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ABSTRACT — Glycidol fatty acid esters (GEs) are food process contaminants detected in edible oils. It 
has been thought that glycidol is released from GEs by lipase in vivo, and shows genotoxicity. While DNA 
damage from glycidol has been reported, there is very little information on the DNA damaging potency of 
GEs in vivo. Therefore, we estimated DNA damage of glycidol and glycidyl oleate, which is one type of 
GEs, using the standard comet assay and a formamidopyrimidine glycosylase(Fpg)-modified comet assay. 
ICR male mice were orally administrated glycidol and glycidyl oleate (1.0 and 2.0 mmol/kg body weight) 
at 24 and 3 hr prior to dissection. In the standard comet assay, DNA damage (tail length and % tail DNA) 
in liver, kidney and blood samples of glycidol-treated groups were increased in a concentration-depend-
ent manner. In Fpg-modified comet assay, glycidol showed DNA damage with higher sensitivity com-
pared with the standard comet assay. DNA damage was not observed in the administration group of gly-
cidyloleate in the standard comet assay. However, in Fpg-modified comet assay, glycidyl oleate showed 
significant DNA damage in the liver, kidney and blood samples compared with the standard comet assay. 
In this study, it was revealed that glycidol and glycidyl oleate induce DNA damage, such as oxidative and 
alkylation damage, recognized by Fpg protein.
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INTRODUCTION

Glycidol fatty acid esters (GEs) have been reported as 
food contaminants at high concentrations in edible oils 
(Craft et al., 2013). GEs are formed in high temperature 
conditions during the deodorization step in the oil refining 
process (Weisshaar et al., 2010). GEs are broken down 
equimolalglycidol in vivo by hydrolysis of the action of 
lipase (Wakabayashi et al., 2012). Glycidol has epoxides 
and alcohols in the structure and can be used as stabiliz-
ers (natural fats and oils, agrichemicals, vinyl resins etc.), 
modifiers (epoxy resins, reaction diluents of alkyd res-
ins, cotton, wool) (National Toxicology Program, 2007). 
However, since glycidol is highly reactive with biologi-
cal components in vivo due to the epoxy structure, it has 

been reported that glycidol exhibits some genotoxicities  
(International Agency for Research on Cancer, 2000).

Several reports on genetic toxicity of glycidol have 
been reported. In in vitro tests, Canter et al. clarified 
that glycidol showed mutagenicity in the presence and 
absence of a metabolic activation using the Ames test (TA 
98, TA 100, TA 1535, TA 1537) (Canter et al., 1986). Kim 
et al. reported that glycidol showed DNA damage in the 
comet assay using L5178Y cells with or without metabol-
ic activation (Kim et al., 2005). In the in vivo test sys-
tem, micronucleus induction has been confirmed in the 
bone marrow cells of ICR mice exposed to glycidol using 
micronucleus test (Ikeda et al., 2012). Significant micro-
nucleus inducibility in bone marrow is also recognized 
even when glycidol was intraperitoneally administered to 
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B6C3F1 mice (Irwin et al., 1996). In carcinogenesis stud-
ies, it was confirmed that oral administration of glycidol 
to F344 rat for 103 weeks resulted in increased mortal-
ity and induction of mesothelioma or mammary tumors 
of the peritoneum/peritoneum (National Toxicology  
Program, 2007). Based on these results and reports, the 
International Cancer Institute (IARC) has classified glyci-
dol as Group 2A (possibly carcinogenic) (IARC, 2000).

The genotoxicity of GEs have also been reported. The 
mutagenicity of the glycidyl linoleate was examined using 
the Ames test (TA 98, TA 100, TA 1535, TA 1537). It was 
confirmed that glycidyl linoleate showed mutagenicity 
in TA 100 and TA 1535 in the presence and absence of 
the metabolic activation system (Ikeda et al., 2012). The 
induction of chromosomal aberrant by treatment with gly-
cidyl linoleate was not observed regardless of metabolic 
activation (Ikeda et al., 2012). In the percutaneous car-
cinogenesis study, sarcoma was observed when glycidyl 
stearate acid ester was subcutaneously administered to 
rats, but it was not confirmed in the case of exposing gly-
cidyl oleate (Walpole, 1958; Swern et al., 1970).

