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In vitro toxicological evaluation of ethyl
carbamate in human HepG2 cells

Xia Cui,a Jiayi Wang,b Nannan Qiua and Yongning Wu*a

Ethyl carbamate (EC) is a multi-site carcinogen in experiment animals and probably carcinogenic to

humans (IARC group 2A). The present study was designed to investigate the cytotoxicity effect of EC on

human hepatoma G2 (HepG2) cells. The results revealed that EC inhibited the viability of HepG2 cells sig-

nificantly in a dose-dependent manner. Further analysis indicated that high concentration of EC induced

cell apoptosis, inhibited the G1 to S phase transition along with increased expression of p53 and p21 and

decreased the expression of cyclin E and Cdk 2, but no significant change in p27 expression was

observed, which were evidenced by both real time PCR and western blotting analyses. Moreover, the

results of the DCFH-DA assay suggested that oxidative stress was involved in the cytotoxic effects of EC.

Altogether, the present work indicated that p21, cyclin E and Cdk2, which were regulated by p53, might

account for the effect of EC on cell viability and cell cycle arrest, but p27 was not involved in the pathway

in HepG2 cells treated with EC.

Introduction

Ethyl carbamate is formed as a by-product of fermentation in a
variety of foods and beverages (including bread, cheese, fruit
brandies, wine, and beer) and is also found in cigarette smoke
and air pollutants.1 Formerly, it had been used in the formu-
lation of pesticides, fumigants, and cosmetics, and was used as a
co-solvent for analgesics until 1957 when Nomura alerted people
to its teratogenic and carcinogenic potential in humans.2

Because of the ubiquity of the fermentation processes, it is
easy to envision the widespread presence of EC in common
food products. As estimated by the JECFA,3 the mean intake of
EC from food excluding alcohol beverages is approximately
15 ng per kg bw per day, which would be of low concern.
However, with the inclusion of alcoholic beverages the esti-
mated intake is 80 ng per kg bw per day, which may cause a
potential risk to health. In China, the Chinese rice wine, as a
kind of traditional fermented alcoholic beverage, has a high
level of EC and an obvious regional consumption disparity.
The daily intake of EC from rice wines was estimated to be
290.6 ng per kg bw per day for average consumers; a relatively
high health risk of EC dietary exposure in Chinese rice wines
was observed in some provinces, thus the health risk of EC in
Chinese rice wines should be of concern.4

In studies conducted mostly in rodents, EC has been shown
to be genotoxic, a multisite carcinogen, a reproductive and
developmental toxicant and an immunosuppressant. In a pre-
vious study, mice given EC at doses of ≥150 mg per kg bw per
day showed reduced body weight gain and effects on the
lungs, liver, kidney, heart, spleen, lymph nodes, thymus, bone
marrow and ovaries.3 EC aroused great concern due to its role
in the etiology of cancer. Most data about the carcinogenic
effect of EC were from rodents. In rodents, EC has been
demonstrated to cause increases in liver, lung, and harderian
gland adenoma or carcinoma, and hemangiosarcoma of the
liver and heart (both sexes), mammary gland and ovarian
tumors (females), and squamous cell papilloma as well as
carcinoma of the skin and forestomach (males).5–7 In mice,
EC-induced lung cancer has been extensively used as a model
to study lung tumors and to gain insight into the molecular
events involved in carcinogenesis.8,9 It has been shown that
many of the frequent chromosomal changes that occur during
mouse lung adenocarcinogenesis closely resemble those in
human lung adenocarcinogenesis.10 In 2007, the IARC
upgraded its classification of EC to group 2A (probably carci-
nogenic to humans).11

Since little data are available to assess the toxic effect of EC
in humans, it is necessary to further evaluate its potential toxi-
cological effects and clarify the mechanism of that in humans.
Previous studies in rodents showed that liver is one of the
target organs of the toxic effect of EC, however, there is no
specific data about the hepatotoxicity of EC.3 The US National
Research Council blueprint for change, entitled Toxicity
Testing in the 21st Century: A Vision and Strategy called for a

aKey Laboratory of Food Safety Risk Assessment, Ministry of Health, China National

Center for Food Safety Risk Assessment, Beijing 100021, China.

E-mail: wuyongning@cfsa.net.cn
bCollege of Veterinary Medicine, China Agriculture University, Beijing, 100094,

China

This journal is © The Royal Society of Chemistry 2016 Toxicol. Res., 2016, 5, 697–702 | 697

Pu
bl

is
he

d 
on

 0
8 

Fe
br

ua
ry

 2
01

6.
 D

ow
nl

oa
de

d 
by

 R
SC

 I
nt

er
na

l o
n 

12
/0

6/
20

18
 1

4:
05

:2
7.

