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Introduction

Within the printing industry, high levels of chemical 
compounds including ozone (O3) and solvents, which 
are complex chemical mixtures containing many 
different hydrocarbon types, such as carbonyls, alcohols, 
alkanes, alkenes, esters, aromatics, ethers, and amides, 
are emitted while using cleaning agents, inks, alcohol, 
and other solutions to moisten the printing plates and 
these chemicals evaporate and become incorporated into 
environmental air as volatile organic compounds (VOCs) 
(Prica et al., 2016; Lyu et al., 2021; Mendoza-Cantú et 
al., 2006). 

Some reports have described how chemical compounds 
in the printing industry may affect the health of workers, 
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inducing mainly some symptoms such as irritation of the 
eye and skin, respiratory discomfort, headache, nausea, 
fatigue, or dizziness (Alabdulhadi et al., 2019; Decharat, 
2014). Some authors have also reported cardiopulmonary 
function changes (Lyu et al., 2021) and neurobehavioral 
effects (Song et al., 2015).

Meanwhile, the International Agency for Research on 
Cancer (IARC) suggested in 1996 that chemicals used in 
the printing industry produced cancer (IARC,1996), and 
some authors have suggested and provided evidence that 
printing industry workers are at increased risk of several 
types of cancer (Yamada et al., 2015; Ito et al., 2016; Kubo 
et al., 2017; Kvam et al., 2005), with a latency period of 
15-25 years (Kvam et al., 2005).

Cytochrome P450 family 2 subfamily E member 1 
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(CYP2E1) enzyme metabolizes numerous low molecular 
weight toxicants, which are solvents, industrial monomers 
and cancer suspect agents (Gonzalez, 2005; Chen et 
al., 2019). Some studies have suggested that VOCs 
metabolized by CYP2E1 induce oxidative stress (Kin 
et al., 2011), which can lead to damaged mitochondria, 
DNA modification, lipid peroxidation, elevated cytokine 
production and even cell death and various pathological 
conditions (Gonzalez, 2005) whose alteration is important 
because of a possible association with the development 
of diseases and is also involved in the bioactivation 
of a number of low molecular weight cancer suspects 
(Guengerich, 2020). 

Some reports using biomarkers have shown 
pathological alterations in occupational printing workers 
exposed to chemical compounds, including cytotoxic and 
genotoxic damage by increase micronuclei frequency and 
presence of  sister chromatid exchange in peripheral blood 
(Aksoy et al., 2017; Hammer, 2002; Sellappa et al., 2017), 
DNA degradation (Sul et al., 2002), increase of chemical 
metabolites derived from biotransformation of VOCs 
in urine samples (Hormozi et al., 2019; Takeuchi et al., 
2015), modulation of oxidative markers and inflammatory 
cytokine in blood samples (Mourad, 2021; Guo et al., 2020; 
Khatri et al., 2017), and alteration in blood count (Celik et 
al., 2013; Song et al., 2017). However, the association of 
modulation of CYP2E1 and its effects in printing workers 
has not been studied and its study is limited to a mouse 
model (Yanagiba et al., 2016), and biomarker analysis is 
necessary to detect pathological alterations during an early 
stage in health workers, as well as to improve conditions 
in order to prevent damage to health. Therefore, in this 
study, we evaluated the expression level of CYP2E1 and 
its effects in antioxidant defenses, and cellular toxicity 
from the blood and buccal epithelium of printing workers 
in a printing press in Mexico City.

Materials and Methods

Study Population
This cross-sectional study included 47 non-smoking 

subjects, divided into two groups: the exposed group, 
comprising 25 workers with occupational exposure to 
chemical risk in a printing press in Mexico City, and the 
unexposed group comprising 22 workers without any 
history of occupational exposure to chemical risk. 

The research protocol and the informed consent forms 
were approved by the Bioethics Committee of “ENMH-
IPN” (Approval number CBE/022/2019). The subjects 
signed informed consent and completed a questionnaire 
relating to demographic data, work conditions and clinical 
symptoms.

Evaluation of chemical exposure in the workplace 
The chemical compounds used in the workplace were 

evaluated according to the hierarchical assessment method 
of chemical risk developed by the National Institute 
for Safety and Health at Work. It is a semiquantitative 
method in which the risk potential is calculated from the 
categorization of a number of variables. The variables 
considered are the danger associated with the chemical 

agents, and the potential exposure calculated from the 
amount and frequency of use (Aguilar et al., 2010). 

