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Abstract

To clarify the DNA damage from reactive oxygen
species, we measured the DNA damage through
Fpg/Endo III FLARE (Fragment Length Analysis with
Repair Enzyme) assay and real time RT-PCR. The 80
SD rats assigned to 4 dose groups exposed to cum-
ene vapor for 90 days. With Fpg/Endo III FLARE as-
say in hepatocytes, we found the OTM (Olive Tail
Moment) and TL (Tail Length) significantly increased
in no-enzyme treated and Fpg-treated control and 8
ppm groups with 28 days exposure. In Endo III-treat-
ed 8 ppm group, significantly increased the values
with 90 days exposure. With lymphocytes, it was
founded the values significantly increased in no-en-
zyme treated 800 ppm group in 28 and 90 days. It
was significantly increased in Endo III-treated 80 ppm
for 28 days and 800 ppm for 90 days. From the above
findings, FLARE assay was suggested as being avail-
able as a biological marker for DNA damage induced
by cumene exposure in SD rats. And we used real
time RT-PCR for the OGG1 mRNA expression, it had
dose-dependent biologic effects in 1 day exposure,
but decrease the levels of rOGG1 mRNA. Our findings
provide evidence that cumene exposure may cause
suppression of rOGG1 in the rat hepatocytes or lym-
phocytes.

Keywords: Cumene, Fpg/Endo III FLARE assay, Real time
RT-PCR, OGG1

Cumene (CAS No. 98-82-8) is an insoluble petro-
chemical use to manufacture a lot of chemicals such

as phenol, acetone, etc. It observed with the effect to
increase organ weight, low latent toxicity of repro-
duction, a negative result of genetic toxic test1. It
could not classify as a carcinogen because of its inap-
propriate animal test, in spite of some dead animals,
mild positive in micronucleus test2. It was reported
high destructive ratio to cell membrane of human
lung fibroblasts cultured with 25 mM cumene3. More-
over, it causes dizziness, sleepiness, ataxia, uncon-
sciousness with short term exposure4, inhibition of
central nerve5, toxicity by ingestion, inhalation, skin
absorption6, irritation to skin and eye7, acts just like
an general anesthetics by acute exposure8. The most
possible routes of cumene exposure to workers are
contaminated air by evaporation of petrochemicals9,
it actually measured with monitoring samples in cum-
ene manufacturing and processing, especially 0.0001-
3.35 ppm at distillation, 0.34-0.44 ppm at laboratories,
0.078-0.620 ppm at cumene unit10. Gasoline delivered
drivers are exposed to under 0.01-0.04 ppm11, 60-250
μg/m3 in the air of shoe manufacturing places, 2-200
μg/m3 at vulcanizing process, about 10 μg/m3 at injec-
tion molding process in tire recapping places12. It was
presumed statistically that 14,268 workers (2,760
female) would be latently exposed to cumene in the
U.S.13. Moreover, the occupational exposure to cum-
ene may occur by inhalation or skin contact to chemi-
cals in workplaces with cumene manufacturing or
using. It was reported the exposure by inhalation of
environmental air14, food ingestion and inhalation of
gasoline vapor including cumene15 could be occurred
in the general public.

In low concentration, the ROS acts as a intra- or
inter-cellular secondary messenger to regulate a vari-
ety of cell function which including initiation of gene
expression, promotion and inhibition of cell prolifera-
tion, cell death16. However, it was known that the
ROS can induce oxidative DNA damage, DNA strand
breakage, chromosomal aberration, and related with
variety of diseases like cancer, rheumatoid arthritis,
cardiovascular and Alzheimer disease when it is over-
produced17.

An organism is being evolved many defense system
for the elimination of DNA damages, and it was dis-
covered the major repair mechanisms of oxidative
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DNA damage including 8-oxodG and DNA strand
breakage are base excision repair in both bacterial and
mammalian cells18. It is the main tool of oxidative
DNA repair biomarkers that the analysis of 8-hydrox-
yguanine formed in DNA double helix19, and reported
that the 8-OHGua is introduced by radiation, reactive
oxygen induced chemicals either in vivo or in vitro,
and induce G : C→ T : A transversion in DNA poly-
merase reaction20,21. The GC-TA transversion is the
results of cell malignant transformation resulted from
the codon 12 of ras gene, glycine to GTT22. Comet
assay is a method to detect DNA damage from DNA
chain excision and alkali labile sites, not chromoso-
mal aberration, so it is possible to detect DNA damage
from undividable tissues23. It was introduced by Ostl-
ing and Johanson24 to detect directly DNA damage in

each cellular level, made more sensitive by Singh25.
In alkali condition, it can detect base modification,
alkali-labile abasic site formed when the damage site
was inactively excised with DNA repair enzymes, and
it can measured the DNA damage in specific sites with
FLARE assay, the improved method of comet assay
by treatment of endonuclease III or Fpg26. In last stu-
dy, it was performed the alkaline (pH¤13) SCGE
assay to measure the degree of DNA damage such as
DNA strand breakages. It had a dose dependency for
1 day and 15 days exposure, but the DNA damages in
low dose group was higher than high dose for 30 days
welding fume exposure27,28.

