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ABSTRACT
Pyriproxyfen (PPF) acts as a juvenile growth regulator, interfering with normal metamorphosis 
and blocking the development of insects into adulthood. Although the World Health Organization 
(WHO) considers the use of PPF at a concentration of 0.01 mg/L as unlikely to pose health risks, 
recent studies have unveiled potential risks associated with PPF exposure to non-target organisms. 
Exposure to PPF disrupts insect development primarily by mimicking juvenile hormones; therefore, 
concerns linger over its impact on unintended species. Studies have highlighted the adverse effects 
of PPF on aquatic invertebrates, fish, and amphibians and revealed mortality and developmental 
abnormalities in non-target mosquito species exposed to PPF-treated water. Moreover, PPF may act 
as an endocrine disruptor, interfering with hormonal pathways crucial for growth, reproduction, and 
behavior in exposed organisms. Amphibians, for instance, display altered reproductive physiology 
and developmental abnormalities due to disruptions in endocrine signaling pathways caused by 
PPF. The ecological ramifications of PPF extend beyond direct toxicity to non-target species. Indirect 
effects include shifts in food web dynamics and ecosystem functioning. Reductions in insect 
populations, induced by PPF, can disrupt food availability for higher trophic levels, potentially 
destabilizing community structure and ecosystem equilibrium. Given mounting evidence of 
unintended consequences, robust risk assessment and regulatory oversight are imperative. Accurate 
classification of PPF by regulatory bodies is essential to balancing its role in disease control and 
pest management benefits with the need to safeguard non-target species and maintain ecosystem 
health. Future research must prioritize comprehensive assessments of PPF’s ecological impact across 
various habitats and taxa to inform evidence-based policymaking.
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INTRODUCTION

Vector-borne diseases have been a major public 
health challenge for many years, causing hundreds 

of thousands of deaths annually (1,2). Among the 
species capable of transmitting diseases such as 
dengue, yellow fever, chikungunya, and Zika, we find 
mosquitoes of the genus Aedes aegypti (3,4). With the 
main aim of inhibiting the proliferation of this mosquito 
and avoiding the spread of vector diseases, strategies 
have been developed to curb this common vector (5,6). 
The use of substances for chemical control (e.g., 

insecticides) has been an alternative path to prevent the 
spread of vector-borne diseases (Figure 1) (7,8). These 
substances gained strength and popularization after the 
end of the Second World War and have been improved 
over the decades, mainly due to the development of 
mosquito resistance (9) and the toxicity these chemicals 
cause to human health and ecosystems (10,11).

Different classes of insecticides are commonly used 
today. Chemical compounds mimicking insect growth 
regulators (IGRs) have gained prominence in the last 
decades (12,13). Different from other classes, IGRs 
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control the proliferation of several arthropods (18,19). 
During development, JH maintains larvae features, and 
during metamorphosis, JH levels decrease to allow the 
development of essential structures for future survival 
(20). As a JH analog, PPF inhibits metamorphosis 
and impairs the correct establishment of adult 
characteristics such as wings, reproductive organs’ 
maturation, and external genitalia (20,21). Also, 
during the reproductive stages (20), JH plays a role in 
sexual behavior, contributing to pheromonal synthesis 
and vitellogenin expression, which is essential for the 
oocyte supply (22). Thus, PPF is capable of controlling 
the  proliferation of mosquitoes and significantly 
reducing the vector-borne disease spread rate (20-22).

The World Health Organization (WHO, 2001) 
classifies PPF as unlikely to cause damage to health 
when used at a concentration of 0.01 mg/L (23). At 
this concentration, PPF is considered non-genotoxic 
and non-carcinogenic when used in its granule 
formulation. In addition, the Guidelines for Drinking 
Water Quality (GDWQ) International Program on 
Chemical Safety (IPCS) considered PPF safe for use 
in the control of the Aedes aegypti vector, including in 
drinking water for human consumption (24). However, 
over the last years, it has been observed that PPF is 
often used indiscriminately, which compromises its safe 
dose. Furthermore, results from some studies lead us 
to believe that there is a possible relationship between 
PPF and some histofunctional health disorders in non-
target living beings (25-29).

The discussion about PPF as a potential persistent 
substance in the environment is relevant. Even though 
PPF may degrade over a short period of time (30-
32), a recent study demonstrated that PPF could take 
long periods to degrade on soil surface. When sprayed 
on soil, PPF behaves like a translaminar insecticide 
(33) (Figure 2) and is able to cross the plant surface. 
Therefore, its half-life in crops can vary, reaching up to 
3 weeks (33), and in some cases (e.g., silty or salty loam 
soil), its half-life can reach 21 weeks (33). On water 
surface, PPF is susceptible to photodegradation and 
biological catalysis, reaching a half-life of 21 days, but 
in anaerobic conditions or sediments, its half-life can 
reach 750 days (32,33).

