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Abstract: The immune system is an integrated organization, comprising of specific organs, cells and
molecules playing a crucial role in the maintenance of health. The purpose of this paper is to give a

=

Mohammad Abdollahi

mechanistic overview of toxic effects of various chemicals and pharmacological agents, and their interaction with the
various components of the immune system that leads to modulation of the immune responses. Studies suggest that many
chemical agents present in the environment like; heavy metals, agrochemicals, and various types of hydrocarbons possess
immune toxicity and cause either structural, functional or compositional changes in various components of the immune
system that alters immune response. There is present a complex bidirectional relationship between central nervous system
(CNS) and the immune system. And receptors for neuropeptides, neurotransmitters, and hormones are located on
lymphoid organs. Therefore, we are of the opinion that Endocrine Disrupting Chemicals (EDCs) present in our
environment may be indirectly involved in causing immune toxicity via neuroendocrine channels, and vice versa many
neurological disorders may be associated with environmental pollutants utilizing immuno-neuroendocrine pathways.
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INTRODUCTION

The immune system is an integrated organization
comprising of specific cells and molecules. The cellular
components of the immune system are derived from
hematopoietic stem cells in bone marrow, which include
polymorphonuclear (PMN) leukocytes and lymphocytes.
PMN leukocytes are further classified as basophils,
eosinophils, neutrophils, mast cells, monocytes, dendritic
cells and macrophages. And lymphocytes include B- and T-
lymphocytes, and natural killer (NK) cells. Plasma cells
which secrete antibodies are derived from B-lymphocytes.
And in thymus the T- lymphocytes are differentiated into
distinct types of cells, CD4 T-helper cells, and CD8+
cytotoxic T-cells [1].

ENVIRONMENTAL POLLUTANTS AND IMMUNE
SYSTEM

Heavy industrialization and scientific developments have
led to the addition of detrimental chemicals to the
environment in the form of heavy metals, agrochemicals, and
various types of hydrocarbons posing constant health threat.
According to various toxicity studies, it has been indicated
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that the immune system is a potential target for toxic assault
of many chemicals present in our environment. These
pollutants have the ability to modulate the normal
physiology of immune system in humans and experimental
animals and compromise the host defense mechanisms [2-4].

MECHANISMS OF IMMUNOTOXICITY LINKED TO
VARIOUS ENVIRONMENTAL POLLUTANTS

Environmental pollutants induce immunotoxicity by
disturbing the homeostasis. They cause structural, functional,
and compositional changes in various components of the
immune system or indirectly show an effect on various
metabolic and hormonal pathways. The outcome, as a result
of altering the normal homeostasis may be either suppression
or stimulation of the immune system. We focused on toxic
effects of pollutants which cause structural, compositional,
and functional changes in the immune system.

COMPOSITIONAL CHANGES IN IMMUNE SYSTEM

Compositional changes include alteration in the profile of
colony forming unit (CFU) in bone marrow, changes in
hematologic cellular parameters, alteration in circulating
immunoglobulins level, alteration in CD3+, CD4+, CD8+
B220+, in spleen and alteration in CD4+/CD8+ or CD4-
/CD8-, ratio in thymus [5]. T- Lymphocytes, B-lymphocytes
and NK cells, present in the blood and lymphatic system are
responsible for the specific adaptive immune response. Any
type of toxic effect experienced by lymphocytes leads to
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alteration in immune response of the host. The most
important among all particulate air pollutants is asbestos
having immunotoxic properties in exposed populations.
Exposure to asbestos has been reported to decrease T-
lymphocytes and elevate serum immunoglobulins.
Furthermore, asbestos exposure also increases inflammation
by elevating the activity of interleukin-1 (IL-1) interleukin-2
(IL-2), interleukin -6 (IL-6) and, interleukin-8 (IL-8). High
IgE level, low activity of NK cells, along with B-cells
lymphoproliferative disorders are some of the toxic effects of
asbestos exposure [6-10]. Gases (nitrogen dioxide, sulfur
dioxide, and tobacco smoke) present in the environment have
also been found in many epidemiological studies to cause an
increase in the incidence of respiratory diseases and
infections [11-13]. Polychlorinated biphenyls (PCBs) and
polychlorinated dibenzofurans have caused decreased in
serum IgM and IgA, in a population of more than 2000
peoples exposed to these chemical pollutants by consuming
contaminated rice oil [14]. Other environmental pollutants
which have been reported to affect the immune system are
mercury (Hg), arsenic (As), cadmium (Cd), certain aromatic
hydrocarbons and pesticides [15-20]. Benzene is one of the
ubiquitous volatile organic compounds present in the
environment. In experimental studies, it has been reported
that benzene exposure causes a dose dependent suppression
of both B- and T-lymphocytes along with a decrease in
thymus and spleens. While, some epidemiologic reports
suggest that chronic benzene exposure cause reduction in
immunoglobulins, B-lymphocytes and CD4 T-cells [16, 21,
22]. Heavy metals, like As, Hg, Cd and lead (Pb) are
important environmental toxicants. Inorganic As exposure
causes a direct cytotoxic effect on lymphocytes, elevated rate
of sister chromatids exchange, reduction in various
macrophagic surface markers, alteration in endocytosis and
phagocytosis [23-25], while Pb has been noted to adversely
affect the number of B- and T-lymphocytes, TCD4+, and
CD8+ cells in exposed population [26-29], while, Hg
exposure has been noted to cause apoptosis and suppression
of T-lymphocytes [19, 30].

