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Abstract 
 

Non-alcoholic fatty liver disease (NAFLD) is the most common type of chronic liver 

injury worldwide and its spectrum is inclusive of steatosis, steatohepatitis, cirrhosis, and 

hepatocellular carcinoma. It has been related to obesity, insulin resistance, diabetes, and other 

metabolic syndromes. Numerous studies have been conducted to test the association between 

pesticides and fatty liver disease. Many of pesticides are lipophilic and tend to accumulate in 

the adipose tissue. The liver is the first-line of defense against potentially harmful xenobiotics 

through metabolism by cytochrome P450 enzymes. However, if the accumulated 

concentration of pesticides reaches lethal levels due to high dose or chronic exposure, they 

can overwhelm the liver detoxification capacity and cause toxicity. The mechanisms of their 

action in NAFLD development and progression involve insulin resistance, deposition of 

lipids in the hepatic parenchyma, oxidative stress, altered production of adipokines, which 

ultimately may leading to steatohepatitis and cirrhosis. Although the pathogenesis of 

pesticides-associated NAFLD is not yet fully understood, there is increasing elucidation of 

the mechanisms of progression from steatosis to more advanced liver inflammation and 

fibrosis. Such knowledge may eventually translate into the development of novel treatment 

strategies for this increasingly important condition. 
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โรคไขมนัพอกตบัท่ีไม่ไดเ้กิดจากแอลกอฮอล์ เป็นการบาดเจ็บเร้ือรังท่ีตบัท่ีพบไดบ้่อยท่ีสุด มีการ
สะสมไขมนัในตบัสูง แต่อาจรุนแรงข้ึนเป็นตบัอกัเสบ โรคตบัแข็งและมะเร็งตบั โรคไขมนัพอกตบัมี
ความสัมพนัธ์กบัโรคอว้น การด้ือต่ออินซูลิน โรคเบาหวานและโรคอว้นลงพุงอ่ืนๆ มีการศึกษาจ านวนมากท่ี
แสดงถึงความสัมพนัธ์ระหวา่งสารเคมีก าจดัศตัรูพืชและโรคไขมนัพอกตบั พบวา่สารเคมีก าจดัศตัรูพืชหลาย
ชนิดมีคุณสมบติัชอบไขมนัและสะสมในเน้ือเยื่อไขมนั ตบัเป็นอวยัวะด่านแรกท่ีช่วยป้องกนัสารพิษท่ีอาจ
เป็นอนัตรายโดยผ่านกระบวนการเมตาบอลิซึม แต่อยา่งไรก็ตาม ถา้สารเคมีก าจดัศตัรูพืชสะสมถึงระดบัท่ี
เป็นอนัตรายเน่ืองจากไดรั้บในปริมาณสูงหรือการสัมผสัเร้ือรัง ก็สามารถท าลายการขบัสารพิษของตบัและ
ก่อให้เกิดความเป็นพิษต่อตบัได ้กลไกการเกิดโรคเก่ียวขอ้งกบัการด้ือต่ออินซูลิน การสะสมของไขมนัใน
เน้ือเยื่อตบั ภาวะเครียดออกซิเดชัน่ การเปล่ียนแปลงการหลัง่ของ adipokines ซ่ึงในท่ีสุดอาจน าไปสู่ตบั
อกัเสบและโรคตบัแข็ง แมว้่าพยาธิก าเนิดของโรคท่ีเก่ียวข้องกบัสารเคมีก าจดัศตัรูพืชจะยงัไม่สามารถ
อธิบายไดอ้ยา่งสมบูรณ์ แต่ปัจจุบนัการศึกษาการด าเนินโรคจากการสะสมไขมนัในตบัท่ีน าไปสู่การอกัเสบ
ของตบัและมีพงัผดืในตบัก็มีเพิ่มมากข้ึน ซ่ึงองคค์วามรู้น้ีอาจจะน าไปสู่การพฒันากลยทุธ์การรักษาแบบใหม่
ได ้
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Introduction 

Liver is an important organ for 

human health. It is the center of crucial 

metabolic activities, and represent the first 

line of defense against toxic compounds. 

