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ABSTRACT

Introduction: Pyrethroid compounds are widely used as insecticides. These compounds not only have a versatile application, but also have
favourable toxicological profiles with high selectivity and toxicity to insects and low toxicity to humans. Despite this, there have been several
reports of toxicity to humans in both occupational exposure and deliberate ingestional poisoning.

Classical presentation and treatment: Two classical syndromic presentations are described. Type | syndrome is characterised predominantly by
tremors and is seen with exposure to type | pyrethroids. Type Il pyrethroids, which are structurally modified type | pyrethroids with the addition
of a cyano group, can result in type Il syndrome characterized by choreo-athetosis and salivation. Mega-dose poisoning and mixed poisoning,
particularly with organophosphorus compounds, is associated with significant toxicity and death. Treatment is supportive and symptomatic.

A favourable outcome can be expected in most patients.
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INTRODUCTION

Pyrethroids account for around a fourth of the insecticide market in
industrial countries. These are widely used for insect control both
at home (e.g., Baygon spray, mosquito repellents, and so on) and
in agricultural fields for control of insects of the orders Coleoptera,
Diptera, and Hemiptera. In addition, they are used for the treatment
of scabies and lice in humans.’

Synthetic pyrethroids have been in use since 1940. They are
derived from pyrethrins, which are natural substances found in the
extract from the flower heads of Chrysanthemum cinerariaefolium.
While the inherent toxic potential of pyrethroids is high, with
LDs, ranging from 0.5 mg/kg to 250 mg/kg, especially for type II
compounds,? they are generally considered safe for humans. Its
high selectivity and knock-down effects for insects, the slow dermal
absorption in humans in view of the large body surface area, and
rapid metabolism to the nontoxic metabolites are factors that result
in low toxicity in humans.?

Despite this, there are reports that pyrethroid compounds may
not be as safe as claimed previously.* Given its widespread use as
an insecticide, it is important to understand its potential toxicity
in humans. This review aims at updating the current knowledge of
pyrethroid toxicity in humans.

CHEMICAL STRUCTURE

Natural pyrethrins are susceptible to destruction by light. In order
to make pyrethrins more stable to light, the basic cyclopropane
carboxylic ester structure of pyrethrins (Fig. 1A) was modified,
resulting in the formation of synthetic pyrethroids (Fig. 1B).
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The addition of a cyano group to the basic structure (Fig. 1C)
further enhances its insecticidal activity.> Based on these structural
differences and associated clinical manifestations, pyrethroids are
categorized into two types. Type | pyrethroids are those without an
alpha cyano group. Type Il pyrethroids have an addition of a cyano
group at the benzylic carbon atom.? Type Il pyrethroids are more
potentinsecticides due to the cyano group in their structure.’ Each
typeis associated with a distinct clinical syndrome as discussed later.

MEcHANISM OF ACTION

The mechanism of pyrethroid toxicity is complex due to its—action
on several channels and proteins.® Pyrethroids act mainly on sodium
and chloride channels.>” Excitable (nerve and muscle) cells are
hence the key targets of pyrethroid toxicity.

Pyrethroids have been found to modify the gating characteristics
of voltage-sensitive sodium channels, thereby delaying their
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Fig. 1: (A) Pyrethrin; (B) Type | pyrethroid without cyano group; (C) Type Il pyrethroid with cyano group
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closure.? This results in a protracted sodium influx (referred to as a
sodium “tail current”), which if sufficiently large and/or long, lowers
the action potential threshold, and causes repetitive firing. The
amplitude of the current depends on the pyrethroid concentration
and the number of affected sodium channels.? The duration of the
current however mainly depends on the type of compound; type
Il pyrethroids have been found to have a longer duration. At high
pyrethroid concentrations, the sodium tail current may increase to
the extent that it blocks further action potential generation and a
“conduction block” can result. This action on the sodium channels
may be the mechanism responsible for the clinical features of
paraesthesia® and proarrhythmogenic potential.®