Gene expression of Cytochrome P4502E1 (CYP2E1), 
Superoxide Dismutase (SOD) and, Catalase (CAT) from 
leukocytes 

RNA was extracted from leukocytes using the trizol 
method (Invitrogen, Life technologies CA, USA). The 
RNA was treated with DNAse I (Promega), and then 
cDNA synthesis was performed using the SuperScript 
First-strand kit (Invitrogen, Life technologies CA, USA). 
The amplification of SOD, CAT, and CYP2E1 was 
performed by qRT-PCR in the Stratagene Mx- 3005P 
(Agilent Technologies, CA, USA) using SYBR Green PCR 
Master Mix (Applied Biosystems CA USA). Primers were 
CYP2E1 forward: (5’ AGAGATGCCCTACATGGATGCT 
3’), CYP2E1 reverse: (5’GGGCACGAGGGTGATGAAC 
3’); SOD forward: (5’ CAGGGCATCATCAATTTCGA 
3’), SOD reverse: (5’ TGCTTCCCACACCTTCAC 3’); 
CAT forward: (5’ CTGGAGAAGTGCGGAGATTCA 
3’), CAT reverse: (5’ AATGCCCGCACCTGAGTAAC 
3’), and the endogenous gene GAPDH forward: (5’ 
CGGACTTCCTCGGTGATACC 3’), GAPDH reverse: 
(5’ CAATGCCGGCCTTAGCAT 3’). The analysis and 
comparison of expression levels of SOD, CAT, and 
CYPE21 between groups were evaluated using the 2-∆∆ 
CT method (Livak and Schmittgen, 2001).

Blood analysis: Hematological parameters and Cell-free 
DNA plasma concentration

Blood samples were extracted by venipuncture, 
collected into EDTA tubes, and analyzed in an automated 
hematology analyzer (Sysmex XN-1000, Kobe JA). 
After plasma was separated by centrifugation, the DNA 
was extracted using the phenol-chloroform-isoamyl 
alcohol reagent (Invitrogen, Life technologies CA, USA). 
DNA concentrations were evaluated using an Epoch 
spectrophotometer (BioTek, VT, USA).

Buccal micronuclei assays and nuclear anomalies
Buccal epithelial cell samples were obtained after 

rinsing the oral cavity with water, gently scraping the 
right and left cheek with a cytobrush, and the samples 
were then spread on clean slides. The slides were fixed 
with methanol for 10 minutes and Feulgen staining was 
conducted. After staining, the slides were examined 
under an optical microscope. The slides were prepared in 
triplicate for each subject, with 2000 cells per preparation. 
The mean frequency was determined for both MN and 
nuclear anomalies. 

Statistical analysis
Normality tests were performed using the Shapiro-

Wilk method. The data are expressed as the mean ± 
standard deviation (SD), and a comparison of variables 
between groups was performed by t-test for independent 
samples using the SPSS Statistic software version 
23 (SPSS Inc, Chicago, IL). A p-value of < 0.05 was 
considered significant. 
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Gene expression of CYP2E1, SOD, and CAT 
The results of the gene expression of CYP2E1, SOD, 

and CAT, are shown in figure 1. We detected a significant 
difference between groups for CYP2E1 and SOD gene 
expression. CYP2E1 expression showed a 2.5-fold higher 
level in the printing worker group compared to the control 
group; SOD expression showed a 0.5-fold lower level 
in the printing worker group than the control group. No 
statistically significant difference between groups was 
detected in the CAT expression level.

Hematological analysis and Cell-free DNA plasma 
concentration

The results of the hematological analysis and plasma 
free DNA are summarized in table 2. With respect to 
hematological parameters, both groups showed values 
within the normal parameters, although the printing 
worker group showed lower red blood cell, hemoglobin, 

Results

Study Population 
Table 1 summarises the characteristics of the study 

population and their clinical symptoms. 

Evaluation of chemical compounds in the workplace 
Regarding the evaluation of chemical compounds 

in the workplace, it was found that the most common 
substances used were VOCs for inks, including ethyl 
alcohol, isopropyl alcohol, isophorone, ethyl acetate, 
dipropylene glycol monomethyl ether, and propyl acetate.

Following the hierarchical method for evaluating 
chemical risk assessment of the National Institute of 
Safety and Health at Work (INSHT), and on consideration 
of the hazard class, quantity, frequency, and exposure class 
of each substance, it was concluded that ethyl alcohol, 
isopropyl alcohol, and isophorone represent 91% of the 
accumulated potential risk.

Characteristic Printing worker group N= 25 Control group N=22 p*
Age (years) Mean ± SD 35.5 ± 11.05 35.6 ± 13.2 0.461
Male/Female 16/9 14/8
Working time (year) Mean ± SD 6.9 ± 6.0 6.6 ± 3.6 0.212
Hours per week worked 40 40
Alcohol consumption 10/25(40%) 10/22 (45%)
Symptoms 15 (60%) 0 (0%)
Feeling tired n (%) 6 (24) 0
Headache n (%) 3 (12) 0
Sore throat n (%) 2 (8) 0
Dizziness n (%) 2 (8) 0
Irritation of eyes n (%) 1 (4) 0
Others n (%) 1 (4) 0

*Statistical significance was assumed when p<0.05

Table 1. Characteristics of The Study Population
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Figure 1. Relative Gene Expression of CYP2E1, SOD, and CAT in Groups Study
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hematocrit, and platelet values than the control group. 
The plasma free DNA plasma concentrations were 3-fold 
higher in the printing worker group than the control group. 

