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(in this case, an induction dose of 0.1% HMBCDPB)
to evaluate dose—response profiles in the elicitation
phase. '

3.2. Dose—response analysis of elicitation phase
with GPMT

With each biocide, dose-response profiles in the
elicitation phase were evaluated using corresponding
maximally sensitized groups. Typical results with six
biocides are shown in Fig. 3. When mean skin reac-
tion values were plotted against the log elicitation dose,
linear regression showed a good fit for each biocide.
Elicitation-threshold doses calculated from these lines
ranged from 0.6 ppm for TPN to 28,300 ppm for DMO.
Other notable information obtained from Fig. 3 is that
there is a wide variety among the slope values of the
regression lines. These ranged from 0.41 for BIT to
4.8 for MBTC. We have proposed an index value to
compare the relative elicitation potencies of chemical
allergens in the GPMT (Yamano et al., 2001a). The
proposed index, the area under the linear regression
line between the threshold point and 1% of the elicita-
tion dose (elicitation AUL) reflect the integrated degree
of skin reaction that would occur, when a maximally
sensitized animal is exposed to the allergen. Different
orders of ranking for sensitizing biocides evaluated ei-
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Fig. 3. Relationship between elicitation dose and skin-reaction score
for six biocides in the GPMT. In order to evaluate the elicitation
profile, a group of animals maximally sensitized with each biocide
was used. With each biocide, three to five doses were employed with
respect to the elicitation procedure. Each symbol represents the mean
response score of the group 48 h after challenge with the relevant
compound. The area under the linear regression line between the x-
intercept and 1% of the elicitation dose expressed as a dotted line is
defined as the relative elicitation potency index value of each allergen
(elicitation AUL).

Table 3
Ranking of sensitizing biocides by elicitation potencies in GPMT
Biocide Elicitation AUL Elicitation threshold
AUL? Ranking pglem? Ranking
TCMTBT 21.9 1 0.05 2
TPN 16.1 2 0.04 1
CPIP 15.9 3 1.0 3
TCMSP 13.3 4 1.1 4
MBTC 12.8 5 32 6
IPBC 9.8 6 - 5.7 8
BBIT 2.4 7 21 11
PCMC 2.4 8 29 12
HMBCDPB 1.7 9 21 10
BECDIP 1.5 10 4.4 7
BIT 1.1 11 3.1 5
CAA 0.8 12 50 14
TMBCDPB 0.7 13 16 9
PCMX 0.6 14 89 15
HO 0.5 15 33 13
BNPD 0.1 16 259 16
DMO 0.0 17 1840 17

1 AUL values were calculated as the area formed by linear repres-
sion line x-intercept and 1% of elicitation dose as per Fig. 3.

ther by the elicitation AUL or the elicitation threshold
are summarized in Table 3.

3.3. Dose—~response analysis of induction phase
with LLNA

Results of the LLNA for 17 biocides are shown in
Table 4. In our method, a chemical was designated pos-
itive, when a statistically significant increase in the ST
value was obtained using a non-irritative dose. Thir-
teen out of 17 positive biocides in the GPMT gave pos-
itive results in the LLNA. Discrepancy of the results
was observed with four biocides, three of which, BIT,
BECDIP and BBIT, resulted in the significant increase
in SI values only under irritative doses. Dose-response
profiles for the SI values in the LLNA are shown in
Fig. 4. Minimum induction doses ranged from 0.01%
for TPN to 30% for HO, with about half of them hav-
ing minimum induction doses less than 1%, while the
others having the values of 1% or more.

