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Ethylene glycol monomethyl ether (EGME) has been used in many products usually handled by humans
including inks, paints, polishes, brake fluids and so on. This present study therefore, investigated its effect
on lung, in a time-course study in male Wistar rats. Animals were orally administered 50 mg/kg body
weight of EGME for a period of 7, 14, and 21 days. Following 7 days of oral exposure to EGME, activities of
GPx and SOD were significantly increased, as well as levels of K-Ras, c-Myc, p53, caspase-3, TNF-a and, IL-
6, while NO level and GST activity were significantly reduced compared with control. At the end of 14
days exposure, GSH level was significantly decreased, while levels of K-Ras, c-Myc, p53, caspase-3, TNF-a,
IL-6, NO and the activities of SOD and GPx were significantly elevated with respect to control. After 21
days of EGME administration, levels of Bcl-2, IL-10, GSH and NO as well as GST activity were significantly
decreased, while levels of K-Ras, c-Myc, p53, Bax, caspase-3, IL-6, IL-1b, TNF-a, as well as GPx, CAT, and
SOD activities were significantly elevated compared with control. Lung histopathology revealed chronic
disseminated alveolar inflammation, bronchiolitis, severe alveolar and bronchi hyperplasia, severe
disseminated inflammation, thrombosis, and thickened vessels as a result of EGME exposures. Exposures
to EGME could trigger lung damage via the disorganization of the antioxidant system, eliciting the up-
regulation of inflammatory, apoptotic, and oncogenic markers in rats.
© 2020 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Ethylene glycol monomethyl ether (EGME) is a derivative of
dimethoxyethilphatalate (DMEP) derivatives, a class of chemicals
used in plastics manufacturing. These plastic materials are used for
the production of children’s toys, materials for packaging food and
drinks, household appliances, water channels, and different types
of medical equipment [1]. Majorly, EGME serves as an organic
uced glutathione; NO, nitric
SOD, superoxide dismutase;
b, interleukin-1 beta; TNF-a,
otein; Bcl-2, B-cell lymphoma
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solvent in the production of different industrial products including
paints, resins, varnish, acetate cellulose, nail polish, and wood
paints [2].

Particularly vulnerable tissues and organs to EGME are those
with high metabolic and swift proliferation rate like cells of the
thymus and testis [3e5]. Occupationally, exposure to EGME has
been linked with neurological, reproductive and hematological
abnormalities in human studies [6e9]. Damage to reproductive
organs, such as alteration of fertility in female and testicular atro-
phy, is the major result of EGME exposure in laboratory animals
[10]. Also, EGME can attack cells involved in immunity, leading to
low weight of thymus, thymus cell atrophy, and low splenic cell
count [11].

EGME is formed via the metabolism of DMEP inside a
mammalian body to form EGME, which in turn, is oxidized by
alcohol dehydrogenase to form 2-methoxyacetaldehyde (2-MALD).
Subsequently, oxidation of 2-MALD yields methoxyacetic acid
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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(MAA), the teratogenic and toxic product [12]. Hence, EGME by
itself is not toxic or teratogenic, but its metabolic product called
MAA [5]. Methoxyacetaldehyde (MALD) was reported to induce
hepatic- and testicular toxicity [13]. Accumulation of MALD in the
hepatocytes triggers the generation of reactive oxygen species
(ROS), leading to the oxidization of lipids, altering the membrane
functions and reducing fluidity of membrane. Apart from the liver,
ovarian and renal cells have been reported to be attacked by ROS
generated by MALD. Hepatic and renal cells play an active role in
the elimination of toxic substance including EGME [14]. The kidney
is majorly involved in the excretion of toxic substances. As blood
circulates in large volume, lethal substances are localized in the
filtrate and activated, making the kidney a major target for toxic
substances [15].

EGME-induced hepatic [16], renal [17], and testicular [18]
oxidative stress, inflammation, and apoptosis, in a time-course
study have been recently reported in rats, but little or no infor-
mation existed on the effect of EGME on pulmonary cells. Thus, we
checked the time course effect of EGME on pulmonary markers of
lipid peroxidation (MDA), oxidative stress (CAT, SOD, GPx, GST, GSH,
and NO), inflammation (IL-1b, IL-6, IL-10, and TNF-a), apoptosis
(caspase-3, p53, Bax, and Bcl-2) and proto-oncogenic markers (c-
Myc and K-Ras) in rats.

