Review Article

Journal of Forensic Science and Toxicology

3

Biomarkers in Ecotoxicological Research Trails

OPEN ACCESS

*Correspondence:

Khaled Abdel-Halim Y, Department

of Mammalian & Aquatic Toxicology,
Central Agricultural Pesticides
Laboratory (CAPL), Agricultural
Research Center (ARC), Egypt,
E-mail: khaled_yassen68@yahoo.com
Received Date: 01 Nov 2018
Accepted Date: 04 Dec 2018
Published Date: 11 Dec 2018

Citation:

Khaled Abdel-Halim Y. Biomarkers in
Ecotoxicological Research Trails. J
Forensic Sci Toxicol. 2018; 1(1): 1005.

Copyright © 2018 Khaled Abdel-
Halim Y. This is an open access
article distributed under the Creative
Commons Attribution License, which
permits unrestricted use, distribution,
and reproduction in any medium,
provided the original work is properly
cited.

Khaled Abdel-Halim Y*

Department of Mammalian & Aquatic Toxicology, Central Agricultural Pesticides Laboratory (CAPL), Agricultural
Research Center (ARC), Egypt

Abstract

Biomarkers are demonstrated as novel strategies in ecotoxicolgical trails to implicate risk assessment
and policy. Evaluation of the stressors in the organisms and/or wildlife passes with challenges for
measuring risk factor. However, it is easy to assess the impact and adverse effects in target or non-
target. Modern pattern and technologies in toxicological research were updated to provide multi-
biomarkers categories. As stated, cytokines are employed as a novel biomarker especially that used
for allergy screening, disease's diagnosis, and occupational exposure assessment. On the other hand,
epigenetic marks on particular gene could serve as biomarkers for exposure to specific stressors or
toxic outcomes. Biomarkers may rely impact of physical and chemical compounds or environmental
changes on organisms. Most of biomarkers are enzymes, proteins and molecular molecules. So,
sentinel animals models can serve as good indicators to state ecosystem health or stress's evidence
during monitoring programs. Sum of biomarkers in correlation with stressors may provide early
warning of potential risk to ecosystems.
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Introduction

Biomarkers are defined as measurement of interaction between biological system and
environmental agent, which may be chemical, physical, or biological [1]. Therefore, in vivo induction
of biomarkers is a good environmental tool to assess the exposure and adverse effect of stressors on
organisms [2-5]. The biological response of an organism to a stressor following uptake may induce
changes at the cellular biochemical levels, resulting in alteration of the cell structure and function,
tissues and behavior of the organism [6-8]. Biomonitoring can be conducted by sampling organisms
living in the investigated areas (passive biomonitoring) or by exposure of organisms from either
reference site or laboratorial culture to the investigated area (active biomonitoring) [9].

Target Species

Sentinel animals models could involve mammalian or non-mammalian species, domestic
animals, or wildlife. Results/findings of the studies may include mortality, developmental defects,
reproductive effects, carcinogenicity, neurotoxicity, immunotoxicity, behavioral changes, and others
[10]. These findings provide early warning of potential risk to ecosystems. Although it is unlikely
that sentinel species data will be used as the sole determinative factor in assessing human health
risk, but can serve as a nearly evidence for further studies. Furthermore, they can suggest potential
causes and effects [11]. Bioindicators are generally understood to mean organisms or groups of
species whose occurrence, behavior, habit, etc. are closely correlated with defined ecological factors.
These factors can serve as direct indicators of the state of an ecosystem, stress on the ecosystem or
changes in the ecosystem. There are some parameters usually employed for the analysis of indicators
in monitoring programs:

. Change in the composition of species

. Presence or absence of key species

. Biomass (subdivided at least by ecosystem compartment)
. Biochemical stress indicators

. Pathology or parasitization of populations

. Analytical evaluation of bioaccumulation

Reaction Indicators

This concept can provide information about the overall state of stress at a site, but not about
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Figure 1: Interaction defining the selection of biomarkers.

the substance which have been found there on the basis of chemical
analysis. The selected species should have the following characteristics:

. Sensitivity to stress factors

. High density of individuals

. Easy to analyze/monitor

. Rapid success of generation

. Differentiation according to life forms or consumer type
. Confinement to certain geographical region

Accumulation Indicators

The accumulation indicators may be plants, mussels or
earthworm, but parts of higher organisms can also be used.