Pyrethroids have also decreased chloride channel currents in
the brain, nerves, muscles, and salivary glands.” It is possible that
these results in salivation and myotonia. Type Il pyrethroids act on
the voltage-dependent chloride channels and this action probably
contributes significantly to the features of poisoning with type Il
compounds. At relatively high concentrations, pyrethroids can also
act on gamma amino butyric acid (GABA)-gated chloride channels,
which may be responsible for the seizures seen with severe type
Il poisoning. Ivermectin and pentobarbital, which open chloride
channels, antagonize these effects and hence may be beneficial in
the treatment of these effects. Further studies are however needed
to better understand this action on chloride channels.®

TOXICOKINETICS

Pyrethroids are lipophilic compounds and are distributed
extensively in the body in the liver, stomach, intestine, adipose
tissues, nervous system, and kidneys.? Despite its lipophilic
nature, no bioaccumulation was observed after subacute dosing
to mammals.? They are generally poorly absorbed through the
skin in humans and are rapidly metabolized by ester cleavage,
hydroxylation, and conjugation in the liver.? Various hydrophilic
metabolites are excreted in the urine.® In a study where
cypermethrin was given to volunteers, peak excretion in the urine
was found between 8 hours and 24 hours; however, reports of
pyrethroid being detectable in the urine as late as 14 days have
also been reported.?

As mentioned earlier, pyrethroids are generally highly selective
for insects. In view of increasing insecticidal resistance, synthetic
pyrethroids have been modified in ways described below. These
have potentiated pyrethroids’ toxicity in humans.

« Pyrethroid synergists: synthetic pyrethroids are now
manufactured by combining them either with piperonyl
butoxide'® or organophosphorus compounds.' Piperonyl
butoxide is a synergistic compound that inhibits the normal
metabolic degradation of pyrethroids, thereby decreasing
pesticide resistance. Organophosphorus compounds may

enhance the toxicity of pyrethroids by inhibiting its detoxification
by carboxylesterases.!’ A summary of the effects of these
synergists on pyrethroid absorption and metabolism is given in
Table 1. These combinations not only enhance the insecticidal
potency but also their toxicity in humans.

+ Stereoisomeric combination: pyrethroids exist in various
stereoisomer forms.> Generally, the cis-isomers are more toxic
than trans-isomers.'? The insecticidal activity and human toxicity
are stereospecific. In general, stereoisomers showing the highest
levels of insecticidal activity are also most toxic to humans.®

- Vehicle for use: the vehicle for the delivery of the pyrethroid
has also been shown to impact toxicity. Pyrethroid with corn
oil has been noted to have much lower LDg, than with water.”®

CLINICAL MANIFESTATIONS

Given the wide availability of pyrethroids in the form of household
repellants and other insecticides, pyrethroid toxicity is common.

Acute Toxicity

Pyrethroid toxicity in humans can be due to occupational
exposure through skin contact or inhalation of sprays or ingestion
of pyrethroid compounds. In the largest published series of
573 cases of acute pyrethroid poisoning,'* 229 were due to
occupational exposure and 344 were due to accidental exposure,
primarily ingestion. Common reported symptoms included facial
paraesthesia, skin itching, skin burning, dizziness, nausea, vomiting,
and more severe cases of muscle fasciculations.™

Based on acute exposure to pyrethroids in animal studies, two
distinct toxidromes (Table 2) have been identified. Exposure to type
pyrethroids results in reflex hyperexcitability and fine tremors or the
Tsyndrome or type | syndrome." Incoordination, choreoathetosis,
seizures, direct effects on the skeletal and cardiac muscle, and
salivary gland, also known as choreoathetosis—salivation or type I
syndrome is caused by type Il pyrethroids.®

Acute poisoning rarely poses a life-threatening risk but
severe poisoning with mortality risk can occur if large quantities
of pyrethroid compounds are ingested. Life-threatening
manifestations mentioned in the literature are seizures, coma,
pulmonary edema, and hemorrhage.?