3.4. Relationship between results from GPMT and
LLNA

Withrespect to 13 biocides that were positive both in
the GPMT and the LLNA, minimum induction doses
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Table 4
Results of LLNA for 17 biocides
Biocide Solvent % Cellularity index BrdU incorporation index SI LOEL? (ug/cm?)
TPN AOQP 0 1.0+ 0.1 10 +£02 1.0 £ 0.1
0.003 1.0+ 02 1.1 £ 0.1 1.0 £ 02
0.01 13+£02 14 +02 1.8 £ 03" 2.5
0.03 27+ 08" 26+ 04" 72+ 26"
0.1 3.0 £ 03" 32 +£06" 97 +2.1*
MBTC AOO 0 1.0 £+ 0.1 1.0 £ 0.1 1.0+02
0.003 1.1 £ 02 09403 1.0 £ 0.1
. 0.010 15+ 04 124+04 1.9+ 1.0
0.030 2.0 + 0.6" 134+ 0.2 2.5+ 0.8" 75
0.100 354 1.3" 23 405" 7.6+ 1.2°
IPBC AQO 0 1.0+ 0.1 1.0+02 1.0 +£ 0.2
0.03 12+ 02 1.0 £ 02 1.2+ 03
0.1 15+ 02" 1.5+ 0.1" A 224+ 04" 25
0.3 1.6 £ 0.1™ 18 £ 0.1 2.7+ 04"
1 2.7 £ 02" 23 £05" 62 + 13"
TCMSP AOO 0 1.0 & 0.1 1.04£02 1.0 £ 0.2
0.01 0.9 + 0.1 1.0+ 0.1 0.9 + 0.1
0.03 1.0 £ 02 12+ 02 12 +£03
0.1 1.2+ 0.6 1.74+08 1.7 £ 03" 25
0.3 28 + 1.0 35+ 1.2 104 + 6.1*
1 3.6 + 0.6° 4.1 £ 09" 142 + 14"
CPIP AOO 0 1.0 £ 0.1 1.0 £ 02 1.0+ 03
0.03 0.9 + 0.2 1.0+ 02 09403
0.1 1.0 £ 0.2 . 13£03 1.3+ 04
0.3 14 £ 01" . 1e+02" 2.2 403" 75
1 2.0+ 02" 25 + 05" 49 £ 1.2°
TCMTBT AOO 0 10+ 0.1 1.0 £ 0.1 1.0+ 0.1
0.03 1.0 4+ 0.2 0.9 + 0.1 0.9+ 03
0.1 1.1+02 1.1 £ 02 12 403
0.3 34 +12° 25+ 02" 8.3 + 25" 75
1 64+ 1.1° 3.8 + 0.9 24.1 +7.6"
BNPD AOO 0 1.0+0.1 1.0+ 03 1.0+03
0.1 0.8+ 02 12404 1.0 £ 02
0.3 1.1+ 0.1 12 £ 0.6 13+£07
1 1.9 + 04" 24 + 02" 45+ 1.3" 250
3 23+ 0.3 3.1 405" 73+ 16"
TMBCDPB DMSO 0 10+ 0.1 1.0 £ 04 1.0+03
0.3 13+02 08 £02 1.1+04
1 14 + 04 12 +0.3 1.6 + 04
3 214+ 02" 14+ 04 2.8+ 06" 750
10 22+ 03™ 15+ 02" 32+ 02"
HMBCDPB DMSO 0 1.0 £ 0.1 1.0 £ 04 1.0 £03
0.3 12+01 1.0 +04 12404
1 1.1£0.1 1.0+02 12404
3 2.0+ 02" 15403 3.0 £ 1.0™ 750
10 3.1 £ 01" 2.0+ 02" 63+ 0.7
DMO* AOO 1.0 £ 02 1.0 £ 02 1.0+ 0.0

0
1 1.0 £ 0.2 1.0 £ 0.2 1.0+ 03
3 1.1 £03 1.0 £ 02 1.1 £ 04
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Table 4 (Continied )
Biocide Solvent % Cellularity index BrdU incorporation index S1 LOEL? (png/cm?)
10 1.7+ 03" 1.5 £ 03" 27 %06 2500
25 3.0 £ 0.3 1.8 £ 02" 5.4 + 08"
50 2.4 + 04" 1.8 £ 02" 44 + 10"
100 27+ 05" 1.8 £ 03" 4.8 £ 09°
pcMcd AOO 0 1.0+ 02 1.0 £ 0.3 1.0+ 04
5 13402 1,1 +£03 1506
10 1.6 + 04" 14 +£04 2.1 + 06" 2500
25 2.4+ 04™ 24 + 0.6 6.1+ 25"
.50 2.8 4+ 0.5™ 1.8 £09 51 429"
PCMX¢ AQO 0 1.0+ 02 10+03 1.0 4 04
5 12403 1.0 £ 0.3 12406
10 1.3+£05 14 £ 04 1.7 403
25 1.6 £ 0.5 2.1 + 0.8 3.6 + 2.1° 6250
50 2.1+ 0.8" 17 +04 374+21°
HO AOO 0 1.0+ 02 1.0+02 1.0 + 04
3 0.9 £ 0.1 09+ 02 0.8 & 0.1
10 1.3+ 0.4 15403 1.9+ 06
30 2.0 £+ 04" 1.6 £0.2" 32408 7500
100 3.2 + 02* 34 £+ 05" 11.0 + 25"
BIT DMSO 0 1.0 + 0.1 1.0 £ 0.2 1.0 + 02 Negative®
0.3 0.8 + 0.0 0.9 £ 0.3 07 +02
1 1.2 4+ 0.1 1.1 &+ 04 1.3+ 04
3 1.3+ 04 1.3 £02 17 + 06 Trritativef
BECDIP AOO 0 1.0 + 0.1 1.0 + 0.3 1.0+ 03 Negative
0.1 10402 . 0.8 % 0.1 0.8 402
0.3 1.0+ 02 © 08402 0.8 &+ 02
1 1.5+ 05" 1.04+03 1.5+ 07
3 2.0+ 02™ 1.9 + 02" 3.7 + 03" Irritative
BBIT DMSO 0 1.0+ 01 1.04+02 1.0+02 Negative
0.3 0.9 + 0.3 1.0 £ 0.1 0.9 & 0.4
1 12402 12402 154+ 04
3 1.6 & 0.5 1.3 £ 0.4 20+ 1.0% Irritative
CAA DMSO 0 1.0 + 0.1 1.0 + 0.2 1.0+ 02 Negative
10 1.0+ 02 09400 09401
25 1.14+03 0.9 £ 0.1 1.0+ 03