Accumulation indicators must meet the following conditions:

. Uptake of the foreign substance and concentration of the
substance in relation to the ambient medium in due time

. Tolerance of the foreign substance to permit uptake
. No problems with the residue analysis
. Laboratory keeping and breeding are possible.

Thus, it becomes necessary to know the distribution, life cycle,
and ecological traits of the native species present in ecosystems,
since these conditions could increase the ecological relevance of
biomarkers. Moreover, the selection of the target soil species is a
key aspect in biomarker studies, and can determine its usefulness,
but it can also induce mistakes when the final correlations are done.
Most studies in aquatic environments use of motionless species e.g.
mussels to avoid the preconception produced by the migrations and
the changes from polluted sites to polluted-free sites [12-15]. For
example, mosquito fish has a widespread occurrence in small streams,
easy to culture in laboratory and has highly enzymatic activities.
Thus, it is a potential sentinel to use as a regional bioindicator of
environmental contamination [16].

Terrestrial snails are now considered as appropriate bioindicator
in ecological risk assessment of chemical pollution. They have high
reproduction rate and population density [17]. In addition, they are
well adapted to warm climates and can survive long and rigid periods
because they form a wall of dried mucus which reduces water loss

during dormancy.

Earthworms represent the majority of total soil biomass and
have favorable effects on soil structure and function. Pesticides and
other contaminants in the natural habitat of earthworms can lead
to an ecological imbalance [18-20]. Depending on the capacity to
accumulate and concentrate large quantities of inorganic and organic
pollutants, earthworm species are widely recognized as suitable
organisms to monitor the effects of xenobiotic in contaminated
soils [21,22]. Comparisons of biomarker responses and toxicant
concentrations in soils lead to establish the sensitivity of the biomarker
measurements and determine their value when used in conjunction
with chemical data.

Microalgae have ecological significance attributing to their
position at the base of the aquatic food webs. Those attribute the
microalgae to be used as sentinel organisms in environmental
studies in order to evaluate the toxicity of various chemicals or
pollution discharges, and particularly inputs of metals [23-25].
Additionally, photosynthetic organisms such as algae are early and
timely indicators of potential hazard in aquatic systems and should
be seriously considered in any environmental assessment program
[26]. Many studies depending on organisms had been reported as
regionally important tools in environmental programs e.g. fish in
Australia, Asia, America and Egypt [27-31], land snails [32,33,10],
earthworm [34-39], macro algae [40-43], and microalgae [44-
47]. Moreover, biochemical responses of the organisms exposed
to Persistent Organic Pollutants (POPs), polycyclic aromatic
hydrocarbons (PAHs), and pesticides have been reported for the last
two decades and documented by the international Organizations
such as Economic Corporation and Development (OECD) and the
United State Environmental Protection Agency (USEPA).

Stressors

In ecosystem, the impact derived from different activities has
changed depending on the distribution of molecules, ions, and
compounds. Additionally, synthesis of new agro industrial and
pharmacological compounds has increased the number of pollutants
released into ecosystems [48]. Most of environmental pollutants may
be grouped to; i) toxic organic compounds such as PAHs, Endocrine
Disrupting Compounds (EDCs), Perfluorinated Compounds (PFCs),
and alkyl phenols (APs), ii) metals, and iii) emerging pollutants such
as pesticides and Pharmaceutical Active Compounds (PhACs). These
groups have the ability to stay for a long-term in the ecosystems.
This interaction allows chronic interactions of pollutants with
human and wildlife and facilitates their accumulation through the
skin and other tissues. For example, PAHs recalcitrance leads to the
expression of cytochrome P4501A in mussels, even months after the
first exposure episode [49]. In addition, they could be metabolized
to active molecules-forming adducts. Others such as pesticides
and PhACs are biotransformed by hepatic cells [50,48]. Metals are
biopersistent in biological systems at levels greater than those in
surrounding environment. This concept is recognized by formation
of Metallothioniens (MTs) [51].

