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(MBzP), mono-cyclohexyl phthalate (McHP), mono-ethyl
phthalate (MEP), mono-isononyl phthalate (MINP) and
mono-n-octyl phthalate (MOP), in 289 US adults (Blount
et al., 2000). A subsequent study involving a group of
2541 individuals from participants of the National Health
and Nutrition Examination Survey (NHANES) aged > 6
years in US provided similar findings to the previous study
although urinary levels for MEP, MBP and MBzP were
lower than the previously reported values (Silva et al.,
2004a).

These urinary metabolite levels were used to calculate
the ambient exposure levels for five PAEs, BBP, DBP,
DEHP, di-n-octyl phthalate (DOP) and di-isononyl phtha-
late (DINP), in human populations (David et al., 2001;
Kohn et al., 2000). The estimation of daily intake of
phthalates was calculated by applying the following equa-
tion according to David et al. (2001):

Intake (pg/kg/day) = UE (ng/ i) IXO(();E(I(:;% 1)(8/ day)
MW,

MW,

where UE is the urinary concentration of monoester per
gram creatinine, CE is the creatinine excretion rate nor-
malized by body weight, f is the ratio of urinary excre-
tion to total elimination, and MWy and MW, are the
molecular weights of the diesters and monoesters,
respectively.

Table 2 shows the estimated ambient exposure to PAEs.
As shown in Table 2, all estimated PAE intakes in the US
population were lower than the tolerable daily intake
(TD1) values settled by the EU Scientific Comniittee for
Toxicity, Ecotoxicity and the Environment (BBP: 200
pg/kg/day, DBP: 100 pg/kg/day, DEHP: 37 pg/kg/day,
DOP: 370 pg/kg/day, and DINP:150 pg/kg/day) (CSTEE,
1998), the reference dose (RfD) of the US EPA (BBP:
200 pg/kg/day, DBP: 100 pg/kg/day, and DEHP: 20
ng/kg/day) (US EPA, 2006) and the TDI values established
by the Japanese Government (DEHP: 40-140 pg/kg/day
and DINP: 150 pg/kg/day) (MHLW, 2002). Among these
PAEs, DEHP is most commonly used plasticizer for
flexible PVC formulations and is a widespread environ-
mental contaminant (Kavlock et al., 2002c); however, the

Table 2

estimated daily intake level of DEHP was not high as
expected.

Koch et al. (20044, 2003) and Barr et al. (2003) cast doubt
on the sensitivity of the biomarker MEHP for assessing
DEHP exposure, and they explored mono- (2-ethyl-Soxo-
hexyl) phthalate (50x0o-MEHP) and mono- (2-ethyl-
5-hydroxyhexyl) phthalate (SOH-MEHP) as additional
biomarkers for DEHP. After a single oral dose of DEHP
in a male volunteer, peak concentrations of MEHP,
SOH-MEHP, and 50x0-MEHP were found in the serum
after 2h, and in urine after 2h (MEHP) and 4 h (SOH-
MEHP and Soxo-MEHP). The major metabolite was
MEHP in serum and SOH-MEHP in urine (Koch et al.,
2004a). Barr et al. (2003) analyzed 62 urine samples for
metabolites of DEHP, and the mean urinary levels of
50xo-MEHP and SOH-MEHP were 4-fold higher than
MEHP.

Koch et al. (2003} determined a median DEHP intake of
13.8 pg/kg/day based on urinary oxidative metabolites of
DEHP, SOH-MEHP and Soxo-MEHP, in male and female
Germans (n = 85; aged 18—40). Twelve percent of the sub-
jects exceeded the TDI of the EU-CSTEE (37 ng/kg/day)
and 31% of the subjects exceeded the RfD of the US
EPA (20 pg/kg/day). For DBP, BBP, DEP, and DOP,
the 95th percentile intake values were estimated to be
16.2, 2.5, 22.1, and 0.42 pg/kg/day, respectively. Subse-
quently, urine samples from 254 German children aged
3-14 were also analyzed for concentrations of these three
metabolites of DEHP. The geometric means for MEHP,
50H-MEHP and Soxo-MEHP in urine were 7.9, 52.1,
and 39.9 pg/L, respectively (Becker et al., 2004). The med-
ian daily intake of DEHP in children was estimated to be
7.7 pg/kg. Four children exceeded the TDI of the EU-
CSTEE (37 pg/kg/day) and 26 children also exceeded the
RID of the US EPA (20 pg/kg/day) (Koch et al., 2006).

Although these findings showed that German popula-
tions could be exposed to DEHP at a higher level than pre-
viously estimated values (David et al., 2001; Kohn et al,
2000), these results should be interpreted carefully. In the
above-mentioned equation, Kohn et al. (2000) and David
et al. (2001} applied the fractional urinary excretion value
(f=0.106: MEHP) determined by Peck and Albro
(1982). On the other hand, Koch et al. (2003) applied the
fractional urinary excretion values (f=0.074: S5OH-

Comparison of calculated intakes of phthalates based on the geometric mean values for urinary metabolites and the tolerable daily intake levels as well as

the reference dose of phthalates (in pg/kg/day)

TDI (EU) RID (US) TDI (Japan)

PAEs  Estimated by David et al. (200]) for 289  Estimated by Kohn et al. {2000) for 254}
US individuals (Blount et al.. 2000) US individuals (Sitva et al., 2004a) (CSTEE. 1998) (US EPA, 2006) (MHLW, 2002)
Geometric mean 95th percentile Geometric mean 95th percentile
BBP 0.73 3.34 0.88 4.0 200 200 Not established
DBP 1.56 6.87 1.5 7.2 100 100 Not established
DEHP 0.60 3.05 0.71 36 37 20 40-140
DOP <LOD — 0.0096 0.96 370 Not established Not established
DINP 021 1.08 <LOD 1.7 150 Not established 150

LOD, limit of detection.
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MEHP, 0.055: 50xo-MEHP and 0.024: MEHP) deter-
mined by Schmid and Schlatter (1985). Using different frac-
tional urinary excretion values can yield several fold
differences in estimated values even if the levels of the uri-
nary metabolites are the same.

Table 3 shows a comparison of the estimated median
exposure levels of DEHP. Koo and Lee (2005) and Fuji-
maki et al. (2006) applied the same fractional urinary excre-
tion values of Koch et al. (2003) for calculating daily
DEHP intake. Koo and Lee (2005) estimated daily intake
of DEHP in Korean children aged 11-12 years old
(n=150) and in Korean women aged 20-73 years old
(n=150) with a fractional urinary excretion value of
0.024 for MEHP. Median intake levels of DEHP were esti-
mated to be 6.0 pg/kg/day in children and 21.4 pg/kg/day
in adult women. TDI of the EU (37 pg/kg/day) was
reached at the 56th percentile for women and the 95th per-
centile for children. Fujimaki et al. {2006) estimated the
daily intake of DEHP in forty pregnant Japanese women.
The median concentrations of MEHP, SOH-MEHP and
Soxo-MEHP in the urine were 9.83, 10.4, and 10.9 pg/L,
respectively. The median DEHP intake based on MEHP,
SOH-MEHP, and Soxo-MEHP were estimated to be 10.4
(3.45-41.6), 4.55 (0.66-17.9), and 3.51 (1.47-8.57) ug/kg/
day, respectively. These two studies showed higher expo-
sure levels than the previously estimated values in the US
population (David et al., 2001; Kohn et al, 2000). Koo
and Lee (2005) also showed that a different estimation
model can yield 10-fold lower values when estimating
DEHP intake, indicating that methods for estimation of
daily intake values of PAEs remain inconsistent.

Recently, other secondary oxidized metabolites of
DEHP have been recognized (Koch et al, 2005b).
Although SOH-MEHP and 5oxo-MEHP in the urine reflect
short-term exposure levels of DEHP, other secondary
oxidized metabolites of DEHP such as mono-(2-ethyl-5-
carboxypentyl) phthalate (5cx-MEPP) and mono-{2-(carb-
oxymethyhhexyl] phthalate (2cx-MMHP) are considered
excellent parameters for measurement of the time-weighted
body burden of DEHP due to their long half-times of elimi-
nation. Biological monitoring in a German population
(n = 19) indicated that 5cx-MEPP is the major urinary

metabolite of DEHP. Median concentrations of the metab-
olites of DEHP were 85.5 pg/L (5¢x-MEPP), 47.5 ug/L
(SOH-MEHP), 39.7 pg/L (Soxo-MEHP), 9.8 ng/L (MEHP)
and 36.6 pg/L (2cx-MMHP) (Preuss et al., 2005). Further-
more, oxidized metabolites of DINP have been recently
introduced as new biomarkers for measurement of DINP
exposure (Koch and Angerer, 2007; Silva et al., 2006b).
These new findings imply that more accurate methods for
estimation of PAE exposure can be developed.

2.2. Exposure in fetuses and infants

PAE exposure to the fetus in utero is a great concern
because some PAEs are considered to be developmental
toxicants. Adibi et al. (2003) measured of urinary phthalate
metabolites in pregnant women (n = 26) in New York. The
median creatinine-adjusted concentrations of MEP, MBP,
MBzP, and MEHP were 236, 42.6, 12.1, and 4.06 ng/g,
respectively. Metabolites levels in pregnant women were
comparable with those in US general population (Blount
et al., 2000; Silva et al., 2004a). Another study in 24
mother~infant pairs confirmed DEHP and/or MEHP
exposure during human pregnancies (Latini et al., 2003a).
The mean DEHP concentrations in maternal plasma and
cord plasma were 1.15 and 2.05 pg/mL, respectively, and
the mean MEHP concentration was 0.68 pg/mL in both
maternal plasma and cord plasma. The levels of phthalate
metabolites in the amniotic fluid may reflect fetal exposure
to PAEs. Only three metabolites, MEP, MBP, and/or
MEHP, were detected in the amniotic fluid samples
(n=54). The levels of mono-methylphthalate (MMP),
MBzP, McHP, MINP, MOP, 50H-MEHP, and 5oxo-
MEHP were under the limits of detection. Levels of
MEP, MBP, and MEHP ranged from under the limits of
detection to 9.0 ng/mL (n=13), 263.9 ng/mL (n= 50),
and 2.8 ng/mL (n = 21), respectively (Silva et al., 2004b).
These studies suggest that human exposure to PAEs can
begin in utero.

