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ing the newborn period is not included in these studies,

. despite the significant possibility that the newbom are
exposed to chemicals directly via mouthing toys and
household materials, or having chemical-contaminated
milk and baby food, and so on. In the routine repeated
dose toxicity study, rats at approximately 5-6 weeks of
age have generally been used, and this start period is
largely a matter of practical convenience and feasibil-
ity. Rats much younger than this age, especially new-
born rats, are so difficult to handle such as grouping,
direct dosing and other testing or observation. Eco-
nomic issues and lack of the human resource with this
technical difficulty make it impossible to subject the
newborn rat study to the routine one. Our series of
comparative studies are the first systematic study to
look into the direct effects of chemicals in newborn
animals, and the comparative analysis on the suscepti-
bility of the newborn rats to the toxicity of chemicals
with that of young rats would give important informa-
tion for considering the effects by chemical exposure
during the newborn period in risk assessment.

In conclusion, the target organ of DBP and TBE
was here found to be the liver in both newborn and
young rats, but the doses at which the toxic signs began
to appear were higher in newborn rats. In contrast, the
doses at which clear toxicity was observed appeared to
be lower in the newborn case. However, no special con-
cern with regard to newborn risk is necessary in cases
of chemicals which induce toxicity after biotransfor-
mation via hepatic cytochrome P450, because the tol-
erable daily intake (TDI) used for regulation is
generally derived from NOAEL in toxicity studies in
young/adult animals.
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ABSTRACT — The revision of the Japanese drinking water quality guidelines was established in May
2003. The WHO drinking water quality guidelines for the 3™ edition were also revised and the draft has
been open to the public since last year. Most guideline values of each chemical in both Japan and WHO
were quite similar; however, there are different overt values for three chemicals. In this short communi-
cation, we describe them and discuss the reason for taking the different toxicity endpoints and derivation
method for these three chemicals, di(2-ethylhexyl) phthalate, toluene and vinyl chloride.

KEY WORDS: Drinking water quality guidelines, Di(2-ethylhexyl) phthalate, Toluene, Vinyl chloride

INTRODUCTION

The revision of the Japanese drinking water qual-
ity guideline was established in May 2003 and imple-
mented on May 2004. In this revising, regulated

chemical lists were modified because of the past detec- -

tion trend or exposure prospect. The chemicals already
listed in the previous version were reevaluated and
chemicals newly listed in this revision were assessed
with the latest toxicity information. The Japanese
guidelines derivation has referred to the concurrent
WHO revision, and both of the general principles for
the guidelines (GD) derivation are almost the same.
Although most guideline values of chemicals in Japan
were similar to those of WHO, some minor differences
between WHO and Japan exist because of different
default body weight application for the guideline calcu-
lation (50 kg/Japan vs. 60 kg/WHO). Furthermore, in
some cases, different drinking water contribution ratios
(allocation) to total exposure media were used for the
guideline values calculation from tolerable daily intake

(TDI) on account of the regional chemical exposure
assessment. These differences were not owing to the
difference of health risk assessment per se. However,
the different guideline values for di(2-ethylhexyl)
phthalate (DEHP), toluene and vinyl chloride between
the Japanese guidelines revision (2003) and the latest
rolling revision of WHO drinking water quality guide-
line were mainly caused by the health risk assessment
variation. In this short communication, we describe the
reason for taking the different toxicity endpoints or der-
ivation method of the guidelines. Table 1 shows the
guideline values for three chemicals of the WHO 2
edition (WHO, 1996) established in 1994 and rolling
revision in 2003, and previous and present Japanese
versions.

DERIVATION OF GUIDELINE VALUES

Di(2-ethylhexyl) phthalate (DEHP)
As the guideline value of DEHP by the WHO 2™
edition, 0.008 mg/L was derived from a no observed
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Vol. 29 No. 5




536

A.HIROSE et al.

adverse effect level (NOAEL) of 2.5 mg/kg/day in arat
feeding study (Morton, 1979) for 7 days according to
no induction of hepatic peroxisome proliferation. The
hepatic tumors were considered to be the most critical
endpoint and hepatic peroxisome proliferation to be
closely related to the carcinogenic mechanism. An
uncertainty factor of 100 was applied only because of
the animal most sensitive to peroxisome proliferation,
and the allocation of 1% that was used as DEHP is gen-
erally not contained in food (WHO, 1996). For the lat-
est WHO assessment, the guideline value of DEHP
was not changed from the 2™ edition, because it was
not listed for the detailed reevaluation.

In 1994, the Japanese government decided to use
the same data and derivation method for domestic
drinking water guidelines except for 10% allocation
and 50 kg instead of 60 kg for human body weight. The
guideline value was 0.06 mg/L.

However, the Japanese government established a
TDI for DEHP in 2001 when high contamination was
found in some specific foods and the health risk was
deeply concerned (Koizumi et al., 2001). In this
assessment, TDI ranging from 40 to 140 ug/kg/day
was established from a NOAEL of 3.7 mg/kg/day for
testicular toxicity in a rat study (Poon et al., 1997) and
14 mg/kg/day for reproductive toxicity in a mouse
study (Lamb et al., 1987), respectively, applying an
uncertainty factor of 100 for intra- and interspecies dif-
ferences. As for hepatic peroxisome proliferation, it
was taken out for extrapolation to humans because
IARC (2000) concluded that the hepatic tumor due to
DEHP in rodents (in association with peroxisome pro-
liferation) is not relevant to other animal species
including humans (Group 3). Although it is clearly
shown that there are strong species differences in tes-
ticular toxicity such as severely toxic in rats and guinea
pigs, weakly in mice but not in hamsters, marmosets
and cynomolgus monkeys, the potential of testicular
toxicity in humans cannot be excluded at this moment.
Therefore, the guideline of 0.1 mg/L was derived from

40 ug/kg/day of TDI using 10% of allocation, and 2 L
of daily water intake for 50 kg body weight of the Jap-
anese population.

Toluene

In 1994, WHO tried to re-assess the toxicity data
of toluene and made the same conclusion as the previ-
ous value, 0.7 mg/L. A TDI of 0.223 mg/kg/day was
derived using the lowest observed adverse effect level -
(LOAEL) for marginal hepatotoxicity in mice of 312
mg/kg/day (equivalent to 223 mg/kg/day, as there were
5 days per week) (NTP, 1990) and applying an uncer-
tainty factor of 1,000 (100 for inter- and intra-species
variation and 10 for the short duration of the study and
use of a LOAEL instead of a NOAEL). This TDI yields
a guideline value of 0.7 mg/L (rounded figure), allocat-
ing 10% of the TDI to drinking-water (WHO, 1996).

The Japanese government used the same data and
derivation method for the domestic drinking water
guideline except for 50 kg instead of 60 kg for human
body weight. The guideline value was established as
0.6 mg/L in 1994, _

For the new revision, the Japanese Government
used a different toxicity endpoint, neurotoxicity, which

- is the most typical toxicity for toluene. In the case of

neurotoxicity with histopathological changes as well
as carcinogenicity and developmental toxicity without
maternal toxicity, some additional uncertainty factors
should be considered to derive a TDI. Toluene showed
neuropathological effects in the brain consisting of
neuronal cell necrosis in the dentate gyrus and
Ammon’s horn of the hippocampus at 1250 and 2500
mg/kg/day. NOAEL for neurotoxicity was 625 mg/kg/
day (equivalent to 446 mg/kg/day, as there were 5 days
per week) and a TDI of 0.0892 mg/kg/day was derived
by application of an uncertainty factor of 5,000 includ-
ing additional uncertainty factors of 5 for short expo-
sure duration and 10 for neuropathological changes.
This TDI yields a guideline value of 0.2 mg/L (rounded
figure), allocating 10% of the TDI to drinking-water.

Table 1. Comparison of three guideline values (ing/L) between WHO and Japanese drinking water.

WHO Guideline Japanese Guideline
1994 Revising 2003 1994 2003
(22 ed) (37 ed)
DEHP 0.008 0.008* 0.06 0.1
Toluene 0.7 0.7 0.6 0.2
Vinyl chloride 0.005 0.0003 No setting 0.002

*: No detailed reevaluation draft.
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Vinyl chloride

_ It has been generally accepted that a mathemati-
cal model such as a linearized multistage is appropriate
to estimate a low-dose cancer risk of a genotoxic car-
cinogen. There is sufficient evidence showing that
vinyl chloride is a multiple site carcinogen and its
metabolites are genotoxicants. Table 2 shows the inci-
dences of hepatic tumor-related lesions in studies
reported by Feron et al. (1981) and Til et al. (1991).

In the WHO 2" edition, a linearized multistage
model was applied to the incidence of angiosarcomas
in female rats which was reported by Feron et al.
(1981) only because of a good relationship with the
human incidence at that time. An excess cancer risk at
10-° was 0.010 mg/L. The guideline value was 0.005
mg/L, applying an uncertainty factor of 2 for double
risk by exposure from birth (WHO, 1996).

