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Abstract

Naphthalene, a main ingredient in the traditional mouthballs is reported to cause various health problems, including hemolytic anemia,
diarrhea, some neurological diseases and even cancer. This article aims to depict possible mechanisms of naphthalene-induced symptoms and
diseases in human and other animals. Naphthalene may act through induction of oxidative stress and inflammatory pathways along with the
alterations of some important cellular biochemicals such as gamma amino butyric acid, hemoglobin, glutathione and malondialdehyde. Sufficient
measures should be taken to naphthalene exposure or consumption of naphthalenated products.
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Introduction

Naphthalene (C H,), the simplest polycyclic aromatic
hydrocarbon consists of a fused pair of benzene rings. It is used
as a main ingredient of traditional mothballs. Generally, it is
used as a precursor to other chemicals. It is used as a synthetic
aid of synthetic dyes, dyestuffs, pigments, rubber processing
chemicals and other chemicals as well as pharmaceuticals [1].
Naphthalene derivatives are also used in the manufacture of
polymer plasticizers (dispersants), helpful to produce concrete
and plasterboard (wallboard or drywall), as dispersants in
synthetic and natural rubbers, and as tanning agents in leather
industries, pesticides, dyes and lead-acid battery plates. Molten
naphthalene is used as a solubilizing agent of poorly soluble
aromatic compounds and as an effective nondetergent wetting
agent for colloidal systems in aqueous media [2,3].

However, the best use of naphthalene is as a household
fumigant, as it can repel some animals, insects and opossums;
control pests. Literature reviews suggest that, naphthalene
exposure (acute and chronic) causes some general to serious
health problems, such as nausea, vomiting, diarrhea, fatigue, lack
of appetite, restlessness, pale skin, confusion, bloody urination,
hemolytic anemia and jaundice [4]. Exposure to naphthalene
vapors evident to cause carcinogenesis, especially in lung and
brain [5]. It is a Group IIB type carcinogen [6]. Acute exposure
of naphthalene can cause cataracts in human and rodents.

According to the California’s Proposition 65, naphthalene can
cause cancer in human and other animals (Proposition 65).

Approximately 400 million people worldwide are deficient
in glucose-6-phosphate dehydrogenase (G6PD).
years, naphthalene-exposure mediated damage or destroy red
blood cells are thought to be linked in G6PD deficient patients
[7]. In a recent study, a positive co-relation between 1- and
2-hydroxynaphthalene urinary metabolites and hemoglobin
(Hb) and hematocrit (HCT) in non-Hispanic White, non-Hispanic
Black, and Mexican-American adults in the US have been
observed [8].

In recent

US government agencies have set occupational exposure
limits for naphthalene exposure within 10 to 15 ppm (50 to
75 mg/m?) [9], while European Union have been banned using
mouthballs containing naphthalene since 2008 [10]. In China,
the use of naphthalene in mothballs is forbidden. In Bangladesh,
naphthalene is vastly used as a fumigant. This article aims to
sketch possible toxicological action mechanisms of naphthalene,
especially in this type of patients.

Possible mechanisms of naphthalene toxiclogy

G6PD reduces nicotinamide adenine dinucleotide phosphate
(NADP*) to NADPH during oxidizing glucose-6-phosphate
(G6P) [11], that involves in the biosynthesis of fatty acids or
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isoprenoids, especially in the liver, mammary glands, adipose
tissue, and the adrenal glands. In general, this enzyme catalyzes
the first step in the pentose phosphate pathway to generate
NADPH which maintains the level of glutathione in these cells
that helps to protect the red blood cells (RBCs) against oxidative
damage from reactive oxygen species (ROS). These ROS can
cause damage of cellular macromolecules (e.g. - carbohydrates,
proteins, lipids, as well as genetic materials such as DNA, RNA).

Glutathione, an important antioxidant in plants, animals,
fungi, and some bacteria and archaea is capable of preventing
cellular components damage caused by ROS such as free radicals,
peroxides, lipid peroxides, and heavy metals [12]. Glutathione
plays an important role in preventing oxidative stress in human
cells, via scavenging hydroxyl radicals, singlet oxygen, and
various electrophiles. GSH reduces the oxidized form of the
enzyme glutathione peroxidase (GPx), which in turnreduces H,0,
to water and molecular oxygen, ameliorating oxidative stress in
cells, including RBCs. Although, hydrogen peroxide (H,0, ) like
other ROS plays a key role in the immune system. Scientific
reports suggest that in large amount of H,0, exerts damaging
effects of proteins and lipids, thereby causing intravascular RBC
lysis and/or extravascular RBC clearance by macrophages in the
reticulo-endothelial system [13]. An inappropriate level of white
blood cells (WBCs) can accumulate H,0, in the lung of asthmatic
patients [14], which may cause excessive tissue damage in this
category patients. Moreover, excessive production of H,0, is
evident for cellular aging [15] and development of cancer [16].