Breast milk and infant formula can be routes of PAE
exposure for infants. Table 4 shows phthalate monoesters
levels in human milk, infant formula, and consumer milk.
Levels of phthalate monoesters in pooled breast milk

Table 3
Comparison of estimated mean daily intake of DEHP (ug/kg/day)
Metabolites German® adults Korean" (Koo and Lee, Japanese” pregnant US" adults US" aged >6 years
(n=85) (Koch  2005) women (n = 40) (n=1289) (n=2541) (Kohn
et al., 2003) Adults (women) Children  (Fuiimaki et al. 2006)  (David et al.. 2001) et al.. 2000)
(n = 150) (n=150)
MEHP 103 (38.3) 21.4 (158.4) 60 (37.2) 104 0.60 (3.05) 0.71 (3.6)
SOH-MEHP 13.5 (51.4) No data Nodata 4.55 No data No data
Soxo-MEHP 142 (52.8) No data Nodata 3.51 No data No data
Oxidative DEHP metabolites’ 13.8 (52.1) No data No data  No data No data No data

Figures in parentheses show the 95th percentile.

* Applying the equation of David et al. (2001) and the fractional urinary excretion value determined by Schmid and Schiatter (1985).
® Applying the equation of David et af. (2001) and the fractional urinary excretion value determined by Peck and Albro (1982).
© Average of estimated intakes of DEHP based on SOH-MEHP and Soxo-MEHP.
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Table 4

Phthalate monoester levels (ug/L) in human milk, infant formula and consumer milk

Three pooled breast milk
samples (Calafat et al.,

Monoester Diester

Thirty-six samples of Danish
mother’s milk (Mortensen et al.,

Seven samples of consumer
milk (Mortensen et al., 2005)

Ten samples of infant
formula (Mortensen et al.,

2004b) 2005) 2005)
MMP DMP <LOD 0.17 + 0.26" <LOD <LOD
MEP DEP  <LOD 1.78 + 2.74 <LOD <LOD
MBP DBP/ 13+15" 359 % 1830 0.6-3.9" 1.4-28°

BBP

MBzP BBP  <LOD 12416 <LOD <LOD
MEHP  DEHP 78168 1311 . 56-9.1 7.1-99
MINP DINP 159477 114 £ 69 <LOD <LOD:

LOD, limit of detection.
* Values are given as mean + standard deviation.
® Values are given as range.

(n = 3) were reported by Calafat et al. (2004b). A subse-
quent study for 36 individual human milk samples pro-
vided higher values for all metabolites; in particular,
levels of MBP were two magnitudes higher (Mortensen
et al., 2005) than that in the previous study by Calafat
et al. (2004b). Phthalate metabolites in breast milk were
detected in their free forms unlike the metabolites found
in urine and blood. Therefore, infants may receive active
PAE metabolites from breast milk on a daily basis. Only
MBP and MEHP were detected in consumer milk and
infant formula (Mortensen et al., 2005).

The levels of PAEs were determined for 27 infant formu-
lae sold in several countries, and DEHP and DBP were
found (Yano et al., 2005). The amounts of DEHP (34—
281 ng/g) were much higher than DBP (15-77 ng/g).
DEHP, DBP, and DEP were also found in a total of 86
human milk samples collected from 21 Canadian mothers
over a 6-month postpartum period. DEHP was the major
ester with a mean value of 222 ng/g (8-2920 ng/g), followed
by DBP with a mean of 0.87ng/g (undetectable to
11.39 ng/g). DEP with a mean of 0.31 ng/g (undetectable
to 8.1 ng/g) was detected in only a small number of sam-
ples. Dimethyl phthalate (DMP), BBP, and DOP were
not detected in any samples (Zhu et al., 2006). Tuable 5 pre-
sents estimated maximum daily intakes of PAEs in infants,
which was calculated by assuming that the body weight of
infants is 7kg and the daily intake of milk is 700 mL.
Although the total estimated maximum daily intake of
DEHP in infants was generally less than in general adults
(Koch et al., 2003), the estimated maximum daily intake
per body weight was higher than adults due to the low

Table 5

body weight of the infants. Assuming that milk was the
only exposure route for PAEs in the infants, it is likely that
infants had less exposure to DBP and DEP than the gen-
eral adult population (Koch et al., 2003). These studies sug-
gest that some infants may also be exposed to DEHP at
higher levels than the established safe standard levels.

2.3. Possible variation of PAE exposure

Some humans may be exposed to PAEs at higher level
than the established safe standard levels. Measurements
of urinary metabolites of PAEs have revealed notable dif-
ferences in concentrations of specific metabolites based
on age, gender and race (Blount et al., 2000; Silva et al.,
2004a). Concentrations of MBP, MBzP, and MEHP were
higher in the youngest age group (6-11 years) and
decreased with age. Non-Hispanic blacks tended to have
higher levels of phthalate metabolites than non-Hispanic
whites or Mexican Americans. Females tended to have a
higher level of phthalate metabolites than did males (Silva
et al., 2004a). Blount et al. (2000) also indicated that
women of reproductive age (20-40 years) had significantly
higher levels of MBP than other age/gender groups. Mea-
surement of the three urinary metabolites MEHP, SOH-
MEHP and Soxo-MEHP in male and female children
(n =254) aged 3 to 14 showed that boys had higher con-
centrations of these three metabolites of DEHP than girls
(Becker et al., 2004). The higher levels of PAE metabolites
in the young age group may be due to a different food cat-
egory, dairy products, or the use of PVC toys (CSTEE,
1998), and the higher levels of MBP in females may be

Estimated maximum daily intake (pg/kg/day) of PAEs in infants and general German population

Compounds Human milk (n = 21) Infant formula (n = 27) General population (n = 85)
(Zhu et al., 2006) (Yano et al.. 2005) (Koch et al., 2003)

DEHP 301 (41.1) 6.9 166 (52.1)

DBP 1.21 (0.12) 1.07 22.6 (16.2)

DEP 0.87 Not measured 69.3 (22.1)

Daily PAE intake levels were calculated by assuming that the average daily milk consumption is 700 mL (722 g: specific gravity of human milk = 1.031)

and average body weight is 7 kg.
Figures in parentheses show 95th percentile.
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due to use of cosmetic products that contain high levels of
DBP (Koo and Lee, 2004).

Koo et al. (2002) approached this issue from a different
point of view. Their statistical examination concluded that
higher levels of MBP in urine were associated with a lower
level of education (only a high school education) and/or

. lower family income (less than $1500) in the month before
sampling. Slightly higher levels of MEP were found in
urban populations, low income groups, and males. PAE
exposure occurred from food, water, and indoor air,
although dietary intake of PAEs from contaminated food
was likely to be the largest source (Schettler, 2006). Educa-
tion level and family income may therefore influence the
dietary pattern.

It is still unknown whether the variations in these metab-
olites represent differences in the actual exposure levels.
Metabolism of PAEs may vary by age, race, or sex; for exam-
ple, the ratios of SOH-MEHP/Soxo-MEHP and Soxo-
MEHP/MEHP decrease with increasing age (Becker et al.,
2004). The mean relative ratios of urinary MEHP to 5OH-
MEHP to 5oxo-MEHP were 1to 7.1 to 4.9 in German male
and female children and 1 to 3.4 to 2.1 in German male and
female adults. This might indicate enhanced oxidative
metabolism in children (Koch et al., 2004b). The ratios for
urinary MEHP, SOH-MEHP and 50xo-MEHP in Japanese
pregnant women were reported to be approximately 1 to 1 to
1 (Fujimaki et al., 2006). The variation seen in these three
populations may be due to differences in the analytical meth-
ods; however, these variations in human populations are still
not negligible for accurate risk assessment. Because the cur-
rent estimates of PAE intake in humans can be imprecise and
ADME:s of PAEs in each subpopulation are not clear, the
significance of exposure to PAEs with regard to health effects
is yet unknown.

2.4. Exposure from medical devices

DEHP has been used for a wide variety of PVC medical
devices such as i.v. storage bags, blood storage bags, tubing
sets, and neonatal intensive care units (NICUs), and
known treatments that involve high DEHP exposures
include blood exchange transfusions, extracorporeal mem-
brane oxygenation and cardiovascular surgery.

Serum concentrations of DEHP were significantly
increased in platelet donors and receptors (Buchta et al.,
2005, 2003; Koch et al., 2005c). A median increase of
232% of serum DEHP was detected after plateletpheresis
in healthy platelet donors (Buchta et al., 2003). Mean
DEHP doses for discontinuous-flow platelet donors
and continuous-flow platelet donors were 18.1 and
32.3 pg/kg/day on the day of apheresis, which were close
to or exceeded health standard levels such as the TDI or
RfD (Koch et al., 2005¢).

Premature infants who experience medical procedures
may have a higher risk of exposure to DEHP than the gen-
eral population. Because the same size of each medical
device is used for all ages, infants may receive a larger dose

of PAEs on a mg/kg basis than adults due to their smaller
size. Calafat et al. (2004a) provided the first quantitative
evidence confirming that infants who undergo intensive
therapeutic medical interventions are exposed to higher
concentrations of DEHP than the general population.
They assessed exposure levels of DEHP in 6 premature
newborns (23-26 weeks old) by measuring levels of urinary
MEHP, SOH-MEHP and 50xo-MEHP. The geometric
mean concentrations of MEHP (100 pg/L), Soxo-MEHP
(1617 pg/L), and SOH-MEHP (2003 ug/L) were found to
be one or two orders of magnitude higher than German
children aged 3-5 (MEHP: 6.96 pg/L, SOH-MEHP:
56.7 pg/L and Soxo-MEHP:42.8 pg/L). Koch et al.
(2005a) estimated DEHP exposure due to medical devices
by using five major DEHP metabolites. Forty-five prema-
ture neonates (2-31 days old) with a gestational age of
25-40 weeks at birth were exposed to DEHP up to 100
times over the RfD value set by the US EPA depending
on the intensity of medical care (median: 42 pg/kg/day;
95th percentile: 1780 pg/kg/day).

