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ABSTRACT

The question of whether 8-hydroxyguanine (8-OHG) formation is in
volved In initiation by low dose levels ofN-nltrosodiethylamine (DEN) was
addressed using a rat liver modeL Male Fischer 344 rats, 6 weeks of age,
were administered single i.p. doses of DEN between 0.001 and 100 mgfkg
body weight. The 8-OHG levels in liver DNA were measured within 72 h
thereafter in randomly selected ruts. The remaining rats were given either
no further treatment, partial hepatectomy (PH) at hour 4, or PH with i.p.
administration of 500 mg/kg body weight of coichicine on days 1 and 3 A

selection procedure was performed between weeks 2 and 4, and the
initiating activity of DEN was assessed in terms of development of â€˜y-glu
tamyltransferase-positive foci at week 5. The 8-OHG levels in the liver
DNA were significantly elevated between hours 6 and 72 in a manner
dependent on the DEN dose. Dose-dependent induction of foci was simi
larly noted with doses of 1â€”100and 0.001â€”100mg/kg body weight in the
non-PH and the PH rats, respectively. The sizes of the foci were also
significantly increased in a manner dependent on the DEN doses of 1â€”100

and 0.001-100 mg/kg body weight in the non-colcMcine-treated and the
colchicine-treated rats, respectively. Statistically, linear trends of 8-OHG
formation due to DEN were different at 0.001â€”0.1and 1â€”100mg/kg body
weight, but the total adducts formed within 72 h of the administration
proved to be closely related to the development of foci at the termination.
These results indicate that 8-OHG formation in the liver DNA may be
involved in DEN initiation ofhepatocarcinogenesis even at low dose levels,

and that single Lp.doses of 0.001â€”0.1and 1â€”100mg/kg body weight might
exert different effects.

INTRODUCTION

8-OHG3 is thought to reflect oxidative damage to DNA and is the
most abundant (1â€”4)among more than 20 different types of modifi
cation formed under conditions of oxidative stress (2). This promuta
genic DNA damage (3, 4) causes specific types of mutation (5â€”8)and
are thus likely to be involved in carcinogenesis (1, 3, 4, 9). In fact,
8-OHG formation has been demonstrated in target organ DNA in a
wide variety of in vivo experimental carcinogenesis models using
either genotoxic or so-called non-genotoxic carcinogens (4, 10â€”17),
although it has not yet been fully elucidated whether the 8-OHG
formation truly coincides with the organotropism of such carcinogens.

Furthermore, the possibility of assaying 8-OHG formation as one
biomarker of carcinogenic risk to humans has also been suggested
(17â€”22).It is, therefore, quite conceivable that detection of increased
levels of 8-OHG in the DNA of particular organs after administra
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tion of environmental compounds may be a good indicator of risk
potential.

The currently applied approaches to assessment of carcinogenic
potential in rodent bioassays have recenfly attracted criticism (23â€”26)

mainly because, among other reasons, the assays are conducted using
chemicals at close to the maximum tolerated doses, which might not
be relevant to the human situation, where exposure is generally at
much lower levels (27). Even if other possible problems, such as
species differences in metabolism of xenobiotics, could be ignored,
simple extrapolation to forecast behavior at low dose levels in humans
is impossible. Furthermore, with the normal large-scale rodent bioas
says consuming many animals, the time period and extensive labor
required have also been criticized from practical and economical
points of view or with regard to animal welfare. Great efforts have
thus been made to establish alternative bioassay methods with the
emphasis on sensitivity, low animal numbers, and applicability for
low dose levels of potential carcinogens. Detection of an increment in
8-OHG levels has been proposed as one alternative approach.

