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0Ly, -globulin antiserum by the above-mentioned proto-
col. HE-stained sections were used to examine the
degree of hyaline droplets and to determine whether or
not other findings were present. The degree of occur-
rence of hyaline droplets was divided into five grades,
including none (—), minimal (&, barely detectable min-
imal appearance), slight (+, multifocal but not dis-
persed appearance), moderate (++, dispersed appear-
ance over the cortex) and severe (+i+, diffused appear-
ance over the whole cortex). The staining sections with
PAS, Azan-Mallory and anti-0.5 -globulin reaction
were also graded similarly for positive-stained drop-
lets. In addition, computational image analysis was
carried out to verify the above-mentioned grading cri-
teria using three typical immuno-stained samples for
each grade. Images including almost all the renal
superficial cortex were captured using a light micro-
scope (Olympus BHS) and a digital camera (Olympus
DP12). The captured images were measured for posi-
tive area using an image analyzing system (C-Imaging
System, Compix Inc.), and the positive area (%) was
then calculated from the data.

RESULTS

Experiment 1 Specific reactivity of the antibody to
Olyy-globulin

On the HE-stained sections of the kidneys, hya-
line droplets with round to irregular shapes were
observed in the renal proximal tubular epithelium only
in males administered d-limonene (Photo. 1a). The
hyaline droplets were negative for PAS reaction (Photo
1b) but stained positively with Azan-Mallory staining
(Photo 1c¢). With immuno-staining with the anti-o,, -
globulin antibody, the hyaline droplets were more
clearly stained and more distinguishable than with
Azan-Mallory staining (Phote 1d). The hyaline drop-
lets showed a dose-dependent increase on the HE-
stained sections (Photo 2, a-c) and positive reactions
for hyaline droplets showed a correlational increase
with immuno-staining (Photo 2, d-f). Very fine positive
granules were also detected on the immuno-stained
sections for all the males as background, but no posi-
tive reactions were observed m other tissue compo-
nents. This background was observed generally in
male kidneys and was, therefore, exciuded from the
grading in experiment 2. In the liver, all the males
showed a positive reaction for the antibody in centri-
lobular hepatocytes. The degree of intensity was
weaker than in the kidneys, and there was no clear
intensification by d-limonene. No positive reaction for

the anti-0,, -globulin antibody was detected in the liver
or kidneys in any females.

With electron microscopy, electron-dense and

irregular-shaped inclusions surrounded by a single
membrane were observed as changes corresponding to
the hyaline droplets in the renal proximal tubular epi-
thelium, and positive reactions were observed for the
antibody with post-embedding method in the inclu-
sions (Photo 3). A similar positive reaction was
observed in the lysosomes of the renal tubule epithe-
lium, but no positive reaction was detected in the hepa-
tocytes.
' The a,-globulin content in the kidneys of the
males was increased dose-dependently by administra-
tion with d-limonene (Fig. 1). A dose-dependent but
mild increase in 0,,-globulin content was also
observed in the liver of the males. While no dose-
dependent increase in the urine was noticeable, a lower
molecular type of ay,-globulin appeared in the males
in the highest dose group, with the o, -globulin type
reported as an earty marker for 0ly,-globulin nephropa-
thy (Saito et al. 1991).

Experiment 2 o,,-globulin analysis for industrial
chemicals

Table 2 indicates the grades of all the samples
with respect to hyaline droplets, positive droplets and
immunological positive droplets analyzed with HE,
Azan-Mallory and anti-(t, -globulin antibody staining,
respectively. In the controls there was a minimal to
moderate amount of hyaline droplets in some animals
and consequent variation for Azan-Mallory and anti-
0Oy, -globulin reaction. This variation was due to the
arbitrary sampling of specimens, or probably related to
the lot of the animals or to the difference of food used
in each study. Dose-dependent increases of hyaline
droplets in the renal proximal tubular epithelium were,
however, confirmed for HE-staining of 10 chemicals
suspected of being CIGA (1,4-dibromobenzene, dicy-
clopentadiene, 3,4-dimethylaniline, I,4-dicyanoben-
zene, tetrahydrothiophene-1,1-dioxide, 1,3-dicy-
anobenzene, acenaphthene, 3,4-dichloro-1-butene,
3a,4,7,7a-tetrahydro-1 H-indene, 3,5,5-trimethylhexan-
1-ol). This was described in the original reports (Toxic-
ity Testing Reports of Industrial Chemicals), although
the occurrence of hyaline droplets varied in shape, size
and number/cell with chemicals and showed no clear
common features. In the highest dose groups of these
chemicals, basophilic tubules, granular casts in the
tubules and/or tubular dilatation were intensified or
occurred as in the original reports. These changes
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showed similar features in spite of the various severity
and incidence with the chemicals. In serial sections
prepared simultaneously, Azan-Mallory-positive reac-
tions for hyaline droplets were detected dose-depen-
dently in these 10 chemicals. No PAS-positive reaction
was detected in any chemical. These staining behaviors
of the hyaline droplets were the same as those in the
case of d-limonen described above. Immunohis-
tochemical staining using the anti-a, ~globulin anti-
body revealed thoroughly dose-dependent positive
reactions for hyaline droplets in all these chemicals.
The resulting grades from three types of analysis were
the same, demonstrating that a highly positive correla-
tion exists among the three staining methods. As for
the remainder not suspected of being CIGA (2,4-di-
tert-butylphenol, 4-aminophenol), there was no
increase of hyaline droplets or positive immunohis-

tochemical reactions in any dose groups, as well as no
stain in either PAS or Azan-Mallory staining. In addi-
tion, computational image analysis using three typical
immuno-stained sections for each grade (Photo 4)
showed a close correlation between the quantitative
analysis and semi-quantitative grading (Fig. 2).

DISCUSSION

Many toxicity studies using laboratory animals
have been conducted on environmental and industrial
chemicals to ensure their safety or toxicity levels con-
cerning human health. On extrapolating the results to
humans, toxic mechanisms that are unlikely to occur in
humans should be taken into account. A typical exam-
ple of such toxicities is oy, -globulin-related nephropa-
thy and the consequent renal tumorigenesis in repeated

"Phto 1. d-Limonene induced hyaline droplet acumulatin in fhé kidney (H]\-E‘,”a).NThe hyaline droplefs were PAS-negative(b), but

they were stained positively with Azan-Mallory staining (c). Immunohistochemistry using the anti-o,,~globulin antibody
showed a clear positive reaction consistent with the hyaline droplets (d). Original magnification, x66.
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dose toxicity studies using male rats. This male rat-
specific nephrotoxicity is not considered to occur in
humans (Hard e? al., 1993). To exclude this male rat-
specific toxicity from chemical risk assessment, it is
necessary to demonstrate properly that such renal tox-

Photo 2. An increase of hyaline droplets in the kidney in conelétibn to thé doses of d-

icity results from oy,-globulin-CIGA complex accu-
mulation. Detection analysis of 0iy,-globulin in the
nephrotoxicity has not been conducted in most conven-
tional toxicity studies, however, especially in sub-acute
toxicity screening studies for industrial chemicals. As