3. Health effects of PAEs in human populations

In the late 20th century, a few studies reported a rela-
tionship between environmental exposure of PAEs and
human health. For example, Murature et al. {1987)
reported that there was a negative correlation between
DBP concentration in the cellular fraction of ejaculates
and sperm production. Fredricsson et al. (1993) reported
that human sperm motility was affected by DEHP and
DBP. In females, decreased rates of pregnancy and higher
levels of miscarriage in factory workers were associated
with occupational exposure of DBP (Aldyreva et al,
1975). More recent studies in human males, females and
infants are summarized below.

3.1. Studies of the male reproductive system

Table 6 shows a summary of studies of the male repro-
ductive sysiem in human populations. Two studies are
available for 168 male subjects who were members of sub-
fertile couples (Duty et al., 2003a.b). Eight urinary PAE
metabolites, MEP, mono-methyl phthalate (MMP),
MEHP, MBP, MBzP, MOP, MINP and McHP, were mea-
sured with a single spot urine sample. Urinary MEHP,
MOP, MINP, or McHP showed no relevance to sperm
parameters or DNA damage (Duty et al., 2003a,b). Uri-
nary MBP was associated with lower sperm concentration
and lower motility, and urinary MBzP was associated with
lower sperm concentration. There was limited evidence
suggesting an association of increased MMP with poor
sperm morphology (Duty et al., 2003a). A neutral comet
assay revealed that urinary MEP levels were associated
with increased DNA damage in sperm (Duty et al.,
2003b). This result was confirmed by a recent study in
379 men from an infertility clinic in which sperm DNA
damage was associated with MEP (Hauser et al., 2007).

-186-



M. Matsumoto et al. | Regulatory Toxicology and Pharmacology 50 (2008) 3749 43

Table 6
Male reproductive effects in human populations
Compounds Number of subjects Related effects Reference
Total PAEs® n=21 {Sperm normal morphology, TPercent of single-stranded DNA in sperm Rozati et al. (2002)
Phthalic acid n=234 TLarge testis®, TSperm motility® Jonsson et al. (2005)
DEHP n=37 {Semen volume, TRate of sperm malformation Zhang et al. (2006)
MEHP n=187 {Straight-line velocity and curvilinear velocity of sperm’ Duty et al. (2004)
n=174 dPlasma free testosterone Pan et al. (2006)
%MEHP" n=379 TSperm DNA damage Hauser et al. (2007)
MEP n=168 TDNA damage in sperm Duty et al. (2003b)
n=234 TLarge testis®, {Sperm motility, { Luteinizing hormone Jonsson ct al. (2003)
n=379 TDNA damage in sperm Hauser et al. (2007)
n=187 {Sperm linearity®, TStraight-line velocity and curvilinear velocity of sperm** Duty et al. (2004)
DBP n=237 dSemen volume Zhang et al. (2006)
MBP n=168 {Sperm concentration, {Sperm motility Duty et al. (2003a)
n =463 ISperm concentration, {Sperm motility Hauser et al. (2006)
n=187 {Straight-line velocity and curvilinear velocity of sperm" Duty et al. (2004)
n=74 {Plasma free testosterone Pan et al. (2006)
n=295 TInhibin B level™? Duty et al. (2005)
MBzP n=168 {Sperm concentration Duty et al. (2003a)
n=463 {Sperm concentration’ Hauser et al. (2006)
n=187 {Straight-line velocity and curvilinear velocity of sperm’ Duty et al. (2004)
n=295 {Follicle-stimulating hormone® Duty et al. (2005)
MMP n=168 TPoor sperm morphology” Duty et al. (2003a)

® Total level of DMP, DEP, DBP, DEHP and DOP.

® The urinary concentrations of MEHP divided by sum of MEHP, SOH-MEHP and Soxo-MEHP concentrations and multiplied by 100.
¢ Data do not support the association of PAEs with reproductive adverse effects in male human populations.

4 Only suggestive association was observed (statistically not significant).

In another study, semen volume, sperm concentration,
motility, sperm chromatin integrity and biochemical mark-
ers of epididymal and prostatic function were analyzed
together with MEP, MEHP, MBzP, MBP, and phthalic
acid levels in urine in 234 young Swedish men (Jonsson
et al., 2005). Urinary MEP level was associated with fewer
motile sperm, more immotile sperm, and lower serum
luteinizing hormone (LH) values. However, higher phthalic
acid levels were associated with more motile sperm and
fewer immotile sperm; therefore, the results for phthalic
acid were opposite what had been expected.

A similar study was conducted in 463 male partners of
subfertile couples (Huuser et al., 2006). Phthalate metabo-
lites were measured in a single spot urine sample. There
were dose~response relationships of MBP with low sperm
concentration and motility. There was suggestive evidence
of an association between the highest MBzP quartile and
low sperm concentration. There were no relationships
between MEP, MMP, MEHP or oxidative DEHP metabo-
lites with any of the semen parameters.

Although there were associations between some metabo-
lites of PAEs and sperm count, motility, or morphology, no
statistically significant associations between MEP, MBzP,
MBP, MEHP, or MMP and sperm progression, sperm vigor,
or swimming pattern were observed in 187 subjects. There
were only suggestive associations as follows: negative associ-
ations between MBzP with straight-line velocity (VSL) or
curvilinear velocity (VCL), between MBP with VSL and
VCL and between MEHP with VSL and VCL. MEP was
positively associated with VSL and VCL but negatively asso-
ciated with linearity (Duty et al., 2004).

Duty et al. {2005) explored the relationship between uri-
nary phthalate monoester concentrations and serum levels
of reproductive hormones in 295 men. In their previous
studies (Duty et al., 2003a,b), MBP and MBzP were asso-
ciated with sperm parameters, and the investigators had
hypothesized that inhibin B, a sensitive marker of impaired
spermatogenesis (Uhler et al., 2003), would be inversely
associated with MBP and MBzP. However, MBP exposure
was associated with increased inhibin B, although this was
of borderline significance. Additionally, MBzP exposure
was significantly associated with a decrease in serum folli-
cle-stimulating hormone (FSH) level. The serum FSH level
has been used as a marker of spermatogenesis for infertile
males in clinical evaluation (Subhan et al., 1995), and it is
increased in comparison to normal males (Sina et al.,
1975). Therefore, the hormone concentrations did not
change in the expected patterns.

DEHP is known to cause adverse effects on the male
reproductive system in rodents (Gray et al., 2000), and
DNA damage in human lymphocytes is also induced by
DEHP and MEHP (Anderson et al., 1999). A Hershberger
assay with DEHP or MEHP showed anti-androgenic
effects in castrated rats (Stroheker et al., 2005; Lee and
Koo, 2007). However, only a few studies have suggested
that DEHP could be a reproductive toxicant in humans.
Urine and blood samples from 74 male workers at a fac-
tory producing unfoamed "polyvinyl chloride flooring
exposed to DBP and DEHP were compared with samples
from 63 unexposed male workers. The exposed workers
had significantly elevated concentrations of MBP (644.3
vs. 129.6 pg/g creatinine) and MEHP (565.7 vs. 5.7 ug/g
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creatinine) in their urine. The plasma free testosterone level
was significantly lower (8.4 vs. 9.7 ug/g creatinine) in the
exposed workers than in the unexposed workers. Free tes-
tosterone was negatively correlated to MBP and MEHP in
the exposed worker group (Pan et al., 2006). Another
recent study showed that although the urinary MEHP con-
centration was not associated with sperm DNA damage,
the percentage of DEHP metabolites excreted as MEHP
(MEHP%) was associated with increased sperm DNA
damage. It is of interest that the oxidative metabolites
had inverse relationships with sperm DNA damage (Haus-
er et al., 2007).

Unlike other studies, the following two studies used
diester concentrations for measurement of PAEs. Rozati
et al. {2002) reported that the concentration of total PAEs
(DMP, DEP, DBP, BBP, DEHP, and DOP) in the seminal
plasma was significantly higher in infertile men (n = 21)
compared to controls (n = 32). Correlations were observed
between seminal PAEs and sperm normal morphology
(r=-0.769, p<.001), in addition to the % of single-
stranded DNA in the sperm (r = 0.855, p<.001). This
study examined only total PAEs, and relationships between
individual PAEs and sperm parameters were not identified.
Another study in a human male population was carried out
by measurement of semen parameters and DEHP, DBP,
and DEP in human semen (n = 37) (Zhang et al., 20006).
The three PAEs were detected in most of the samples,
and mean levels of DEHP, DBP, and DEP were 0.28,
0.16, and 0.47 pg/L, respectively. There was a negative cor-
relation between semen volume and concentration of DBP
or DEHP. There was also a positive association between
the rate of sperm malformation and DEHP concentrations.
These diester concentrations may directly reflect PAE
exposure levels.

Animal data have suggested that mature exposure to
DBP and DEHP affects sperm parameters (Agarwal
et al., 1986; Higuchi et al., 2003). Diktary exposure of
mature male F344 rats (15-16 weeks old) to DEHP
(0~20,000 ppm) for 60 consecutive days resulted in a dose
dependent reduction in testis, epididymis and prostate
weights at 5000 and 20,000 ppm (284.1 and 1156.4
mg/kg/day). Epididymal sperm density and motility were
also reduced and there was an increased occurrence of
abnormal sperm at 20,000 ppm (Agarwal et al, 1936).
Exposure of BBP from adolescence to adulthood showed
changes in reproductive hormones in CD(SD)IGS rats at
100 and 500 mg/kg/day (Nagao et al., 2000). In Dutch-
Belted rabbits, exposure of DBP during adolescence and
in adulthood decreased the amount of normal sperm
whereas in utero exposure of DBP decreased the amount
of normal sperm, sperm counts, ejaculated volume, and
accessory gland weight (Higuchi et al., 2003). Preadoles-
cent male rats appear to have a greater sensitivity to the
adverse testicular effects of DEHP than older rats. Akingb-
emi et al. (2001) demonstrated that preadolescent male rats
(21 days old) were more sensitive than young adult animals
(62 days old) to 14- or 28-day DEHP exposures that

induced decreases in Leydig cell production of testosterone.
PAE effects on male reproductive organs could be influ-
enced by the stage of development, but the data also sup-
port the possibility that mature animals are susceptible to
PAE exposure. The studies in human populations were in
accord with these animal data.

