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DNA damages with Fpg/Endo III FLARE Assay in
cynomolgus monkeys exposed to stainless steel
welding fume
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[. Introduction

It is being researched about biomarkers for early diagnosis and
prevention of occupationd dissaseswith many kinds of chemicasor
compounds exposures in workplaces. It is reported that the limits of
these bhiomarkers with regarded to monitoring of workers or animas
through chromosome aberration test, micronudeustest and the Sster
chromatid exchangetest and so on (Jdmert . d., 1994).

Recently, it is continuoudly introduced the reports of genetic
research with molecular biological methods to increase the accuracy
of the biomarkersin screening the genotoxic effects.

It was reported the limited evidence of carcinogenic effect of
welding fumes to human and in vitro tests, but not known the
biochemica mechanism.

Several metal compounds are introduced oxidative DNA
damages, DNA base excison and chromosomd abarraionsby ROS
(reactive oxygen spedies) through Fenton-type reaction induced by
superoxide in metabolism (Itoh et. d., 1995; Kortenkamp t. d.,
1996). Welding fumes are compounds of severd metd (eg. Cr (V1))
with anticipation these mechanisms.

It is the main tool of oxidative DNA repar biomarkers that the
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andysis of 8-hydroxyguaning8-OHGUa/8-OHdG) formed in DNA
double helix (Kasai & Nishimura, 1984), and reported thet the 8
OHGua is introduced by radiation, reactive oxygen induced
chemicas ether in vivo or in vitro, and induce GC-TA transverson
in DNA polymerase reaction (Kasai & d., 1986; Shibutani et dl.,
1991). The GC-TA transversion is the results of cell malignant
transformation resulted from the codon 12 of ras gene, glycine to
GTT (Kamiyaet. d., 1992).

Single cdll gdl electrophoress assay (comet assay) isamethod to
detect DNA damage from DNA chain excison and dkai labile
gtes, not chromosomd aberration, S0 it is possble to detect DNA
damage from undivisble tissues (Fairbarn . d., 1995). It was
introduced by Ostling & Johanson (1984) to detect directly DNA
damagein eech cdlular level, made more senditive by Singh (1938).

In akdi condition, it can detect base modification, dkdi-labile
abadic gte (AP gte) formed when the damage site was inactively
excised with DNA repair enzymes. And reported that it can
measured the DNA dameagein spedific Steswith FLARE (Fragment
Length Anaysis with Repair Enzyme) assay, the improved method
of comet assay by treatment of endonuclease Il or
formamidopyrimidine DNA glycosylase (Fpg) (Collins et. d.,
1993).
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In this study, FLARE assay with Fpg and endonuclease III
treatment was used to investigate DNA damage and its repair
enzyme activity of lymphocytes from cynomolgus monkeys
exposed to welding fumes. And analysed the utility of each
biomarkers to prevent hedth risks (e.g. cancer) occurred from
welding fume.

II. Materials and Methods

1) Animasand welding fume exposure

The welding fumes were generated with an automatic fume
generator with robatic arm, and two chambersto inflow and expose
high and low dose welding fumes organized with fume collector
system to sample the exposed fumes: The welding eectrodes were
used MMA-SS (manud metd arc-dainless sed) (KST 308, 26 X
300 mm, Korea Welding Electrode Co. LTD, Seoul, Kored). The
welding fumes in the chamber were sampled using a persond
sampler (MSA 484107, Pittsburgh, PA, USA) with aflow rate of 2
litermin. The welding fume particulate captured on the membrane
filters (pore 9ze 0.8 m, 37 mm diameter, Millipore AAWP 03700,
Bedford, MA, USA) was andyzed for itsmetd composition withan
inductively coupled plasma analyzer (Thermojeralash, IRIS,
Houston, TX, USA) using NIOSH 7300 method. The gaseous
fumes, Oz, NO: and nitrous fumes were messured using Dréger
tubes (Cat No. 6733181, CH 31001 and CH 30001, respectively).
The gaseous fumes were sampled by stroking a ges detector pump
(6400000, Dréger, L tibeck, Germany), following the manufacturer’ s
quidances 1h after the wel ding-fume exposure began.

An Anderson sampler (AN-200, Shibata, Tokyo, Japan) was used
to measure the mass median aerodynamic diameters of the welding
fumes. The flow rate was 28.3 litersmin and the sampling time 5
min.