Atypical manifestations are usual in pyrethroid poisoning.Ina
series of 59 patients presenting to the emergency department in
Korea, approximately 40% of patients had atypical manifestations.'®
These included low sensorium (34%), respiratory failure requiring
ventilator support (18%), acute kidney injury (11%), hypotension
(10%), pneumonia (7%), and seizures (4%). Two patients in this series
died. Ingestion of more than 250 mL and serum lactate of more than
3.5 mmol were found to predict atypical presentation.'® Recently,
there have been increasing numbers of reports of pyrethroid

Table 1: Summary of the effects of synergists on pyrethroid absorption and metabolism

Pyrethroids with organophosphorus (OP)

Pyrethroids Pyrethroids with piperonyl butoxide compounds
Absorption  Dermal absorption poor; maximum Dermal absorption increases to Higher absorption of ingested dose
1.5%;> when orally administered, approximately 8%;’ following ingestion
19-50% cypermethrin absorbed 70% or more of the administered dose
absorbed
Metabolism  Rapid metabolism in the liver by Inhibition of CYP mono-oxygenase OP inhibit carboxyesterases responsible
oxidation, hydrolysis, and conjugation enzymes by up to 50% within 3 hours;? for pyrethroid hydrolysis''
reactions’ does not return to normal until about
36 hours
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Table 2: Commercially available pyrethroids and their clinical features

Organophosphorus (OP)-pyrethroid

Type | compounds Type Il compounds combination

Allethrin Cyfluthrin (Baygon) Cypermethrin-ethion
Bifenthrin Cyhalothrin Deltamethrin-triazophos
Permethrin Cypermethrin Deltamethrin-chlorpyrifos
Phenothrin Deltamethrin Chlorpyrifos-cypermethrin
Prallethrin Fenvalerate

Resmethrin Fenpropathrin

Tefluthrin Tralomethrin

Teramethrin

Type | syndrome “T syndrome”

Type Il syndrome “CS syndrome”

Organophosphorus-pyrethroid

Severe fine tremor Choreoathetosis

Marked reflex hyperexcitability sympathetic Salivation

activation

Paresthesia (dermal exposure) Coarse tremor

Presentation depends on proportion
of OP and pyrethroid

Combination associated with lower
ventilator-free days compared with
individual compounds

Increased extensor tone

Moderate reflex hyperexcitability sympathetic

activation

poisoning presenting with status epilepticus.” Extremely rare
reports of complete heart block'® and myelopathy' have also
been published.

Hyperglycemia has been reported to be associated with adverse
outcomes in pyrethroid poisoning.?’ In a study on 104 patients
with type Il pyrethroid poisoning, hyperglycemia is associated
with complications of respiratory failure, acidosis, and hypotension.
Increases in adrenergic activity have been postulated to be the
cause of hyperglycemia.?’

Pyrethroids, when combined with organophosphorus
compoundsare associated with increased toxicity in human poisoning.
Ina study that compared the clinical profile and outcome of patients
with isolated chlorpyrifos (n = 20) or cypermethrin poisoning (n =
32) with combination (cypermethrin—chlorpyrifos) poisoning (n = 32),
patients with organophosphorus—pyrethroid poisoning were found
to have lower ventilator-free days compared with patients with either
poisoning alone.?’ Mortality was not significantly different. Although
the potentiation of toxicity in combination is considered due to
increased toxicity of pyrethroid due to inhibition of detoxification of
pyrethroid by organophosphorus compounds, the study noted that
organophosphate manifestations were predominant in combined
poisoning. The higher concentration of chlorpyrifos (50%) in the
organophosphorus-pyrethroid combination compared with the
single chlorpyrifos formulation (20%) is likely to have contributed
to the predominance and persistence of cholinergic manifestations
in the combination.?’ In contrast, in another study that reported
patients who had ingested 1:4 combination of methyl parathion
(organophosphate):A-cyhalothrin (pyrethroid), manifestations were
primarily that of the pyrethroid compound.?? The predominance
of cholinergic or pyrethroid symptomatology thus appears to be
dependent on the proportion of organophosphorus compound and
pyrethroid in the pesticide formulation.*'

