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Abstract
The liver is the main organ responsible for the metabo-
lism of drugs and toxic chemicals, and so is the primary 
target organ for many organic solvents. Work activities 
with hepatotoxins exposures are numerous and, more-
over, organic solvents are used in various industrial 
processes. Organic solvents used in different industrial 
processes may be associated with hepatotoxicity. Sev-
eral factors contribute to liver toxicity; among these 
are: species differences, nutritional condition, genetic 
factors, interaction with medications in use, alcohol 
abuse and interaction, and age. This review addresses 
the mechanisms of hepatotoxicity. The main pathogenic 
mechanisms responsible for functional and organic 
damage caused by solvents are: inflammation, dysfunc-
tion of cytochrome P450, mitochondrial dysfunction 
and oxidative stress. The health impact of exposure to 
solvents in the workplace remains an interesting and 
worrying question for professional health work.
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INTRODUCTION
Some studies have suggested that exposure to organic 
solvents may induce liver toxicity[1,2] because most chemi-
cals are metabolized in the liver and toxic metabolites 
generated through the metabolism are the main cause of  
liver damage.

Work activities with hepatotoxin exposure are nu-
merous and include chemists, dry cleaners, farm work-
ers, painters, health care workers, nurses, and printers. 
Organic solvents are used in various industrial processes 
such as spray painting, paint manufacturing, degreasing, 
metal processing, aeronautical and auto manufactur-
ing maintenance and manufacturing, as well as various 
chemical storage facilities. Exposure to hepatotoxins can 
occur through intentional or accidental ingestion in food 
or absorption of  toxic contaminants through the skin. 
Contamination includes the ingestion of  water, skin ab-
sorption via water baths, and volatilization of  solvents, 
and heated bathrooms with a shower of  water.

Although a number of  industrial chemicals are known 

REVIEW

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v18.i22.2756

2756 June 14, 2012|Volume 18|Issue 22|WJG|www.wjgnet.com

World J Gastroenterol  2012 June 14; 18(22): 2756-2766
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2012 Baishideng. All rights reserved.



to be hepatotoxins, liver disease from occupational expo-
sure is rarely suspected or diagnosed[3].

Three conditions must be fulfilled for the diagnosis 
of  professional toxic hepatitis: (1) Liver damage should 
take place after occupational exposure to a substance; pa-
tient occupational history and the workplace in question 
is necessary; (2) Liver enzymes must increase to at least 
double the upper limit of  normal levels; and (3) Tertiary 
conditions, such as other causes of  liver disease, must be 
excluded[4,5].

The most important factors contributing to toxicity 
liver are protein binding, species differences, points of  
binding inside the liver intracellular, nutritional condition, 
genetic factors, interaction with medications in use, alco-
hol abuse and interaction, and age. For the age factor, it 
has been shown that age susceptibility clearly plays a role. 
For instance, neonatal rats are less susceptible to carbon 
tetrachloride and bromobenzene toxicity as compared to 
adult animals[6].

The hepatotoxic effects of  some of  the solvents were 
recognized as early as 1887. Very little is known about the 
frequency of  occupational liver injury by solvents. It is 
still difficult to assess the damage from exposure due to 
difficult controls in the workplace[7-9]. Clinical presenta-
tion of  occupational liver disease may be acute/subacute 
or chronic, but is often insidious.

Occupational toxic hepatitis can be divided into three 
types: hepatocellular, cholestatic and mixed (Table 1). 

Liver damage is likely to be more severe in the hepa-
tocellular type than in the cholestatic or mixed type; a pa-
tient with elevated bilirubin levels in hepatocellular liver 
injury indicates serious liver disease. 

Patients with the cholestatic or mixed type are likely 
to develop chronic disease more frequently than those 
with the hepatocellular type. 

The solvents suspected to be responsible for liver 
occupational disease are: dimethylformamide (DMF), 
dimethylacetamide (DMA), trichloroethylene (TCE), tet-
rachloroethylene, carbon tetrachloride, xylene, toluene, 
and chloroform, whose organoleptic properties and main 
uses are schematically presented in Table 2. 

The solvents that follow are the most extensively used 
in the chemical industry.

DIMETHYLFORMAMIDE
DMF is an organic compound with the formula (CH3)2

NC(O)H that takes the form of  a colorless, water-soluble 
liquid. Pure dimethylformamide is odorless, whereas 
technical grade or degraded dimethylformamide often 
has a fishy smell due to the impurity of  dimethylamine. Its 
name is derived from the fact that it is a derivative of  for-
mamide, the amide of  formic acid.

Dimethylformamide has been termed the universal 
solvent and is used commercially as a solvent for vinyl res-
ins, adhesives and epoxy formulations (the latter for use in 
laminated printed circuit boards); for purification and/or 
separation of  acetylene, acid gases and aliphatic hydro-

carbons; and in the production of  polyacrylic or cellulose 
triacetate fibres and pharmaceuticals. It is also used as a 
catalyst in carboxylation reactions; in organic synthesis; as 
an industrial paint; as a carrier for gases, and in inks and 
dyes in printing and fibre-dyeing applications[10-12].

