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Abstract

Several air fresheners and deodorants that contain ethylene glycol were found (1-2% (w/v)) in commercially
available products. Ethylene glycol is a liquid used as a surfactant or an emulsifier in household products. The aim of
this study is to determine the inhalation toxicity of ethylene glycol. The effect of whole-body inhalation to EG was
performed for an inhalation study of rat. Specific pathogen-free male Sprague-Dawley rats (7 weeks old) were
exposed to ethylene glycol in a stainless steel whole body inhalation chamber with a capacity of 1 m3 (Sibata Model
VT3-X15 Japan). For acute and sub-acute rat inhalation toxicities, the differences of body weights were not
statistically significant comparing with those of control rats. In sub-acute rat inhalation toxicity, the relative kidney
weights were significantly higher in high-exposure group (500 mg/m3) than those of the other groups. In blood
biochemistry the values of TG (triglyceride) and BUN (urea nitrogen) were significantly decreased. Other
hematological changes with toxicological relevance were not observed in exposed male rats when compared with
the control animals. The histopathological findings were not observed in the lung and kidney tissues exposed to
chemicals comparing with those of control tissues. The No Observed Adverse Effect Level (NOAEL) of EG in 28
day’s inhalation test was evaluated to be over 100 mg/m3.

Keywords: Inhalation toxicity; Ethylene glycol; MTT assay; BAL
fluid; LDH; TP

Introduction
Various chemicals are used in household products including

disinfectants, deodorants, air fresheners, paints, cosmetics and hair
sprays. In particular, spray-form household products, generating
respirable particles in the air, can be the major source of inhalation
exposure of chemicals during daily activities [1-4]. A variety of
products used in our daily lives contain substances of unknown
hazards which may cause chemical safety issues [5]. As seen in the
incident of humidifier disinfectant in 2011, chemicals contained in
consumer products could have high risk of inhalation toxicity while
showing a low level of general toxicity [6-7]. However, inhalation
toxicity tests are limitedly conducted because of their high cost and
time-consuming aspects. Several air fresheners and deodorants that
contain ethylene glycol were found (1-2%(w/v)) in commercially
available products. Ethylene glycol is a liquid used as a surfactant, an
emulsifier or anti-freezing agent [8]. Ethylene glycol can induce severe
kidney toxicity when ingested in large amount [9]. Ethylene glycol is a
polyhydric alcohol solvent being a clear, sweat tasting, viscous and
odourless liquid [10]. Eighty percent of absorbed ethylene glycol is
metabolized in the liver by alcohol dehydrogenase to several acid
metabolites (glycolic acid, glyoxilic acid, oxalic acid) which are
responsible for high anion gap metabolic acidosis, calcium oxalate
crystals and renal injury [11-13]. Eventhough there exist toxic effects
in ingestion exposure, ethylene glycol might not to be toxic for
intratrachial instillation in our previous study [14]. Our previous study
showed that intratracheal instillation of ethylene glycol (100 and 200
µg/kg) did not induce any changes in body weight compared with the
control rats. And singly treated ethylene glycol did not induce any

changes in LDH activity and protein content in BALF of lung at 1 and
7 d after exposure in rats. Therefore, the purpose of this study is to
conduct the in vivo rat whole body inhalation toxicity of ethylene
glycol (EG) as dominant substance used in air fresheners and
deodorants.

Materials and Methods

Animals and exposure conditions
Specific pathogen-free male Sprague-Dawley rats (7 weeks old) were