==

limonene(HE, a - ¢). Positive reaction for the anti-o, -globulin antibody also
increased with similar dose dependency (d - f). Original magnification, X33.
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mic inclusions, corresponding to the d-limonene
induced hyaline droplets, in the epithelial cell of the renal proximal tubule. Colloidal gold
particles are dispersed in the inclusions. Original magnification, x10,000.
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Fig. 1. Western blot analysis of 0p,-globulin in kidney from male rats treated
with d-limonene,
Results are expressed as mean+ SD (n=4).
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an alternative detection method, it is well known that
0ly,-globulin droplets in the kidneys are negative for
PAS reaction, but that they are stained positively by
Azan-Mallory staining (U.S. EPA, 1991; Alden ef al,,
1984). Although these additional stainings can distin-

guish hyaline droplets resulting from ., -globulin
accumulation from those resulting from other causes,
these analyses provide only indirect evidence. Direct
evidence of o, -globulin accumulation in renal hyaline
droplets could be required for appropriate risk assess-

Table 2. Grading results of histological/histochemical examination.

. L Results
Chemical Staining Control Low dose High dose
1,4-Dibromobenzene HED —f~/t 4+ A+
Azan-Mallory D ~/—/t +HAH+ /A A
Anti-oizu-globulin ? —/—/+ A+ HH/HH A
Dicyclopentadiene HE o b4 A A
Azan-Mallory ~/—/— A A
Anti-o2e-globulin —/—/— A A
3,4-Dimethylaniline HE —f—/— —/—I% +/+/+
Azan-Mallory —/—/— —/—/% 4+
Anti-o2e-globulin —/—1—- —/—/x +/H+
1,4-Dicyanobenzene HE —f~/— H/+ A
Azan-Mallory —/~/- A+ A A
Anti-ci2u-globulin —f—/— /4 A A
Tetrahydrothiophene-1,1-dioxide HE +f—f— HA A A+
Azan-Mallory +~— A+ A
Anti-thu-globulin +/—/— +H4H+ HHHAH-
1,3-Dicyanobenzene HE -/t +Ht/t A
Azan-Mallory -/t +HHE A
Anti-o2u-globulin —it/+ +/4/+ A/
Acenaphthene HE H—/+ +-I+ -+
Azan-Mallory /4t +4/+ i
Anti-ctze-globulin —/+ +HH+ 44+
3,4-Dichloro-1-butene HE —/—+ +-++ A+
Azan-Mallory ——/++ A+ A+
Anti-O2u-globulin —/—/++ +H4+ A/
3a,4.7,7a-Tetrahydro-1H-indene ~ HE A+ A A A
Azan-Mallory HHA+ A A A
Anti-O2u-globulin +/ -+ RAmanE A
3,5,5-Trimethylhexan-1-ol HE —/—/t - A A A
Azan-Mallory H—/+ 44+ At A A
Anti-tiau-globulin -/t A+ A
2,4-Di-tert-butylphenol HE —f=/— ==
Azan-Mallory S o —/—/~
Anti-0z0-globulin —/—/— =/~
4-Aminophenol HE /- —/—f— ==
Azan-Mallory =/t~ —/—/— —f—/—-
Anti-02u-globulin —//— /]~ —~/—/—

D Grading for hyaline droplets.
2 Grading for positive droplets.

No PAS-positive reaction for the hyaline droplets was observed in any sample.

Low dose for 2.4-di-zert-butylphenol was not examined.
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ment, and a reliable detection method for the existence
of 0l5,~globulin is therefore necessary.

Using both immunochemical staining for paraf-
fin-embedded sections and the immuno-electron
microscopy technique, we demonstrated that our pre-
pared antibody reacted specifically to o, -globulin in
renal hyaline droplets in the male rats administered d-
limonene, a well-known o,,-globulin nephropathy
inducer. The dose-dependent positive immuno-reac-
tion of the antibody in both the tissue sections and the
homogenates from d-limonene-treated rat kidneys
indicated that the antibody could be applicable for
semi-quantitative analysis. In addition, computational
image analysis revealed that classical visual micro-
scopic grading was also useful for semi-quantitative
analysis of oy,-globulin accumulation.

Although immunohistochemical a,,-globulin
analysis of the glycolmethacrylate-embedded sections

had already been reported by Burnett er al. (1989), our
method was advantageous from the standpoint of
applicability to the paraffin-embedded sections. The
paraffin-embedded specimens were usually prepared
and stored for the general toxicity studies. In fact, all
the sections used in experiment 2 in this study origi-
nated from study specimens which were prepared in
the Japanese Existing Chemicals Survey Program con-
ducted previously and stored for a long time. It indi-
cated that our method is applicable to specimens
derived directly from ordinary toxicology studies ret-
rospectively. Hashimoto and Takaya (1992) previously
investigated the application of oy,-globulin immun-
ostaining to paraffin sections by modifying the proto-
col of Burnett et al. (1989). The protocol includes pro-
nase E treatment owing to enhancement of the antigen
reactivity and removal of the non-specific reaction.
Our method also includes the pronase E treatment, but

Phote 4. Immunohistochemical features of the anti-oy,,-globulin antibody, répresenﬁng the ifourvgr)ades; immmal'(a)‘, slight (B), mod-

erate (c) and severe (d). Original magnification, X5.
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Fig. 2. Correlation between semi-quantitative and quantitative analyses for

immuno-stained sections.

Results are expressed as mean + SD (n=3).

the treatment is performed only in order to enhance the
antigen activity and not to remove the non-specific
reaction. This may suggest that our prepared antibody
has a high specificity for o, -globulin. Caldwell ef al.
(1999) had conducted a similar quantitative immuno-
histochemical oiy,-globulin analysis, but it seems that
the actual analyzed area was limited to narrower fields
than in our study.

Urinary immunochemical analysis for detection
of ¢ip,-globulin accumulation in male rat kidneys has
been developed by Saito er al. (1996). Although the
convenient urinary analysis is sufficient for detecting
CIGA, the detectability is weaker than with kidney sol-
uble protein analysis. The aim of the present analysis is
not only to detect CIGA, but also to exclude the oy~
globulin-induced nephrotoxic effects from risk assess-
ment of chemicals. For 10 chemicals suspected of
being CIGA, the occurrence of hyaline droplets in the
kidneys with treatment was the lowest endpoint. In the
process of evaluating chemical toxicity, if the most
sensitive nephrotoxicity is concluded to be a neglected
effect for human health, the NOAEL could be set based
on other kinds of toxicological effects.
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ABSTRACT Newhorn rat studies were conducted with
oral administration of 3-cthylphenol (3EP) and 4-cthylphenol
(4LP) from postnatal days (PD) 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.
NOAELSs of 3EP and 4EP in the newhorn rat studies appeared
to be almost 3 times lower than these 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 fo
3EP and 4EP than young rats.

