Changes of Thyroid Hormonal Status in Organophosphate Exposure
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Organophosphates (OP) are widely used in both agriculture and household settings as pesticides. Human
exposure is mainly due to residues in food or living environment and the main mechanism of OP toxicity are
the acetylcholinesterase (AChE) inhibition. Acute poisoning is associated with a high rate of mortality due to
parasympathetic overstimulation. In long-term exposure, OP are linked to systemic damage occurrence like
nervous, hepatic or renal dysfunction. These compounds are considered as potential endocrine disrupters,
causing significant hormonal imbalance targeting the adrenals or thyroid glands. The aim of this article is to
review current data in the literature regarding effects of both acute and chronic OP exposure on thyroid

hormonal status.
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Organophosphate (OP) compounds are chemicals that
have a great range of applications in both industrial and
domestic areas, acting as pesticides, nerve agents or
antiparasitic agents [1]. OPs were first synthetized in early
1800s and used as chemical warfare agents; it was only
around 1940s that people began using them as pesticides,
as originally intended [2]. OPs contain a phosphorus atom
and a characteristic phosphoryl bond [3].

The risk of toxicity is highly increased by mishandling
the products in household or occupational activities or it
can rarely be a result of military events since OP can be
used in chemical weapons’ production [4].

Manipulating OP for pest control in agriculture is the
most frequent cause of human exposure and intoxication,
leading to an estimated 3 million cases/year [5,6]. Their
wide accessibility facilitated their use as suicidal agents,
causing approximately 300,000 deaths per year [7], despite
several restriction regulations in the United States and
Europe.

OP poisoning can occur by cutaneous, respiratory or
oral exposure to the agent. The accumulation of
acetylcholine and hyperstimulation of its receptors at the
neuromuscular junction and in the nervous system leads
to the acute cholinergic crisis [8]. Early signs include
bronchorrhoea, bronchospasm, miosis, salivation,
defecation, urination, and hypotension [8]. Besides, muscle
weakness and fasciculations as well as seizures, coma,
and respiratory failure can occur in the acute phase of the

exposure. Respiratory distress can be a part of the
intermediate syndrome and occur hours later from the
poisoning, involving a downregulation of nicotinic
acetylcholine receptors. In the recovery phase, a peripheral
neuropathy can develop, either motor or sensory [8].

Pesticides, with chlorpyrifos (CPF) being the most
largely utilized (fig. 1), have been incriminated in various
neuropsychological effects (speech, memory and
attention, coordination) caused by chronic exposure but
also in endocrinological changes [9,10]. The latter were
suggested in pituitary-targeted gland hormones naming
the compounds as endocrine disrupting chemicals (EDC)
[11]. EDCs are responsible for hormonal imbalance,
interfering with hormone receptors, their bioavailability or
metabolism [12,13].

The mechanism of action in organophosphates is the
inhibition of acetylcholinesterase (AChE) by phosphoryl-
ating its serine hydroxyl group so that acetylcholine (AChE)
accumulates at neuromuscular junctions [14]. This excess
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AChE conducts to muscarinic and nicotinic receptor over
stimulation with varied clinical manifestations, affecting
cardiac, respiratory, renal or neurological functions, leading
to organ failure [15,16].

Although the main action mechanism of OPs is
acetylcholinesterase inhibition, induction of oxidative stress
has also been incriminated for their adverse reactions [16].

Effects of organophosphates on different systems such
as cardiovascular, nervous, renal or respiratory functions
have been thoroughly studied, most of the time, multiple
organ failure being the final result [17-20]. However, data
concerning outcomes of exposure on the endocrine system
is scarce and no recent study has been published on this
topic.

The aim of this review is to collect existing data in the
literature regarding the effects of organophosphate
exposure on thyroid hormonal status.

Thyroid hormones in critical illness

Thyroid hormones play a major role in differentiation,
growth and maintaining metabolic homeostasis. They are
vital for the normal function of nearly all tissues, with major
implications in oxygen consumption and metabolic rate
[21].

Thyroid function test results may be altered in non-
thyroidal, critical illnesses through a number of
mechanisms such as the inhibition of thyroxine uptake by
the hepatocytes and limiting its conversion to
triiodothyronine in the periphery. In addition, circulating
cytokines can influence hormone levels. These alterations
in thyroid hormone levels are called sick euthyroid
syndrome [22, 23].

Changes that concern the hypothalamic—pituitary-
thyroid (HPT) axis occur in various illnesses and are usually
associated with low levels of free triiodothyronine (T3) thus
being called as the low T3 syndrome [24-27]. Sick patients
with low serum T3 are considered as clinically euthyroid,
hence the above-mentioned euthyroid sick syndrome. This
refers to changes in thyroid hormone concentrations
caused by an acute or chronic illness and not due to an
intrinsic abnormality in thyroid function. However, it is not
yet certain if these hormonal imbalances appear as a
necessity to handle stress and lower the metabolic rate,
hence helping the patient overcome his condition [23].