Some studies in human populations have suggested
associations between MEP, a metabolite of DEP, and
changes in sperm; however, these results regarding to
MEP are not supported by animal studies. According to
Foster et al. (1980), oral dosing of DEP (1600 mg/kg/day)
for 4 days did not damage the testes in young SD rats. In
another study, male and female CD-1 mice were given diets
with DEP (0-2.5%) for 7 days prior to and during a 98-day
cohabitation period. There were no apparent effects on
reproductive function in animals exposed to DEP (Lamb
et al., 1987).

Furthermore, studies in rodents may have little relevance
to humans for the reason that DEHP and DINP do not cause
reproductive effects in non-human primates. Pugh et al.
(2000) showed no evidence of testicular lesions in young
adult cynomolgus monkeys (~2 years old) gavage dosed with
500 mg/kg bw/day DEHP and DINP for 14 days. A study
with matured marmosets (12-15 months old) showed that
repeated dosing of DEHP at up to 2500 mg/kg bw/day for
13 weeks resuited in no differences in testicular weight, pros-
tate weight, blood testosterone levels, blood estradiol levels
or any other aspect of the reproductive system (Kurata
et al., 1998). DEHP treatment up to 2500 mg/kg bw/day in
marmosets from weaning (3 months old) to sexual matura-
tion (18 months old) produced no evidence of testicular dam-
age. Sperm head counts, zinc levels, glutathione levels and
testicular enzyme activities were also not affected (Tomonari
et al., 2006). In contrast to data from rabbits and rodents, no
testicular effects of DEHP or DINP were found in non-
human primates at any ages. The current understanding of
how PAE:s aflects semen parameters, sperm DNA damage,
and hormones in human populations is limited and further
investigation is required.

3.2. Studies of the female reproductive system

Studies of adult female humans are less numerous than
those of adult males. Cobellis et al. (2003) compared
plasma concentrations of DEHP and MEHP in endometri-
otic women (n=55) with control women (n = 24), and
higher plasma DEHP concentrations were observed in
endometriotic women. Similar results were observed in a
recent study reported by Reddy et al. (2006). The investiga-
tors collected blood samples from 49 infertile women with
endometriosis (the study group), 38 infertile women with-
out endometriosis (control group I) and 21 women with
proven fertility (control group IT). Women with endometri-
osis showed significantly higher concentrations of DBP,
BBP, DOP, and DEHP when compared to both control
groups. Upon analysis of cord blood samples of 84 new-
borns, Latini et al. (2003b) revealed that MEHP-positive
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infants had a lower gestational age (38.16 + 2.34 weeks)
than MEHP-negative infants (39.35 + 1.35 weeks). Intra-
uterine inflammation due to DEHP and/or MEHP expo-
sure may be a risk factor for prematurity because
intrauterine infection/inflammation is a major cause of pre-
mature labor. These studies suggest that DEHP may play a
role in inducing the intrauterine inflammatory process.

Thelarche, premature breast development, is the growth
of mammary tissue in young girls without other manifesta-
tions of puberty. Colon et al. (2000) analyzed serum sam-
ples from 41 Puerto Rican thelarche patients and 35 age
matched controls. Significantly higher levels of DMP,
DEP, DBP, DEHP, and MEHP were found in 28 (68%)
samples from thelarche patients. This study suggested a
possible association between PAEs and premature breast
development. However, McKee et al. (2004) stated that
the association between PAE exposure and thelarche seems
highly unlikely for two reasons. First, the reported expo-
sure levels of PAEs may have reflected contamination since
they were very high when compared to recent exposure
information. Second, toxicological evidence from the labo-
ratory studies described below do not support any influ-
ence on female sexual development.

DEHP exposure at 2000 mg/kg/day for 1-12 days in
mature SD rats resulted in decreased serum estradiol levels,
prolonged estrous cycles and no ovulation (Davis et al.,
1994). A two generation reproductive study in SD rats
revealed that oral doses of 500 mg/kg/day BBP caused
atrophy of the ovary in one female and significant
decreases in absolute and relative ovary weights. However
oral doses of up to 500 mg/kg/day BBP did not aflect
estrous cycles in SD rats (Nagao et al,, 2000). Similarly,
when DEHP was administered to rats over two generations
at-up to 9000 ppm (about 900 mg/kg/day) in the diet, there
were no effects on the pattern and duration of the estrous
cycle in FO female rats (Schilling ct al., 1999). Histological
changes in female reproductive organs were also not
observed after exposure to di-n-propyl phthalate, DBP,
di-n-pentyl phthalate, DHP, or DEHP (Heindel et al.,
1989; Lamb et al., 1987). Although some PAEs have been
reported to be weakly estrogenic in estrogen-responsive

human breast cancer cells (Jobling et al., 1995; Sonnensch-
ein et al., 1995; Soto et al., 1995; Zacharewski et al., 1998)
and/or in a recombinant yeast screen (Coldham et al.,
1997; Harris et al., 1997), no PAEs showed any estrogenic
response upon in vivo uterotrophic or vaginal cornification
assay (Zacharewski et al., 1998). Thus, there is no evidence
that PAEs influence the timing of female sexual develop-
ment in laboratory studies.

3.3. Studies in human infants

Anogenital distance (AGD) is a developmental land-
mark for the differentiation of the external genitalia and
is commonly used as a hormonally sensitive parameter of
sex differentiation in rodents. AGD in male rats is normally
about twice that in females, and a similar sex difference is
observed in humans (Salazar-Martinez et al., 2004). Many
studies in male rodents reported a reduction of AGD after
prenatal exposure to PAEs (Table 7). Chemicals that
adversely affect human sex differentiation (Schardein,
2000) also produce predictable alterations of this process
in rodents (Gray et al., 1994). In a Hershberger assay, sig-
nificant decreases in seminal vesicles, ventral prostate, leva-
tor ani/bulbocavernosus muscles weights were observed in
animals treated with DEHP, DBP, DINP, di-isodecyl phth-
alate or MEHP, which suggest that some phthalates pos-
sess anti-androgenic activity (Lee and Koo, 2007). Swan
et al. (2005} presented the first study of AGD and other
genital measurements in relation to PAE exposure in a
human population. AGD data were obtained for 134 boys
of 2-36 months of age. Mother’s urine during pregnancy
was assayed for phthalate metabolites. Urinary concentra-
tions of four phthalate metabolites, MEP, MBP, MBzP,
and mono-isobutyl phthalate (MiBP), were negatively
related to the anogenital index (AGI) which is a weight-
normalized index of AGD [AGD/weight (mm/kg)].

In rats, undescended testes were observed in male pups
after maternal dosing of BBP, MBzP, DEHP, DBP, or
MBP (Tuable 7). Main et al. (2006) investigated whether
phthalate monoesters in human breast milk had any rela-
tion to cryptorchidism in newborn boys (1-3 months of

Table 7

Decreased AGD and undescended testes observed in experimental animals

Compounds Animals Days of Route Dose Decreased Undescended Reference

administration (mg/kg/day) male AGD testes

BBP Wistar rat GDs 15-17 Gavage 500 + + Ema and Miyawaki (2002)
1000 + +

MBzP Wistar rat GDs 15-17 Gavage 250 + + Ema et al. (2003)
375 + +

DEHP SD rat GD 2-PND 21 Gavage 750 + Moore et al. (2001)
1500 + +

DBP Wistar rat GDs 11-21 Diet 555 + + Ema et ul. (1998)
661 + +

DBP Wistar rat GDs 15-17 Gavage 500 + + Ema et al. (2000)
1500 +. +

MBP Wistar rat GDs 15-17 Gavage 250 + + Ema and Miyawaki (2001)

500 + +
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age). The median levels of MMP, MEP, MBP, MBzP,
MEHP, and MINP in breast milk were 0.10, 0.95, 9.6,
1.2, 11, and 95 pg/L, respectively. No association was
found between phthalate monoester levels and cryptorchi-
dism. However, there were positive correlations for MEP
and MBP with sex hormone-binding globulin, MMP,
MEP, and MBP with the ratio of LH/free testosterone,
and MINP with LH. MBP was negatively correlated with
free testosterone. These mother-son cohort studies pro-
vided evidence that testicular and genital development
may also be vulnerable to perinatal exposure to PAEs.

Although these two studies of human infants indicate
possible associations between PAE exposure and the devel-
opment of the human reproductive system, two follow-up
studies of adolescents exposed to DEHP from medical
devices as neonates showed no significant adverse effects
on their maturity or sexual activity. A comparison of very
low birth weight infants who had undergone neonatal
intensive care and infants with normal birth weights
showed that there were no differences in the rates of sexual
intercourse, pregnancy, or live births when the infants
became young adults (Hack et al., 2002). Another study
indicated that adolescents exposed to DEHP as neonates
showed no significant adverse eflects on physical growth
and pubertal maturity. Thirteen male and 6 female subjects
of 14-16 years of age who had undergone extracorporeal
membrane oxygenation as neonates had a complete physi-
cal examination to evaluate the long-term toxicity of
DEHP in infants. Thyroid, liver, renal, and male and
female gonadal functions tested were within normal ranges
for the given age and sex distribution (Rais-Bahrami et al.,
2004). :

4. Overall conclusions

In conclusion, exposure data in human populations indi-
cate that the current methodology of estimation of PAEs is
inconsistent. It is important to obtain improved data on
human PAE exposure and a better understanding of the tox-
icokinetics of PAEs in each subpopulation. Oxidized metab-
olites of DEHP and DINP were recently recognized as the
major urinary metabolites in humans(Barr et al., 2003; Koch
and Angerer, 2007; Koch et al., 2004a, 2005b). These find-
ings could be useful to establish new hypotheses for labora-
tory studies. Hauser et al. (2007) found that oxidative
metabolites of DEHP had a negative association with sperm
DNA damage, suggesting that the oxidation of MEHP to
SOH-MEHP and 50x0-MEHP is protective against sperm
DNA damage. However, in an in vitro study, SOH-MEHP
and 50xo-MEHP, but not DEHP or MEHP, were anti-
androgenic (Stroheker et al., 2005). The relevance of this
in vitro study to findings in human populations is not clear.
Therefore, further studies are required to facilitate accurate
risk assessments for human health.