In the context of the above, our present aim was to establish
whether the 8-OHG level can be used as a new parameter for the
assessment of the carcinogenic risk of environmental chemicals, es
pecially at the low dose levels relevant to human exposure. DEN was
chosen as a model because this well-investigated, classic carcinogen
is present in our environment (28) and because a preliminary study
demonstrated its ability to form 8-OHG in the DNA of rat liver, a
target organ (29). In addition, oxidative stress has recently been
suggested to participate in both the metabolism (activation and de
toxification) and the carcinogenic actions of nitrosamines, including
DEN (30, 31). The administration of DEN was reported to generate
lipid peroxidation products in general (32) and enhance chemilumi
nescence, reflecting the formation of the activated oxygen species in
the preneoplastic nodules (33) in rat liver. To the best of our knowl
edge, there have been no reports in the literature of 8-OHG formation
in target organ(s) DNA by other nitroso compounds, with the two
exceptions of N-nitrosomorpholine (but with near-UV light) in phage
M13mp2 mutagenesis in vitro (34) and 4-(methylnitrosamine)-1-(3-
pyridyl)-l-butanone in mouse and rat lung carcinogenesis in vivo (10).

MATERIALS AND METHODS

Animals. A totalof 285maleFischer344ratswereobtainedat 5 weeksof
age from Japan SLC, Inc. (Hamamatsu, Shizuoka, Japan). They were housed
five rats to a plastic cage with white flake bedding (Kansai Animal Corp., City
of Kyoto, Kyoto, Japan) in an air-conditioned (10â€”15ventilations/h) atmo
sphere, with a constant temperawre (25 Â±3Â°C)and relative humidity
(55 Â±8%),anda 12-hdark/lightcycle.After anacclimationperiodof 1week,
the rats were divided into one group consisting of 40 rats (group I) and seven
groups each consisting of 35 rats (groups 2â€”8)for the experimentation. The
animals were allowed access to food (CE-2 diet; Crea Japan, Inc., Meguro,
Tokyo, Japan, unless otherwise specified) and tap water ad libitum throughout
the acclimation and experimental periods.

Chemicals. For the animal treatments, DEN (Wako Pure Chemical Indus
tries, Ltd., City of Kyoto, Kyoto, Japan) was diluted with 0.9% sodium
chloridesolutionto concentrationsof 0, 0.001,0.01, 0.1, 1, 10,20, and 100
mg/mI to give a uniform injection volume of I mllkg body weight. Colchicine
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(Sigma Chemical Co., St. Louis, MO) was similarly dissolved in 0.9% sodium
chloride solution at the concentration of 500 mg/nil to give an injection volume
of 1 mi/kg body weight. 2-Acetylaminofluorene (Nacalai Tesque, Inc., City of
Kyoto, Kyoto,Japan)was admixedinto OrientalMF diet (OrientalYeast Co.,
Itabashi, Tokyo, Japan) at the concentration of 0.02%. Carbon tetrachloride
(Wako) was mixed with corn oil to give a concentration of 0.5 mi/mi. The

injection volume was 2 mI/kg body weight.
For the measurement of 8-OHG levels, a Sepagene kit (Sanko Junyaku Co.,

Ltd., Chiyoda, Tokyo, Japan) and RNase A (EC 3.1.27.5; Sigma) were first
used to extract DNA. Isopropyl alcohol and ethyl alcohol of HPLC grade were
obtained from Wako for the same purpose. Nuclease P1 (EC 3.1.30.1; Yamasa
Shoyu Co., Ltd., Choh-shi, Chiba, Japan) and alkaline phosphatase (BC

3.1.3.1; Sigma) were then used to digest the DNA, and 8-OHdG (Wako), dG
(Sigma), and methyl alcohol of HPLC grade (Wako) were applied for the
actual detection. All other reagents were of analytical grade and from either
Wako or Nacalai. Water used throughout the experiments for any purpose was

double-distilled by Fi Stream (Barnstead, Division of Sybron, Boston, MA),
purified by Nanopure H (Barnstead), and underwent ultrafiltration to eliminate
pyrogensthrougha HollowFiberCartridge(Barnstead).The waterused for
preparation of the deoxynucleoside samples from the tissues was further
deoxygenatedby argon-spargeand autoclavedat 120Â°Cfor 30 mm. HPLC
mobile phase was filtered through a Sterivex-GV 0.22 @mfilter unit (Millipore
Products Division, Millipore Corp., Bedford, MA).

