
Abstract. Background/Aim: Inhalation toxicity tests of
glycolic acid, which is used in many household products,
have been reported, but the pulmonary toxicity of glycolic
acid has not been confirmed. Here, the lung damage caused
by glycolic acid was investigated in rats. Materials and
Methods: An intratracheal instillation test was performed
with glycolic acid in male rats. Bronchoalveolar lavage fluid
(BALF) and histopathological analysis were conducted to
identify the pulmonary toxicities. Results: Intratracheal
instillation of glycolic acid caused weight loss in animals and
increased the content of lactate dehydrogenase, total protein,
polymorphonuclear neutrophils, and inflammatory cytokines
in BALF. In addition, pulmonary edema, alveolar/interstitial
inflammation, and necrosis and desquamation of
bronchial/bronchiolar epithelia were confirmed via
histopathological examination. Conclusion: Exposure to
glycolic acid can be harmful and toxic to the lungs.

Glycolic acid, also known as hydroxyacetic acid, is widely
used in the cosmetic, textile, food, and pharmaceutical
industries (1-3). The global glycolic acid market is expected
to grow gradually every year (4). This means people will be

more exposed to glycolic acid, via skin contact, oral intake,
or inhalation. Workers dealing with glycolic acid, in
particular, are more likely to be exposed to it (5).

Glycolic acid was assigned to the hazard statement H332
for acute inhalation toxicity (6). The inhalation LC50 (4-h
exposure) of glycolic acid for rats has been reported to be
7.1 mg/l, and the no observed adverse effect concentration
values were 0.16 mg/l and 0.05 mg/l or higher for 14- (7)
and 28-day inhalation exposure (8), respectively. 

There are many differences between humans and rodents.
One of them is that rodents are obligatory nasal breathers,
whereas humans are oronasal breathers. This means that the
lower respiratory tract of humans may be more exposed to
substances than that of rodents (9, 10). Animal inhalation
experiments with glycolic acid have been performed, but the
damage to the lower respiratory tract or the toxic effects
derived from acute inhalation have not been clearly
identified. Therefore, we conducted intratracheal instillation
experiments to confirm the pulmonary toxicities of glycolic
acid in Sprague-Dawley rats. 

Materials and Methods
Reagents. Glycolic acid (Cas no. 79-14-1) was obtained from
Sigma-Aldrich (St. Louis, MO, USA). Dulbecco’s Phosphate
Buffered Saline (DPBS) was purchased from Lonza (Basel,
Switzerland). 10% neutral buffered formalin was purchased from
BBC Biochemical (McKinney, TX, USA). Isoflurane was purchased
from Piramal Critical Care (Bethlehem, PA, USA). 

Animals and treatments. The animal study was approved by the
Institutional Animal Care and Use Committee (IACUC) of the
National Institute of Environmental Research (NIER) (Republic of
Korea) and an IACUC-approved test protocol was followed. Male
Sprague-Dawley (6-week-old) rats were purchased from Orient Bio
Inc., (Seongnam, Republic of Korea). Animals were housed at room
temperature, 22˚C (±3˚C) and a humidity of 50% (±20%), with a
12-h light-dark cycle. A laboratory diet (LabDiet 5053, Orient Bio
Inc., Sungnam, Republic of Korea) and water were freely available
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during the whole experiment. After a week of acclimatization, the
animals were randomly divided into four groups (20 rats/group).
The body weights of the animals were measured twice a week and
the clinical signs and symptoms were observed during the
experiment period. Glycolic acid was intratracheally instilled into
the rats and the injection volume was 0.2 ml/kg body weight. For
the pulmonary toxicity test, different concentrations of glycolic acid
(0.1, 1, and 10 mg/kg) were administered into the low-, middle-,
and high-exposure groups. The concentrations of glycolic acid in
the administered solution were 0.05%-5% (w/v). The rats were
autopsied 1 and 7 days after exposure, and bronchoalveolar lavage
fluid (BALF) samples and lung tissues were collected. 

Hematology. Blood samples were obtained through the ventral aorta
under anesthesia, as described in a previous study (8) and
transferred to tubes containing K2 EDTA (BD vacutainer, Becton,
Dickinson and Company, Franklin Lakes, NJ, USA). Hematological
analyses were carried out using Microsemi LC-662G (HORIBA,
Ltd., Kyoto, Japan). The following blood parameters were tested: i)
hematocrit (Hct), ii) hemoglobin (Hgb) level, iii) mean corpuscular
hemoglobin, iv) mean corpuscular hemoglobin concentration
(MCHC), v) mean corpuscular volume, vi) plateletcrit (PCT), vii)
platelet (PLT) count, viii) plate volume distribution width, ix) red
blood cell (RBC) count, x) red blood cell volume distribution width
(RDW), xi) mean platelet volume, and xii) white blood cell count.