It is widely used for resins and polar polymers and in 
applications such as protective coatings, films, printing 
inks and adhesives. It is also used in the pharmaceuti-
cal industry in the formulation of  pesticides, and in the 
manufacture of  synthetic leathers[13,14].

Occupational exposure to dimethylformamide may 
occur in the production of  organic chemicals, resins, fi-
bers, paints, inks and adhesives. Exposure can also occur 
during the use of  ink coatings, adhesives, in the synthetic 
leather industry, and in the repair of  aircraft.

In 100 workers occupationally exposed to this solvent 
for at least one year (mean exposure of  5 years; range = 
1-15 years), a statistically significant incidence of  hepatic 
impairment was found, as indicated by elevated gamma-
glutamyl transpeptidase levels and digestive disturbances[15]. 

Symptoms of  irritation occurring during work with 
DMF include watery eyes, dry throat, and coughing. The 
exposed workers also reported a reduced sense of  smell 
and dry coughs. Workers exposed to DMF also reported 
facial flushing and palpitations after ingesting alcohol. 
This condition is related to alcohol intolerance, character-
ized by a disulfiram-type reaction.

DIMETHYLACETAMIDE
DMA is an organic compound with the formula CH3C
(O)N(CH3)2 that is widely used in the synthetic fiber and 
resin industries[16]. 

 It is colorless, water miscible, has a high boiling 
point, and is commonly used as a polar solvent in organic 
chemistry, as a solvent for vinyl resins, cellulose deriva-
tives, polyacrylonitrile, linear polyesters and styrene. It is 
also used as in catalyst and solvent elimination, cycliza-
tion, alkylation reactions and halogenations.

DMA is a widely used solvent in acrylic and elasthane 
fiber spinning, and is also used as: a solvent in the pro-
duction of  X-ray contrast media; a solvent in the produc-
tion process of  antibiotics like cephalosporins (such as 
cefadroxil, cefalexin and cefradine); and a solvent and 
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Table 1  Clinical-diagnostic types of occupational toxic hepatitis

Type of disease ALT ALP γ-GT  Bilirubin Bile acids

Hepatocellular > 2 ULN N > 2 Elevated levels Elevated 
levels

Cholestatic N > 2 ULN > 4 Normal or 
moderate level

Elevated 
levels

Mixed > 2 ULN ≥ ULN > 2 Normal or 
moderate level

Elevated 
Levels 

ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GT: Glutamyl 
transferase; ULN: Upper limit of normal; N: Normal value. Normal value, 
ALT 9-63 U/L; ALP 38-126 U/L; γ-GT 7-50 U/L; Bilirubin 0.20-1.5 mg/dL; 
Bile acids < 10 mmol/L.



reaction medium in the manufacture of  polyimide resins, 
polysulfones and cellophane.

The hepatic toxicity of  DMA is well known in ani-
mals, with reports of  an increase in liver weight, steatosis, 
hepatic focal cystic degeneration, transaminasemia, biliary 
hyperplasia and centrilobular single cell necrosis[17]. 

It was discovered that a worker in a polyurethane 
plastic producing plant who was accidentally exposed to 
DMA mixed with ethylenediamine developed chemical 
induced hepatitis with several toxic features[18]. 

There was another report of  a male worker in a facto-
ry of  synthetic stretch fabric who was exposed to mixed 
solvents, including DMA, in a confined space continu-
ously for 4-6 h/d for three days developing hepatic injury 
with other clinical manifestations of  acute DMA intoxi-
cation. Toxic hepatitis following excessive skin exposure 
to DMA was reported among workers from a new pro-
duction line of  acrylic fiber[19,20]. 

TRICHLOROETHYLENE
TCE is a volatile organic compound with the chemical 
formula C2HCl3. A chlorinated hydrocarbon, it is used as an 
industrial solvent, and takes the form of  a clear non-flam-
mable liquid with a sweetish smell resembling chloroform.

Until 1975, it was used as a volatile anesthetic (however, 
it produced depression of  the central nervous system) 
and inhaled obstetrical analgesic in millions of  patients, 
as well as an extractant in food-processing. It is now used 
for vapor degreasing and as a solvent[21].

TCE is a solvent for a wide variety of  organic materi-
als, but is also used in the food industry for the decaffein-
ation of  coffee and the preparation of  flavoring extracts 
from hops and spices.

Higher concentrations can cause tachypnea, and many 
types of  cardiac arrhythmias which are exacerbated by 
epinephrine (adrenaline).
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Table 2  Main features of the solvents described

Solvents Organoleptic properties Main uses Main mode of 
absorption

Dimethylformamide Water-soluble liquid Production of organic chemicals, resins, fibers, paints, inks and 
adhesives

Inhalation

Colorless Vinyl resins, adhesives and epoxy formulations Skin
Odorless Purification and/or separation of acetylene
Polar polymer Production of polyacrylic or cellulose triacetate fibres and 

pharmaceuticals
Industrial paint
Protective coatings, films, printing inks and adhesives
Pharmaceutical industry
Formulation of pesticides