There are some research reports on the genotoxicity of 
glycidol and GEs, but their judgment is various depend-
ing on the end point of the genotoxicity methods. The 
risk assessment of genotoxicity in vivo has recommend-
ed first using in vivo a bone marrow micronucleus test, 
and second, an in vivo test for single-cell gel electro-
phoresis (comet assay). Comet assay is a rapid method 
used in genotoxicity test in vitro and in vivo. Generally, 
the standard comet assay can detect DNA double strand 
breaks (DSB), DNA single strand breaks (SSB) and alka-
li-labile sites (ALS) as low level DNA damage in indi-
vidual cells (Møller, 2018). Some researchers have devel-
oped a modified comet assay to detect the specific classes 
of DNA damage. After lysis, cellular DNA can be reacted 
with lesion-specific repair endonucleases to exhibit spe-
cific base damage as single strand breaks (Azqueta et al., 
2013). The formamido pyrimidine glycosylase (Fpg) pro-
tein is recommended for the detection of oxidative DNA 
base damage. Because Fpg protein recognizes 8-oxoG  
(7, 8-dihydro-8-oxoguanine), FapyG (2,6- diamino-4-
oxo-5-formamidopyrimidine) and Fapy A (4,6- diamino-
5-formamido), and remove mutations occurring in purine 
bases such as pyrimidine, it is possible to detect oxidative 
DNA damage with high sensitivity (Shukla et al., 2011). 
It is also known that Fpg protein can detect basic sites 
(AP sites) and ring-opened N-7 guanine adducts (Lomax 
et al., 2005). As yet, only the result of performing ordi-
nary comet assay on L5178Y cells has been reported for 
glycidol, but there are few reports using experimental 
animals or modified comet assay (Kim et al., 2005). In 

this experiment, we evaluated the DNA damaging poten-
cy of glycidol and glycidyl oleate (GO), which is a type 
of GEs,using the standard comet assay and Fpg-modified 
comet assay to estimate the mechanisum of genotoxicity 
induction of their compounds.

MATERIALS AND METHODS

Chemicals
Glycidol (purity 98.0%) was purchased from Tokyo 

Chemical Industry (Tokyo, Japan). Glycidyl oleate (GO, 
purity 98.0%), soy oil, potassium chloride (KCl), sodi-
um hydrogen phosphate (Na2HPO4), potassium phos-
phate (KH2PO4), tris(hydroxymethyl)aminomethane 
(Tris), sodium lauroylsalcosinate, dimethyl sulfoxide 
and TritonX-100 were purchased from Wako Chemicals  
(Osaka, Japan). Sodium chloride (NaCl), sodium hydrox-
ide (NaOH), hydrochloric acid (HCl) and ethanol were 
purchased from Kanto Chemical (Tokyo, Japan). Albu-
min, from Bovine Serum and low melting point agar-
ose were purchased from Sigma Aldrich (Tokyo, Japan). 
Ethylenediaminetetraacetic acid disodium salt, 2-hy-
drate (EDTA-2Na) was purchased from DOJINDO LAB-
ORATORIES (Kumamoto, Japan). Ethidium bromide 
was purchased from MERCK japan (Tokyo, Japan). 
Formamidopyrimidine-DNA glycosylase (Fpg) protein  
(8000 units/mL) was purchased from New England 
Biolabs Japan (Tokyo, Japan).

Animal treatment
6-week-old mare ICR mice were purchased from Japan 

SLC (Tokyo, Japan). The mice were bred at a temperature 
24.5 ± 0.5°C and humidity 55 ± 5°C, light-dark change  
12 hr. There were five mice in each group, and five groups 
were formed. Feed was CE-2 (CLEA Japan, Tokyo, Japan) 
free feeding. Glycidol and GO were dissolved in soy oil 
at 0.1 mmol/mL and 0.2 mmol/mL, was administered  
(10 mL/kg body weight) at 24 and 3 hr prior to dissection. 
Soy oil was used as control. All animal experiments were 
approved by the Animal Care and Use Committee of the 
University of Shizuoka (nos.185182), and were conduct-
ed in accordance with the Guidelines and Regulation for 
the Care and Use of Experiment Animals by the Universi-
ty of Shizuoka.

Single cell gel electrophoresis assay (Comet 
assay)