Animal Treatments. The experimental protocol is presented in Fig. 1. At
the beginning of the experiment (time 0), five rats from group 1 received a
single i.p. administration of the vehicle and were immediately sacrificed as

controls. The rats in groups 1 (the remaining 35), 2, 3, 4, 5, 6, 7, and 8 received
single i.p. injections of DEN at time 0 at the doses ofO, 0.001, 0.01, 0.1, 1, 10,
20, and 100mg/kgbody weight,respectively.Eachgroupwas then immedi
ately divided into four subgroups consisting of 20, 5, 5, and 5 animals. From
the first subgroup (20 rats) of every group, 5 rats each were weighed and
sacrificed by bloodletting from the abdominal aorta under light ether anesthe

sia at hours 6, 24, 48, and 72, when the livers, pancreata, hearts, kidneys, and
lungs were taken, weighed, immediately frozen under liquid nitrogen, and
stored at â€”80Â°Cuntil use for the measurement of the 8-OHG levels. The
controls were similarly investigated. The five rats in the second subgroup were
subjected to the selection procedure of Cayama et a!. (35) in which
2-acetylaminofluorene and carbon tetrachloride were administered at a dietary
concentration of 0.02% from weeks 2 to 4 and as a single dose of 1 mi/kg body

weight by gavage at week 3, respectively. The five rats in the third subgroup
underwent two-thirds PH according to Higgins and Anderson (36) at hour 4
and were then treated similarly to the second subgroup. The five rats in the
fourth subgroup similarly underwent PH at hour 4, followed by a procedure to
disturb the cell cycle involving two i.p. administrations of 500 mg/kg body
weight of colchicine, a blocker of the cell cycle at the M-phase (37), on days
1 and 3, as described previously (38, 39), and then treated as for the second

Fig. 1. Experimental protocol. DEN was in
jected at the i.p. doses of 0, 0.001, 0.01, 0.1, 1, 10,
20, and 100 mg/kg body weight to the rats in
groups 1-8, respectively. Carbon tetrachioride was
administered at the dose of 1 mi/kg body weight by
gavage.Colchicinewas administeredat the i.p.
doseof500 mg/kgbodyweight X,a sacrificetime
point

subgroup. Rats in the latter three subgroups were all weighed and sacrificed by
bloodletting from the abdominal aorta under light ether anesthesia at week 5,
when the livers, pancreata,hearts, kidneys, and lungs were excised and
weighed.Fromthe liversof all groups,5-mm-thicksliceswere immediately
takenfrom the threemajorlobes, fixed in ice-cold acetone, andembeddedin
paraffin. Two serial 40-sm-thick sections were prepared from each fixed liver
slice for histological examination after routine H&E staining and for the
histochemical demonstration of putative preneoplastic lesions. The other or
gans were fixed in 10% neutral-buffered formalin and routinely embedded in
paraffin for histological examination. Body weights, food consumption, and

water intake were monitored weekly throughout the experimental period.
Measurement of the 8-OHG Levels in DNA. The levels of 8-OHG in

genomic/nuclear DNA of viable cells in the livers and the other excised organs
were individually measured as described elsewhere (40). Briefly, portions of
the organsweighing 50â€”100mg were pulverizedunderliquidnitrogen.DNA
was extracted using a Sepagene kit (40) and digested completely to nucleosides
by combined treatment with nuclease P1 and alkaline phosphatase (6). The
levels of 8-OHG in the resultant samples were then quantitated using a HPLC
technique with electrochemical detection by an adaptation of the method of
Kasai et al. (12) as described previously (14, 41). Peaks gained with electro
chemical (for 8-OHdG) and UV (for dO) detectors were integrated under a
background noise correction loaded on an integrator. The levels of 8-OHG
were determined as numbers of 8-OHdGs per l0@dOs, by calibration against
curves from runs of standard samples, containing known amounts of authentic
8-OHdGanddG. Duringthe assays, light andaircontaminationwere avoided
as strictly as possible.

