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Abstract

Introduction: Volatile organic compounds (VOCs) are used as solvents in the paint 
industry. Industrial exposure to VOCs, have been associated with toxicant-associated 
steatohepatitis (TASH) due to necrosis of liver cells. Cytokeratin 18 (CK18) is an 
intermediate filament protein highly expressed by the liver. Recently (CK18) M65 and 
M30 are used as alternative noninvasive biological markers for detection of liver injury 
due to chemical exposures. Aim of Work: To evaluate the use of Cytokeratin 18 (CK18 
M65 and CK18M30) for early detection of Toxicant-Associated Steatohepatitis (TASH) 
among workers exposed to volatile organic compounds in the paint industry. Materials 
and Methods: This cross section comparative study included 46 exposed workers and 
46 nonexposed office workers as control. History, clinical examination, AST, ALT, 
GGT, CK18 M65, and CK18 M30 were examined for both groups. Environmental 
study was done. Results: All environmental samples revealed high levels of VOCs 
and poor Indoor Air Quality (IAQ). AST, ALT, GGT were significantly higher among 
exposed workers but AST and ALT were still within normal range. CK18 M65 was 
significantly higher among the exposed group compared to non exposed (599.2 ±193.9, 
240 ± 51.8, respectively), while CK18 M30 showed no significant difference (165.39 ± 
34.57, 156.33 ± 16.1, respectively), between both groups. CK18 M30/CK18 M65 was 
significantly lower among the exposed group compared to none exposed (26.01± 3.75, 
62.95± 5.54, respectively). CK18 M65 correlated positively with duration of exposure, 
ALT and GGT among exposed workers. Conclusion: Cytokeratin18 can be used as 
biomarkers for early detection of TASH among paint workers. Recommendations: 
Toxicant Associated-Steotohepatitis should be considered among non obese, non 
alcoholic workers exposed to volatile organic compounds in the paint industry.  
Keywords: Cytokeratin 18 (CK18), Volatile organic compounds (VOCs), Indoor Air 
Quality (IAQ) and Paint industry.
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Introduction
Exposure to industrial and environ-

mental chemicals is a known cause of 
liver toxicity in humans. Among these 
conditions is toxicant-associated steato-
hepatitis (TASH), which is a subtype of 
non-alcoholic steatohepatitis (NASH) 
linked to chemical exposure, particu-
larly in industrial settings (Anna and 
Juliane, 2018- WHO, 2024). 

Toxicant-associated steatohepatitis 
(TASH) represents an advanced form 
of toxicant-associated fatty liver dis-
ease (TAFLD), and progression in some 
cases lead to hepatic fibrosis (Cave et 
al., 2010 and Wahlang et al., 2013). 
TASH develops in individuals exposed 
to industrial chemicals while lacking 
conventional risk factors like excessive 
alcohol intake or obesity (Banrida et al., 
2013).  

TASH can develop even with nor-
mal levels of liver enzymes. This sug-
gests that TASH prevalence may be un-
derestimated, and that early diagnosis 
of TASH represents a clinical challenge, 
because conventional liver function 
tests (e.g., ALT, AST) lack specificity, 
(Veeral et al., 2017), and liver biopsy, 
is invasive and costly (Feldstein et al., 
2009).

Cytokeratin 18 (CK18), which is 
a cytoskeletal protein present in hepa-
tocytes and epithelial cells, is released 
into the extracellular space during cell 
death and can be detected in the serum 
(Miwa et al., 2024). Two measurable 
forms exist: total CK18 (CK18 M65), 
reflecting total necrotic cell death (un-
controlled cell death due to injury or 
disease and leading to inflammation) 
and the caspase 3-cleaved fragment 
(CK18 M30), specifically indicating 
apoptotic cell death (programmed, con-
trolled cell death without inflammation) 
(Sabrina et al., 2023). 