In this study, FLARE assay was used to investigate
DNA damage and the real time RT-PCR to measure
the expression of DNA damage repair gene (OGG1).
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Table 1. Olive tail moment values of DNA isolated from hepatocytes.

Value Mean±S.D

Group 1 day 14 day 28 day 90 day

Control-buf 17.84±23.40 44.54±42.06 88.77±61.12 51.37±64.58
Control-Fpg 21.68±28.26 88.50±82.08 58.84±0.00 40.06±45.57
Control-Endo 4.75±6.27 62.95±66.47 79.17±60.75 29.99±39.69
Low-buf 12.68±14.60 67.10±80.67 79.76±78.39 29.80±23.75
Low-Fpg 26.49±39.53 57.29±55.59 31.62±44.31 40.42±41.65
Low-Endo 39.55±48.34* 36.06±38.50 59.57±63.85 164.59±123.75*
Medium-buf 27.06±32.81 28.54±29.07 32.93±57.61 27.55±26.15
Medium-Fpg 19.28±30.68 49.34±47.33 35.76±60.25 25.98±12.54
Medium-Endo 21.98±26.50 31.93±33.11 32.78±53.98 33.25±41.53**
High-buf 50.69±67.28 21.13±34.54 57.61±84.55 8.90±9.36**
High-Fpg 10.96±19.57 37.85±50.36 47.32±59.08 23.73±46.38**
High-Endo 16.25±37.29** 49.99±31.99 29.50±24.96 19.07±17.13**

Unit: a.u. (arbitrary unit)
All values are expressed as mean±S.D.
*: compare with 0 ppm P⁄0.05; **: compare with 8 ppm P⁄0.05

Table 2. Tail length values of DNA isolated from hepatocytes.

Value Mean±S.D

Group 1 day 14 day 28 day 90 day

Control-buf 70.11±81.70 162.93±157.26 256.94±149.79 140.67±207.24
Control-Fpg 58.45±79.54 249.01±207.38 157.89±0.00 78.66±148.30
Control-Endo 15.79±37.27 168.54±180.80 318.42±215.35 78.70±120.08
Low-buf 50.25±74.70 169.747±193.59 246.35±203.28 24.86±46.03
Low-Fpg 89.05±120.52 159.38±147.72 67.45±137.39 82.83±121.52
Low-Endo 113.33±143.10 115.90±156.49 137.25±181.45 276.20±234.47
Medium-buf 81.25±108.48 83.95±123.77 87.78±173.14 53.83±89.95
Medium-Fpg 65.37±122.44 152.08±164.88 71.56±146.44 23.69±21.81
Medium-Endo 72.74±98.65 109.58±118.54 76.23±130.75 72.81±135.42
High-buf 145.01±172.04 51.32±95.98* 147.37±235.28 2.11±6.66
High-Fpg 49.67±85.43 122.96±150.12 121.21±181.14 65.56±131.46
High-Endo 50.16±99.71 176.32±117.28 88.37±117.30 35.83±85.73**

Unit: μm
All values are expressed as mean±S.D.
*: compare with 0 ppm P⁄0.05; **: compare with 8 ppm P⁄0.05



DNA Damages of Hepatocytes with 
FLARE Assay

Table 1 and 2 refer the DNA damage of hepatocytes
(mean±S.D.) including oxidative damage in Fpg
sensitive sites such as altered purines by Fpg FLARE
assay, and Endo III sensitive sites, oxidized pyrimi-
dine, by Endo III FLARE assay in control and expos-
ed groups.

The mean values of measured Olive tail moment
and tail length with no enzyme treatment had not sig-
nificantly different, but had a general trend of incre-
asing in 28 days but decreasing again in 90 days.

Olive tail moment and tail length with Fpg enzyme
had not significantly different among groups, the con-
trol was higher than the exposed group from 14 to 28

days, decreased again in 90 days. These reflect a trend
that the altered purines were formed in 28 days and
repaired in 90 days.