Quantitative Analysis of the Development of the Putative Preneoplastic
Liver Lesions. The developmentof enzyme-altered,putativepreneoplastic,
focal lesions in the livers were quantitatively analyzed using their GGT (BC
2.3.2.2)-positive phenotype. The GOT activity was histochemically demon

strated by the method of Rutenberg et al. (42), and numbers and sizes of
GOT-positive foci were determined using an image analyzing system as
described elsewhere (43) featuring the three-dimension correction procedure of
Campbellet al. (44). The minimumvolume for countingof a focus was set at
0.1 mm@.

Statistics. All statistical analyses were performed using a personal corn
puter, Power Macintosh 7l00/8OAV (Apple Computer, Inc., Cupertino, CA),
with Mac OS System Jlâ€”7.5.l (Kanji-Ta]k 7.5.1; Apple) as the operating
system and InStat for Macintosh 2.03E (GraphPad Software, Inc., San Diego,
CA) as the statisticalsoftware.To assess the statisticalsignificance of inter
group differences, the Student-Newman-Keuls multiple comparisons test was

performed after one-way ANOVA to determine the variations among the group
means, followed by Barlett's test to determine the homogeneity of variance. To
represent the change of 8-OHG levels within 72 h after the administration of

DEN at the specified dose as a single factor,an AUC value was obtained.To
assess relationships between two specified factors, Pearson's correlation co
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Table 1 Thelevelsof 8-OHGin the liver DNA within 72 h after DEN administration and their AUCvaluesGroupDEN

dose (mglkg
body weight)8-OHO

levelsin liverDNA(8-OHdO/10@dG)AUC

valuesâ€•Time0Hour 6 Hour24 Hour48Hour72100.33

Â±0.06â€•0.36 Â±0.16 035 Â±0.14 0.31Â±0.040.34 Â±0.0624.18 Â±6.7220.001l.14Â±0.12'@
l.36Â±0.07'@ 0.99Â±0WO.76Â±0.03c76.11 Â±5.8530.011.62

Â±0.07'@ 2.30 Â±0.29'@ 1.32 Â±O.22c0.84 Â±0.06c1 10.49 Â±13.1140.11.95
Â±0.07c 3.08 Â±0.l2'@ 2.25 Â±0.llc1.20 Â±0.03c163.47 Â±6.54514.45
Â±l.2O'@ 10.82Â±0.12'@ 390 Â±0.22'@2.29 Â±O.26c402.69 Â±25.50610ll.25Â±0.98c

29.04Â±7.7lc8.50Â±1.26c5.36Â±0.56c1014.15Â±211.6272027.51Â±3.07'@
M.40Â±l.82'@ l5.98Â±1.55cll.51Â±1.06c1995.15Â±125.168100104.48

Â±22.08c 201.19 Â±26.39c 38.33 Â±2.lcf22.01 Â±1.74c6663.78 Â±905.01

8-HYDROXYGUANINEIN N-NITRO5ODIETHYLAMINEINITIATION

a@ AUC value for each group was obtained from its time course curve ofthe 8-OHG levels in the liver DNA within 72 h after DEN administration (data not shown). Each AUC

value was significantly different from any of the other AUC values (P < 0.01).
b@ values are means Â±SD.
C Significantly different from the group 1 value at Time 0 (P < 0.01).

efficients and regression functions were obtained by linear regression analyses.
Significant differences from zero of the slope of each regression function were
assessed using the ANOVA table. Lack of significant departure from linearity
for each regressionfunction was confirmeddoubly by Runs test and a test
using the ANOVA table.

RESULTS

GeneralandPathologicalFindings.Allanimalssurvivedingood
condition until their scheduled sacrifices. There were no intergroup
differences in body weights, weights of the excised organs, food
consumption, or water intake. No apparent macro- or microscopic
changes were found in any of the excised organs at week 5 with the
exception of the development of altered hepatocyte focal lesions
positive for OGT activity.