On the other hand, in the WHO rolling revision,
total liver tumors (angiosarcomas, hepatocellular car-
cinomas and neoplastic nodules) from the same study
are incorporated to derive the guideline value including
conversion to human equivalent doses (using the phys-
iologically based pharmacokinetic (PBPK) model of
U.S. EPA, 2000, Clewell et al., 2001). A linear low-

dose extrapolation was conducted by drawing a
straight line between 10% of the low estimate dose
(Benchmark dose approach) and the origin (zero dose).
The results were nearly identical with those derived
using the linearized multistage model. The concentra-
tions in drinking-water of 0.0005 mg/L were calculated
as being associated with excess risks of liver tumors of
1073 for lifetime exposure beginning at adulthood.
Exposure from birth would double this risk (U.S. EPA,
2000). This would result in a rounded guideline value
of 0.0003 mg/L for a theoretical risk of 1075,

The guideline for vinyl chloride was not set in the
previous Japanese guideline.

As described in Table 2, Feron et al. (1981)
obtained clear evidence of carcinogenicity in rat liver
in a three-dose setting study but the low dose of 1.7
mg/kg/day was still carcinogenic in female rats. The
same group (Til ez al., 1991) conducted a further study
up to 0.014 mg/kg/day and showed that the middle
dose of 0.13 mg/kg/day was a non-carcinogenic dose.
As both studies had been conducted under mostly the
same experimental conditions, these data would be
considered from a single study with doses ranging
1,000 times. For derivation of the newly established

Table 2. Summary incidence of hepatic tumor-related leisions for two rat carcinogenicity studies conducted by the

same group.
Til et al., 1991 Feron er al., 1981
mg/kg/day 0 0.014 0.13 1.3 0 1.7 5.0 14.1
Male
Neoplastic 0/99* 0/99 0/99 1/49 0/55 1/58 7*/56 23*/59
nodules (UM ©) ) 2.0) ©) 1.7 (12.5) 39.0)
Hepatocellular 0/99 0/99 0/99 3%/49 0/55 1/58 7*/56 23*/59
carcinoma () © ) 6.1 ©) (1.7) (12.5) (39.0)
Angiosarcomas 0/99 0/99 0/99 1/49 0/55 1/58 2/56 8*/59
0) 0) ) . 2.0) 0) (1.7) (3.6) (13.6)
Female :
Neoplastic 0/98 0/100 1/96 9*/49 2/57 26**/58 39*/59 44*/57
nodules ) 0) (1.0) (18.4) (8.8) (44.8) (66.1) (77.2)
Hepatocellular 1/98 0/100 1/96 3/49 0/57 4*/58 19*/59 29%/57
carcinoma (1.0) 0) (1.0) 6.1) © 6.9) (33.2) (50.9)
Angiosarcomas 0/98 0/100 0/96 2/49 0/57 0/58 2/59 9*/57
@ 0 0 “.1 0) 0) (34) (15.8)
Total liver 2/57 28/58 49/59 56/57
tumors® (8.8) (48.2) (83.1) (98.2)

2; Number of lesion-bearing animals / number of analyzed animals.

b Percentages of incidences.

¢ The total number of animals with tumors derived from US IRIS(2000) / number of analyzed animals.
Statistically significant compared to the controls with *p<0.05 or **p<0.01 was reported in the original articles.
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Japanese guideline value, the neoplastic nodules were

not taken into account for the following reasons. As -

there was no diagnosis of nodular hyperplasia in those
reports, there is a possibility that the neoplastic nodules
may include not only hepatocellular adenoma but also
- nodular hyperplasia, which is not considered to be a
neoplastic leision. The high incidence of neoplastic
nodules at 1.7 mg/kg/day in females quickly dropped
to less than half at 1.3 mg/kg/day and virtually no inci-
dence at 0.13 mg/kg/day. This dose-response may not
be appropriate for extrapolation to low doses. The inci-
dence slope of total liver tumors mostly reflected the
high incidence of neoplastic nodules rather than the
real cancer incidence. In addition, because hepatocel-
lular carcinomas and angiosarcomas originate from
different cells, liver and vascular cells respectively, the
evaluation of combined incidences may draw a con-
flicting conclusion. Therefore, the dose-response inci-
dences of hepatocellular carcinoma in female rats were
considered to be most appropriate for application to
dose-response analysis, in view of data from the two
reports. After dose conversion based on the PBPK
model, an excess risk of 10~ by the multistage model
was calculated to be 0.0875 mg/kg/day as a virtual

safety dose (VSD). The guideline of 0.002 mg/L was
derived using 2 L of daily water intake for 50 kg body
weight of the Japanese population. The allocation fac-
tor was not applied for the mathematical model
approach because of large uncertainty caused by
highly lower dose extrapolation.

DISCUSSION

Table 3 summarizes the derivation processes of
all three chemicals. Although the detailed reevaluation
draft for DEHP has not been published in the 3 WHO
water quality guideline, it was presumed that the deri-
vation process would be same as the 2°¢ edition
because were no changed guideline values. The gen-
eral principle for the derivation of TDI and VSD is the
same between Japan and WHO; however, the differ-
ence in the choice of critical endpoints leads to varied
guideline values. In the Japanese assessment, testicular
toxicity of DEHP and neurotoxicity of toluene were
used to derive a TDI instead of their hepatotoxicity
adopted by WHO. In the case of vinyl chloride, the
same critical study was used for the guideline deriva-
tion, but the adopted neoplastic endpoints were differ-

Table 3. Summary of guideline value derivation in WHO (3™ ed.) and Japan (2003).

TDIor body water  guideline

uncertainty factor \
endpoint (ml\;z;fizy) inter- infra- useof study natureof  VSD* all(zc:/j;lon weight consump. value
species species LOAEL period toxicity (mg/kg/day) (kg) (L) (mg/L)

DEHP(WHO)*

hepatic 25 10 10 0.025 1 60 2 0.008

peroxisome

proliferation
DEHP(Japan)

testicular toxicity 3.7 10 10 0.04 10 50 2 0.1
Toluene(WHO) \ J

hepatotoxicity 223 10 10 10 0.223 10 60 2 0.7
Toluene(Japan)

neurotoxicity 446 10 10 5 10 0.0892 10 50 2 02
Vinyl chloride(WHO)

total liver tumors 0.0003%

(angiosarcoma, hepatoceltular carcinoma and neoplastic nodules)

Vinyl chloride(Japan)

hepatocellular carcinoma 0.0875* 50 2 0.002

2. Derived from the 2™ edition.

1. At the initial calculation from experimental animal data, the guideline concentration of 0.0005 mg/L was derived as 107 excess risk
concentration during adulthood. Then the concentration was decreased to half because of doubled risk for exposure from birth.

*: Virtual safety dose corresponding to an excess cancer risk of 10-5,
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ent from each other because of the different
interpretation on the cancer risk assessment. The
adverse effects in experimental animals for the human
health assessment are chosen by consideration of
appropriate extrapolation to humans, which is expected
from the nature of the toxicity, toxicity mechanism,
etc. With regard to taking appropriate toxicity end-
points for derivation, the latest Japanese decision is
considered to be more suitable on the basis of recent
scientific consideration as described before. Because
the revisions for the 3" edition of water quality guide-
lines in the WHO are still ongoing, the assessment and
the guideline value may be changed until the fixed ver-
sion is published.

As for the derivation of the guideline value from
the TDI, the estimation of the exposure contribution
ratio (the allocation) is another important issue. In the
case of DEHP, both levels of TDIs or NOAELSs esti-
mated in Japan and WHO are similar, although the crit-
ical endpoints are different. The guideline values were
different at one order of degree from each other,
because the allocation factor for drinking water of the
TDI estimated in WHO was one-tenth of that in Japan.
The allocation depends on environmental circum-
stances as well as chemical physical properties, and
local exposure assessment is necessary for the estima-
tion of the allocation factor of the respective chemical.
Although the DEHP exposure contribution for drink-
ing water in the WHO 2" edition was estimated to be
considerably lower, the allocation of 10% was applied
in Japan as the default value when the exposure assess-
ment was not elucidated.

Given the risk management of drinking water
supplied by the Waterworks, the derivation of the
guideline values of chemicals may be a regional issue.
However, a large amount of drinking water bottled as
mineral water has been circulating worldwide and the
regulated values of chemicals will also be based on the
drinking water guideline. Therefore the need for the
international harmonization of chemical risk assess-
ment will be required even more in the future.
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Susceptibility of newborn rats to 3-ethylphenol and 4-ethylphenol

compared with that of young rats
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ABSTRACT  Newborn rat studies were conducted with
oral administration of 3-ethylphenol (3EP) and 4-ethylphenol
(4EP) on postnatal days (PND) 4-21 to allow comparison of no
observed adverse effect level (NOAEL) and unequivocally toxic
level (UETL) with those from 28-day studies of young rats
starting at 5-6 weeks of age. In the newborn rat studies, slightly
lowered body weight was observed after 3EP treatment, and
deaths, hypoactivity, Straub tail, deep respiration and delayed
righting reflex were clearly observed after 4EP treatment. In
the young rat studies, salivation, staggering gait, changes in the
liver including high values of liver weight and alanine ami-
notransferase or total cholesterol and the lesions in the fore-
stomach were clearly observed after 3EP and 4EP treatments.
NOAELS of 3EP and 4EP in the newborn rat studies appeared
to be almost 3 times lower than those in the young rat studies.
As a clear toxicity of 3EP was not observed in newborn rats,
UETLs were not established for 3EP. Regarding 4EP, UETL of
young rats was 4-5 times higher than that of newborn rats. In
conclusion, newborn rats were 3-5 times more susceptible to
3EP and 4EP than young rats.