Studies of health effects of PAEs in humans have
remained controversial due to limitations of the study
designs. Some findings in human populations are consis-

tent with animal data suggesting that PAEs and their
metabolites produce toxic effects in the reproductive sys-
tém. However, it is not yet possible to conclude whether
phthalate exposure is harmful for human reproduction.
Studies in humans have to be interpreted cautiously
because they are conducted in a limited number of subjects.
Spot samples only reflect recent phthalate exposure due to
the short half-life and it has not yet been confirmed
whether point estimates are representative of patterns of
long exposure, although reproducibility was found for uri-
nary phthalate monoester levels over two consecutive days
(Hoppin et al., 2002). The timing of exposure is a critical
factor for decreased AGD in animal studies (Ema and Miy-
awaki, 2001); however, the stage of fetal development was
unknown at the time of urine sampling in the study of
Swan et al. (2005). Further studies need to be conducted
to confirm these results in human populations and identify
the potential mechanisms of interaction.

The studies in human populations reviewed in this paper
are useful for showing the strength of associations. Evi-
dence from human studies is preferred for risk assessment
as long as it is obtained humanely. It is sometimes claimed
that the use of animal data for estimating human risk dose
not provide strong scientific support. However, because it
is difficult to find alternative methods to test the direct toxic
effects of chemicals, continuance of studies in animals is
required for risk assessment of chemicals including PAEs.
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accelerator N,N-dicyclohexyl-2-benzothiazolesulfenamide in rats

Makoto Ema', Sakiko Fujii?, Kaoru Yahe?, Mariko Matsumote', and Mutsuko Hirata-Koizumi'
‘Division of Risk Assessment, Biological Safery Research Center, National Institute of Health Sciences, Tokyo, and *Safety Research

Institute for Chemical Compounds, Sapporo, Japan

ABSTRACT Male and female Cri:CD(SD) rats were fed a
diet containing the rubber accelerator N,N-dicyclohexyl-2-
benzothiazolesulfenamide (DCBS) at 0, 1500, 3000, 6600 or
10 000 p.p.m. (0, 83, 172, 343 or 551 mg/kg bw/day in males and
0, 126, 264, 476 or 707 mg/kg bw/day in females) for a total of
57 days heginning 16 days heforc mating in males, and a total
of 61-65 days from 16 days before mating to day 21 of lactation
in females. Body weight gains and food consumption were
reduced in males at 6000 p.p.m. and higher and in females
at 3000 p.p.m. and higher. The weights of the splecn at 6000
and 10 000 p.p.m. and eof the thymus at 10 000 p.p.m. were
decreased in females. No changes in estrous cyclicity, copulation
index, fertility index, gestation index, delivery index, precoital
interval or gestation length were ohserved at any dose of DCBS.
Numbers of implantations at 6000 and 10 000 p.p.m. and pups
delivered at 10 000 p.p.m. were reduced. There were no changes
in the sex ratio or viability of pups. The hody weights of male
and female pups were lowered at 6000 p.p.m. and higher.
Decreased weight of the splecn in weanlings was also observed
in males at 1500 p.p.m. and higher and in femoles at
3000 p.p.m. and higher. The data indicate that DCBS possesses
adverse effects on reproduction and development in rats.

Key Words:  developmental  toxicity, N, N-dicyclohexyl-2-
benzothiazolesulfenamide, rat, reproductive toxicity, rubber
accelerator

INTRODUCTION

Sulfenamide accelerator compounds we widely used in the manu-
facture of automotive compartments and industrial rubber products
such as tires, hoses, conveyer belts, bushings seals, gaskets and
windshield wiper blades (EPA  2001). N.N-Dicyclohexyl-2-
benzothiazolesulfen:unide (DCBS, Fig. 1) is a sulfenumide accel-
erator. The anpual production level of DCBS in Japan was
approximately 1000 tons in 1990-1993 and 1900 tons in 2000~
2003. Most of this amount was sold and handled domestically
(OECD 2007). DCBS is used as an accelerator of vulcanization and
is completely reacted in the vuolcanizing process (OECD 2007).
DCBS is regulated in Germaiy for use in articles that contact food,
but is not regulated by the United States Food and Drug Adiminis-
tration for use in food contact applications (Flexsys 2000).
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Exposure of workers handling sulfenamide accelerator materials is
likely td be highest in the area of materials packaging. During
muaterial packout at the manufacturing site, and 1o a lesser degree
during weigh-up activities at the consumer site, there is a possibility
of skin and inhalation exposure. Although consumer exposure
should be minimal, the most likely route of consumer exposure is
skin contact with rubber or latex articles (EPA 2001).

Only up to 6% biodegradation hus been determined for DCBS in
a ready biodegradability test, and a measured log Kow value of 4.8
suggests that DCBS may have a high bioaccumulation potential
(OECD 2007). The possibility of such a chemical compound enter-
ing biological systems has aroused great comcern regarding its
toxicological potentiul. Generally, biological effects of chemicals
should be studied in Jaboratory animals to investigate their possible
influences on human health. and the results of animal (ests of
chemical toxicity relevant to humans (Clayson & Krewski 1990).
However, very little information on the toxicity of DCBS has been
published. The toxic effects of DCBS have been brielly summarized
by the European Chemical Bureau (2000) and US EPA (2001). It
was reported that the oral LD50 values were 1077-10 000 mg/kg
bw in rats, the oral NOAEL for 44-day repeated dose toxicity was
higher than 100 ing/kg bw/day in rats, and no elfects on reproduc-
tion were observed al doses up to 400 mg/kg bw/day in rats (EPA
2001). The oral LD50 value was 8500 mg/kg bw in male mice, and
repeated daily iphalation exposure of male rats for 15 days at
2 h/day and 350-400 mg/m”’ caused mucous membrane imitution
(Vorobera 1969).

The Japanese Government (MHW 1998) conducted toxicity
studies for DCBS, including acute toxicity, in vitro genotoxicity and
repeal dose toxicily combined with reproductive/developmental
toxicity as a part of the Safety Examination of Existing Chemical
Substances and Chemical Safety Programmes. These toxicity
studies are summarized in the TUCLID Data Sets (J:PA 2000),
OECD Screening Information Data Sets (OECD 2007) and the
Hazard Assessment Sheet (CERI1 2002). We previously seported the
results of a screening test for repeat dose toxicity combined with
a reproductive/developmental toxicity in rats, where DCBS at
400 mg/kg bw/day had a deleterious effect on reproduction and
development and caused a marked decrease in the number of live
pups as well as a total loss of pups by postnatal day (PND) 4 (Ema
et al. 2007). The primary effects may be on the gestation index for
dams and live birth index for pups, both of which appear to be
alfected at multiple points along the female reproductive process.
The viability of neonatal pups may also be affected. To examine the
adverse effect of dietary DCBS on survival and growth of pups. a
reproductive and devclopmental toxicity sludy was performed in
rats given DCBS during an extended administration period up to the
weaning of pups.

© 2007 The Authors
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Fig. 1 Swuctwal formula of N.N-dicyclohex yl-2-benzothiazolesulfena-
mide.

MATERJALS AND METHODS

This study was performed in 2005-2006 at the Safety Research
Institute for Chemical Compounds (Sapporo. Japan) in compliance
with Law for the Humane Tivatment and Management (/'Animal.s‘
(I.aw mo. 105, October 1, 1973, revised December 22, 1999,
Revised Law no. 221; revised June 22, 2005, Revised Law no. 68).

Standards Relating 1o the Care, Management and Refinement of

Lahoratory Animals (Notification no. 88 of the Ministry of the
Environment, Japun, April 28, 2006) and Fundamental Guidelines
Jor Proper Conduct of Animal Experiment and Related Activities in
the Testing Facility under the Jurisdiction of the Ministry of Health,
Labour and Welfure (Notification no. 0601005 of the Health Sci-
ences Division. Ministry of Health, Lubour and Welfuwre, Japan,
June 1, 2006).

Chemical and dosing

DCBS (CAS no. 4979-32-2) was obtained from Quchishinko
Chemical Industrial (Tokyo, Japan). DCBS in the forn of off-white
to tan granules is very slightly soluble in water and methanol but
soluble in oil. ts'melting point is 100-105°C, density is 1230 kg/m’
and molecular weight is 347 (Flexsys 2000). DCBS (Lot no.
508001) used in this study was 99.7% pure and was kept in a sealed
container under cool (1-8°C) and dwk conditions. The purity and
stability of the chemical were verified by analysis uvsing high-
performance lignid chromatography before and after the study. Rats
were given dietary DCBS at a concentration of 0 (conwol), 1500,
3000, 6000 or 10000 p.p.m. Males were fed a diet containing
DCBS for a tota] of 57 days beginning 16 days before mating.
Females were fed a diet containing DCBS for a total of 61-65 duys
Irom 16 days before mating to day 21 of lactation throughout the
mating, gestation and lactation periods. Control rats were fed a
basal diet only.

The dosage Jevels were determined based on the results of a
previous study in rats that were given DCBS by gavage at 0, 6, 25,
100, or 400 mg/kg bw/day for a total of 44 days from 14 days
before mating in males and a total of 40-51 days beginning 14.days
before mating 1o day 3 of lactation timoughout the mating and
gestation periods in females (Ema e al. 2007). In that study, toxi-
cologically significant changes were observed only at 400 my/kg
bw/day. Three of 10 females died during parturition. An increased
incidence of females showing decréased locomotor activity, soil of
the Jower abdominal fur and reddish tewrs was observed. Decreased
body weights were found in males and females. Decreased weight
of the thymus in both sexes was noted. Decrcases in the gestation

© 2007 The Authors
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index, numbers of corpora lutew, implantations, pups born and pups
bom alive, live binth index and vighility index were detected.

Dosed diet preparations were formulated by mixing DCBS into
an appropriate amount of a powdered basal diet (CRF-1; Oriental
Yeast, Tokyo. lapan) for each dietary concentration. Chemical
analysis showed that DCBS in the diet was stable for at least
2] days at room temperature and the formulations were maintained
in a room temnperature for no more than 21 days. Generally, the dict
was replaced once a week.