Comet assay were performed according to OECD test 
guideline 489 and added Fpg treatment (OECD Guide-
lines for the Testing of Chemicals, 2016). River, kidney, 
blood sample were nucleated from mice administered G 
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or GO. River and kidney picked 200 mg into 2 mL of  
30 mM EDTA-0.9% KCl solution. The liver and kidney 
samples were conducted mincing in solution. After still 
standing, 75 μL of supernatant mixed with 75 μL of 1.4% 
low melting point agarose. The blood sample was mixed 
with equal parts of 30 mM EDTA-0.9%KCl solution.  
75 μL of the blood mixture was amalgamated to 75 μL of 
1.4% low melting point agarose. In sequence, 0.7% agar-
gel solution and sample mixtures gel solution, 0.7% low 
melting point agarose solution were placed on the slide, 
each sample containing 75 μL of material. After gel fix-
ation, the slide was immersed into cold Lysing solution 
(2M NaOH, 2.5M NaCl, 100 mM EDTA-2Na, 10 mM 
Tris, 1.1% Sodium N-lauroylsalcosinate, 1% TritonX-
100, 10% DMSO, pH 10, 4°C) for 1 hr. A cell sample 
from the cell lysate was immersed in Fpg buffer (100 mM 
NaCl, 0.01% BSA, 12.5 mM tris-buffer, 1 mM EDTA). 
Fpg buffer was replaced three times every 5 minutes with 
a new one. 80 µL of Fpg solution (1 μg/mL, using Fpg 
buffer as a control) was added dropwise, covered with 
a cover glass and reacted in an incubator at 37°C for  
15 min. All slides had the cover glass removed and were 
placed in electrophoresis tank and immersed in migration 
buffer solution (300 mM NaOH, 1 mM EDTA-2Na, pH 
13, 4°C) to perform unwinding for 20 min, subsequently, 
electrophoresed (25 V, 300 mA, 20 min, 4°C). After elec-
trophoresis, slides were immersed in an excess amount of 
0.4M tris-buffer (pH 7.5) to neutralize the alkali, and then 
fixed in 100% ethanol for 15 min.

Measurement of the slide was performed by fluores-
cence microscope (Nikon, Tokyo, Japan) with an image 

analysis device (Comet Analyzer, YOU WORKS, Tokyo, 
Japan). The slide was stained with 20 µg/mL ethid-
ium bromide and cover glass was mounted on the slide. 
Tail length and % tail DNA calculated from the distance 
between the center of gravity of the DNA distribution in 
the tail and the center of gravity of the DNA distribution 
in the head × the fraction of DNA in the tail) in 100 cell 
per slide was measured at 200 × magnification.

Statistical analysis
Experimental data are presented as mean ± SE. Statis-

tical analyses of the comet assay data about comparison 
between control and administration group were performed 
by Dunnett test. The influence of addition and non-addi-
tion of FPG was carried out using Mann-Whitney U test. 
Significance was accepted at p < 0.05.

RESULTS AND DISCUSSION

Tail length and % tail DNA in liver samples of groups 
treated by glycidol and GO using the standard com-
et assay and Fpg-modified comet assay were shown in  
Figs. 1 and 2. In a standard comet assay, glycidol increased 
tail length and % tail DNA in a concentration-depend-
ent manner, and a significant increase was confirmed 
at 2.0 mmol/kg body weight. In a Fpg-modified comet 
assay, tail length was significantly increased by treating 
with glycidol at 1.0 and 2.0 mmol/kg body weight, and 
% tail DNA was significantly increased at 2.0 mmol/kg  
body weight. In a standard comet assay, GO significant-
ly increased tail length at 2.0 mmol/kg body weight com-

Fig. 1.  Tail Length (the standard comet assay and Fpg-modi-
fied comet assay) of liver from ICR mice administered 
with glycidol and GE. The values presented are the 
mean ± SEM of at least four independent experiments. 
The asterisk (*) indicate significantly different between 
control and administration group. The dagger (†) indi-
cate significantly different between without FPG and 
with FPG (p < 0.05).

Fig. 2.  Percent tail DNA (the standard comet assay and Fpg-
modified comet assay) of liver from ICR mice admin-
istered with glycidol and GE. The values presented are 
the mean ± SEM of at least four independent experi-
ments. The asterisk (*) indicate significantly different 
between control and administration group. The dagger 
(†) indicate significantly different between without 
FPG and with FPG (p < 0.05).
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pared with control groups. In a Fpg-modified comet assay, 
tail length was significantly increased by treatment with 
GO in a concentration-dependent manner. In % tail DNA, 
GO showed a tendency to increase in a concentration-de-
pendent manner. Post-treatment with Fpg protein strong-
ly enhanced tail length and % tail DNA. The differences 
between the effects in the absence and the presence of the 
Fpg protein in liver samples by treatment with glycidol 
and GO were statistically significant.

Tail length and % tail DNA in kidney samples of 
groups treated by glycidol and GO in the standard com-
et assay and Fpg-modified comet assay were shown in  
Figs. 3 and 4. In a standard comet assay and Fpg-mod-
ified comet assay, glycidol significantly increased tail 
length and % tail DNA in a concentration-dependent 
manner. The values of tail length and % tail DNA in Fpg-
modified comet assay were higher than that of the stand-
ard comet assay. In kidney samples, GO did not result in 
an increase of tail length and % tail DNA in a standard 
comet assay. However, in a Fpg-modified comet assay, 
significant increases in tail length and % tail DNA were 
confirmed in GO-treated groups. Post-treatment with Fpg 
protein significantly enhanced glycidol and GO-induced 
DNA damage.