Key Words: 3-ethylphenol, 4-ethylphenol, newborn rats, repeated-
dose toxicity, young rats

INTRODUCTION

The possible toxic effect of chemical substances on the develop-
ment of fetuses and newborns has aroused great concern among the
public and the protection of fetuses and newboms has become a
major scientific and political issue. In the EPA children’s environ-
mental health yearbook, US EPA (1998) has already stated com-
prehensively that children have their special vulnerability to certain
toxic substances such as drugs and environmental chemicals. The
special vulnerability in children to toxic substances may results
from a combination of toxicokinetic, toxicodynamic and exposure
factors, and kinetic factors are of importance mainly in the early
postnatal period, largely as the result of immature elimination sys-
tems, i.e. metabolizing enzymes and/or renal function (Schwenk
et al. 2002). There is much less information about differences
between children and adulis with regard to toxicodynamics (Sch-
wenk et al. 2002). Regarding exposure factors, children play close
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to the ground and are constantly licking their fingers or mouthing
toys or objects. As a result, mouthing becomes a potentially signif-
icant exposure route (US EPA 2002).

The potential toxic effects of chemicals cannot be anticipated
from data on adults, and a data set on exposed children is essential
for assessment of children’s health. In this context, we have deter-
mined the toxicity of chemicals in newbom rats after direct dosing
and compared it with that in young rats. We have already reported
the differences in the susceptibility to toxicities of chemicals
between newborn and young rats for 4-nitrophenol and 2,4-dinitro-
phenol (Koizumi- et al. 2001), for 3-aminophenol (Koizumi ef al.
2002), for 3-methylphenol (Koizumi eral. 2003), for tetrabro-
mobisphenol A (Fukuda etal. 2004), for 24,6-trinitrophenol
(Takahashi eral. 2004), for 1,3-dibromopropane and 1,1,2,2-
tetrabromoethane (Hirata-Koizumi et al. 2005). With regard to the
no observed adverse effect level (NOAEL), these reports showed
that the toxic response in newborn rats was at most 3—4 times (4-
nitrophenol, 2,4-dinitrophenol, 3-aminbphenol and 3-methylphe-
nol) higher than that in young rats. On the other hand, the toxic
response in newborn rats was 5 times (1,3-dibromopropane) and 8
times (1,1,2,2-tetrabromoethane) lower than that in young rats. The
toxicological profiles of 4-nitrophenol, 2,4-dinitrophenol, 3-ami-
nophenol, 3-methylphenol, 1,3-dibromopropane and 1,1,2,2-tetra-
bromoethane were similar between newborn rats and young rats.
The nephrotoxicity of tetrabromobisphenol A was specific for new-
born rats. We also reported that the toxicity profiles induced by
2,4,6-trinitrophenol were markedly different between newborn and
young rats. :

3-Ethylphenol (3EP) is a photographic chemical intermediate
and an intermediate for the cyan coupler of photographic paper
(Horikawa et al. 1998). 4-Ethylphenol (4EP) is a chemical com-
pound widely used as a source material of reactive polymers, anti-
oxidants, drugs, agricultural chemicals and dyes (Chemical
Products’ Handbook 2004). These chemicals are listed in the 2004
OECD list of high preduction volume (HPV) chemicals (OECD
2004a). The HPV chemicals list contains those chemicals that are
produced at levels greater than 1000 tons per year in at least one
member country/region of OECD. Regarding the toxicity informa-
tion on these two chemicals, only a few studies are available.
Thompson et al. (1995) showed that 4EP was metabolized to a
reactive quinone methide intermediate by rat liver enzymes and
that this oxidation mechanism played a significant role in the cyto-
toxic effect of 4EP. This intermediate was subsequently trapped
with glatathione to produce two diastereomeric conjugates.
Recently, 28-day repeated dose oral toxicity studies of 3EP and
4EP in young rats were conducted as part of the Japanese Existing
Chemical Safety Program and published in the annual toxicity
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testing report (MHLW 2001a,b), in which no observed effect level
was evaluated.

In the present paper, we re-evaluated the toxicity of 3EP (MHLW
2001a) and 4EP (MHLW 2001b) in young rats in terms of NOAEL
and unequivocally toxic level (UETL). We considered that the find-

ings in the main test of repeated dose study and the dose-finding

study were useful for characterizing the toxicity of chemicals.
NOAEL is the highest tested dose in a study that did not produce
any observable adverse effects and is expressed in terms of the
weight of a test substance given daily per unit weight of a test
animal. UETL has been used only for our comparative toxicity
- analysis as a clear toxic dose. It is generally not readily definable
because it depends on the type of toxicity (Hirata-Koizumi er al.
2005). We determined the toxicity of 3EP and 4EP in newborn rats,
compared and discussed NOAELs and UETLs of 3EP and 4EP for
young and newborn rats.

MATERIALS AND METHODS

- Chemicals
3EP (3-ethylphenol, CAS no. 620-17-7, purity 96.2%) was
obtained from Taocka Chemical Co., Ltd. (Osaka, Japan) and 4EP
(4-ethylphenol, CAS no. 123-07-9, purity 98.4% for the newborn
rat study and 98.3% for the young rat study) was obtained from
Maruzen Petrochemical Co., Ltd. (Tokyo, Japan) and they were
dissolved in olive oil.

Animals
In the newborn rat smdy, pregnant SPF Crj:CD(SD)IGS rats (ges-
tation day 14-15) were purchased from Atsugi Breeding Center,
Charles River Japan (Yokohama, Japan) and allowed to deliver
spontaneously. The day on which parturition was completed was
designated as postnatal day (PND) 0. Pups (newborn rats) were
separated from dams on PND 3 and were suckled by foster mothers.
In the young rat study, four-week old males and females of the same
strain were purchased from the same farm as in the newborn rat
study. '
The animals were maintained in an environmentally controlled
room set at 20-26°C with a relative humidity of 45-65% and a
12:12 h light/dark cycle. All animals in the newborn and young rat
studies were allowed free access to a sterilized basal diet (CRF-1,
Oriental Yeast, Tokyo, Japan or Laboratory MR Stock, Nosan Cor-
poration, Yokohama, Japan) and water. The animals were eutha-
nized by exsanguination under anesthesia using ether.

Newborn rat study

Dose-finding study
3EP: 0, 30, 100, 300 mg/kg/day
4EP- 0, 100, 300,(1000 §mg/kg/day 5/sex/dose

Main study Q 4

Postnatal day
0 4

Study design
Time schedule for 3EP and 4EP studies is shown in Figure 1.

18-day repeated dose study in newborn rats

Dose-finding study. Twenty-four male and 24 female newborns
for 3EP or 20 male and 20 female newborns for 4EP were randomly
selected and assigned to four dose groups, including a control
group. Six foster mothers for 3EP and five for 4EP were used. One
foster mother suckled four male and four female pups. Newborn
rats (6/sex/dose for 3EP, 5/sex/dose for 4EP) were given 3EP at 0,
30, 100 or 300 mgrkg/day or 4EP at 0, 100, 300 or 1000 mg/kg/day
by gavage once a day on PND 4-21 (for 18 days) and killed on
PND 22 after overnight starvation. General condition, body
weights, hematology, blood biochemistry, necropsy and organ
weights were examined. The similar study design was applied to
the main study.

Main study. Forty-eight males and 48 females for each chemical
for two autopsy groups (the end of the dosing period and the
recovery-maintenance period) were randomly selected and
assigned to four dose groups, including a control group. Twelve
foster mothers were used for each chemical. One foster mother
suckled four male and four female newborn rats up to weaning on
PND 21. After weaning, newborn rats of the recovery-maintenance
group were individually maintained for 9 weeks. Newborn rats
(6/sex/dose for each chemical) were given 3EP or 4EP by gavage
once a day at 0, 30, 100 or 300 mg/kg/day on PND 4-21 (for
18 days) and killed on PND 22 after overnight starvation. The
dosage levels were determined based on the results of the dose-
finding study. Recovery-maintenance groups (6/sex/dose for each
chemical) given the same dosage were maintained for 9 weeks
without chemical treatment and fully examined at 12 weeks of age,
almost the same age as young rats at the end of the recovery period.

