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Introduction

The main role of the immune system is to protect all other
organ systems from invading pathogens, which include
infectious agents and malignant cells, and to eliminate
senescent or phenotypically altered cells, such as cancer cells,
that are not performing their appropriate functions. Toxicants
can be chemical agents, for example, pesticides, respectively,
which induce harmful effects. Depending on the dose, a
pesticide may range from being essential (necessary for the
maintenance of health) to being toxic. When this chemical is

stated to be toxic, it does not necessarily mean that it induces
the death of cells; a toxic effect may not result in cytotoxicity,
but alteration of cell function, leading to a detrimental
outcome.

Among the most used worldwide pesticides, there are
carbamates pesticides (CMs). These compounds derived from
carbamic acid are probably the insecticides with the widest
range of biocide activities. The structure of the biologically
active carbamates is displayed in Fig. 1. CMs pesticides are
inhibitors of acetylcholinesterase activity (AChE) and there-
fore, are also able to reversibly inhibit neuropathy target
esterase. However, carbamates are not able to ‘‘age’’ the
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a b s t r a c t

In the literature, carbamates pesticides (CMs) have been implicated in the increasing

prevalence of diseases associated with alterations of the immune response, such as

hypersensitivity reactions, some autoimmune diseases and cancers. CMs may initiate,

facilitate or exacerbate pathological immune processes, resulting in immunotoxicity by

induction of mutations in genes coding for immunoregulatory factors and modifying

immune tolerance. In the present study, oxidative stress and inhibition of esterases activi-

ties have been introduced as the main mechanisms of CMs induced immune dysregulation.

In addition, the evidence on the relationship between CMs pesticide exposure, dysregulation

of the immune system and predisposition to different types of cancers are criticized.
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inhibited enzyme, and therefore, they are not inducers of
neuropathy (Lotti, 1992). The main detoxification routes of
carbamate insecticides are hydrolysis and oxidation, the
hydrolysis by esterases being a most effective detoxification
route. Although, the role of esterases in the carbamate
detoxification is well understood there are no in-depth
toxicological and biochemical studies in mammals on inter-
actions between these enzymes and carbamate insecticides
(Lotti, 1992; Lotti and Moretto, 1999).

Extensive research has focused on investigating carba-
mates toxicity. Indeed, literature, including PubMed, Scopus
and Google Scholar was searched to identify authentic articles
published in English language during the last 20 years. The
main keywords of the search were ‘‘carbamate’’ in combina-
tion with each of the terms ‘‘immunotoxic’’, ‘‘immunotoxi-
city’’, and ‘‘immune system’’. Additional searches included
the terms ‘‘insecticide’’, ‘‘herbicide’’ and ‘‘fungicide’’ in
combination with ‘‘immune system’’ with no limitation in
the type or date of publication. Besides, additional articles
were extracted from the reference lists of the found publica-
tions. All publications were growing evidence indicating that
carbamates pesticides also have deleterious effects on the

immune system (Bernier et al., 1995; Cha et al., 2000; El-Bini
Dhouib et al., 2014). Carbamates may potentially play a role in
carcinogenesis of various tissues through reduced immune
surveillance. However, the specific effects of CMs on immune
function remain poorly understood. Therefore, we considered
that further investigation of CMs immunotoxicity is warranted
and conducted a PubMed search of CMs exposure and cancer
immune-related effects. Here, we summarize the known
toxicological effects of carbamates pesticides on immune
function in humans.

Mechanism of action of carbamates pesticides on
immune cells

Carbamates pesticides interfere with metabolism, signal
transduction pathways, structural tissue compartments and
cellular structures.

Cholinesterase inhibition

The understanding that carbamates insecticides share the
same mechanism of action achieved by the inhibition of AChE,
a serine hydrolase, and that the serine hydrolase activity is
probably linked to several immune functions, gave a clearer
picture of the potential immunotoxicity of these compounds
(Fukuto, 1990) (Fig. 2).

Banks and Lein (2012) demonstrated that CMs can alter
lymphocytic cholinergic signaling through inhibition of
acetylcholinestrase (AChE). Indeed, in acute CMs poisoning,

Fig. 1 – Structure of carbamates pesticides.

Fig. 2 – Pathways of direct immunotoxic effects of carbamates pesticides.
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