Serum biochemistry. Serum samples were obtained via
centrifugation at 2,000 rpm (740×g) for 10 min and stored at –80˚C
in a deep freezer, prior to analysis. A biochemistry autoanalyzer
(FUJI DRI-CHEM 4000ie, Tokyo, Japan) was used to measure the
levels of the following compounds: i) albumin (ALB), ii) alkaline
phosphatase (ALP), iii) blood urea nitrogen, iv) creatinine (CRE),
v) glucose (GLU), vi) glutamic-oxaloacetic transaminase, vii)
glutamic-pyruvic transaminase, viii) lactate dehydrogenase (LDH),
ix) total cholesterol (T-CHO), x) triglyceride (TG), and xi) total
bilirubin (T-BIL).

BALF analysis. BALF analysis was performed as described in a
previous study (11). BALF samples were obtained via three lavages
of the lung with a total of 12 ml of calcium- and magnesium-free
phosphate-buffered saline (PBS, pH 7.4). The BALF samples were
centrifuged at 1,500 rpm (470×g) for 10 min using a Hanil Union
32R centrifuge (Incheon, Korea) and the supernatant of the first
lavage was stored at –80˚C prior to the assay. The cell pellets were
resuspended in PBS, and the total cell count was measured using a
Vi-Cell® XR analyzer (Beckman Coulter, Brea, CA, USA). The
cells were immobilized on a glass slide using Shandon Cytospin
(Shandon, Pittsburgh, PA, USA) and stained with Diff-Quik
(International Reagents, Kobe, Japan). Polymorphonuclear
leukocytes (PMNs) were counted using light microscopy (Olympus,
Tokyo, Japan). The total protein, LDH, and inflammation cytokine
levels were measured in the supernatant of the first lavage. The total
protein and LDH levels were measured using a bicinchoninic acid
(BCA) protein assay kit (Intron Biotechnology, Seongnam, Republic
of Korea) and an EZ-LDH cell cytotoxicity assay kit (Daeil Lab
Service, Cheongwon, Republic of Korea). The levels of interleukin-
1beta (IL-1β), interleukin-6 (IL-6), monocyte chemoattractant
protein-1 (MCP-1), and tumor necrosis factor-alpha (TNF-α) were
determined using a Quantikine enzyme-linked immunosorbent assay
(ELISA) kit (R&D systems; Minneapolis, MN, USA), and

macrophage inflammatory protein-2 (MIP-2) level was determined
using Invitrogen Novex MIP-2 Rat ELISA kit (Invitrogen, Carlsbad,
CA, USA).

           
Histopathological analysis. After gross examination, the lungs were
fixed in 10% neutral buffered formalin. Following the routine tissue
processing (8), the tissues were embedded in paraffin and sectioned
in 3-mm-thick sections. The sections were then stained with
hematoxylin and eosin (H&E) for histological examination using a
light microscope (Olympus BX41). The lesions were graded
depending on the severity by pathologists.

Statistical analysis. All values are expressed as the mean±standard
error (SE). Means of different groups were compared by one-way
analysis of variance and Student’s t-test, using GraphPad Prism
version 5.01 (GraphPad Software Inc., San Diego, CA, USA), and
p<0.05 was used for establishing statistical significance.

Results

Changes in the body and organ weight. The rats were
observed for 7 days after intratracheal instillation (0.1, 1, and
10 mg/kg). No rats died during the observation period, and it
was confirmed that the body weight of the high-exposure
group decreased significantly after 7 days (p=0.008) (Figure
1). There were no significant differences in the weight of the
organs, including the lungs, kidneys, heart, liver, and spleen,
between the control and exposure group rats (data not shown).
No treatment-related changes in the hematological and serum
biochemical parameters were observed (data not shown).

Changes in the LDH and total protein contents in BALF. To
evaluate the pulmonary toxic effects of glycolic acid, the
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Figure 1. Changes in body weight following intratracheal instillation of
glycolic acid in rats.
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levels of LDH and total protein in BALF were measured. No
differences in the LDH contents were identified in the low-
and middle-exposure group rats. The LDH contents in the
high-exposure group were increased at 1 day post exposure
and significantly increased 7 days post exposure (p=0.013).
The total protein contents increased in the high-exposure
group rats at 1 and 7 days post exposure, but the differences
were not statistically significant (Figure 2).