It has been observed that PPF bioaccumulates 
in living organisms (34,35), a finding that has to be 
better understood since PPF has been found in high 
concentrations in liver, fat, kidney, and blood of rats 

Figure 1. Statistics on pesticide exposure and consumption in Brazil. 
Figure created using Canva.

are very selective as analogs of juvenile hormone (JH) 
(14) and are specifically capable of interfering with 
physiological processes triggering metamorphosis in 
insects (15,16). Despite having no effective activity in 
causing death (12,13), its presence in the mosquito 
environment promotes developmental abnormalities, 
impairing the mosquito’s normal transition to adult 
stages (3,13,14).

Several synthetic substances are part of the IGR 
group. The most known IGRs are methoxyfenozide, 
tebufenozide, and, mainly, pyriproxyfen (PPF) (14,15), 
which due to its high effectiveness, has gained space as 
the most used IGR (16,17).

Notably, PPF – 2-[1-methyl-2-(4-phenoxyphenoxy) 
ethoxy] pyridine – is an effective pesticide used to 
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after oral administration (34,35). This means that PPF’s 
permanence in the environment could result in various 
consequences for non-target organisms. Studies have 
demonstrated that PPF in underwater ecosystems could 
cause developmental abnormalities in fish (35-37) and 
amphibians (38,39), and impair sex determination in 
crustaceans (40,41).

The effect of PPF on human health has not been 
studied yet, even when PPF is diluted directly in drinking 
water containers to control mosquito proliferation. In 
February 2016, the Brazilian Association of Public 
Health (Abrasco) published a technical statement 
correlating the utilization of PPF to control the Zika 
virus outbreak and the rise of microcephalic events 
in newborns in northern Brazil (42). Even though 
microcephalic events in newborns due to Zika virus 
infection were described later (43,44), the statement 
was controversial enough to bring PPF to discussion, 
but no consensus has been reached yet about the effects 
of PPF exposure in humans (43,44).

Due to evidence showing that PPF could produce 
effects in non-target organisms (45-48), the lack of 
control from chemical protection agencies in developing 
countries, and the absence of studies on its effects in 
humans, it is necessary to elucidate carefully the possible 
effects of PPF on the environment and collective health. 
Here, we collect some evidence about the effects of 

PPF exposure on different living organisms in terms 
of toxicity, endocrine system morphofunctionality, and 
consequences in health physiology.

METHODS
This literature review aimed to investigate the effects of 
PPF on non-target organisms. A search was conducted 
using the keywords “pyriproxyfen,” “non-target or-
ganisms,” “ecotoxicology,” “insect growth regulator,” 
“environmental impact,” and “aquatic toxicity.” This 
literature search was performed across several major 
scientific databases, including PubMed, Scopus, Web 
of Science, and Google Scholar. Inclusion criteria fo-
cused on studies published in the last 8 years (2015-
2023) that specifically examined the effects of PPF on 
non-target organisms such as beneficial insects, aquatic 
organisms, and other vertebrates and invertebrates. Ar-
ticles presenting experimental data, systematic reviews, 
and meta-analyses were included. Exclusion criteria 
ruled out studies lacking relevant experimental data, 
non-systematic reviews, and articles that focused exclu-
sively on target organisms (e.g., mosquitoes) or did not 
primarily address PPF. An exception was made for one 
pivotal study published in 1999, as it provided signifi-
cant insights into the early understanding of PPF’s im-
pact on non-target organisms and was the only relevant 
document available before 2016.

Figure 2. Possible routes of pesticide contamination and contact. Figure created using Canva.
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The selection process involved a two-stage 
screening. Initially, titles and abstracts were reviewed to 
assess relevance to the topic. Subsequently, potentially 
relevant articles were read in full to confirm their 
inclusion in the review. Data extracted from the 
selected studies were organized and analyzed to identify 
patterns, research gaps, and the potential impact of PPF 
on various groups of non-target organisms.

Effects of pyriproxyfen exposure 
Toxicodynamics
Notably, PPF is used to control populations of 
arthropods, mainly mosquito vectors of arboviruses, 
and is applied to crops, drinking water containers, and 
indoor environments (4,13). Due to its application 
in different spaces, PPF could reach some non-target 
organisms such as bees, aquatic life, mammals, and 
even humans (10,11,24,26,37). In the absence of 
evidence analyzing the effects of PPF on humans, 
most studies have been conducted to understand the 
possible consequences of PPF exposure on different 
in vivo models. Several of these studies suggest that 
PPF can cause harmful effects (Table 1) depending 
on its administration form, treatment duration, 
concentration, and the model itself (34-40).

