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Acute and 28-Day Repeated Inhalation Toxicity
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Abstract. Background/Aim: The use of glycolic acid is
present in a variety of consumer products, including
medicines, cleaners, cosmetics, and paint strippers. It has
recently led to concerns about toxicity from inhalation
exposure. Herein, the pulmonary toxicity of glycolic acid was
investigated in rats. Materials and Methods: We conducted
acute (~458 mg/m3 ) and sub-acute (~49.5 mg/m3 ) inhalation
tests to identify the potential toxicities of glycolic acid.
Results: Inhalation exposure to glycolic acid in the acute and
subacute inhalation tests did not cause any specific changes
in clinical examinations, including body weight, organ
weight, hematology, serum biochemistry, and histopathology.
The  polymorphonuclear  neutrophils (PMNs) and
inflammatory cytokines in Bronchoalveolar lavage fluid
(BALF) increased in rats exposed to single and repeated
inhalations. In the sub-acute test, the changes induced by
glycolic acid were minor or returned to normal during the
recovery period. Conclusion: The No Observed Adverse
Effect Concentration (NOAEC) for the nasal and pulmonary
toxicity of glycolic acid was determined to be over 50 mg/m3
at the end of a 28-day inhalation test in male rats.

Many chemicals are used in consumer products, such as
cosmetics, toys, paints, and cleaners; consequently,
consumers are exposed to these chemicals through the oral
route, the skin, and by inhalation (1). However, the
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inhalation toxicity of these compounds has not been well
studied compared to other tests that may cause oral toxicity
(2). Glycolic acid (also called hydroxyacetic acid) is an alpha
hydroxyl acid (AHA) naturally present in food, such as sugar
cane and fruits (3, 4). Glycolic acid is also used in household
products, such as chemical peels, household cleaners, textile
finishing solutions, and paint strippers (5, 6).

Glycolic acid is not mutagenic and has not been classified
as responsible for development of cancer (6, 7). Oxalate-
induced renal calculi have been found in a short-term study
of glycolic acid and oxalate has been found to increase
nephrotoxic effects in a chronic study (8, 9). The FDA has
approved the use of glycolic acid as an indirect food additive
(10). A cosmetic ingredient review (CIR) has concluded that
glycolic acid is safe for use in cosmetics at concentrations
below 10% and at final formulation above pH 3.5 (10). The
National Industrial Chemicals Notification and Assessment
Scheme (NICNAS) have indicated that products containing
20% glycolic acid or less, at pH 3.5 or above, are not
expected to cause skin irritation (6).

Glycolic acid is a major metabolite of ethylene glycol (11).
Ethylene glycol is used in consumer products, such as
antifreeze, brake fluids, and inks, to which consumers are
exposed through oral, inhalation, or dermal routes (12), and is
not considered a carcinogen (13, 14). However, many studies
have reported that high-dose exposure to ethylene glycol
causes nervous system depression, metabolic changes,
cardiopulmonary symptoms, nephrotoxicity, hepatotoxicity and
developmental toxicities (15-19). Glycolic acid is metabolized
to oxalate, glycine, and formate by glycolic acid oxidase or
lactic dehydrogenase (20-23). These metabolites can be broken
down into carbon dioxide and other metabolites, which are
exhaled or excreted through urine (24-26). Oxalate, a
metabolite of glycolic acid, may also be excreted in urine, but
can also produce calcium oxalate crystals (27).

There are currently many spray-type products on the
market that contain, glycolic acid (28). As the probability of
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Figure 1. The pulmonary toxicities induced by the acute inhalation test of glycolic acid in rats. (A) Lactate dehydrogenase (LDH) activity, (B) Total
protein level, (C) Polymorphonuclear leukocyte (PMN) count in bronchoalveolar lavage fluid (BALF). The values are expressed as a mean+SE of

pentaplicate samples.
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Figure 2. Change in pulmonary inflammation cytokines induced by glycolic acid in the acute inhalation test. (A) Interleukin-1beta (IL-1f3), (B)
Interleukin-6 (IL-6), (C) Monocyte chemoattractant protein-1 (MCP-1), (D) Macrophage inflammatory protein-2 (MIP-2), (E) Tumor necrosis factor-
alpha (TNF-a) in BALF. The values are expressed as a mean+SE of pentaplicate samples.