Inflammatory responses in BALF. The levels of inflammatory
cytokines, including IL-1β, IL-6, MCP-1, MIP-2, and TNF-
α, were measured in rats. There was a slight significant
increase in the IL-1β level in the middle-exposure group
after 1 day of exposure (p=0.019). Moreover, after 7 days of
exposure, significant increases in the MCP-1 (p=0.035 or
p=0.0001), MIP-2 (p=0.012), and TNF-α (p=0.035 or
p=0.0001) levels were observed in the middle- or high-
exposure group rats. The PMN content increased in a dose-
dependent manner after 1 day of exposure, but the difference
was not significant. After 7 days of exposure, the PMN
content increased more than that observed after 1 day of
exposure, and a significant increase was confirmed in the
high-exposure group rats (p=0.012) (Figure 3). 

Histopathological changes in lung tissues. Histopathological
changes in the lungs were observed at 1 day post exposure
to glycolic acid in a dose-dependent manner. The toxic
effects of glycolic acid in the lungs included pulmonary
edema, alveolar/interstitial inflammation, and necrosis and
desquamation of the bronchial/bronchiolar epithelia (Table
I). Pulmonary edema was observed in 3/5 cases in the high-
exposure group and its severity was mild to moderate.
Pulmonary edema was observed in the localized to sublobar
range, and the alveolar spaces were filled with fibrotic
inflammatory exudate; hemorrhage was also observed.
Multifocal inflammation in the pulmonary parenchyma

indicated acute alveolitis, with damage to the alveolar
epithelial cells and neutrophil infiltration. Some bronchioles
were filled with neutrophils and desquamated cell debris.
The multifocal alveolitis was dose-dependent in its frequency
and severity (Figure 4).

The histopathological results of the lungs obtained on day
7 after instillation of glycolic acid showed that the toxic
effects had changed to chronic. In the control and low-
exposure groups, no abnormal findings were observed,
except for a slight focal alveolar macrophage aggregation
and mononuclear cell infiltration, which were observed in
some animals. Severe pulmonary edema was observed in 1/5
cases in the high-exposure group, and chronic alveolar
inflammation was observed in 2/5 and 5/5 cases in the
middle- and high-exposure groups, respectively. Chronic
alveolar inflammation was observed in a dose-dependent
manner. Histopathologically, lymphocytes and histiocytes
were the main inflammatory cells, and alveolar fibrosis was
also clearly observed (Figure 5).

Discussion

Our results showed that the animals did not die in the 7 days
after intratracheal instillation of glycolic acid and that the
body weight of the rats gradually decreased. It was thought
that the toxic effects of the substance lasted for 7 days.
Lactate dehydrogenase (LDH) and total protein are indicators
of lung injury (11, 12). LDH and total protein contents in
BALF also increased over time after exposure in the high-
exposure group. This tendency was also observed for the
inflammation-related factors. There were no changes in the
PMN and inflammatory cytokine contents in all exposure
groups compared to those of the control group 1 day after
exposure; however, after 7 days, the PMN, MCP-1, MIP-2,
and TNF-α contents in the high-exposure group were
significantly changed (p<0.05). 

Figure 2. The pulmonary toxicities induced by the intratracheal instillation test of glycolic acid in rats. (A) Lactate dehydrogenase (LDH) activity,
(B) Total protein level in bronchoalveolar lavage fluid (BALF). The values are expressed as mean±SE of pentaplicate samples.



PMNs are one of the main factors responsible for an acute
inflammatory response during lung damage and play a role
in the progression of chronic inflammation (13, 14). MCP-1
is one of the most important cytokines for
monocyte/macrophage recruitment in inflammatory
responses (15). MIP-2 is produced by monocytes and
neutrophils and is involved in attracting PMNs (16). Our
results show that the trends observed for MIP-2 and PMNs
were similar. TNF-α, a strong inflammatory cytokine, is
associated with leukocyte adhesion to the epithelium, edema

formation, and vasodilatation (17, 18). Similar to the results
of this study, a previous study showed that toxicity due to
acute exposure to hydrochloric acid, a highly irritating and
corrosive chemical, persisted for several days, resulting in
sustained or increased inflammation marker levels (19). 

