g bt mane

rnal of Biotechnology Research |
B Journal of Biotechnology Researc gR

ISSN(e): 2413-3256, ISSN(p): 2413-8878

Vol. 5, Issue. 11, pp: 113-122, 2019 Academic Research Publishing
URL_: https://arpgweb.com/journal/journal/16 Group
P —— DOI: https://doi.org/10.32861/jbr.511.113.122

Original Research Open Access

Marine Pollution of Chemicals Detergents Contamination Induced Apoptosis
and Necrosis in Fish Liver (Sardine aurita) by Flow Cytometry DNA
Measurements

Tito N. Habib”

Molecular Genetics' Lab, Zoology Department, Faculty of Science, Sohag University, Egypt

Mohamed F. El-Sayed
Physiology Lab, Zoology Department, Faculty of Science, Sohag University, Egypt

Fathi M. Ali

Environmental Science department, Faculty of science, Azzaytuna University, Tarhouna, Libya

Tawfig M. Almsatar

Environmental Science department, Faculty of science, Azzaytuna University, Tarhouna, Libya

Abstract

Background: Presently, there are wide uses of detergents, which discharged to marine environment (Mediterrean
sea). Detergents are organic chemical compounds, consisting of fatty acids, and different components of Alkyl
Benzene, Sulphonates, Polyphosphates, Cellulose, Sucrinic acid, and Sodium Lauryl Sulfates. Further, even if at low
concentrations, the synthetic detergents are considered to be toxic to marine biodiversity. Since, these surfactants are
not completely degraded by waste water treatment. It has ability to damage the DNA and accumulated on fish and
other marine organisms. Methods: Flow cytometry technique was applied, because it’s accuracy for analysis of
DNA contents. Hence, the present study evaluated the impact of sodium lauryl sulfate as synthetic detergent on the
DNA of sardine fish as a marine biological indicator. Sardinella aurita was collected from clean and SLS-
contaminated sites. The flow cytometry technique was employed to assess levels of active (apoptosis) and passive
(necrosis) cell death in both exposed and unexposed fishes to SLS. Result: Chemical detergent contains 120 ml (i.e.,
20mg/L) of sodium lauryl sulfates. The result shows more distinct and significant differences of the early and late
apoptosis/ necrosis of Sardine fish liver, compared with unexposed fish samples from cleaned reference site.
Conclusions: The present data indicate that SLS was able to cause toxicity to fish. Data recorded revealed that
toxicity as a significant accumulation of hepatic tissue cellular DNA during the GO-G1 in a significant way (P<0.05),
compared with that of unexposed liver tissue. In the same way, there was an insignificant accumulation of hepatic
cell's DNA in the S phase but not during the G2/M phase, finally there was a significant arrest / DNA accumulation
during the PreG1l- phase (P<0.05). In the meantime, accompanies of apoptotic profile of cells exposed to SLS
showed a significant total apoptotic form significantly elevated compared with reference site.
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1. Introduction

Biological indicators are widely used in an aquatic environmental monitoring, because it allows examining
specific target organs, such as gills, kidney and liver, that are responsible for main functions, for instance respiration,
excretion, accumulation, and biotransformation of xenobiotic in the fish [1]. Since, this alteration found in those
organs are normally easier to quantified than functional ones [2], which serves as warning singe of biomarkers health
damage [3].

The Mediterranean Sea is characterized by huge varied quantities of biodiversity, including fish. It has been
estimated that more than 8500 species of fish live in the Mediterranean Sea, which is considered to be between 4%
and 18% of the world marine species. Compared to the world oceans, the Mediterranean Sea is only 0.82% in
surface area and 0.32% in volume [4]. In addition, about 84% of the marine species are animals, of which 77%
invertebrates and 7% vertebrates, while the 16% left are algae and sea grasses [4]. Since, the habitat and biological
diversity preferring clear saline water with minimum temperature below 24° C, (United Nation Food and
Agricultural Organization). But, any anthropogenic activities near the coastal region will resulted in an increase of
pollution levels, which released into aquatic ecosystem [5]. The Mediterranean Sea is becoming worse, due to
human activities like urbanizations, and industrializations, emerging an Ecological Disaster. The wide array of
pollutants discharged into the aquatic environment, which is may have physic, chemical, biological, toxic and
pathogenic effects [6].