 

View Article Online
View Journal  | View Issue

www.rsc.org/toxicology
http://crossmark.crossref.org/dialog/?doi=10.1039/c5tx00453e&domain=pdf&date_stamp=2016-02-23
http://dx.doi.org/10.1039/c5tx00453e
http://pubs.rsc.org/en/journals/journal/TX
http://pubs.rsc.org/en/journals/journal/TX?issueid=TX005002


transformation of toxicity testing from a system based on
studies in laboratory animals to one founded primarily on
in vitro methods that evaluate changes in normal cellular sig-
nalling pathways using human-relevant cells or tissues.12 The
pathway-based approach has been expanded by the description
of ‘Adverse Outcome Pathways’ (AOPs) and translated this AOP/
TT21C vision by some practical examples.13 We conducted the
current study to investigate the possible mechanism of EC’s
cytotoxicity by using human hepatoma G2 (HepG2) cells as a
model. Some toxicological end-points in terms of cell viability,
cell cycle distribution, apoptosis, as well as the possible
mechanisms of growth inhibition were comprehensively inves-
tigated. In addition, the intracellular production of reactive
oxygen species (ROS) was measured to evaluate the relevance
of oxidative stress with EC cytotoxicity.

Results
EC toxicity on cell proliferation

In the MTT assay, there was no toxicity observed in HepG2
cells after being exposed to EC with the concentration of
12.5 mM, when HepG2 cells were exposed to EC with the
increasing concentrations (25–100 mM) for 24 h, the cell viabi-
lity decreased in a concentration-dependent manner (Fig. 1).

Effect of EC on cell cycle disruption

As Fig. 2A depicts, EC treated cells exhibited a regular increase
in G1 phase accumulation and S phase depletion, indicating a
disruption of the G1 phase to S phase transition. 50 and
100 mM of EC produced the significant changes in the cell
cycle (Fig. 2B).

EC induced apoptosis of HepG2 cells

To better understand the mechanism of EC induced cytotoxi-
city in HepG2 cells, we examined cell apoptosis using Hoechst
33342/PI staining. As shown in Fig. 3A, typical morphological changes of apoptosis such as cell shrinkage, condensed and

fragmented chromatin and bright blue nuclei were observed.
To further confirm the apoptosis effect of EC, HepG2 cells
were stained with Annexin V/PI and subsequently analyzed by
FCM. As shown in Fig. 3B, from 0 to 100 mM, both the early
apoptosis rate and the late apoptosis and necrosis rate in
HepG2 cells were increased significantly. All the above results
suggested that EC could induce apoptosis, and the apoptosis
rates represented a dose-dependent manner.

Induction of intracellular ROS by EC

The intracellular ROS generation, induced by EC, was detected
by cell permeable fluorescent substrate DHCF-DA. Visualiza-
tion of ROS generation with the inverted fluorescence
microscopy showed that strong green fluorescence was in the
cells cultured in the presence of EC (100 mM), while fluo-
rescence was almost invisible in 0 mM group (Fig. 4A–E). This
indicated that ROS generation was occurring in response to
the treatment with EC. The measurement of ROS generation

Fig. 1 The effect of EC on the viability of HepG2 cells. HepG2 cells
were treated with different concentrations of EC for 24 h. Data are
expressed as the mean ± SD of three experiments (*p < 0.05, **p < 0.01
vs. 0 mM).

Fig. 2 The effect of EC on the cell cycle in HepG2 cells. HepG2 cells
were treated with different concentrations of EC for 24 h. At the end of
treatment, the cells were trypsinized, incubated with RNase, stained
with propidium iodide (PI), and analyzed by FCM. Data are expressed as
the mean ± SD of three experiments (*p < 0.05, **p < 0.01 vs. 0 mM).
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suggested that the fluorescence intensity increased in HepG2
cells when treated with increasing concentrations of EC (25,
50, and 100 mM), and caused significant cellular ROS accumu-
lation in a dose-dependent manner with respect to the
untreated cells (Fig. 4F).

Expression of cell cycle-associated genes and proteins in EC-
treated HepG2 cells

The p21 gene is one of the main transcriptional targets of the
p53 tumor suppressor and is required for p53-dependent G1
and G2 cell cycle arrest. To investigate whether EC altered p53
and p21 mRNA expression in HepG2 cells, real-time PCR ana-
lysis was performed after 24 h of exposure to EC at a concen-
tration of 100 mM. As shown in Fig. 5, both p21 and p53 genes
were up-regulated (p < 0.05). Except for p53 and p21, cyclin E,
Cdk 2, and p27 were all the cell cycle related genes. When
treated with 100 mM EC, the expression of Cdk2 and cyclin E
was decreased significantly (p < 0.01). The expression of p27
was not significantly affected by EC treatment (Fig. 5).