In 1999, a collaborative effort between a panel 
of experts and the WHO was initiated to conduct 
comprehensive toxicological assessments of pesticide 
residues in food and in the environment (23). One of 
the substances under scrutiny was PPF. This document 
holds significant importance as it established acceptable 
daily intake values and delved into various biochemical 
aspects such as absorption, distribution, and excretion, 
alongside conducting toxicological and genotoxic 
studies (23,24).

In rats, 96%-98% of PPF is eliminated within 168 
hours after administration, primarily through feces, 
but also through urine and bile (23,24). Residual 
accumulation corresponds to no more than 0.3% of 
the dose, with the organ that most bioaccumulates 
PPF metabolites being the adipose tissue, followed by 
the liver. Notably, there are no significant differences 
between sexes regarding excretion rates or organ 
distribution (23,24). The maximum PPF concentration 
is reached within  8 hours of administration. Twelve 
different PPF metabolites have been identified by 
chromatography, with 4’-OH-pyriproxyfen being 
the most abundant. In mice subjected to PPF 

intraperitoneal or intradermal administration, PPF is 
eliminated more quickly when administered via the 
intraperitoneal route; as in rats, the distribution of PPF 
and its metabolites to different organs is more evident 
in the liver and adipose tissue (23).

In mammals, the effects of acute PPF administra-
tion differ depending on the animal model. In rats, ad-
ministration of PPF at concentrations between 1,000 
mg/kg and 5,000 mg/kg delivered through any route 
(oral, dermal, or aerosol) does not cause death (23) 
but leads to several effects, e.g., diarrhea and decreased 
body weight gain, among others. In mice, PPF 2,000 
mg/kg causes ataxia, abnormal respiration, and spon-
taneous movements. In male mice, this dose is suf-
ficient to cause death, while the higher dose of 5,000 
mg/kg causes death in both males and females (23). 
The causes of death are unclear since they are not as-
sociated with abnormal organ features, but several 
manifestations appear after PPF is administered via any 
route (23,24).

Exposure to PPF has been tested using different 
in vivo models, and its toxic effects in the acute phase 
and in the short and long term have been analyzed. 
The different assays showed that the liver is the main 
organ affected by PPF exposure, increasing plasma lipid 
concentrations, including cholesterol, among other 
consequences (23,24). 

Due to its central role in metabolizing and 
detoxifying xenobiotics, the liver is one of the main 
organs affected by PPF exposure. When a substance 
like PPF enters the body, the liver is responsible for 
metabolizing it, often transforming it into metabolites 
that are easier to excrete (66,67). However, during this 
process, physiological changes may occur, such as the 
induction of hepatic enzymes, lipid accumulation, and 
increased oxidative stress (68,69). 

Increases in plasma lipid concentrations, including 
cholesterol, may be related to PPF’s ability to interfere 
with the  regulation of lipid metabolism. Studies 
indicate that exposure to certain pesticides can cause 
dysfunction in hepatic metabolic pathways, leading to 
an imbalance in lipid synthesis and catabolism (70). 
Additionally, the prolonged activation of metabolic 
pathways in the liver can result in hepatomegaly and 
chronic inflammation, contributing to conditions such 
as fatty liver disease (71,72). Another relevant factor 
is that the liver tends to be a site of bioaccumulation 
of PPF metabolites, especially in chronic exposures.  
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This happens because lipophilic compounds, like PPF, 
have an affinity for fat-rich tissues (73), such as liver and 
adipose tissues. As PPF and its metabolites accumulate 
in the liver, the elimination pathways may become 
overloaded, increasing the organ’s susceptibility to 
structural and functional damage (53).

These mechanisms help explain why the liver 
is the most affected organ in toxicological studies, 
highlighting the need to monitor carefully the hepatic 
effects in prolonged exposures, even at doses considered 
safe (56).

Table 1. Main toxicological effects of pesticides in some vertebrate species 

Model Tissues analyzed Exposure Main results Reference

Bee larvae Cuticles, thorax, head, 
eyes

Topical treatment (within comb cells) with 
4′-OH-pyriproxyfen (a pyriproxyfen metabolite) 

1 µg in 1 µL of acetone daily for 10 days.

Changes in pigmentation and cuticular 
sclerotization, impaired development leading 
to death, abnormalities in the developmental 

process, and decreased growth.

32

C57BL/6 wild-type, 
8-week-old male 

mice 

Subventricular zones of 
the brain (neutrosphere 

culture and analysis)

4’-OH-pyriproxyfen (10-2 mg/L, 10-1 mg/L, or 
30-1 mg/L) added to the proliferation medium 

for primary neurosphere cultures. The medium 
was renewed every 2 days for 7 days, and 

primary neurospheres were obtained.

