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There are many biomonitoring studies of nickel in the mollusks, but to understand how the nickel
is accumulated in the human body and the health risk posed by the metal is not a straightforward
formula. Therefore, the aim of this paper is to draw a conceptual model of nickel content in the E-mail: yapckong@hotmail.com
bodies of invertebrate mollusks and their gastrointestinal absorption of nickel. This model is useful yapchee@upm.edu.my
to understand how nickel accumulation in the tissues of the mollusks could affect the nickel oral
ingestion pathways. This conceptual model can shed some light on the mechanisms of nickel that
may cause various toxicological risks and target cancer slope formulation in the future.
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The aim of this paper is to draw a conceptual model of nickel content in the

bodies of invertebrate mollusks and their gastrointestinal absorption. This is due
to the fact that consumption of seafood mollusks may be a significant pathway ~ KeYWwerds

of seafood contaminants such as heavy metals [1]. In particular, mollusks such > Seafood mollusks

as cockles are filter feeders, making them a significant potential source of human > Human health risks
exposure to the Potential Toxic Metals (PTM) [2]. Consequently, human health

assessment of shellfish consumption is a fundamental component of seafood safety

»  Nickel potentially

risk assessments. Such assessments involve accurately the estimation of shellfish
consumption, and the elevated concentrations of the PTM of interest [3], which may
contradict the multiple health benefits provided by fish and shellfish consumptions
[4-9]. Nickel is found in many aquatic foods [10], and it binds to proteins and

nucleic acids in fish and shellfish, and may cause toxicity by interfering with the

Fe metabolism [6,11]. Even though there are many biomonitoring studies of nickel

in the molluscs [4-9] but it is hard to understand how the nickel is accumulated in
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the human body. Consequently, the mechanisms of how the
elevated nickel accumulated in the human body could pose a
human health risk is still an enigma.

Despite the fact that there is no evidence that nickel has
a physiological or nutritional advantage in humans [12], it
has been identified as a crucial and major ingredient in a
variety of microorganisms, plants, and animals [13-16].
Stainless steel, alloys, rubber and plastic industries, Ni-
cadmium battery sectors, and electroplating industries all
use nickel and nickel compounds [3,9-11]. However, due to
the extensive spread of objects containing this metal, the
production and use of nickel and its derivatives can expose
persons and the environments to a variety of dangers, with
its secondary products damaging the environments at all
stages of manufacture, recycling, and disposal [10,11].

Human exposure to highly Ni-polluted environments
can cause a range of pathological and toxicological effects,
which is our primary public worry since it has been related
to health issues in those who deal with the metal. Nickel
and nickel compounds have been associated to a variety
of unfavorable health consequences in humans, including
lung fibrosis, renal illness, cardiovascular disease, and
respiratory tract cancer [12,13]. Group 1 includes both
soluble and insoluble nickel compounds (carcinogenic to
people). Nickel and alloys, on the other hand, are classified
by the International Agency for Research on Cancer (IARC)
as Group 2B (possibly carcinogenic to humans) [14].

Hertel, et al. [15] provided a comprehensive list of nickel
environmental health standards. The indirect genotoxic
and epigenetic mechanisms are the threshold paradigm for
nickel carcinogenicity [16]. Das, et al. [17] examined Ni-
induced genotoxicity, carcinogenicity, immunotoxicity,
and toxicity in metabolically active tissues. A study of the
chemical characteristics of nickel in people, and the causes of
nickel toxicity were reported by Genchi, et al. [18]. All of the
abovementioned facts clearly demonstrated the importance
and significance of nickel in terms of environmental and
human health.