According to the United Nation Environmental Program reports [7], the Mediterranean Sea is receiving hug
quantity of untreated waste water, beside the effluents of industrial factories, and oil refinery. These contaminants
include metals, metalloids, solvents, pesticides, and organic compounds of pharmaceutical and detergents.
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Further, chemical detergents are more likely is a mixture of synthetic chemicals and additives cooked up in a
huge chemical plant and, unlike traditional soap; they're generally liquids rather than solids. Detergents are used in
everything from hair shampoo and clothes washing powder to shaving foam and stain removers.

Detergents are not fully degraded by sewage, treatment and also they again discharged to the water bodies,
which may cause very harmful effect on the biodiversity, health and environment.

These surfactants (detergents) have high biological activity even at low concentrations, and also have the power
to accumulate in the organisms. Several types of surfactants such as soaps (anionic), Alkyl benzene sulphonate
(ABS), SLS (anionic) and Ethoxylated fatty alcohols (non-ionic) are used to make detergents. Sodium Lauryl Sulfate
(SLS) is an anionic surfactant detergent derived from Alcohol Sulfates and alternatively, it is also known as SDS [8].
While it’s chemical formula is C12H25Na04S, or CH3-(CH2)11-O-SO3-Na+, [9].

SLS is widely used in household products such as, toothpastes, shampoos, shaving foams, bubble baths, and
cosmetics. It is used as leather softening agent, wool cleaning agent, in paper industry as penetrate and flocculating
agent, in construction as additive of concrete, and as ingredient of floor cleaners and car wash soaps.

The presence of SLS in environment arises mainly from its presence in complex domestic and industrial
effluents as well as its release directly from some applications (e.g., oil dispersants and pesticides) as shown on
figure 1. It has been reported that SLS is toxic and affects survival of aquatic animals such as fishes, microbes like
yeasts and bacteria [10]. It is also toxic to mammals like mice and humans but to a lesser extent [11].

Figure-1. lllustrates the sources of an ionic surfactants in an aquatic environment

DUICE 0
SLSon an
equatic

environmen

Surfactants toxicity has motivated a worldwide warning persuaded by distinct ruling. There are yet worries
concerning the biodegradability and eco friendliness of surfactants [12].

As mentioned, fish in aquatic ecology is responded to variation of environmental toxicity, because its functions
of metabolism with different pollutants [13]. Whereas, the sentinel fish species was widely used to evaluate the
degree of toxicants accumulations and their health impacts [14]. Fish was preferred in toxicological studies because
of their well-developed osmoregulatory, endocrine, nervous, and immune system compared to invertebrates [13].
Further, fish was capable to adsorb toxicant directly from the surrounding water and sediments, or ingesting them
through contaminated food via food chain [15].

Due to widespread use of fish there have been increasing concerns about its environmental behavior in aquatic
ecology. The use of biota as an indicator of pollution have an advantageous over chemical analysis as they are
ecologically realistic [16]. Faunal and chemical monitoring has frequently been used to assess environmental quality
[17].

The analysis of DNA damage in aquatic organisms has been shown to be a suitable method for evaluating the
genotoxic contamination of environments [18, 19], with the advantage of detecting and quantifying the genotoxic
impact without requiring a detailed knowledge of the identity and the physical/ chemical properties of the
contaminants present [20]. Some of the methodologies commonly adopted in the assessment of genotoxic impact
include the detection of structural damage into DNA such as DNA adducts [21, 22] and DNA strand breaks [23].
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The structural perturbations occurring into the DNA molecule that do persist and do not result in the death of
cell may interfere with the fidelity of DNA replication resulting in abnormal DNA. This abnormal DNA has been
associated with clastogenic events such as chromosomal aberrations, micronuclei formation and aneuploidy, which
have also been widely used as biomarkers of genotoxicity in aquatic organisms [21, 24, 25]. Flow cytometry (FCM)
is one of the techniques used to evaluate chromosomal damage induced by genotoxic agents, by detecting variations
in nuclear DNA content. This technique allows a rapid analysis of a large number of samples, applicable to any
organism or tissue from which cellular or nuclear suspensions can be obtained [26]. FCM has been used successfully
to evaluate the genotoxic effects of environmental pollutants in fish from laboratory exposures and in field
experiments [27-29].