Buccal micronuclei assays 
The results of the buccal epithelial cell analysis are 

summarized in table 3 and figure 2. The printing workers 
group showed significantly higher frequencies of cells 
with MN, cells with nuclear buds, binucleated cells, and 
karyolytic cells, than the control group. Figure 2 shows 

the main nuclear anomalies seen in exfoliated buccal cells 
analyzed here. 

Discussion

In this study, we evaluated the expression level of 
CYP2E1 and its effects in antioxidant defenses, and 
cellular toxicity in printing workers. The study population 
worked 40 hours per week, had an average work history 
of 8 years, were young, and were predominantly male.

Parameter Normal value Printing worker group n=25 Control group n=22 p*
Mean ± SD Mean ± SD

White Blood Cells (x109/L) 3.5 - 10.8 6.8 ± 1.9 7.1 ± 1.8 0.639
Red Blood Cells (x109/L) 4.4 - 6.2 5.1 ± 0.4 5.3 ± 0.5 0.028
Hemoglobin  (g/dL) 13.8-18.7 14.4 ± 0.9 15.9 ± 1.2 <0.0001
Hematocrit (%) 35.4 - 49.4 43.8 ± 5.4 47.5 ± 3.4 0.001
MCV (fL) 84.1 - 100 86.7 ± 3.9 87.7 ± 2.4 0.287
MCH (pg) 27.1 - 33.5 28.2 ± 1.1 28.2 ± 0.9 0.867
MCHC (%) 32 - 35 32.6 ± 0.5 32.7± 0.9 0.841
Platelets (x109/L) 147 - 431 206 ± 41.9 258 ± 59.7 0.001
Cell-Free DNA (ng/µl) 131.1 ± 109.3 38.5 ±15.6 <0.0001

Table 2. Hematological Parameters and Cell-free DNA Plasma Concentration

*T test for independent samples. Statistical significance was assumed when p<0.05

Figure 2. Main Nuclear Anomalies Seen in Buccal Epithelial Cells. a, Normal cells; b, Cell with micronucleus (arrow); 
c, Binucleated cell; d, Cell with karyorrhexis (arrow); e, Cell with nuclear bud. 

Characteristics Printing worker group N= 25 Control Group N= 22 p**
Mean* ± SD Mean* ± SD

Micronuclei  2.17 ±  1.5 0.32 ± 0.47 < 0.001
Binucleation 5.64 ± 3.2 0.90 ± 0.56 < 0.001
Karyorrhexis 0. 08 ± 0.21 0.02± 0.10 0.125
Karyolyisis 0.55 ± 0.63 0.09 ± 0.33 0.002
Condensed chromatin 0. 03 ± 0.15 0.00 ± 0.00 0.182
Lobed core (broken eggs) 0.32 ± 0.48 0.04 ± 0.15 0.01

*, Mean value in 1000 cells;**, T test for independent samples; statistical significance was assumed when p<0.05

Table 3. Frequency of Micronucleus and Nuclear Anomalies in Oral Mucosa Cells
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The printing worker group presented mucosa irritation, 
headache, and tiredness symptoms, which have been 
ascribed in printing workers to exposure with VOCs and 
their synergistic interaction when mixed (Alabdulhadi et 
al., 2019; Decharat, 2014).

The evaluation of potential chemical risk in the 
workplace, according to the hierarchical method of health 
risks, showed that ethyl alcohol, isopropyl alcohol, and 
isophorone represented 91% of the accumulated potential 
risk. In concordance with this conclusion, a recent study 
showed that alcohols are the most prevalent class of 
VOCs in the printing industry (Alabdulhadi et al., 2019). 
In addition, a recent report has determined quantitatively 
different volatile organic compounds from blood samples 
from printing press workers and has evidenced higher 
concentrations of ethyl alcohol and isopropyl alcohol than 
other VOCs (Yaqub et al., 2020). 

The analysis of CYP2E1 gene expression in the study 
groups revealed a higher CYP2E1 expression level in the 
printing worker group than the control group, and this 
indicates a detoxifying activity in printing workers. This 
finding is supported by Yanagiba and colleagues (2016), 
who demonstrated in a mouse model that the oxidative 
metabolism of 1,2-Dichloropropane, a solvent which is 
the main component of the cleaner used by offset printing 
companies, is exclusively catalyzed by CYP2E1, and this 
step is indispensable for the manifestation of liver damage 
(Yanagiba et al., 2016). 