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

INTRODUCTION

The possible toxic effect of chemical substances on the develop-
ment of fetuses and newborns hus aroused great concern among the
public and the protection of fetuses and newborns has become &
major scientific and political issue. In the EPA children’s environ-
mental health yeurbook. 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-
tlems, i.e. metabolizing enzymes and/or renal function (Schwenk
etal. 2002). There is nwch less information about differcnces
between childien and adults with regard 1o toxicodynamics (Sch-
wenk et al. 2002). Regarding exposure factors, children play close
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10 the ground and are constantly licking their fingers or mouthing
toys or ohjects. As a result, mouthing becomes a potentially signif-
icant exposure route (US EPA 2002).

The potential toxic effects of chemicals cannot be wnticipated
Irom 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 newborn rats after direct dosing
and compared it with that in young rats. We have already reported
the differences in the susceptibility to foxicities 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 er al. 2003), for tetrabro-
mobispheno) A (Fukuoda eral. 2004), for 2.4.6-trinitrophenol
(Takahashi o7 ¢l. 2004), for 1,3-dibromopropane and },1,2.2-
tetrabromoethane (Hirata-Koizumi er ol. 2005). With regard to the
no observed adverse effect level (NOAEL), these reports showed
that the Loxic response in newborn rats was at most 3—4 times (4-
nitrophenol, 24-dinitrophenol, 3-aminophenol and 3-methylphe-
nol) higher than that in young rats. On the other hand, the toxic
response in newborn rats wis S times (1,3-dibromopropane) and 8
times (1,1.2,2-tetrabromoethane) lower than that in young rats. The
toxicological profiles of 4-nitrophenol, 24-dinitrophenol. 3-ami-
nophenol, 3-methylphenol, 1,3-dibromopropune and 1,1.2.2-tetra-
bromoethane were similar between newborn ruls and young rats.
The nephrotoxicity of fetrabromobisphenol 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 intermediale
and an intermediate for the cyan coupler of photographic puper
(Horikawa ef . 1998). 4-Ethylphenol (4EP) is a chemical com-
pound widely vsed us @ source materisl of reactive polymers, anti-
oxidants, drugs, agricultural chemicals and dyes (Chemical
Praducts” Handbook 2004). These chemicals are listed in the 2004
OECD list of high production volume (HPV) chemicals (OECD
20044). 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 er 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 cylo-
toxic effect of 4EP. This intermediite was subsequently trapped
with glutathione to produce two diastercomeric conjugates.
Recently., 28-duy repeated dose orad tosicity studies of 3EP and
4EP in young rats were conducled as part of the Japanese Existing
Chemical Safety Program and published in the wnnual toxicity
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testing report {MHLW 2001a,b), in which no observed effect level
was eviluated.

In the preset paper, we re-evaluated the toxicity of 3EP (MHLW
2001a) and 4EP (MHLW 2001b) in young rats in terms of NOAEL
and uneguivocally toxic level (UETL). We considesed that the find-
ings in the muin test of repeuted 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 und 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 nol readily definuble
becuuse it depends on the type of toxicity (Hirmta-Koizumi e al.
2005). We determined the toxicity of 3EP and 4EP in newborm rats,
compared and discussed NOAELs and UETLs of 3EP and 4EP for
young and newborn ruls.

MATERIALS AND METHODS

Chomicals

3EP (3-ethylphenol. CAS no. 620-17-7. purity 96.2%) wus
obtained from Taoka Chemical Co., 11d. (Osaka, Japan) and 4EP
{4-cthylphenol, CAS no. 123-07-9, purity 98.4% for the newborn
rat study and 98.3% lor the young ral study) was oblained from
Muaruzen Petrochemical Co., Ltd. (Tokyo. Japan) and they were
dissolved in olive oil.

Animals

In the newborn rat study, pregnant SPEF Crj:CD(SDYGS rats (ges-
tation day 14-15) were purchased from Atsugi Breeding Center,
Charles River Japun (Yokohama, Japan) und allowed to deliver
spontaneously. The duy on which parturition was completed was
designuted as postnatal day (PND) 0. Pups (newborn rals) were
separaled 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 sume farm as in the newborn rat
study.

The animals were maintained in an environmentally controlled
room set at 20-26°C with a relutive humidity of 45-65% and a
12:12 h light/dark cycle. All animals in the newborn and young rat
studies were allowed [ree access 1o a sterilized busal diet (CRF-1,
Oriental Yeast, Tokyo, Japan or Laboratory MR Stock, Nosan Cor-
poration, Yokohami, Jupan) und water. The animals were eutha-
nized by exsanguination under anesthesia using ether.

Newborn rat study Postnatal day

Dose-finding study 0 4 2]
AEP: 0, 30, 100, 300 mg/ke/day
4EP: 0, 100, 30041000) mg/lkg/day  S/sex/dase

Mauin study 0 4 2]
0, 30, 100, 300 mghkglday

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

18-Day repeated.dose study in newborn rals

Dose-finding study. Twenty-four male and 24 female newborns
for 3EP or 20 male and 20 female newbaorns for 4EP were randomly
selected and assigned to four dose groups, including a control
group. Six foster mothers for 3BP and five for 4EP were used. One
foster mother suckled four male and four female pups. Newbormn
rats (6/scx/dose for 3EP, S/sex/dose for 4EP) were given 3EP a1 (),
30, 100 or 300 mg/kg/day or 4TP a1 0, 100, 300 or 1000 mg/kg/day
by gavage once a duy on PNDs 4-21 (for 18 days) and killed on
PND 22 after overnight starvation. General condition, body
weights, hematology, blood biochemistry, necropsy and argan
weights were examined. The similar study design was applicd 10
the main study.

Main study. Forty-eight males and 48 females for each chemical
for two autopsy groups {the cnd 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 newbormn rats up (o weaning on
PND 21. After weaning, newborn rats of the recovery-maintenance
group were individually maintained for 9 weeks. Newbom 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 PNDs 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
chemicul) 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 Jeast once a day for newhorn
rats during the dosing period (separated from each foster mother)
and during the recovery-maintenance period. Body weight was
measured belore dosing, more than two limes per week during the
dosing period and at seven-day intervals thereufter, Food con-
sumption wias measured about 2 times per week only during the
recovery-maintenance period. Some developmental Jundniarks
were assessed (OECD 2004b), such as piliation, incisor eruption,
eye opening, testes descent and vaginal opening. All newborn rats
were exarmined for abnormalities of reflex ontogeny: e.g. pupillary

6/sextdose [_TIB days ) Auwapsy (day after the Tast treatment )

6/xex/dose

118 days

6/vensdose [ IR days Autapsy (day after the last treatment)
1

84] Autapsy (9 weeks after the end of treatment)

Dosing period

Y at study
vung rat study ] Postnutal week

Dosce-finding study

3EP: 0, 250, 500, 1000 nig/kg/duy

4EP. 0, 250, 500, 1000,2000) mg/kg/day

Main study

0, 100, 200, 1000 my/ko/duy

Recovery-maintenance period

4 5 7
5/sexsdose [ T4 days]Autopsy (day after the lust treatment)