The study of biomarkers allows the identification of side effects-
derived from pollutants in water and soil. On the other hand,
each system is influenced by the weather, water flow and levels of
contaminated stress as well as the interactions between pollutants and
target species [14]. Seasonal variations induce changes in temperature
and pH of the ecosystems. These changes allow microorganisms like
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Figure 2: Oxidation of 2'-deoxyguanosine (dGuo) by ROS/RNS formatting of
8-o0x0-7, 8-dihydro-2'-deoxyguanosine (8-oxodGuo).
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Figure 3: The importance of redox proteomic tools for the identification of
pollutant-induced oxidative stress.

cyanobacteria and algal blooms decrease the oxygen availability or
the production of toxic substances that could induce the expression
of proteins associated with oxidative damage, such as glutathione-S-
transferase [52,53]. Climate changes could increase the bioavailability
of PAHs, metals and increase the miRNA expression in fish exposed to
some metals [54]. The physicochemical composition of the sediment
and soil modulates the bioavailability of pollutants that finally inter
into the trophic chain. Metal ions are retained depending on the clay
proportion in soil and pH variations [55].

Enzymes

Measurement of activity of target enzymes, hormones receptors,
and neurotransmitters are commonly used as biomarkers for acute and
short-term exposure to agrochemical as well as other toxic chemicals.
The successful biomarker must be applicable under laboratory and
field conditions [56]. Organophosphorus (OP) and Carbamat (CB)
pesticides continue to be important classes of agrochemicals used in
modern agriculture worldwide. So, they persist in the environment
for a relatively short time, but they show a high acute toxicity that may
represent a serious hazard for wildlife. They are specific inhibitors
for Acetylcholinestrase (AChE, EC 3.1.1.7) in the nervous system. It
is considered the most popular biomarker of OP and CB pesticide
exposure in many vertebrate and invertebrate species [57,58]. Most
of the studies concern ecotoxicological investigations involve the use
of Cholinesterase (ChE) as a biomarker of exposure to these groups
in aquatic organisms [30], marine organisms [59]. Despite, terrestrial
snails are now considered as applicable bioindicator in ecological risk

assessment of xenobiotic pollution; few studies have investigated the
lethal and sublethal effects of OP and CB pesticides in the terrestrial
snails [59].

Since there is a close relationship between environmental stress
and the rate of cellular reactive oxygen and nitrogen species (ROS/
RNS) generation in the organism, ROS/RNS can be produced as
by-products of cellular metabolism. If they are not immediately
intercepted by antioxidant defenses, they could oxidize different
cell components when the rate of production exceeds the rate of
decomposition by antioxidant defenses and repair systems. Oxidative
stress can be established leading to oxidation of key cell components
(Figure 1) [60]. Exposure of organisms to pollutants can promote
an increase in the rate of ROS/RNS production, thus the assessment
of oxidative stress-related parameters in specific sentinel organisms
could be included in environmental pollution monitoring studies
to predict the impact of xenobiotic present in the environment.
However, other environmental parameters not related to pollution,
such as temperature, salinity, and others can cause important
changes in biochemical system that have been reported as biomarker.
Therefore, basic information about the influence of these factors
on the biomarker to be used in different species is required to get
accurate investigations [61].

Organisms have antioxidant defense mechanisms that prevent
and intercept ROS/RNS, as well as repair mechanisms for oxidized
components. Also, cells contain antioxidant enzymes that can
intercept ROS/RNS, protecting molecular targets against oxidative
injury. The three major antioxidant enzymes are the Superoxide
Dismutase (SOD) which converts O,” to H,0,, Catalase (CAT)
that catalyzes the decomposition of H,O, to molecular oxygen and
water. Finally, glutathione peroxidase (GPx) which reduces both
H,0, and lipid hydroperoxides associated to glutathione oxidation
(GSH) [60]. Enzymes involve in the transport and elimination of
reactive compounds carry other indirect antioxidant functions
e.g. glutathione-S-transferase and the transport systems for the
glutathione-S-conjugates. Non-enzymatic defenses include the fat-
soluble vitamins, a-tocopherol, and B-carotene, as well as some low
molecular weight compounds like glutathione content (GSH).