Changes In the Levels of 8-OHG in the Liver DNA within 72 h
after the DEN Administration. The 8-OHG levels in the liver
DNA of rats within 72 h after the administration of the varied doses
of DEN are summarizedin Table 1.As comparedto the stable, low
values obtained for group 1 animals not receiving DEN, levels
were significantly elevated at hour 6, increased further at hour 24,
and gradually decreased thereafter but still significantly high, even
at hour 72 in groups 2 to 8. Linear regression analysis was
performed using the AUC values (Table 1) obtained from the
respective time course curves (data not shown). After trying a
variety of data assortments and attributes, it was found that the
changes of the 8-OHG levels in the liver DNA were in fact
dependent on the DEN doses but that the relationship differed

between low and high dose cases. In Fig. 2, the regression func
tions are graphed; the absolute AUC values representing the
changes of the 8-OHG levels in the liver DNA within 72 h after the
DEN administration were proportional to the logarithms of the
DEN doses between 0.001 and 0.1 mg/kg body weight (broken
line) and to the absolute DEN doses between 0.1 and 100 mg/kg
body weight (solid line).

Developmentof the GGT-positive,Putative Preneoplastic Foci
in the Livers. The numbers of the (KIT-positive foci in the livers of
the non-PH rats significantly increased in groups 5 to 8 (Table 2).
Linear regression analyses revealed that the logarithms of the foci
numbers were proportional to those of the DEN doses between 0. 1 and
100 mg/kg body weight in this case; the regression function is graphed
in the left panel of Fig. 3 (â€”- â€”). In contrast, the numbers of the
GOT-positive foci in the livers of the PH rats (either colchicine
treated or not) were significantly increased in groups 2 to 8 (Table 2).

The logarithms of the foci numbers were again proportional to those
of the DEN doses, but in this case, between 0.001 and 100 mg/kg body
weight (Fig. 3, left panel, or ---).

The sizes of the GGT-positive foci in the livers of the non-col
chicine-treated rats (either PH or not) were significantly increased in
groups 5 to 8 (Table 2). The logarithms of the foci sizes were
proportional to those of the DEN doses between 0.1 and 100 mg/kg
body weight in this case (Fig. 3, right panel, --- or â€”- â€”). In
contrast, the sizes of the (KIT-positive foci in the livers of the
colchicine-treated rats were significantly increased in groups 2 to 8
(Table 2). The logarithms of the foci sizes were again proportional to

AUCvalue
(log scale)

10000-

1000-

Fsg. 2. Regression curves for the relationship
between the DEN dose and the AUC values repre- 100-
seating the changes ofthe 8-OHGlevels in the liver
DNAwithin72 h afterDENadministration.

10â€”

DEN(0.001to 0.1 mg/kgbodyweight)
Y=51.21(IogX)+214.1O(r=O.@455)

-----@----------------------

I I

0.1 1 10 20

Dose of DEN (mg/kg body welght)(log scale)

1000.001 0.01
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Table 2 The nwnbers and sizes of theGGT-positive foci in the livers at week5GroupDendose

(mg/kg body weight)No.

of foci (1cm3)Sizes of the foci (mean volume;mm3)PH(â€”)

colchicine (â€”)PH(+) colchicine (â€”)PH(+) colchicine (+)PH(â€”) colchicine (â€”)PH(+)colchicine (â€”)PH(+) colchicine(+)1