Moreover, the results are consistent with other 
authors, who have demonstrated induction of CYP2E1 
gene expression in workers of other industries following 
exposure to toluene (Mendoza-Cantú et al., 2006), 
trichloroethylene (Xu et al., 2016), pesticides (Sharma 
et al., 2013), styrene (Prieto-Castelló et al., 2010) and 
vinyl chloride monomer (Wang et al., 2008). However, 
the overexpression levels showed variation, which could 
be due to the differences in exposure time, chemical 
concentration, and specific type of chemical compound. 

Because it is known that CYP2E1 is capable of 
inducing reactive oxygen species (ROS), which can 
initiate the disease process in chronic exposure (Gonzalez, 
2005), we therefore evaluated the SOD and CAT gene 
expression, being antioxidant enzymes that have been used 
as indicators of oxidative stress (Ighodaro and Akinloye, 
2018). The results showed that while SOD expression 
was 0.5-fold lower in the printing worker group than 
the control group, no significant changes in CAT gene 
expression between groups was detected. 

The study of SOD and CAT antioxidants in printing 
workers is limited (Huang et al., 2005), although reports 
in other industries have been documented, with findings 
of reduced antioxidant activity in workers exposed to 
chemical compounds (Huang et al., 2005; Xotlanihua-
Gervacio et al., 2005; Costa-Amaral et al., 2019). In this 
study, a low SOD level was detected in printing workers, 
which could reflect a dejected mechanism to remove 
oxidants and may be associated with a higher level of 
oxidative stress from constant exposure to chemical 
compounds.

The imbalance between SOD and CAT level expression 
could be due to consecutive enzyme action, in which CAT 

completes the detoxification process initiated by SOD, 
the first detoxification enzyme and the most powerful 
antioxidant in the cell (Ighodaro and Akinloye, 2018).

To evaluate the cytotoxic and genotoxic effects 
in these workers, hematological analysis was carried 
out, and both groups showed values within the normal 
parameters, although the printing worker group showed 
lower red blood cell and platelet values than the control 
group, indicating cytotoxic damage. Other reports on 
printing workers have also described similar red blood 
cell alterations, as evidenced by reticulocytosis (Song et 
al., 2017), elevated red blood cell distribution (Celik et al, 
2013), and low hemoglobin and hematocrit levels (Loh 
et al., 2003). However, no findings of low platelet values 
have been reported previously. 

In line with the reduction in hematological parameters 
from the printing worker group, cell-free DNA in plasma 
showed a 3-fold higher value in the printing worker group 
compared to the control group, indicating cell damage. 
Although no findings of cell-free DNA have been reported 
in the plasma of printing workers, one report detected 
around 1.5 -fold higher cell-free DNA in plasma from a 
group exposed to car paints compared to a non-exposed 
group (Villalba-Campos et al., 2016). The variability of 
effects could be due to the differences in exposure time, 
chemical concentration, and specific type of chemical 
compounds.

The buccal mucosa contains cells that are the first to 
encounter different potentially carcinogenic products, 
and these cells are susceptible to damage by these agents 
before manifesting any systemic condition (Thomas et al., 
2009) so we accordingly analyzed MN cells and nuclear 
abnormalities from oral mucosa in workers. The Buccal 
MN assay has been used to measure biomarkers of DNA 
damage (MN and/or nuclear buds), cytokinetic defects 
(binucleated cells) and proliferative potential (basal cell 
frequency), and/or cell death (condensed chromatin, 
karyorrhexis, pyknotic, and karyolytic cells) (Thomas 
et al., 2009). We detected that the printing worker group 
had significantly higher frequencies of cells with MN, 
cells with nuclear buds, binucleated cells, and karyolytic 
cells than the control group, indicating DNA damage, 
cytokinetic defects, and cell death in the printing worker 
group. MN assays have been explored in textile printing 
workers from peripheral blood lymphocytes, and similarly 
the authors founded a high frequency of MN in printing 
workers compared to a control group (Aksoy et al., 2006; 
Sellappa et al., 2010).

The oxidative stress, cytotoxic and genotoxic effects 
in printing workers evidenced here demonstrates the 
potential health risk for these workers, and highlight 
the importance of the introduction of eco-friendly 
replacements for toxic substances when possible, and the 
introduction of prevention measures at the workplace, 
including wearing protective equipment, and improvement 
of ventilation systems.

Important limitations in this study include a low size 
sample and the lack of quantitative assessment of chemical 
compounds. 

Finally, because solvents used in the printing industries 
are usually mixtures of chemicals rather than a singles 
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substance, the results should be interpreted with caution.
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