Sublethal exposure to environmental chemicals may result in changes in the structure of cells and the occurrence
of pathologies which can significantly modify the function of tissues and organs. Histopathological changes are thus
mediumterm responses to sublethal stressors that have been used as valuable tools to evaluate the toxic effects of
contaminant exposure. Several studies have used histopathological biomarkers in fish to identify and evaluate the
impact of aquatic pollutants [30-34]. Fish liver, being the primary organ for biotransformation of xenobiotics and
where many contaminants tend to accumulate, has been the target of many of these studies. A relation between
exposure to pollutants and the development of hepatic lesions has been demonstrated in fish [32, 33], making
toxicopathic liver lesions effective biological markers of chemical exposures.

An advantage of histopathology as a biomarker lies in its intermediate location in the hierarchy of biological
organization. However, as reported for other biomarkers, histological alterations may be influenced by factors other
than chemical exposure such as age, diet, environmental factors, seasonal variation, and reproductive cycle [35].
These factors may induce several structural states which may represent normality and could act as potentially
confounding issues when attempting to use histological criteria as biomarkers of aquatic pollution.

In the aquatic environment, fish are usually regarded as organisms of choice for assessing the biological effects
of environmental pollution on aquatic ecosystems. Fish can be found virtually everywhere in the aquatic
environment, they occupy the top of the aquatic food chain, are a highly visible resource, and are known to
accumulate toxicants [1, 36]. In addition, they are in contact with pollutants either via the direct uptake from water
by their gills and their body surface, or via ingestion of contaminated sediments. For these reasons fish are frequently
used as bioindicator species, by giving information about the environmental conditions of its habitat.

The global aim of the present work was the study of the biological effects of SLS in fish, particularly the
molecular events imposed by contaminants and that might be involved in the toxic response. Because the molecular
changes constitute the earliest signals of response to the toxicant exposure and also because their detection may
allow the intervention before irreversible damaging effects become inevitable, and could be potentially employed as
molecular biomarkers. These molecular responses also contributed for a better understanding of the molecular events
involved in fish response to aquatic contamination.

Consequently, in this study, the effect of exposure to SLS on S.aurita fish liver from the contaminated sites,
where this detergent contains approximately 120ml of anionic surfactants (i.e., 20mg/L of SLS).

2. Materials and Methods

In this study we use a traditional detergent (SLS) which is frequent use as surfactants. It contains 20.15% of an
ionic surfactant of 600 mg. and S. aurita fish as bioindicators.

Test Animal:

Sardinella aurita (Sardine or Round Sardinella) as shown on Figure 2, was chosen as the test animal for the
study as they are most commonly and abundantly found in many parts of the world like Africa, Europe, North and
South America. However, its distributions occur on two regions, (i.e., Mediterranean and the western Atlantic) [37].
Its characterizations:

»  Family: Clupeidae (Sardines and Herrings).

*  Order: Clupeiformes (Sardines, Herrings and Anchovies).

»  Class: Actinopterygii (Ray-finned Fish).

2.1. Morphology

Sardinella aurita has a sub cylindrical elongated body, flattened side way sand with a rounded belly (Fig. 2). The
length of sardines was generally 12-15cm at maturity, but it may reach up to 28cm in some cases, it is one of the
largest Sardinella species, and weigh mostly 230g. The reflective scales that cover their body are silver in color, and
smooth. At the top of the head was a golden, soft faint mid side line, besides, on the gill cover was a black
distinguished spot. A typical clupeid mouth shape was visible in these fish, with a short but deep lower jaw. Sardines
also hold pointedly ramified tails.

2.2. Flow Cytometry

A flow cytometer is used, which is an instrument that illuminates cells (or other particles) as they flow
individually in front of a light source and then detects and correlates the signals from those cells that result from the
illumination.

Liver and gill cell suspensions were also frozen in liquid nitrogen and stored at -70 °C. Frozen samples of liver
fish suspensions were thawed and suspended in a nuclear isolation buffer (LBO1, Dolezel, et al. [38]. Isolated nuclei
were treated with 50 mg/ ml RNase (Fluka, Buchs, Switzerland) and stained with 50 mg/ml propidium iodide (PI,
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Fluka). Samples were incubated for 10 min on ice before the analysis. The fluorescence intensity of, at least, 5000
nuclei was measured per sample with a Becton-Dickinson, flow cytometry (San Jose, CA, USA). The instrument
was equipped with an air-cooled argon ion laser (15 mW, operating at 488 nm) and Pl fluorescence was collected
through 645 nm dichroic long-pass and 620 nm band-pass filters.

In each sample, the half-peak coefficient of variation (HPCV) of the GO/G1 peak of isolated nuclei was
registered (SYSTEM |1 software v. 3.0). This dispersion measurement of nuclear fluorescence has been previously
shown to be positively correlated with chromosomal damage, as a result of cell-to-cell variation in nuclear DNA
content [39].