Glycolic acid is considered to cause pulmonary edema,
acute hemorrhagic alveolitis, and injury of bronchial and
bronchiolar epithelial cells. The chronic bronchopneumonia
observed in the control group 1 day after exposure was not
observed in the lungs of normal rats; thus, it was considered
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Figure 3. Change in pulmonary inflammation induced by glycolic acid in the intratracheal instillation test. (A) Tumor necrosis factor-alpha (TNF-
α), (B) Monocyte chemoattractant protein-1 (MCP-1), (C) Macrophage inflammatory protein-2 (MIP-2), (D) Interleukin-6 (IL-6), (E) Interleukin-
1beta (IL-1β), (F) Polymorphonuclear leukocyte (PMN) count in BALF, (G) Diff-quick staining of BALF cells. The values are expressed as mean±SE
of pentaplicate samples.
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Table I. The histopathological results of rats after intratracheal instillation of glycolic acid.

Organ/Histopathology                                                                                                              Group          Control           Low            Middle           High

Exposure groups
No. examined                                                                                                                                                     5                   5                   5                   5

Lung
   No specific lesion                                                                                                                                     2 (40.0)        1 (20.0)        2 (40.0)        2 (40.0)
   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                                                                   2 (40.0)        1 (20.0)        0 (0.00)        3 (60.0)
       Grades:  Minimal                                                                                                                                         2                   1                   0                   2
                     Mild                                                                                                                                               0                   0                   0                   1
   Pulmonary edema                                                                                                                                     0 (00.0)        0 (00.0)        0 (00.0)        3 (60.0)
   Grades:     Mild                                                                                                                                               0                   0                   0                   2
                     Moderate                                                                                                                                       0                   0                   0                   1
   Inflammation, chronic active, bronchiolar/alveolar bronchopneumonia, (multi)focal                         2 (40.0)        0 (00.0)        1 (20.0)        0 (00.0)
       Grades:  Minimal                                                                                                                                         1                   0                   1                   0
                     Mild                                                                                                                                               1                   0                   0                   0
   Inflammation, acute, alveolar/interstitial, (multi)focal                                                                           0 (00.0)        2 (40.0)        3 (60.0)        3 (60.0)
       Grades:  Minimal                                                                                                                                         0                   1                   0                   0
                     Mild                                                                                                                                               0                   1                   2                   0
                     Moderate                                                                                                                                       0                   0                   1                   3
   Cell necrosis and desquamation, bronchial/bronchiolar epithelia                                                         0 (00.0)        0 (00.0)        0 (00.0)        3 (60.0)
       Grades:  Moderate                                                                                                                                       0                   0                   0                   1
                     Severe                                                                                                                                            0                   0                   0                   2
   Inflammation, interstitial, granulomatous, focal                                                                                     0 (00.0)        1 (20.0)        0 (00.0)        0 (00.0)
       Grades:  Minimal                                                                                                                                         0                   1                   0                   0
   Vascular mineralization, focal                                                                                                                  0 (00.0)        1 (20.0)        0 (00.0)        0 (00.0)
       Grades:  Minimal                                                                                                                                         0                   1                   0                   0

Recovery groups
No. examined                                                                                                                                                     5                   5                   5                   5

Lung                         
   No specific lesion                                                                                                                                     4 (80.0)        3 (60.0)        1 (20.0)        0 (00.0)
   Alveolar macrophage aggregation, (multi)focal                                                                                     0 (0.00)        1 (20.0)        4 (80.0)        0 (00.0)
       Grades: Minimal                                                                                                                                         0                   1                   2                   0
                     Mild                                                                                                                                               0                   0                   2                   0
   Cell infiltration, mononuclear or mixed cells, perivascular                                                                   1 (20.0)        1 (20.0)        1 (20.0)        4 (80.0)
       Grades:  Minimal                                                                                                                                         1                   1                   1                   2
                     Mild                                                                                                                                               0                   0                   0                   2
   Pulmonary edema                                                                                                                                     0 (0.00)        0 (0.00)        0 (0.00)        1 (20.0)
       Grades:  Moderate                                                                                                                                       0                   0                   0                   1
   Inflammation, alveolar/interstitial,  chronic, (multi)focal                                                                      0 (0.00)        0 (0.00)        2 (40.0)         5 (100)
       Grades:  Minimal                                                                                                                                         0                   0                   0                   2
                     Mild                                                                                                                                               0                   0                   2                   0
                     Moderate                                                                                                                                       0                   0                   0                   2
                     Severe                                                                                                                                            0                   0                   0                   1
   Pulmonary fibrosis, (multi)focal                                                                                                              0 (0.00)        0 (0.00)        2 (40.0)        1 (20.0)
       Grades:  Minimal                                                                                                                                         0                   0                   1                   0
                     Mild                                                                                                                                               0                   0                   1                   1
   Cell necrosis and desquamation, bronchial/bronchiolar epithelia                                                         0 (0.00)        0 (0.00)        0 (0.00)        2 (40.0)
       Grades:  Severe                                                                                                                                            0                   0                   0                   2
   Polypoid inner growth, bronchus & bronchial                                                                                        0 (0.00)        0 (0.00)        0 (0.00)        2 (40.0)
       Grades:  Mild                                                                                                                                               0                   0                   0                   1
                     Moderate                                                                                                                                       0                   0                   0                   1
   Peribronchial/bronchiolar fibrosis & epithelial hyperplasia                                                                  0 (0.00)        0 (0.00)        0 (0.00)        2 (40.0)
       Grades:  Moderate                                                                                                                                       0                   0                   0                   2
   