2
3
4
5
6
7
80

0.001
0.01
0.1
1

10
20

1002.04

Â±o.26a
2.03 Â±0.41
2.04 Â±0.22
2.06 Â±0.52
9.31 Â±134b

19.85 Â±5.10â€•
77.27 Â±1222b

182.47 Â±4462b4@

Â±0.46
7.79 Â±0.83â€•

11.46 Â±1.71â€•
17.76 Â±2.96â€•
34.71 Â±5Mb

105.35 Â±29.13â€•
202.24 Â±3557b
301.82 Â±46.40â€•3.66

Â±0.87
8.02 Â±0.16â€•

11.92 Â±0.71â€•
18.01 Â±0.28â€•
34.42 Â±2.32â€•

107.63 Â±9.20â€•
202.70 Â±I 159b
301.21 Â±25.03â€•0.1

10 Â±0.005
0.113 Â±0.004
0.012 Â±0.007
0.132 Â±0.008
0.386 Â±0016b
0.588 Â±0.024â€•
0.784 Â±0032b
1.215 Â±0.163â€•0.120

Â±0.003
0.125 Â±0.009
0.135 Â±0.006
0.140 Â±0.009

@@ 0@2b

0.757 Â±0077b
o.@isÂ±0@b
1.928 Â±0.135â€•0.188

Â±0.026
0.739 Â±0.012â€•
0.938 Â±0.008â€•
1.271 Â±0.007â€•
1.506 Â±0008b
3.129 Â±O.343@'

@@ 0675b

10.449Â±0.554â€•

8-HYDROXYGUANINEIN N-NITROSODIETHYLAMINEINITIATION

a The values are means Â± SD.

b Significantly different from the group I value (P < 0.01).

those of the DEN doses, but in this case, between OOOl and 100
mg/kg body weight (Fig. 3, right panel, â€”).

Relationship between the Changes of the 8-OHG Levels in the
Liver DNA Within 72 h after the DEN Administration and the
Quantitative Data for GGT-positive Foci in the Livers at Week 5.
Because the above findings strongly suggested a possible relationship
between the changes of the 8-OHG levels in the liver DNA within

72 h after the DEN administration and the OCIT-positive foci present
at week 5, linear regression analyses were performed for these two
factors. The resultant regression functions are graphed in Fig. 4. As
shown in the left panel, the absolute AUC values representing the
changes of the 8-OHG levels in the liver DNA within 72 h were
proportional to the absolute numbers of the foci in the livers at week
5 when DEN was administered at doses between 0.1 and 100 mg/kg
body weight in the non-PH rats (â€”- â€”) and between 0 and 100
mg/kg body weight in the PH rats (either colchicine-treated or not;
â€” or ---). As shown in the right panel, the absolute AUC values

were proportional to the absolute sizes of the foci when DEN was
administered at doses between 0.1 and 100 mg/kg body weight in the
non-colchicine-treated rats (either PH or not; --- or â€”- â€”) and
between 0 and 100 mg/kg body weight in the colchicine-treated rats

(â€”).

Changes in the 8.OHG Levels in DNA of the Different Organs
within 72 h after the Administration of DEN at the Dose of 100
mg/kg Body Weight. The 8-OHG levels found in DNA of the livers,
pancreata, hearts, kidneys, and lungs within 72 h after the adminis

tration of DEN at the dose of 100 mg/kg body weight (group 8) were
summarized in Table 3. The background levels of 8-OHG in the DNA
of these organs (represented by the time 0 values) were quite similar
at around 0.26 to 0.33 8-OHdGs per iO@dGs. In the pancreas DNA,
the 8-OHG levels were significantly elevated at hour 6, remained high
within 24 h, gradually decreased thereafter, and returned to the back
ground level at hour 72. A similar trend was observed for heart DNA
with a return to the background level by hour 48. In the kidney and
lung DNA, 8-OHG levels were significantly increased only at hour 6.
The AUC value representing the changes of the 8-OHG levels in the
liver DNA within 72 h after the DEN administration was significantly
and much higher than those for the other organ cases (Table 3).