inhalation exposure of humans to these chemicals is
increasing, it is very important to identify the inhalation
toxicities of chemicals (29). There are only few inhalation
studies of glycolic acid (10, 30). For a chemical risk
assessment, a 28-day repeated toxicity study is usually
required (31-33). However, there is no reported 28-day
inhalation study of glycolic acid. Therefore, to confirm the
safety of glycolic acid, we conducted acute and 28-day
repeated inhalation studies.
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Materials and Methods

Chemicals. Glycolic acid (Cas no. 79-14-1) was purchased from
Sigma-Aldrich (St. Louis, MO, USA).

Animals. Specific-pathogen-free (SPF) male Sprague-Dawley (six-
week-old) rats were purchased from Orient Bio Inc., (Sungnam,
South Korea). The temperature of the animal rooms was set to
22°C+3°C and 50%=%20% relative humidity; a 12:12 hour
light/dark cycle was used. A laboratory diet (LabDiet 5053, Orient
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Table 1. Summary of the histopathological results of rats after acute inhalation of glycolic acid.

Organ/Histopathology Group Control Low Middle High
Exposure groups
No. examined 5 5 5 5
Nasal cavity
Level 1
No specific lesion 4 (80.0) 5 (100) 4 (80.0) 5 (100)
Microcyst, intra-respiratory epithelium, present 1 (20.0) 0 (0.00) 1(20.0) 0 (0.00)
Level 4
No specific lesion 5 (100) 4 (80.0) 5 (100) 5 (100)
Microcyst, intra-olfactory epithelium, present 0 (0.00) 1 (20.0) 0 (0.00) 0 (0.00)
Lung
No specific lesion 4 (80.0) 3 (60.0) 5 (100) 4 (80.0)
Alveolar macrophage aggregation, (multi)focal 1 (20.0) 1 (20.0) 0 (0.00) 0 (0.00)
Grades: minimal 1 1 0 0
Cell infiltration, mononuclear or mixed cells, perivascular 0 (0.00) 1 (20.0) 0 (0.00) 1 (20.0)
Grades: minimal 0 1 0 1
Recovery groups
No. examined 5 5 5 5
Nasal cavity
Level 1
No specific lesion 4 (80.0) 5 (100) 5 (100) 5 (100)
Microcyst, intra-respiratory epithelium, present 1 (20.0) 0 (0.00) 0 (0.00) 0 (0.00)
Lung
No specific lesion 3 (60.0) 4 (80.0) 4 (80.0) 1 (20.0)
Alveolar macrophage aggregation, (multi)focal 0 (0.00) 0 (0.00) 1 (20.0) 1 (20.0)
Grades: minimal 0 0 1 1
Cell infiltration, mononuclear or mixed cells, perivascular 1 (20.0) 0 (0.00) 0 (0.00) 2 (40.0)
Grades: minimal 1 0 0 2
Inflammatory cell infiltration, focal, alveolar 1(20.0) 0 (0.00) 0 (0.00) 0 (0.00)
Grades: minimal 1 0 0 0
Pulmonary fibrosis, focal, alveolar 0 (0.00) 1 (20.0) 0 (0.00) 1 (20.0)
Grades: minimal 0 1 0 1

The parentheses represent the percentage of the cases with the lesions of the total examined number of tissues.

Bio Inc., South Korea) and water were supplied ad libitum.
Following an acclimatization period of 1 week, the rats were
randomly divided into four groups (20 rats/group) for each of the
acute and subacute glycolic acid exposure studies. The changes in
body weight were recorded twice per week from the beginning of
the study and clinical signs and symptoms were observed during
the exposure period. All animal experiments were conducted in
accordance with the guidelines of the Institutional Animal Care
and Use Committee of the National Institute of Environmental
Research (Republic of Korea).