On the other hand, cell membranes are potential targets of
attack by ROS/RNS. The attack of membrane lipids by these species
initiates an oxidation process known as lipid peroxidation (LPO).
The formation of LPO in membranes disrupts the normal cellular
metabolism, triggering adaptive responses and/or causing cell
death [62]. Another oxidative damage breaks a number of different
modified DNA bases. Recently, the evaluation of modified DNA
bases, especially 8-oxodGuo levels has proved to be a good indicator
of oxidative stress caused by xenobiotic exposure (Figure 2). The
oxidized DNA induced in different experimental models by ‘OH and
"O2 is considered as a fingerprint to oxyradicals attack to DNA [63].
The use of oxidative stress biomarkers is of potential interest for the
assessment of the pollutants impact or seasonal variations in animals
under field conditions [64,65]. Moreover, the interaction between
xenobiotic and the components of the antioxidant defense systems
play an important role in ecotoxicological response of an organism to
its environment [32].

Biotransformation enzymes participate in the solublization and
removal of xenobiotic to avoid its bioaccumulation and entering the
trophic chain. Monooxygenases of the cytochrome P4501A are a
complex (CYP1A1). Itsroleis the metabolism of xenobiotic, catalyzing
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Table 1: Biomarkers used in environmental risk assessment studies.

Group Name Abberv. Biological processes References
Eukaryotic
CYP1A i i
Cytochrome P450 Exposure/trgnsformatlon of aromatic and planar [14,68,69]
organochlorine compounds
Biotransformation Enzymes Ethoxyresorufin-o-deethylase EROD
Glutathione-S-transferase GST Exposure/biotransformation of xenobiotics such as PAHSs,
PCB PCDD (53]
Glutathione GSH CBs and PCDDs
Superoxide dismutase SOD
Catalase CAT
Glutathione
GPx - . . .
Peroxidase Qv_er expression in so.meltlssues such as gills, but mainly [70]
L in liver after the detoxication process
Oxidative and cellular stress )
. Glutathione GR
proteins
Reductase POD
Peroxidase
Lactate dehydrogenase LDH Cellular lysis and tissue damage
[71]
Heat shock protein 70 HSP70 Produced in response to chemical or physical stressors
Meta!—blndmg cysteine-rich Metallothioneins MTs Compensatory mechanism during exposure to heavy [72,73]
proteins metals (Cd, Fe, Hg, Zn, As)
Vitellogenin VTG
Vitelline envelope proteins VEPs
Alteration or disruption of hormonal axis by mimicry [74,14]
Endocrine system proteins Cytochrome P450
CYP19A
Aromatase
Acyl Coenzyme A oxidase ACOX1 Produced after exposure to oil hydrocarbons [75]
Direct 1AP-binding DIABLO (SMAC) Found in liver after exposure to PCBs [76]
. mitochondrial protein
Programmed cell death proteins .
Initiators of programmed cell death when the stressor
Caspases CASP2-10 . ) [76]
overcome rescue mechanismsd in the cell
. . It can overcome 8.8 times its expression after oil spills in
Micronuclei (771
mussels
DNA integrity markers DNA adducts Exposure of DNA to intercalating aromatic planar 78.14]
DNA fragmentation compounds Y

the oxidative biotransformation, reduction and hydrolysis of the
substrates. This concept explains that, these nonpolar compounds
are converted into more water-soluble molecules that may be
excreted by the organism. In aquatic ecosystem, CYP1A is widely
monitored in fish and mollusks which described a strong association
of the expression and the presence of aromatic hydrocarbons [66].
In mussels exposed to oil spills, CYP1A levels begin to increase on
month after exposure and remain detectable after six months [49].

Protein

Many environmental pollutants can alter cell redox balance
and induce oxidative proteins. They induce the generation of ROS/
RNS and cause serious toxicity independent of quick interaction
with biomolecules. Oxidation of proteins can be regarded either as
negative consequence of a stress conditions (especially, irreversible
protein oxidative modifications such as carbonylation, oxidation
of cysteine to sulphonic acids, oxidation of tryptophan) or specific
signal for the cell to respect to such stress (Figure 3). Despite, the
environmental and occupational settings may generate free radicals,
an accurate demonstrations of their effects at molecular level has
started to be addressed [67]. Several research groups have pioneered
a proteomic approach for ecotoxicology. This field is rapidly growing
and gaining interest within the scientific community.