In those with Endo III enzyme, the control was also
higher from 14 to 28 days but statistically insignifi-
cant. However the result that low dose was signifi-
cantly higher than others in 90 days reflects the oxi-
dative DNA damage like forming the oxidized pyri-
midine. Moreover these reflect the oxidative DNA
damage level in specific pyrimidine base, such as re-
covery of DNA adducts formation.

DNA Damages of Lymphocytes with 
FLARE Assay

Table 3 and 4 refer the DNA damage of lympho-
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Table 3. Olive tail moment values of DNA isolated from lymphocytes.

Value Mean±S.D

Group 1 day 14 day 28 day 90 day

Control-buf 0.73±0.66 84.51±59.73 63.33±53.53 59.15±65.68
Control-Fpg 24.87±39.95 122.55±76.98 65.82±45.38 63.86±52.73
Control-Endo 80.97±65.17 77.41±64.56 44.69±34.50 94.03±78.06
Low-buf 36.47±49.03* 92.46±73.16 70.80±57.90 47.72±49.22
Low-Fpg 94.28±88.39* 72.00±56.11* 59.75±40.70 72.89±78.30
Low-Endo 58.65±73.21 105.88±76.41* 70.66±53.67* 95.32±90.96
Medium-buf 9.90±20.17 70.55±70.92** 50.17±44.24 57.22±36.86
Medium-Fpg 13.18±19.81** 103.80±95.32 29.43±20.58** 93.75±57.50
Medium-Endo 71.42±48.36 71.85±56.16** 61.20±41.26 33.81±21.96**
High-buf 68.95±52.03� 75.08±53.31 36.43±32.56** 124.72±0.00
High-Fpg 73.66±48.87*** 51.44±45.38� 36.74±25.19** 38.87±31.16
High-Endo 75.80±64.23 70.69±48.62** 53.91±36.07 176.21±89.78�

Unit: a.u. (arbitrary unit)
All values are expressed as mean±S.D.
*: compare with 0 ppm P⁄0.05; **: compare with 8 ppm P⁄0.05; ***: compare with 80 ppm P⁄0.05; �: compare with all the 0, 8, 80 ppm
P⁄0.05

Table 4. Tail length values of DNA isolated from lymphocytes.

Value Mean±S.D

Group 1 day 14 day 28 day 90 day

Control-buf 10.53±4.71 286.63±148.88 275.26±163.13 221.80±152.12
Control-Fpg 71.34±112.69 347.22±156.85 273.76±128.40 261.32±113.07
Control-Endo 294.87±199.54 237.69±167.07 215.16±130.28 268.72±159.53
Low-buf 121.43±159.12 300.21±166.40 270.94±140.76 205.79±139.92
Low-Fpg 332.30±250.39* 244.09±152.65* 252.68±128.38 234.58±135.13
Low-Endo 179.62±204.11* 302.82±161.40* 290.05±123.09* 285.75±182.75
Medium-buf 28.95±41.61 261.32±214.01 232.78±156.08 220.00±92.28
Medium-Fpg 60.13±75.08** 353.72±222.25** 180.04±89.65** 289.61±130.62
Medium-Endo 246.14±119.07 265.70±159.39 303.44±132.45* 111.40±68.46**
High-buf 261.87±153.38� 322.82±165.72*** 189.27±97.03** 310.53±0.00
High-Fpg 254.44±119.99*** 218.11±140.57*** 186.30±104.17** 221.93±117.66
High-Endo 283.12±181.10** 296.12±127.17* 279.72±133.24* 423.52±113.05�

Unit: μm
All values are expressed as mean±S.D.
*: compare with 0 ppm P⁄0.05; **: compare with 8 ppm P⁄0.05; ***: compare with 80 ppm P⁄0.05; �: compare with all the 0, 8, 80 ppm
P⁄0.05



cytes. In no enzyme test, high dose group was signifi-
cantly higher than others in 90 days, it had no dose or
duration dependency in Fpg-treated lymphocytes.

The mean values of measured Olive tail moment
and tail length with Fpg enzyme had no dose or dura-
tion dependency, the Endo III FLARE assay in high
dose group was significantly higher than others in 90
days reflects high level of oxidative damage in speci-
fic site.

These are also reflect the oxidative DNA damage in
Endo III sensitive sites such as altered pyrimidine in
high dose group of 90 days.

mRNA Expression of DNA Damage Repair
Enzymes with Real Time RT-PCR

Table 5 refers the changes (fold ratio) of rOGG1
mRNA expression isolated from hepatocytes with
real time RT-PCR (Mean±S.D.). 