Dimethylacetamide Colorless Organic chemistry Inhalation
Water miscible Vinyl resins Skin
High boiling point Cellulose derivatives Gastric
Polar Polyacrylonitrile
Greasy Linear polyesters and styrene

Production process of antibiotics like cephalosporins
Production of X-ray contrast media
Manufacture of polyimide resins, polysulfones and cellophane

Trichloroethylene Non-flammable liquid Volatile anesthetic (in the past) Inhalation
Clear Food industry (e.g., the decaffeination of coffee and the Skin
Pleasant smell preparation of flavoring extracts from hops and spices) Gastric
Volatile
Organic compound

Tetrachloroethylene Colorless liquid Dry cleaning and metal cleaning, Inhalation
Volatile veterinary anthelmintic, textile industry, Skin
High stabile automotive and other metalworking industries, Gastric
Non-flammable dry-cleaning industry

Carbon tetrachloride Liquid Refrigerant Inhalation
Easily evaporates Pesticide Skin
Sweet smell Gastric
Unpleasant smell (> 10 ppm)

Xylene Flammable liquid Resins, gums, rubber cleaners, degrease paints, lacquers, varnishes, Inhalation
Light-colored or colorless, strong odor adhesives, cements, inks, gasoline Skin

Toluene Refractive liquid Paints, coatings, synthetic fragrances, adhesives, inks, cleaning Inhalation
Colorless agents, pharmaceuticals, dyes, cosmetic nail products, and Skin
Flammable soluble in water synthesis of organic chemicals
Pungent odor

Chloroform Colorless Pharmaceutical industry Inhalation
Sweet-smelling Dyes and pesticides
Dense liquid Reagent

Anesthetic
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used to produce the Freon refrigerants R-11 (trichloro-
fluoromethane) and R-12 (dichlorodifluoromethane). 
However, these refrigerants were identified as playing an 
important role in ozone depletion, and therefore their use 
was banned. Carbon tetrachloride is still used to manu-
facture less destructive refrigerants however.

Carbon tetrachloride is one of  the most powerful 
solvents toxic to the liver, and is widely used in scientific 
research to assess liver damage and hepatoprotective 
agents[28]. 

Indeed, carbon tetrachloride has been known for 
many years to be toxic to the liver. It has been shown 
to produce hepatic damage including necrosis and fatty 
degeneration in various experimental animal species[29,30]. 
Several experiments have also shown that single doses 
can cause areas of  necrosis in the liver within min-
utes[31,32], as well as liver enzyme abnormalities known to 
indicate liver damage[33,34].

XYLENE
Xylene is a clear, light-colored or colorless, flammable 
liquid which evaporates rapidly and is also called “xy-
lol,” “dimethylbenzene,” or “mixed xylenes”. Its odor is 
strong and sweetish like other aromatic solvents.

Xylene may be found in: solvents for gums, resins, 
rubber cleaners, degreaser paints, lacquers, varnishes, ad-
hesives, cements, epoxy resins, inks, dyes, and gasoline.

The xylene in commercial use is composed of  a mix-
ture of  the three isomers ortho-xylene, meta-xylene, and 
para-xylene; the meta-isomer predominates in these mix-
tures. O-Xylene and m-xylene are clear, colorless, flam-
mable liquids that have characteristically sweet, balsam-
like odors. At low temperatures, the para-isomer occurs 
in the form of  clear, colorless plates[35]. 

TOLUENE
Toluene occurs as a colorless, flammable, refractive liquid 
that is slightly soluble in water, has a sweet and pungent 
odor, and has the chemical formula C6H5CH3

[36]. 
It is used to produce benzene and as a solvent in 

paints, coatings, synthetic fragrances, adhesives, inks, and 
cleaning agents. Toluene is also used in the production 
of  polymers used to make nylon, plastic soda bottles, 
polyurethanes, and for pharmaceuticals, dyes, cosmetic 
nail products, and the synthesis of  organic chemicals[36]. 
Exposed to toluene may occur from breathing ambient or 
indoor air, from the use of  common household products 
(paints, paint thinners, adhesives, synthetic fragrances and 
nail polish), and cigarette smoke. The deliberate inhalation 
of  paint or glue may result in high levels of  exposure to 
toluene, as well as other chemicals, in solvent abusers[36]. 

Toluene exposure may also occur in the workplace, 
especially in occupations such as printing or painting, 
where toluene is frequently used as a solvent. Automo-
bile emissions are the principal source of  toluene in the 
ambient air. Toluene may be released to the ambient air 

TCE has also been used as an inhaled patient con-
trolled analgesic agent, mainly for the treatment of  tri-
geminal neuralgia.

It was found that 10% of  workers exposed to TCE 
became jaundiced with massive hepatic necrosis[22]. 

The data in humans, although limited, clearly suggests 
a toxic effect on human livers. Case reports describe TCE 
as inducing hepatitis and liver necrosis[23]. 

TETRACHLOROETHYLENE
Also, known under the name tetrachloroethene, tetrachlo-
roethene is a chlorocarbon with the formula Cl2C=CCl2. 
It is a colorless liquid that is volatile, highly stable, and 
nonflammable, and mainly used as a solvent in dry clean-
ing and metal cleaning. It is also used for veterinary an-
thelmintic, processing and finishing in the textile industry, 
as an extraction solvent, grain fumigant, heat-exchange 
fluid, and in the manufacture of  fluorocarbons.