For statistical analyses, all data were tested for normality and homogeneity of variances. Since an invalidation of
normality and variances homogeneity was observed, data were analysed using a non-parametric Kruskal-Wallis
ANOVA on ranks, followed by a Mann-Whitney U pairwise comparison test to detect which groups were
significantly different (SigmaStat 3.11 Software).

3. Results and Discussion

The present data suggest that the liver tissue of fish may be useful marker for evaluation to fish toxicity damage.
These findings agree with previous studies, which indicate the fish may respond to surfactants contamination.

There were an indication of SLS concentration ranged from (0-15 mg/L) motivated the morphological variation
in kidney and spleen of gilthead (Sparus aurita L.) with an important inhibitory impacts on success fertilization [40].

While exposed of different concentrations of SLS (3, 5, 7 and 10mg/L.) to twenty juvenile turbots
(Scophthalmus maximus L.), revealed that 50% mortality at 384, 190, 12, and 4h respectively. The results indicate
that, the sub lethal chronic impacts of SLS on the survival, metabolism, and growth of juveniles Centropomus
parallelus at three different salinities [41]. There were another study showed that SLS affects metabolism and
swimming capacity of Cyprinus Carpio L. [42]. The acute toxicity of Daphnia magna increased with growing alkyl
chain length of Alcohol Sulfates [43].

Since the primary target impacts of SLS on bioindicators are the cell membrane, due to its ability to physical
and biochemical effects. This might cause epidermal cell proliferation and differentiations in vitro [44]. There was
an indication that the frequent revelation of SLS it could be the source of skin irritations and hyperplasia in guinea
pigs and is more sensitive to Rabbit skin cultures than human skin [45].

On the other hand, it has been reported that, the SLS may be unsafe by the oral route in mammals (LD50 1200
mg/kg bw), by the dermal route in rabbit (LD50 = ~600 mg/kg bw) and guinea pig (>1200 mg/kg bw) with skin and
eye irritation in all respectively [46].

While the treatment of rats with SLS (100-1000 mg/kg bw/day) was showed the augmented level of cholesterol
esters and phospholipids but, simultaneously reduced the levels of triglycerides, irritation of the gastro-intestinal
tract, systemic toxicity on epididymal sperm and slight to moderate maternal toxicity [47].

The SDS might cause damage to human health, if individual consumed <150 g [48]. The direct contact to SLS
(£20%) may produce moderate inflammations, irritations of the skin, in addition, the continuous exposures of SLS is
able to induce dermatitis like redness, swelling and blistering [49]. Hence in some people SLS may cause respiratory
irritations, breathing difficulties, and lung damage [50]. The hyperactivity of a body against an antigen (non-allergic
condition) was known as reactive airways dysfunction syndrome (RADS).

Further, the SLS was toxic on gram negative bacteria, [51]. Since, the increased amount of SLS in the cytoplasm
contributes to mis-folding of denatured protein which could be toxic to the cell with other toxic effects [52]
Whereas, it has an effect on various cell organelles and expressed up regulated and down regulated genes in
Saccharomyces cerevisiae [53].

Even though, the surfactant detergent as synthetic are reported to be acutely toxic to fish in concentrations
ranged between 0.4 and 40 mg/L, [54], so in this study we exposed chemical detergents to S.aurita fish liver for
more than 12 hours, where this detergent contains approximately 120ml of anionic surfactants(i.e., 20mg/L). The
result as shown on the flowing graphs indicates that the detergents (i.e., SLS) are able to cause toxicity to fish. Data
recorded revealed that toxicity of Na—lauryl sulfate (Table 1), demonstrated that there is a significant accumulation
of hepatic tissue cellular DNA during the GO-G1 in a significant way (P<0.05) compared with that of un-treated liver
tissue. In the same way there was an insignificant accumulation of hepatic cell's DNA in the S phase but not during
the G2/M phase, finally there was a significant arrest / DNA accumulation during the PreG1- phase (P<0.05) .

Table-1. The difference in cell cycle phases between SLS-exposed and unexposed fish sample.