purchased from Orient Bio Inc. (Korea) and acclimated for 1 week
before the experiments. The rats were housed under standard
laboratory conditions (22 ± 3°C temperature, 50 ± 20% humidity, 12 hr
day/night cycles, 12~15 air changes per hour). The rats were housed
singlely in stainless steel wire mesh cages and allowed to access to hepa
filtered tap water and commercial rodent chow (DIET 5L79, PMI
nutrition LLC). Ethylene glycol was supplied from Sigma Co. and test
solutions were prepared by diluting with distilled water. Then the
ethylene glycol solutions were aerosolized using a mist generator
(NB-2N Sibata Japan) with 25 L/min of air flow. The aerosol
generating system was directly connected to a stainless steel whole
body inhalation exposure chamber with a capacity of 1 m3 (Sibata
Model VT3-X15 Japan). The concentrations of ethylene glycol aerosol
in chambers were measured by collecting samples of each chamber
with Sampler and by using the weight difference filter (T60A20, Φ55)
before and after filtering. For size distribution of ethylene glycol, flow
of 2 L/min was collected for 20 min using Anderson sampler and the
weight of filters (T60A20, Φ55) were measured by each phases of
filtering. In acute inhalation toxicity, body weights were measured at
the beginning of the study, 1st day, 3rd day, 7th day and 14th day after
exposure and the exposure termination day. In subacute inhalation
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toxicity (28 day), body weights were measured at the beginning of the
study, at twice weekly intervals during the exposure and at exposure
termination. Ethylene glycol aerosols were sampled three times during
every six hour exposure period through a sampling line using glass
fiber filters. Particle size distribution in aerosol was measured using a
small-size cascade impactor. Temperature, relative humidity, pressure
and air ventillation in the chambers were recorded using an
environmental controller.

Blood analysis
Blood samples of the animals were drawn from the ventral aorta

by using a syringe under anesthesia. The blood samples were collected
into CBC bottles containing EDTA (K2 EDTA, BD vacutainer) and
were analyzed within 15 min using a Hemavet automatic hematology
analyzer(Drew Scientific, Dallas, Texas, USA). The following
parameters were determined: white blood cell(WBC), neutrophil(NE),
lymphocyte(LY), monocyte(MO), eosinophil(EO), basophil(BA), red
blood cell(RBC), platelet(PLT), hemoglobin(Hb), hematocrit(HCT),
mean corpuscular hemoglobin(MCH), mean corpuscular hemoglobin
concentration(MCHC), red blood cell distribution width(RDW), mean
corpuscular volume(MCV) and mean plasma volume(MPV). Blood
samples were drawn from the ventral aorta using a syringe and
collected in a serum vacutainer. The sera were collected by
centrifugation at 3,000 rpm for 10 min within 2 hr after collection and
stored at -80°C in a freezer prior to analysis. The following serum
biochemistry parameters were determined using an automatic serum
analyzer(Drichem4000, Fuji Photo Film, Japan): alkaline
phosphatase(ALP), lactate dehydrogenase(LDH), glucose(GLU), total
cholesterol(TCHO), glutamic oxaloacetate transaminase(GOT),
glutamic pyruvate transaminase(GPT), urea nitrogen in blood (BUN),
calcium(Ca), inorganic phosphorus(IP), gamma glutamyl
transferase(GGT), albumin(ALB), total protein(TP), creatinine(CRE),
total bilirubin(TBIL), sodium(Na), potassium(K) and chlorine(Cl).

Histopathological analysis
After the 4 week inhalation of ethylene glycol, the animals were

sacrificed under the anesthesia with isoflurane, and lungs, kidneys,
livers, hearts, spleens and thymus were excised. The excised organs
were weighed and the relative organ weight was calculated with
division of organ weights by body weights and reported as mg/100 g
body weight. Clinical observation was performed on animals during
exposure and post-exposure, including appearance, mobility,
hemorrhage and abnormal breath once a day during the experiment.
The right lobes of the lungs and kidneys were fixed in 10% neutral
buffered formalin for 7 days. After routine tissue processing, the tissues
were embedded in paraffin, and the sections (2-3 μm) were prepared
on the glass slide. The tissue sections were stained with hematoxylin
and eosin (H & E) and examined under the light microscope (Olympus
DP70, Tyoko, Japan). The lesions were separately graded depending on
severity by pathologists.

Statistical analysis
Statistical analyses were performed using SPSS version 12 with

nonparametric statistical test for ethylene glycol exposed and control
groups. Values were expressed as the mean ± standard deviation (S.D.)
of 5 animals. Differences at p<0.05 were considered statistically
significant by the test. A multiple variance of analysis (ANOVA) test
and student's t-test (Graphpad Software, CA USA) were used to
compare exposure groups with a control group.