Decreased thyroid hormone signaling, 
increased cell proliferation, dysregulation of 
genes related to neurogliogenesis, elevated 
Msi1 mRNA levels, and increased apoptosis, 

leading to disruptions in neurogenic 
processes.

49

Xenopus tadpoles Brain Exposure for 72 hours to 4’-OH-pyriproxyfen 
(10-5 mg/L, 10-4 mg/L, 10-2 mg/L, 10-1 mg/L, 

and 30-1 mg/L) added to the water, with daily 
renewal of the solution.

Delayed development, disrupted thyroid 
signaling leading to microcephaly, blocked T3 

binding.

49

Pregnant mice Body weight (of mothers) Exposure to pyriproxyfen (30 mg/kg, 102 mg/kg, 
3×102 mg/kg, and 103 mg/kg), administered 

orally between gestation days 7 and 17.

Reduced weight in treated mothers, 
histological changes in puppies’ organs 

(including kidney, liver, heart, and brain), and 
fetal death at the highest concentration.

50

8-week-old male 
mice

Testes and body weight Exposure for 28 days to oral pyriproxyfen 
(daily doses of 1200 mg/kg, 600 mg/kg,  

320 mg/kg, 200 mg/kg, 100 mg/kg, 40 mg/kg, 
20 mg/kg, 0 mg/kg).

Reduced body weight, shrinkage, and 
displacement of seminiferous tubules, 

reduction in seminiferous tubules and lumen 
diameter.

50

Ceraeochrysa 
claveri

newly hatched (0-12 
hours) larvae 

Midgut and body fat During the larval stage, oral feeding with 
Diatraea saccharalis egg clusters treated with 

pyriproxyfen 50 mg/L and 100 mg/L). 

Increased intercellular spaces, decreased 
lipid droplets, vacuolization of trophocytes, 

significant mitochondrial damage, imbalanced 
youth hormone levels, suppression of 

embryogenesis, changes in metamorphosis 
and adult formation, and increased number of 

cytoplasmic granules.

51

Chicken embryos Head and brain Exposure to pyriproxyfen 0.01 mg/L (the 
maximum concentration allowed in drinking 

water) and 10 mg/L (simulation of high 
exposure) in a 50 μL solution, administered 

through a small opening in the eggshell, from 
24 hours of incubation until embryonic day 10.

Reduced brain mass, changes in forebrain and 
midbrain morphologies, reduced cell 

proliferation and increased cell death in the 
brain, neurodevelopmental disorder, disturbed 

ossification and chondrogenesis processes. 

52

Adult Lithobates 
catesbeianus 

(Bullfrog) 

Adipose tissue Exposure for 50 days to pyriproxyfen 0.002 
g/L and 0.02 g/L in chlorine-free water in a 
tank, with both water and pesticide being 

renewed every 48 hours to maintain 
consistent toxicity levels.

Increased cumulative mortality during the 
prepupal to pupal stage (from 47.3% to 

61.8%), delayed larval development, 
increased accumulation of abdominal body 

fat, changes in intestinal epithelium, 
stretching of intercellular spaces, and 

decreased brain mass.

53

Odontophrynus 
americanus 

(tadpoles in the 
pre-metamorphic 

stage)

Whole body Exposure for 22 days to pyriproxyfen 0.01 
mg/L and 0.1 mg/L, diluted in the water 
where the tadpoles were maintained.

Increased activity of glutathione 
S-transferase and acetylcholinesterase 

enzymes, 70% increase in thyroxine levels, 
significantly decreased average heart rate 

(indicating cardiotoxicity), reduced swimming 
speed and general activity.

54
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Model Tissues analyzed Exposure Main results Reference

Pregnant rats Fetuses Exposure to pyriproxyfen 100 mg/kg, 300 mg/
kg, and 500 mg/kg administered through 

gavage from gestation days 6 to 15.

Skeletal changes suggestive of 
developmental delay, particularly at the 

highest doses (300 mg/kg and 500 mg/kg).

55

Adult male rats Liver microsomes 
(metabolic studies), 

hepatocytes (cytotoxicity 
assays)

In vitro incubation of microsomes to 
pyriproxyfen 1 μM for 1 to 90 minutes.

Enantioselective metabolism in liver 
microsomes, significant toxicity in 

hepatocytes resulting in apoptosis and DNA 
damage.

56

Male Wistar rats Duodenum and jejunum 
strips

In vitro exposure of the intestinal strips to 
pyriproxyfen at non-cumulative 

concentrations varying from 0.032 mM to  
100 mM.