Animals and housing conditions
Sprague-Dawley (Crl:CD[SD]) ruts were used throughout this
study. Rats of this strain were chosen because they are the most
conmonly used in reproductive and developmental toxicity studies
and historical control data are availuble. Male and female rats at
nine weeks of age were purchused from the Tsukuba Breeding
Center (Charles River Laboratories Japan, Yokohama, Japan). The
rats were acclimated to the Juboratory for six days prior to the start
of the experiment. Mule and female rats found 10 be in good health
were selected for use. Rats (F0) were randomly distributed inio five
groups of six mules and six females each, and all animals were
assigned a unique number and tattooed on the ear prior to the start
of the experinent. Animals were housed individually in suspended
aluminunistainless steel cages except during the acclimation,
mating-and nursing periods. From day 17 of pregnancy 16 the day of
weaning, individual dams and litters were reared using wood chips

. as bedding (White Fluke: Charles River Laboratories Japan,).

Animals were reared on 4 basal diet or a diet containing DCBS
and filtered tap water ad Ilibitum and maintained in an air-
conditioned room at 22 % 3°C with a humidity of 50 #* 20% and «
12-h light (8:00-20:00)/dark (20:00-8: ()O) cycle. The room was
ventilated 10-15 times/h.

Observations

All rats were observed twice a day for clinical signs of toxicity. The
body weight was recorded once a week for males and once a week
duzing the premating period, on days 0, 7, 14 and 20 of pregnancy,
and on days 0, 4, 7, 14 and 21 of lactation for females. Food
consumplion was recorded once a weck for males, and once a week
during the premating period, on days 0, 7, 14 and 20 of pregnancy
and on days 0, 7, 14 and 21 of lactation for femules.

Rats were euthanized by exsanguination under ether anesthesia.
Males were cuthanized at 17 weeks and females at 18 wecks on day
21 of lactation. The external surfaces of the rats were examined for
abnormalities. The abdomen and thoracic cavities were opened und
gross internal examination was performed. In females, the number
of implantation sites was recorded. The brain, pituitary, thynus,
thyroid, liver, kidney, spleen. adrenal gland, testis, epididymis,
seminal vesicle, ventral prostale, ovary und uterus were weighed.
The thyroid and seminal vesicle were weighed after fixation with
10% neutral buffered formalin,

Duily vaginal lavage samples from each femaule were evaluated
for estrous cyclicity for two weeks of the prematin g period. Females
with repeated 4-6 day estrous cycles were judged 10 be normal.
Lach female rat was mated overnight with a single male rat of the
same dosage group until copulation occurred. During the mating
period, daily vaginal smears were examined for lhe presence of
spern). The presence of sperm in the vaginal smear and/or a vaginal
plug was considered evidence of successful mating (day 0 of preg-
nancy). Copulated females were checked for signs of parturition
three times a day on days 21-23 of pregnancy.

The females were allowed to deliver spontaneously and nurse
their pups until PND 21, The day on which parturition was
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completed by 13:00 was designated as PND 0. Total litter size and
the numbers of live and dead pups were recorded. Live pups were

~counted, sexed, exwnined grossly and individually weighed on
PND (), 4.7, 14 and 21. On PND 4, litters were randomly adjusted
to cight pups comprised of four males and four females. No adjust-
ment was made for litters with fewer than 8 pups. Selected pups
were assigned a unique number and tattooed on a Jimb on PND 4.
Unselected pups were necropsied on PND 4. Weanlings were
necropsied on PND 21 and the brain, thymus, liver, spleen and
uterus were weighed.

Statistical analysis
Statistical analysis of the offspring was carried out using the litter as
the experimental unit.

Body weight, body weight gain, food consumption, Jength of
estrous cycle. precoital inlerval, gestation length, number of
implantations and pups delivered, delivery index, organ weight,
orgaun/body weight ratio (relative organ weight) and the viability of
pups were analyzed for statistical significance in the following way.
Bartlett’s test of homogeneity of variance was used to determine if
the groups had equivalent variances. If the variances were equivi-
lent, the groups were compared by one-way analysis of variance

(ANOVA). If significant differences were found. Dunnett’s multiple
comparison lest was performed. If the groups did not have equiva-
lemt variances, the Kruskal-Wallis test was used fo assess the’
overall effects. Whenever significant differences were noted. pair-
wise comparisons were made by Mann-Whitney U-test. The inci-
dence of females with normul estrous cycles, copulation index.
fertility index, gestation index and neonatal sex ratio was unalyzed
by the ¥° test or Fisher’s exuct test.

The 0.05 level of probability was used as the criterion for
significance.

RESULTS

Clinical ohservations, hody weight and food consumption
(F0 males and females)
No deaths were found in FO males and femades. In males, there were
no compound related clinical signs of toxicity at any doses. Hema-
turia and soil of perigenital fur were each observed at 10 000 p.p.m.
in one lemale.

Table 1 shows body weight gain in FO males and females during
dosing. In males, body weight gain on days 07 of the dosing period

at 6000 p.p.m. and higher was significantly lowered. In females,

‘Table 1 Body weight gains of FO parenta! male and female rats given N,N-dicyclohexyl-2-benzothiazolesulfenamide
Dose (p.p.m.) 0 (Control) 1500 3000 6000 10000
No. males 6 6 6 6 6
Initial body weight (g)+ 367 7 367% 6 366 1 7 366 + 8 366 57
Body weight gain during dosing period (g)¥
Days 0-7 48.0 x 104 368 £ 145 363+ 4.8 26.7 & 8.5%* 252 6.5%#
Days 7-14 382192 337 %134 345 87 352150 295+ 55
Days 14-21 217+ 92 273+ 7.1 243 ¥ 52 23.0 £ 126 21.8 £ 3.1
Days 21-28 26.8 + 102 257 *83 223 + 10.5 235+ 6.7 252 £50
Days 28-35 . 212+ 77 20.8 + 6.5 285+ 126 240+ 3. 192 ¥ 4.1
Days 35-42 148169 153 6.5 203 + 69 173 + 6.3 205 % 52
Days 4249 13.8 283 19.5 42 135 + 2.7 198 £ 55 172529
Days 49-56 148+ 7.6 195 % 6.3 167 * 5.0 205+ 6.2 17.0 % 35
No. females 6 6 6 6 6
Initial body weight ()7 238 6 239 £ 7 237%5 238 % 06 2377
Body weight gain during premating period (g)7
Days (-7 65+ 177 8888 68 £ 40 —6.5 £ 9.7 —19.3 * 9.3%=
Days 7-14 157 £ 85 163 + 69 14259 122+ 80 13.0 £ 8.7
Body weight gain during pregnancy (g)¥
Days 0-7 453 % 6.5 425 42 32.8 + 5.4 312+ 8.6% 19.5 £ 12.0%*
Days 7-14 383 6.0 357+ 54 368 £ 7.0 352+ 62 312+ 86
Days 14-20 76.7 1 146 68.3 ¥ 43 75.8 + 124 687+ 7.7 625122
Body weight guin during Jactation (g)7
Days 04 28.0* 157 10.8 + 243 280 % 157 82+ 87 -2.5% 14.0%
Days 4-7 65*27 120490 10.0 + 102 53 %73 0.5 % 109
Days 7-14 1.3 2107 10273 42+ 8.1 1421 11 6.0 & 12.5%
Days 14-21 -19.0 £ 147 -31.7:£99 -170 %83 -88198 2.6 % 14.3%%

*Significantly different from the control, P < 0.05; **significantly different from the control, < 0.0}
“Values are given as mean * SD; fdata were obtained from five females because one female was excluded (total hitter loss on day 9 of

Lictation).
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body weight gains were decreased on days (-7 of the premating
period at 6000 p.p.m. and higher, on days 0-7 of pregnancy af
3000 p.p.m. and higher, and on days 0-4 of lactation at
10000 p.p.m. Body weight gain on days 14-21 of lactation was
significantly increased at 10 000 p.p.m.

In FO males, food consumption was significantly decrcased
during the first week at 6000 p.p.m. and higher and during the
second week at 10 000 p.p.m. In FO lemales. food consumption was
significantly decreased throughout the premating. pregnancy and
lactation periods at 6000 and 10 000 p.p.m., except on days 7-14
and 14-20 of pregnancy at 6000 p.p.m. A tendency towards
decreased food consumption was obxerved on days 0-7 of preg-
nancy at 3000 p.p.m.

The mean daily intakes of DCBS were 83, 172, 343 and
551 mg/kg bw in F) males, and 126, 264, 476 and 707 mg/kg bw in
FO females for 1500, 3000, 6000 and 10000 p.p.m., respectively.

Estrous cyclicity (FO females)

ANT0 females showed normal estrous cycles in all groups, and the
length of the estrous cycles was not significantly different between
the control and DCBS-treated groups.

Reproductive and developmental cffects

(F0 parents/F1 offspring)

The reproductive and developmental parameters for FO parents/Fl
offspring are presented in Table 2. In FO parent unimals in all
groups, all pairs copulated, all male and female rats were fertile and
all females delivered live pups. All rats of all groups mated within
four days. There were no significant differences between control
and DCBS-treated groups in copulation index. fertility index, ges-
tation index, precoital interval, gestation length, delivery index, sex
ratio of F1 pups. or viability of F1 pups during lactation. Signifi-
cantly lower numbers of implantations at 6000 and 10 000 p.p.m.
and pups delivered at 10 000 p.p.m. were observed. Body weights
of male pups were significantly lowered on PND 4. 7 and 21 at
6000 p.p.m1. and on PND 7, 14 and 21 at 10000 p.p.n. In female
pups, significantly lower body weights were observed on PND 7, 14
and 21 at 6000 p.p.m. and higher. No malformed pups were
detected in any groups.

Necropsy and organ weights (FO males and females)

Atrophy of the thymus was found in two females at 10 000 p.p.m.
No compound-related gross lesions of the reproductive organs were
noted in FO males and females. In males, significantly increased
relative weights of the liver and kidney were observed at
10 000 p.p.m.

The organ weights of FO females are shown in Table 3. The body
weight at the scheduled terminal sacrifice was significantly lowered
at 6000 and 10000 p.p.an. The absolute weight of the ovary was
significantly lowered at 10 000 p.p.m. Significantly increased rela-
tive weights were found lor the pituitary at 3000 p.p.m., the liver
4t 6000pp.m., and the brain, kidney and adrenal gland at
10 000 p.p.m. The ubsolute and relative weights of the thymus
10000 p.p.n. and the spleen at 6000 p.p.m. and higher were sig-
nificantly decreased.