Results and Discussion
The groups of five male rats were exposed to ethylene glycol (0, 20,

100, 500 mg/m3) for 4 hours/day in acute inhalation toxicity. The
measured concentrations of ethylene glycol were (17.3 ± 1.51) mg/m3,
(62.9 ± 7.26) mg/m3, (576.3 ± 54.74) mg/m3 (Table 1). Groups of five
male rats were exposed to ethylene glycol (0, 4, 20, 100 mg/m3) for
sub-acute inhalation toxicity (28 day study). The measured
concentrations of ethylene glycol were (4.14 ± 0.42) mg/m3, (21.67 ±
2.51) mg/m3, (103.07 ± 9.19) mg/m3 (Table 2). To allow for exposure of
all relevant regions of the respiratory tract, aerosols with mass median
aerodynamic diameter (MMAD) values ranging from 1 to 3 µm with a
geometric standard deviation in the range of 1.5 to 3.0 are
recommended [15]. The mass median aerodynamic diameter
(MMAD) values were between 2.34 and 5.78 µm (Table 3) and those
values are matched with the OECD Guideline for Testing of Chemicals
No.412.

Groups Concentration (mg/m3)

Mean min max

Low(20 mg/m3) 17.3 ± 1.51 15.6 18.4

Middle(100 mg/m3) 62.9 ± 7.26 55.2 69.6

High(500 mg/m3) 576.3 ± 54.74 514.4 618.4

Table 1: The concentration of ethylene glycol during acute inhalation
exposure.

Groups Concentration (mg/m3)

Mean min max

Low (4 mg/m3) 4.14 ± 0.42 3.6 4.8

Middle (20 mg/m3) 21.67 ± 2.51 18.4 23.6

High (100 mg/m3) 103.07 ± 9.19 87.7 117.6

Table 2: The concentration of ethylene glycol during subacute
inhalation exposure.

Exposure group MMAD (µm)

Low (4 mg/m3) 2.34

Middle (20 mg/m3) 6.66

High (100 mg/m3) 5.78

Table 3: The MMAD of ethylene glycol during subacute inhalation
exposure.

No treatment-related adverse symptoms such as mobility,
abnormalities of breathing, bleeding or mortality were observed in any
of rats inhaled with ethylene glycol during the acute and sub-acute
experiment period. The LC50 (inhalation, 4 hr, rat) of ethylene glycol
might be estimated higher than 500 mg/m3 because there are no
mortality in highest concentration chamber (500 mg/m3). In acute
inhalation toxicity, body weights were measured at the beginning of
the study, 1st day, 3rd day and 7th day after exposure and the exposure
termination day. No significant body weight changes when compared
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with control were observed in acute toxicity of ethylene glycol treated
groups (Figure 1).

Figure 1: Changes of body weight in SD rats after 4-hour inhalation
of ethylene glycol. The groups of five male rats were exposed to
ethylene glycol (0, 20, 100, 500 mg/m3) for 4 hours/day in acute
inhalation toxicity. In acute inhalation toxicity, body weights were
measured at the beginning of the study, 1st day, 3rd day and 7th day
after exposure and the exposure termination day. Low: 20 mg/m3,
middle: 100 mg/m3, high: 500 mg/m3.

In sub-acute inhalation toxicity, body weights were measured every
day after exposure and the exposure termination day. No significant
body weight changes when compared with control were observed in
male ethylene glycol treatment groups (Figure 2). The relative kidney
weights (right and left) were significantly increased compared with
those in the control group (Figure 3).

Figure 2: Changes of body weight in SD rats after 28 days inhalation
of ethylene glycol. The groups of five male rats were exposed to
ethylene glycol (0, 4, 20, 100 mg/m3) for sub-acute inhalation
toxicity (28 day study). Low: 4 mg/m3, middle: 20 mg/m3, high: 100
mg/m3.

Blood samples were taken from all surviving rats before necropsy in
acute toxicity. No significant differences were apparant between the
control and treatment groups for any clinical chemistry parameters
such as WBC, RBC and lymphocyte examined. Biochemical changes
with toxicological relevance were not found in ethylene glycol exposed
male rats when compared with control animals. The sub-acute toxicity
results of the hematology tests on male rats are shown that the white

blood cell levels significantly decreases in all ethylene glycol exposed
groups. No significant differences between control and treatment
groups were apparent, especially for red blood cell, lymphocyte and
hemoglobin. The levels of triglyceraldehyde were significantly
decreased compared with those with ethylene glycol treated group. The
other biochemical serum levels such as total cholesterol and glutamic
pyruvic transaminase were no difference between control and ethylene
glycol treatment groups.