Tetrachloroethylene is an excellent solvent for organic 
materials. It is also used to degrease metal parts in the au-
tomotive and other metalworking industries and appears 
in certain consumer products including spot removers, 
paint strippers, silicone lubricants, and food[24,25]. Its toxic-
ity presents itself  as different effects in the central nerv-
ous system, kidneys and liver. Symptoms of  toxicity from 
exposure include fatigue, dizziness, headache, vomiting 
and nausea, signs of  hepatic or renal failure, and pulmo-
nary edema[26]. 

Tetrachloroethylene causes irritation of  the eyes and 
nose mucosal. Severe exposure can lead to behavior al-
teration, coma and death[24,26]. 

CARBON TETRACHLORIDE
Carbon tetrachloride, also known by numerous other 
names, is an organic compound with the formula CCl4 that 
takes the form of a clear liquid that very easily evaporates. 
Most carbon tetrachloride that finds its way into the envi-
ronment is therefore found as a gas. 

Carbon tetrachloride does not burn easily. It normally 
has a sweet smell, but this can change to a more unpleas-
ant odor when the concentration of  carbon tetrachloride 
reaches 10 parts per million parts of  air (ppm).

In the 20th century, carbon tetrachloride was com-
monly used as a dry cleaning solvent, as a refrigerant, and 
in lava lamps[27]. One specialty use of  carbon tetrachloride 
was by stamp collectors to reveal watermarks on the 
backs of  postage stamps without damaging the stamp. 
However, once it became apparent that carbon tetra-
chloride exposure had severe adverse health effects, safer 
alternatives such as tetrachloroethylene were found for 
these applications, and its use in these roles declined from 
about 1940 onward. 

Carbon tetrachloride was used as a pesticide to kill 
insects in stored grain but, in 1970, it was banned in con-
sumer products in the United States. Before the Montreal 
Protocol, large amounts of  carbon tetrachloride were 
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during the production, use, and disposal of  industrial 
and consumer products that contain toluene. Levels of  
toluene measured in rural, urban, and indoor air averaged 
1.3, 10.8, and 31.5 micrograms per cubic meter (μg/m3), 
respectively[36]. 

Toluene is metabolized by the liver; however, the 
liver does not appear to be a primary target for toluene 
toxicity. Indeed, the central nervous system (CNS) is the 
primary target for toluene toxicity in both humans and 
animals for acute and chronic exposures. CNS dysfunc-
tion (which is often reversible) and narcosis have been 
frequently observed in humans acutely exposed to low 
or moderate levels of  toluene by inhalation; symptoms 
include fatigue, sleepiness, headaches, and nausea. CNS 
depression and death have occurred at higher levels of  
exposure. 

A study of  printing factory workers who were ex-
posed to toluene at a concentration of  less than 200 ppm 
showed minimal changes to liver enzymes[37]. A study by 
Svensson et al[38] looked at 47 rotogravure workers oc-
cupationally exposed to toluene and showed elevation of  
liver enzymes and chemical hepatitis.

Hepatotoxicity has been observed in the literature in 
individuals exposed to xylene and toluene[39]. 

CHLOROFORM
Chloroform is a volatile organic compound that takes the 
form of  a colorless liquid with a non-irritating odor and a 
slightly sweet taste. It will burn only when it reaches very 
high temperatures. In the past, chloroform was used as 
an inhaled anesthetic during surgery, but it is not used for 
that purpose today. Today, chloroform is used to make 
other chemicals and can also be formed in small amounts 
when chlorine is added to water. Other names for chloro-
form are “trichloromethane” and “methyl trichloride”.

It is produced as a byproduct of  water chlorination and 
the bleaching of  paper. Chloroform may also be elicited 
as a vehicle exhaust. In 1923, Meyer and Pessoa showed 
the toxicity of  chloroform to the human liver[40]. 

MECHANISMS OF HEPATOTOXICITY
The pathophysiologic mechanisms of  hepatotoxicity are 
still being explored, but are characterized by organic and 
functional damage of  the liver. The principal alterations 
are: (1) Disruption of  the hepatocyte; with a decrease in 
ATP levels. Disassembly of  actin fibrils at the surface of  
the hepatocyte with blistering and rupture of  the mem-
brane; (2) Disruption of  the transport proteins; toxins 
may affect transport proteins at the canalicular membrane 
and can interrupt bile flow. It also detects interruption of  
transport pumps; (3) Cytolytic T-cell activation: the cova-
lent binding of  a toxin to the P-450 enzyme acts as an 
immunogen, activating T cells and cytokines and stimulat-
ing a multifaceted immune response; (4) Apoptosis of  
hepatocytes; activation of  the apoptotic pathways by the 
tumor necrosis factor-alpha receptor of  Fas may trig-

ger the cascade of  intercellular caspases, which results in 
programmed cell death; and (5) Bile duct injury; toxic me-
tabolites excreted in bile may cause injury to the bile duct 
epithelium[41]. In cultured rat hepatocytes, the hydrophobic 
bile acid glycochenodeoxycholate at pathophysiologically 
relevant concentrations (20-100 mmol/L) induces apopto-
sis, as documented by cell shrinkage, nuclear condensation 
and lobulation, caspase activation, DNA fragmentation, 
and phosphatidylserine externalization. Thus, bile acids 
provide a valuable model to dissect the mechanisms of  
liver cell apoptosis and the role of  apoptosis in liver injury 
from endogenous toxicants. Apoptosis occurs by one of  
two pathways: (1) a death receptor pathway; and (2) the 
mitochondrial pathway.