Liver is subjected to several types of insults 

and diseases, which able to alter its 

functions1. One of the most common cause 

of abnormal liver function tests and the most 

prevalent chronic liver diseases worldwide 

is the non-alcoholic fatty liver disease 

(NAFLD). NAFLD is a multifactorial 

disease closely associated with metabolic 

syndrome, and considered its hepatic 

manifestation2. Its prevalence worldwide is 

thought to be approximately 20% in the 

general population and up to 70% in type 2 

diabetes mellitus patients3. NAFLD involves 

a wide spectrum of liver pathologies with 

key stages ranging from simple steatosis to 

the more aggressive form of non-alcoholic 

steatohepatitis (NASH), which in turn may 

lead to fibrosis, cirrhosis, and in some cases, 

hepatocellular carcinoma4. Nonetheless, the 

underlying mechanisms of liver steatosis are 

still unclear. Although metabolic 

derangements have been established as main 

risk factors for NAFLD, a growing body of 

evidence supports the idea that pesticides 

exposure may have an impact on liver 

diseases, including NAFLD1.  

The term pesticide covers a wide 

range of compounds including insecticides, 

fungicides, herbicides, rodenticides, 

molluscicides, nematicides, plant growth 

regulators and others5. Pesticides are used 

almost everywhere, not only in agricultural 

fields, but also in homes, parks, buildings, 

forests, and roads. Ideally, a pesticide must 

be lethal to the targeted pests, but not to 

non-target species. Unfortunately, the 

rampant use of these chemicals, under the 

adage, “if little is good, a lot more will be 

better” has played havoc with human and 

other life forms5. Pesticides can contaminate 

soil, water, turf, and other vegetation. 

Several studies have demonstrated that 

many pesticides have been associated with 

liver disease and elevated levels of liver 

enzymes aminotransferases6. However, the 

mechanisms by which these compounds 

potentiate liver disease and damage are 

poorly studied. Therefore, this review article 

will focus on the role of pesticides in 

NAFLD and the mechanisms of their action 

in the potentiation and progression of 

steatohepatitis. 
 

Non-alcoholic fatty liver disease (NAFLD) 

NAFLD refers to the accumulation 

of fat, mainly triglycerides, in the liver 

(hepatic steatosis) either on imaging or on 

liver histology and there are no causes of 

secondary hepatic fat accumulation such as 

significant alcohol consumption, steatogenic 

medication usage, and hereditary disorders. 

NAFLD is further categorized histologically 

into non-alcoholic fatty liver (NAFL) and 
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NASH.  NAFL is defined as the presence of 

hepatic steatosis with no or minimal 

inflammation and no fibrosis. NASH is 

defined as the presence of hepatic steatosis 

with inflammation, ballooned hepatocytes 

(hepatocyte injury), and/or fibrosis (which 

may progress to cirrhosis)3, 7.  

The initial theory for the 

pathogenesis of NAFLD was the „two-hit‟ 

theory8. The first hit is hepatic fat 

accumulation or steatosis. This can be 

brought about by excessive consumption of 

hyper-caloric diets, and increases 

susceptibility of the liver to injury mediated 

by the second hit. The second hit results in 

hepatic and systemic inflammation which 

are accompanied by increased levels of 

inflammatory cytokines/ adipokines, 

mitochondrial dysfunction and oxidative 

stress and causes steatohepatitis. This may 

then progress to fibrosis and cirrhosis9. 

Moreover, industrial chemicals and toxic 

pollutants including pesticides are the other 

second hit factors leading to the term 

“toxicant-associated steatohepatitis” 