Inhalation exposure. The inhalation aerosols of glycolic acid
solutions were generated by using an atomizer with a clean air flow
of 250 L/min. For the acute inhalation exposure study, the rats were
exposed to: i) 20 mg/m3, ii) 100 mg/m3, and iii) 500 mg/m? glycolic
acid for 4 hours in the low, medium, and high exposure groups,
respectively; the control rats were exposed to clean air. In each

group of acute toxicity test, half of the rats were sacrificed
immediately following exposure; the recovery of the remaining rats
was monitored for 7 days following exposure and they were then
euthanized. For the subacute toxicity study, the rats were exposed
to: i) 2 mg/m3, ii) 10 mg/m3, and iii) 50 mg/m3 glycolic acid for 6
hours/day, 5 days/week, for 28 days in the low, medium, and high
exposure groups, respectively. In each group of subacute toxicity
test, half of the rats were sacrificed 1 day following exposure; the
recovery of the remaining rats was monitored for 7 days following
exposure and they were subsequently euthanized.

Glycolic acid monitoring. Temperature, humidity, air flow, and air
pressure were monitored during exposure by using a Model VT3-
X15 environmental controller (Sibata Scientific Technology Ltd,
Saitama, Japan). The concentration of glycolic acid was monitored
by sampling the chamber air using a SIP-32L (SIBATA) and
comparing the weight of the membranes (T60A20, ®55). The mass

1509



in vivo 33: 1507-1519 (2019)

Control

Figure 3. Histological features of the respiratory epithelial area of the nasal cavity in each group of rats in the acute inhalation study. No treatment-
related abnormal findings were noted in the rats exposed to: i) 20 mg/m3 (low), ii) 100 mg/m3 (medium), and iii) 500 mg/m3 (high) of glycolic acid

after inhalation for 4 hours. H&E. Scale bars=25 um.

median aerodynamic diameter (MMAD) and the geometric standard
deviation (GSD) of glycolic acid in the exposure chamber were
measured using an Andersen cascade impactor (AN-200 Sibata
Science Technology, Japan).

Hematology. Blood samples were collected through the abdominal
aorta following anesthesia, and were transferred to tubes containing
trisodium EDTA as anticoagulant. Hematological analyses were
performed using an automatic hematological analyzer (LC-662G,
Kyoto, Japan). The test parameters were: i) white blood cells
(WBCs), ii) red blood cells (RBCs), iii) hemoglobin (Hgb),
hematocrit (Hct), iv) mean corpuscular volume (MCV), v) mean
corpuscular hemoglobin (MCH), vi) mean corpuscular hemoglobin
concentration (MCHC), vii) red blood cell volume distribution
width (RDW), viii) platelets (PLT), ix) mean platelet volume
(MPV), x) plateletcrit (PCT), and xi) plate volume distribution
width (PDW).

Serum biochemistry. Blood samples were centrifuged at 2000 rpm
for 10 minutes. An autoanalyzer (FUJI DRI-CHEM 4000ie, Tokyo,
Japan) was used to determine the concentrations of: i) triglyceride
(TG), ii) total cholesterol (T-CHO), iii) glutamic-oxaloacetic
transaminase (GOT), iv) lactate dehydrogenase (LDH), v) glucose
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(GLU), vi) alkaline phosphatase (ALP), vii) glutamic-pyruvic
transaminase (GPT), viii) total bilirubin (T-BIL), ix) albumin
(ALB), x) creatinine (CRE), and xi) blood urea nitrogen (BUN).

