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after sample collection, after equilibrium weight was attained for each filter stored in
desiccators at constant relative humidity of ca. 40% under 295+3K, resulting in
14 + 6 mg (mean £ S.D., n=36). All the QFF samples were stored at 253 K until subjected
to the exposure experiments or analysis.

2.4 Passive exposure of OHNPs to indoor air on QFF and on airborne particles

Ten pmol of 3-, 6- and 8-OHNPs dissolved in methanol were uniformly deposited on
a QFF directly by the following procedure: 2 mL of the stock solution (5nM) was evenly
dribbled onto the QFF with a microsyringe, and then the solvent was evaporated at room
temperature in the dark. The air-dried QFF was passively exposed to indoor air containing
trace levels of O3 (less than 1 ppbv) for 1 and 18 hours in the dark at room temperature.
In order to avoid interference of OHNPs originally contained in the airborne particulate
samples with the HPLC analysis, 10 pmol of 3-OHNP-dg dissolved in methanol was
deposited onto airborne particles collected on a QFF as described above. 3-OHNP-dg
adsorbed on airborne particles was also exposed to indoor air for 24 hours according to
the same procedure. The remaining OHNPs and 3-OHNP-dg were analysed by HPLC after
extraction from the QFF or airborne particle samples as described above.

2.5 Active exposure of 3-OHNP-dg to ambient air on airborne particles under the
high volume air sampling condition

Decomposition of 3-OHNP-dg on airborne particles during high volume air sampling was
evaluated according to the following procedure. Ten pmol of 3-OHNP-dg and 1-NP-do,
which was added in order to determine the recovery during the sample pretreatment,
dissolved in methanol were uniformly deposited on airborne particles that were collected
on a QFF as described above. After being installed in a high volume air sampler, the QFF
was exposed to ambient air containing up to 60 ppbv of O at a flow rate of 1500 L min ™"
for 1-9 hours. The remaining 3-OHNP-dg and 1-NP-dy were analysed by HPLC after
extraction from the airborne particles as mentioned above. To clarify the unexpected
formation of 3-OHNP-d;g by oxidation of 1-NP-dy during the high volume air sampling,
the active exposure of 1-NP-dy in the flow system was also performed independently.

2.6 Airborne particle collection for the determination of the atmospheric
pavrticle-associated OHNPs with the correction method

TSP were collected every 3 hours at the same site, as is described in Section 2.3. Sampling
was conducted using a high-volume air sampler with a QFF at a flow rate of 1500 L min ™"
during 26-27 November 2001 for 24 hours. A total of 8 samples were prepared. The filter
samples onto which 0.5mL of 10nM 3-OHNP-dg solution was added as an internal
standard were subjected to the extraction process.

2.7 Measurement of gases

The concentration of Oj in the air was monitored using a UV spectrophotometric
05 analyser (Dylec, Model 1150) or obtained by public environment monitoring stations in
Sakai, Osaka, Japan.
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3. Results
3.1 Chemical analysis of OHNPs by HPLC

HPLC chromatograms of authentic and extracted OHNPs from airborne particles are
shown in Figure 1(a) and (b), respectively. 3-, 6-, and 8-Hydroxy-1-aminopyrenes (3-,
6-, and 8-OHAPs) and 3-OHAP-d;, which are the reduced compounds of the
corresponding OHNPs, were successfully detected with good separation for each peak
by a HPLC/chemiluminescence detection system. Figure 1(c) shows a chromatogram of an
SOF sample analysed by the HPLC/chemiluminescence detection system without the
reducer column in the system. In the case without the reduction, the OHAP peaks were
completely eliminated from the chromatogram because OHNPs were not reduced into
their corresponding fluorescent OHAPs in the HPLC system. After washing the SOF with
5% NaOH/water, the peaks derived from acidic OHNPs having phenolic hydroxyl groups
also disappeared from the chromatogram (Figure 1(d)). These results ensure that the
peaks, the retention times of which are consistent with those of the authentic OHAPs,
originate from OHNPs that have nitro and phenolic hydroxyl groups in their structures.

3.2 Passive exposure of OHNPs to indoor air on QFF and airborne particles

Figure 2 shows the time course of the remaining fractions of OHNPs directly deposited on
QFF, i.e. OHNPs on the ‘naked’” QFF, during passive exposure to indoor air. The mean
OHNP recoveries from unexposed filters (exposure time: 0h) were 70-85%. The mean
recoveries of OHNPs after passive exposure to indoor air for 1 and 18 hours were 26-38
and 2-5%, respectively. No significant difference in the degradation was observed among
the three OHNP isomers at the same exposure time. In addition, it was possible to
uniquely identify 3-OHNP-ds from the peaks of OHNP isomers originally contained in
ambient airborne samples using the HPLC system. Hereafter, therefore, we evaluated the
degradation for 3-OHNP-dg as a representative OHNP. The loss of 3-OHNP-dg deposited
on airborne particles, i.e. 3-OHNP-dg on the ‘particle-loaded’ QFF, was not significant
even after 24 hours of exposure (mean recovery+S.D.. 79+£12%, n=4) in the
passive mode.