4 5 Y
7/ses/duse 128 days JAutopsy (duy after the lust treutment)

7/vexsdose 128 days

0, 1000 my/kp/day

11JAutopsy (2 weeks atter the end of treatient)

Dosing period  Recovery period

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

In urinalysis. color. pH, occult blood, protein, glicose, ketone
bodies, bilirubin, urobilinogen. urine sediment, specific gravity,
osmotic pressure and volome of urine were exumined in the Jate
recovery-maintenance period. Newbom rats were killed on PND 22
or 85. On the day of the sacrifice, blood was collected from the
abdominal uorta. Hematological parameters. snch as the red blood
cell count, hemoglobin concentration, hematocrit value, mean cor-
puscular volume, mean corpuscular hemoglobin, meun corpuscular
hemoglobin councentration, white blood cell counnt, platelet count,
reticulocyle mtio, differential Jenkocyte count, and blood clotting
parameters such as prothrombin time and activaled thromboplastin
time were determined. The blood biochemical parameters. such as
the total protein, albumin, albumin-globulin ratio, glucose, total
cholesterol, triglycerides, total bilirubin, urcat nitrogen, creatinine,
aspartate aminotransferase, alanine aminotransferuse (ALT), v-
glutumy} transpeptidase, alkaline phosphatase. lactate dehydroge-
nase, cholinesterase, phospholipids. calcium. inorganic phospho-
rus. sodium, potassivm and chioride levels in the serum, were also
determined. After a gross examination, the brain, pituitary gland,
heart, thymus, liver, kidneys. spleen. adrenals, thyroids, Jungs, tes-
tesfovaries and epididymides/uterus were weighed. The organs
were tixed with 10% buffered formation-phosphate and paraffin
sections were routinely prepared and stained with hematoxylin-
cosin for microscopic examination. The studies using newbom ruts
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 und Use”
of these laboratories.

28-Day repeated dose study in young rais

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

Main study. Five-week-old rats (7/sex/dose for euch chemical)
were given 3EP or 4EP by gavage ouce a day at 0. 100, 300 or
1000 mg/kg/duy for 28 days and killed after overnight starvation
following the last treatment. The dosage Jevels were determined
based on the results of the dose-finding study in young ruts. 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. bload biochemistry, necropsy findings, organ weights and his-
topathological findings. The study using young rats was conducted
at the Safety Research Institute for Chemical Compounds Co.. Lid.
(Sapporo, Japan) for 3EP and 4EP under GLP conditions (MHW
1988), and accordance with ‘Guidelines for Animal Care and Use’
of these laboratorics.

Statistical analysis

Continuous datx were analyzed with Bartlett's test for homogeneity
of variance. If the data were homogeneous, one-way unalysis of
variance and Dunnett’s test were condueted for group comparisons
between the control and individual chemical-treated groups. I not

M. Takahashi et al.

homogenous or in case of quuntitative urinalysis data, analysis was
performed vsing 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 appeirance and reflex ontogeny were analyzed
by Fisher's exact probability test or Munn~Whitney's U-test. A
probability less than 5% was considered statistically significant.

RESULTS

18-Day study of 3EP in newborn 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
1o variations of the data.

Only slight changes were found in the main study as shown in
the Tuble | und Figure 2. At 300 mg/kg/day. body weights recorded
in males from PND 11-17 (max. 6% decrease) and femules from
PNDs 11-21 (max. 7% decrease) were significantly lower than
controls. Significuntly 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, il was nol
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.

70T Males
. —0—1() mg/kg
60 -+
. - -¢ - 30mghkg
550 +
; — & 100 my/ky
tw 40 + i
‘D == 300 my/ky
=30 +
g
2 20+
10 1
0 [} 1.1 1 1 1 1 i 1 J 1 L 1 1 L 1 1 ) 1 1 11
0 4 7 11 14 17 21
70 T Females
. O} mg/kg
60
- = -¢ - 0mghky
El: 50 T
- —&— M mghkg
T 40 1
0 —l— 300 mp/kg
2 30T
A
S 20+
10 T
() 1 1 1 1] ) 1 1 1 1 1 1 ] 1 1 1 A I 1 L 1 1 ]
0 4 7 11 14 17 21
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Fig.2 Bady weight curves in 18-day study of 3-ethylphenol (3EP} in
newbom 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 Jateral position for three hours after the first dosing at 1000 myg/
kg/day. At this dose, significantly high values of relative liver
weight and ALT in males and relative liver weight and tota) cho-
lesterol in females were abserved. At 500 mg/kg/day. significantly
high values of ALT in males and relative liver weight in females
were obscrved.

In the main study (Table 1 and Fig. 3}, adverse effects as below
were fonnd at 1000 mg/kg/day. Clinical signs, such as staggering
guil, 1 prone/lateral 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 ohserved
in 1/14 males and 3/14 females at this dose. Body weight of mules
was significantly Jowered on days 2 and 7 of dosing. Tn wrinalysis,
significantly high volumes of urine and water consumption and
significantly Jow protein were observed in males and females at the
end of the dosing period. Tn 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 wmales 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 obscrved 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 i the end of the dosing period.
There were no effects of 3EP trewtment at the end of the recovery
period.
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Fig.3 Body weight curves in 28-day swdy of 3-ethylphenot (3EP) in
young rats.
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18-Day study of 4EP in newborn rats

In the dose-finding study. deuths occurred at 300 mg/kg/day in one
female each on days 6 and 8 of dosing, and at 100X mg/kg/day in
all rats by day 3 of dosing. In these dead rats, hypouctivity 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 und
Figure 4. Clinical signs. such as hypoactivity. hypothermia, remor,
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 lemales were significantly more frequent
at this dose and these clinical signs disuppeared 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 12 of dosing. One of
them showed dark red lung and congestive edema of the ung and
the other showed distention of the gastrointestinal ract and atrophy
of the thymic cortex at necropsy. The delay in the righting reflex
wis observed in 4/12 males at 300 mg/kg/day, in /12 females at
100 mg/kg/day and in 1/10 females at 300 mg/kg/day. At 300 myg/
kg/day. body weights of males and females were significantly lower
on PNDs 7-21. Significantly high relative weight of the liver was
observed in males and females at 300 mg/kg/day i the end of the
dosing period. There were no changes in the parameters of blood
biochemistry or histopathological findings related to liver damuge.
There were no effects of 4EP treatment it the end of the recovery-
maintenance period.
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Fig. 4 Body weight curves in 18-day study of 4-ethylphenol (4EP) in
newhom rats.
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Eihvlphenol toxicity in newborn rats
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28-Day study of 4EP in young rats

In the dose-finding study, 4/5 mules 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 J000 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 ajkaline phosphalase 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 winary
bladder and abdominal dropsy were observed at 2000 mg/kp/day
and reddish spots of the glundular stomach and atrophy of the
thymus and spleen were detected at 1000 mg/kg/day. For the su-
viving rats, thickening of the nmcosa 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 «
significantly low value of relative spleen weight in femules 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 gail, a Jaterul position and soiled perigenital
fur, were observed in 11714 males and 9/14 females at 1000 mg/
kg/day. At this dose, sulivation 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.