Significantly different from control, *p <0.05 and **p <0.01, respectively. .
2 Lowest-observed-effect level calculated by multiplying minimum sensitizing dose by factor of 250.

b Acetone and olive oil in 4:1 ratio.
¢ Values are from Yamano et al. (2004).
d Values are from Yamano et al. (2003).

¢ Statistically significant increase in SI was not observed within the non-irritative induction dose range used.
f Statistically significant increase in SI was observed with skin irritation.

from both methods were compared. Data were con-
verted from application concentrations (%) to the dose
per animal (ug/head) with the factors of 2000 (1%
agent in 50 w1 vehicle, four injection sites correspond
to 2000 pgrhead) and 500 (1% agent in 25 1 vehi-
cle, two application sites corresponds to 500 pg/head)

for the GPMT and the LLNA, respectively. Rela-
tionship was evaluated after logarithmic transforma-
tion. Correlation between two induction doses seemed
poor (2 =0.33), for example, log wg/head doses in the
GPMT for eight biocides ranged 0.0-0.3, while those in
the LLNA ranged over three orders (0.2-3.1) (Fig.5).In
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Fig. 4. Dose-response profiles for the induction phase of various
biocides in the LLNA. Each symbol represents dose-related stimula-
tion index values as per Table 4: (A) group of biocides with minimum
induction doses less than 1%; (B) group of biocides with minimum
induction doses of 1% and more.
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Fig. 5. Correlation of minimum induction doses of the LLNA with
minimum first induction doses of the GPMT. Values are expressed
as wg/head. Linear regression was performed on the logarithmically
transformed values.

the same way, minimum induction doses in the LLNA
(%) and elicitation-threshold doses in the GPMT (%)
were converted to corresponding area doses (jg/cm?)
by the factors of 250 (1% agent in 25 .1 vehicle, two
application sites of 2 cm? corresponds to 250 wg/cm?)
and 650 (1% agent in 100 w1 vehicle, one application
site of 1.54 cm? corresponds to 650 pg/cm?), and val-
ues were compared after logarithmic transformation.
In this case, linear regression with a relatively good fit
was observed (% =0.54).

4. Discussion

Recent several analytical studies have reported a
close relationship between experimentally obtained hu-
man induction threshold ‘doses and those from the
LLNA, and proposed use of LLLNA data as a starting
point to estimate human tolerable doses (Kimber et al.,
2003; Griem et al., 2003; Schneider and Akkan, 2004).
On the other hand, for the GPMT, another standard
method to test contact sensitizers, quantitative com-
parison of data with those of the LLNA or human ex-
periments has yet to be sufficiently performed despite