General condition was observed at least once a day for newbormn
rats during the dosing period (separated from each foster mother)
and during the recovery-maintenance period. Body weight was
measured before dosing, more than two times per week during the
dosing period and at seven-day intervals thereafter. Food con-
sumption was measured about 2 times per week only during the
recovery-maintenance period. Some developmental landmarks
were assessed (OECD 2004b), such as piliation, incisor eruption,
eye opening, testes descent and vaginal opening. All newborn rats
were examined for abnormalities of reflex ontogeny; e.g. pupillary

2
6/sex/dose [ IE8:0AYSP. | Autopsy (day after the last treatment)

21
Z# Autopsy (day after the Jast treatment)

0, 30, 100, 300 mg/kg/day ‘éﬁi%%ﬁi

.«a tf‘l

_84) Autopsy (9 weeks after the end of treatment)

Dosmg period

'Young rat study

Dose-finding study
3EP: 0, 250, 500, 1000 mg ﬂcg/da:
4EP: 0, 250, 500, 1000,(2000) mg/kg/day
Main study 4 5
0, 100, 300, 1000 mg/kg/day 7/sex/dose :
0, 1000 mg/kg/deay 7/sex/dose

Postnsatal week

Recovery-maintenance period

4 7
5/sex/dose [ __[3#h.0Avs| Autopsy (day after the last treatment)

11] Autopsy (2 weeks after the end of treatment)

Dosmg penod Recovery period

Fig.1 Time schedule of newbomn and young rat studies of 3-ethylphenol (3EP) and 4-ethylphencl (4EP).
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reflex, Preyer’s reflex, corneal reflex, righting reflex and air righting
reflex on PND 20 or 21.

In urinalysis, color, pH, occult blood, protein, glucose, ketone
bodies, bilirubin, urobilinogen, urine sediment, specific gravity,
osmotic pressure and volume of urine were examined in the late
recovery-maintenance period. Newborn rats were killed on PND 22
or 85. On the day of the sacrifice, blood was collected from the
abdominal aorta. Hematological parameters, such as the red blood
cell count, hemoglobin concentration, hematocrit value, mean cor-
puscular volume, mean corpuscular hemoglobin, mean corpuscular
hemoglobin concentration, white blood cell count, platelet count,
reticulocyte ratio, differential leukocyte count, and blood clotting
parameters such as prothrombin time and activated thromboplastin
time were determined. The blood biochemical parameters, such as
the total protein, albumin, albumin-globulin ratio, glucose, total
cholesterol, triglycerides, total bilirubin, urea nitrogen, creatinine,
aspartate aminotransferase, alanine aminotransferase (ALT), v-
glutamyl transpeptidase, alkaline phosphatase, lactate dehydroge-
nase, cholinesterase, phospholipids, calciom, inorganic phospho-
rus, sodium, potassium and chloride levels in the serum, were also
determined. After a gross examination, the brain, pituitary gland,
heart, thymus, liver, kidneys, spleen, adrenals, thyroids, lungs, tes-
tes/ovaries and epididymides/uterus were weighed. The organs
were fixed with 10% buffered formation-phosphate and paraffin
sections were routinely prepared and stained with hematoxylin-
eosin for microscopic examination. The studies using newborn rats
were conducted at Gotemba Laboratory, Bozo Research Center Inc.
(Gotemba, Japan) for 3EP and at Research Institute for Animal
Science in Biochemistry and Toxicology (Sagamihara, Japan) for
4EP under Good Laboratory Practice (GLP) conditions (MHW
1988), and accordance with ‘Guidelines for Animal Care and Use’
of these laboratories.

28-day repeated dose study in young rats

Dose-finding study. Five-week-old rats (5/sex/dose for each
chemical) were given 3EP or 4EP by gavage once a day at 0, 250,
500, 1000 or 2000 (only for 4EP) mg/kg/day for 14 days and killed
the day following the last administration after overnight starvation.
General condition, body weights, food consumption, hematology,
blood biochemistry, necropsy and organ weights were examined.

Main study. Five-week-old rats (7/sex/dose for each chemical)
were given 3EP or 4EP by gavage once a day at 0, 100, 300 or
1000 mg/kg/day for 28 days and killed after overnight starvation
following the last treatment. The dosage levels were determined
based on the results of the dose-finding study in young rats. Recov-
ery groups (0 or 1000 mg/kg/day) (7/sex/dose for each chemical)
were maintained for 2 weeks without chemical treatment and fully
examined at 11 weeks of age. The rats were examined for general
condition, body weights, food consumption, urinalysis, hematol-
ogy, blood biochemistry, necropsy findings, organ weights and his-
topathological findings. The study using young rats was conducted
at the Safety Research Tnstitute for Chemical Compounds Co., Ltd.
(Sapporo, Japan) for 3EP and 4EP under GLP conditions (MHW
1988), and accordance with ‘Guidelines for Animal Care and Use’
of these laboratories.

Statistical analysis

Continuous data were analyzed with Bartlett’s test for homogeneity

of variance. If the data were homogeneous, one-way analysis of
" variance and Dunnett’s test were conducted for group comparisons

between the control and individual chemical-treated groups. If not

© 2006 Japanese Teratology Society
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homogenous or in case of quantitative urinalysis data, analysis was
performed using the Kruskal-Wallis test. In consequence, if a sig-
nificant difference was detected, the Dunnett type test or Mann—
‘Whitney’s U-test was conducted. In the newborn rat study, categor-
ical data for general appearance and reflex ontogeny were analyzed
by Fisher’s exact probability test or Mann—Whitney’s U-test. A
probability less than 5% was considered statistically significant.

RESULTS

18-day study of 3EP in newboin rats

In the dose-finding study, body weights were considerably lowered
in males (max. 9% decrease) and females (max. 6% decrease) at
300 mg/kg/day during the dosing period when compared to con-
trols. However, the decreases were not statistically significant due
to variations of the data.

Only slight changes were found in the main study as shown in
the Table 1 and Figure 2. At 300 mg/kg/day, body weights were
significantly lower than controls in males on PND 11-17 (max. 6%
decrease) and females on PND 11-21 (max. 7% decrease). Signif-
icantly high value of relative liver weight was observed in males at
300 mg/kg/day and in females at 100 and 300 mg/kg/day at the end
of the dosing period; however, it was not considered toxicologically
significant because of the absence of changes in parameters of
blood biochemistry and histopathological findings related to liver
damage. There were no effects on the developmental landmarks at
any dose. There were no effects of 3EP treatment at the end-of the
recovery-maintenance period.

. Body weight (g)

Ot o 0 v
0 4 7 11 14 17 21
70 T  Females
60 O mg/kg
@ 50 4 - -¢ - 30mgkg "
Eﬂ 04 —— &— 100 mg/kg
'g 201 ~— @ 300 mg/kg
? 3
2 20+
10 T
o T T SUO0 O O S S S T Y Y D TOOR T Y Y YOO W
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Fig.2 Body weight curves in 18-day study of 3-ethylphenol (3EP) in
newborn rats.
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28-day study of 3EP in young rats

In the dose-finding study, one female showed staggering gait and
a lateral position for three hours after the first dosing at 1000 mg/
kg/day. At this dose, significantly high values of relative liver
weight and ALT in males and relative liver weight and total cho-
lesterol in females were observed. At 500 mg/kg/day, significantly
high values of ALT in males and relative liver weight in females
were observed. :

In the main study (Table 1 and Fig. 3), adverse effects as below
were found at 1000 mg/kg/day. Clinical signs, such as staggering
gait, a proneflateral position and soiled perigenital fur, were
observed in 2/14 males and 5/14 females. Staggering gait and a
prone and/or lateral position occasionally occurred 10 min after
dosing and lasted one hour. Soiled perigenital fur was also observed
in 1/14 males and 3/14 females at this dose. Body weight of males
was significantly lowered on days 2 and 7 of dosing. In urinalysis,
significantly high volumes of urine and water consumption and
significantly low protein were observed in ruales and females at the
end of the dosing period. In blood biochemistry, significantly high
values of ALT in males and females and total cholesterol in females
were observed. In the necropsy findings, thinning of the limiting
ledge in the forestomach in 5/7 males and 2/7 females were
observed at the end of the dosing period. Significantly high values
of relative liver weight in males and females and relative kidney
weight in males were -observed at the end of the dosing period.
Hyperplasia of the squamous cell in the forestomach was observed
in all 7 males and all 7 females at the end of the dosing period.
There were no effects of 3EP treatment at the end of the recovery
period.
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Fig.3 Body weight curves in 28-day study of 3-ethylphenol (3EP) in
young rats.
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18-day study of 4EP in newborn rats .
In the dose-finding study, deaths occurred at 300 mg/kg/day in one
female each on days 6 and 8 of dosing, and at 1000 mg/kg/day in
all rats by day 3 of dosing. In these dead rats, hypoactivity was
observed and additionally, deep respiration, pale skin and/or dehy-
dration were observed. In the surviving rats, hypoactivity during
the dosing period was found in 3/5 males and 1/3 females at
300 mg/kg/day.