2. Materials and methods

2.1. Chemicals and kits

EGME (C3H8O2; CAS# 109-84-4; 99.5% purity), is a product of
BDH Laboratory Supplies, Poole, BH15 1TD, England. Rats enzyme-
linked immunosorbent assay (ELISA) kits for IL-10, IL-6, IL-1b, TNF-
a, caspase-3, p53, Bax, Bcl-2, c-Myc, and K-Ras were manufactured
by Cusabio Technology Llc, Houston, TX, USA. Reagents and
chemicals were of quality and good grade and were procured from
recognized chemical companies in the United States (Sigma) and
United Kingdom (BDH).

2.2. Animals and experimental design

Male albino Wistar Unilever rats (150 g; 8 weeks old; n ¼ 20)
were bought from a breeding farm at the Federal University of
Agriculture, Abeokuta (FUNAAB), Nigeria. Rats were housed in
experimental rat cages in the animal house facility of our institu-
tion, where they have unrestricted access to water and food.
Research procedures were handled following stipulated rule the
Animal Care and Use Committee of our institution, approved by the
Animal Ethical Committee of our department (FUNAAB), Nigeria. At
the end of 1 week of adjustment to the new environment, the rats
were grouped into four, having five animals each. Group 1 rats were
designated as normal control and sacrificed (day 0) before the
commencement of the administration of EGME. Groups 2, 3 and 4
animals were exposed orally to 50mg/kg (1/20th of LD50) EGME for
7, 14, and 21 days respectively.

2.3. Collection and preparation of samples

Following EGME administration, rats were sacrificed by cervical
dislocation, and were handled under the international rules for the
handling and use of experimental animals [19]. We harvested the
lung, washed in normal saline, dried, and weighed. Lung sections
were suspended in 0.1 M (pH 7.4) phosphate buffer for homoge-
nization. The homogenized tissue was centrifuged for 10 min at
5000 rpm, and the supernatant was used for the estimations of
parameters investigated in triplicates.
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2.4. Estimation of oxidative stress parameters

Buege and Aust [20] was used for the estimation of MDA, NO
concentration in the lung was estimated using Griess Reagent [21],
GSH concentration was determined following the procedure of
Moron et al. [22], GPx activity was determined by the procedure of
Rotruck et al. [23], lung GST activity was determined by the pro-
cedure of Habig et al. [24], the SOD activity was estimated using the
procedure of Misra and Fridovich [25], while CAT activity was
determined using the procedure of Sinha [26].

2.5. Estimations of lung levels of IL-10, IL-6, IL-1b, TNF-a, caspase-
3, p53, Bax, Bcl-2, c-Myc, and K-Ras

These were done following the protocols described in the pur-
chased Cusabio ELISA kits (Cusabio Technology Llc, Houston, TX,
USA).

2.6. Estimation of total protein concentration

Lung level of total protein was estimated using the procedure of
Gornall et al. [27], and was used for the determination of SOD, GST,
GPx, and CAT activities.

2.7. Lung histopathology

Excised lung sections were preserved in 10% buffered-formalin
solution for 48 h, dehydration in ascending concentrations of
alcohol concentration and double-washed in xylene. Tissue sec-
tions were paraffinized, excised, and then stained with haema-
toxylin and eosin dye. Slides were viewed at a magnification of 400
x under a microscope.

2.8. Statistical analyses

Data were examined using one-way analysis of variance
(ANOVA), and then Tukey test for multiple comparisons among the
groups of rats using Graph Pad Prism 6.0. Results were written as
mean ± SEM, and P value below 0.05 was taken to be significant.

3. Results

3.1. Lung relative weight of EGME-administered rats

The lung weight was measured to check the effect of EGME on
the pulmonary cell content, whether the cells are rapidly dividing
(increasing cell content) or dying (decreasing cell content and
function) compared with control. The calculated lung weight was
then used to calculate the relative lung weight of the animals. With
respect to control, no significant effect (p > 0.05) was seen in
relative lung weight following 7, 14, or 21 days of EGME adminis-
tration (Fig. 1).

3.2. Time course effect of EGME on lung MDA level

No significant (p > 0.05) effect was seen in lung MDA concen-
tration after 7, 14, and 21 days of EGME administrations compared
with control (Fig. 2A).

