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8-Hydroxydeoxyguanosine (8-OH-dG) levels were examined in liver and kidney DNA after di(2-
ethylhexyl)phthalate (DEHP), di(2-ethylhexyl}adipate (DEHA) and phthalic anhydride administra-
tion to male 6-week-old F-344 rats in the diet at concentrations of 1.2, 2.5 and 1.5%, respectively.
Significant increases in 8-OH-dG levels were observed only in the liver (target organ of DEHP and
DEHA carcinogenesis) DNA after 1 and 2 weeks of treatment with DEHP and DEHA, respectively.
The results suggest the involvement of oxidative DNA damage in hepatocarcinogenesis by peroxisome

proliferators.
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Peroxisome proliferators are considered to be a novel
class of non-mutagenic carcinogens, which induce
hepatomegaly and peroxisome proliferation in the livers
of rodents."” Thus, hepatocellular tumors develop after
long-term oral administration of hypolipidemic drugs
such as clofibrate, nafenopin and ciprofibrate.”’ DEHP
and DEHA are also well known peroxisome prolifera-
tors,” DEHP being the plasticizer most commonly used
for vinyl products. DEHA has also found application as
a plasticizer, particularly in food product containers.
There is some evidence that these 2-ethylhexyl com-
pounds exhibit hepatocarcinogenic potential in rodents,
while PAn, a precursor in the manufacture of phthalate
esters, did not increase the occurrence of tumors.? Since
peroxisome proliferators exert no direct mutagenicity,
and do not interact with DNA or cause DNA damage,™®
it was suggested that the carcinogenicity of these agents
might be mediated by oxidative DNA damage resulting
from an increase of the hydrogen peroxide-generating
peroxisomal fatty acid S-oxidation enzyme system in the
liver.” This hypothesis was supported by the finding of
increased hepatic lipofuscin in rats chronically treated
with peroxisome proliferators and the fact that peroxi-
some proliferator-induced hepatocarcinogenesis can be
inhibited by antioxidants.’® 'V

Recently, formation of 8-OH-dG by hydroxylation at
the C-8 position of deoxyguanosine residues in DNA'™
was reported to be a reliable marker of oxidative DNA

Abbreviations used: DEHP, di(2-ethylhexyl)phihalate; DEHA,
di(2-ethylhexyl)adipate; PAn, phthalic anhydride; 8-OH-dG, 8-
hydroxydeoxyguanosine.
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damage.'” The present study was undertaken to examine
the effects of the plasticizer DEHP and related com-
pounds on 8-OH-dG levels in liver and kidney DNA in
an attempt to relate peroxisome proliferation to carcino-
genic activity.

A total of 40 male F-344 rats (6-week-old, specific
pathogen-free, Charles River Inc., Kanagawa) were di-
vided into 4 groups, each consisting of 10 animals.
DEHP, DEHA and PAn, purchased from Wako Pure
Chemical Ind. Ltd., Osaka, were each mixed in powder
diet CRF1 (Charles River Inc.) at concentrations of 1.2,
2.5 and 1.5% and the diets thus prepared were fed to
the animals ad Iibitum. Control rats were similarly fed
powder diet (CRF1) not containing the compounds. The
body weights and food consumption were recorded twice
a week. Five rats of each group were killed at week 1 and
the remaining 5 rats were killed at week 2 by exsanguina-
tion under ether anesthesia. The livers and kidneys from
all animals were quickly removed and weighed. The liver
and kidney DNAs were isolated immediately by the
method of Kasai et al.'” and stored in a dried state under
argon at —80°C until required for 8-OH-dG analysis.
DNA was digested to deoxynucleosides by treatment
with nuclease P1 (Yamasa Shoyu Co. Ltd., Tokyo) and
alkaline phosphatase (Sigma Chemical Co., USA) and
the resulting deoxynucleoside mixture was injected into a
high-performance liquid chromatography system coupled
with an electrochemical detector: apparatus, Kontron
HPLC Pump 420; column, Beckman Ultrasphere ODS
(0.46 X25 c¢m); UV detector, Shimadzu SPD-6A (290
nm); EC detector, ESA Coulochem 5100A (0.35 V);
eluent, 8% aqueous methanol containing 10 mM
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Table I. Effects of DEHP, DEHA or PAn Administration on 8-OH-dG Levels and Organ Weights in Liver
and Kidney of Male F-344 Rats
o Experimental Control DEHP DEHA Pan
rgan weeks (Dose) (0%) (1.29%) (2.5%) (1.5%)
8-Hydroxydeoxyguanosine/10° deoxyguanosine
Liver 1 1.42£0.15 2.04£0219 2.210.467 1.39+0.13
2 1.49+0.08 2.44 10,607 2.1310.22% 1.491+0.15
Kidney 1 1.18£0.24 1.101£0.24 1.17+0.31 0.99+0.34
2 1.25%£0.19 1.440.19 2.0710.75 1.23£0.23
Relative organ weights {g/100 g body weight)
Liver 1 4.331.0.36 6.58 £0.40% 5.91+0.32% 4.10+0.15
2 3.79+0.11 6.60+0.239 5.93+0.31% 3.93+0.19
Kidney 1 0.791+0.06 0.781£0.03 0.82+0.02 0.7210.03
2 0.70£ 0,03 0.80£0.03? 0.86£0.01% 0.70+0.04