Clinically, elevated CK18 M30 is 
of limited value for diagnosing NASH 
(Huai et al., 2023) .Whereas CK18 M65 
is gaining recognition as a potential bio-
marker for TASH particularly in cases 
with normal ALT, AST, and CK18 M30 
levels (Feldstein et al., 2009)

Volatile organic compounds 
(VOCs) are colorless, flammable liq-
uids that are commonly utilized as in-
dustrial solvents such as toluene, ben-
zene, and xylene, as well as byproducts 
derived from petroleum (Banrida et al., 
2024).

 Workers in industries such as paint-
ing, printing, rubber manufacturing, 
plastic manufacturing, and petrochemi-
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cals are regularly exposed to mixtures 
of hepatotoxic volatile organic com-
pounds (VOCs) (Jones and Brischke, 
2017). Prolonged workplace exposure 
to VOCs has been associated with toxic 
steatohepatitis and liver cancer in in-
dustrial workers (Banrida et al., 2024).

High-level workplace exposures 
to VOCs may lead to liver cell inju-
ry. However, further investigation is 
needed to assess the potential risks of 
chronic low-level environmental expo-
sures (Wahlang et al., 2013). Also, the 
confounding factors (e.g., alcohol use, 
and smoking) may influence liver in-
jury biomarkers (Wei et al., 2023)

Aim of Work
To evaluate the use of Cytokeratin 

18 (CK18 M65 and CK18 M30) for 
early detection of 

Toxicant-Associated Steatohepati-
tis (TASH) among workers exposed to 
volatile organic compounds in the paint 
industry.

Materials and Methods
Study design: This was a cross-

sectional comparative study.  

Place and duration of the study: 
The study was conducted in a paint fac-
tory in El Obour city, Cairo, Egypt ; 

from March to May 2025. 

Study sample: The study included 
92 participants who were divided into 
exposed and non exposed groups. The 
exposed group included 46 workers 
who are working in a paint factory and 
exposed to volatile organic compounds 
(VOCs) such as xylene, toluene, and 
acetone which are used as solvents in 
the paint manufacturing processes. The 
mean duration of exposure was 18.6 7.4 
years. The non-exposed (control) group 
included 46 office workers who aren’t 
exposed to any solvents in administra-
tive and security sections in the same 
factory. 

Sample size: Based on published 
literature from Matt et al., 2011; calcu-
lated sample size for current study was 
92 (46 exposed and 46 non exposed) by 
using Easy Med Stat sample size cal-
culator for analytical study with alpha 
error of 5.0% (type1 risk), beta error of 
20% (type 2 risk) and power (1-β pow-
er) of 80% with drop-out rate estimated 
at 10%. 

Inclusion criteria: All studied 
participants were males to avoid sex 
influence on measured CK18 levels 
as reported by Lingling et al., 2020. 
Exposed group:  workers who are ex-
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posed to VOCs for more than one year. 
Non exposed group: employees from 
administrative and security sections in 
the same paint factory with no history 
of exposure to any type of volatile or-
ganic compounds (VOCs).Exclusion 
criteria: Participants with other types 
of exposures from other jobs, or with 
a history of any liver diseases, alcohol 
consumption, diabetes, autoimmune 
diseases, metabolic diseases and/or 
obese participants with BMI ≥ 30.

Study methods: 

Both groups were subjected to:

1.	 A specially designed question-
naire including the following: Socio 
demographic characteristics: age, spe-
cial habits such as smoking or alcohol 
abuse. Medical and occupational his-
tories to clarify occupational exposure, 
duration of work, and use of personal 
protective equipment. Past and family 
histories were taken.