Impaired intestinal motoric activity causing 
dose-dependent muscle relaxation, with 

duodenum strips showing greater sensitivity 
than jejunum strips.

57

Rhamdia quelen 
(fish) eggs

Whole-body embryos/
larvae

Post-fertilization exposure for 96 hours  
to pyriproxyfen 1 µg/L and 10 µg/L diluted  

in water.

Toxicity to embryos causing significantly 
reduced survival, hatching issues, and 

deformities.

58

Adult, 8-week-old 
male rats 

Brain (subventricular, 
zone-derived)

Exposure of cultured neural stem cells for 7 
days to pyriproxyfen 3x10-¹ mg/L.

Disrupted thyroid hormone signaling, reduced 
neural stem cell proliferation, increased 

apoptosis, altered expression of 
neurodevelopmental gene.

59

Xenopus tadpoles Xenopus laevis brains Exposure for 72 hours to pyriproxyfen  
3x10-¹ mg/L diluted in water.

Disrupted thyroid hormone signaling, altered 
expression of neurodevelopmental gene.

59

Zebrafish embryos Zebrafish embryos/larvae Post-fertilization exposure for 96 hours to 
pyriproxyfen 0.16 µg/mL, 0.33 µg/mL, and 

1.66 µg/mL diluted in daily renewed water.

Developmental deformities (pericardial 
edema, scoliosis), oxidative stress, increased 

reactive oxygen species and lipid 
peroxidation, inhibited acetylcholinesterase 

activity at higher concentrations.

60

Adult zebrafish 
(Danio rerio)

Testes and liver Exposure for 7 days to pyriproxyfen 10-9 M 
diluted in water.

Calcium overload, increased lipid 
peroxidation, decreased glutathione levels, 

altered antioxidant defense system, changes 
in spermatogenesis, increased size and 

number of spermatogonia cysts.

61

Adult zebrafish 
(Danio rerio)

Brain, liver, and gonads 
(testes and ovaries)

Exposure for 21 days to pyriproxyfen 1 µg/L, 
10 µg/L, and 100 µg/L diluted in daily 

renewed water.

Reproductive endocrine disruption, altered 
testosterone and estradiol levels, increased 

vitellogenin levels in males, histopathological 
damage in gonads (testes and ovaries).

62

Zebrafish embryos
(Danio rerio)

Whole zebrafish embryos 
and larvae brains

Immersion, from cell stage 2-4 until 
post-fertilization day 7, in a water solution 
with pyriproxyfen at concentrations ranging 

from 0.005 µg/mL to 1 µg/mL.

Lethal at high doses, with 100% mortality at 
post-fertilization day 7, no effects on brain 

development or microcephaly at 
recommended doses. 

63

Adult zebrafish (6-7 
months old)

Whole bodies Immersion for 96 hours in a water solution 
with pyriproxyfen 0.125 mg/L, 0.675 mg/L, 

and 1.75 mg/L.

Impaired cognitive parameters (e.g., aversive 
memory), significantly reduced cortisol levels, 

no effects on locomotion or anxiety-related 
behaviors.

37

Zebrafish embryos Whole embryos Immersion from 6 to 120 hours post-
fertilization in a water solution with 

pyriproxyfen at concentrations ranging from 
0.0064 µM to 64 µM.

Significant mortality and morphological 
defects (pericardial edema and bent axis) in 

larvae, particularly at the highest 
concentrations.

64

Adult mice Liver, kidneys, testicles Exposure for 2 years to daily pyriproxyfen  
100 ppm (corresponding to a dose of 2 mg/kg 

of body weight).

Decreased body weight and hepatic effects 
(e.g., increased relative liver weight and 

hepatic hypertrophy) were the main results.

65

Lactating goats Milk, fat (omentum and 
perirenal), muscles, 

kidneys, liver

Exposure for 5 consecutive days to 
pyriproxyfen 10 ppm added to the feeding.

Most of the dose recovered in excrements 
and contents of the gastrointestinal tract, 

main residues in milk were pyriproxyfen and 
its main metabolite (4’-OH-pyriproxyfen 

sulfate), accumulation of pyriproxyfen in body 
fat with similar levels in omental and 

perirenal fat, residual pyriproxyfen also found 
in muscle, accumulation of 4’-OH-pyriproxyfen 

sulfate in kidneys.