the accumulation of dose-response analysis data using

modified protocols of the original GPMT (Andersen
et al., 1995; Nakamura et al., 1994; van Och et al.,
2001). In this study, a good consistency was generally
observed between the results from two methods, as 13
of 17 tested biocides gave the same results in the GPMT
and the LLNA. Discrepancy of the results was observed
with four biocides, namely BIT, BECDIP, BBIT and
CAA. Although false positive results of the GPMT can
be suspected as a cause of discrepancy, at the least,
BIT and CAA are known human skin-sensitizers (Lama
et al., 1986; Assier-Bonnet and-Revuz, 1999; Muhn
and Sasseville, 2003). Actually, in the cases of BIT,
BECDIP and BBIT, a significant increase in SI values
in the LLNA was observed, but only at irritative doses.
These results were designated as negative, because it
is impossible to discriminate irritants from sensitizers
by simply measuring lymphoid cell proliferation, al-
though it is plausible that these biocides induced spe-
cific helper-T lymphocytes related to delayed-type hy-
persensitivity. In order to evaluate allergenicity of irri-
tating chemicals in the LLLNA, other indices, such as
analysis of B- and T-cell subpopulations (Homey et al.,
1998; Gerberick et al., 2002) seem to be needed. In the
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case of CAA, its low ability to penetrate skin epidermis,
as presumed from its low octanol-water partition coef-
ficient (log Kojw = —0.53) compared to other biocides
(Table 1), might be responsible for the inconsistent re-
sult.

It is a matter of debate which of the two steps of the
induction steps in the GPMT should be used as the
relevant metric. Kimber et al. (2003) recommended
use of the second topical application, rather than the
first intradermal administration, because the concen-
tration for the latter is frequently determined and lim-
ited by the addition of Freund’s complete adjuvant.
However, as shown in Table 2, about half of the bio-
cides that tested positive in the GPMT failed to sen-
sitize animals with tolerable maximum second induc-
tion doses, when the first induction step was omitted.
This means that, at least in these cases, topical appli-
cation only acted to boost the effect of the intradermal
injection. Furthermore, although the maximum intra-
dermal doses are limited to 5% or non-necrotic highest
doses, most of biocides testing these doses covered a
whole range of dose-related changes in sensitization

rates, such as saturation or overload effect of skin re-

action. Thus, we employed the first induction as the
measure of the induction phase. When the minimum in-

duction doses from the GPMT were compared to those .

from the LLLNA, the results showed poor correlation
between the two (Fig. 5). van Och et al. (2001) also
reported discrepancy of the order of sensitizing poten-
cies of three chemicals evaluated by the LLNA and the
GPMT, with the first induction doses being used as the
metric. This discrepancy in results is only natural con-
sidering that the GPMT uses an injection of the test
substance, in addition to adjuvant as a vehicle, thus by-
passing the skin barrier. The point of making multiple
induction dose groups in the GPMT is to identify the
optimally sensitized group of animals to evaluate elic-
itation profiles, because, as shown in Fig. 2, it is well
known that the dose-response profile of the elicitation
phase is influenced by the degree to which sensitiza-
tion is induced. The elicitation-threshold values thus
obtained in the optimally sensitized guinea pigs are
likely the lowest values for individual biocides that are
obtainable in experimental animals and ideal for use in
elicitation risk assessment, as risk ought to be evalu-
ated on the basis of a worst-case scenario. When mini-
mum induction area doses in the LLNA and elicitation-
threshold area doses in the GPMT for 13 biocides were
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Fig. 6. Correlation of minimum induction doses of the LLNA with
elicitation-threshold doses of the GPMT. Values are expressed as
wg/cm, Linear regression was performed on the logarithmically
transformed values,

compared, relatively good correlation between them
was observed (Fig. 6). The result was to some ex-
tent expectable, because, as mentioned by Griem et
al. (2003), various factors, such as skin penetration,
metabolism, protein binding, uptake by antigen pre-
senting cells, and so on, are common to both induction
and elicitation phases, when sensitizers were applied
topically. Although different vehicles, namely, acetone,
acetone/olive oil (4:1, v/v), and dimethyl sulphoxide
were used for topical applications in the GPMT and
the LLNA for maximizing the test concentrations, this
may have little impact on the accuracy of basic hazard
identification (Basketter et al., 2001). At this time, it
is difficult to evaluate the relationship between human
and animal elicitation-threshold doses because of the
lack of appropriate data, especially from humans, and
future improvement of the human database is unlikely
mainly due to ethical reasons. Although the obtained
linear regression between GPMT elicitation thresholds
and LLNA induction thresholds is not the final form
and needs further improvement, the results suggest
the possibility to estimate human elicitation-threshold
doses, which are definitely lacking in the process of risk
assessment for skin-sensitizers, directly from LLNA
data.
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It is generally said that elicitation-threshold doses
are lower than that for induction, although experimental
evidence from strictly controlled dose~response anal-
ysis are lacking. In Fig. 6, all data points lay below the
diagonal line, meaning that the minimum area doses re-
quired to elicit skin reaction are always lower than that
for induction. Ratios of minimum doses of the LLNA
(induction) to those of the GPMT (elicitation) ranged
from 1.0 for BNPD to 1465 for TCMTBT. A lower elic-
itation threshold compared to an induction threshold of
a sensitizer leads to a concern that if future regulations
to limit consumer exposure to sensitizing chemicals
were implemented on the basis of induction threshold
concentrations, then a person who had been previously
sensitized to a certain chemical could be exposed to that
chemical at doses higher than the elicitation threshold.
In such a case, another index other than the thresh-
old dose is needed for better risk assessment of elic-
itation. The area of a triangle enclosed by the x-axis,
a dotted vertical line and a linear regression line for
each allergen in Fig. 3 reflect the integrated degree of
skin reaction that would occur, when a sensitized in-
dividual is exposed to an allergen. This value, in its
mathematical expression, includes both the threshold
concentration and the dose-response profile (the slope
of the regression line) and seems suitable to compare
relative elicitation potencies in a situation, such as that
mentioned above.