3.3. Time course effect of EGME on lung NO level

Administrations of EGME for 7 and 21 days lowered significantly
(p < 0.05) the pulmonary level of NO compared with control and 14
days of administrations, while administrations for 14 days signifi-
cantly (p < 0.05) elevated lung NO level with respect to control, 7,



Fig. 1. Time course effect of EGME on relative lung weight. Values are expressed as
mean ± standard error of the mean (n ¼ 5). Bars labeled with different letters are
statistically significant (p < 0.05).

O.T. Somade, B.O. Ajayi, O.E. Adeyi et al. Metabolism Open 9 (2021) 100075
and 21 days of exposure (Fig. 2B).
3.4. Time course effect of EGME on lung GSH level

Administrations of EGME for 14 and 21 days significantly
Fig. 2. Time course effect of EGME on lung MDA (2A), NO (2B), and GSH (2C) concentrations
different letters are statistically significant (p < 0.05).
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(p < 0.05) reduced the lung level of GSH with respect to day
0 (Fig. 2C).
3.5. Time course effect of EGME on lung activity of GPx

Administrations of EGME for 7, 14, and 21 days resulted in a
significant (p < 0.05) increase in lung GPx activity with reference to
day 0 (Fig. 3A).
3.6. Time course effect of EGME on lung GST activity

For GST, both 7 and 21 days of exposure to EGME significantly
(p < 0.05) decreased the pulmonary activity of the antioxidant
enzyme when compared with day 0 and 14 days of exposure
(Fig. 3B).
3.7. Time course effect of EGME on lung SOD activity

Lung SOD activity was significantly (p < 0.05) increased
following 7, 14, and 21 days of EGME administrations compared
with control (Fig. 3C).
. Values are expressed as mean ± standard error of the mean (n ¼ 5). Bars labeled with



Fig. 3. Time course effect of EGME on lung GPx (3A), GST (3B), SOD (3C), and CAT (3D) activities. Values are expressed as mean ± standard error of the mean (n ¼ 5). Bars labeled
with different letters are statistically significant (p < 0.05).
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3.8. Time course effect of EGME on lung CAT activity

Only exposure for 21 days significantly (p < 0.05) increased the
lung CAT activity when compared with control (Fig. 3D).
3.9. Time course effect of EGME on lung IL-10, IL-1b, IL-6, and TNF-
a levels

Lung TNF-a (Fig. 4A) and IL-6 (Fig. 4B) levels were significantly
(p < 0.05) elevated after 7, 14 and 21 days, while IL-1b (Fig. 4C) and
IL-10 (Fig. 4D) levels were significantly (p < 0.05) increased and
reduced respectively by 21 days of EGME administrations with
respect to day 0.
3.10. Time course effect of EGME on lung p53, Bcl-2, Bax, and
caspase-3 levels

Exposure to EGME for 7, 14 and 21 days significantly (p < 0.05)
raised the lung levels of p53 (Fig. 5A) and caspase-3 (Fig. 5B) in a
time-dependent manner compared with day 0. Lung Bax (Fig. 5C)
and Bcl-2 (Fig. 5D) concentrations were significantly (p < 0.05)
increased and lowered respectively after 21 days of EGME admin-
istrations compared with day 0.
4

3.11. Time course effect of EGME on lung levels of c-Myc and K-Ras

Both lung levels of c-Myc (Fig. 6A) and K-Ras (Fig. 6B) were
significantly (p < 0.05) elevated by EGME after 7, 14 and 21 days of
administrations with respect to day 0.

3.12. Time course effect of EGME on lung histopathology

Lung histopathology (Fig. 7) revealed chronic disseminated
alveolar inflammation, bronchiolitis, severe alveolar and bronchi
hyperplasia, severe disseminated inflammation, thrombosis, and
thickened vessels after 7, 14, and 21 days of EGME administrations
compared with the control that revealed normal architecture.