Pesticides are the only chemicals that are deliberately
released to the environment. Many studies are available
showing pesticides immunotoxic properties. They exert
immune system toxicity in the form of affecting lymphocyte
distribution, disturbing cellularity, decrease in thymus and
spleen weight, decrease in neutrophils and CD4+, CD4/CDS,
CD19+ and MHC-II+ cells along with a decline in
immunoglobulins [18, 31-33]. In experimental animals,
decline in bone marrow function, B cell population and IgM
has been shown as a result of exposure to a mixture of
herbicides, 3,4-dichloropropionanilide (Propanil) and 2,4-
dichlorophenoxy acetic acid (2,4-D) [34]. Whereas, Propanil
alone has been reported to reduce the number of T- and B-
cells in the bone marrow along with the suppressed function
of NK cells and macrophages [35]. In this regard, Pb is
another environmental immunotoxic agent which exerts its
immunotoxicity by affecting myeloperoxidase activity of
neutrophils and subsequently decrease neutrophils function.
Besides, Pb exposure decreases T-helper lymphocytes, 1gG,
IgM, C3 and C4 complement levels [36-38]. Polycyclic
aromatic hydrocarbons (PAH), present abundantly in our
environment, possess immunosuppressant properties by
directly affecting T-cells. In addition to suppression of B-
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cells, they also affect differentiation, maturation stages, and
functions of monocyte derived dendritic cells and
macrophages [39-41]. Moreover, exposure to benzene has
been reported to induce immunotoxicity by reducing
peripheral blood leukocytes, and lymphocytes [42].

Interleukins are a group of proteins having an important
role in immunity. Any compositional and functional
deviation in in these proteins leads to an altered immune
response. In experimental and epidemiological studies, it has
been shown that interleukins remained the targets of some of
the environmental pollutants like asbestos, pesticides,
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) [6, 43, 44].

STRUCTURAL CHANGES IN IMMUNE SYSTEM

These changes in the immune system include alteration
in surface receptors, alteration in expression of receptors,
and histopathologic changes in lymphoid organs [5]. Phenol
is a metabolite of benzene, which is abundantly available in
our environment released from many sources. There are
reports from certain experimental studies that phenol
exposure causes histologic changes in lymphatic organs,
increase splenic megakaryocytes, decrease splenic follicles,
and increase the thickness of reticular layers of adrenal
glands [45]. Reports from other chemical agents with regard
to structural changes in the immune system are lacking.

FUNCTIONAL CHANGES IN IMMUNE SYSTEM

The function of the immune system is compromised as a
result of both compositional and structural deviations as
described earlier. Functional changes include altered
antibody response, alter cell mediated response, change in
the release of mediators and cytokines, and alter host
resistance, decreased production of antibodies, modification
in proliferation and differentiation, and processing and
presentation of antigens or reduction the killing potential of
NK cells [5].

DISCUSSION AND CONCLUSION

The immune system plays an important role in the
maintenance of health of an individual. Experimental and
some epidemiological studies suggest that the immune
system is very sensitive to the toxic effects of environmental
chemical pollutants, causing changes, ranging from the organ
level to cellular components. A number of environmental
chemicals, like heavy metals, some pesticides, various
hydrocarbons, PCBs have been documented to possess
immunotoxic effects, which ultimately leads to either
immune suppression or immune stimulation.
Immunosuppression may result in decreased host resistance
to infections or growth of tumor cells, whereas immune
stimulation might result in hypersensitivity or some
autoimmune diseases. The interaction of various types of
chemical agents with the components of the immune system
leads to modulation in the immune response. As a result of
these toxic attacks, alteration in lymphocyte population,
decrease in the size of lymphoid organs, and decrease in
immunoglobulins lead to decreased host resistance along
with a change in specific immune response. In order to
reflect on the toxicities caused by various biological and
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chemical agents on the immune system, a separate discipline
known as immunotoxicology exists within the society of
toxicology.

Receptors for neuropeptides, neurotransmitters, and
hormones are located in lymphoid organs. And there is
present a bidirectional relationship between central nervous
system (CNS) and immune system [5, 46-48]. Furthermore,
the autonomic and neuroendocrine outflow interacts with the
immune system viag pituitary gland, modulating immune
functions, and there seems a crucial link of CNS-immune
interaction and autoimmune diseases [47, 49]. As already
mentioned, the link between the CNS and the immune
system is bidirectional, and it has been noted that activation
of the immune system leads to changes in hypothalamic,
autonomic and endocrine functions. Body peak antibody
production causes an increase in the firing rate of neurons in
the ventromedial nucleus of hypothalamus and subsequently
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activity of adrenocorticotropic hormone and cortisone. These
evidences show that signals generated by an activated
immune system are received and processed by CNS [47, 50].
So on the basis of these experimental studies, it may
reasonably be assumed that some environmental pollutants
may cause immune toxicity indirectly via neuroendocrine
channels, and vice versa many neurological disorders may be
associated with environmental pollutants. Therefore, many
Endocrine Disrupting Chemicals (EDCs) present in our
environment may be indirectly involved in immune assault.

Experimental and epidemiological evidences gathered in
this review suggest that environmental toxicants cause
changes in immune system ranging from an organ to cellular
components (Fig. 1). Particularly, the lymphocytes have
been shown to be the most sensitive elements of the toxic
action of these chemical pollutants. A number of
environmental chemical pollutants like benzene, heavy
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hydrocarbons directly affect these important components of
the defense system. But, indirect mechanisms affecting the
immune system like increased production and releases of
corticosteroids, autonomic output, have remained an
understudied subject in the context of pathology of
immunotoxicity and CNS disorders. Moreover, extensive
research has been conducted on environmental chemical
pollutants with respect to their toxicity on the immune
system. But so far, no detailed study has been done to find
out a relationship of chemical toxicants induced toxicity on
immune system with certain diseases having immunologic
background. Therefore, further objective research on the
bidirectional relationship between CNS and immune system
might be helpful in understanding the role of environmental
toxicants in the incidence of certain immunologic disorders.
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