2.	   Full clinical examination

3.	 Laboratory investigations:

A blood sample of 10 ml was taken 
from each subject. Samples were al-
lowed to clot and stored in aliquot at 
−20°C for later use. The following tests 
were done for all samples: 

a.	 Total Cytokeratin 18 (Ck18 

M65) and Cytokeratin 18 Caspase 
3- cleaved fragment (CK18 M30): 
The concentrations of Cytokeratin 18 
(CK18) were quantified using PEVIVA 
M65 and M30 ELISA kits (TECO 
medical AG, Sissach, Switzerland). Ab-
sorbance readings were obtained using 
a Filter Max F3 Multi-Mode Microplate 
Reader, with data analysis performed 
through SoftMax Pro software (v7.0.3).

b.	 Liver enzymes (ALT, AST, and 
GGT): Measurement is done through 
fully automated analyzers that operate 
on photometric principles.

4.	 Environmental sampling:

Air sampling for TVOCs was car-
ried out inside the actual working areas 
by a specialized company for workplace 
environmental monitoring using QRAE 
Plus, multi gas monitoring system, S: 
M01C002068.

Environmental air sampling for total 
volatile organic compounds (TVOCs) 
was done in the studied factory. Also the 
indoor Air Quality (IAQ) was evaluated 
according to the level of TVOCs. This 
was consistent with (Tony, 2022) who 
mentioned that since many chemicals 
in paint production processes fall into 
the group of VOCs, it is not possible to 
measure each one separately. 
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Measurements were taken in seven 
selected exposure areas (colour mixing 
room, colour blending machine room, 
raw material laboratory, cylinder grind-
ing machines’ area , grinding machines 
area, doughs laboratory, and stamping 
machine’s area ). Measurement devices 
were placed as near as possible to the 
breathing zone of workers but were not 
affecting their workspace at a height of 
approximately 1.2 - 1.5 meters from the 
ground (head level).

Consent
A written consent was obtained 

from each participant. Strict confidenti-
ality was followed. 

Ethical Approval
The Research Ethics Committee of 

the Faculty of Medicine, Cairo Univer-
sity approved the study protocol (N-38-
2025).

Data Management
Pre-coded data was collected and 

statistically analyzed using the statisti-
cal package of social science software 
program, (SPSS) version 21.Data was 
summarized using mean and standard 
deviation for quantitative variables. In-
dependent Samples t test was done for 
comparison of quantitative variables 
between the two studied groups. Pear-
son Correlation coefficient (Pearson’s r) 
test was done to find relations between 
quantitative variables. P value less than 
0.05 was considered statistically signifi-
cant and less than 0.001 was considered 
highly statistically significant.
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Results

Table (1) Environmental measurements of TVOCs# in the selected areas of 
paint production process environment and Indoor Air Quality 
Standards.

 Selected Work

areas

Area 1

 Color

 mixing

room

Area 2

 Color

 blending

machine

Area 3

 Raw

 materials

labora-

tory

Area 4

 Cylinder

Grinding

machines

Area 5

 Grinding

machines

Area 6

 Doughs

laboratory

Area 7

Stamping

machine

Environmental 

measurements  

TVOCs# (ppm)

58 41 39 36 46 36 52

 Standards for

 IAQ ##according

to TVOCs level

WHOa

 TVOCs level (ppm) IAQ level

> 0.61 

0.20 - 0.61 

0.10 - 0.20

0 - 0.05      

Outside classes Greatly increased

Level 4 significantly increased

)Level 3 slightly increased(harmless

Level 1 target value

GFEAb

2.2 - 5.5

0.66 - 2.2

0.22 - 0.66

0.065 - 0.22

0 - 0.065

Unhealthy

Poor

Moderate

Good

excellent

RESETc
< 0.25

< 0.2

Acceptable

High performance

LEEDd < 0.25 Green building standard LEED
#:TVOCs: total volatile organic compounds              ##:IAQ:i Indoor Air Quality          

a:World Health Organization, commission for clean air of the Austrian Academy of 
Sciences(KRL).Vienna(2014).  bGerman Federal Environmental Agency.DOI:10.1007/s00103-007-
0290-y.      cRESET Air Standard for commercial Interiors v2.0, 2018.  dLeadership in Energy and 
Environmental Design .