4. Discussion

Although the utilization of EGME has diminished recently as a
result of control procedures and provisions of alternatives to it, the
fact remains that EGME is still utilized in some parts of the world.
The yearly utilization of EGME by the Chinese and in Taiwan is
estimated at over 3000 tonnes [28]. Sales for use in some house-
hold products, consumer goods, pharmaceutical preparations,
medicines, and pesticide formulations have been prohibited in the
Europe. Overall deposits of EGME documented by the Canadian
National Pollutant Release Inventory (NPRI) in 1994 are summed at
17 tonnes [29], and were deposited into the environment from a



Fig. 4. Time course effect of EGME on lung TNF-a (4A), IL-6 (4B), IL-1b (4C), and IL-10 (4D) levels. Values are expressed as mean ± standard error of the mean. Bars labeled with
different letters are statistically significant (p < 0.05).
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facility in Southern Ontario. Overall transfer of EGME for off-site
elimination into the incinerators is summed at 2.12 tonnes in
1994. Total documentation of about 0.07 tonne of EGME was
released for energy production in 1994 [29]. As reported by NPRI,
overall on-site and off-site disposal of EGME to the environment in
Southern Ontario were summed at 6.3 and 33.9 tonnes respectively
in 1995 [29]. It is therefore pertinent to investigate the time-course
effect of EGME administrations on some pulmonary biochemical
parameters of lipid peroxidation, oxidative stress, apoptosis,
inflammation, and cell proliferation in male Wistar rats.

Estimating the thiobarbituric acid reactive substance (TBARS) is
employed to determine the level of lipid peroxidation, and also as
an indirect method of assessing oxidative stress within and outside
the cell [30,31]. Although free radicals are products of normal
metabolic pathways, they can also be generated via exposures to
toxic biological and chemical agents in cells. The generated free
radicals are very reactive and unstable because they possess un-
paired electrons, enabling them to attack electron-rich poly-
unsaturated fatty acids of the phospholipid bilayer of biological
membranes. These lead to destruction of the membrane structure
and the cell as a whole, causing the migration of cell components
directly into the bloodstream [32,33]. From our findings, EGME
administrations to rats for the period investigated did not have any
significant effect on lung MDA (a marker of lipid peroxidation)
5

concentration (Fig. 2). The reason for this may be due to the ability
of the endogenous enzymatic and non-enzymatic antioxidant
systems to withstand and overcome the harmful cellular effects of
reactive oxygen and nitrogen species.

NO is a vital signaling molecule formed within the cells, playing
a major role in many important physiological processes, including
immune response, blood pressure and neural communication [34].
Overproduction of cellular NO may cause the generation of per-
oxynitrite that can eventually destroy tissues [35,36]. The signifi-
cant elevation of pulmonary NO level (Fig. 2B) after 14 days of
EGME administrations compared with control may be due to
EGME-induced lung oxidative tissue damage in the animals. EGME-
induced oxidative stress may have resulted in the overproduction
of reactive species that subsequently caused the significant
decrease in NO (Fig. 2B) after 7 and 21 days of EGME administra-
tions. Free radicals have important roles in NO-coordinated cellular
signaling [34]. Free radicals alter NO availability, resulting to
different vascular problems that ensue following loss of NO func-
tion [34]. ROS concentrations can chemically inactivate and lower
bioactive NO concentrations. It is referred to as NO mopping and
considered as a major outcome of oxidative stress [34]. NO in
cooperation with other free radicals has been reported to elicit
oxidative stress by the vasculature, in inflammatory state [37].

Oxidative stress characterized by elevated generation of ROS



Fig. 5. Time course effect of EGME on lung p53 (5A), caspase-3 (5B), Bax (5C) and Bcl-2 (5D) levels. Values are expressed as mean ± standard error of the mean. Bars labeled with
different letters are statistically significant (p < 0.05).

Fig. 6. Time course effect of EGME on lung c-myc (6A) and K-Ras (6B) levels. Values are expressed as mean ± standard error of the mean. Bars labeled with different letters are
statistically significant (p < 0.05).
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promotes the processes of vascular dysfunction [38]. This oxidative
stress is majorly as a result of an imbalance between the endoge-
nous antioxidant systems and the production of ROS, in favor of the
latter [34]. We recorded a significant decrease in lung GSH (Fig. 2C)
concentration and GST (Fig. 3A) activity, as well as a significant
elevation in lung activities of GPx (Fig. 3B), SOD (Fig. 3C) and CAT
(Fig. 3D), all of these suggesting the involvement of EGME in the
production of ROS, causing oxidative stress. SOD and CAT function
synergistically. While the former catalyzes the detoxification of
6

superoxide radicals to hydrogen peroxide (H2O2), the latter
decompose H2O2 to water and oxygen [39]. GST is a phase two
drug-metabolizing enzyme and catalyzes the release and transfer
of GSH to xenobiotic for their detoxification. GSH is the chemical
substrate for GPx, a process that concomitantly detoxifies H2O2 to
water and oxygen [40].