M. Takahashi et al.

within 30 min after dosing daily from day 6 1o the end of the dosing
period. Staggering guit and a lateral position were occasionaily
observed in males and females for 1 h from a few minutes after
dosing, and soiled perigenital fur was occusionully 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 totul cholesterol in fernales 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 wt 1000 mg/
kg/day at the end of the dosing period. Significantly high values of
refative 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, hyperplusia of squamous cells, degeneration of
squamous cells and/or edema of the submucosa in the forestomach
was observed in all 7 mudes at 1000 mg/kg/day. Hyperplasia of
squamous cells in the forestomach was observed in 1/7 males ul
300 mg/kg/day. Hyperplusia 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 @t 1000 mg/ky/
day. There were no effects of 4EP treatment at the end of the
recovery period except for the Jowered body weight of males at
1000 mg/kg/day.

DISCUSSION

In the present paper, we deternined the toxicity of 3EP and 4EP in
newborn rats and reevaluated the 1oxicity 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 newbom rat
study was concluded to be JOO mgkg/day based on the Jowered
body weight at 300 mg/kg/day. although an increase in relative liver
weight in females with no histopathological change and no changes
in purameters of blood biochemistry related to liver dumage was
observed at 100 mg/kg/day in the main study. NOAEL in the young
1at study was concluded to be 300 mg/kg/day based on the clinical
loxic signs (staggering gail, 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 4EP, NOAEL in the newborn ral
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 Jemales
died in both the main and dose-finding studies. NOAEL in the
young rat study was concluded 10 be 10X mg/kg/day, bused on the
lesions in the forestomach at 300 mg/kg/day. At 1000 mg/kg/day.
clinical toxic signs were observed in all animals with the lesions in
the lorestomach. 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 tats 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 200250 mg/kg/day becanse 2/12
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and 2/5 females died at 300 mg/kg/day in the main and dose-finding
newbom studies, tespectively.

In the newborn rat studies, slightly lowered body weight was
observed after 3EP treatment, and deaths, hypoactivity, Straub tail,
deep respiration and a delayed nighting 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 newborn rats 1o 3EP and 4FP was approximately 3
times higher than that of young rats. The reason that newhorn rals
had higher susceptibility than young rats could be that newborn rats
have immature metabolic activity, thus oxidation and conjugation
of 3EP or 4FP in their livers wounld occur less, and toxic effects of
the parent chemicals would continue longer.

The change of the mucosa and lesions of the submucosa and
squumous 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 similur toxicological effects and phenol
is 4 protoplasmic poison and extremely corrosive (Bloom & Brandt
2001; Manahan 2003). 3EP and 4EP ure 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 « higher
turnover rate of the gastric membrane in developing newborn rats
(Majumdar & Johnson 1982).

Methylphenol is an anulog chemical of ethylphenol. Methylphe-
nols or cresols, including three isomers, were reviewed as to their
loxicity, and they have strong skin irritation and induce symptoms
of poisoning (ASTDR 1992: WHQO 1995; Stouten 1998). These
reviews show that 4-methylphenol is more toxic thun 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 3P 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
3EP 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 4-5 times higher than that in the newborn
rat study. In conclusion, newborn rats were 3-5 times more suscep-
lible to 3EP and 4EP than young rats.
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Introduction

Drganatin compnunds are chemicals widely used in agriculture and industry
(Piver 1973, World Health Organization 1980). Tetrasubstituted organotin
eompounds are mainly used as intermediates in the preparation of other |
organotin compounds, Trisubstituted organotin compounds have biocidal
properties and are used in agriculture as fungicides and acaricides, as rodent
repelients, and mulluscicides, and are widely used as antifoulants in ship
paints and underwater coatings. Especially, triphenyltins (TPTs) and tribu-
tyltins (TBTs) have been used extensively in antifouling products such as
algaecides and mulluscicides. Nisubstituted organotin compounds are com-
merdially the most important derivatives, and are mainly used in the plastics
industry, particularly as heat and light stabilizers for polyvinyl chloride
(PVC) plastics to prevent degradation of the polymer during melting and
forming of the resin into its final products, as catalysts in the production of
polyurethane foams, and as vulcanizing agents for silicone rubbers. Mono-
substituted organotin compounds are used as stabilizers in PVC films. Wide-
spread use of organotin compounds has caused increasing amounts to be
released into the environment. The most important nonpesticidal route of
entry for organotin compounds into the environment is through leaching of
organotin-stabilized PVC in water (Quevauviller et al. 1991), and the use in
antifouling agents, resulting in the introduction of organotin into the aguatic
environment (Maguire 1991). Data are available regarding the detection of
butyltin and phenyltin compounds in aquatic marine organisms (Sasaki et
al. 1988, Fent and Hunn 1991, Lau 1991) and marine products (Suzuki et al.
1992, Belfroid et al. 2000, Tsuda et al. 1995, Ueno et al. 1999, Toyoda et al.
2000). Food chain bicamplification of butyltin in oysters (Waldock and Thain
1983), mud crabs (Evans and Laughlin 1984), marine mussels (Laughlin et
al. 1986), Chinook salmon (Short and Thrower 1986), and dolphin, tuna, and
shark (Kannan et al. 1996), and of phenyltin in carp (Tsuda et al. 1987) and
horseshoe crab (Kannan et al. 1995) has been reported. These indicate that
organotin compounds accumulale in the food chain and are bioconcentrated,
and that humans can be exposed to organotin compounds via seafood. The
World I Tealth Organization (W10} reported in 1980 that the estimated mean
total daily intake of tin by humans ranged from 200 pg to 17 mg. Recently,
Tsuda et al. (1995) reporied that the daily intakes int Shiga prefecture in Japan
were 0.7 t0 5.4 pg in 1991 and 0.7 to 1.3 ug in 1992 for TPT and 4.7 t0 6.9 g
in 1991 and 2.2 to 6.7 pg in 1992 for TBT. Toyoda et al. (2000) also showed
that the daily intakes in Japanese consumers, based on analysis with the 1998
total diet sarnples, were 0.09 pug for TPT, 0 ug for diphenyltin (DI'T), 1.7 pg
for TBT, and 045 pg for dibutyltin (DET). These values are lower than the
acceptable daily intake for TPT according to the JMIR (Joint Meetings of the
FAD [Food and Agriculture Organization] and World Health Organization
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Panel of Experts on Pesticides Residues), 25 ng (World Health Organization
1992), and the guidance value for oral exposure to tributyltin oxide (TBTO),
18 pg (Intemational Programme on Chemical Safety 1999a). Thus, the levels
of organotin compounds in seafood are not considered to be sufficiently high
to affect human health (Tsuda et al. 1995, Ueno et al, 1999). However, Belfroid
et al. (2000) noted that more research on residual TBT levels in seafood is
needed before a definitive conclusion on possible health risks can be drawn.