The up-regulation of p53 and p21 was further confirmed by
protein expression analysis using western blotting (Fig. 6A). In
addition, there was no obvious change in p27 protein
expression, and the expression of Cdk 2 and cyclin E showed a
significantly decreasing trend (Fig. 6B). These results

suggested that p53, p21, cyclin E, and Cdk 2 shared the mecha-
nism of EC induced G1 phase arrest in the HepG2 cells, and
p27 is not involved in this pathway.

Fig. 3 The effect of EC on cell apoptosis in HepG2 cells. HepG2 cells
were treated with different concentrations of EC for 24 h. (A). The
treated cells were stained with Hoechst 33342/PI, and visualized under a
fluorescence microscope (200×), the normal cell was pale blue, the
early apoptotic cell appeared bright blue, the late apoptotic and necrotic
cells were stained red by PI. (B). The treated cells were stained with
Annexin V-FITC/PI, and the apoptosis cells were analyzed by FCM. Data
are expressed as the mean ± SD of three experiments (*p < 0.05, **p <
0.01 vs. 0 mM).

Fig. 4 Effects of EC on ROS levels in HepG2 cells. Exponentially
growing cells were treated with the various concentrations of EC. After
treatment, the cells were incubated with the fluorescent dyes DCFH-DA
The fluorescence intensity was visualized with an inverted fluorescent
microscope (200×). (A) 0 mM, (B) 25 mM, (C) 50 mM, (D) 100 mM, (E)
positive control 1 mg L−1 (Rosup), (F) the relative amount of intracellular
ROS in EC treated HepG2 cells. Data are expressed as the mean ± SD of
three experiments (*p < 0.05, **p < 0.01, vs. 0 mM).

Fig. 5 The effect of EC on the expression of the cell cycle associated
genes in HepG2 cells. Cells were treated with the various concentrations
EC for 24 h. The mRNA levels of p53, p21, p27, cyclin E, and CDK 2 were
determined by RT-qPCR. β-tubulin was used as the internal controls for
the RT-PCR assays. Data are expressed as the mean ± SD of three
experiments (*p < 0.05, **p < 0.01, vs. 0 mM).
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Discussion

Ethyl carbamate has been shown to be genotoxic, a multisite
carcinogen, a reproductive and developmental toxicant and an
immunosuppressant. Previous studies in rodents showed that
the liver is one of the target organs of the toxic effect of EC,
however, there is no specific data about the hepatotoxicity of
EC,3 the mechanisms underlying EC-induced cell damage
remain unclear. Therefore, the present study was aimed to elu-
cidate the possible mechanism of EC induced cytotoxic.

The results obtained from the MTT assay suggested that
high concentration of EC decreased the viability of HepG2
cells in a concentration-dependent manner after treatment for
24 h. However, when treated with relatively low concentrations
of EC (less than 25 mM), there was no obvious alteration to
HepG2 cell viability. In Chun’s report, concentrations of EC
less than 20 mM were not cytotoxic to RAW 264.7 macrophages
and A549 cells. With 100 mM EC, only 25% of RAW 264.7 cells
were viable and 78% of A549 cells survived. In our study, when
treated with 100 mM EC, 53% of HepG2 cell types are relatively
resistant to EC. HepG2 cells and RAW264.7 macrophages are
more sensitive to a high dose of EC than A549 cells.

In the present study, it was demonstrated that EC resulted
in an increase of ROS generation in HepG2 cells, especially in
the groups treated with high concentrations (Fig. 4). These
results are in good agreement with a previous report showing

that EC increased ROS production in RAW 264.7 macrophages
and A549 lung epithelial cells.9 ROS accumulation could cause
modification and damage to cellular components, e.g. DNA.14

The resulting DNA damage may trigger signal transduction
pathways, moreover, the early effect is represented as cell cycle
progression.15 In this study, the important cell cycle altera-
tions, including G1 phase accumulation and subsequent
S phase depletion were observed. Cell cycle arrest provided
enough time for the cells to repair the damaged DNA.16 The
cells which successfully repaired the damage would re-enter
the cell cycle, while those no longer effectively repaired would
enter the state of apoptosis and ultimate cell death. The
results of the present study indicated that EC treated could
cause HepG2 cells death, displayed apoptosis and necrosis.