Alterations in hormone secretion can be a result of
severe illness, physical trauma, or physiologic stress but
also caused by a large number of drugs and chemical
compounds, among which organophosphates are cited
[22].

Several studies indicate there is a cholinergic regulation
of thyrotropin (TSH) secretion through somatostatin.
Dopamine stimulates the release of somatostatin from the
median eminence of the hypothalamus where nicotine
receptors are located and increases its portal blood
concentration, TRH, and TSH secretion rates [22].

In the sick euthyroid syndrome, the most frequent
exhibited change is a decrease in T3 values that represents
the most constant finding. Some patients may show
variations of TSH or free thyroxine (T4) during a critical
illness [24]. In the recovery period, TSH usually increases,
sometimes above the normal laboratory range. In admitted
patients, T4 levels might be high, normal or low [27].

Organophosphate exposure and thyroid hormonal
status

Endocrinological changes due to organophosphate
exposure, whether acute or on long-term, are not yet clearly
defined in the literature. Observations and results in
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published studies are mostly based on laboratory animal
work, namely different generations of mice.

The study of De Angelis et al. [11] published in 2009
aimed to examine both the short- and long-term effects of
chlorpyrifos on thyroid and adrenal glands in CD1 mice
during gestational and postnatal phases. Results showed
that CPF dose levels below those inhibiting brain AchE can
induce alterations in the thyroid, both in hormone secretion
and histopathological aspect. Modified T4 levels were
observed respectively a reduced serum T4 level especially
in male mice together with a significant increase in the
height of thyroid follicular epithelium. Moreover, a large
number of necrotic cells were presentin the thyroid follicles’
lumens. These histopathological findings suggest there is
a dose-dependent decreased follicular density.

The study of De Angelis is in agreement with the work
of Jeong et al. [28] that found decreased T4 levels and
vacuolation or necrosis of thyroid follicular epithelial cells
in exposed male rats.

Another study, the one of Meeker et al. [29] published in
2006 suggested a thyreostatic effect of Chlorpyrifos, that
is a negative association between urinary levels of CPF
and T4 levels and a positive association with TSH.

A more recent study published in 2015 by Dutta et al. [7]
aimed to assess alterations in pituitary target gland
hormones at admission, at discharge and at three months
following acute OP exposure. After applying the exclusion
criteria, eight males and six females were enrolled in the
study. Results showed that serum TSH was lower at the
time of admission compared to TSH at 3 months of follow-
up.T3 and T4 levels did not differ significantly at baseline
from values at 3 months.

Mean levels of T3 and TSH were low normal and
normalized at discharge and at three months check-up.
These modifications in thyroid function are similar to those
observed during critical illness, specifically low T3, low or
low normal T4 and normal to low normal TSH. However, in
the study of Dutta et al., the mean serum T4 remained
normal throughout the study period [7]. Mean TSH values
correlated to acetyl cholinesterase, which predicts the
severity of poisoning.

As in critically ill, in OP poisoning there is a cytokine
mediated suppression adding to a cholinergic mediated
rise in somatostatin that contributes to the suppression of
TSH.

A prospective study conducted by Satar et al. [22] set to
determine possible endocrine effects of the treatment of
organophosphate poisoning. Patients with exposure to an
organophosphate compound, signs and symptoms of
cholinergic syndrome, and decreased plasma
cholinesterase were included. Hormone levels were tested
before and after treatment with atropine and pralidoxime.

The decrease in TSH levels was not statistically
significant but FT4 levels increased following treatment.
Six patients were diagnosed on admission with sick
euthyroid syndrome and eleven patients who were
euthyroid on admission developed sick euthyroid syndrome
following treatment (low T3 levels) [22].

In the study of Glven et al. [23] that evaluated
endocrinological changes in acute organophosphate
poisoning, they found that seven (31.8%) patients had sick
euthyroid syndrome, including suppression of TSH, T4 and
T3, which resolved after resolution of poisoning.

Aresearch published in 2016 by Piccoli et al. [30] aimed
to measure serum thyroid hormone levels in an agricultural
population. A cross-sectional study was therefore
conducted, including 275 male and female workers.
Results suggested that both acute and chronic occupational
exposure to pesticides may increase TSH levels and
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decrease FT4, especially in males. Moreover, a prolonged
contact to such compounds can lead to thyroid disorders
such as hypothyroidism.

Conclusions

The data in the present article suggests that both acute
and chronic exposure to organophosphate compounds
may affect thyroid function, expressed both in hormone
secretion and histopathological changes. OP poisoning
causes a decrease in circulating levels of thyroid hormones
with hypothyroid-like effects and consequently an increase
in TSH.

Given the wide use of pesticides in agriculture and the
potential risk of human exposure, future research should
focus on evaluating long-term effects of OPs on thyroid
function conducting longitudinal research studies with
repeated measures of exposures and outcomes, together
with preventive rules.
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