(TASH)6. Widely used pesticides promote 

the occurrence of hepatic steatosis1. One 

potential mechanism underlying this 

pathological process involves the activation 

of the nuclear receptor called pregnane X 

receptor (PXR). PXR is mainly expressed in 

liver and intestine. It is involved in the 

integrity of the endocrine system and 

modulates the metabolism and elimination 

of xeno- and endobiotics10. The activation of 

PXR leads to increased hepatocellular lipid 

content, through increased intestinal lipid 

uptake and triglycerides synthesis, due to the 

up-regulation of genes involved in fatty acid 

uptake and mobilization [i.e., fatty acid 

translocase (CD36) and fatty acid binding 

protein 2 (FABP2)], and to the activation of 

the sterol responsive element binding 

protein (SREBP). Elevation of  hepatic  lipid 

content leads to an increase of the 

AMP/ATP ratio11. Pesticides may also 

induce steatosis, obesity and insulin 

resistance by causing mitochondrial 

dysfunction1. NAFLD is increasingly 

diagnosed worldwide in a large proportions 

of the population across all age ranges, 

which will continue for the foreseeable 

future12. Because of its strong association 

with obesity, diabetes, arterial hypertension 

and hypertriglyceridaemia. This is 

universally considered as the hepatic 

manifestation of the metabolic syndrome 

and insulin resistance which is regarded as 

its key pathophysiological hallmark13. 
 

Pesticide  

 According to the US Environmental 

Protection Agency, a pesticide is defined as 

“any substance or mixture of substances 

intended for preventing, destroying, 

repelling, or mitigating any pest”. The term 

“pesticide” is not only refer to insecticides, 

but it actually applies to all the substances 
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its key pathophysiological hallmark13. 
 

Pesticide  

 According to the US Environmental 

Protection Agency, a pesticide is defined as 

“any substance or mixture of substances 

intended for preventing, destroying, 

repelling, or mitigating any pest”. The term 

“pesticide” is not only refer to insecticides, 

but it actually applies to all the substances 

used to control pests. Types of well-known 

pesticides classified by use including 

insecticides, herbicides, rodenticides, and 

fungicides14. Pesticides share similar 

chemical properties or act on the pest in the 

same way, and often grouped into families. 

A pesticide product may have active 

ingredients from more than one chemical 

family. Common families of pesticides 

include organophosphates, organochlorines, 

carbamates, and pyrethroids15. Their 

formulations contain both active and inert 

ingredients. Active ingredients act to control 

the pests and inert ingredients play key roles 

in pesticide effectiveness and product 

performance14. The information from the 

Department of Agriculture, Ministry of 

Agriculture and Co-operative, Thailand 

showed that there was an increasing trend of 

imported pesticides from about 110,000 tons 

totally in 2007 to approximately 172,000 

tons totally in 2013. Among these, 

herbicides were the major pesticides with 

the highest proportion of import followed by 

insecticides, and fungicides, respectively. 

The most imported herbicides were 

glyphosate isopropylammonium, paraquat 

dichloride, 2,4-D sodium salt, 2,4-D 

dimethyl ammonium, and ametryn. The 

most imported insecticides were 

chlorpyrifos, cartap hydrochloride, carbaryl, 

cypermethin, and carbosulfan. The most 

imported fungicides were mancozeb, 

carbendazim, propineb, captan, and copper 

hydroxide16-17. 

Pesticides work by interfering an 

essential biological mechanism of the pests. 

Because all living organisms share many 

biological mechanisms, their mode of action 

is not specific to one species. While 

pesticides kill pests, they may also kill or 

harm other organisms that are beneficial or 

at least not undesirable. They may also harm 

humans who are exposed to pesticides 

through occupational or home use, eating 

foods or liquids containing pesticide residue, 

or inhaling or contacting pesticide-

contaminated air5. The World Health 

Organization estimates that there are 3 

million cases of pesticide poisoning 

annually and up to 220,000 deaths, primarily 

in developing countries. There were about 

49,000 to 61,000 reported cases of pesticide 

intoxication each year with morbidity rate 

between 76.4 and 96.6 per 100,000 

populations during 2007-2013 in Thailand17. 

The application of pesticides is often not 

very precise, and unintended exposures 

occur to other organisms in the general area 

where pesticides are applied. Children, and 

indeed any young and developing organisms 

are particularly vulnerable to the harmful 

effects of pesticides. Even very low levels of 

exposure during development may have 

adverse health effects. 
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Pesticides: the risk to NAFLD 

 Pesticides are a double-edged sword. 

They have numerous beneficial effects, crop 

protection, food and materials preservation, 

and vector-borne diseases prevention while 

they are simultaneously toxic by design. The 

liver is responsible for the detoxification of 

these xenobiotic compounds primarily 

through cytochrome P450 enzymes; such as 

CYP3A and CYP2B families, which initiate 

the first step of the detoxification     

process18- 19. Therefore, the liver is a target 

organ for pesticide toxicity. Many pesticides 

have previously been associated with fatty 

liver disease and TASH6, 20.  
 