Table (1) showed that all environmental measurements of TVOCs in different 
areas in the factory were high and associated with poor indoor air quality according 
to the recommended standards of the mentioned organization and guidelines. The 
highest concentration was in the area1 (color mixing room, 58 ppm) and the lowest 
concentration was in the areas 4 and 6 (Cylinder Grinding machines and doughnuts 
laboratory, 36 ppm each).
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Table (2): Socio demographic characteristics of the studied groups.

Variables
Exposed

)No= 46(

Non exposed

)No = 46(
 t P-value

Age  (years) 46.17 ± 5.30 44.60± 6.7 1.35 >0.05

BMIa (kg/m2) 27.2±2.4 26.2 ± 3.9 1.33 >0.05

Smoking index 16.08 ±  2.33 15.93 ± 2.10 0.33 >0.05
a:BMI: Body Mass Index.                          

Table (2) showed that there was no statistically significant difference between 
the exposed and non exposed groups as regard to age, BMI, and smoking index.

Table (3): Liver enzymes of the studied groups.
Items Exposed

(No = 46)

Non-Exposed

)No = 46(

r P-value

ASTa (U/L) 18.60± 3.83 16.58 ± 4.32 2.14 < 0.05*

ALTb (U/L) 24.86 ± 2.64 18.36 ± 3.58 9.89 < 0.001**

GGTc (U/L) 45.46 ± 5.32 16.32 ± 4.45 28.45 < 0.001**

a:AST: Aspartate aminotransferase, b:ALT: Alanine aminotransaminase,  c: GGT: Gamma-glutamyl 
transferase          *: Statistically significant                              **:Highly statistically significant

Table (3) showed that there was a statistically significant difference (p <0.05) 
among the studied groups as regards the serum level of AST and highly statisti-
cally significant difference (p < 0.001) regarding the serum level of ALT; although 
both were within the normal range (0-40 IU/L). Moreover, the serum level of GGT 
revealed a highly statistically significant difference P< 0.001 between both groups. 
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Table (4) Serum CK18 M65, CK18 M30, and CKM65/CKM30 levels of the 
studied groups.

Items Exposed group

No =46

Mean ± SD

Non exposed group

No =46

Mean ± SD

t P-value

CK18 M65 (U/l)a 599.2 ±193.9 240 ±51.8 12.1 <0.001**

CK18 M30 (U/l)b 165.39± 34.57 156.33 ± 16.1 1.61 >0.05

CK18 M30/CK18 

M65c
26.01± 3.75 62.95± 5.54 37.39 <0.001**

a:CK18 M65: total Cytokeratin 18, b:CK18 M30: Caspase3-cleaved fragment . c:CK 
M65/CK M30: total Cytokeratin 18/Caspase3-cleaved fragment ratio.   *: Statisti-
cally significant.  **:Highly statistically significant

Table (4) showed that the serum level of Cytokeratin 18 M65 was highly sta-
tistically significant among the exposed group compared to non exposed p < 0.001. 
No statistically significant difference P > 0.05 was found as regards serum level of 
cytokeratin18 M30 between the studied groups. Moreover, CK18 M30/CK18 M65 
ratio was highly statistically significantly lower (p < 0.001) among the exposed 
group compared to the non exposed. 
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Table (5): Correlation between serum levels of  total Cytokeratin 18(CK18 
M65) with liver enzymes and duration of exposure to TVOCs.