In recent years, adverse effects of environmental chemicals on the repro-
ductive success of wildlife populations have been reported (Colborn et al
1993). These phenomena may result from interference with the endocrine
system. Disturbances of hormonal regulation during pre- and postnatal
development may produce deleterious effects on reproduction and develop-
ment, TPT and TBT are suspected to be endocrine disruptors (Japan Envi-
ronment Agency 1998). TBT and TPT are known to have strong effects on
the development of imposex (imposition of male sex characteristics on
femnales) in the rock shell (Horiguchi et al. 1996, 1997a), and this condition
may bring about reproductive failure and a consequent population decline.

Although the toxicity of organotins has been exiensively reviewed
(World Health Organization 1980, Snocij et al. 1987, Winship 1988, Boyer
1989, International Programme on Chemical Safety 19994, b}, the reproduc-
tive and developmental toxicity of these compounds is not well understood.
Tn this chapter, we summarize the findings of the studies on reproductive
and developmental effects of organotin compounds.

Effects on Aquatic Organisms
Imposex on Gastropods

TBT causes reproductive toxic effects in marine gastropods, which were
represented by some masculinizing cffects including imposex or pseudoher-
maphodi(ti)sne. The imposition of male sex organs (a penis and vas deferens)
on female mud snails (Nassarius obsoletus) was found in near harbors, and
the degree of penis development and frequency of imposex were positively
correlated 1o the seawater TBT conceniration (Smith 1981a, b). Imposex has
been induced experimentally by treaiment with 4.5 to 5.5 pg/L of TBT
compounds for 60 days. In field studies in southeastern England, imposex has
been reported in declining populations of the comumon dogwhelk (Bryan et aL
1986, 1987, 1989, Gibbs and Bryan 1986, Davics et al. 1987, Gibbs et al. 1987).

Imposex has not just occurred at a regional level, but worldwide on a
globat scale. Imposex in dogwhelk was not only reported in England, but in
Scotland, the Netherlands, and the coastline of the North Sea. Imposex in
other whelk spevies occurred in Canada, West Africa, New Zealand, Aus-
tralia, Malaysia, Singapole, Indonesia, and Japan (Fent 1996, Horiguchi et al.
19946). Imposex among prosobranchs is known to occur in around 70 species
of 50 genera, although some species are less susceptible to TBT compounds
(Fioroni et al. 1991, Fent 1996).
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and LeGall, 1983). Co-localization of TBT with PMF in ganglia suggested
that PMF release through TBT’s neurotropic action induced masculinization
in females (Bryan et al. 1989). Other studies indicated increased testosterone
levels detected in female dogwhelk exposed to TBT, and that testosterone
injection without TBT induced penis development in females {Spooner et al.
1991, Stroben et al. 1991). The later studies suggested that TBT disturbed the
P-450~dcpendent aromalization of androgens to estrogen, and a nonsteroidal
specific aromatase inhibitor-induced imposex similar to TBT (Bettin et al
1996). However, the PMF has not been well characterized, and the role of
vertebrate sex steroids is not known in gastropods to datc. A recent study
proposed that the combination of changes in the neuropeptide (APGWa-
mide), which is considered 10 be a PMF in mud snails, and steroid hormones
would lead to imposex induction at extremely low doses of TBT (Oberdérster
and McClellan-Green 2002).

Effects on Fish

TBT or TPT cxposurc in carly life stages induces altered embryonic devel-
opment, and delayed or inhibited hatching in fish. Exposure of TBT or TBT
to minnow eggs and larvac at concentrations of 0.2 to 18 pg/L in the water
in which the fsh lived induced dose-dependent morphological effects on
larvae. Marked body axis deformations were observed at more than about
4 g /1. exposure, and incomplete hatching occurred at similar concentrations
in 10 to 30% of larvae. At 15.9 pg/L of TPT exposure, hatching was delayed
and the hatching rate was reduced significantly (Fent and Meier 1992, 1994),
Developmental defects, such as skeletal abnormality and retarded yolk sac
resorption, occurred in zebrafish larvae at more than 25 1g/L of triphenyltin
acetate (TPTA) exposure, and hatching delay was found at more than 0.5
pg /1. (Strmac and Braunbeck 1999). These developmental effects in fish were
caused not only by organotin compounds, but also by a variety of contam-
inants (i.e., heavy metals, chinrinated hydrocarbons, altered pH), suggesting
that such alteration would b classified as a nonspecific reaction to organic
toxicants (Fent 1996, Strmac and Braunbeck 1999).

Some reproductive effects (i.e,, reduced fecundity and sperm counts) in
fish were reported. Reproductive success of three-spine stickleback with TBT
exposure were examined over a 7-month period; no effects were detected in
relation to fecundity, number of hatched fry, or frequency of malformed fry.
However, no changes were found in the gonad somatic index (GSL; ovary
weight ratio to total body weight); by the 7-month TBT treatment (2 ug/1L)
despite increasing GSI in controls, which suggested a lack of maturation of
egg tissue and consequently a potential reduced fecundity (Holm et al. 1991).
In sheepshead minnows, reduction in both total and percent viable eggs was
found at more than 1.3 pg/L of TBT exposure, although the reductions were
not statistically significant (Manning et al. 1999). TBT exposure o Japanese
medaka at 1 mg/kg body weight caused a reduction of the spawning frequency
{Nirmala et al 1999). Additionally, environmentally relevant concentrations of
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TPT also induced imposex in Thais clewigera at the same potency as TBT
(Horiguchi et al. 1997a). Although, in Nucwila lapillus, TPT did not induce
imposex, ripropyltin (TPrT) had a small effect on the development of impo-
sex (Bryan et al. 1988). DBT and menobutyltin (MBT) did not induce imposex
in the gastropod species examined. Three trisubstitution compounds (TBT,
TPT, TPrT) and monophenyltin {MPT) easily induced imposex in some spe-
cies, among the eight organoting, i.e,, MBT, DBT, TBT, tetrabutyltin (TcBT),
MPT, DPT, TPT, and TPrT. (Bryan et al. 1988, Hawkins and Hutchinson 1990,
Horiguchi et al. 1997b).

The early studies in the 19805 reached some common conclusions, which
are described below (Eisler 2000). Imposex correlated with the body burden
of tributyl- and dibutyltin, but not with the tissue concentration of arsenic,
cadmium, copper, lead, silver, or zinc. Forty-one percent of females had male
characteristics, when the body burden reached to 1.65 mg Sn/kg of dry soft
parts, by exposing with 0.02 ug Sn/L for 120 days. Imposex in immature
females is cansed above the concentration of around 1ng/L (Sn) in seawater.
At higher concentrations of TBT, the oviduct had been blocked, tesulting in
sterilization. Declining dogwhelk populations could be caused by aborting
capsules, sterility, and premature death, which were characterized by a mod-
erate to high degree of imposex, fewer female functions, fewer juveniles,
and scarcity of laid egg capsules.