The main pathogenic mechanisms responsible for 
functional and organic damage caused by solvents are: in-
flammation, dysfunction of  cytochrome P450, mitochon-
drial dysfunction and oxidative stress.

INFLAMMATION
Inflammation plays an important role in classical chemi-
cal toxicities[42,43]. Hepatic non-parenchymal cells, the 
Kupffer, sinusoidal endothelial, and fat-storing or Ito 
(stellate) cells, and recruited leukocytes, i.e., monocytes 
and neutrophils, contribute to the pathogenesis of  he-
patic toxicity. 

Proinflammatory cytokines, chemokines, reactive oxy-
gen and nitrogen species, that promote oxidative stress in 
the damage induced by toxic substances, are produced by 
Kupffer cells and neutrophils.

In response to a direct action of  the chemical, the 
Kupffer cells are activated resulting in the production of  
proinflammatory cytokines such as interleukin (IL)-1, IL-6 
and tumor necrosis factor (TNF) α, and chemokine recep-
tor chemokines.

Each of  these factors can upregulate expression of  β-2 
integrin [cluster of  differentiation (CD)11b/CD18] and 
prime neutrophils for reactive oxygen species (ROS) for-
mation. C5a also stimulates Kupffer cells to release ROS. 

The aforementioned cytokines can regulate genes for 
the production of  factors that induce and/or promote 
apoptosis, or that stimulate the proliferation of  hepatocytes.

These cytokines can mediate many pathological ef-
fects, including inflammatory cell infiltrates, lipogenesis, 
fibrogenesis and cholestasis[44]. 

For example, TNF α/IL-6 induction occurs within 
minutes following CCl4 exposure and is responsible for 
the activation of  nuclear transcription factors including 
AP-1, NFκB, and STAT 3[45,46], which regulate genes in-
volved in cell growth. Liver toxicity induced by solvents 
is presented schematically in Figure 1. 

In addition, cytokines activate the expression of  ad
hesion molecules on endothelial cells and hepatocytes. If  
primed neutrophils receive a chemotactic signal from the 
parenchyma, they will transmigrate and adhere to hepato-
cytes. This leads to the final activation of  neutrophil with 
degranulation (protease release) and adherence-dependent 
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oxidant stress, which causes cell necrosis. Mediators gener-
ated during cell injury, such as lipid peroxidation products 
(LPO) and chemokines, become chemotactic signals for 
further neutrophil activation and transmigration[47].

Therefore, both neutrophils and Kupffer cells, direct-
ly or through activation of  a complement, are activated 
by solvents and drugs toxicity, tissue trauma, ischemia-
reperfusion, sepsis, and other pathophysiological events. 
In particular, Kupffer cells release cytotoxic mediators, 
such as proinflammatory mediators, and reactive oxygen 
species, such as cytokines and chemokines. Function-
ally, complement factors (e.g., C5a) and cytokines prime 
and activate neutrophils to promote their recruitment 
into the hepatic vasculature. Chemotactically-stimulated 
neutrophils extravasate and adhere to parenchymal cells. 
Through the release of  reactive oxygen and proteases, 
they induce necrotic cell death adhesion molecules on 
neutrophils (β-2 integrins, especially CD11b/CD18) and 
ICAM-1 on endothelial cells and hepatocytes, which are 
are essential for neutrophil margination, extravasation, 
and oxidant production.

Cytokines can induce hepatic adhesion molecule and 
chemokine formation, which in turn is modulated by oxi-
dant stress[48]. 

CYTOCHROME P450
Cytochrome P450 (P450 or CYP) plays an important 
role in the biotransformation of  many endogenous com-
pounds and xenobiotics. The most common enzyme 
system for oxidation of  xenobiotics is cytochrome P450, 

also known as CYP450 monooxygenase, hydroxylase or 
oxidase[49,50].

The liver is the major source of  P450, although it is 
expressed in various extrahepatic tissues like the kidney[51]. 

P450 isoform CYP2E1 is the most abundant isoform 
in the human liver and therefore is responsible for the 
metabolism of  a wide variety of  exogenous and endog-
enous substrates[52,53]. CYP2E1 dependent ethanol me-
tabolism produces oxidative stress through generation of  
ROS, a possible mechanism by which solvents are hepa-
totoxic[54,55].

The cyt p450 is a membrane protein for the disposal 
of  xenobiotics. It is mainly associated with the smooth 
membranes of  the ER of  liver cells, while the enzymes 
for changes to endogenous substances (prostaglandins, 
cholesterol, etc.) are mainly associated with mitochondria. 