65
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Effects of pyriproxyfen exposure  
on the nervous system
A recent study by Vancamp and cols. showed 
interesting data suggesting that 4’-OH-pyriproxyfen 
– the main PPF metabolite – is an active antagonist 
of thyroid hormones (59). In the study, transgenic 
tadpoles expressing thyroglobulin (TG) were exposed 
for 72 hours to 4’-OH-pyriproxyfen in the presence 
or absence of triiodothyronine (T3) (59). The group 
exposed to 4’-OH-pyriproxyfen + T3 showed increased 
TG fluorescence, while the group exposed to 4’-OH-
pyriproxyfen alone, even at low doses (10-7 nM), 
showed decreased TG fluorescence. Additionally, 
tadpoles exposed to 4’-OH-pyriproxyfen at high 
doses (10-1 mg/L and 3×10-1 mg/L) presented low 
mobility, while those exposed to the highest 4’-OH-
pyriproxyfen dose (3×10-1 mg/L) had decreased 
head size and disproportionate prosencephalon and 
mesencephalon dimensions (59). Finally, the study 
demonstrated that the 4’-OH-pyriproxyfen dose of 
3×10-1 mg/L decreased the proliferation of neural 
progenitor cells in neurospheres (59). Thyroid 
hormones (T3 and thyroxine [T4]) are essential 
for neurological and cognitive development (74), 
regulating processes such as neurogenesis, neuronal 
migration, and the differentiation of nervous system 
cells (75). As mentioned, 4’-OH-pyriproxyfen acts as 
an active antagonist of thyroid hormones, decreasing 
TG fluorescence in transgenic tadpoles, even at low 
doses. Since brain development is sensitive to thyroid 
signaling, 4’-OH-pyriproxyfen interference can lead 
to changes in brain growth, as observed with the 
reduced head size and disproportionate dimensions of 
the forebrain and midbrain in tadpoles exposed to this 
metabolite (59). The decreased proliferation of neural 

progenitor cells in neurospheres, observed at high 
4’-OH-pyriproxyfen doses, suggests that this substance 
may interfere with the formation and maintenance 
of cell populations responsible for generating new 
neurons (76). This effect can result in defective 
cognitive development and altered brain plasticity. 
Another objective of the study by Vancamp and cols. 
was to assess the metabolite’s effects on Musashi-1 
(MSI1) levels (59). Chavali and cols., in 2017, showed 
that MSI1 is fundamental for the replication of the 
Zika virus due to its direct interaction with viral 
RNA; however, its expression is downregulated in the 
presence of thyroid hormones (77). The Vancamp and 
cols. study corroborated this finding by demonstrating 
that T3 treatment downregulated MSI1 expression 
compared with no T3 treatment; however, exposure to 
4’-OH-pyriproxyfen upregulated MSI1 expression in 
the presence of T3, demonstrating that this metabolite 
can alter gene expression in Zika virus (59). The altered 
MSI1 expression observed suggests that 4´-OH-
pyriproxyfen may modify gene expression pathways 
associated with neural development, in addition to 
potentially increasing susceptibility to viral infections 
affecting the brain.

A study investigating the effects of 10 days of PPF 
10 mg/L exposure on Gallus domesticus embryos 
revealed a significant increase in apoptotic cells and a 
notable reduction in brain mass, including the thickness 
of the cellular layers of the brain and mesencephalon, 
along with decreased head size (52). The increased 
apoptosis observed can lead to the loss of essential 
neuronal cells, impairing cognitive development 
and brain architecture (78). Although PPF did not 
affect neuronal and glial differentiation or the cranial 
ossification process, it proved to be a strong inducer of 

Model Tissues analyzed Exposure Main results Reference

Adult dogs Behavior (1-year toxicity study)
Exposure to pyriproxyfen 4.7 mg/kg body 

weight per day (as the No Observed Adverse 
Effect Level [NOAEL]) added to the feeding.

Manifestations such as diarrhea and 
salivation, no description of analyzed tissues.

65

Mice (stage of life 
not specified)

Acetylcholinesterase 
activity in brain and 

erythrocytes

(Developmental toxicity study) 
Exposure for up to 79 weeks to daily 

pyriproxyfen 50 ppm (equivalent to 6.1 mg/kg 
body weight) and 250 ppm (equivalent to 32 
mg/kg body weight) added to the feeding.

Inhibition of acetylcholinesterase activity in 
brain and erythrocytes, cholinergic signals 

and reduced body weight at high 
concentrations, additional effects included 

liver changes and increased adrenal weight.

65

Abbreviations: 4’-OH-PPF, pyriproxyfen metabolite; Msi1, Musashi-1



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

8

Pyriproxyfen: a brief review

Arch Endocrinol Metab, 2024, v.68, special issue, 1-13, e240154.

stress for neurodevelopment, resulting in alterations in 
the cellular architecture of brain vesicles (52).