Herbicides 

In Thailand, herbicides considered the 

largest proportion of imported pesticides, 

68,824-137,048 tons annually or 62-79% of 

imported pesticides during 2007-201317.  

The treatment of rats with herbicide, 

glyphosate, alone or in combination with 

insecticide, dimethoate, or fungicide, zineb, 

induced oxidative stress in liver, caused loss 

of mitochondrial transmembrane potential 

with a concomitant increase of fatty acid 

peroxidation21. The administration of 

paraquat increased in the lipid peroxide 

level and changed in lipid composition in 

the liver of mice22. 2,4-

dichlorophenoxyacetic (2,4-D), an herbicide 

in chlorophenoxy group, treated in rats 

could modify lipidic status, disrupted lipid 

metabolism and induced hepatic oxidative 

stress23. Moreover, liver steatosis 

development, increased triglycerides and 

mitochondrial energetics inhibition, were 

reported in B6C3F1 mice after long-term 

simazine, a triazine herbicide, feeding24. 

Long-term exposure to atrazine, a triazine 

herbicide, contributed the development of 

steatosis, obesity, insulin resistance, and 

mitochondrial dysfunction in Sprague-

Dawley rats25. Chronic exposure of low dose 

of cypermethrin, pyrethroid insecticide, 

atrazine and triazine herbicide increased the 

mRNA levels of key genes that involved in 

both the de novo free fatty acids (FFA) 

synthesis pathway and the transport of FFA 

from blood in mice. An increase amount of 

FFA was partially consumed as energy 

through β-oxidation in the mitochondria. 

Some of the FFA were used to synthesize 

triacylglycerol in the liver by up-regulating 

primary genes, which resulted in increased 

triacylglycerol levels and lipid 

accumulation26. The action of triazine 

herbicides mediated inhibition of the 

electron transport chain in chloroplasts and 

thus was as photosynthesis inhibitors. The 

similarity of plant chloroplasts and 

mammalian mitochondria may be 

responsible for the mitochondrial toxicity 

induced by triazine in animal studies6.  
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Pesticides: the risk to NAFLD 

 Pesticides are a double-edged sword. 

They have numerous beneficial effects, crop 

protection, food and materials preservation, 

and vector-borne diseases prevention while 

they are simultaneously toxic by design. The 

liver is responsible for the detoxification of 

these xenobiotic compounds primarily 

through cytochrome P450 enzymes; such as 

CYP3A and CYP2B families, which initiate 

the first step of the detoxification     

process18- 19. Therefore, the liver is a target 

organ for pesticide toxicity. Many pesticides 

have previously been associated with fatty 

liver disease and TASH6, 20.  
 

Herbicides 

In Thailand, herbicides considered the 

largest proportion of imported pesticides, 

68,824-137,048 tons annually or 62-79% of 

imported pesticides during 2007-201317.  

The treatment of rats with herbicide, 

glyphosate, alone or in combination with 

insecticide, dimethoate, or fungicide, zineb, 

induced oxidative stress in liver, caused loss 

of mitochondrial transmembrane potential 

with a concomitant increase of fatty acid 

peroxidation21. The administration of 

paraquat increased in the lipid peroxide 

level and changed in lipid composition in 

the liver of mice22. 2,4-

dichlorophenoxyacetic (2,4-D), an herbicide 

in chlorophenoxy group, treated in rats 

could modify lipidic status, disrupted lipid 

metabolism and induced hepatic oxidative 

stress23. Moreover, liver steatosis 

development, increased triglycerides and 

mitochondrial energetics inhibition, were 

reported in B6C3F1 mice after long-term 

simazine, a triazine herbicide, feeding24. 

Long-term exposure to atrazine, a triazine 

herbicide, contributed the development of 

steatosis, obesity, insulin resistance, and 

mitochondrial dysfunction in Sprague-

Dawley rats25. Chronic exposure of low dose 

of cypermethrin, pyrethroid insecticide, 

atrazine and triazine herbicide increased the 

mRNA levels of key genes that involved in 

both the de novo free fatty acids (FFA) 

synthesis pathway and the transport of FFA 

from blood in mice. An increase amount of 

FFA was partially consumed as energy 

through β-oxidation in the mitochondria. 