It is well-known that cellular proliferation is primarily regu-
lated by regulation of the cell cycle to monitor DNA integrity,17

the cell cycle is regulated by cyclins, Cdks, and Cdk inhibitors,
the phases of the cell cycle are controlled by the activation of
different CDK/cyclin complexes.18 By using FCM analysis, we
found that the inhibition effect of EC on HepG2 cell prolifer-
ation was associated with the blockage of G1 phase to S phase
progression. As one of the main checkpoints of the cell cycle,
G1/S transition is responsible for the initiation and com-
pletion of DNA replication, which is regulated by cyclin E/
Cdk2, cyclin D/Cdk4, and cyclin D/Cdk6 complexes.19–21

Numerous reports suggested that p21 and p27 proteins are two
important Cdk inhibitors, which could bind to the Cdk2–
cyclinE complex, inhibit the cell-cycle transition from the G1
phase to the S phase, and result in G1 phase
accumulation.22–24 Based on the results of the present study
(Fig. 2), EC up-regulated the expression of p21 and down-regu-
lated the expression of cyclin E and Cdk2 in HepG2 cells. In
addition, p21 is a well-known downstream target of p53 in the
G1 phase arrest.22 In the present study, a high dose of EC
could increase the expression of p53, showing the same trend
as with p21. However, there was no obvious change with the
expression of p27. All these results suggested that p21, cyclin E
and Cdk2 were might regulated by p53 and account for the
effect of EC on cell cycle progression, but p27 was not involved
in the pathway in HepG2 cells treated with EC.

Experimental
Chemicals

EC, RIPA buffer, fetal bovine serum (FBS), and 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) were
from Sigma-Aldrich (St Louis, MO, USA). Dulbecco’s modified
Eagle’s medium (DMEM), antibiotics, trypsin/EDTA solution,
and Trizol reagent were purchased from invitrogen (Gibco,
Grand Island, NY, USA). 2′,7′-Dichlorofluorescein diacetate
(DCFH-DA), Annexin V/PI and the Hoechst 33342/PI staining
kit were from Beyotime Biotech., China. Antibodies against
p53, p21, p27, cyclinE, Cdk2, β-actin, and horseradish peroxi-
dase-conjugated secondary antibodies used in the present
study were all purchased from Cell Signaling Technology (Cell

Fig. 6 The effect of EC on the expression of the cell cycle associated
proteins in HepG2 cells (A and B). The cells were treated with the
various concentrations EC, the protein levels of p53, p21, p27, cyclin E,
and CDK 2 were determined by western blotting. β-Actin was used as
the internal controls. Data are expressed as the mean ± SD of three
experiments, (*p < 0.05, **p < 0.01, vs. 0 mM).
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Signaling Technology, Beverly, MA, USA). All other reagents
were of standard chemical grade.

Cell culture

HepG2 cells (American Type Culture Collection (ATCC)
HB-8065) were obtained from Peking Union Medical College
(Peking, China) and cultured in DMEM containing 2% L-gluta-
mine. The medium was supplemented with 10% FBS, 100 IU
per mL penicillin and 100 μg per mL streptomycin. Cells were
seeded in cell culture flasks and were maintained in a humidi-
fied incubator at 37 °C with 5% CO2.

Cell viability assay

For quantitative assessment of cytotoxicity, the viability of
HepG2 cells treated with EC was determined by the MTT assay
as previously described.25 In brief, the cells were seeded at a
density of 104 per well in 96 microplates and treated with EC
at increasing concentrations (0, 12.5, 25, 50, and 100 mM) for
24 h. The cells were washed with phosphate-buffered saline
(PBS), and 5 mg mL−1 MTT in fresh DMEM was added to each
well. After an incubation of 4 h at 37 °C, the supernatant was
removed. The insoluble formazan crystals were completely dis-
solved in 100 μL of DMSO by gently shaking for 10 min. The
absorbance was measured at 570 nm and 630 nm using a
microplate ELISA reader (Bio-Rad, Hercules, CA, USA). The
results were expressed as the percentage of cell survival (%)
with respect to the control (medium treated cells).

Cell cycle analysis

HepG2 cells were exposed to EC at concentrations of 0, 25, 50
and 100 mM for 24 h. The cells were collected, washed with
pre-cold PBS, and fixed in 75% ethanol at 4 °C overnight. The
fixed cells were washed twice with PBS and incubated for
30 min in 1 mL of PBS containing RNase (100 μg mL−1) and PI
(50 μg mL−1) at room temperature in the dark. The population
of cells in each cell cycle phase was measured using a FACS
Calibur flow cytometer (BD Biosciences, CA, USA).