In conclusion, the present study revealed a rela-
tively good correlation between minimum induction
doses in the LLNA and elicitation-threshold doses in
the GPMT, suggesting the possibility to estimate hu-
man elicitation-threshold doses from the LLNA. Fur-
ther study is needed to better elucidate the relation-
ship between minimum induction doses in mice and
minimum elicitation doses in guinea pigs, and those in
humans.
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Contact allergenicity of a product containing biocide,10,10'-oxybis-10H-phenoxarsine,
in guinea pigs

Mitsuru SHIMIZU, Tetsuo YAMANO and Tsutomu NODA

Abstract .

10,10-Oxybis-10H-phenoxarsine (OBPA) has been used as a fungicide and bactericide for household products.
We examined contact allergenicity of OBPA with the modified guinea pig maximization test (GPMT). In this stu-
dy, a commercial product (Vinyzene BP5-2PG, VZPG) which contains 2% of OBPA in propylene glycol (PG) was
used in GPMT. VZPG-treated guinea pigs in GPMT showed no contact allergenicity even at maximal concentra-
tion of intradermal injection and topical challenge of VZPG. Moreover, these animals had no skin reaction against

PG. These results suggest that OBPA had no contact allergenicity in this study.
Key words : 10,10"-0xybis-10H-phenoxarsine, biocide, contact dermatitis, guinea pig maximization test
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10,10’-0xybis-10 H-phenoxarsine
(OBPA)

Figure. Chemical structures of OBPA
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Table. Skin sensitization test of VZPG 48 and 72 hrs after the challenge dose?