For example, toxic substances that are known to be 
substrates of  cytochrome P450 enzymes include acetamin-
ophen, cyclophosphamide, doxorubicin and diclofenac. 

The detoxification process via enzymatic systems, 
principally the glutathione and cytochrome P450, is dif-
ferent genetically and therefore plays a significant role 
in the way some individuals detoxify solvents differently 
from others. It has been shown that all conditions result-
ing in reduced activity of  cytochrome P450, reduced the 
ability to detoxify solvents and, alternatively, increase 
the percentage of  fat in the liver (e.g., malnutrition). In 
the study of  toxic hepatitis there is a need to evaluate 
the potential inhibition and inductions of  some of  the 
substances involved, and assess the potential interaction 
with the myriad of  drugs that are substrates of  CYP[56,57] 
(Figure 2).

The metabolite responsible for the liver damaging ef-
fect of  carbon tetrachloride is a C Chloride Ⅲ which is 
formed from carbon tetrachloride[31-58].

The studies by Brady et al[59] and Lindros et al[60] have 
shown that the enzymes involved in the bioactivation of  
carbon tetrachloride are cytochrome P-450, localized in 
the liver endoplasmic reticulum.

MITOCHONDRIAL DYSFUNCTION
Various endogenous and exogenous substances impair 
mitochondrial β-oxidation to cause micro-vesicular 

Exposure to solvents

Focal zones of tissue necrosis

Activation of macrophages 
and secretion of cytokines

TNF α
IL-1

Apoptosis             Inflammation         Proliferation

Increase: Neutrophils, 
PMN, monocyte

Oxidative response

Extensive liver damage

Figure 1  Hypothetical role of inflammation in chemical-induced hepato-
toxicity. TNF: Tumor necrosis factor; IL: Interleukin; PMN: Prime neutrophils. 

Inhibition
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Figure 2  Effects of solvents on cytochrome P450. 
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steatosis through oxidative stress and damage to mito-
chondrial proteins, lipids, and DNA. In humans, these 
oxidative lesions cause mitochondrial DNA (mtDNA) 
deletions[61]. 

In normal mitochondria, enzymes involved in the im-
port and b-oxidation of  fatty acids or the tricarboxylic acid 
cycle are encoded by nuclear DNA[62]. Import polypeptides 
and enzymes involved in the b-oxidation of  long-chain 
fatty acids are in the inner membrane, while those involved 
in the b-oxidation of  medium- and short-chain chain fatty 
acids or the tricarboxylic acid cycle are in the matrix, to-
gether with mtDNA[62].

mtDNA is a circular, double-stranded molecule. Each 
cell contains many copies of  this DNA, as there are sev-
eral mtDNA copies in a single mitochondrion and many 
mitochondria per cell[62,63]. MtDNA is extremely sensitive 
to oxidative damage owing to its proximity to the inner 
membrane (the main cellular source of  ROS), the absence 
of  protective histones, and incomplete repair mechanisms 
in mitochondria[62-64].

Many solvents (cationic and amphiphilic) are able 
to concentrate in mitochondria as a result of  the mito-
chondrial membrane potential[65]. Accumulation of  these 
solvents within liver mitochondria inhibits fatty acid 
β-oxidation (causing steatosis) and electron transfer along 
the respiratory chain[65]. Overly reduced respiratory chain 
intermediates react with oxygen to form the superoxide 
anion. ROS oxidize fat deposits[65]. Similarly, in alcohol 
abuse, increased ROS formation causes extensive peroxi-
dation of  fat deposits and frequent steatohepatitis[66].

OXIDATIVE STRESS
The oxidative damage caused by free radicals is thought 
to be a basic mechanism underlying many pathological 
conditions, including hepatotoxicity by solvents.

Oxidative stress develops when there is an imbalance 
between the pro-oxidant and antioxidant ratio, leading 
to the generation of  ROS. Environmental contaminants 
such as solvents, herbicides, and insecticides are known 
to modulate antioxidant defensive systems and cause oxi-
dative damage in organisms by ROS production[67,68].

Oxidative damage accumulates more in mitochondria 
than in the rest of  the cells because electrons continually 
leak from the respiratory chain to form damaging ROS 
(Smith, R., 1999).

ROS, such as hydrogen peroxide (H2O2), superoxide 
anion O2-, and hydroxyl radical (OH•) at supranormal 
levels, can react with biological macromolecules poten-
tially leading to enzyme inactivation, LPO, DNA damage 
and cell death, but at low concentrations their effects are 
less pronounced[69]. 

These free radicals are capable of  damaging many cel-
lular components such as DNA, proteins and lipids[70]. 

CLINIC OF TOXIC HEPATITIS
Toxic effects on the liver have been studied as early as 

1887 and it was determined that there must be a change 
in the rate of  the metabolism of  these compound in or-
der to create toxic products, otherwise toxicity will not 
occur. This chain of  events is obligatory from a pharma-
cokinetic point of  view for the majority of  solvents[7-9]. 