The main findings in the main study are shown in Table 2 and
Figure 4. Clinical signs, such as hypoactivity, hypothermia, tremor,
Straub tail, deep respiration and emaciation, were observed in 10/
12 males and all 12 females at 300 mg/kg/day. Hypoactivity in
males and females and hypothermia, tremor, Straub tail, deep res-
piration and emaciation in females were significantly more frequent
at this dose and these clinical signs disappeared by day 9 of dosing
for males and day 13 of dosing for females. At 300 mg/kg/day, 2/
12 females were found dead on days 10 and {2 of dosing. One of
them showed dark red lung and congestive edema of the lung and
the other showed distention of the gastrointestinal tract and atrophy
of the thymic cortex at necropsy. The delay in the righting reflex
was observed in 4/12 males at 300 mg/kg/day, in 1/12 females at
100 mg/kg/day and in 1/10 females at 300 mg/kg/day. At 300 mg/
kg/day, body weights of males and females were significantly lower
on PND 7-21. Significantly high relative weight of the liver was
observed in males and females at 300 mg/kg/day at the end of the
dosing period. There were no changes in the parameters of blood
biochemistry or histopathological findings related to liver damage.
There were no effects of 4EP treatment at the end of the recovery-
maintenance period.
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Fig. 4 Body weight curves in 18-day study of 4-ethyiphenol (4EP) in
newborn rats.




31

born rats

in new

Xict

Ethylphenol 10

*Bursop Jo 71 pue 1 AP UO PIIp S[BWIJ YILa§ ‘6 GNJ UC paimodo Affensed [1e} quensi ‘sjer Junok
303 1y Teyuagirad poqios 1o uomsod tersrereuocid Sred SurroSFes ‘uoneAljes pue sjel urogmen I0j uoneloRws Jo uonendsar dosp ‘re; qnens ‘rowrsy ‘erwreyiodAy ‘AnanseodAp )
‘W8rom £poq ‘Mg “dnoa§ [01U0O WOy JUSISINIP AUBOYLUSIS S1BIIPUL 1O > d s PUR GO'0 > dx (IS F Ueaw 9y} se usAlS o1e sonjep

9 0 0 0 0 0 0 0 Emm_ﬁua? “OBUI0ISIO]
(M8 2 001/8)
S0°'0F 880 S00F €80 900F 480 Y00 F 780 LOOFITT SO0F0T'1 SOOF LT TTOFITT Jqdrom Loupry aAneloy
(Mg 3 001/8)
#1TOF LV'E CI0FTIE ST'0F66'C LI'OFLOE #EC0F £9°C IT0FLEE SO0F9T¢ ARV ERYAS WBem JoA1] SALRIRY
=Pl F T8 SFS9 0L F69 ETF19 €CF S8 TIF S8 ILF 8 T1F08 (1p/3w) [01935910Y2 (2101,
YFLT TF0T TFIT 8FTC 1 F61 TF 0T £F0C £F 61 (10D 11v
L L ) L L S 9 9 9 PIultuEXa STEWIUR "ON
I 1 0 0 xaga1 Sunydu pakeaq
0 0 0 0 §z 0 0 0 yesqg
6 0 0 0 Z1 0 0 0 JsuB1s orxoy [eOTUND
14! L L Pl Al 4t (At (41 paururexs sjewiue ‘oN
SjeuIay
L ! 0 0 0 0 0 0 eisejdiadAy ‘yorw0}s010,]
(M4 3001/3)
#*%£0'0 F 6870 SO0OF6L0 SO0F 6L0 SO'0F 080 LooFCT1 900F LI S00F LT SO0F8I'L 1ySrom Aoupry dAITRI9Y
(Mg 8001/8)
#xL1°0F 8S°€ =910 F 9p'E 8I'0F8T'E STOFET'E. «x91'0F 89t cl'0F0b'e TTOF6LE PIOF LEE WSrom J0AY dAnE[Y
6+ 89 6F€9 3+ 86 9F99 ST 16 3+ 8 PLFE8 el ¥78 ("Tp/8ur) [013352[0Y2 [EIOY,
#*6F I £F 8T LFHT EFVPT PFST TFET SFIT LF LT \ (vap I1v
L L L L 9 9 9 9 paunuexs sjewiue "oN
* 0 0 0 xayor SunyBu pakerat
0 0 0 0 0 0 0 0 yrea(q
4§ 0 0 0 01 0 0 i1 Jsudis orxo) [eom)
14! L L ¥l A (4t Z1 4! PoUIEXa S[BUITUE "ON
e
0001 00¢ 001 0 00€ 001 0g 0

(Aep/8y/3ur) Apms jex Sunog

(Kep/3y/3w) Apms 18I WIOGMIN

sorpmis utew jel Sunok 2y) pue wiogmou 3y ur Sursop ayi Jo pus 9yl e (Jd¥) jousydiAute-4 wo s3urpuy wrely ¢ 9IqEL

© 2006 Japanese Teralology Society



32

28-Day study of 4EP in young rats

Tn the dose-finding study, 4/5 males and all 5 females at 2000 mg/
kg/day died after the first dosing and the remaining 1/5 males was
killed because of moribundity on day 3 of dosing. At 1000 mg/kg/
day, 1/5 females showed soiled perineal fur on days 5-7 of dosing
and then died on day 8 of dosing. The body weight of females was
significantly lower on day 2 of dosing at 1000 mg/kg/day. Signifi-
cantly high values of ALT and total cholesterol at 1000 mg/kg/day
and significantly high value of ALT at 500 mg/kg/day were detected
in males. Significantly low value of alkaline phosphatase and sig-
nificantly high value of potassium at 1000 mg/kg/day were detected
in females. In the necropsy findings for rats died during the dosing
period, acute changes, such as red coloration of the lung, forestom-
ach and kidney, thinning of the mucosa in the glandular stomach,
discoloration of the liver and spleen, blood pooling in the urinary
bladder and abdominal dropsy were observed at 2000 mg/kg/day
and reddish spots of the glandular stomach and atrophy of the
thymus and spleen were detected at 1000 mg/kg/day. For the sur-
viving rats, thickening of the mucosa in the forestomach was
observed in 2/5 males and 3/4 females at 1000 mg/kg/day at the
end of the dosing period. At 1000 mg/kg/day, significantly high
values of the relative liver weight in males and females and a
significantly low value of relative spleen weight in females were
observed. At 500 mg/kg/day, a significantly low value of relative
spleen weight in females was observed.

In the main study (Table 2 and Fig. 5), clinical signs, such as
salivation, staggering gait, a lateral position and soiled perigenital
fur, were observed in 11/14 males and 9/14 females at 1000 mg/
kg/day. At this dose, salivation for males and females was observed
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Fig.5 Body weight curves in 28-day study of 4-ethylphenol (4EP) in
young rats.

© 2006 Japanese Teratology Society

M. Takahashi et al.

within 30 min after dosing daily from day 6 to the end of the dosing
period. Staggering gait and a lateral position were occasionally
observed in males and females for 1 h from a few minutes after
dosing, and soiled perigenital fur was occasionally observed for
males and females. Significantly low body weights from days 7-
28 of dosing in males and from days 14-28 in females were also
observed. In urinalysis, a significantly high volume of urine was
observed in females at 1000 mg/kg/day at the end of the dosing
period. In the blood biochemistry, significantly high values of ALT
in males and total cholesterol in females at 1000 mg/kg/day were
observed. In the necropsy findings, thinning of the mucosa in the
glandular stomach in 5/7 males and 6/7 females and reddish spots
in the glandular stomach in 1/7 females were observed at 1000 mg/
kg/day at the end of the dosing period. Significantly high values of
relative liver weight at 300 and 1000 mg/kg/day in males and at
1000 mg/kg/day in females were observed at the end of the dosing
period. Significantly high value of relative kidney weight at
1000 mg/kg/day in males was observed at the end of the dosing
period. Erosion, hyperplasia of squamous cells, degeneration of
squamous cells and/or edema of the submucosa in the forestomach
was observed in all 7 males at 1000 mg/kg/day. Hyperplasia of
squamous cells in the forestomach was observed in 1/7 males at
300 mg/kg/day. Hyperplasia of squamous cells in the esophagus,
degeneration of squamous cells, edema of the submucosa, granu-
lation of the submucosa, hyperplasia of squamous cells and/or ulcer
in the forestomach were observed in 6/7 females at 1000 mg/kg/
day. There were no effects of 4EP treatrnent at the end of the
recovery period except for the lowered body weight of males at
1000 mg/kg/day.

DISCUSSION

In the present paper, we determined the toxicity of 3EP and 4EP in
newborn rats and reevaluated the toxicity of these chemicals in
young rats, then compared the susceptibility of newborn rats in
terms of NOAEL and UETL with that of young rats.