The parentheses represent the percentage of the cases with the lesions of the total examined number of tissues.
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Figure 4. Histological features of representative lungs in each group of rats 1 day after intratracheal instillation of glycolic acid. In the Low-
exposure group, note the acute alveolitis with neutrophil infiltration and hemorrhage. In the Middle-exposure group, multifocal inflammation is
observed, which is expanding from the terminal bronchioles (b) (circles). Note the fibrinous pulmonary edema in High, characterized by the alveolar
spaces filled with exudate fluid and fibrin. Also, in the High-exposure group, note the severe necrosis of epithelial cells of bronchioles (b) (the
arrow). (a) alveolar space, (b) bronchioles. H&E. Magnification: 100× for Middle and High, 200× for Control and Low. 

Figure 5. Histological features of representative lungs in each group of rats 7 days after intratracheal instillation of glycolic acid. In the Control
and Low-exposure groups, no specific abnormal findings were observed. Focal chronic alveolitis with fibrosis was evident in M1. Note the thickened
alveolar walls with fibrosis and mild accumulation of histiocytes around the terminal bronchiole (b) and in the alveolar spaces (a). In the High-
exposure group, the pulmonary fibrosis is evident. H&E. Magnification: 100× for Control, Low and Middle, 200× for High.



to have occurred during the administration of an excipient.
Considering that the interstitial inflammation with slight
fibrosis observed in the low-exposure group 1 day after
exposure occurred immediately after the exposure, it was not
considered to be a change due to exposure to glycolic acid.
As per the inflammation-related markers, the toxicity
persisted for 7 days after exposure, as confirmed by the lung
histopathological findings. 

It has been reported that glycolic acid, a corrosive
substance, can increase irritation depending on its
concentration and pH (5, 20). Various acidic substances that
are corrosive like glycolic acid have been reported to cause
lung damage, such as pulmonary edema and alveolitis (21-
23), which is in accordance with the pathological results of
this study.

Glycolic acid is industrially used at high concentrations,
such as 30%, 60%, 70%, and 99% (24). Therefore, workers
dealing with glycolic acid are more likely to be exposed to
a high concentration of this substance than consumers.
Although the results of inhalation experiments of glycolic
acid using rats are available (7, 8), they have limitations
since rats are nasal breathers, unlike humans, who are
oronasal breathers (10). Oral breathing leads to the
deposition of more substances in the bronchi and lungs than
nasal breathing (25, 26). The main target organ of glycolic
acid in acute inhalation exposure using rats was the upper
respiratory tract (27). 

Intratracheal instillation also has limitations such as the
non-physiological route of exposure and uneven distribution
of the substance (28, 29). It has recently been reported that
the intratracheal instillation test can be useful for acidic
compounds that are difficult to test with the inhalation test
(30). In addition, many studies on the toxic effects of
nanomaterials using intratracheal instillation have been
published (31-33). One study reported that the intratracheal
instillation experiment can be used to rank the harmfulness
of nanomaterials (34).

In this study, an intratracheal instillation technique was
used to confirm the pulmonary toxicities of glycolic acid.
However, this method has a limitation in that it is not the
common exposure route for humans (35). Therefore, it is
necessary to develop inhalation exposure experiments
designed for human inhalation routes. 

In conclusion, this study confirmed the pulmonary
toxicities of glycolic acid, such as pulmonary edema,
alveolitis, and necrosis and desquamation of bronchial and
bronchiolar epithelial cells, with an increase in the levels of
inflammatory mediators through intratracheal instillation, and
showed that the toxicities were similar to those of corrosive
substances. In addition, pulmonary toxicity may appear
stronger in the case of human inhalation exposure than in the
case of rat inhalation exposure, which shows that more
studies on models suitable for human exposure are needed.
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