Analysis of bronchoalveolar lavage fluid (BALF). BALF from five
rats in each group was analyzed as described in a previous study (34).
Briefly, the rat lungs were lavaged three times with 4 mL calcium-
and magnesium-free phosphate-buffered saline (PBS, pH 7.4). The
BALF was centrifuged at 1,500 rpm for 10 minutes in a Hanil Union
32R centrifuge (Incheon, Korea) to separate the supernatant from the
cells. The supernatants were stored at —80°C prior to the assay. The
cell pellets were counted by using a Vi-Cell® XR analyzer (Beckman
Coulter, Brea, CA, USA) and diluted to 2x105 cells/mL; 50 pL was
placed on a slide by using Shandon Cytospin (Shandon, Pittsburgh,
PA, USA) and the slides were stained with Diff-Quik (International
Reagents, Kobe, Japan). The supernatant was used for the analysis of
total protein, LDH, and inflammatory cytokine levels. The total
protein (TP) and LDH levels were determined using a bicinchoninic
acid (BCA) protein assay kit (Intron Biotechnology, Korea) and an
EZ-LDH Cell Cytotoxicity Assay Kit (Daeil Lab Service, Korea),
respectively. To evaluate the inflammatory cytokine levels, ELISA
kits for tumor necrosis factor-alpha (TNF-a), interleukin-1beta (IL-
1B), interleukin-6 (IL-6), and monocyte chemoattractant protein-1
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Figure 4. Histological features of the olfactory epithelial areas of the nasal cavity in each group of rats in the acute inhalation study. No treatment-
related abnormal findings were noted in the rats exposed to: i) 20 mg/m3 (low), ii) 100 mg/m3 (medium), and iii) 500 mg/m3 (high) concentrations
of glycolic acid after inhalation for 4 hours. Note an intraepithelial microcyst (arrow). H&E staining. Scale bars=25 yum.

(MCP-1) were purchased from R&D systems (Minneapolis, MN,
USA), and for macrophage inflammatory protein-2 (MIP-2) from
Invitrogen (Carlsbad, CA, USA).

Histopathological analysis. Following the inhalation of glycolic acid
for 4 weeks, the animals were euthanized. After gross examination,
the lung and nasal cavity were fixed in 10% neutral buffered formalin.
The nasal cavity was decalcified with a decalcification solution and
then cross-sectioned into four section-levels: i) level 1 (posterior part
of the upper incisors), ii) level 2 (incisive papilla), iii) level 3 (second
palatine crest) and iv) level 4 (first upper molar teeth). Following the
routine tissue processing, the tissues were embedded in paraffin and
3 um slices were cut. The sections were stained with hematoxylin
and eosin (H&E) for histological examination under a light
microscope (Olympus BX41, Tokyo, Japan). The lesions were graded,
depending on severity by pathologists.

Statistical analysis. Statistical analyses were computed by using
GraphPad Prism version 5.01 (GraphPad Software Inc., USA). The
values were expressed as the meanzstandard error (SE). A one-way
multiple variance of analysis (ANOVA) test, followed by Student’s ¢-
test was used to compare the exposure groups with the control group
and to observe whether the p-Value was less than 0.05, or 0.01.

Results

Acute inhalation study. In the acute inhalation study, the actual
exposure concentration of glycolic acid was determined as: 1)
18.1+1.53 mg/m?, ii) 100+3.46 mg/m>, and iii) 458.3+2.89
mg/m> in the low, medium, and high exposure groups,
respectively. The mass median average diameter (MMAD) and
geometric standard deviation (GSD) determined by the multi-
stage impactor were in the range of 1.74-3.08 pm and 2.51-
2.87 in each chamber, which matched the conditions of the
OECD Test Guideline for Chemicals (35). There were no
significant changes in body weight or the lung, liver, and
kidney weights of the rats in the exposed groups compared to
the control group (data not shown). The results of hematology
and serum biochemistry, as well as gross observations showed
no significant differences between the control and glycolic
acid-exposed groups (data not shown).

The BALF samples of the rats were analyzed after the rats
were necropsied. No differences in the LDH levels were
identified in the exposure groups (autopsied immediately

1511



in vivo 33: 1507-1519 (2019)

Figure 5. Histological features of representative lungs of each group of rats in the acute inhalation study. No treatment-related abnormal findings
were noted in the lungs of the rats exposed to: i) 20 mg/m3 (low), ii) 100 mg/m3 (medium), and iii) 500 mg/m3 (high) of glycolic acid by inhalation
for 4 hours. b, bronchiole; tb, terminal bronchiole; a, alveoli. H&E staining. Scale bars=50 um.

after the final exposure) or the recovery groups (autopsied 7
days after the final exposure) (Figure 1A). The BALF TP
levels increased in the high-exposure and recovery groups,
but the difference was not statistically significant (Figure
1B). An increase in polymorphonuclear leukocytes (PMN5s)
in the high-exposure and recovery groups was detected
(Figure 1C). A slight increase was also detected for TNF-a
in the high-recovery group and for MCP-1 in the high-
exposure group. There were no significant changes in IL-1p,
IL-6, and MIP-2 among all groups (Figure 2).