From three to four-year-old male Macaca fascicularis
(Cynomolgus Monkey) (Yunnan National Laboratory Primate
Center, Ching) were acdimeated to this chamber for 3 months and
assigned with Peth/Tox System(Version 4.2.2, Xybion Medica
Sysems Corporaion, USA) to an unexposed group (2 monkeys)
and exposed group with low- and high-dose (2 monkeys each
group). Exposed group to welding fumes with a time weighted
average (TWA) totd suspended particulate (TSP) concentration of
31.36 = 2.75 mg/m’ (low dose), and 6245 = 2.70 mg/m’ (high
dose) for 2 hday in inhalation chamber for 34 weeks and recovered
for 22 weeks. The exposure concentration was established according

to the reports that pneumoconiod's were not occurred with exposed
low dose and high dose for 90 days, but low levd inflammetion in
lung (Yu . d., 2001, 2003, 2004; Sung et. d., 2004), and dose
dependent increase of Mn concentration in brain, lung, liver after 60
dayswe ding fumeexposure (Yu &t. d., 2003).

2) Chemicds

Ficoll-pague plus (Amersham Biosciences, Brown Deer, WI,
USA) was used to extract lymphocytes. FLARE analysis kit
(Trevigen, Gaithersourg, MD, USA) with Fpg and Endo III was
used to analyse DNA damage in single cells. Norma melting
agarose (Bio-Red, Richmond, CA, USA) and low melting agarose
(Amresoo Co., USA) wereused in FLARE assay.

3) FLARE (Fragment Length Anaysis with Repair Enzyme)
a2y

FLARE assay was performed according to the method of Tice &.
d. (2000). The sngle cdl suspensionsina0.5 % low meting point
agarose were pipetted immediately onto a conventiona glass
microscope dide precoated with a 1 % normd melting agarose in
PBS. The dideswere thenimmersad in alysing solution(1 % Triton
X-100, 10 % DMSO, 25M NaCl, 0.1 M EDTA, and 10 mM Tris,
pH 10) a 4 C for 1h and subjected to dkdine conditions (>pH 13).
For FLARE assay, the Fpg or Endonudease 11T were pipetted onto
these dides and incubated a 37 C for 30 min. Electrophoresis was
performed a 25V and 100 mA for 20 mininthe dark. Theethidium
bromide-stained €lectropherograms were examined under an
epifluoresoence microscope equipped with acomputer induding the
image analysis software Komet 5.0 (Kinetic Imaging, Ltd.,
Liverpool, UK). Fifty randomly captured cells from each anima
were andyzed a each sampling time. The Olive tal moment was
used to quantitatively messure the extent of DNA damage.

4) aidicd andysis

Al results are expressed asthe geometric means (GeoMean). One
way ANOVA test and Tukey test (¢=0.05) were used with
SgmaStat 3.11 to compare genotoxic parameters obtained from the
two dose groups with those obtained from the unexposed control
monkeys.
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[II. Result

1. MMA—SS welding—fume characterization

The MMA-SSwelding fumes congsted of manly Fe, Mn, Cr and
Ni. The meta concentrations and gaseous fractions in the welding
fumesareshownin Table 1.

2. Genotoxic responses of welding—fume exposure
with FLARE assay

The geomean vaues of measured Olive tail moment with Fpg
enzymewere not changed dose-dependently, but the highest valuein
27 weeks high concentration group. These values of exposure
groups from 16 to 22 week were significantly higher then control
group in these exposure durations, but different resultsin 6, 12, 18,
25, 31, 35 wesks exposuire group.

Tall length with Fpg enzyme wes the highest in 27 week low &
high concentration groups, but most of these have no dose or
duration dependency.

Olive tail moment with Endonuclease III enzyme of exposed
groups were higher then control group, except 10, 12, 16, 22, 25, 31
weeks. Tall length vaues of exposure groups with Endonudease 1T
enzyme were higher than control group in 18, 20, 27, 33 weeks
exposure, but not dose response and changesirregularly.

Table 2 and 3 refer that inter-group comparison of al DNA
dameage induding oxidative damage in Fpg sengtive Stes such as
dtered purines (8-oxoguanine and formamidopyrimidine) by Fpg
FLARE assay, and Endo III sengitive Sites, oxidized pyrimidine
(thymidine glycol), by Endo II/FLARE assay in controls and

welders

These reflect the oxidative DNA damage leve in specific Ste,
such asrecovery of DNA adducts (eg. formamidopyrimidine or 8-
oxoguanine, etc.) formation.