The cytokine family is made up of different multifunctional
proteins that are involved in the regulation of immunity and tissue
inflammation [41,42]. Every biological organs are under the



Fig. 7. Lung microphotographs (x 100) showing (A) normal architecture; (B) disseminated alveolar inflammation, peribronchiolar inflammation, thickened vessels, thrombosis, and
alveolar hyperplasia; (C) bronchiolitis, severe alveolar hyperplasia, severe disseminated inflammation, thrombosis, and thickened vessels; and (D) chronic disseminated alveolar
inflammation, bronchiolitis, severe alveolar and bronchi hyperplasia, severe disseminated inflammation, thrombosis, and thickened vessels. A ¼ Day 0; B ¼ Day 7; C ¼ Day 14;
D ¼ Day 21.
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regulatory control of cytokines, including the cardiovascular [43],
respiratory [44] and nervous [45,46] systems, as well as renal [47]
and gastrointestinal tracts [48]. Cytokines are produced majorly by
the immune cells when toxic or harmful chemical and biological
agents are sensed within the cells [41,42]. Cytokines that stimulate
inflammation are IL-6, IL-1b, TNF-a, IL-1b, interferone(IFNe) g, and
IL-17 [49,50], and are called pro-inflammatory cytokines. On the
other hand, examples of anti-inflammatory cytokines are IL-10 and
IL-4 [49,51]. The significant increase in the concentrations of lung
TNF-a (Fig. 4A), IL-6 (Fig. 4B), IL-1b (Fig. 4C), and lowered con-
centration of IL-10 (Fig. 4D) after 7, 14 and 21 days of EGME ad-
ministrations, indicate EGME-induced lung damage, leading to
their secretion andmobilization by the immune cells to the affected
areas where they initiate the inflammatory process [52]. Macro-
phages extend response to inflammation via the promotion cyto-
kine formation in cells that lack direct response to injury by toxic
chemicals or biological agents [53]. It has been reported that IL-8,
by responding to TNF-a and IL-1b signals, is secreted by diverse
lung epithelial cells, pleural mesothelial cells and pulmonary fi-
broblasts [54,55]. Every nucleus containing cell possesses an active
receptor for TNF-a and IL-1, indicating the importance of both as
important cytokines in the intensification of inflammation [53].

p53 gene acts as an emergency gene in the initiation of cell cycle
arrest or programmed cell death [56,57]. p53 can suppress malig-
nant transformation by initiating cell cycle arrest in G1 phase or via
apoptosis. Loss of p53 gene functions may explain the uncontrolled
proliferation of cells and the resistance of the transformed cells to
genotoxic anticancer drugs [57,58]. In this study, the significant
7