As for the administration of 3EP, NOAEL in the newborn rat
study was concluded to be 100 mg/kg/day based on the lowered
body weight at 300 mg/kg/day, although an increase in relative liver
weight in females with no histopathological change and no changes
in parameters of blood biochemistry related to liver damage was
observed at 100 mg/kg/day in the main study. NOAEL in the young
rat study was concluded to be 300 mg/kg/day based on the clinical
toxic signs (staggering gait, prone/lateral position, tremor and
soiled perigenital fur), changes in the liver (high values of weight
and ALT or total cholesterol) and lesions in the forestomach at
1000 mg/kg/day. As clear toxicity did not appear in the newborn
rat study even at the highest dose, we were not able to estimate
UETL for 3EP.

As for the administration of 4EF, NOAEL in the newborn rat
study was concluded to be 30 mg/kg/day based on the delay in the
development of the righting reflex at 100 mg/kg/day. At 300 mg/
kg/day, most animals showed clinical toxic signs and some females
died in both the main and dose-finding studies. NOAEL in the
young rat study was concluded to be 100 mg/kg/day, based on the
lesions in the forestomnach at 300 mg/kg/day. At 1000 mg/kg/day,
clinical toxic signs were observed in all animals with the lesions in
the forestomach. At this dose, no animal died in the main study but
1/5 females died in the dose-finding study (data not shown). When
the dose of 1000 mg/kg/day for young rvats was presumed as a
UETL, which was the minimum lethal dose expecting the possibil-
ity of one female death, equivalent UETL for newborn rats was
considered to be in the range of 200-250 mg/kg/day because 2/12
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and 2/5 females died at 300 mg/kg/day in the main and dose-finding
newborn studies, respectively.

In the newborn rat studies, slightly lowered body weight was
observed after 3EP treatment, and deaths, hypoactivity, Straub tail,
deep respiration and a delayed righting reflex were clearly observed
after 4EP treatment. In the young rat studies, salivation, staggering
gait, changes in the liver, including high values of liver weight and
ALT or total cholesterol and lesions in the forestomach were clearly
observed after 3EP and 4EP treatments. As for NOAEL, the sus-
ceptibility of newbom rats to 3EP and 4EP was approximately 3
times higher than that of young rats. The reason that newborn rats
had higher susceptibility than young rats could be that newborn rats
have immature metabolic activity, thus oxidation and conjugation
of 3EP or 4EP in their livers would occur less, and toxic effects of
the parent chemicals would continue longer.

The change of the mucosa and lesions of the submucosa and
squamous cells in the forestomach caused by the corrosiveness of
3EP and 4EP were observed in young rats, but not in newborn rats.
Generally, the phenols have similar toxicological effects and phenol
is a protoplasmic poison and extremely corrosive (Bloom & Brandt
2001; Manahan 2003). 3EP and 4EP are irritating to the eyes, skin,
mucous membranes and upper respiratory tract (Lenga 1985). His-
topathological findings were not observed in the newborn rat study
at any dose. The fact could be expected from the assumption that
the membrane of the gastrointestinal tract of newborn rats would
be more quickly renewed than that of young rats because of a higher
turnover rate of the gastric membrane in developing newborn rats
(Majumdar & Johnson 1982).

Methylphenol is an analog chemical of ethylphenol. Methylphe-
nols or cresols, including three isomers, were reviewed as to their
toxicity, and they have strong skin irritation and induce symptoms
of poisoning (ASTDR 1992; WHO 1995; Stouten 1998). These
reviews show that 4-methylphenol is more toxic than 3-methylphe-
nol on the repeated-dose toxicity. In the present study, severer
lesions in the forestomach were found after administration of 4EP
than with 3EP in young rats. 4EP was also more toxic than 3EP in
the newborn rat study. Deaths occurred after administration of 4EP.

Based on NOAEL, the susceptibility of newborn rats to 3EP and
AEP appeared to be almost 3 times higher than that of the young
rats, being consistent with our previous results for four chemicals,
4-nitrophenol, 2,4-dinitrophenol, 3-aminophenol and 3-methylphe-
nol, which showed 2—4 times differences in the toxic response
between newborn and young rats. As for 3EP, unequivocal toxicity
was not observed in the newborn rat study. As for 4EP, UETL in
the young rat study was 45 times higher than that in the newbomn
rat study. In conclusion, néwborn rats were 35 times more suscep-
tible to 3EP and 4EP than young rats. -

ACKNOWLEDGMENTS

The authors gratefully acknowledge the financial support of the
Office of Chemical Safety, Pharmaceutical and Medical Safety
Bureau, Ministry of Health, Labour and Welfare, Japan.

REFERENCES

Agency for Toxic Substances and Disease Registry (ASTDR) (1992) Toxi- ~

cological Profile for Cresols. US Public Health Service. ASTDR,
Atlanta.

Bloom JC, Brandt JT (2001) Toxic responses of the blood. In: Klaassen CD
(ed.). Casarett and Doull’s Toxicology: the Basic Science of Poisons, 6th
edn. McGraw-Hill, New York, pp. 389-417.

Chemical Products’ Handbook (2004) Chemical Products of 14504 ‘14504
no Kagakushohin’;. The Chemical Daily, Tokyo (in Japanese).

Fukuda N, Ito Y, Yamaguchi M et al. (2004) Unexpected nephrotoxicity
induced by tetrabromobisphenol A in newborn rats. Toxicol Lert 150:
145-155.

Hirata-Koizumi M, Kusuoka -O, Nishimura N er al. (2005) Susceptibil-
ity of mewborn rats to hepatotoxiciy of 1,3-dibromopropane and
1,1,2,2-tetrabromoethane, compared with young rats. J Toxicol Sci
30: 29-42.

Horikawa Y, Yamashita M, Morino K, Koyama S, Wada M, Maki S (1998)
Industrialization of the process for cyancoupler intermediate production.
Res Dev Rep Sumitumo Chem 2: 44-48.

Koizumi M, Yamamoto Y, Tto Y ef al. (2001) Comparative study of toxicity’
of 4-nitrophenol and 24-dinitrophenol in newborn and young rats. J
Toxicol Sci 26: 299-311. )

Koizumi M, Nishimura N, Enami T e/ al. (2002) Comparative toxicity study
of 3-aminophenol in newborn and young rats. J Toxicol Sci 27: 411-421.

Koizumi M, Noda A, Tto Y er al. (2003) Higher susceptibility of newborn
than young rats to 3-methylphenol. J Toxicol Sci 28: 59-70.

Lenga RE (ed.). (1985) The Sigma-Aldrich library of chemical safety data.
Sigma-Aldrich Corp, Milwaukee.

Majumdar APN, Johnson LR (1982) Gastric mucosal cell proliferation
during development in rats and effects of pentagastrin. Am J Physiol 242:
G135-G139.

Manahan SE (2003) Toxicological Chemistry and Biochemistry, 3rd edn.
Lewis publishers, Florida.

Ministry of Health, Labour and Welfare, Japan (MHLW) (20012) Twenty-
eight-day repeated dose oral toxicity test of 3-ethylphenol in rats. Tox-
icity Testing Reports of Environmental Chemicals 8: 750~758. MHLW,
Japan. ’

Ministry of Health, Labour and Welfare, Japan (MHLW) (2001b) Twenty-
eight-day repeated dose oral toxicity test of 4-ethylphenol in rats. Toxic-
ity Testing Reports of Environmental Chemicals 8: 555-566. MHLW,
Japan.

Ministry of Health and Welfare Japan (MHW) (1988) Srandard Concerning
Testing Facility Provided in Article 4 of Order Prescribing Test Items
Relating to New Chemical Substances and Toxicity Research of Desig-
nated Chemical Substances. Plaoning and Coordination Bureau, Envi-
ronment Agency, no. 39, Environmental Health Bureau, Ministry of
Health and Welfare, no. 229, Basic Tndustries Bureau, Ministry of Inter-
national Trade and Industry, no. 85, March 31, 1984, and amendments,
November 18, 1988. MHW, Japan.

Organisation for Economic Cooperation and Development (OECD) (2004a)
The 2004 OECD List of High Production Volume Chemicals. OECD,
Paris.

Organisation for Economic Cooperation and Development (OECD) (2004b)
Draft Guidance Document on Reproductive Toxicity Testing and Assess-
ment. OECD Eavironment, Health and Safety Publications Series on
Testing and Assessment No. 43, November 10, 2004 (First Version).
OECD, Paris.

Schwenk M, Gundert-Remy U, Heinemeyer G et al. (2002) Children as a
sensitive subgroup and their role in regulatory toxicology: DGPT work-
shop report. Arch Toxicol 77: 2-6. .

Stouten H (1998) Cresols (0-, m-, p-). DECOS and SCG basis for an
occupational standard: Arbete Och Hiilsa 27: 1-44.

Takahashi M, Ogata H, Izumi H ef ul. (2004) Comparative toxicity study
of 2,4,6-trinitrophenol (picric acid) in newborn and young rats. Congenit
Anom Kyoto 44: 204-214.

Thompson DC, Perera K, London R (1995) Quinone methide formation
from para isomers of methylphenol (cresol), ethylphenol, and isopropy-
Iphenol: Relationship to toxicity. Chem Res Toxicol 8: 55-60.

US Environmental Protection Agency (US EPA) (1998) The EPA Children’s
Environmental Health Yearbouvk. US EPA, Washington DC.