Some of the FFA were used to synthesize 

triacylglycerol in the liver by up-regulating 

primary genes, which resulted in increased 

triacylglycerol levels and lipid 

accumulation26. The action of triazine 

herbicides mediated inhibition of the 

electron transport chain in chloroplasts and 

thus was as photosynthesis inhibitors. The 

similarity of plant chloroplasts and 

mammalian mitochondria may be 

responsible for the mitochondrial toxicity 

induced by triazine in animal studies6.  
 

 

 

Insecticides  

 Imported insecticides in Thailand 

was ranked second behind herbicides, 

16,796-34,672 tons annually or 12-23% of 

imported pesticides during 2007-201317. 

Organophosphate insecticides are used in 

agriculture, homes, gardens and veterinary 

practices. Several of which are highly toxic, 

all share a common mechanism of 

cholinesterase inhibition. Organophosphates 

are efficiently absorbed by inhalation and 

ingestion. Chlorpyrifos, an organophosphate 

insecticide, and carbaryl, a carbamate 

insecticide, are the top ten imported 

insecticides in 2013 in Thailand17. 

Subchronic exposure to chlorpyrifos and 

carbaryl alone, or in combination revealed 

alternations in a number of metabolites 

involving the metabolism of glucose, free 

fatty acids, and amino acids, caused a 

disturbance in energy and fatty acid 

metabolism in the liver mitochondria of 

rats27. Methyl parathion and parathion 

treatment increased lipid peroxidation and 

oxidative stress in HepG2 cells28. Some 

organophosphates, such as diazinon, 

fenthion, and methyl parathion, have 

significant lipid solubility, allowing fat 

storage with delayed toxicity due to late 

release29.  Treatment with individual doses 

of carbamate insecticides, carbofuran and 

cartap, caused alterations in the levels of 

serum lipid parameters. There were marked 

decreasing in the level of serum high-

density lipoprotein where as that of other 

lipids got elevated. Further, rats exhibited 

relatively higher impact of pesticides when 

treated with the compounds in 

combination30. Organochlorine insecticides 

were intensively used in agriculture to 

protect cultivated plants. They are high 

thermodynamic stable and lipid soluble31-32. 

Human exposure occurs primarily via low 

level food contamination. Hepatic effects, 

including steatosis, were reported in 32 plant 

workers poisoned with chlordecone in 

Virginia. Many of the cases had 

hepatomegaly, and 12 workers underwent 

liver biopsy, revealing mild steatosis, portal 

inflammation, fibrosis, glycogenated nuclei, 

and lipofuscin accumulation. Interestingly, 

liver enzymes were repeatedly normal in all 

subjects, a characteristic commonly 

observed in TASH33. Multiple pesticides 

including dieldrin, trans-nonachlor 

(component of chlordane), and heptachlor 

epoxide (metabolite) were dose dependently 

associated with increased odds ratios for 

alanine aminotransferase elevation and 

suspected NAFLD6. The p,p'-

dichlorodiphenyldichloroethylene (DDE) as 

the main metabolite of banned pesticide 

dichlorodiphenyltrichloroethane (DDT), 

exposure increased liver levels of palmitic, 

stearic, oleic, trans fatty, and linoleic acids 

having altered the n6 and n3 pathways 

leading to high concentrations of 

arachidonic acid and DHA (C22:6 n3) in 
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rats. The results of this study confirm the 

close relationship between pesticide 

metabolite and hepatic lipid dysfunction34. 

The hepatotoxic modes of action for 

organochlorine insecticides are still 

unknown, but they are related to induce 

cytochrome P450 enzymes and appear to 

activate nuclear receptors.  
 

Fungicides 

According to US Environmental 

Protection Agency, global annual fungicide 

application is nearly 500 million pounds. In 

Thailand, fungicides were imported about 

6,971-12,178 tons annually or 5-11% of 

imported pesticides in 2007-201317. 

Mancozeb, a manganese/zinc ethylene-bis-

dithiocarbamate fungicide worsened 

NAFLD in the human HepG2 cell model. 