Zebrafish male adults treated for 16 hours with PPF 
at concentrations of 0.001 mg/mL, 0.01 mg/mL, and 
0.1 mg/mL exhibited inhibited acetylcholinesterase 
activity, indicating a nearly concentration-dependent 
effect on synaptic function (58). Additionally, there 
was an increase in the generation of oxygen and 
nitrogen-related species (58), which may lead to 
neuronal damage (79). Acetylcholinesterase is crucial 
for synaptic function, breaking down acetylcholine and 
regulating neurotransmission. Its inhibition can result 
in synaptic and cognitive dysfunctions, such as learning 
and memory difficulties (80). Exposure to PPF also 
increases the generation of reactive oxygen and nitrogen 
species, leading to an oxidative stress environment that 
can damage neurons (79,80). Oxidative stress is known 
to be associated with neurodegenerative diseases 
and cognitive deficits (81). These findings further 
strengthen the evidence of a relationship between PPF 
and microcephaly.

Effects of pyriproxyfen exposure  
on the endocrine system
The various applications of PPF resulting in direct or 
indirect actions on ecosystems and the outcomes from 
experiments conducted in controlled environments 
emphasize that the PPF presence cannot be neglected 
(32,49-52,58,60).

A study investigating the toxic potential of 
PPF in Odontophrynus americanus tadpoles (54) 
exposed them to the pesticide for 22 days, revealing 
a reduction in the animals’ heart rate. Also, their 
swimming pattern appeared compromised, reflected 
by a reduction in distance traveled, average speed, 
and overall activity. The PPF concentration of  
0.1 mg/L caused a  significant increase in serum T4 
levels compared with no PPF exposure, suggesting an 
impact of PPF on thyroid hormones (54). The results 
also highlighted an increased activity of the enzymes 
glutathione S-transferase, acetylcholinesterase, and 
carboxylesterase, indicating a detoxification response 
(54). A possible explanation for PPF-induced toxicity 
may be the importance of thyroid hormones during the 
metamorphic stages in these animals (82).

Notably, PPF can be considered an active antagonist 
of thyroid hormones due to their structural similarity. 
The phenolic rings in the structure of both T3 and T4 

are crucial for binding to thyroid hormone receptors. 
Metabolites with similar phenolic groups (e.g., 4’-OH-
pyriproxyfen) may compete for these receptors or for 
specific transport proteins (e.g., transthyretin) with 
affinity for molecules with phenolic structures.

Moreover, thyroid signaling mechanisms are highly 
sensitive to chemical interference (83). Compounds 
that mimic or antagonize these hormones can 
deregulate thyroid function, affecting various processes, 
including metabolism, neurological development, and 
thermoregulation (83). Additionally, PPF may bind to 
thyroid hormone receptors or interfere with thyroid 
signaling pathways, acting as an endocrine disruptor. 
This interference may occur even though the PPF 
structure is not identical to that of thyroid hormones, 
as it possesses enough characteristics to occupy the 
binding sites on receptors and compete with T3 and 
T4 in metabolic pathways. Thus, this partial structural 
similarity may be sufficient to explain the antagonistic 
activity observed in the studies.

Experiments conducted on zebrafish embryos/
larvae (60) between 3 hours post-fertilization to 
96 hours, exposed to PPF concentrations of 0.16 
μg/mL, 0.33 μg/mL, and 1.66 μg/mL, exhibited 
interesting morphological effects (Figure 3), 
including pericardial edema, scoliosis, elongation of 
the heart, yolk sac edema, hyperemia, and red blood 
cell accumulation (60).

A study on 30-day-old Danio rerio exposed to 
PPF at concentrations of 15.6 μg/L, 31.2 μg/L, 
62.5 μg/L, 125 μg/L, and 250 μg/L suggested that 
PPF exhibits endocrine-disrupting activity. Both total 
length and body weight were significantly reduced 
in the groups treated with 125 μg/L and 250 μg/L 
compared with the control group. Additionally, growth 
hormone mRNA expression was lower in these same 
groups, suggesting inhibition in teleost fish (84). 

The effect of PPF as an endocrine disruptor is a 
key focus of the present review, as several studies have 
demonstrated that disruptions in the regulation of the 
endocrine axis – such as thyroid gland dysfunction, 
receptor abnormalities, hormone transporter protein 
disorders, and even alterations in hormone levels – can 
lead to severe diseases (83,85).

From a toxicological context, coexposures must also 
be considered (86). The importance of coexposure has 
been demonstrated in a study analyzing animals exposed 
to PPF along with microcystin (toxins produced by 
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cyanobacteria species). Even low PPF doses led to 
decreased survival in the first hours and increased 
deformity rates (i.e., eye and head size, damage to 
feeding and reproductive structures, abnormality in 
fin size and curvature, and pericardial edema). These 
data support the findings of other studies, indicating 
a possible risk of extinction with these pesticides 
(37,60,62,63).