There are a few clinical features associated with oc-
cupational liver disease including fatigue, appetite loss, 
arthralgia, hypertransaminasemia, hypergamma glutamyl 
transferase (GT), and splenomegaly. As there are many 
causes of  liver injury, it is essential to exclude other aetiol-
ogies. Other aetiologies include viral hepatitis, biliary dis-
eases, alcohol abuse, and non-alcoholic fatty liver disease. 

Clinical presentation of  occupational liver disease may 
be acute/subacute or chronic but is often insidious. Since 
some of  the solvents may cause chronic health effects, 
it may take decades to study and document such events. 
Some hepatotoxins are capable of  causing malignancy. 
The most famous example is vinyl chloride which was 
once thought to be safe and was used for many years un-
til it was found to cause liver tumors.

Signs and symptoms of  toxic hepatitis occurring may 
include: jaundice, itching, and abdominal pain in the up-
per right portion of  the abdomen, fatigue, loss of  appe-
tite, nausea and vomiting, rash, weight loss, and dark or 
tea-color urine. 

In acute toxic hepatitis the patient’s condition is simi-
lar to viral hepatitis and rapidly deteriorates, resulting in 
marked liver dysfunction, encephalopathy and coagu-
lopathy. The features of  toxic hepatitis are: apoptosis of  
hepatocytes, ischemic liver injury, sepsis, and cholestasis. 
Hepatocyte apoptosis and necrosis, when massive, result 
in fulminant hepatic failure[71]. 

Acute exposure and toxicity has been associated with 
liver necrosis, and liver steatosis, and chronic exposure 
has been associated with liver cirrhosis. The mechanism 
of  injury is most likely the result of  metabolic changes by 
the liver.

Liver damage in the form of  hepatomegaly, jaundice, 
and elevation in levels of  several hepatic transaminases 
and bilirubin has also been reported.

Orthotropic liver transplantation (OLT) has improved 
the survival of  these patients (49% undergo OLT), yet 
37% die while awaiting OLT.

Steatosis (fat accumulation in the liver) is important in 
order to look at the effect of  solvents, which are known 
to be toxic to the liver. Steatosis is the result of  anoma-
lous transport of  lipids and, as a consequence, accumula-
tion of  lipids in the liver. For that reason, exposure to 
hepatotoxic solvents is clinically associated with liver 
steatosis, among others, and is a good clinical marker of  
solvent hepatotoxicity (having ruled out other factors). 

After steatosis, necrosis is the second most common 
effect of  liver damage as a result of  hepatotoxic solvents. 
It is the result of  destruction of  the cell architecture, as 
well as damage of  the biochemical pathways.

Chronic effects on the liver in long-term occupational 
exposure to low levels of  organic solvents remain unde-
termined.
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Indeed, epidemiological studies in this field were dif-
ficult for several reasons. 

These include: (1) the cause of  chronic liver injury 
can be attributed to a number of  factors and not only 
isolated in occupational exposure; and (2) failure to con-
trol chronic liver damage among workers because of  
vague symptoms and signs, and lack of  specificity and 
sensitivity of  conventional liver enzyme tests[72].

Many cases of  liver cirrhosis with no known aetiology 
raise the suspicion that some may be of  occupational origin.

DIAGNOSIS OF TOXIC HEPATITIS 
Laboratory
Liver damage can be of  two types: hepatocellular damage 
(death of  liver cells), in which alanine aminotransferase 
and aspartate aminotransferase are altered; and choles-
tatic damage (bile stasis) with an increase of  parameters 
such as alkaline phosphatase and γ-GT. Serum alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST) activities are routinely used as clinical endpoints in-
dicative of  hepatotoxicity. Toxic hepatic damage includes 
necrosis and fatty degeneration. 

The liver is one of  the target organs for toxins, thus 
biological effects monitoring is required medical sur-
veillance of  workers exposed to hepatotoxin. It is also 
important to evaluate platelet count abnormalities and 
serum bilirubin in patients.

The evaluation of  plasma enzyme showed the ad-
vantage of  being in the past been well tested in clinical 
practice, but the main disadvantage is that the enzymes 
are not organ specific and this can cause occasional diag-
nostic problems in clinical practice[73,74]. 

Alanine aminotransferase is considered to be liver-
specific in the rat[75]. Aspartate aminotransferase activity 
is high in the rat liver, along with the kidney, pancreas and 
erythrocytes[76], which means that elevated serum AST is 
indicative of  tissue and cellular damage, but is not spe-
cific for hepatotoxicity.

As a general rule, clinically significant liver injury is 
often defined as ALT > 3 times the upper limit of  nor-
mal (ULN)[77]. 

A factor that may portend a worse prognosis than the 
elevation of  transaminases litter alone is associated with 
the increase with aminotransferase[78,79]. 

Serum levels of  γ-GT have been recognized as a 
marker of  hepatobiliary disease. Conditions that could 
cause increases in γ-GT levels are different; hepatotoxic 
agents and other non-hepatic factors such as renal, pul-
monary, and myogenic (including cardiac) disorders. In-
deed γ-GT is not merely a sensitive marker for liver and 
bile disorders, but it may also serve as a risk marker for a 
multiplicity of  other chronic diseases; the metabolic syn-
drome (namely, obesity, hypertension, lipid metabolism, 
and in particular type 2 diabetes) for example[80,81]. 