The results of the histopathological examinations of the
nasal cavity and lung in the acute inhalation toxicity are
presented in Table I. There were no adverse findings in the
nasal cavity or lungs of rats subjected to the acute inhalation
of glycolic acid (Figures 3-5). Microcysts in the respiratory
epithelium of level 1 sections were found in one rat in the
control group and in the medium exposure group. This was not
thought to be related to the inhalation of glycolic acid, because
it was considered to be related to the accumulation of secretion
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from the mucous gland and also occurred in the control group.
The microcysts of the olfactory epithelium of level 4 sections
were evident in one rat in the low exposure group. The cause
of the microcysts in level 4 sections was not clear, but it was
also thought to be due to the accumulation of secretion. It was
also not considered to be related to glycolic acid because there
was no dose dependency. No adverse effects in the nasal cavity
were observed in the recovery groups. In the lungs of rats, no
specific adverse findings were evident, although focal alveolar
macrophage aggregation, mononuclear cell filtration, focal
inflammatory cell infiltration, and focal alveolar fibrosis were
observed in both the exposure and recovery groups. In the case
of fibrosis, it was found in only one focal site in the lungs of
one rat out of five in the low and high dose groups without
dose-dependency. Thus, this lesion was not considered related
to the treatment of glycolic acid (Table I).

Subacute inhalation study. To evaluate the inhalation toxicity
of glycolic acid in rats, an inhalation study of glycolic acid was
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Figure 6. The pulmonary toxicities induced by subacute inhalation test of the glycolic acid in rats. (A) Lactate dehydrogenase (LDH) activity, (B)
Total protein level, (C) Polymorphonuclear leukocyte (PMN) count in BALF. The values are expressed as a mean+SE of pentaplicate samples.
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Figure 7. Changes in pulmonary inflammatory cytokines induced by glycolic acid in the subacute inhalation test. (A) Interleukin-1beta (IL-183), (B)
Interleukin-6 (IL-6), (C) Monocyte chemoattractant protein-1 (MCP-1), (D) Macrophage inflammatory protein-2 (MIP-2), (E) Tumor necrosis factor-
alpha (TNF-a) in BALF. The values are expressed as a mean+SE of pentaplicate samples.

conducted for 28 days. The actual exposure concentrations of
glycolic acid were determined as: i) 2.35+0.46 mg/m?,
ii) 9.9+1.79 mg/m>, and iii) 49.5+8.5 mg/m> in the low,
medium, and high exposure groups, respectively. The particle
sizes of glycolic acid were determined using a multi-stage
impactor. The MMAD and GSD were in the range of 0.87-1.82
pum and 1.9-2.57 in each chamber, which matched the
conditions of the OECD Test Guideline for Chemicals.

There were no significant changes in body weight or in the
lung, liver and kidney weights of rats in the exposed groups

compared to the control group (data not shown). No changes
in hematology, serum biochemistry, and gross observation
were found during the autopsy on rats (data not shown).
The LDH levels in BALF followed an increasing trend in
the exposure groups (autopsied 1 day after the final
exposure) and the recovery groups (autopsied 7 days after
the final exposure), but the changes were not statistically
significant (Figure 6A). The TP and PMNs significantly
increased in the high-exposure group and returned to normal
during the recovery period (Figure 6B and 6C). No
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Control

Figure 8. Histological features of the respiratory epithelial area of the nasal cavity in each group of rats in the 28-day inhalation study. No treatment-
related abnormal findings were noted in the rats exposed to: i) 2 mgim3 (low), ii) 10 mg/m3 (medium), and iii) 50 mg/m3 (high) of glycolic acid for

6 hours/day, 5 days/week for 28 days. H&E staining. Scale bars=25 um.

significant difference among groups was found for IL-6 and
MCP-1 in BALF in the exposure and recovery groups, but
slight increases in IL-1f, TNF-a, and MIP-2 were detected
in medium-exposure, high-recovery, and low- and high-
recovery groups, respectively (Figure 7).