Induction Challenge 48 hrs 72 hrs
id injection®  topical  topical SRY MRY Score SR? MR® Score
ppm % ppm % 0123456 % 0123456
0 0 0 - 0 00 500000 0N 0 00 520 0000 0N
50 VZPGY 0 0.0 500000 0N 0 0.0 500000 0N
500 VZPG 0 0.0 500000 0N 0 0.0 500000 0N
2500 VZPG 0 0.0 500000 0N 0 0.0 50000 00N
5000 VZPG 0 0.0 500000 0N 0 0.0 500000 0N
10000 VZPG 80 0.8 1 40000 0 I 20 0.2 4 1000001
25000 VZPG 100 2.8 00140001 80 1.2 12 2 000 01
25000 PGY 0 0.0 500000 0N 0 0.0 50 00000N
50 100 0 - 0 0.0 100 0 0 0 0 0N 0 0.0 100 000 0 0N
50 VZPG 0 0.0 100 0 0 0 0 0N 0 0.0 100 0 00 0 0N
500 VZPG 0 0.0 100 0 0 0 0 0N 0 0.0 100 0 00 0 0N
2500 VZPG 0 0.0 10000000 0N 0 0.0 100 0 00 0 0N
5000 VZPG 0 0.0 1000 0 0 0 0N 0 0.0 100 0 00 0 0N
10000 VZPG 80 09 271000011 10 01 91000001
25000 VZPG 100 24 02341001 80 0.9 27 100001
25000 PG 0 0.0 1600 0 0 0 0 0N 0 0.0 100 000 00N
500 100 0 - 0 0.0 100 00 0 0 0N 0 0.0 100 000 0 0N
50 VZPG 0 0.0 1000 0 0 0 0 0N 0 0.0 100 0 0 0 0 0N
500 VZPG 0 0.0 100 06 0 0 0 0N 0 0.0 100 0 00 0 0N
2500 VZPG 0 0.0 100000 0 0N 0 0.0 100 0 00 0 0N
5000 VZPG 0 0.0 100 0000 0N 0 0.0 100 000 0 0N
10000 VZPG 60 0.8 4 42 00 0 01 10 0.1 91 000001
25000 VZPG 100 1.9 05140001 50 0.6 54 1000 01
25000 PG 0 0.0 100 0 0 040 0N 0 0.0 1000 0 00 0 0N
5000 100 0 - 0 0.0 100 0 0 0 0 ON 0 0.0 100 0 00 0 0N
50 VZPG 0 0.0 100 0 0 0 0 0N 0 0.0 100 0 00 0 0N
500 VZPG 0 0.0 100-0 0 0 0 O N 0 0.0 100 0 0 0 0 0N
2500 VZPG 0 0.0 1000000 0N 0 0.0 0060000O0N
5000 VZPG 0 00 100 00 0 0 0N 0 0.0 100 000 0 0N
10000 VZPG 50 0.5 55000001 10 0.1 9 1000001
25000 VZPG 100 25 00550001 100 1.2 08 200001
25000 PG 0 0.0 100 0 0 00 0N 0 Q.0 1000000 0N
50000 100 0 - 0 0.0 100 0 0 0 0 0N 0 0.0 100 0 0 0 0 0N
50 VZPG 0 0.0 100 0 0 00 0N 0 0.0 100 000 0 0N
500 VZPG 0 0.0 1000000O0N 0 0.0 1000000 0N
2500 VZPG 0 0.0 1000000 0N 0 0.0 100 0 0 0 0 0N
5000 VZPG 0 0.0 10006 0 0 0 0N 0 0.0 1006 0 0 0 0 0N
10000 VZPG 70 0.8 361000011 0 0.0 100 0 00 0 0N
25000 VZPG 100 1.9 043300071 50 07 53200001
25000 PG 0 0.0 100 000 0 0N 0 0.0 100 0 00 0 0N
0 0 0 DNCB 0 0.0 500000 0N 0 0.0 500000 0N
10 DNCB 0 0.0 5 00000O0N 0 0.0 5000000N
100 DNCB 0 0.0 500000 O0N 0 0.0 5000000N
1000 DNCB 0 0.0 500000 O0N 0 0.0 50000 00N
DNCB DNCB 0 DNCB 0 0.0 500000 0N 0 0.0 50 000O0O0N
1000 ppm 1000 ppm 10 DNCB 0 0.0 5000060 0N 0 0.0 50 0000O0N
100 DNCB 100 3.0 010301¢0€P 100 1.8 04 00010P
1000 DNCB 100 52 0060004 1P 100 3.8 0061 2011P

1) Test sample (VZPG), which contains 2 % of OBPA in propylene glycol, is used in skin sensitization test.

2) Intradermal injection

3) Sensitization rate (%) = positive number of animals/total number of animals X 100

4) Mean response = summation of numerical scoring/total number of animals

5) No. of animals

6) PG: propylene glycol
N: Negative reaction

I: Irritation

P: Positive reaction (control group exhibited negative reaction at the same challenge dose)
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Effects of prenatal and/or neonatal exposure to 4-nonylphenol or bisphenol A on the reproductive organs in
male and female rats —Histological findings—

Mitsuru SHIMIZU, Tetsuo YAMANO and Tsutomu NODA

Abstract _

In the present study, we examined histopathologically the effects of prenatal and neonatal treatment
with nonylphenol (NP) or bisphenol A (BPA) on the reproductive organs of rats. Pregnant Wistar rats
were treated with NP (0, 002 and 2 mg/kg, s.c.) from gestational day 14 to postnatal day (PND) 6. Half
of the F: rats from each dam were further treated with NP (0, 0.02 and 2 mg/head, s.c., corresponding
to the respective maternal dose} from PND 0 to 6. Histopathological examinations were performed at 6
months of age. Only female F: rats treated both prenatally and neonatally with the higher dose of NP
(2 mg/head, almost 200-400 mg/kg) exhibited abnormal changes in the uterus and ovary, such as cystic
ovaries without corpora lutea and endometrial hyperplasias. However, male F\ rats treated both
prenatally and neonatally with NP showed no histologicalsabnormality of the reproductive organs,
including testis, epididymis, prostate and seminal vesicle. ' '