No | Sample data Cell cycle Phases

Code G0-G1% S% G2/M% Pre-G1%
1 Unexposed 88.62 4.39 6.99 9.41
2 | SLS-exposed 93.49 5.07 1.44 15.32
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Figure-2. Variation in DNA content detected by flow cytometry and expressed as HPCV (%) in liver tissue isolated from two Sardine fish (S.
auriata) population, exposed to SLS contamination and unexposed (clean) one. Data are expressed as means = SEM (n = 4 animals/ month).
Asterisks denote a statistically significant difference from the unexposed population
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The SLS-exposure induced a major changes in ploidy level (e.g., polyploidy) in the tested fish liver tissues. For
putative chromosomal damage evaluation, mean HPCV values of the GO/G1 peak were calculated varying between
88.62% in liver of unexposed fish population, and 93.49% in liver of SLS-exposed fish population. A significant
difference in HPCV values (P > 0.05) were found in liver cells of SLS-exposed Sardine fish collected from
contaminated Tripoli site, compared to unexposed (clean) Sabratha (Table 1; Fig. 3). A great difference showed a
significant increase (P < 0.01) in HPCV values of G2/M at unexposed fish population (6.99%) of controlled cell
division, while, such values was decrease to about 1/3 (1.44%) in SLS-exposed population. Finally, a distinct
duplication in Pre-G1 phase was detected (15.32%) in SLS-exposed population, while, in normal value (9.41%)
during the cell cycle arrest in the cleaned fish population.

Table-2. The percentage (%) of apoptosis and necrosis of liver fish tissue

No Code Apoptosis Necrosis
Total Early Late

1 Unexposed fish 9.41 0.42 2.82 6.17

2 SLS-exposed fish 15.32 2.52 4.19 8.61

Table 2, illustrated different degrees of apoptotic (early, late) cells pathway, compared with un-reversible
necrotic pathway. Thus, a cell became necrotic when the plasma membrane integrity is compromised sufficiently to
let viability dyes such as PI, into the cell. Late apoptosis or necrosis can be identified by SubG1/ DNA analysis.
Early necrosis can now be identified in SLS-exposed fish population with a value of (8.61), which was
corresponding with higher apoptotic cell accumulations (15.32), compared to a normal pattern value (9.41%) in non-
contaminated fish population. Dead or necrotic cells display a differential signal of SLS contamination. DNA
analysis of high and low intensity SLS events show that low intensity events have a greater level of DNA in the
SubG1 area compared to the high intensity events, as in table 3 and figure 4. Whereas, dead cells can now be
identified as early or late necrosis by a combination of a viability dye, SLS, quantification of DNA and side scatter.
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Table-3. The difference in cell cycle phases between SLS-exposed and unexposed fish samples

Sample data Cell cycle Phases

Code G0-G1% S% G2/M% Pre-G1%
Unexposed 88.62 4.39 6.99 9.41
SLS-exposed 93.49 5.07 1.44 15.32

Figure-3. A histogram shows the different degrees of apoptosis and necrosis processes of unexposed fish population (purple colour) in
comparison with the SLS-contaminated fish population (red colour)
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Figure-4. A charts and histogram show a diploid DNA and single-peak aneuploid DNA histograms with minimal debris contamination.
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4. Histopathology

The Light micrograph of liver of unexposed fish population showing the normal hepatic cells with a polyhedral
and vacuolated tissue mass, and the pancreatic cells (Pc) of pancreatic part contain large amount of deeply stained
granules.

Figure- 5. A photomicrograph showing liver tissue from unexposed (clean) fish population with normal hepatic lobule with central vein and
hepatic cells arranged in cards. V= vacuolated hepatic cells; Pc= Pancreatic cells. H&E 100

Figure- 6. A photomicrograph of liver tissue from SLS-exposed fish population showing seven hepatocellular necrosis. H&E. 100
. » - - \
v -~ ’

. N L.
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5. Conclusion

The present work can be mentioned that, the presence of DNA damage suggests putative disruptions of the main
functions of liver tissue, which can lead to detrimental effects at the organism level.

The present data indicate that the detergents (SLS) are able to cause toxicity to fish. Data recorded revealed that
toxicity of Na —lauryl sulfate indicated that there as a significant accumulation of hepatic tissue cellular DNA during
the GO-G1 in a significant way (P<0.05) compared with that of un-treated liver tissue In the same way there was an
insignificant accumulation of hepatic cell’s DNA in the S phase but not during the G2/M phase, finally there was a
significant arrest / DNA accumulation during the PreG1- phase (P<0.05). In the mean time the accompanies
apoptotic profile of cells exposed to SLS showed a significant total apoptotic form significantly elevated compared
with control.
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