The results of the histopathological examinations of the
nasal cavity and the lungs of rats exposed to subacute
inhalation toxicity are presented in Table II. No effects
related to glycolic acid were observed in the nasal cavity and
the lung (Figures 8-10). Microcysts of the respiratory
epithelium in level 1 sections were found in the low-
exposure and high-recovery groups, but also in the control
group, thus they were not considered to be the result of
glycolic acid treatment (Table II). Alveolar macrophage
aggregation and the preivascular infiltration of mononuclear
cells were often observed in the lungs of rats in the exposure
and recovery groups. However, it was minimal in severity
and also occurred in the control group (Table II). Vascular
mineralization found in the lungs is a finding that is often
observed in normal rats (36).
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Discussion

Glycolic acid is used in consumer products, such as
cosmetics and cleaning products, and may be used in spray
products (37). Although the vapor pressure of glycolic acid
is not high, there is the possibility of inhalation exposure
(38). We conducted inhalation studies on glycolic acid to
identify nasal and pulmonary toxicities.

There were no deaths in any of the glycolic acid-treated
groups in the acute and subacute inhalation studies; moreover,
no changes occurred in body weight, organ weight, hematology,
and serum biochemistry. The results of histopathologic analysis
of the nasal cavities and lungs of the rats subjected to acute and
subacute inhalation studies also showed no toxic effects of
glycolic acid, although microcysts in the nasal cavity, alveolar
macrophage aggregation, perivascular cell infiltration,
pulmonary fibrosis, and vascular mineralization were often
found, irrespective of the exposure to glycolic acid.

In the acute inhalation experiment, the PMNs, TNF-a, and
MCP-1 in BALF significantly increased in the high-
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Table II. Summary of the histopathological results of rats after subacute inhalation of glycolic acid.

Organ/Histopathology Group Control Low Middle High
Exposure groups
No. examined 5 5 5 5
Nasal cavity
Level 1
No specific lesion 4 (80.0) 3 (60.0) 5 (100) 5 (100)
Microcyst, intra-respiratory epithelium, present 1 (20.0) 2 (40.0) 0 (0.00) 0 (0.00)
Lung
No specific lesion 2 (40.0) 4 (80.0) 1(20.0) 2 (40.0)
Alveolar macrophage aggregation, (multi)focal 1 (20.0) 0 (0.00) 2 (40.0) 2 (40.0)
Grades: minimal 1 0 2 2
Cell infiltration, mononuclear or mixed cells, perivascular 2 (40.0) 1 (20.0) 1(20.0) 2 (40.0)
Grades: minimal 2 1 1 2
Vascular mineralization, focal 0 (0.00) 0 (0.00) 0 (0.00) 1(20.0)
Grades: minimal 0 0 0 1
Recovery groups
No. examined 5 5 5 5
Nasal cavity
Level 1
No specific lesion 4 (80.0) 5 (100) 5 (100) 4 (80.0)
Microcyst, intra-respiratory epithelium, present 1(20.0) 0 (0.00) 0 (0.00) 1(20.0)
Lung
No specific lesion 3 (60.0) 3 (60.0) 4 (80.0) 2 (40.0)
Alveolar macrophage aggregation, (multi)focal 0 (0.00) 0 (0.00) 1(20.0) 2 (40.0)
Grades: minimal 0 0 1 2
Cell infiltration, mononuclear or mixed cells, perivascular 2 (40.0) 2 (40.0) 1(20.0) 1(20.0)
Grades: minimal 2 2 1 1
Vascular mineralization, focal 0 (0.00) 0 (0.00) 0 (0.00) 1 (20.0)
Grades: minimal 0 0 0 1

The parentheses represent the percentage of the cases with the lesions of the total examined number of tissues.

concentration groups. The changes in TNF-a and MCP-1
were considered minor and not significant. In the subacute
(28-day) inhalation test, the increased TP and PMNs in
BALF returned to normal during the recovery period.
Changes in cytokines (IL-1, MIP-2, and TNF-a) were
observed in the exposure and recovery groups, but the extent
of changes was considered minor and they were not
significant. Recently, a 2-week inhalation study of sodium
metabisulfite was reported (34). Sodium metabisulfite
produces a corrosive acid when this is mixed with water
(39). Similar to the results in our studies, sodium
metabisulfite did not cause changes of inflammatory
cytokines (TNF-a, IL-6, TGF-B1, IL-1p and MCP-1) at the
highest concentration tested (110 mg/m3) (34).