The hepatic toxicity of the fungicide 

exacerbated fatty acid-induced steatosis, as 

manifested by an increase in intracellular 

lipid droplet accumulation35. Oral 

administrations with carbendazim induced 

hepatic lipid metabolism disorder which was 

characterized by increases of hepatic lipid 

accumulation and triglyceride levels in 

mice. Cholesterol, high-density lipoprotein, 

and low-density lipoprotein levels in serum 

also increased after carbendazim exposure36. 

Treatment with the organochlorine 

fungicides captan, dichlofluanid and 

chlorothalonil induced cytotoxicity and lipid 

peroxidation in isolated rat hepatocytes37. 

Some azole antifungals including 

triadimefon, propiconazole and 

cyproconazole have been previously 

associated with hepatotoxicity and 

hepatomegaly in rats38-39. 
 

Conclusions 

Pesticides are designed to kill or harm pests. 

However, many pesticides can also pose 

risks to the peoples because they 

contaminated almost every part of 

environment. Pesticide residues are found in 

soil, air, and water. They have been linked 

to a wide range of human health hazards. 

TASH is a recently identified form of 

NAFLD and it is mainly associated with 

chemical exposure including pesticides. 

NAFLD is the most common cause of liver 

disease worldwide and it is strongly 

associated with insulin resistance and 

metabolic syndrome. Several potential 

mechanisms of pesticides, i.e., 

organophosphate and organochlorine 

compounds, associated with NAFLD 

including altered hepatic lipid metabolism, 

pro-inflammatory cytokine elevation, 

oxidative stress, and mitochondrial 

dysfunction. However, NAFLD comprises a 

wide spectrum of liver damage which results 

from a „multiple-hit‟ process. The 

progressive of NAFLD-associated pesticides 

from simple steatosis to NASH, advanced 

fibrosis, and cirrhosis should be further 
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activate nuclear receptors.  
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application is nearly 500 million pounds. In 

Thailand, fungicides were imported about 

6,971-12,178 tons annually or 5-11% of 

imported pesticides in 2007-201317. 

Mancozeb, a manganese/zinc ethylene-bis-

dithiocarbamate fungicide worsened 

NAFLD in the human HepG2 cell model. 

The hepatic toxicity of the fungicide 

exacerbated fatty acid-induced steatosis, as 

manifested by an increase in intracellular 

lipid droplet accumulation35. Oral 

administrations with carbendazim induced 

hepatic lipid metabolism disorder which was 

characterized by increases of hepatic lipid 

accumulation and triglyceride levels in 

mice. Cholesterol, high-density lipoprotein, 

and low-density lipoprotein levels in serum 

also increased after carbendazim exposure36. 

Treatment with the organochlorine 

fungicides captan, dichlofluanid and 

chlorothalonil induced cytotoxicity and lipid 

peroxidation in isolated rat hepatocytes37. 

Some azole antifungals including 

triadimefon, propiconazole and 

cyproconazole have been previously 

associated with hepatotoxicity and 

hepatomegaly in rats38-39. 
 

Conclusions 

Pesticides are designed to kill or harm pests. 

However, many pesticides can also pose 

risks to the peoples because they 

contaminated almost every part of 

environment. Pesticide residues are found in 

soil, air, and water. They have been linked 

to a wide range of human health hazards. 

TASH is a recently identified form of 

NAFLD and it is mainly associated with 

chemical exposure including pesticides. 

NAFLD is the most common cause of liver 

disease worldwide and it is strongly 

associated with insulin resistance and 

metabolic syndrome. Several potential 

mechanisms of pesticides, i.e., 

organophosphate and organochlorine 

compounds, associated with NAFLD 

including altered hepatic lipid metabolism, 

pro-inflammatory cytokine elevation, 

oxidative stress, and mitochondrial 

dysfunction. However, NAFLD comprises a 

wide spectrum of liver damage which results 

from a „multiple-hit‟ process. The 

progressive of NAFLD-associated pesticides 

from simple steatosis to NASH, advanced 

fibrosis, and cirrhosis should be further 

evaluated, so that more effective diagnostics 

and therapeutics may be developed. 
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