Tail length and % tail DNA in blood samples of 
groups treated by glycidol and GO in the standard com-
et assay and Fpg-modified comet assay were shown in 
Figs. 5 and 6. In blood samples, glycidol and GO showed 
significant increases in tail length and % tail DNA at  
2.0 mmol/kg body weight only in Fpg-modified com-
et assay. From these results, the sensitivity of the Fpg-

modified comet assay was higher than that of the stand-
ard comet assay.

There are few reports about DNA damage of glyci-
dol and GEs using comet assay. In addition, it is almost 
unclear that induction mechanism of DNA damage of 
glycidol and GEs in vivo. In this study, we investigated 
the DNA damaging potency of glycidol and GO using 
the standard comet assay and Fpg-modified comet assay 
in vivo. Fpg is used for the detection of oxidative DNA 
damage, in particular oxidative damage. Fpg recognizes 
8-oxoG (7,8-dihydro-8-oxoguanine), FapyG (2,6-diami-
no-4-oxo-5-formamidopyrimidine), FapyA (4,6- diamino-
5-formamido), and remove mutations occurring in purine 
bases such as pyrimidine (Shukla et al., 2011). It is possi-
ble to detect oxidative DNA damage with high sensitivity 
by Fpg treatment. Additionally, it is known that Fpg also 
detects AP sites and various kinds of ring-opened N-7 gua-
nine adducts (Lomax et al., 2005). We clearly indicated 
that glycidol and GO showed an increase in comet assay 
parameters of DNA damage by post-treatment with Fpg. 
It was also confirmed that the differences between the 
effects in the absence and the presence of the Fpg protein 
were statistically significant. Glycidol is a direct-alkylat-
ing epoxide and have the ability to react with nucleophilic 
sites forming DNA adducts (Solomon, 1999). Because it 
was suggested that epoxide of glycidol reacts with DNA 
with a similar mechanism as that of ethylene oxide, gly-
cidol could form N-7 guanine adducts (Melnick, 2002). 
Because Fpg can also detect various kinds of N-7 guanine 
adducts, Fpg proteins are used in the comet assay for the 
detection of DNA-damaging effect of alkylating agents. 

Fig. 3.  Tail Length (the standard comet assay and Fpg-mod-
ified comet assay) of kidney from ICR mice adminis-
tered with glycidol and GE. The values presented are 
the mean ± SEM of at least four independent experi-
ments. The asterisk (*) indicate significantly different 
between control and administration group. The dagger 
(†) indicate significantly different between without 
FPG and with FPG (p < 0.05).

Fig. 4.  Percent tail DNA (the standard comet assay and Fpg-
modified comet assay) of kidney from ICR mice ad-
ministered with glycidol and GE. The values presented 
are the mean ± SEM of at least four independent ex-
periments. The asterisk (*) indicate significantly dif-
ferent between control and administration group. The 
dagger (†) indicate significantly different between 
without FPG and with FPG (p < 0.05).
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Therefore, glycidol and GO increased DNA damaging 
parameters in Fpg-modified comet assay with high sensi-
tivity. The Fpg-modified comet assay is a useful and high 
sensitive method for detecting various genotoxic chemi-
cals that show the oxidative damage and DNA damaging 
potency of alkylating agents. In addition, the DNA dam-
aging mechanism of glycidol and GEs was able to esti-
mate by the treatment with Fpg protein in comet assay.

In the present study, the DNA damaging potency of 
GO tended to be weaker than that of glycidol. The reason 
is that GEs are not completely decomposed to the glyci-
dol state by lipase in vivo. However, the conversion rate 
from glycidol to GEs in vivo is thought to be remarka-
bly different between rodents and humans (Wakabayashi 
et al., 2012). It is necessary for doing risk assessment for 
humans that metabolic behaviors in humans and the end-
points of each genotoxicity test should be considered. 
Furthermore, there is the possibility that a high pH in rat 
stomachs might degrade from GEs to glycidol, and low 
pH in human stomach, containing high concentration of 
hydrochloric acid, might shift fromglycidol to 3-mono-
chloropropane-1,2-diol (Jones, 1975).

In the present study, we estimated DNA damaging 
potency of glycidol and GEs using the standard comet 
assay and Fpg-modified comet assay. In particular, DNA 
damage induced by GEs was able to be confirmed using 
Fpg-modified comet assay. Therefore, the modified com-
et assay using Fpg protein is a useful and highly sensitive 
genotoxicity test for initial screening of risk assessment 
of various chemicals. In the future, it is necessary to esti-

mate the types of DNA damage induction by glycidol and 
GEs using modified comet assays, such as another repair 
enzymes-modified comet assay or a cellular comet assay.
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