IV. Discussion

It iswdl known that chemicals, radiation, metd compounds can
make reactive oxygen spedies, and the ROS induce protein or DNA
damage (Asami . d., 1998). Consequently, it have been regarded
that DNA base damage may induce 8-0xodG, a type of oxiddive
DNA damages, istheimportant biomarker of carcinogenesis (Kasa,
1997; Cdllins, 1993). Also, andysis of 8OHdG leve in DNA can
messuretherisk of carcinogenesis by oxidative sressfrom themetd
compounds contained carcinogenic Cr (V).

The metdlic ingredients of welding fumes are Fe, Mn or Cr, and
the Cr (VI), 20~60 % of Cr, is dassfied as human carcinogen in
caseof inhaation exposure.

SCGE (comet assay) is a outstanding method that very fadt,
smple, sensitive, cheap and confidentialy detected DNA-strand
bresk, DNA akali-labile Ste of each cdllsinduced by DNA damage
level or intercellular distribution. It applies widdly that not only
molecular DNA damege but aso epidemiologicd method in human
populations (Collins €. a., 1997). The comet tail indicates the
relaxed loop of super-coiled DNA, and relative tal intensity
indicatesthe number of DNA segments.

It was performed (Yu et. d., 2004) that genetic toxicity measured
with akaine (pH>13) SCGE andysiswith rats exposed the welding
fume dainless sed manud metd arc weding. The exposed groups

Table 1. Concentrations of welding fume, heavy metals and feed ingredients (mean = S.E.).

Low dose (mg/m) High dose (mg/m)

Weding fume 3136275 62451270

Fe 1841022 3.991+0.46

Metd Cr 141£016 3.03+0.29

Mn 090011 1.95£0.20

Ni 0.15+0.02 0.341+0.05

Zn 0.03%0.01 0.03+0.02
Gas(ppm) O 001 0.05
NO: 03 04
Nitrousfumes 38 8.2
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for 1 and 15 day were dose-regponse Olive tall moment, but low-
dose exposad group wias higher than high-dose group. We presented
that it aso need DNA damage repair enzyme activity tests with
SCGE for detailed andyssof DNA damage by welding fume.

It was reported thet the akaine (pH>13) SCGE assay is very

effective to detect base oxidation, DNA single strand breskage
(SSB), but the DNA lesion by any genotoxicant is fast repaired
physiologically, so it has no lethal or mutational lesion and
impossible to lead segments in DNA chain. Alkdine SCGE assay
had dkali-labile AP dtes by genotoxicant, and these Sites reflect

Table 2. Olive tail moment values of DNA isolated from lymphocytes of Cynomolgus Monkeys exposed with
welding fume(50 cells per slide), represented by geometric mean.

Cont-buf ~ Low-buf  Hightbuf  Cont-fpg

Low-fpg  Highfpg Cont-endo  Low-endo  High-endo

S;?sg GeoMean  GeoMean  GeoMean  GeoMean  GeoMean  GeoMean  GeoMean  GeoMean GeoMean
E2 385 178 200 280 328 151 259 231 202
E4 408 321 169 122 106 181 162 195 241
E6 130 428 127 259 0.94* 089 385 132 145
E8 0.70 141 229 114 161 215 098 130 218
E10 6.15 6.13 348 510 587 377 563 6.55 359
E12 191 192 120 254 218 n 350 263 161
El4 106 088 102 175 210 197 123 315 149*
E16 153 073 0.75 358 399 4.22% 269 178 164
E18 095 129 0.77 271 0.91* 247 162 198 184
E20 049 056 077 118 175 370* 059 0.78 160
E2 144 085 052 256 362 212 183 144 089
E25 380 289 161 731 232 2.25¢ 6.07 315 4.78*
E27 0.74 067 130 988 461* 1303 105 183 2.35
E29 047 0.76 085 4.86 534 562 121 130 139
E3l 0.78 059 056 571 3% 290 128 103 12
E33 090 152 195 805 504 589 189 359 261*