Parameters
CK18 M65

r P

ASTa (U/L) 0.22 >0.05

ALTb (U/L) 0.50 <0.001**

GGTc (U/L) 0.60 <0.001**

Duration of exposure to TVOCsd (yrs) 0.32 <0.05*

a:AST:Aspartate aminotransferase, b:ALT:,Alanine aminotransaminase, c:GGT:gamma-glutamyl-
transferase, d:TVOCs: Total volatile organic compounds    *:Statistically significant      **:Highly 
statistically significant

Table (5) showed a highly statistically significant positive correlations between 
the serum level of Cytokeratin 18 M65 with ALT, and GGT; P < 0.001 and statisti-
cally significant positive correlation between Cytokeratin 18 M65 and duration of 
exposure to TVOCs; P < 0.05 among the exposed group. In contrast, the correlation 
between Cytokeratin 18 M65 and AST was statistically non significant; P > 0.05.
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 Discussion
Volatile organic compounds 

(VOCs) are used as solvents in a wide 
range of industrial and chemical appli-
cations (Cruz and Bowen, 2021). Ste-
atohepatitis is a common liver cell path-
ological finding due to environmental 
or industrial toxicants (Toxicant asso-
ciated steatohepatitis, TASH) (Swati et 
al., 2015). 

The current study aimed at evaluat-
ing the use of Cytokeratin 18 (CK18) 
M65and M30 as biomarkers for early 
detection of toxicant- associated steato-
hepatitis due to exposure to total vola-
tile organic compounds (TVOCs). This 
helped for early detection of chemically 
induced liver cell injury mainly toxi-
cant-associated steatohepatitis (TASH) 
among exposed workers in the paint in-
dustry. 

Environmental study revealed that 
there were high exposure levels of 
TVOCs with poor IAQ according to 
the recommended standards by world 
health organization (WHO) and others 
in all selected areas of the work envi-
ronment (Table1). Also, the highest ex-
posure level (58 ppm) was detected in 
color mixing room (area 1).This was 
in accordance with Safiye et al., 2023 
who measured VOCs in different sec-

tors in paint factories and found high 
exposure level (92489.91± 0.65 ug/mg3 

or  92.49ppm) in the paint production 
areas.

The two studied groups were 
matched as regards their age, body mass 
index (BMI) as all participants were 
non obese, (BMI < 30) (Table 2) which 
exclude the association between obesity 
and aggravation of nonalcoholic fatty 
liver disease (NAFL) (Jayavardhan et 
al., 2023).

In addition, the two groups were 
matched as regards to smoking index 
which neutralise the effect of smoking 
as a source of residential exposure to 
VOCs (Gresner et al., 2021) and also, 
neutralise its hepatotoxic effect be-
tween the two groups as mentioned by 
Jung et al., 2019 that smoking has been 
proposed to contribute to early liver dis-
ease onset and advanced liver fibrosis 
(Table 2).

There was a statistical significant 
difference as regards aspartate amino-
transferase (AST) and alanine amino-
transaminase (ALT) between the groups 
(Table 3) but both enzymes are within 
the normal range. This was consistent 
with cave et al., 2011 who found that 
workers exposed to VOC as vinyl chlo-
ride had been associated with Toxicant 
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Associated Steatohepatitis (TASH) with 
normal both liver enzymes. In contrast, 
Perez et al., 2006 who studied a group 
of petrochemical workers in Argentina 
exposed to VOCs and found that 14 out 
of 27 workers had fatty liver associ-
ated with elevated liver enzymes. This 
controversy may be due to the type of 
VOCs to which the workers were ex-
posed and/or the duration of exposure 
to VOCs.

  There was a statistical significant 
difference between the studied groups 
as regards serum level of GGT which 
was higher among the exposed group 
(Table 3) which was in harmony with 
Lui et al., 2009 who demonstrated an 
increase of serum level of GGT asso-
ciated with exposure to a mixture of 
VOCs. This finding may be explained 
by first; the ability of VOCs to cause 
oxidative stress and inflammatory re-
sponse (Qianyong et al., 2024) and 
GGT is considered a marker of oxida-
tive stress (Ebenezer et al., 2020). 