Necropsy and organ weights (K1 weanlings)

No compound related gross lesions were observed in F1 weanlings.
The organ weights of F} inale weanlings we presented in

Table 4. The body weight al the scheduled sacrificc was signifi-

cantly reduced at 6000 and 10 000 p.p.an. The absolute weights of

the brain at 6000 and 10000 p.p.m. and the liver at 10000 p.p.m.
ware also significantly reduced. The relative weights of the liver at
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1500 and 6000 p.p.m. and of the brain at 10 000 p.p.m. were sig-
nificantly increased. Significantly decreased absolute and relative
weights of the spleen, except for the relative weight at 3000 p.p.m.,
were noled at 1500 p.p.m. and higher.

The orgun weights of F1 female weanlings are presented in
Table 5. The body weight at the scheduled sacrifice was signifi-
canily reduced at 6000 p.p.m. and higher. Significantly reduced
absolute weights of the brain at 6000 and 10 000 p.p.m., the liver a
10000 ppan.. and the wterus at 3000 p.p.m. and 10 000 p.p.m.
were also observed. The relative weight of the brain was signifi-
cantly increased at 10 000 p.p.m. The absolute and relative weights
of the spleen were significantly reduced at 3000 p.p.m. and higher.

DISCUSSION

This study was designed to assess the effects of DCBS on continu-
ous parameters such as body weight and food consumplion, as well
as endpoints for reproductive and developmental toxicity.

Significant decreases in body weight gain and food consumption
were ohserved at 6000 p.p.m. and higher in FO males and fermales.
In females at 3000 p.p.m., body weight gain was significantly
decreased during early pregnancy. Food consumption also
decreased, but not significantly. The data indicate that changes in
body weight gain were associated with changes in food consump-
tion and that DCBS udversely affects body weight gain and food
consumption at 6000 p.p.m. in male rats and 3000 p.p.m. in female
rats. The higher relative weights of the liver and kidney ut the
highest dose in FO mules seem fo be due 10 secondury effects of
lowered body weight rather than direct effects of DCBS on the
organs. More pronounced effects on organ weights were noted in
females. Lower absolute and relative weights of the thymus at
10000 p.p.m. and spleen at 6000 p.p.m. and higher were detected.
In our previous study, histopathological examination revealed
atrophy of the thymus and spleen at 400 mg/kg bw/day (Ema 7 al.
2007). Other changes in female organ weight such as the relative
weights of the brain. pituitary, liver, kidney and adrena) gland, as
well us the absolute weight of the ovary are unlikely (o be due to the
toxic effects of DCBS because the degree of changes was relutively
small, no dose-dependency was shown and no changes were noted
in absolute or relative weight. These findings suggest that the
imnwne system may be a target of DCBS toxicity, and that female
rats have a higher susceptibility to the toxicity of DCBS than male
rats. These findings are consistent with our previous study (Fma
et al. 2007). The higher susceptibility to DCBS toxicity in females
may be explained by the stress of pregnancy and luctation. DCBS is
likely 1o be not reproductively toxic in male rats because DCBS
caused neither pathological changes in mule reproductive organs
nor changes in male reproductive parameters.

In our previous study, DCBS given by gavage to rats at
400 mg/kg bw/day from 14 days before mating to day 3 of lucta-
tion caused significant decreases in the gestation index, number of
corpora Jutea, implaniations, pups bom and pups bom alive, live
birth index and viability index (Ema er al. 2007). This dose also
caused severe malernal toxicity and a total Joss of pups by PND 4,
No materna) or reproductive/developmental toxicity was detected
a1 100 mg/kg bw/day in our previous study. In the present study, no
serious reproductive difficulties were noted even at the highest dose
of 10000 p.p.m., and necropsy of the reproductive organs revealed
no evidence of reproductive fuilure. Although decreased numbers
of implantations and pups delivered were noted at the highest dose,
the viability of pups unti) weaning was not significantly decreased.
In the present feeding study. the mean daily intakes of DCBS at the
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Table 2 Reproductive and developmental findings for IFO parents/F1 offspring ol rats given N.N-dicyclohexyl-2-benzothiazolesul fenamide

Dose (p.p.m.) Control 1500 3000 6000 10 000
No. puirs 6 6 6 6 6
Copulation index”

Male/female (%) 100/100 100/100 100/100 1007100 100/100
Pre-coital interval (days)® 22+08 23112 32+08 3.0 09 27%12
Fertility index”

Male/female (%) 100/100 100/100 100/100 100/100 100/100
Gestation index (% )¢ 100 100 100 100 100
Gestation length (days)" 222104 22t04 222204 220+ 0.0 222 +04
No. implantations” 160+ 18 15.0 2 0.9 16312 13.5 % 2.0% 12.8 1 1.2%%
Delivery index (%)™ 958 * 8.0 96.7 + 3.7 958 53 95.6 * 8.1 86.7 £ 21.1
No. pups delivered® 153 222 145+ 1.0 157 £ 1.8 130+ 26 11.2 + 3.1%
Sex ratio of FI pups’ 0.467 (.448 0.564 0.526 0.463
Viability index (%)"

PND 0¢ 1000 100 £0 1000 100+ 0 912+ 129

PND 4" 99.1 * 2.3 979 *+33 95.9 % 53 90.6 £ 12.2 72.1 % 40.8

PND 21 979 * 5.1 97.9 % 5.1 100.0 * 0.0 89.6 + 25.5 83.3 408
Male pup body weight during Juctation (g)*

PND 0 68 04 6.7+ 0.7 63 *t04 6.2 1% 0.6 6.5+ 0.7

PND 4 10.6 + 0.9 103 £ 0.8 9.6 % 0.6 9.1+ 0.7%* 911422

PND 7 187+ 1.3 177 213 17613 14.5 & 2.2%% 13.3 % 3. 70w

PND 14 392230 36.2 1 3.0 373229 3302 4.0 26.3 & 7.2

PND 2} 6701 46 0l.1 x 6.1 62.8 + 32 557 % 7.6% 44.1 x 9 gizx
Female pup body weight during Jactation (g)*

PND 0 64*04 6.4 %05 6.0 £ 03 58% 0.6 62+ 05

PND 4 10.1 *+ 1.1 99 * 0.7 9.0 * 0.6 8707 85*19

PND 7 182 %20 17.4 + 0.7 16.0 1.2 13.8 > 1.3%% 11.7 = 42%

PND 14 386 3.5 360 2] 350+%24 315 4.9 25.3 & 7.0k

PND 21 65.1 52 60.1 £ 37 582+ 33 53.5 * 9.0* 42.5 x 9.Ytus

*Significantly different from the control, P < 0.05: **significantly different from the control, P < 0.0].

"Values wre given as mean * SD; "copulation index (%) (number of animals with success(ul copulation/number of animals paired) x 100;
“fertility index (%) (number of animals that impregnated a female or were pregnantnumber of animals with successful copulation) x 100;
dgestation index (%) (number of females that delivered live pups/number of pregnant females) x 100: *delivery index (%) (number of pups
delivered/number of implantations) x 100; fsex ratio (1otal number of male pups/total number of pups delivered); tviability index on PND
0 (number of live pups on PND (/number of pups delivered) X 100; "viability index on PND 4 (number of live pups on PND 4/number of
live pups on PND 0) x 100; ‘viability index on PND 21 (number of live pups on PND 2)/number of live pups selected on PND 4) x 100,
idata were obtained irom iive litiers because one female experienced ioiai maie litier loss by day 4 of Taciation; and *data were obtained from
five litters because one female experienced total litter loss by day 9 of lactation.

PND, post natal day.

‘highest dose were 551 and 707 mg/kg bw in F) males and lemales,
respectively. One possible explanation for the discrepancy in the
degree of reproductive and developmental toxicily between the
present and previous studies may be the difference in administra-
tion method. Some studies have shown that gavage and feed admin-
istration result in dilferent toxicokinetics for various chemicals
(Yuan et al. 1994, 1995). Turther stodies are needed to clarify the
difference in DCBS 1oxicokinetics between gavage and fced
administrations.

Regarding the development of offspring, decrcases in the
numbers of implantations and pups delivered and lowered body

weights of male and female pups were noted at 6000 p.p.m. and
higher. These findings indicate that the dose level of 6000 p.p.m.
used in this study was potent enongh to adversely affect the survival
and growth of pups. Reduced weight of the spleen was ulso
observed in male and female weanlings. These findings also suggest
that the immune system may be a target of DCBS toxicity. Other
changes in the weights of organs, such as the brain and liver in male
weanlings and the brain, liver and uterus in female weanlings are
unlikely 10 be due to the toxic effects of DCBS because the degree
of changes was relatively small, no dose-dependency was shown,
no changes were noted in the absolute or relative weight, and also
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Table3  Absolute and relative organ weights of FO female rats given N,N-dicyclohexyl-2-benzothiazolesulfenamide

Dose (p.p.m.) Control 1500 3000 6000 10000
No. females 6 6 6 6 5
Body weight (g)F 331418 36 1 16 320 £ 01 306 * 14% 274 £ 20%*
Bruin (g)¥ 210 2 0.05% 2112 008 210 1 005 2061 0.0 2.06 + 0.03
0.63 * 0.03§ 0.67 ' 0.04 0.66 £ 0.02 0.67 + 0.04 0.76 + 0.05**
Pituitary (mg)v 133 1 1.6% 134 £ 24 154 £ 09 139 %19 129 + 26
4.03 + 0.44% 424 % 0.65 4.8] 1 0.32% 4.53 £ 0.46 4.70 £ 0.66
Thyroid (mg)i 183 * 3.63 1761 35 17.7 £ 43 188+ 27 175 £ 3.6
$5.52 % 0.87% 5.55 0.9 551.% 118 6.15* 094 6391 1.42
Thymus (mg)+ 255 * 47% 205 ¥ 63 237 £ 45 186 * 89 116 & 60**
77.0 2 14.4§ 65.0* 19.6 7421 131 60.1 + 265 4171 199*%
Liver (g)¥ 13.03 * 0.83z% 1251 + 0.71 1342 1 118 13.69 :+ ().68 12,18 £ }.60
3.94 £ 0.21% 397 £023 420+ 0.27 4.48 + 0.09%* 446 0.59
Kidney (g)+ 234+ 0061 238+ 0.13 2351010 220012 251 2 0.41
0.71 = 0.04% 0.75 * 0.05 074+ 0.4 0.72 x 0.03 0.92 £ 0.18%
Spleen {(ing)7 682 £ 74x 589 * 68 600 * 89 493 + 24%% 459 1 46%
206 208 187 + 19 188 + 31 161 * 5= 168 + 5%
Adrenal (mg)v 75.5 * 11.0% 81.8 129 77.0 £ 88 72.0 - 88 882+ 83
229+ 3.2§ 26.0 % 3.9 24127 23528 324 & 3.8%*
Ovary (mg)7 109 + 18% 113 + 17 101 %5 101 * 10 75 23
329 * 3.8§ 36.1 £ 6.8 316124 329 %39 270 £ 64
Ulterus (mg)+ 513 1 683 465273 489 * 101 414 = 71 369 L 183
156 £ 24§ 148 * 26 153 2 32 135222 132+ 56

*Significamtly dilferent from the control, P < 0.05: **significantly different from the control, P < 0.0},
¥Values are given as the mean 2 S.D; Zabsolute organ weight; §relative organ weight (organ weight [g or mg)/100 g body weight).