In the second study, neonatal rats of both sexes were treated with BPA (0, 0.04, 0.4 and 4 mg/kg, s.c)
from PND O to 2. In this case too, histopathological changes in reproductive organs at 6 months of age
were observed only in female rats treated with the highest dose (4 mg/head, almost 400-800 mg/kg) of
BPA. While the spectrum of histopathological findings was somewhat different between NP and BPA,
the male rats treated postnatally ‘with BPA again showed no histopathological abnormality of the
reproductive organs. These results suggest that neonatal exposure to NP or BPA affects reproductive

organs in female rats but not in male rats.

Key words : nonylphenol, bisphenol A, rat, reproduction, histopathology
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% 4B D] Wistark Ty P2 REZ LT 25
WAL, TIREM %15 57D EFRILER TRBED
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AxEEoR&EEL.. HEI7TE»LEF2AR T
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i R
3. ®EHE
3-1 NPORRERES L UFHAE RIS

1B CRDITIEMS v M0, 0028 LU 2mg/kg
ONPRILIEI4A» O MER 6 H (WEHZOR) *
THET&ES Lz, NPRBEFFY 7MICERL, &5
WEIX 1ml kgt L7z, NP5 SR BE» L4
Th7cHERIE—IEOMEL &% F 53T, —54
2851020, 0028 X U 2mg/IEONPE= N EFho
BEOBESBICHIESETEB O~ 6 HEITRTHRS
L7z (HAEREIEE). NPRRBHA Y 7HMICERL, &
B35 ul /e Lz, M od Bidmng &
L7 (M4 HiR).

3-2 BPAOHHIRERES

1 #AEO ] WistarRITIRES v b oEFNH

EREAIz, MBEOFAERIZO, 004, 048 L T4
"mg/EOBPAERMAE R H3AM (EH0~20) HEi

I THE L7z, BPAIZdimethyl sulfoxidelZiGHE
L, &REBEIE2Bul/TRE L, HERGERIA L
TREARBR D MEMES 4 ICICRFI & Lz, &8, BPA4
mgIXBR4FDOI b 2HITHES HE TILEHE
BATT L, '
4. FRIBMBMFARE

NPH AW IBPA* BE L MBI ERIIERG
B#iz— 7 VEREL T CRUmESR Lz, HERIZDOWT
T, MM, RELA, BIIRE, HERIowWTHp
B, FEZHBLE. Sh50REHI0IMY) VEHR
H10% KN <) VIR TREE LK. 2897 4 VAR,
WL, N7 bV v moh Uy gets LR
BMEZT-7,
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1. NPORREEDS & U3 RIS

Table 1\ J42 BB OMBFIRE DR R AR L7z,
TGS ROMER S v b ORI b RSS9k
BB S Nabor, $7z, WEEK, HIKS
LUHBCOMBENE ELRRO N A b ok
(Table1). %512, WET » M THIRES L UTFE
IR B LIS S Ao 72 (Table1).
Table 2 I B A BB OMMENREOHRERL
72 NP2mg/WE& K TH5 LAMRS v b T, 9l

 HRBLUREEEAE TR T 2 EMEOELY

BN (Fig. 1), SHICRABEOMET Y T
BENELEB L CTFERICEBZN LN RE SN
7o. FERBELR ISR CELN, EEAE
PR OB s iz (Fig.2). FEN
ELEOBEER~OEAENRR LN, FERORE LK
fLELBEShA WL H o7z, LA L, NPE002mg/
A% LR T v MTIIOES L P FEICHRE
Bz ReNnkrorz (Table2).

—7, FHEBBROBES v PTLHE, WELKE,
BB & URTRICHMFEN L E IR O o NE D)o

Table 1 Histopathoiogical findings of reproductive organs in offspring from dams treated with nonylphenol (NP) from

gestational day 14 to postnatal day 6%

Organ Findings

Male (mg/kg)
0 0 0 0 0.02 2

Female (mg/kg)