This  oxidative stress leads to liver 
cell injury mainly necrosis due to high 
exposure level of VOCs (Table 1). This 
explanation was in accordance with 
Saito et al., 2006 who reported that high 
exposure to oxidative stress leads to ne-
crotic cell death. 

Second; Hideki et al., 2020 no-
ticed that elevated GGT is associated 
with high risk of liver injury in nonal-
coholic fatty liver disease (NAFLD) in 
the absence of metabolic diseases. The 
elevation of  serum GGT level associ-
ated with  the  high exposure to VOCs 
and exclusion of alcohol intake and 
metabolic diseases (as diabetes) in the 
exposed group went with the presence 
of chemically associated liver injury 
namely toxicant associated steatohepa-
titis (TASH). Moreover, this finding 
is agreed with Weber et al., 2022 who 
reported elevated GGT associated with 
drug hepatotoxic exposure. 

Based on Lee et al.,  2020 who re-
ported that CK18 has been suggested as 
a unique biomarker of nonalcoholic ste-
atohepatitis (NASH) and TASH in the 
presence of chemical exposure. There 
was a statistical significant difference in 
the serum level of Cytokeratin 18 M65 
(CK18 M65, total Cytokeratin 18) be-
tween the two studied groups but there 
was no statistical significant difference 
of the serum level of Cytokeratin 18 
M30 (CK18 M30, Cytokeratin 18 Cas-
pase 3-cleaved fragment) between them 
(Table 4). 

  In the current study the level of 
CK18 M65 was statistically significant-
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ly high (P < 0.001 ) among the exposed 
group and the level of CK18 M30 was 
within normal in both groups with no 
statistical significant difference(Table 
4). These findings were consistent with 
Cave et al., 2011 who found high level 
of CK18 M65 ( >300) with normal level 
of CK18 M30 (< 200 U/l) in the sus-
pected TASH group and normal level of 
CK18 M65 and CK18 M30 in the non 
exposed group.

There was a high CK18 M65 lev-
els among the exposed group (Table 4) 
accompanied with normal CK18 M30 
level, normal range of liver enzymes 
(Table 3), negative history to alcohol in-
take, and negative history of metabolic 
diseases especially diabetes mellitus; 
all these findings were strongly indi-
cated the presence of TASH among the 
exposed group due to exposure to high 
level of  TVOCs (chemical exposure).

This is partially consistent with 
Clair et al., 2018 who used serum CK18 
as a biomarker of liver cell injury among 
workers exposed to polychlorinated bi-
phenyl (PCBs) and found that mean 
CK18 M65 was significantly higher in 
TASH than the control group and  its 
level was more than (>300 U/l.) .In 
contrast to the current study he found 
a statistically significant difference be-

tween the TASH and control group with 
regards to CK18 M30 but its level was 
still lower than (<200 U/l) which also 
went with TASH. This difference may 
be due that the studied groups were 
matched as regards age, sex, race, BMI, 
special habits (as drinking alcohol) and 
medical history( as diabetes) in contrast 
to Clair et al., 2018 who had unmatched 
groups.

CK18 precise insight into liver 
cell death mechanism (either necrosis 
or apoptosis) as reported by lee et al., 
2020, Banrida et al., 2021 that the pres-
ence of  CK18 M65 is indicative of ne-
crotic cell death in contrast, cleavage of 
CK18 into Caspase-cleaved M30:CK18 
M30 fragments due to activation of cell 
death pathways is indicative of apop-
totic cell death. The  pattern of serum 
CK18 M65 and CK18 M30 (high level 
of Ck18 M65 which indicated neurot-
ic liver cell injury and normal level of 
CK18 M30 which excluded apoptotic 
liver cell injury) together with normal 
liver enzymes (Table 3) in the current 
study suggested the necrotic liver cell 
injury which also went with TASH 
(Table 4). These findings agreed with 
Cave et al., 2010 who described TASH 
among non obese workers highly ex-
posed to VOCs (vinyl chloride) when 
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liver enzymes were normal CK18 M65, 
but CK18 M30, was elevated with nor-
mal serum transaminases and catego-
rized TASH as a necrotic liver disease. 
Also, this was in harmony with Swati 
et al., 2015 who reported that necrosis 
is the primary cause of death in TASH 
due to hepatotoxic exposure with nor-
mal liver transaminases ( AST, ALT).