DISCUSSION

The present results clearly indicate that 8-OHG formation in the
liver DNA of rats receiving DEN may be involved in the initiating
activity and thus directly correlate with the development of GCIT
positive foci, according to well-established agreement (reviewed in
Ref. 45), because the biphasic dependency ofthe 8-OHG formation on
the dose of DEN closely correlated with a similarly biphasic response
in terms of the foci development. 8-OHG was formed in the liver
DNA within 6 h and maintained high at least for 72 h after the DEN
administration. Scherer et a!. (46) reported that DEN given at single

gavage doses between 0.5 and 10 mg/kg body weight is completely
metabolized within 3 h in female Sprague-Dawley rats, whereas 24 h

Number/cni@ mm3Numbers of foci(log scale) (log scale)

1000 100'
PH(+),coichicliw (+)
logY=0.33(logX)+1.74(r=0.9754)

PH@+)colchtelne (

/ 1@

33 (logX)+133 (râ€”09756)

100'

10'

I
I@ colchiclns(-)

I logY=O.64(logX)+0.92(raO.9799)I @@â€”@_________

1' â€˜â€˜â€˜â€˜â€˜â€˜. 0.1

0.001 0.01 0.1 1 1020100

Sizes of foci (mean volume)

10 . PH(+),colchlclns (+)
logY=O.21(IogX)+0.39(r=O.9424)

Fig. 3. Regression curves for the relationship
between the DEN dose and the numbers or sizes of
the GGT-positive foci in the livers at week 5.

/ /
//

,, /

PH (+),coichicine (.) /â€ /̃
k@g@0.35(IogX).O.44â€˜/
(r=O.9820) // PH(-),coichicine(.)
â€” â€”..-,,./ \ IogY=O.31 (IogX).O.51 (r=O.9866)

0.001 0.01 0.1 1 10 20 100

Dose of DEN(mg/kgbody weight)(logscale)
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Table3The levels of 8-OHG inDNA of the different organs within 72 h after DEN administration at the dose of100 mg/kg body weightand their AUCvalues8-OHG

levels in DNA (8-OHdG/l0@dG)AUC

valuesâ€•OrganTime 0Hour 6 Hour 24 Hour 48Hour72Liver033

Â±000b104.48 Â±22.08c 201.19 Â±26.39â€• 38.33 Â±2.70'@22.01 Â±1.74c6663.78Â±Pancreas0.28
Â±0.067.03 Â±0.l5c 8.22 Â±O.49@? 2.09 Â±0.24c0.22 Â±0.02310.62 Â±18.27Heart0.26
Â±0.071.44 Â±0.l8c 2.08 Â±O.39c 0.28 Â±0.050.27 Â±0.0448.82 Â±12.24Kidneys0.29
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are required for 134 mg/kg body weight of DEN administered simi
larly. The kinetics of the 8-OHG formation in DNA of the rat organs
demonstrated presently are thus in line with expectations. The forma
tion ofthe alkyl DNA adducts has been considered to play major roles
in the mechanisms of DEN carcinogenesis (47). Currently, the DNA
adduct believed to be most important and relevant to DEN carcino
genic activity is Oâ€•-ethylthymidine(48, 49). Scherer et al. demon
strated that a single administration of DEN at the dose of 10 mg/kg
body weight produced O'@-ethylthymithne in the hepatocyte DNA
within 3 h, its level being maintained for at least 4 days in female
Sprague-Dawley rats with a calculated half-life of about 19 days (48).
Although their experimental conditions were different from those
used here in several points, such as the strain and gender of the rats
and the route of the administration, it is thus conceivable that 8-OHG
and Oâ€•-ethylthymidinemay be formed and maintained in hepatocyte
DNA for similar periods after the DEN administration. Furthermore,
Williams et a! recently demonstrated that the other types of DNA
ethylation products, 7-ethylguanine and Oâ€•-ethylguanine, were found
within 2 h after a single i.p. administration of DEN at the dose of 200

@mol(about 20 mg)/kg body weight in male Fischer 344 rats (50).
The relative contributions of these two DNA modifications, oxidation
and alkylation, both due to DEN, and whether they act independently
or in harmony to accomplish initiation are questions that require
future investigation.