There is also a great varicty of gradations of imposex in different species.
The intensity is characterized by a classification system, which distinguishes
six stages with a few diffcrent types, mainly based on a Vas Deferens
Sequence (VDS) index (Oehlmann et al. 1991). Imposex development
occurred in three variations: (1) a small penis without penis duct, (2) a short
distal vas deferens section, or (3) a short proximal vas deferens section (stage
1). At stages 2 and 3 the male sex characicristics of cach type are developed
continuously, Stage 4 is characterized by a penis with penis duct and a
complete vas deferens, and represents the last stage of fertility, The repro-
ductive failure or sterility is induced in later stages. At stage 5 the vagina is
replaced with a small prostate gland, the vagina opening is blocked by vas
deferens tissue, or the incompletion of the pallial oviduct closure occurs.
Abortive egg capsules fill the Jumen and vestibulum of the capsule gland
and evoke an intense swelling of the gland at stage 6 (Bettin et al. 1996).
High TBT exposure in the early stages of life induced gametogenesis or sex
changes characterized by a suppression of oogenesis and commencement of
spermatogenesis in females (Gibbs et al. 1988, Fioroni et al. 1991, Oehlmann
et al. 1991, 1996, Horiguchi et al. 2002). It was thought that the initial phases
of imposex comesponding to VDS stages 1 and 2 may be reversible; however,
advanced phases of imposex and sterilization with gross morphological
changes corresponding to VDS stage 5 and 6 would be irreversible (Fent 1996).

Although many morphological aspects of pseudohermaphodi(ti)sm
caused by TBT have been investigated, the biochemical mechanism has been
indistinet. It is known that a neurotropic hormone called the penis morpho-
genic factor (PMF) develops male normal differentiation in mollusks (Féral
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TBT induced significantly decreased sperm counts in guppies (11.2 to 22.3
ng/L for 21 days), and decreased sperm motility at concentrations less than
1 pg/L (Haubruge et al. 2000, Kime et al. 2001).

Effects on Other Organisms

Despite a great number of studies on imposex in snails and a comparable
number of toxicity reports on fish, there is little information on development
and reproductive cffects on other 'specics by organotin compounds, It was
reporied that imposex has not only been found in gastropods, but also been
induced in Japanesc freshwater crabs by TBT (Takahashi ct al. 2000), In crabs,
imposex has also occurred in males, which is characterized by dual-gender
imposex (either a fomale genital opening or a single ovary occurred in males).
Malformations during Jimb regeneration occurred in fiddler crabs {Weis and
Kim 1988) and in axolot], induced by TBT (Scadding 1990).

Summary of Effects on Aquatic Organisms

TBT or TPT causes the imposition of male sex organs (impaosex) on female
mud snails above the concentration of about 1 ng/L (Sn) in seawater, but
DBT or MPT does nat induce imposex. The intensity is characterized by a
classification system based on the VDS, and advanced phascs of imposex
and sterilization with gross morphological changes are irreversible. The
biochemical mechanism studies suggested that the induction of cither neu-
rotropic hormone or androgen titer would lead to imposex at an exiremely
low dose of TBT. Also, TBT or TPT exposure in the eatly life stages of fish
causes altered embryonic development, impaired morpholegical develop-
ment, and delayed or inhibited hatching, and reduces fecundity and sperm
counts. Such reproductive and developinental defects were also found in
other species, The impaired reproduction and subsequent population decline
in a vatiety of aquatic organisms by organotins are an important issue in
aquatic ecosystcns.

Effects on Experimental Animals
Reproductive Toxicity of Phenyltin Compounds

Reproductive Toxicity of Triphenyltins
TPTs have been reported to be insect chermosterilants (Kenaga 1965). Repro-
ductive studies on TPTs are presented in Table 3.1. Several reports on male
reproductive toxicity have been published. Male Sharman rats were given a
diet containing triphenyltin hydroxide (TPTH) at 50, 100, or 200 ppm and
then mated with untreated females repeatedly five times (Gaines and Kim-
brough 1968). Reduced fertility, such as decreases in the total number of
matings, total number of litters bormn alive, and ratio of number of litters to
number of matings, accompanied by a marked reduction in food consumption
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response (DCR) is a model for maternal physiological events that are asso-
ciated with implantation (Cummings 1990). This technique can distinguish
between the adverse effects of chemical compounds in the maternal and fetal
compartments, and has been used to evaluate the reproductive toxicity of
chemical compounds (Spencer and Sing 1982, Bui et al 1986, Cummings
1990, Kamuin et al. 1994, Ema et al. 1998). The effects of TPTCl on the
reproductive capability of the uterus, as a cause of implantation failure, were
evaluated using pseudopregnant rats (Bma et al. 1999a). Female Wistar rats
were given TFTC] by gastric intubation at 3.1, 4.7, or 6.3 mg/kg on days 0
to 3 of pseudopregnancy. Between 11:00 and 13:00 on day 4 of pseudopreg-
nancy, induction of DCR was performed via midveniral laparotomy under
ether anesthesia, and experimental decidualization was initiated by scratch-
ing the antimesometrial surface of the endometrium with a bent needle. The
uterine weight on day 9 of pseudopregnancy served as an index of the
uterine decidualization (De Feo 1963). A decrease in the uterine weight,
which indicates suppression of the uterine decidualization, was detected at
4.7 and 6.3 mg/kg. TPTCl at 47 and 6.3 mg/kg also produced a decrease in
the serum progesterone levels in female rats on day 4 and on day 9 of
pseundopregnancy. These doses caused an increase in implantation failure
{preimplantation embryonic loss) in female rats given TPTClon days0to 3
of pregnancy (Ema et al, 1997a). These results suggest that TPTCI causes the
suppression of uterine decidualization correlated with the reduction jn
serum progesterone levels, and thesc participate in the induction of implan-
tation failure due to TPTCL. Protective effects of progesterone against sup-
pression of uterine decidualization and implantation failure induced by
TPTCl were examined (Ema and Miyawaki 2001). The hormonal regimen,
consisting of progesteronc and estorone supported decidual development in
ovariectomized rats given TPTCI. The pregnancy rate and number of implan-
tations in groups given TPICI at 4.7 or 6.3 mg/kg in combination with
progesterone were higher than those in the groups given TPTCl aJone. These
results indicate that the TPTCl-induced suppression of uterine decidualiza-
tion is mediated, at least partially, by ovarian hormones, and that progest-
erone protects against TPTCl-induced implantation failure.