Carbonylated proteins are considered the best characterized

category of oxidized proteins. Protein identification can be
followed by gel-based or gel-free methods. The main used
method depends on derivatization with specific reagents such as
2,4-Dinitrophenylhydrazine (DNPH) or biotin hydrazide. The
products may be subjected to reversed phase chromatography
coupled with mass spectrometry (RPC-MS/MS) or ion exchange and
IEC/RPC-MS/MS. Similarly, avidin can be used to detect biotynilated
proteins by affinity chromatography or ELISA technique (Table 1).

Heavy metal-associated proteins are high molecular weight
proteins rich in cysteine and sulthydryl groups, which interact with
metal ions and induce the transformation in the system. This kind of
protein expression is named Metallothions (MT). The gene coding
of protein was observed in organisms exposed to heavy metals. For
example, overexpression of metalloproteins mRNA has been detected
in fish and shellfish exposed to high concentrations of zinc (Zn),
aluminum (Al), copper (Cu), lead (Pb), and cadmium (Cd) [70].

The new protein Chip technology allows fast and easy biomarker
screening, particularly by processing large sets of individual samples.
Additionally, SELDI-TOF-MS can be applied to investigate the
effects of environmental contaminants and to establish new sensitive
biomarkers for a variety of biological samples and contaminants.
However, few toxicogenomic studies exist using the protein Chip
technology aimed at identification pollutant-specific fingerprints.
Differential profiling of human serum proteins has been performed
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following exposure to heavy metals such as tin (As) and Pb [79-82] or
to benzene [83]. Additionally, the coupling of protein Chips with MS/
MS for the identification of proteins will provide researchers with a
newer and powerful tool for biomarkers discovery. For these reasons,
SELDI-TOD technology could represent analytical tools important
to be promising.

Molecular Biomarkers
Cytokines

Inflammation is an adaptive response involving soluble mediators
and specialized immune cells that is triggered in response to
infections, toxicants or other forms of injury (Medzhitov, 2008). For
example, Engineering Nanomaterials (ENMs) may act as inducers
and stimulate the production of inflammatory mediators by innate
immune cells. The variability in inflammatory responses to different
ENMSs may give prediction patterns of cytotoxicity coupled with pro-
inflammatory cytokine responses. Recently, occupational exposure
to toxicants can cause both pulmonary and airway-inflammation.
Exposure to organic compounds e.g. PAHs and carbon black
particles together resulted in changes in secretion of cytokine; IL-8
(Goulaswe et al). Proteomics and toxicopanomics can increase the
speed and sensitivity of toxicological screening by identification of
protein markers related to inducers. Proteomics techniques may
help to identify new molecular targets for toxicants or provide novel
identifications into mechanisms of action. Such patters or fingerprints
could be used. Regarding this reason, Luminex technology can be
used in proteomic examination for its potential in discovery of new
biomarkers and toxicity signatures, in mapping serum, plasma, and
other biofluid poteomes, and transcriptomic studies. It expands the
range of analytes measured in a single sample to as many as 100 using
microspheres in solution phase as a solid support for trapping the
antibodies. The Luminex Lab MAPTM system is a powerful tool
to use in proteomic biomarker profiles for toxicity prediction or
occupational exposure assessment.

Epigenetics

The field of epigenetics addresses how genes and the environment
interact to form the basis of heredity and comes up with some
surprising findings. The two types of epigenetic marks that have
received the most attention are DNA methylation and histone
modifications. They are essential to establish patterns of gene
expression in the early embryo and often persist throughout life [84].
DNA (deoxyribonucleic acid) methylation and histone modification
have been identified as important factors in epigenetic depending on
regulation DNA methylation involves the addition of a methyl group
to the 5’ carbon of cytosine in a CpG sequence (cytosine-phosphate-
guanine). Histone tails can also be conveniently modified by a number
of different processes, e.g. methylation, acetylation, phosphorylation.
Finally, microRNAs (miRNAs), a large family of non-coding RNAs
(ncRNAs) that are evolutionarily conserved, endogenous and 21-
23 nucleotides in length, need to be taken into accounts miRNAs
regulate gene expression by targeting messenger RNAs (mRNAs) by
binding to complementary regions of targeted transcripts to repress
their translation or trigger mRNA degradation. They are encoded
by the genome, and more than 1000 human miRNAs have been
modified so far.