Conceptual model of nickel content in the bodies
of invertebrate mollusks and their gastrointestinal
absorption

In the risk evaluation of metals, estimating
Gastrointestinal Absorption (GA) is a difficult task. Given
the uncertainty of calculating metal absorption in humans,
Diamond, et al. [19] examined GA of lead by presenting the
physiological mechanisms involved in metal absorption into
health risk assessment. In the framework of this model, the
GA of lead is discussed [19]. Metal (such as lead) is primarily
ingested and absorbed through the gastrointestinal tract in
the population [20].
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The accumulation of nickel by invertebrate mollusks is
depicted schematically in figure 1, which is adapted from the
model of a decapod crustacean [21,22]. Nickel adsorbed on
the surface of a mollusk's mantle, gill, gonad, foot, and shell
(and potentially desorbed when dissolved circumstances
alter) would add to the mollusk's total body concentration
of nickel. After uptake from solution through permeable
ectodermal surfaces or across the endoderm of the gut,
nickel will be metabolically available that is, it will have the
ability to bind to molecules in the receiving cell or elsewhere
in the body after internal transit via the hemolymph (Figure

1).

In the case of an essential nickel, it is available to bind
to sites where it can play an important role (e.g., zinc in the
enzyme carbonic anhydrase or copper in hemocyanin) or,
if present in excess (due to excessive entry), to sites where
it can cause toxic effects (e.g., zinc in the enzyme carbonic
anhydrase or copper in hemocyanin). An excess of necessary
nickel must be detoxified, tied tightly to a binding site from
which escape is limited, most likely in a storage organ
beyond the absorption site. The nickel has now entered
the detoxified storage (Figure 1), which can be transient or
permanent. Depending on the nickel accumulation pattern of
a given mollusk species (cockles, gastropods, and mussels),
nickel taken up into the body may or may not be expelled,
either from the metabolically accessible component or from
a detoxified store (Figure 1) [22,23].

Following the nickel accumulated in the detoxified
forms and metabolically available nickel in the body of
mollusks (seafood), the seafood to be consumed will follow
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Figure 1 A schematic representation (a conceptual model) of nickel content
in the bodies of invertebrate mollusks (redrawn from Rainbow [21,22]).
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the schematic pathway to the GA of nickel. It starts with
seafood consumption in the human mouth with mechanical
breakdown into smaller pieces ending at the nickel’s GA
(such as duodenum).

Metal (such as nickel) absorption in the gastrointestinal
tract is assumed to occur predominantly in the duodenum
[19]. Nickel absorption has a specific mechanism that is well
understood. However, a theoretical model of nickel's GA can
be considered. The existence of saturable and non-saturable
pathways in the duodenum was demonstrated (based on
the Pb absorption model [19]), with the saturable pathway
involving some mechanisms associated with serosal transfer
presumable transport mechanisms within the cell or the
basal and lateral membranes. Nickel ion (Ni2+) complexes
with one or more ligands may transport nickel out of the
lumen and through the cell's basolateral membrane (Figure
2).

Nickel and its complexes can enter the cell by membrane
carriers or channels at the apical membrane. Apart from
diffusion through cation channels, Ni2+ can be transferred
as a protein complex via pinocytosis or a compound with
amino acids in this epithelial cell. However, there has
been no direct evidence of this nickel complex transport.
Nickel interacts with several intracellular ligands such
as calcium-binding proteins once within the cell (Figure
2). Experiments on nickel GA should be conducted in the
future. The mechanisms governing nickel absorption in the
gastrointestinal tract would assist in making more accurate
assessments of nickel's health concerns in humans.
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Figure 2 A conceptual model of gastrointestinal absorption of nickel (Ni)
(modified from Diamond, et al. [19]). Note: Lx, Ly, and Lz are ligands of X, Y,
and Z. A schematic model of selective permeability routes of epithelial cells.
The paracellular (between the cells; (1) and transcellular (through the cells;
(2) routes control the passage of substances between the intestinal lumen
and blood.
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CONCLUSION

This model could assist in understanding how the
accumulation of nickel in the tissues of mollusks could affect
the nickel oral ingestion pathways. Finally, this conceptual
model can shed some light on the mechanisms of nickel that
may cause various toxicological risks.
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