Values represent the mean = SD for data from 5 rats. Significantly different from the respective control value:

a) P<0.05, 5)P<0.01,

NaH,PO,."’ The data were statistically analyzed by
applying the Cochran ¢ test.

The results are shown in Table I. Significantly reduced
body weight gain as well as food consumption were
observed in the DEHA group (data not shown). The
absolute and relative liver weights at weeks | and 2 in the
DEHP and DEHA groups were significantly higher than
in the controls. The absolute and relative kidney weights
in the DEHA group and relative kidney weights in the
DEHP group at week 2 were also significantly higher
than in the controls, Significant increases of 8-OH-dG
levels (8-OH-dG/10° deoxyguanosine) in liver DNA
were found at weeks 1 and 2 compared to the controls
in both the DEHP and DEHA groups. In the DEHA
group, at week 2, the 8-OH-dG level in kidney DNA was
increased, but the change was not statistically significant.
In contrast, no increase in 8-OH-dG level in either liver
or kidney DNA was observed for the PAn group.

Since 8-OH-dG is an adduct that results from the
damage to DNA caused by active oxygen radicals (most
probably by hydroxyl radicals), it is a useful indicator of
oxidant-induced DNA damage. It has been found that 8-
OH-dG in DNA results in misreading during in vitro
DNA synthesis™ and a close relation between the forma-
tion of 8-OH-dG in DNA and organ specificity of car-
cinogenesis by potassium bromate (kidney) and some
hypolipidemic peroxisome proliferators (liver), such as
ciprofibrate, aluminum clofibrate and simfibrate, was
reported.'” ™ '® After daily intragastric administration of
DEHP (7.5 g/kg body weight/day) for 8 days, a sig-
nificant increase in liver DNA 8-OH-dG was earlier
observed in rats.'"® In this study, after administration of
DEHP, DEHA and PAn to rats for 1 or 2 weeks,
significant increases of 8OH-dG level in liver DNA
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together with hepatomegaly were observed in the DEHP
and DEHA groups, but not in the PAn (non carcinogen)
group. These results thus suggest that the formation of
8-OH-dG in liver DNA is closely related to the hepato-
carcinogenic activity of 2-ethylhexyl compounds. These
effects are presumably directly linked to the hepato-
megaly via increased peroxisome formation.

It was carlier reported that whereas chronic exposure
of rats to ciprofibrate results in increased 8-OH-dG levels
in liver DNA,, administration of a single dose of the same
compound has no such effect.' However, in the present
study, we could detect an increase of liver DNA 8-OH-
dG within one week, suggesting relatively rapid action
of 2-ethylhexyl esters. Although it was not statistically
significant, the increasing tendency of 3-OH-dG levels
in the kidney DNA after 2 weeks of DEHA adminis-
tration seems interesting, This might be related to the
promoting effect of the phthalic ester as found in our
two-stage rat renal carcinogenesis study,'”

Recently, it was reported that the increase of 8-OH-dG
in mitochondrial DNA caused by reactive oxygen species
is more severe than that in nuclear DNA.'® It therefore
appears of importance that 8-OH-dG levels in both nu-
clear and mitochondrial DNA be examined after peroxi-
some proliferator treatment. In conclusion, we found
that 8-OH-dG levels were significantly increased in the
liver, a target organ for DEHP and DEHA carcino-
genesis in a very short time compared to that required for
carcinogenicity testing, and so the present results indicate
8-OH-dG levels to offer a very effective endpoint for
prediction of carcinogenicity based on the underlying
mechanisms of non-mutagenic agent action.
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