Chronic Exposure

In general, no chronic toxicity has been demonstrated in animal
or human studies with pyrethroid exposure. Animal studies have
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shown that pyrethroids can affect the immune system at very high
doses and can also cause neurobehavioral effects with chronic
exposure. In a cross-sectional study from Bolivia of 116 pesticide
sprayers, the prevalence of abnormal glucose regulation (defined
as HbA1c > 5.6%) was found to be higher in this pesticide sprayers
compared with nonexposed controls. Among sprayers who had
used only pyrethroids, a significant trend was observed between
cumulative pesticide exposure and abnormal glucose regulation.?®
In another study from China that included 176 children aged
0-14 years and 180 controls, those with the highest quartile of
total and individual metabolites had a two-fold increase in the
risk of acute lymphocytic leukemia compared with those in the
lowest quartiles.?*

MANAGEMENT

The diagnosis of pyrethroid poisoning is based mainly on the
clinical presentation and compound identification on the container
brought by the patient or relatives. The role of high-resolution gas
chromatography-negative chemical ionization mass spectrometry
to measure metabolites is unclear in the diagnosis of pyrethroid
poisoning.

Management is largely supportive and symptomatic because
thereis no available antidote. Optimization of the airway, breathing,
and circulation is vital, as is for any patient who comes with acute
poisoning. Immediate decontamination of skin with soap and water
can be considered; however, there is no evidence that it reduces
toxicity. Gastric lavage is best avoided in the case of pyrethroid
ingestion as the risk of aspiration pneumonia with the solvent is
high.3 Evidence for the use of activated charcoal is limited; however,
this can be considered if the patient presents within 1 hour of
ingestion.

Seizures should be adequately controlled with antiepileptic
therapy. Experimental data in mice suggest that benzodiazepines
compared with phenobarbital may be more effective in controlling
convulsions due to type Il compared with type | compounds.?
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There are reports of vitamin E is effective in the treatment of
paraesthesia although the mechanism of benefit is not clear; in
addition, since this symptom resolves in 12-24 hours, specific
treatment is not generally required.

Researchers have also looked at targeting pyrethroids’ effects
on sodium and chloride channels. While there are data from animal
studies on the benefits of lidocaine and tetracaine in antagonizing
the effects on sodium channels, their use is limited by cardiac
toxicity. There may be a role for phenytoin, phenobarbitone,
and valproate which have also been found to act equally on the
pyrethroid evoked and normal sodium currents in experimental
animal model setting.?

Ivermectin, a voltage-gated chloride channel agonist, was
found to control salivation and repetitive discharges in muscle in
pyrethroid-poisoned rats.” This however has limited central action
given the multidrug receptor pump activity at the blood-brain
barrier that largely excludes ivermectin from the brain. Although
atropine may be considered to decrease salivation, it s likely to have
detrimental effects because of the potential to lower the seizure
threshold in patients with pyrethroid poisoning.2®

Methocarbamol, a mephenesin derivative, was found to
antagonize the motor signs of pyrethroid in animal studies; this
however, has not been studied in humans.?” Because of its lipophilic
nature, intravenous lipid emulsion has been studied in permethrin-
poisoned cats and found that clinical manifestations improved
earlier compared to control cats.?? This has not been studied in
humans and is hence not recommended.

CoNcLUSION

Pyrethroid poisoning is common in clinical practice. Given
its low toxicity for humans, most patients do not manifest
significant symptoms. However, in mega-dose intoxication or
those with mixed poisoning, particularly in combination with
organophosphorus compounds, patients may present with life-
threatening manifestations that require intensive care management.
Treatment is supportive and symptomatic. A favorable outcome can
be expected.
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