increase in lung p53 (Fig. 5A) level after 7, 14 and 21 days of ad-
ministrations is an indication of EGME-induced pulmonary dam-
age. This could be attributed to EGME-induced lung oxidative stress
and inflammation recorded in this study, which may have resulted
in p53 activation. Activated p53 may have elicited cell cycle arrest
and activation of apoptotic genes to initiate apoptosis. Bcl-2 and
Bax are respectively, anti-apoptotic and pro-apoptotic proteins
regulating the initiation of apoptosis via the regulation of mito-
chondrial function [59,60]. Bcl-2 and Bax have the potential to
compete with each other by forming heterodimers, indicating an
inverse affair, where Bcl-2 homodimers support cell proliferation
and Bax homodimers support apoptosis [61]. Combined activities
of Bax and Bcl-2 coordinate programmed cell death by stimulating
mitochondrial membrane leakage, leading to the release of cyto-
chrome c out of the mitochondrion into the cytosol. Over-
production of Bcl-2 hinders the pore formation and out flow of
cytochrome c from the mitochondrion to the cytosol [59,62].
Therefore, the inhibition of Bcl-2 triggers the release of cytochrome
c from the mitochondrion. It is also noteworthy that Bcl-2-Bax
heterodimerization can negatively elicit and inhibit pro-apoptotic
Bax activity [61]. Thus, minimal expressions of Bcl-2 concentra-
tion and sustained Bax expressions canmake homodimers of Bax to
be formed, leading to the up-regulation of apoptosis [63]. In this
study, the significant increase in lung Bax (Fig. 5C) and decrease in
Bcl-2 (Fig. 5D) levels after 21 days of EGME administrations suggest
p53-induced apoptosis, since the apoptotic players, Bax and Bcl-2
are the key targets of p53. In response to lung toxicity, up-
regulated p53 recorded in the study, may have up-regulated Bax
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and down-regulated Bcl-2 expressions. The resulting increase in
the cytosolic level of free Bax may eventually attack the mito-
chondrial membrane; creating pores in it, leading to the flow of
cytochrome c into the cytoplasm that later propagates cellular
apoptosis. Previous studies have documented that the propor-
tionality of anti- and pro-apoptotic proteins dictate how cells are
exposed to death stimulus [64]. p53 inhibits Bcl-2 through an as-
sociationwith negative regulatory element beyond the promoter of
Bcl-2 gene [65]. Immediately out of themitochondrion, cytochrome
c associates with Apaf-1, and then favors procaspase-9 activation
[66,67]. Activated caspase-9 stimulates the activation of caspases
involved in executing apoptosis such as caspase-3 and -7, via pro-
teolytic cleavage, and propagating the apoptotic stimulus to the
execution stage [68]. The above explanations will therefore, explain
and justify the increased level of lung caspase-3 (Fig. 5B) recorded
after 7, 14 and 21 days of EGME administrations. The released cy-
tochrome c following Bax attack on the mitochondrial membrane
may have interacted with downstream mediators like caspase-9
and Apaf-1, resulting in the formation of apoptosome that
cleaved the executioner caspases including caspase-3 and facilitate
the programmed cell death.

c-Myc belongs to the b/HLH/LZ proteins of Myc group that
mediate programmed cell death and cell proliferation [69].
Expression of Myc protein is altered in about 33% of cancers in
humans via different mechanisms [70]. mRNA of c-Myc is highly
short-lived and lack of positive regulatory signals causes its tran-
scription to decrease, resulting to low c-Myc protein concentra-
tions, and lack of proliferative stimulus [71]. c-Myc function in
tumor cells is usually raised, at times by self-gene mutation, but
often via the induction of the expression of c-Myc via upstream
oncogenic pathways [71]. Oncogenic activities of c-Myc are coun-
terbalanced by its ability to also induce apoptosis via numerous
pathways [72,73]. K-Ras is another proto-oncogene whose muta-
tions are seen in approximately 20e25% of lung adenocarcinomas
in Western nations [74e76] and approximately 10e15% of in-
cidences in Asia [77,78]. Accepted globally, K-Ras-mutant tumors
are the most frequent and potentially targetable molecular subtype
of non-small-cell lung cancer (NSCLC) [79]. As it is the case with the
vast majority of potentially actionable genetic alterations in NSCLC,
K-Ras mutations are almost exclusively seen in lung adenocarci-
nomas and are uncommonly found in squamous-cell cancers
[80,81]. Pulmonary c-Myc (Fig. 6A) and K-Ras (Fig. 6B) levels after 7,
14 and 21 days of EGME administrations were significantly
increased, which may be an indication of EGME-induced mutations
in these oncogenes by amplification or translocation to areas of
high transcriptional activities, resulting into their activations and
subsequent generation of reactive oxygen species that may have
elicited DNA damage. Also, activation of these oncogenes may
therefore, triggers the significant increase in the levels of apoptotic
mediators (p53, Bax, caspase-3) recorded in this study that facili-
tated apoptosis and prevented tumor initiation and progression.

Lung histopathology further confirmed our findings in this
study, by revealing chronic disseminated alveolar inflammation,
bronchiolitis, severe alveolar and bronchi hyperplasia, severe
disseminated inflammation, thrombosis, and thickened vessels
throughout the period investigated.

We therefore concluded that exposures to EGME over time
could pose health risk by triggering lung damage via the disorga-
nization of the antioxidant system, eliciting the up-regulation of
inflammatory, apoptotic, and oncogenic markers in rats. We
therefore advised based on the outcomes of this study that expo-
sure to EGME should be totally avoided or reduced to the barest
minimum.
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