Table 4 Absolute and relative organ weights for F1 male weanlings of rats given N,N-dicyclohexyl-2-benzothiazolesullenamide

Dose {(p.p.m.) Contro] 1500 3000 6000 10000
No. mules 6 6 6 6 5
Body weight (g)+ 67.1 6.7 62.5 %45 63.8 + 4.2 55.3 x §.9* 43.8 * 10.6%*
Brain (g)t 1.70 = 0.05% 1.63 % 0.12 1.59 * 0.04 1.51 * 0.05%* 1.45 % (. 1) %=
2,55 0.21§ 2.6] + (.24 250 £ L15 278 +0.42 3.44 % (.74%
Thymus (mg)+ 257 + 44% 2191 33 265 * 45 246 * 36 190 1+ 65
382 * 50§ 351 12 57 415 + 59 449 * 6() 424 + 50
Liver (g)+ 2.56 * 0.35% 2.65 1.0.29 2,69 0.38 237 ¥ 0.38 1.72 & ().49%
3.80 & 0.17§ 4221 0.20% 420+ 0.37 430 * 0.33* 390 * 022
Spleen (mg)+ 372 * 63z 276 * 53%* 296 + 32% 250 2 45%= 148 & 36%%
556 . 84§ 442 * 80* 466 * 56 452 x 32* 337k 3

*Significantly different from the control, P < 0.05; **significantly different from the control, P < 0.0,
Values are given as mean 1 8.1 Zabsolute orgun weight; §relative organ weight (organ weight [g or mg]/100 g body weight).

becanse the changes seem to he secondiry effects of the Jlowered
body weight. In the present study, external and internal morpho-
logical éxaminations of offspring were performed, but no skeletal
examinations were conducted. To accuratcly evaluate prenatal
devclopmental toxicity including teratogenicity, it is necessary o
interrupt pregnancy 12-24 h before the expected term cither by
hysterectomy or the necropsy of maternal animals (Wilson 1965).

© 2007 The Authors
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The adverse effects of DCBS on reproduction and development
noted in the present feeding study are almost consistent with the
findings of our previous gavage study (Ema ef al. 2007), which
showed decreased numbers of implantations and pups delivered and
decreased body weight of the pups ai higher doses. These endpoints
appear (o be affected at multiple points of the female reproductive
and developmental process. The decreased mumber of implantations
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Table 5 Absolute and relative organ weights for IF1 female weanlings of rats given N N-dicyclohexyl-2-benzothiazolesulfenamide

Dose (p.p.m.) Conirol 1500 3000 6000 10000
No. females 6 6 6 6 5
Body weight ()7 657172 61.1 +34 5991 46 54.0.1 9.6* 42.8 1 9.6%*
Brain (g)+ 1.60 & 0.09% 1.56 £ 0.07 1.53 £ 0.03 1.50 :F 0.05* 1.37 + 0.08%*
2.46 * 0.25§ 2,56+ 0.16 257 L 0.18 2841 0.39 3344 0.78%*
Thymus (mg)7 272 ! 463 253133 252 127 243 51 216 * 82
4151 56§ 415 + 57 422 * 37 456 * 101 491 1 92
Liver (g)7 258 £ 031% 247 £0.27 2421042 227 1043 1.71 1 0.49%*
3.93 + 0.14§ 403022 4.02 ¥ 041 419 1013 3.96 4 029
Spleen (mg)T 360 * 57% 296 1 16 267 * 60* 247 * 50%* 163 L 59%%
548 1 66§ 484 + 9 442 k 72* 456 ¥ 37* 371 2 58
Uterus (mg)+ 44.7 X 6.6 413 * 6.] 3571 21% 420469 324+ 4.8%%
68.9 * 140 Temp.§ 67.7£98 60.0 £ 7.4 7851108 7732103

*Significantly different from the control, P < 0.05; ** significantly different from the control. P < 0.01.
+Values are given as the mean * S.D; Zubsolute organ weight; §relative organ weight (organ weight [g or mg)/100 g body weight).

was the most swriking effect in the present study. In our previous
study. 4 decreased number of corpora Jutea was noted in female
rats given DCBS (Ema ef «l. 2007). Therefore, it is likely that
the decreased number of implantutions can be attribnted to the
decreased number of corpora lutea. The present study does not
provide complete information on all aspects of reproduction and
development due to the relatively small numbers of animals in the
dose groups and selectivity of the endpoints. To further evaluate the
reproductive and developmental toxicity of DCBS in rats, a two-
generation reproductive toxicity study should be performed.
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Reproductive and Developmental Toxicity of Organotin Compounds

Makoto Ema

Organotin compounds are chemicals widely used in agriculture and industry. Widespread use of organotins has
caused increasing amounts to be released into the environment. Organotins show many aspects of toxicity, such
as immunotoxicity, neurotoxicity, and reproductive/developmental toxicity. However, the reproductive and devel-
opmental toxicity of organotins is not well understood. The findings of the studies on reproductive and develop-
mental effects of organotin compounds in mammals were summarized in this review.

Keywords: Organotin, reproductive toxicity, developmental toxicity, implantation failure, teratogenicity

1. 2C®IC

A RLAMILBECTENSBF CEL Ebh T
54?2 WHEDRX{LEMITEICHMOFER X(LAME
Eodkl LTEAEN TS, ZHE0FHAXLE
WITERAEWMERETLTHY, BllE, ¥=E4af, X
X I BRI, BABMERERAIS L LT, iz, MERS
FELTELAVWLERTWS. #iZ, M) T7z=VRX
(TPT) & Y 7FARX (TBT) (ZEFEERA, #KikH)
MERERAIE LT, BBAREPICEISEDRTERL. =
EOHEA X LEHEEELETRLEELBEKTH
Y, RETTATA v TRORBTHRY v~ — D%k
kT B 7=dic R YL =1 (PVC) 77 RXFT 4 v 7
DB, REEFE LTEDRTVS. —EOA#R XL
BEWIIPVCORER & LTHEAEN TS, AR XL
SO ERE R Table LITR LTz,

EEOEHA XL WO ERIC X FigX Xk
S L ABREBROEANREE- TS, BELLT
DERLSOE A X(LAMOREFROERKIL, PVC
ZIAT 4 v 7 DREHE LTHEDNIZERAXLED
DKRB~DEHTH VY, T, WEBHEH L L TOE
ANAREBLOERERE L 2> TH3Y, HEEY 2
EW*? 7 LTBTRTPTARM SN THEY, #x7, B
H=W A=A HALY, FR—7H—FLO 1R,
< a RO A ICRIT B REEHIZ X ATBTOAWIR
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Table 1. X X{b&HDEE L

R CAS EER ()
Dibutyltin dichloride 683-18-1 10,000 - 15,000
Dibutyltin dilaurate 77-58-7 1000 - 5000
Dibutyltin malcate 78-04-6 500 - 1000
Dibutyltin oxide 818-08-6 1000 - 5000
Dibutyltin bis 10584-98-2 7,500 - 12,500
(2-ethylhexylmercap-acetate)

Dibutyltin bis 25168-24-5 |Not available
(isooctyl mercap-acetate)
Dimethyltin dichloride 753-73-1 1,000 - 5,000
Dimethyltin bis 57583-35-4 |5,000 - 10,000
(2-cthylhexyl mercap-acetate)
Dimethyltin bis 26636-01-1 |Not available
(isooctyl mercap-acetatc
Dioctyltin dichloride 3542-36-7 15,000 - 10,000
Dioctyltin bis 15571-58-1 {7,500 - 12,500
(2-cthylhexyl mercap-acetate)
Dioctyltin bis 26401-86-5 | Not available
(isooctyl mercap-acctatc) :
Monobutyltin trichloride 1118-46-3  |10,000-15,000
Monobutyltin tris 26864-37-9 |2,500-7,500
(2-cthylhexyl mercap-acetate)
Monobutyltin tris 25852-70-4 | Not available
(isooctyl mercap-acctatc)

| Monomecthyltin trichloride 993-16-8 1,000 - 5,000
Mecthyltin Reverse Ester Tallate | 201687-57-2 17,500 - 10,000
Monomethyltin tris 57583-34-3 5,000 - 10,000
(2-cthylhexylmercap-acetate)
Monomethyltin tris 54849-38-6 |Not available
(isooctylmercap-acctate)
Mono-octyltin trichloride 3091-25-6 1,000 - 5,000
Mono-octyltin tris 27107-89-7 {2,500 - 7,500
(2-cthylhexyimercap-acetate)
Mono-octyltin tris 26401-86-5 |Not available
(isooctylmercap-acetate)
Tributyltin chloride 1461-22-9  [2500 - 3000
Tetrabutyltin 1461-25-2 10,000 - 12,500
Tetraoctyltin 3590-84-9 |2,500 - 7,500
Tin Tetrachloride 7646-78-8 {20,000 - 25,000
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