US Environmental Protection Agency (US EPA) (2002) Child-Specific
Exposure Factors Handbook. US EPA, Washington DC.

World Health Organization (WHO) (1995) Cresols, Environmental Health
Criteria 168. International Programme on Chemical Safety. WHO,
Geneva.

© 2006 Japanese Teratology Society



204

ORIGINAL ARTICLE

Congenital Anomalies 2004; 44, 204-214

Comparative toxicity study of 2,4,6-trinitrophenol (picric
acid) in newborn and young rats
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ABSTRACT  The toxicity of oral 2,4,6-trinitrophe-
nol (INP) was determined in newborn rats, and com-
pared with that in young rats. In newborn rats, males
and females were given TNP at 0, 16.3, 81.4 or 407 mg/
kg per day on postnatal days (PND) 4-17 for the dose-
finding study, and at 0, 4.1, 16.3 or 65.1 mg/kg per day

on PND 4-21 for the main study. Deaths, lower body

weight (BW) and behavioral changes were found at 81.4
and 407 mg/kg per day in the dose-finding study, and
lower BW was observed in males at 65.1 mg/kg per day
during the dosing period of the main study. In young rats,
5-week-old males and females were given TNP at 0, 20,
100 or 500 mg/kg per day for 14 days as the dose-finding
study and at 0, 4, 20 or 100 mg/kg per day for 28 days as

the main study. Deaths were observed at 500 mg/kg per -

day in the dose-finding study. Deaths or changes in BW
were not found at 100 mg/kg per day or less. At 100 mg/
kg per day, hemolytic anemia and testicular toxicity were
found. In conclusion, toxicity profiles induced by TNP
were markedly different between newborn and young
rats.

Key Words: 2, 4, 6-trinitrophenol, newborn rats, picric acid,
repeated-dose toxicity, young rats

INTRODUCTION

The adverse effects of environmental chemicals including
endocrine disruptors on not only contemporary but also
future generations are causing increasing concern. The pos-
sible toxic effect of chemicals on fetuses and newborns has
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Biological Safety Research Center, National Institute of Health Sciences,
1-18-1 Kamiyoga, Setagaya-ku. Tokyo 158-8501, Japan. Email:
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aroused great concern among the public, and the protection
of fetuses and newborns has become a major scientific and
political issue. .

Comprehensive statements for children’s health, consider-
ing their special vulnerability to certain toxic substances, are
shown in the US Environmental Protection Agency Chil-
dren’s Environmental Health Yearbook (US EPA 1998).
Infants and young children have greater respiratory and cir-
culatory flow rates, as well as energy and fluid requirements
than adults, giving rise to a greater potential for respiratory
and intestinal exposure to chemicals per unit body weight
(BW) (WHO 1986). Children live close to the ground
because of their behavioral patterns of play and their height
and perform hand-to-mouth activities, which would expose
them to much larger amounts of pollutants in dust and soil
(US EPA 1998). However, children could be less sensitive
than adults to some chemicals (NRC 1993) because infants
have more extracellular water that is the only avenue con-
necting cells with the outside world (Fomon et al. 1982),
enough amounts of toxic metabolites are not produced in
infants due to their immature metabolic capacities (Kearns
& Reed 1989), or the developing brain has increased
plasticity.

Because of these unique characteristics, children react
differently from adults. Differences in susceptibility to
toxicants between children and adults may result from a
combination of toxicokinetic, toxicodynamic and exposure
factors (Schwenk et al. 2002). The potential toxic effects of
chemicals on children cannot be anticipated using data on
adults, and a data set on exposed children is essential for the
assessment of children’s health. Although gathering infor-
mation on the toxicity of chemicals in newboms is very
important to evaluate children’s health, toxicity data on
chemical compounds in newborns are limited.

We have already reported the differences in the suscepti-
bility to toxicities of chemicals between newborn and young
rats (Koizumi et al. 2001, Koizumi 2002, Koizumi 2003;
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Fukuda et al. 2004). We demonstrated that the toxic response
in newborn rats was at most four times (4-nitrophenol
and 2,4-dinitrophenol), approximately three times (3-
aminophenol), and three to four times (3-methylphenol)
higher than that in young rats. The toxicological profiles of
4-nitrophenol (Koizumi eral. 2001), 24-dinitrophenol
(Koizumi ez al. 2001), 3-aminophenol(Koizumi et al. 2002),
and 3-methylpheno! (Koizumi et al. 2003) were similar in
newborn rats and young rats. The nephrotoxicity of tetrabro-
mobisphenol A was specific for newborn rats (Fukuda ez al.
2004). ‘
2,4,6-Trinitrophenol (TNP) was listed in the Organisation
for Economic Co-operation and Development (OECD) High
Production Volume Chemical Table in 1999, meaning that it
is produced at levels greater than 1000 tonnes per year in at
least one OECD member country. TNP is known as picric
acid, has a yellow color and is explosive. This compound is
used in the production of gunpowder, fireworks, agricultural

chemicals and dyes, and is widely used in industry, by the .

military, and as a research/clinical chemistry reagent. Much
of the human toxicity data showed that exposure to picric
acid was primarily through inhalation of dust or through skin
contact (Wyman et al. 1992). This chemical caused irritation
of eyes, a transient yellowish appearance, and skin sensiti-
zation in humans (Health Council of the Netherlands 2002).
Wyman et al. (1992) investigated the acute toxicity, distribu-
tion, and metabolism of TNP using Fischer 344 rats. The
values of oral LD50 in male and female rats were 290 and
200 mg/kg, respectively. TNP was found to bring about
severe acidosis during acute intoxication. Recently, a 28-day
repeat dose oral toxicity study of this compound in young
rats was conducted as part of the Japanese Existing Chemical
Safety Program (MHLW 2001), in which the no observed
effect level (NOEL) and toxicity profile of chemicals were
evaluated.

In the present paper, we re-evaluated the toxicity of TNP
in young rats (MHIL.W 2001), determined the toxicity of TNP
in newborn rats, and compared the findings.

MATERIALS AND METHODS

Chemicals

TNP (2,4,6-trinitrophenol, CAS. no. 88-89-1, purity: 81.4%)
was obtained from Mitsui Chemicals (Tokyo, Japan) and
suspended in a 0.5% CMC-Na (carboxymethyl cellulose
sodium salt; Nacalai Tesque, Kyoto, Japan or Iwai Chemi-
cals, Tokyo, Japan) aqueous solution mixed with 0.1%
Tween-80 (polyoxyethylene sorbitan monooleate; Nacalai
Tesque, Kyoto, Japan or Difco Laboratories, Detroit, USA).

Animals
In the newborn rat study, pregnant SPF Crj:CD(SD)IGS rats
(gestation day 13) were purchased from Atsugi Breeding

Center, Charles River Japan (Yokohama, Japan) and allowed
to deliver spontaneously. The animals were maintained in an
environmentally controlled room at 24 £ 2°C with a relative
humidity of 55 £ 10% and a 12:12 h light/dark cycle. New-
born rats were separated from dams on postnatal day (PND) 3.

In the young rat study, 4-week-old males and females of
the same strain were purchased from the same farm. The
animals were maintained in an environmentally controlled
room at 22 £ 2°C with a relative humidity of 55 £ 15% and
a 12:12 h light/dark cycle.

All animals in the newborn and young rat studies were
allowed free access to a sterilized basal diet (MF, Oriental
Yeast, Tokyo, Japan) and water. Rats were euthanized by
exsanguination under anesthesia using sodium pentobarbital
in the newborn rat study and sodium thiopental in the young
rat study.

Repeated dose study in newborn rats
Time schedule of the nmewborn rat studies is shown in
Figure 1.

Dose-finding study

Sixteen males and 16 females were randomly selected and
assigned to four dose groups, including a control group. Four
foster mothers were used. One foster mother suckled the four
males and four females. Pups (4/sex per dose) were given
TNP by gavage at 0, 16.3, 81.4 or 407 mg (as TNP)/kg per
day on PND 4-17 (14 days) and killed on PND 18 after
overnight starvation. General condition, BW, hematology,
blood biochemistry, necropsy, and organ weights were
examined.

Main study
Forty-eight males and 48 females for two autopsy groups
(the ends of the dosing period and recovery-maintenance
period) were randomly selected and assigned to four dose
groups, including a control group. Twelve foster mothers
were used. One foster mother suckled the four males and
four females up to weaning on PND 22. After weaning, rats
of the recovery-maintenance group were individually main-
tained for 9 weeks. Pups (6/sex per dose) were given TNP
by gavage at 0, 4.1, 16.3 or 65.1 mg (as TNP)/kg per day on
PND 4-21 (18 days), and killed after overnight starvation
following the last treatment. The dosage levels were
determined- based on the results of the dose-finding study
in newborn rats. Recovery-maintenance groups (6/sex per
dose) given the same dosages were maintained for 9 weeks
without chemical treatment and fully examined at 12 weeks,
almost the same age as at the end of the recovery period of
the main study of young rats.