E34(EA) 126 115 064 6.97 169 217 144 136 123
R2 126 090 104 232 239 528 196 141 164
R5 193 198 150 343 29% 552 318 221 283
R7 140 192 112 34 545 209 261 397 341
R9 174 072 0.70 254 2.76* 107* 368 083 0.84*
R11 163 161 165 872 459* 4.21* 285 187 161*
R13 038 100 340 266 420 243 209 2% 310
R15 148 6.60 150 327 5.24* 4.72¢ 341 547 227
R20 0.78 120 059 412 292 6.36* 212 159* 33r

R22(RA) 129 0.9% 133 364 313 380 171 214 255

*,p<0.05, significant different between control and low dose, One-way ANOVA & Tukey Test

unit : a.u. (arbitrary unit)

En : n weeks after welding fume exposure

EA : autopsy group after welding fume exposure for 34 weeks
Rn : n weeks after recovery

RA : autopsy group after recovery for 22 weeks
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ssgmentsin akai dectrophoresis buffer. DNA ssgmentsin dkdine or some repar adtivities (Callins &. d., 1997). It is applied that the
SCGE assay is dso temporarily present when aodll repared DNA study with cdllular repair activity with DNA ssgments for reved or
damage by base excison, nudeotide excison, o the high leve of amplify the genotoxic effects, and that messuring the repair activity
sgymentsin SCGE assay isrepresant either high DNA damage level with DNA repair enzymes or inhibition of DNA damage by

Table 3. Tail length values of DNA isolated from lymphocytes of Cynomolgus Monkeys exposed with welding
fume(50 cells per slide), represented by geometric mean.

Cont-buf ~ Low-buf  Hightbuf ~ Cont-fpg  Low-fpg  High-fpg Cont-endo  Low-endo  High-endo

FCJ;:I)EZ GeoMean  GeoMean  GeoMean  GeoMean  GeoMean  GeoMean  GeoMean  GeoMean  GeoMean
E2 3965 203 2520 3473 30.65% 19.15* 36.42 3200 284
E4 24.10 3351 1766 17.14 1397 18.18* 2115 1330 758
E6 1858 3112 1551 282 11.88* 1156¢ 3861 14,32 15.01*
E8 1.67 1542 1914 1551 225 2273 1453 1724 2191
E10 4255 4219 2751 39.78 4268 3121 38381 4342 28.80
E12 2261 2101 1401 2534 223 1560 20.38 293 16.36
El4 1411 1183 1315 1990 256 2022 1481 28.71* 15.36*
E16 1824 1341 1269 30.00 34.07* 3B.92* 25.89 1946 17.86
E18 1353 1711 179 24.87 1373 24.94* 1712 1992 1820
E20 11.10 10.38 1232 14.49 17.46* 29,79 10.87 1334 1892
E2 1899 1245 9.98 26.60 33.29¢ 2173 20.87 1761 1319
E25 3290 2604 1819 4849 27.63 2210 4291 2043 36.39
E27 1381 1292 1584 7751 4113 87.69* 15.87 19.84 2640
E29 1048 101 1080 45343 3945 4112 1542 1561 1525
E3l 11.96 1081 1030 3878 36.48 2719 1547 1337 1561
E33 1310 1755 19.69 57.80 4172 41,02 19.63 2837 21.39

E34(EA) 1555 1515 11.80 41 1885 21.49* 16.38 1720 16.15
R2 1574 1349 1363 293 22.8% 359 20.25 1717 1923
R5 19.33 262 1711 27195 24.48 41.34 2107 2154 26,09
R7 16.74 21.08 1651 2980 3171 21.29 2557 215 28.68
R9 1698 1ne2 1160 2113 22.8% 1340 2849 14.25¢ 1318
R11 17.06 14.17 1458 5326 3B.74 30.18* 2641 1811 16.08
R13 9.66 14.70 24.22 2053 3141 2693 2397 230 26.24
R15 1499 46.03 1572 2892 33.95* 34.02* 2559 35.65¢ 19.27
R20 1212 1433 1097 2832 227 4813 1961 16.18* 24.41*

R22(RA) 1527 11.36 1497 2843 2530 2882 17.9%6 1906 20.72

*,p<0.05, significant different between control and low dose, One-way ANOVA & Tukey Test
unit : gm (micrometer)
En : n weeks after welding fume exposure
EA : autopsy group after welding fume exposure for 34 weeks
Rn : n weeks after recovery
RA : autopsy group after recovery for 22 weeks
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antioxidants (Jekinson €. d., 1999), and quantitative measurements
of gpecific oxidative base (Callinset. d., 1993; Covdloet. d., 2003).