Certain stressors such as radiation and some chemicals can alter
patterns of gene expression by mutation of DNA directly, but these
events are relatively rare. In fact, chemicals and other environmental

factors have not disrupted gene expression by any mechanisms other
than mutation. However, epigenetics may be addressed only in cases,
where changes to gene expression are heritable (either mitotically or
meiotically). This characteristic suggests that transient exposures can
have important consequences at later life stages and also potentially
affect the health of offspring. The epigenome acts as an interface
between the changing environment and the genome, which is still
very stable and resistant to environmental influences. However,
typical environmental alterations to gene expression will generally
decrease once a stressor is removed; epigenetics effects can persist as
cells divide and even into successive generations.

In fact, chemicals can cause epigenetic effects. Different
classes of environmental contaminants including metals, EDCs,
organohalogens, and solvents have been linked to epigenetic effects.
In some cases, stressor-induced epigenetic modifications have
been associated with negative health outcomes. Also, epigenetic
effects occur at a range of contaminant levels, including very low
concentrations of chemicals. The field of ecotoxicology has a lot to
offer in this regard. Several model organisms can be studied in the
laboratory under controlled conditions, and also in the fields under
real-life exposure to multiple stressors. Most research on epigenetic
effects of environmental chemicals have been done on rat, mouse
and cell line, but epigenetic effects of stressors are also observed in
ecologically relevant organisms. Such epigenetic changes (altered
DNA modification and covalent histone modifications) may take
place at the earliest stages of carcinogenesis and the identification of
related markers which hold great promise for both risk assessments of
chemical safety and biomedical research (Park, 2011). OECD recently
stated proposal to develop work plan for assessing identification of
biomarkers for genotoxic and/or non-genotoxic effects including
epigenetics in systems of toxicology. These outputs may be provide
and identify cancer prediction markers which could be useful for
categories of chemicals in addition to genotoxicity test methods
currently implemented.

Scientific evidence stated that, human domestic animals,
wildlife and fish have been imposed adverse health effects mediated
chemicals, including pesticides. These pesticides are referred to be as
ED [85]. It is surprising that pesticides could have an ED potential, a
compromise concern their mode of ED action and their acceptable
risk assessment protocols, guidelines, methodologies and endpoints
remains indefinable to a great extent [86]. Many problems have
been detected in domestic or wildlife species exposure to some
organochorine compounds, PCBs, dioxins and some naturally
occurring blow estrogens. Environmentally-polluting chemicals such
as pesticides, can induce changes in DNA methylation in adults,
influence their susceptibility to different pathologies and propagate
diseases decades later in their offspring that were only exposed during
prenatal and early life [87].

The concepts behind epigenetic have stirred up ideas in
ecotoxicology from the basic understanding of mechanisms of action,
to risk assessment and policy. The most considerable concept of
epigenetics related to ecotoxicology is that, epigenetic mechanisms can
create a temporal disconnect between exposure and effects. Exposure
to chemicals early in development can leave epigenetic marks
that result in disease later in life. Additionally, chemical-induced
epigenetic modifications invited in one generation may be accepted
to future generations in the absence of the initial stressor. Similarly,
chemicals with an epigenetic modification can leave a lasting mark
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that alters cell function, even when the chemical is no longer present
[88-90]. The concept of a lasting epigenetic signal is highly relevant
to biomonitoring and ecological risk assessment. Biomonitoring is
used to assess exposure levels by direct measurement in target tissues.
Along with information about the chemical's hazard, these values can
support estimates of risk. Unfortunately, specific-hazard data are lack
for many chemicals; the epigenetic effects are practically unknown. To
assess risk in the absence of specific hazards, scientists often employ
correlation approaches, linking chemical exposures with predictors
of population health or biomarker responses. Epigenetic marks on
particular gene could serve as biomarkers for exposure to specific
stressors or toxic outcomes. In addition, epigenetic mechanisms
may provide explanations for unresolved observations in the field of
ecotoxicology.
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