General condition was observed two times per day (before
and after administration) for pups (separated from each fos-
ter mother) and foster mothers during the dosing period, and



206

Newborn rat study

Dose-finding study
4 rats/dose/sex
Dose: 0, 16.3, 81.4, (407) mg/kg/days

Main study
6 rats/dose/sex

6 rats/dose/sex
Duose: 0, 4.1, 16.3, 65.1 mg/kg/day

Young rat study

Dose-finding study
Dose: 0, 20, 100, (500) mg/kg/day

Main study
Dose: 0, 4, 20, 100 mg/kg/day

Postnatal day
0 4 17

14 days |Autopsy (day after the last treatroent)

M. Takahashi et al.

21
18 days Autopsy (day after the last treatment) :
18 days 84|Autopsy (9 weeks after the end of treatment)
Dosing Period Recovery—maintenance period

3 rats/dose/sex

6 rats/dose/sex
6 rats/dose/sex

Postnatal week
4 5 7

14 days ]Autopsy (day after the last treatment)

9
28 days Autopsy (day after the last treatment)
28 days IAuLopsy (2 weeks after the end of treatment)
Dosing period Recovery period

Fig.1 Time schedule of the newborn and young rat studies.

daily for pups during the recovery-maintenance period. BW
and food consumption were measured more than two times
per week. All pups were examined for developmental land-
marks; pinna detachment on PND 4, piliation on PND 8,
incisor eruption on PND 10, gait and eye opening on PND
15, testes descent on PND 21, preputial separation on PND
42, and/or vaginal opening on PND 42. BW was measured
on the day of testes descent, preputial separation and/or
vaginal opening. All pups were examined for the assessment
of reflex ontogeny; surface righting reflex and ipsilateral
flexor reflex on PND 5, visual placing response on PND 16,
and Preyer’s reflex on PND 28.

In urinalysis, color, pH, occult blood, protein, glucose,
ketone bodies, bilirubin, urobilinogen, urine sediment, spe-
cific gravity, osmotic pressure and volume of urine were
examined only at the end of the recovery-maintenance
period. Rats were killed on PND 22 or PND 85. On the day
that the rats were killed, blood was collected from the
abdominal vein. Hematological parameters, such as the red
blood cell count (RBC), hemoglobin (Hb), hematocrit (Ht),
mean corpuscular volume (MCV), mean -corpuscular
hemoglobin, mean corpuscular hemoglobin concentration
(MCHC), white blood cell count (WBC), platelet counts,
reticulocyte ratio (Ret), differential leukocyte count, and
blood clotting parameters, such as prothrombin time and
activated thromboplastin time, were determined. The blood

- biochemical parameters, such as the total protein, albumin,
albumnin-globulin ratio, glucose, total cholesterol, triglycer-
ides, total bilirubin, urea nitrogen, creatinine, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),

v-glatamyl Lranspepﬁdase (y-GTP), alkaline phosphatase,

phospholipids, calcium, inorganic phosphorus, sodium,
potassium and chloride levels in serum, were also deter-
mined. After a gross examination, the brain, pituitary gland,
heart, thymus, liver, kidneys, spleen, adrenals, thyroids,
lungs, testes, epididymides and/or ovaries were weighed.
The. organs were fixed with 10% buffered formation-
phosphate (2.5% glutaraldehyde’s prefixation for the eyes,
Bouin’s prefixation for the testes and epididymis) and
paraffin sections were routinely prepared and stained with
hematoxylin—eosin for microscopic examination. The study
using newborn rats was conducted at Panapharm Laborato-
ries Co., Ltd. (Uto, Japan) under Good Laboratory Practice
(GLP) conditions (OECD 1981; MHW 1988).

Repeated dose study in young rats
Time schedule of the young rat studies is shown in Figure 1.

Dose-finding study

Five-week-old rats (3/sex per dose) were given TNP by
gavage at 0, 20, 100 or 500 mg (as TNP)/kg per day for
14 days and killed the day following the last administration
after overnight starvation. General condition, BW and food
consumption, hematology, necropsy, and organ weights were
examined.

Main study

Five-week-old rats (6/sex per dose) were given TNP by
gavage at 0, 4, 20 or 100 mg (as TNP)/kg per day for 28 days
and killed after overnight starvation following the last
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treatment. The dosage levels were determined based on the
results of the dose-finding study in young rats. Recovery
groups (0 or 100 mg/kg per day) (6/sex per dose) were main-
tained for 2 weeks without chemical treatment and fully
examined at 11 weeks of age. Rats were examined for gen-
eral condition, BW, food consumption, urinalysis, hem-
atology and blood biochemistry, necropsy findings, organ
weights and histopathological findings. The study using
young rats was conducted at Kashima Laboratory, Mitsub-
ishi Chemical Safety Institute Ltd. (Kashima, Japan) under
GLP conditions (MHW 1988; OECD 1997).

Statistical analysis

Continuous data were analyzed with Bartlett’s test for homo-
geneity of variance. If the data were homogeneous, Dun-
nett’s test was conducted for group comparisons between
control and individual TNP-treated groups. If not homoge-
nous, the data were analyzed using Steel’s test. Quantitative
data for histopathology were analyzed with Mamn~
Whitney’s U-test or Fisher’s exact test. In the newborm rat
study, the chi-square test was conducted for physical and
sexual development and reflex ontogeny. The 0.05 or 0.01
level of probability was used as the criterion for significance.

RESULTS

Repeated dose study in newborn rats

(dose-finding study)

Death occurred at 1.4 mg/kg per day in one male on day 3
of the dosing period, two females on days 6 and 7 of the
~ dosing period, and at 407 mg/kg per day in all rats by day 4
of the dosing period. In these dead rats, hypoactivity, bradyp-
nea and hypothermia were observed. Only hypoactivity was
found in surviving rats at 81.4 mg/kg per day on days 3, 5,
or 8 of the dosing period. Yellowish fur was observed in all
TNP-treated rats.

A significantly lower BW (max. 16% decreased) in males,
and suppression of weight gain (max. 35% decreased) in
females were noted at 81.4 mg/kg per day. The organ
weights are summarized in Table 1. At 81.4 mg/kg per day,
a significantly higher relative weight of the liver (13%
increased) and lower relative weight of the kidney (14%
decreased) were observed in males.

No consistent changes related to the administration of
TNP in hematological or blood biochemical parameters or
necropsy findings were found at any doses.

Repeated dose study in newborn rats (main study)

There were no deaths throughout the experimental period in
males and females, even at 65.1 mg/kg per day. Yellowish
fur was observed in all TNP-treated rats. A significantly
lower BW (max. 7% decreased) was found in males on days
4 and 8 of the dosing period at 65.1 mg/kg per day. During

the recovery-maintenance period, no dose-dependent effects
on BW and food consumption were observed.

No toxicological effects of TNP on physical development,
reflex ontogeny, and sexual maturation were detected at any
doses in the newborn rat study.

The organ weights are summarized in Table 1. Signifi-
cantly higher relative weights of the liver in males and
females (13 and 12% increased, respectively) were observed
at 65.1 mg/kg per day.

No consistent changes related to the administration of
TNP were found in hematological or biochemical parame-
ters, urinalysis or histopathological findings.

Repeated dose study in young rats (dose-finding study)

All male rats and one female rat at 500 mg/kg per day died
by day 2 of the dosing period. No death was found at 20 and
100 mg/kg per day. Yellowish fur was observed in all TNP-
treated rats. BW of males and females at 20 and 100 mg/kg
per day were not significantly different from controls during

the dosing period.

The results of hematological examinations are summa-
rized in Table 2. Significantly lower values of Hb and Ht,
and a higher value of Ret were detected in females at
100 mg/kg per day.

The organ weights are summarized in Table 3. At 100 mg/
kg per day, a significantly higher value of relative spleen
weight (14% increased) in males, and a significantly higher
value of relative liver weight (18% increased) in females
were observed. '

Repeated dose study in young rats (main study)

There were no deaths throughout the experimental period
even at 100 mg/kg per day. Yellowish fur was observed in
all TNP-treated rats. A yellowish color change of urine was
also found in all TNP-treated groups during the dosing
period and this coloration disappeared during the recovery
period. BW of males and females in the TNP-treated groups
were not significantly different from controls during the dos-
ing and recovery periods. No consistent changes in food
consumption were found in the TNP-treated groups.

The results of hematological examinations are summa-
rized in Table 2. Significantly higher values of WBC and Ret
and lower values of RBC and Hb were observed in males at
100 mg/kg per day. At this dose, significantly higher values
of WBC, MCV and Ret, and lower values of RBC, Hb and
MCHC were also found in females.

The organ weights are summarized in Table 3. Signifi-
cantly higher values of relative liver weight (12% increased)
and relative spleen weight (45% increased) and significantly
lower value of relative epididymides weight (21%
decreased) were observed in males at 100 mg/kg per day at
the end of the dosing period. A Significantly lower value of
relative epididymides weight at 100 mg/kg per day was also
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