The geomean values of measured Olive tal moment with Fpg
enzymewere not changed dose-dependently, but the highest valuein
27 weeks high concentration group. These values of exposure
groups from 16 to 22 week were significantly higher than control
group in these exposure durations, but different resultsin 6, 12, 18,
25, 31, 35 weeks exposuire group.

Tall length with Fpg enzyme was the highest in 27 week low &
high concentration groups, but most of these have no dose or
duration dependency.

Olive tail moment with Endonuclease III enzyme of exposed
groups were higher then control group, except 10, 12, 16, 22, 25, 31
weeks. Tall length vaues of exposure groups with Endonudease 1T
enzyme were higher than control group in 18, 20, 27, 33 weeks
exposure, but not dose response and changesirregularly.

Table 2 and 3 refer that inter-group comparison of al DNA
dameage induding oxidative damage in Fpg senditive Stes such as
dtered purines (8-oxoguanine and formamidopyrimiding) by Fpg
FLARE assay, and Endo III sengtive Sites, oxidized pyrimidine
(thymidine glycol), by Endo II/FLARE assay in controls and
welders

These reflect the oxidetive DNA damage leve in spedific Ste,
such as recovery of DNA adducts (eg. formamidopyrimidine or 8-
oxoguanine, etc.) formation.

In this study, it can deduct thet the Olive tail moment in 27 week
exposure reflected either DNA damage and its repair, but reduced
meen value after 27 week and repair group are caused by reducing
the DNA damage and its repair. These DNA damage with welding
fume and forecasted change moddity of these base excison repair
aedifferent to the results of Maeng &. d. (2003), inra’ slung with
Cr (VI) exposure, asmple metd compound. They reported that 8-
OHAG repair activity by Cr (V1) exposure was Sgnificantly reduced
in early exposure phese and returned to contral group level after 3
weeeks reflected thet the changes of 8-OHdG repair activity aremore
effective to 8-OHAG level changes by Cr (VI) exposure. These
differences indicate that Cr (V1) is a Significantly important in
welding fumes, but the other gaseous or meta ingredients are
participated in DNA damage and repair enzyme activities with
longer exposure duration.

Phoa & Epe (2002) was measured oxidaive DNA damages with
nitric oxide (NO) generated to cultured mammalian fibroblasts
endogeneoudy or exogeneoudy, investigated the effects of DNA
damages by H-O: to repair enzymes, and reported thet NO induced

cellular DNA damages inefficiently and protected the DNA
demages by H.0O:, but flexibly inhibited the repair of oxidative DNA
base modification. It supposed that the activity of NO to DNA
damaged induced by welding fumeis vary little but helps the repair
enzymeinhibition.

Also, according to Abdea et. d. (1998), it could determine 7
DNA base oxidation products with analys's of induced oxidative
DNA damage and repair of DNA base lesion with addition of ferric
nitrilotriacetate (Fe-NTA) toin vitro primary cultured hepatocyte. In
these, the oxidized-purine such as 8-oxo-guaning, xanthine, fapy-
adenine, 2-oxo-adening, and DNA base repair activity have dose-
response with time. Therefore, it reported that the DNA repair
pathway is activated in addition to Fe in hepatocyte, but it is not
sufficient to protect the accumulation of high mutagenic DNA
oxidantshby Fein genomic DNA.

According to Asmuss et. d. (2000), it is known that carcinogenic
metal compound such asNi, Cd, As, Co inhibits base exasion repair
or nucleotide excision repair process in very low (nontoxic)
concentrations. Therefore, it mugt be conddered that the exposure
concentration, oxidative status of these meta compounds in target
dte isimportant to form a DNA oxidative damage or its repair
(Maeng t. d., 2003). It is supposed thet these opposite results are
causad by exposure concentration factors in view of the fact thet
very high concentrations (low dose group 65.6 mg/m’, high dose
group 116.8 mg/m’) exposed to animasin early sudy.