Reproductioe Toxicity of Diphenyltin Compounds
Oral TPT is metabolized to DPT, MPT, and further to inorganic tin in rats
(Kimmel et al. 1977, Ohhira and Matsui 1993 a, b). Reproductive toxicity
studies on DPTs are also published (Table 3.1). The adverse effects of diphe-
nyltin dichloride (DPTCL) on the injtiation and maintenance of pregnancy,
and the role of DPT in the implantation failure of TPT were evaluated.
Following successful mating, DPTCl was given to Wistar rats by gavage on
days 0 to 3 of pregnancy at 4.1, 8.3, 16.5, or 24.8 mg/kg or on days 4 to 7 of
pregnancy at 8.3, 16.5, 24.8, or 33.0 mg/kg (Bma et al. 1999b). The pregrancy
rate was decreased after administration of DPICI on days 0 to 3 at 24.8 mg/
kg and on days 4 to 7 at 33.0 mg/kg. The incidence of preimplantation loss
was increased at 165 mg {equivalent to 48 pmol)/kg on days 0 to 3. In
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and weight gain, were observed at 100 or 200 ppm for 64 days. At these
doses, fond consumption later improved, and with it, fertility. Dietary expo-
sure to triphenyltin acetate (TPTA) or triphenyltin chloride (TPTCI) at 20
mg/kg for 19 days produced marked effects on body weight, testicle size,
and testicular structure in male Holtzman rats (Pate and Hays 1968). Micro-
scopic examinations revealed degenerative changes, such as a decrease in
the number of layers per tubule, a depletion of the more advanced cell forms
from the tubules, and a closing of the tubule lumina. Effects were more
pronounced in rats treated with TPTA. TPTA or TPTCl at 20 mg/kg in feed
for 20 days was reported to cause an impairment of the spermatogenic
process in male Holtzman rats; complete recovery of the spermatogenesis
was observed after feeding a normal diet for 70 days (Snow and Hays 1983).
No mutagenicity was detected in dominant lethal assay in which male ICR/
Ha Swiss mice were given a single intraperitoneal injection of TPTA at 2.4
or 12 mg/kg or TPTH at 1.3 or 8.5 mg/kg, or given TPTA at 6mg/kg or
TPTH at 11 mg/kg by gavage on 5 successive days and then mated with
nnireated females, and pregnancy outcome was determined on day 13 of
pregnancy (Epstein et al. 1972).

Adverse effects on female reproductive toxicity were also reported.
Dietary TPTA and TPTCl at 20 mg/kg for 4 days produced significant
changes in the ovarian tissue, including a decreased number of mature
follicles, an increased incidence of atresia in early follicle growth, and a
pronounced decrease in the number of corpora lutea in female Holtzman
rats (Newton and Hays 1968). Thesc effects were regarded as a decrease in
ovulation, and thus decreased fertility. The adverse effects of TPTCI on the
initiation and maintenance of pregnancy were determined after administra-
tion to the mother during early pregnancy (Ema et al. 1997a). Following
successful mating, female Wistar rats were given TPTCl by gavage on days
0 to 3 of pregnancy at 3.1, 4.7, or 63 mg/kg or on days 4 to 6 of pregnancy
at 6.3, 12.5, or 25.0 mg/ kg, and pregnancy outcome was determined on day
20 of pregnancy. TPTCI totally prevented implantation in a dose-dependent
manner. The pregnancy rate was decreased after administration of TPTCI
on days 0 to 3 at 4.7 and 6.3 mg/kg and on days 4 to 6 at 12.5 and 250 mg/
kg. Preimplaniation loss was increased after administration of TPTClon days
Oto 3 at4.7 mg/ kg and higher. In fernales having implantations, the numbers
of implantations and live fetuses, and the incidences of pre- and postimplan-
tation embryonic loss in the TPTCl-treated groups were comparable to the
controls. These results indicate that TPTC] during early pregnancy causes
failure in implantation and has greater antiimplantation effects when admin-
istered during the preimplantation period than the periimplantation period.

The function of the uterine endometrium is one of the principle factors
in embryonic survival., Uterine decidualization is required for normal
implantation, placentation, and therefore normal gestation in rats. The uter-
ine growth induced by endometrial trauma in pseudopregnant animals mim-
ics the decidual response of the pregnant uterus that occurs after embryo
implantation (Cummings 1990, Kamrin et al. 1994). The decidual cell
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females having implantations, the incidences of pre- and postimplantation
embryonic loss in the groups given DPTCI on days 0-3 were comparable to
the controls, The incidence of postimplantation embryonic loss was increased
after administration of DPTCl on days 4 to 7 at 33.0 mg/kg. These results
indicate that DPTCI during eatly pregnancy causes implaniation failure, and
that DPTCI has greater effects on reproduction when administered during
the preimplantation period rather than the periimplantation period. Follow-
ing administration on days O to 3 of pregnancy, the increased incidence of
preimplantation embryonic loss was induced by TPTC], a parent compound
of DPTC], at 4.7 mg (equivalent tol2 yumol) /kg and higher (Ema et al. 1997a),
or DPTCI at 16.5 mg (equivalent to 48 pmol)/kg. If, on a mole-equivaient
basis, a metabolite is as, or more, effective than the parent compound, this
is consistent with the view that the metabalite is the proximate toxicant or
at least an intermediate to the proximate toxicant, Thus, it scems unlikely
that only DPTCI and/ar its further metabolites can be considered the agents
responsible for the antiimplantation effects of TPTCl As for the mctabolism
of phenyltin, however, Ohhira and Matsui (1993b) showed that TPT com-
pound was formed in the liver of the DPTCl-treated rat by metabolism of
DPTCI, and suggested that part of the administered DPT compound has
some harmful cffect as the TPT compound in rats, and this must be taken
into consideration in toxicological research on DPT. Further studies are
needed to clarify the difference in the reproductive toxicity induced by TPT
and DPT, and to identify the proximate or ultimate toxicant of phenyltins.
The effects of DPTCI on the reproductive capability of the uterus were
evaluated in pseudopregnant rats according to the procedure described
above. Female Wistar rats were given DPTCI by gastric intubation on days
00 3 of pseudopregnancy at 4.1,8.3, 16.5, or 24.8 mg/kg (Bma and Miyawaki
2002). Suppression of uterine decidualization was observed at 16.5 mg/kg
and higher. A decrease in the serum progesterone levels in pseudopregnant
rats was also found on day 4 and on day 9 of pseudopregnancy at 16.5 mg/
kg and higher. These doses induced an increase in preimplantation embry-
onic loss in female rats given DPTCl on days 0 to 3 of pregnancy (Ema et
al. 199%b). No changes in serum estradiol levels in pscudopregnant rats were
noted. These results suggest that DPTCI causes the suppression of uterine
decidualization correlated with the reduction in serum progesterone lovels.
These are responsible for the DPTCl-induced implantation failures. The hor-
monal regimen consisting of progesterone and cstrone supported decidual
development in ovariectomized rats given DPTCI (Ema and Miyawaki 2002).
The pregnancy rate and number of implantations in groups given DPTCl at
16.5 or 24.3 mg/kg in combination with progesterone were higher than those
in the groups given DPTCl alone. These results show that the DPTCl-induced
suppression of uterine decidualization is mediated, at least partially, by
ovarian hormones, and that progesterone protects against the DPTCI-
induced implantation failure.