Figure 3: Relative organ weight of SD rats after 28 days inhalation of
ethylene glycol. The groups of five male rats were exposed to
ethylene glycol (0, 4, 20, 100 mg/m3) for subacute inhalation
toxicity (28 day study). Low: 4 mg/m3, middle: 20 mg/m3, high: 100
mg/m3.

The sub-acute toxicity results of the histopathological examinations
are shown in Table 4. Histopathological changes were not observed in
the lungs and kidneys in the ethylene glycol treatment groups (Table 4
and Figure 4). Among five control group rats, right kidney local
nephropathy was observed in two rats and basophilic tubule was
observed in one rat of left kidney. Among low exposed group, right
kidney local nephropathy was observed in one rat and basophilic
tubule was observed in the right kidneys of three rats and the left
kidneys of two rats (Figure 5). Tubular dilatation was expanded in
right kidney of three rats and left kidney of four rats. The local
infiltration of stroma cell was observed in right kidney of one rat.
Among middle exposed group, tubular dilatation was expanded in
right and left kidney of all five rats and the local infiltration of
lymphocyte was observed in the right kidney of one rat. In high
exposed group, the local nephropathy was observed in one rat of both
right and left kidney. In high exposed group, basophilic tubule
observed in right kidney of one rat and left kidney of two rats. Even
though several mild lesions were observed such as tubular dilatations
in every exposed group, the histopathological results were similar
between control and exposed groups.

Through the previous study of intratracheal instillation tests, we
investigated the inflammation response of ethylene glycol in BAL Fluid
analysis (Inhalation toxicity screening study on chemicals used in
consumer products 2013 NIER). The LDH and total Protein levels in
BAL Fluid, as markers of cytotoxicity and injury of membrane in the
lungs exposed to ethylene glycol were increased significantly in a dose-
dependent manner. These results were in good agreement with the
result of this inhalation toxicity test. Also, the No Observed Adverse
Effect level (NOAEL) of Ethylene glycol in 28 days inhalation test was
evaluated to be over 100 mg/m3.
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Histopathology/Group Control Low Middle High

Lung

No. of examined 5 5 5 5

No specific lesion 5(100) 5(100) 5(100) 5(100)

Kidney Rt Lt Rt Lt Rt Lt Rt Lt

No. of examined 5 5 5 5 5 5 5 5

No specific lesion 1(20) 1(20) 0(00) 1(20) 1(20) 0(00) 0(00) 1(20)

local nephropathy 2(40) 0(00) 1(20) 0(00) 0(00) 0(00) 1(20) 1(20)

Basophilic tubules, multifocal 0(00) 1(20) 3(60) 2(40) 0(00) 0(00) 1(20) 2(40)

Tubular dilatation, diffuse 3(60) 3(60) 3(60) 4(80) 5(100) 5(100) 5(100) 5(100)

Lymphocyte infiltration, focal 0(00) 0(00) 1(20) 0(00) 1(20) 0(00) 0(00) 0(00)

Table 4: Histopathological findings for lung and kidney of rats after 28 days inhalation of ethylene glycol.

Figure 4: Histopathology of the lung of rat after 28 days inhalation
of ethylene glycol. No abnormal findings were observed in all the
groups. tb, terminal bronchioles. H & E. Mag= × 100 for all the
groups of five male rats were exposed to ethylene glycol (0, 4, 20,
100 mg/m3) for sub-acute inhalation toxicity (28 day study). Low: 4
mg/m3, middle: 20 mg/m3, high: 100 mg/m3.

Figure 5: Histopathology of the kidney of rat after 28 days
inhalation of ethylene glycol. Note the ditailed distal tubulesin the
renal cortex (arrows). Dilatation of proximal tubules was also noted
in the middle and the high dose groups. Focal nephropathy was
often observed, characterized by basophilic tubules with thickened
basement membrane and mild inflammatory cell infiltration
(circle). H & E. Mag= × 200 for control, low and middle group and
× 100 for high group. The groups of five male rats were exposed to
ethylene glycol (0, 4, 20, 100 mg/m3) for subacute inhalation
toxicity (28 day study). Low: 4 mg/m3, middle: 20 mg/m3, high: 100
mg/m3.
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