The biphasic dependencies on the DEN dose of both the 8-OHG
formation and the development of the GCIT-positive foci lead a
speculation that low dose levels of DEN (0.001â€”0.1 mg/kg body

weight) exert some effects, including 8-OHG formation, which may
not be sufficient for initiation by themselves, in contrast to the case
with high dose levels (1â€”100mg/kg body weight), which may cause

critical gene alterations necessary and sufficient for the completion of
initiation. In the former case, additional stimulation(s), such as PH
and/or the colchicine treatment, is necessary to help complete the
initiation. A similar concept was proposed by Williams et al. (50).

With regard to the carcinogenicity of DEN at low dose levels, Ford
and Pereira (51) described induction of the preneoplastic liver foci in
a two-stage rat bioassay (PH at week 2) to be in proportion to doses
between 0.3 and 200 mg/kg body weight (51). The present detection
of the high 8-OHG levels in the liver DNA of rats given no additional
treatments was, therefore, 300-fold more sensitive for assessing po
tential initiating ability of DEN than using development of preneo

plastic focal lesions as the end point. If similar data accumulate for

various other carcinogenic and noncarcinogenic agents, measurement

of 8-OHG levels in DNA may become a very useful approach for
detection of potential chemical carcinogens in the environment. It
should be emphasized from the present study, however, that the
finding ofhigh 8-OHG peaks in DNA may be of less significance than
persistently elevated levels.

The 8-OHG formation in the liver, the target organ for carcinoge
nicity, was markedly higher than in the other organs, with longer
persistence. We demonstrated previously high 8-OHG levels in the
liver DNA to still be evident even 8 weeks after the DEN admims
tration in rats given PH at week 3 (29). The fact of relatively rapid
decrease in 8-OHG levels following peaks at hours 6 to 24 provides

clear evidence that 8-OHG-specific repair mechanisms, as reviewed
recently by Modrich (52), are actually at work in these organs. The
longer maintenance of high levels only in the liver DNA indicates that
the repair system may be exhausted and/or disturbed in the liver by the
administration of DEN, which might be somehow connected with the
organotropism of this carcinogen. Although the numerous reports of

a The AUC value for each organ WasObtainedfrOns its time course curve of the 8-OHG levels in DNA within 72 h after DEN administration (data not shown).

b The values are means Â±SD.
C Significantly different from the respective time 0 values (P < 0.01).

d Significantly different from the values for the other organ cases (P < 0.01).
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8-OHG in target organ DNA using a variety of â€œoxidativeâ€•carcino
gens (4, 10â€”17)may support this idea, the relevance of 8-OHG
formation to organotropism of carcinogens still needs detailed
confirmation.

Because the present results demonstrate very high 8-OHG values,
especially after the administration of DEN at the high dose levels,
their specificity and accuracy should be clarified. Although the pros
ently used HPLC technique has been well established, there remains
a possibility that some electrochemically sensitive materials, such as
a DEN-DNA nucleoside adduct, might be present in the nucleoside
samples and accidentally eluted at a closely similar retention time as
does the authentic 8-OHdG, which could give an artifactually high
â€œ8-OHGâ€•value. In the preliminary experiments, we co-injected a
known amount of 8-OHdG with the samples to the HPLC system

under the presently used conditions, which resulted in a reasonable
increase of the 8-OHdG peak. Furthermore, similar findings were
obtained, even when the HPLC mobile phase was modified by chang
ing pH or methyl alcohol content and when a completely different
HPLC mobile phase was used. Although more precise analyses, such
as mass spectrometry, might still be required to settle this issue
completely, these facts can support the specificity and accuracy of the
presently demonstrated 8-OHG values.

In summary, even at very low dose levels, DEN possesses initiating
ability and causes large amounts of 8-OHG to be formed in the liver
of rats. The high 8-OHG levels attained and their persistence for at
least 72 h may be critically involved in the mechanisms of initiation
by DEN with discontinuity in dose-dependent effects observed below
0.1 mg/kg body weight and above 1 mg/kg body weight. The detec
tion of persistent elevation of 8-OHG levels in DNA may offer a
sensitive and useful approach for assessment of carcinogenic risks of
environmental chemicals.
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