Exposure of zebrafish larvae to PPF for 120 hours led 
to substantial alterations in the treated animals. In the 
experiments, PPF was used at varying concentrations 
(0.025 mg/L, 0.125 mg/L, 0.25 mg/L, 1.25 mg/L, 
2.5 mg/L, and 10 mg/L), both individually and 
in combination with diflubenzuron (DFB) to yield 
different mixtures (34). In concentrations above 2.5 
mg/L, PPF-induced teratogenic effects, significantly 
increasing the number of malformations such as 
pericardial edema, ocular malformations, and tail 
defects (34). 

Abnormalities in skeletal and cardiac development 
caused by PPF may also lead to alterations in spinal 
curvature and elongation of the heart (87). These 
effects may be indicative of structural-developmental 
disorders, potentially influenced by PPF’s toxicity in 
early developmental stages (88).

As part of an inflammatory response or due to 
impaired blood flow regulation, increased blood flow 

may occur in specific areas (89) and manifest as cellular 
or tissue damage, possibly caused by oxidative stress or 
a direct impact of the pesticide.

Several studies have also assessed the effects of PPF 
on the gonads. In a reproductive toxicity test (50), 
male rats treated with  oral PPF for 28 days showed 
a significant reduction in body and testicular weight, 
degenerative changes in testicular tissue, and decreased 
sperm density. These data indicate that PPF may directly 
influence male fertility (50). Testicular weight loss can 
be attributed to cellular damage and degeneration of 
testicular tissue (90), which can compromise testicular 
function. These effects are likely caused by oxidative 
stress or inflammation, resulting in damage to sperm and 
Sertoli cells, which are essential for spermatogenesis (91).  
Reduced sperm density is indicative of impaired 
spermatogenesis and can lead to infertility, which is 
also a direct consequence of degenerative changes in 
testicular tissue.

This evidence is further supported by a 2020 study 
conducted on male and female zebrafish models (62). In 
the study, the animals were treated for 21 days with PPF 
at concentrations of 1 μg/L, 10 μg/L, and 100 μg/L, 
and those treated with higher PPF concentrations 
developed histopathological alterations in the testes 
and ovaries. Notably, PPF demonstrates potential 
estrogenic action and is associated with reproductive 

Figure 3. Effects of pyriproxyfen on different systems and organs. The dashed arrow indicates the main pyriproxyfen metabolite. Abbreviations: 4’-OH-PPF, 
pyriproxyfen metabolite; TH, thyroid hormones; T3, triiodothyronine; T4, thyroxine. Figure created using Canva.
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changes (62). It also reduces the expression of the 
FSHB and LHB genes, suggesting effects on pituitary 
activity (62). The potential estrogenic action of PPF 
may interfere with the activity of estrogenic hormones, 
leading to hormonal imbalances, which explains the 
problems caused in the development and function of 
the reproductive organs (92).

Teratogenic effects of PPF have also been previously 
studied. Prenatal exposure of mice to PPF (55) causes 
a  significant decrease in offspring’s body weight. 
Additionally, histological changes are observed in 
organs such as the liver, kidney, heart, and brain of 
exposed offspring (55). Prenatal exposure to PPF 
results in increased fetal mortality at higher doses and a 
significant prolongation of the gestational period (55). 
Oral administration of PPF at doses of 100 mg/kg, 300 
mg/kg, or 500 mg/kg daily during the organogenic 
period in Wistar rats leads to bone alterations suggestive 
of developmental delay (55).

An in vitro study demonstrated that PPF inhibits 
the reactivity of muscle strips to acetylcholine in a dose-
dependent manner, abolishing contraction at high 
doses. It is likely that PPF affects the smooth muscle 
motor activity of the duodenum and jejunum through 
the intestinal cholinergic pathway (57). This suggests 
that PPF directly interferes with the interaction between 
acetylcholine and its muscle receptors.

More research is needed to explore the possible 
toxic effects of PPF on non-target organisms, even at 
concentrations considered safe by competent bodies. 
This will provide a deeper understanding of PPF’s role 
and help determine whether the use of PPF is justified 
for pest control. Several studies reporting effects 
such as lethargy, organ malformations, and delayed 
development of the central nervous system suggest that 
the thyroid axis may be a possible target for endocrine 
disruption by PPF (93-95). The results of these studies 
indicate that pregnant women and children should 
be given particular attention regarding the potential 
effects of PPF. From an ecotoxicological perspective, 
the negative effects of PPF on animals such as fish 
may cause environmental imbalance. Collectively, the 
evidence presented suggests the potential for new 
candidates in vector control.
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