The measurement of  total bile acids in serum may be 
a more sensitive indicator of  hepatic function and has the 
advantage of  being organ specific. Measurement of  bile 

acids has not been standard clinical practice, however, and 
interpretation of  high results might present difficulties. 

Bile acids are synthesized from cholesterol in the liver, 
and secreted to the duodenum via the bile duct[82]. 

Secreted bile acids are reabsorbed almost completely 
into the intestine and returned to the liver (Hofman, 
2007). Thanks to efficient enterohepatic circulation of  
bile acids, less than 10% of  intestinal bile acids are elimi-
nated in the feces. The secretion of  bile acids into the 
systemic circulation is small. The blood concentration of  
bile acids is less than 10 μmol/L under normal condi-
tions, but is increased in the case of  a disorder of  the 
liver or biliary tract[82]. Hepatotoxicity implicated from 
occupational and drug exposure has also been associated 
with elevations in total bile acid concentrations. Reten-
tion of  bile constituents within the hepatocyte during 
cholestasis is associated with hepatocyte apoptosis.

In cholestatic disease, endogenously generated bile 
acids produce hepatocellular apoptosis by stimulating Fas 
translocation from the cytoplasm to the plasma mem-
brane, where self-aggregation occurs, to trigger apoptosis. 
In cholestasis, secretion is impaired, resulting in elevated 
concentrations[83] of  toxic bile acids (TBA) within hepa-
tocytes. At pathophysiologic concentrations, TBA trigger 
translocation of  intracellular Fas bearing vesicles to the 
plasma membrane where they self-aggregate in the ab-
sence of  ligand. Activated Fas receptor complexes on the 
plasma membrane then cause caspase 8 activation and an 
apoptotic cascade.

Evaluation of  the concentration of  bile acids is not 
widely used as a routine screening test. Recently, a simpler 
and more rapid method is the direct enzymatic assay of  
urine sulfated bile acids (USBA)[84]. 

Mild forms of  toxic hepatitis may not cause any 
symptoms and may be detected only by blood tests. 
Histological samples obtained from workers exposed to 
solvents that had only mild biochemical abnormalities 
have shown prominent fatty change, or steatosis, with 
degrees of  inflammation and fibrosis, which suggest that 
parenchymal changes may be an early feature of  solvent 
induced liver injury. 

Diagnostic imaging 
The diagnosis of  toxic hepatitis improves with the use of  
imaging techniques (ultrasound, contrast enhanced ultra-
sonography, computed tomography, magnetic resonance 
imaging). In most cases the findings are not characteris-
tic, but history and laboratory investigations allow us to 
make a diagnostic hypothesis. Indeed, they are essential 
in determining the clinical-pathological example for the 
evaluation of  steatosis[85]. 

Routine evaluation includes ultrasound (US) and con-
trast enhanced ultrasound (CEUS), as reliable methods 
of  first instance. Assessment may include, where neces-
sary, computed tomography (CT) scans, magnetic reso-
nance imaging (MRI) and liver biopsy. 

Presently, the most widely used method for assess-
ment of  fatty liver is abdominal ultrasound, as it has sev-
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eral advantages. It is not invasive, is readily available, and 
provides reliable information.

CT and MRI techniques are sensitive for the evalua-
tion of  steatosis, but are more expensive and less readily 
available[86].

However, it is necessary to clarify that recent studies 
have shown that abdominal ultrasound is not accurate in 
cases of  chronic liver disease with fibrosis. In the latter 
case, it is important to confirm the steatosis and hepatic 
fibrosis assessment CT[87].

Toxic hepatitis is characterized by different degrees of  
steatosis and fibrosis, which can lead to cirrhosis. 

Various degrees of  steatosis can be defined as: (1) 
“light steatosis”, presence of  slight “bright liver” and no 
deep attenuation; (2) “moderate steatosis”, presence of  
mild “bright liver” and with deep attenuation; and (3) “se-
vere steatosis”, presence of  diffusely severe “bright liver” 
and deep attenuation without visibility of  the diaphragm.

Chronic toxic hepatitis can progress to cirrhosis and 
liver failure. Early diagnosis of  cirrhosis is important 
to prevent the development of  severe liver failure. The 
diagnosis of  cirrhosis of  the liver requires a histological 
demonstration for the evaluation of  abnormal nodules 
of  regeneration and fibrosis. Therefore, liver biopsy is 
still considered the gold standard instrument. However, 
liver biopsy is limited by a number of  disadvantages, such 
as availability of  expert practitioners, cost, invasiveness 
of  the procedure, and risk of  complications (bleeding, 
pneumothorax, pain perforation and bile peritonitis)[88,89].

CONCLUSION
Many occupational activities can cause abnormalities in 
liver function tests without any symptoms suggestive of  
liver disease. 

In patients with abnormalities in liver function tests with-
out an obvious cause, a careful history including not only 
drugs, but also herbal remedies, should first be obtained.

History taking should also include occupational activ-
ity, exposition time, alcohol consumption and underlying 
chronic liver disease.
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