Also, it can be conddered as adaptive response, the adaptive
response is a protective effect in occurred to exposure higher
concentration of it or chemicaswith Smilar action mechanisms after
exposure to low dose radiation or genotoxicant, it was reported
(Yarosh et d., 1984) the formeation of adaptation rdlated protein such
as DNA methyltrandferase in anima and plant cdlls after reported
this phenomenon with E. coli in 1977 (Samson & Carns, 1977).
Ikushima (1989) reported that Chinese hamater V79 cdll adapted
with radioactive thymidine has adaptive effect to high dose X-ray
exposure since then, the cdl adapted with y-ray has resgtance to
mitomycin C and UV and induced Sster chromatid exchange and
reduced micronucleus formation. Pant &t. d. (2003) explained the
inhikition of neoplagtic trandformation related adaptetion to low dose
with two mechanisms, upregulation of antioxidant glutathione and
extremely incresse DNA repair capabilities (super repair).

Therefore, it is consdered that the measured values in welding
fume exposed cynomolgus monkey group lower than control group
are a adaptive response or stochagtic effect (Scott, 2004) being
studied and reported generaly interested in radicactive rays.
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In Fpg/Endo 1T FLARE andlys's, it was investigated the DNA
damage level indirectly to measure the bresks amounts repaired
oxidative DNA damage site with DNA repair enzymes, and it
comes to the condlugion that it is difficult to explain the super repair
related with adaptive response mechanism mentioned Pant . &.
(2003), and could not subdtitute directly to welding fume because of
its complex hazards and difference with radioactive rays It could be
explaned more easly to link the exigting research reults (Asmuss
et. a., 2000; Hartwig, 1998) of DNA damage repair enzyme
reduction with exposure to the metd in low concentration. And then,
it could be assumed that the adaptive response of 8-oxodG in
welding fume exposed cynomolgus monkey is rather caused
upregulation of antioxidant glutathione reduction than increase of
repar enzymewith exposure of low concentration.

Alsp, Potts et. d. (2001) reported that oxidaive DNA damagein
aveolar epithelia cdl adapted with cadmium was inhibited, the
results of increase thiol-containing antioxidants such as
metdlothionein, glutathione adapted in low concentration. But the
reparing ratio of entirly oxidative damage in cdls adgpted with
cadmium was lower than not adapted cells. They were reported that
the cadmium adaptation was sgnificantly injured to the repairing of
Fpg and Endo 11T specific Stes by comet assay with leson specific
enzyme (Fpg/Endo III). And these results fell in with this study
results

From the above findings, FLARE assay wias found out as limited
as a hiologicd tool for DNA damage induced by welding fume
exposurein cynomolgus monkeys.

V. Conclusion

It has been known that dainless ged welding fume is associated
with the increase of lung fibrods, pneumoconiosis and lung cancer.
To darify whether akind of DNA damége from reactive oxygen
gpedesareinvolved initsmechanism of potentid hedlth hazards, we
measured the DNA damage through Fpg/Endo I
FLARE(Fragment Length Analysis with Repair Enzyme) assay
with cynomolgus monkeys

Accordingly, to investigate the DNA damage from reactive
oxygen species (ROS) after welding fume-exposure, six
cynomolgus monkeys were acclimated for amonth and assigned to
3 dose groups: unexposed, low dose (31.36 mg/m'’), and high dose
(62.45 mg/m’) total suspended particulates. The primates were
exposad to manua metd arc-danless sed (MMA-SS) welding
fume for 2 hrs per day in an inhaation chamber system that is

equipped with an autometic fume generdor.

During the exposure, the lymphocytes were extracted from
cynomoalgus monkeysaong thetime schedule.

We used the method (fragment Iength analysis with repair
enzyme, FLARE) in combination with oxidztive base damage-
spedific enzymes, foramidopyrimidine-DNA glycosylase (Fpg) and
thymine glycol-DNA glycosylase (Endo I1I), to esimate oxiddive
DNA damage in the same animds. As for Fpg FLARE assay, we
found the 27 week high concentration group wasthe highest level of
Olivetal moment and tal length. Asfor Endo III/FLARE assay, no
datigticaly sgnificant increase in Ste specific base dameage between
the control and welding fume exposed group. No statistically
significant effect was seen on the level of all DNA damage
determinations, both direct (DNA strand bregkage and dkdi-labile
lesons) and enzyme-combined (base damage) in the contral or in
the exposed group.

From the above findings, FLARE asssy was suggested as being
available as ahiologicd toal for DNA damage induced by welding
fume exposure in cynomolgus monkeys. However, further
invedtigations were necessary because of its lack of correlation to
exposure duration and for darification of itsmechanisms
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