The mRNA expression of OGG1 gene was increas-
ed with dose dependency in 1 day exposure, decreas-
ed to control level in 14 days.

The expression of OGG1 mRNA of low and high
dose group was higher than control group in 28 days,
but those in 90 days were decreased to as similar in
14 days.

In Table 5, it reflects that the OGG1 gene expres-
sion to repair the oxidative DNA damage in liver was
inhibited with dose and duration of cumene exposure.

These represent the degree of oxidative DNA dam-
age that formamidopyrimidine, 8-oxoguanine etc.
were formed in 14 and 28 days, repaired in 90 days
from Fpg FLARE assay and real time RT-PCR.

Discussion

It is well known that chemicals, radiation, metal
compounds can make reactive oxygen species, and
the ROS induce protein or DNA damage29. Conse-
quently, it have been regarded that DNA base damage
may induce 8-oxodG, a type of oxidative DNA damag-
es, is the important biomarker of carcinogenesis26,30.

Comet assay applies widely that not only molecular
DNA damage but also epidemiological method in
human populations31. It was performed27,28 that genet-
ic toxicity measured with alkaline SCGE analysis
with rats exposed the welding fume stainless steel
manual metal arc welding.

DNA segments in alkaline SCGE assay is also tem-
porarily present when a cell repaired DNA damage
by base excision, nucleotide excision, so the high
level of segments in SCGE assay is represent either
high DNA damage level or some repair activities31.

It is applied that the study with cellular repair acti-
vity with DNA segments for reveal or amplify the
genotoxic effects, and that measuring the repair acti-
vity with DNA repair enzymes or inhibition of DNA
damage by antioxidants32, and quantitative measure-
ments of specific oxidative base26,33.

Phoa and Epe34 was measured oxidative DNA dam-
ages with nitric oxide generated to cultured mammal-
ian fibroblasts endogenously or exogenously, investi-
gated the effects of DNA damages by H2O2 to repair
enzymes, and reported that NO induced cellular DNA
damages inefficiently and protected the DNA damages
by H2O2, but flexibly inhibited the repair of oxidative
DNA base modification. It supposed that the activity
of NO to DNA damaged induced by welding fume is
very little but helps the repair enzyme inhibition.

According to Abalea. et al.35, it could determine 7
DNA base oxidation products with analysis of induc-
ed oxidative DNA damage and repair of DNA base
lesion with addition of ferric nitrilotriacetate to in vitro
primary cultured hepatocytes. In these, the oxidized-
purines such as 8-oxo-guanine, xanthine, fapyadenine,
2-oxo-adenine, and DNA base repair activity have
dose response with time.

It is less complicated to estimate the oxidative DNA
damages directly than observe the changes with chro-
mosomal level, it can offer information about mole-
cular effects of the oxidative stress36.

Moreover it was validated the FLARE assay with
Fpg and Endo III, especially it can measure reducing
of the oxidized pyrimidine in study of anti-oxidation
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Table 5. Fold ratio of rOGG1 mRNA expression isolated from hepatocytes with real time RT-PCR.

Fold ratio Mean±S.D

Group 1 day 14 day 28 day 90 day

Control-rOGG1 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00
Low-rOGG1 4.15±1.00* 1.03±0.06 5.58±8.24* 0.42±0.26
Medium-rOGG1 6.87±7.05 0.52±0.52* 2.38±2.51 0.94±0.48
High-rOGG1 11.78±10.45* 0.77±0.36 6.41±6.93* 0.89±0.76�

All values are expressed as mean±S.D.
*: compare with 0 ppm P⁄0.05; �: compare with all the 0, 8, 80 ppm P⁄0.05



effect of food with Endo III/FLARE assay37.
However it was analyzed that the DNA damages of

workers exposed to radioactive rays had significant
results in the SCGE assay with strand break, a mea-
surement of the oxidative DNA damage with DNA
repair enzyme are less effective, 8-OHGua is a better
biomarker of oxidative damage38.

Also, it can be considered as adaptive response, a
protective effect in occurred to exposure higher con-
centration of it or chemicals with similar action me-
chanisms after exposure to low dose radiation or ge-
netic toxicant, it was reported39 the formation of adap-
tation related protein such as DNA methyltransferase
in animal and plant cells after reported this phenome-
non with E. coli in 197740.

Ikushima41 reported that Chinese hamster V79 cell
adapted with radioactive thymidine has adaptive effect
to high dose X-ray exposure since then, the cell adapt-
ed with γ-ray has resistance to mitomycin C and UV
and induced sister chromatid exchange and reduced
micronucleus formation. Pant et al.42 explained the
inhibition of neoplastic transformation related adapta-
tion to low dose with two mechanisms, up-regulation
of antioxidant glutathione and extremely increase
DNA repair capabilities (super repair).

