmed.ncbi.nlm.nih.gov/16406578/
https://pubmed.ncbi.nlm.nih.gov/16406578/
https://pubmed.ncbi.nlm.nih.gov/16406578/
https://pubmed.ncbi.nlm.nih.gov/17855494/
https://pubmed.ncbi.nlm.nih.gov/17855494/
https://pubmed.ncbi.nlm.nih.gov/17855494/
https://pubmed.ncbi.nlm.nih.gov/17855494/
https://www.iosrjournals.org/iosr-jpbs/papers/vol2-issue3/J0234447.pdf
https://www.iosrjournals.org/iosr-jpbs/papers/vol2-issue3/J0234447.pdf
https://www.iosrjournals.org/iosr-jpbs/papers/vol2-issue3/J0234447.pdf
https://pubmed.ncbi.nlm.nih.gov/11906104/
https://pubmed.ncbi.nlm.nih.gov/11906104/
https://pubmed.ncbi.nlm.nih.gov/11906104/
https://pubmed.ncbi.nlm.nih.gov/11906104/
https://pubmed.ncbi.nlm.nih.gov/14761689/
https://pubmed.ncbi.nlm.nih.gov/14761689/
https://pubmed.ncbi.nlm.nih.gov/14761689/
https://pubmed.ncbi.nlm.nih.gov/14761689/
https://pubmed.ncbi.nlm.nih.gov/15792630/
https://pubmed.ncbi.nlm.nih.gov/15792630/
https://pubmed.ncbi.nlm.nih.gov/15792630/
https://pubmed.ncbi.nlm.nih.gov/15792630/
https://pubmed.ncbi.nlm.nih.gov/17300992/
https://pubmed.ncbi.nlm.nih.gov/17300992/
https://pubmed.ncbi.nlm.nih.gov/17300992/
https://pubmed.ncbi.nlm.nih.gov/17300992/

	Title
	Corresponding author
	Abstract
	Keywords 
	Introduction 
	Materials and Methods 
	Pre-analytical stage 
	Analytical stage 
	Assessment of acetyl cholinesterase activity 
	Assessment of the liver function enzymes 
	Cortisol assessment 
	Statistical evaluation 

	Results
	Discussion
	Conclusion
	Statement of Problem 
	Declarations
	Funding
	Consent to participate 
	Ethics approval 
	Code availability 
	Potential conflict of interest 
	Availability of data and material 
	Consent for publication 

	Table 1
	Figure 1
	Figure 2
	References