In addition, CK M30/CK M65 ra-
tio could help in distinguishing between 
TASH from NASH depending on the 
difference of liver cell mechanism (ei-
ther necrosis or apoptosis). The   study 
revealed a statistically significant lower 
CK M30/CK M65 among the exposed 
group. This finding supported the above 
high CK18 M65 with predominantly 
necrotic cell death demonstrated in the 
current study(Table 4) and was in ac-
cordance with Cave et al., 2011 who 
found statistically significantly lower 
CK M30/CK M65 in the suspected 
TASH group than the healthy group 
among chemically exposed workers 
(elastomer/ polymer workers).

There was a statistically signifi-
cant positive correlation between CK18 
M65 and ALT among the studied group 
(Table 5). This finding agreed with Sim-
ran et al., 2024 who reported that ALT 
is the specific liver enzyme which re-

flects liver cell necrosis and steatosis. 
Also, it was in harmony with the previ-
ously detected CK18 M65 which also 
reflected the necrotic cell death among 
the exposed group and explained by 
suspected liver cell necrosis and TASH 
due to exposure to VOCs. 

Additionally, the study demonstrat-
ed a statistically non significant posi-
tive correlation between CK18 M65 
and AST (Table 5) which may be ex-
plained as AST is less specific than ALT 
in necrotic liver cell injury (Dauris, 
2025).These findings were consistent 
with (Benash et al., 2020) who found 
the same correlations in their previous 
study.

Moreover, the study revealed the 
presence of statistically significant pos-
itive correlation between serum level of 
CK18 M65 and serum levels of GGT 
(Table 5). Although this correlation 
was not done in the previous studies, it 
supported the above previous findings 
which revealed that both (CK18 M65 
and GGT) were high and mainly related 
to necrotic liver cell injury as reported 
by Weber et al., 2022 on a group of in-
dividuals who had hepatotoxicity with a 
predominant GGT elevation.

Serum level of CK18 M65 as a 
biomarker of necrotic liver cell injury 
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correlated positively with the duration 
of exposure to TVOCs (Table 5) .This 
finding was in accordance with Heeley-
Hill et al., 2021 who reported that oc-
cupational exposure to VOCs is associ-
ated with severe risk.

Conclusion 
Significantly high serum levels of 

CK18 M65 with normal serum lev-
els of CK18 M30 and liver transami-
nases (ALT, AST) and high levels of 
GGT were detected among the exposed 
workers. The pattern of the measured 
serum CK18 M65 and M30 reflected 
the necrotic liver cell injury associated 
with TASH among the exposed group. 
Serum level of CK18 M65 correlated 
positively with serum level of ALT, se-
rum level of GGT, and duration of ex-
posure to VOCs.

Toxicant Associated-Steotohep-
atitis (TASH) should be considered 
among non obese ,non alcoholic work-
ers exposed to volatile organic com-
pounds (VOCs) in the paint industry. 
Cytokeratin 18 M65 and M30 can be 
used as simple, noninvasive biomark-
ers for early detection of TASH associ-
ated with exposure to VOCs in the paint 
industry. Also, elevated serum level of 
GGT with normal liver transaminases 
and absence of obstructive cholestatic 

diseases among VOCs exposed work-
ers should be considered as another in-
dicator of the presence of necrotic liver 
cell injury, mainly TASH which needs 
further investigation. 

Recommendations
Close follow up and future ultra-

sound and liver biopsy should be per-
formed for workers with the same bio-
chemical changes and highly suspicious 
of toxicant-associated steatohepatitis.
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