Apoptosis assays

HepG2 cells were plated onto glass coverslips in 6-well plates
and treated with EC (0, 25, 50, and 100 mM) for 24 h. After EC
exposure, the slides were stained with Hoechst 33342 and the
PI staining kit (1 μg mL−1 Hoechst 33342, and 1 μg mL−1 PI),
and examined by using an inverted fluorescence microscope
(Olympus X71, Japan). Nuclear condensation indicates cell
apoptosis.

HepG2 cells were exposed to EC at concentrations of 0, 25,
50 and 100 mM for 24 h. The cells were harvested, washed
twice with pre-cold PBS, and re-suspended in binding buffer,
to which 5 μL Annexin V-FITC and 5 μL PI were added. The
cells were gently vortexed and incubated for 30 min at 4 °C in
the dark following the manufacturer’s instruction. The ratio of
apoptotic cells was measured using a FACSCalibur flow
cytometer.

Determination of intracellular reactive oxygen species (ROS)

Intracellular ROS was detected by DCFH-DA as described pre-
viously.26,27 After the cells were treated with EC (0, 25, 50 and
100 mM) for 24 h, the cells were washed with PBS, then incu-
bated with 10 μM DCFH-DA at 37 °C for 30 min following the
manufacturer’s instruction. Fluorescence images were acquired
on an inverted fluorescence microscope. ROS were measured
using a microplate reader (Tecan Infinite F200, Tecan AG, Swit-
zerland) at an emission wavelength of 535 nm and an excitation
wavelength of 485 nm. Negative control (medium treated cells)
and positive control (with Rosup) were included.

RT-qPCR and western blotting analysis

After exposure to EC (100 mM) for 24 h, HepG2 cells were
washed with PBS. Total RNA extracted from the cells using
Trizol reagent was reverse-transcribed to cDNA using the Takara
RT reagent kit following the manufacturer’s protocol. Real-time
PCR was carried out using the SYBR green PCR master mix.
Amplification and detection were performed by using the ABI
7500 system. The sequences of primers are listed in Table 1.
Negative (no template) control and reference were included in
each experiment, and each reaction was performed in triplicate.

EC treated cells were lysed in RIPA buffer containing pro-
tease inhibitors (10 μM leupeptin, 20 μg per mL chymostatin
and 2 mM phenylmethylsulfonyl fluoride) containing protease
inhibitor cocktail. Thereafter, 20 μg of total lysate proteins
were electrophoresed on SDS-PAGE. Then, the resolved pro-
teins were transferred onto a PVDF membrane (Millipore, Bill-
erica, MA, USA). The membranes were blocked at room
temperature for 1 h with 5% non-fat milk in PBST buffer (PBS
containing 0.1% Tween 20). The membranes were incubated
with an appropriate dilution of primary antibodies and then
incubated with HRP-conjugated secondary antibodies. After
the membranes were washed with TBST, the signals were
detected by an ECL detection kit.

Statistical analysis

Statistical analysis was conducted with SPSS 19.0 software.
Three independent experiments were performed for each

Table 1 Sequences of primers used in the real-time qPCR
amplifications

Target
gene Primer sequences (5′–3′)

Length of PCR
product (bp)

β-tublin F: TGTGGCAACCAGATCGGT 204
R: ACCTGAGCGAACAGAGTCCA

p53 F: TTCCACGACGGTGACACG 253
R: TGGGAGCTTCATCTGGACCT

p21 F: TTAGCAGCGGAACAAGGAGT 209
R: CCAGGCCAGTATGTTACAGGA

Cdk2 F: ATCCGCCTGGACACTGAG 273
R: GTGGAGGACCCGATGAGA

CyclinE F: TTGGCTATGCTGGAGGAAGT 116
R: CCTGGTGGTTTTTCAGTGCT

p27 F: TGCAACCGACGATTCTTCTACTCAA 185
R: CAAGCAGTGATGTATCTGATAAACAAGGA
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experimental condition, and the data were conveyed as mean ±
SD. One-way analysis of variance (ANOVA) was performed on
multiple comparisons among treatment and control groups.
Differences with P < 0.05 were considered as statistically sig-
nificant. All assays were performed in triplicate.

Conclusions

According to the above results, we found that high concen-
tration of EC could decrease the viability of HepG2 cells by
arresting the cell cycle in the G1 phase including apoptosis
and necrosis. Moreover, the results of the DCFH-DA assay
suggested that an oxidative stress mechanism also contributed
to the cytotoxic effects of EC (Fig. 7). In conclusion, our results
demonstrate that EC exerts significant cytotoxic effects on
HepG2 cells.
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