Therefore, it is considered that the measured values
of welding fume exposed Cynomolgus monkey are
lower than the control group are caused the adaptive
response or stochastic effect43, with being studied and
reported generally interested in radioactive rays.

It could be explained more easily to link the exist-
ing research results44,45 of DNA damage repair en-
zyme reduction with exposure to the metal in low
concentration. And then, it could be assumed that the
adaptive response of 8-oxodG in welding fume expos-
ed Cynomolgus monkey is rather caused up-regula-
tion of antioxidant glutathione reduction than increase
of repair enzyme with exposure of low concentration.

Also, Potts. et al.46 reported that oxidative DNA
damage in alveolar epithelial cell adapted with cad-
mium was inhibited, the results of increase thiol-con-
taining antioxidants such as metallothionein, glutathi-
one adapted in low concentration. But the repairing
ratio of entirely oxidative damage in cells adapted
with cadmium was lower than not adapted cells. They
were reported that the cadmium adaptation was signi-
ficantly injured to the repairing of Fpg and Endo III
specific sites by comet assay with lesion specific en-
zyme. And these results fell in with this study results.

With LightCycler 2.0 (Roche, Germany) using Uni-
versal Probe Library (https://www.universalprobeli-
brary.com) to measure the OGG1 gene expression of
rat’s hepatocytes, it was not known the inhibition
mechanism of this gene, but gene is regulated by sev-

eral transcription factors with complex networks of
protein/DNA, protein/protein interaction.

It was identified a potential transcription binding
site in human OGG1 gene promoter47, but it is scarce-
ly known about which transcription factor actually
participate to regulate the OGG1 expression.

Chemicals can decrease the ability of 8-oxoG dam-
age repair in DNA with changing the structures of
OGG1 enzyme as well as inhibit the gene expression46.

From all of the results, we suggest that the further
investigations will need to perform in rat because of
its lack of correlation between the oxidative DNA
damage and repair with endonuclease III enzyme.

Moreover it would be more useful as a biomarker
for chemical risk assessment to perform these tests
with many other hepato-toxic solvents.

Materials and Methods

Test Chemicals
Cumene (Sigma Aldrich, USA, Lot # 06211DE) was

used as test chemical and Ficoll-paque plus (Amer-
sham Biosciences, WI, USA) was used to extract
lymphocytes. FLARE analysis kit (Trevigen, MD,
USA) with Fpg and Endo III were used in FLARE
assay. RNAqueous®-4PCR (Ambion Inc., TX, USA)
and LightCycler® TaqMan® Master, Universal Probe-
Library probe (Roche Applied Science, Germany),
and primer (BIONEER, Daejeon, Korea) were used
for real time RT-PCR.

Animals and Cumene Exposure
From seven-week-old male Sprague Dawley rats

(230-250 g, SLC, Japan) were exposed with concentra-
tion of 8.05±0.17 ppm, 80.13±1.48 ppm, and 800.85
±10.77 ppm for 6 h/day in 1 m3 inhalation capacity
chamber (whole body type, SIBATA Co., Japan) for
13 weeks.

FLARE (Fragment Length Analysis with
Repair Enzyme) Assay

FLARE assay was performed according to the me-
thod of Tice et al.48. Electrophoresis was performed
at 25 V and 100 mA for 20 min in the dark. The ethi-
dium bromide-stained electropherograms were exam-
ined with image analysis software Komet 5.0 (Kinetic
Imaging, Ltd., Liverpool, UK). The Olive tail mo-
ment49 and tail length were used to quantitatively
measure the extent of DNA damage.

All results of FLARE assay are expressed as the
average and standard deviation (mean±S.D.). One
way ANOVA test and Tukey test (a==0.05) were used
with SigmaStat 3.11.
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Real Time RT-PCR (Reverse Transcription-
Polymerase Chain Reaction)

cDNA was synthesized with transcriptor first strand
cDNA synthesis kit (Roche Applied Science, IN,
USA). The primer was designed with “ProbeFinder
(version 2.35)” online primer analysis software avail-
able in Universal Probe Library. It was performed
real time RT-PCR with LightCycler 2.0 (Mannheim,
Germany), LightCycler® Software version 4 for total
RNA extracted from hepatocytes to observe the change
of OGG1 gene expression. The results were expressed
average (mean±S.D.) used two-way ANOVA (P⁄
0.05) and linear regression.
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