No. of animals
Testis
Epididymis
Seminal vesicle
Prostate
Ovary
Uterus

11 2 15 6 9 10
ND ND ND @ — — —
ND ND ND — — —
ND ND ND — — —_
ND ND  ND — — —
— — — ND ND ND
- = - ND ND ND

ND : No abnormalities were detected.
* | Offsprings were not treated with NP.
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Table 2 Histopathoiogical findings of reproductive organs in offspring treated with nonylphenol (NP) from postnatal

day 0 to 6
Male (mg/head) Female (mg/head)
Organ Findings
o 0.02" A 0 0.02" 2
No. of animals 6 9 10 7 6 6
Testis — - -
Atrophy of seminiferous tube 0 1* 0
Epididymis — - -
Decrease of sperm 0 1* 0
Seminal vesicle ND ND ND — - —
Prostate ND ND ND — — —
Ovary — - -
Atrophy 0 0 6
Follicular cysts 0 0 6
Absence of corpus lutea 0 0 6
Uterus — — -
Hyperplasia of epithelium 0 0 4
Metastasis of uterine glands 0 0 2
Atrophy of endmetrium (U 0 2
Atrophy of uterine glands 0 0 2
Dilatation of lumen . 0 0 2
Infiltration inflammatory cell in lumen 0 0 2

ND : No abnormalities were detected.

a . Dames were treated with nonylphenol Omg/kg from gestational day 14 to postnatal day 6.

b : Dames were treated with nonylphenol 0.02mg/kg from gestational day 14 to postnatal day 6.

¢ . Dames were treated with nonylphenol 2mg/kg from gestational day 14 to postnatal day 6.

* ! Un

Fig.1

ilateral organ

QOvary in female rats, from whose dams were
treated with nonylphenol (NP, 2 mg/kg, s.c),
treated with NP 2 mg/head from postnatal day 0
to 6 (A), and in control rats (B). A: Note follicular
cysts and complete absence of normal corpora
lutea in the ovary from the NP-treated rat. B:
Histological abnormalities were not observed in
control rat. H & E staining, 30 %.

-

Fig. 2

Uterus in female rats, from whose dams were
treated with nonylphenol (NP, 2 mg/kg, s.c.),
treated with NP 2 mg/head from postnatal day
0 to 6 (A), and in control rats (B). A: Note
endometrial hyperplasia and gland formation in
the endometrial lining epithelium in NP-treated
rat. B: Histological abnormalities were not

. observed in control rat. H & E staining, 100 X.
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Table 3 Histopathoiogical findings of reproductive organs in offspring treated with bisphenol A (BPA) from postnatal day 0 to 6

Male {mg/head)

Female (mg/head)

Organ Findings
0 0.04 04 4 0 0.04 04 4

No. of animals 16 16 16 7 16 16 16 10
Testis ND ND ND ND — — — -
Epididymis ND ND ND ND — — — -
Seminal vesicle ND ND ND ND — — — —
Prostate ND ND ND ND — — — —
Ovary — - — —

Atrophy 0 0 0 5

Follicular cysts 0 0 0 5

Atretic folicles 0 0 0 5

Absence of corpus lutea 0 0 0 5
Uterus — — — —

Atrophy of endmetrium 0 0 0

Atrophy of uterine glands 0 0 0

ND ! No abnormalities were detected.
* . Dames were not treated with BPA.

72, 002mg/ME& %5 L ERIBIOMMIIEB RO
BERW, BIULHELAERNOBTRIMR SN
A5, FBIORIRES L OBRICEE(EENRoNnE
Moiz (Table2)., T OHEEOEHEUELSFAMT
POBBEBITHLZ EhD, BAABENLELLE L.
2. BPAOFARERRE

Table 3 IZCBPA# #A BRI S Lok 1s 6 A ik

WSy b OEEREOBBFENREDOKELR L.
BPAR#EG LzwThoRT vy b d, HEOMMK
EMLEILRBRES b oz, F72, BREE,
IS X ORI S MBEN AT BO b h e o
7z (Table 3).

—7%, BPA4d mg/lba %5 LR 5 » FTIX, 10
Bl 5 BUCIIE CONfaZERe, PASHOMIG B & FE IR

Fig.3 Ovary in female rats treated with bisphenol A
(BPA) 4 mg/head from postnatal day 0 to 2 (A),
and in control rats (B). A: Note multiple follicular
cysts and complete absence of normal corpora
lutea in the ovary from the BPA-treated rat. B:
Histological abnormalities were not observed in

control rat. H & E staining, 30 .

Fig. 4

Uterus in female rat treated with BPA 4
mg/head from postnatal day 0 to 2 (A), and in
control rat (B). A: Note the endometrial atrophy
and a reduction in size of uterine glands on
BPA-treated rat. B: Histological abnormalities
were not observed in control rat. H & E
staining, 100 %,