Many studies have shown that acid inhalation causes lung
damage, such as the development of pulmonary edema (40,
41). A 2-week inhalation study has determined the NOAEC of

glycolic acid as 160 mg/m3 (30). Similar to the results from
our study, no histopathological changes were found in rats
subjected to glycolic acid inhalation. An increase in the
lung/body weight ratio was found in the lowest concentration
group. The most sensitive target organ of glycolic acid is the
kidney (6, 12). Oxalate, a metabolite of glycolic acid, causes
the formation of kidney stones and other nephrotoxicities (8).
Renal toxicities, including kidney stones, result in the increase
of serum BUN and creatinine (13, 42). In our study, no changes
in serum BUN, creatinine, and kidney weight were found.
Therefore, we believe that kidney toxicity did not occur in our
study, although kidney toxicity was not evaluated in detail.
Glycolic acid is a weak acid (4). The pH of the airway
surface liquid is endogenously regulated by acid and base
secretion mechanisms (43, 44). However, many studies have
reported that the inhalation exposure to acids can cause
alteration of clearance function from the alveolar region (45).
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Figure 9. Histological features of the olfactory epithelial area of the nasal cavity in each group of rats in the 28-day inhalation study. No treatment-
related abnormal findings were noted in the rats exposed to: i) 2 mgim3 (low), ii) 10 mg/m3 (medium), and iii) 50 mg/m3 (high) of glycolic acid for

6 hours/day, 5 days/week, for 28 days. H&E staining. Scale bars=25 um.

Thus, the inhalation of acids is associated with respiratory
diseases, such as asthma, bronchitis, bronchoconstriction,
bronchial hyperresponsiveness, and microvascular leakage
(46-50). Hence, high concentrations of glycolic acid may
cause respiratory diseases.

At present, no inhalation risk assessment has been
performed for glycolic acid. For this, exposure assessment
should be conducted through further studies. Glycolic acid
is a major metabolite of ethylene glycol (11). Recently, it
was reported that the NOAEC of ethylene glycol was 100
mg/m3, the highest concentration tested, in a 4-week
inhalation study (2). The metabolic pathway of glycolic acid
is included in that of ethylene glycol (12), which shows the
need for a mixture risk assessment of ethylene glycol and
glycolic acid combined.

Several studies have reported that the toxicity of
didecyldimethylammonium chloride (DDAC) is potentiated
by ethylene glycol in bronchial epithelial cells (BEAS-2B)
and intratracheally instilled rats (51, 52). These have
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confirmed that ethylene glycol amplifies the pulmonary
toxicity of DDAC, including LDH, PMNs, and cytokines in
BALF. This study shows the possibility that glycolic acid, a
metabolite of ethylene glycol, can also potentiate the toxicity
of other substances (52).

We suggest that the NOAEC for nasal and pulmonary
toxicity of glycolic acid is over 50 mg/m>, the highest
concentration in this 28-day inhalation study. The results of
our study here, including those from hematology, serum
biochemistry, BALF analysis, and histopathology, showed that
the glycolic acid-related toxicities have not been clearly
identified in the high concentration groups in acute and
subacute inhalation studies. Therefore, to confirm the
toxicities of glycolic acid, it is necessary for further studies to
conduct inhalation tests at higher concentrations or for longer
periods of time. Furthermore, we suggest that the mixture risk
assessment for glycolic acid and ethylene glycol should be
performed, and further studies need to be conducted to
determine the potentiation effect of glycolic acid.
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Figure 10. Histological features of representative lungs of each group of rats in the 28-day inhalation study. No treatment-related abnormal findings
were noted in the lungs of the rats exposed to: i) 2 mg/m3 (low), ii) 10 mg/m3 (medium), and iii) 50 mg/m3 (high) of glycolic acid for 6 hours/day,
5 days/week for 28 days. b, bronchiole; tb, terminal bronchiole; a, alveoli. H&E staining. Scale bars=50 um.
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