Certain oxidative substances, including medications can
cause hemolysis in G6PD-deficient individuals by inducing
oxidative stress. In Tribolium castaneum, the lethal concentration
50 (LC,,) for naphthalene was found 63.6 pL/L, which was less
than naphthal but more than two times higher than benzene
[17]. It was also demonstrated that the naphthalene inhalation
are able to induce oxidative stress along with the alterations
in reproduction, development, metamorphosis, metabolism,
neurotransmission, and death of the insect. Naphthalene-
induced oxidative stress was also reported by Huang et al. [18]
where naphthalene at 500 mg/kg for 60 d significantly increased
the production of H,0, and malondialdehyde (MDA) by Trifolium
repens.

Generally, ROS degrade polyunsaturated lipids and form
MDA [19], which subsequently reacts with deoxyadenosine and
deoxyguanosine in DNA and forms DNA adducts, the primary one
being M1G, which is mutagenic [20]. It has been reported that in
an established tumor, elevated levels of glutathione can protect
cancerous cells by conferring resistance to chemotherapeutic
drugs [21]. Thus, an alteration in glutathione levels may not only
relates to the development of oxidative stress-mediated diseases
but also anticancer drug resistance.

Moreover, glutathione can activate the purinergic P2X7
receptor from Miiller glia, inducing acute calcium transient
signals and causes the release of gamma-aminobutyric acid

(GABA) from both retinal neurons and glial cells [22]. GABA,
the chief inhibitory neurotransmitter in the mammalian central
nervous system (CNS), which is responsible to reduce neuronal
excitability [23].
anxiety, and anti-convulsive effects [24]. Thus an inhibition of
glutathione may link to the GABAergic occurance of restlessness,
anxiety and convulsion in the animals.

GABA at high levels exerts relaxing, anti-

GABAergic mechanisms have been also reported in various
peripheral tissues and organs, including intestines, stomach,
pancreas, Fallopian tubes, uterus, ovaries, testes, kidneys,
urinary bladder, lungs, and liver [25]. An excitatory GABAergic
system has been found in the airway epithelium, which can be
activated by the exposure of allergens, possible participants in
the mechanisms of asthma [26]. Moreover, GABAergic systems
have also been found in the testis [27] and in the eye lens
[28]. It is also indicated that, GABA is a primarily excitatory
neurotransmitter in the developing brain [29]. In a study, it was
suggested that orally administered GABA increased the amount
of human growth hormone [30]. It seems, naphthelene exposure
during the pregnancy or earlier stages can affect the overall
development in animals.

The extracellular amyloid beta (AB) plaques, neurofibrillary
tangles, inflammation in the form of reactive astrocytes and
microglia, and neuronal loss are all consistent pathological
features of Alzheimer’s disease. The soluble oligomeric Af3 species
are now considered to be of major pathological importance in this
important neurological diseases. Down-regulation of GSH may
induce the oxidative stress and neurotoxic effects of oligomeric
AB. Memory loss and confusion are the main symptoms in AD.
On the other hand, a change in the brain’s electrical activity is a
major cause of seizures. Naphthalene may affect these pathways.

Nausea, a feeling of vomiting, while vomiting is an
uncontrollable reflex that expels the contents of the stomach
through the mouth. They may occur together or separately.
Ingestion or exposure of a variety of substances, including
noxcious aromatic compounds can lead to these symptoms. The
vomiting center activates directly by the irritants or indirectly
through four principal areas: gastrointestinal tract, cerebral
cortex and thalamus, vestibular region, and chemoreceptor
trigger zone (CRTZ). The CRTZ, closest in proximity, lying
between the medulla and the floor of the fourth ventricle is not
protected by the blood-brain barrier which permits irritants
regardless of their lipid solubility or molecular size [31].

Diarrhea can cause dehydration and electrolyte imbalance
due to fluid and electrolyte loss. Inflammatory diarrhea, among
the other types, occurs when there is damage to the mucosal
lining or brush border, that leads to a passive loss of protein-
rich fluids and a decreases the ability to absorb these lost fluids
[32]. Inflammatory bowel diseases can cause simple diarrhea or
bloody diarrhea. Antioxidants and antiinflammatory agents can
be used to treat these kinds of diseases, as oxidative stress and
inflammation are known to occur in this case [33]. On the other
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hand, paleness is caused by reduced blood flow and oxygen or by
a decreased number of RBCs. Acute anemia due to rapid blood
loss of RBCs and bleeding from the stomach or intestinal tract.

In summary, naphthalene can induce ROS and inflammation
in the exposed host, thereby, causes alterations of cellular
biochemistry and destroy cellular macromolecules, leading
to cause many health problems, including neurodegenerative
diseases and even cancer. Naphthalene-mediated reduction of
RBCs and jaundice may be due to its hemolytic effects in animals.
We should take sufficient measures in the use of mouthballs or
direct exposure of naphthalene.
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