3.3 Active exposure of 3-OHNP-dg to ambient air on airborne particles during
high volume air sampling

Figure 3 shows the recovery of 3-OHNP-dg from the airborne particles after active
exposure to the ambient air for 1-9 hours. The mean concentrations of O; during the
exposures were not entirely identical. The recovery of 1-NP-dy was stable during the
exposure to ambient air under the high volume sampling condition (mean recovery = S.D.:
93 £ 10%, n=25). In contrast, 3-OHNP-dg was easily decomposed in the active mode even
on the airborne particles. The mean recovery of 3-OHNP-ds was less than 20% after
9 hours of exposure. Formation of 3-OHNP-d; by oxidation of 1-NP-dy on the airborne
particles was not observed in the active mode.

4. Discussion

O3 is one of the most powerful oxidants in the atmosphere. The effect of O; concentration
on the loss of PACs under high volume air sampling conditions has been investigated
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Figure 1. Typical chromatograms from the HPLC-chemiluminescence detection system for standard
solution of 6-, 8-, and 3-OHNPs and 3-OHNP-d; (internal standard) and soluble organic fraction
(SOF) of airborne particles. OHNPs were reduced into their corresponding amino compounds in the
HPLC system, and then were detected by the chemiluminescence detector. (a) Authentic standard of
the OHNPs, (b) SOF of airborne particles, (¢) SOF of airborne particles without the reduction
process, (d) SOF of airborne particles with washing process with 5% NaOH solution. In the case
without the reduction or with the washing process, the peaks of the compounds were eliminated from
the chromatograms (see text for details). Amounts of authentic OHNPs determined: 268 fmol
(3-OHNP); 230 fmol (6-OHNP); 335 fmol (8-OHNP); 183 fmol (3-OHNP-ds). Amounts of OHNPs
from the SOF: 35fmol (3-OHNP); 239 fmol (6-OHNP); 70 fmol (8-OHNP). Quantification limit of
the HPLC system employed for each OHNP was 2 fmol (S§/N = 10). Injection volume: 20 pL.
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Figure 2. Decays of the remaining fractions of OHNPs directly deposited on quartz fibre filters
during passive exposure to indoor air. Error bars represent one standard deviation of the average
(n=3, 10, and 8 for 0, 1, and 18 h exposure, respectively).
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Figure 3. Decays of the remaining fractions of 3-OHNP-d; on airborne particles deposited on quartz
fibre filters under the high volume air sampling condition at various O; concentrations. Data are
represented as the mean £ S.D. (n=3 except for 0 and 1h exposure; =4 and 12 for 0 and 1h
exposure, respectively).

in numerous studies, and the lifetime or residual fraction of the PACs was found to be
inversely correlated with O5 concentration [8,20,21]. The decomposition of 3-OHNP-ds on
airborne particles during high volume air sampling was also strongly expected to be
attributable to oxidation reactions by Os, although a possibility of contribution of other
atmospheric oxidants such as OH and NO; radicals to the chemical degradation of
3-OHNP-dg can not be completely excluded. In this study, therefore, we evaluated the
relationship between the degradation of 3-OHNP-dg on airborne particles and O3 flux
(Nos/molecules min~"). This was calculated from the mean concentration of Os in the
ambient air and the flow rate during the air sampling.

Figure 4 shows the dependence of N3 on the remaining 3-OHNP-dg on the airborne
particles deposited on the QFF after 1 hour of active exposure. The recovery of 3-OHNP-dg
from airborne particles clearly decayed with increasing No; (r=0.91, p < 0.01).
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Figure 4. Remaining fraction of 3-OHNP-dg deposited on airborne particles after 1 h of exposure to
ambient air under the high volume air sampling condition plotted against gas phase O flux; number
of molecules passing through the quartz fibre filter per minute (Ngs/molecules min~'). The
remaining fractions of 3-OHNP-dg at 0 molecules min~" of N3 were obtained from the 3-OHNP-dg
recoveries from unexposed airborne particles to ambient air (circles).
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Figure 5. Plot of remaining fraction of 3-OHNP-d; on airborne particles deposited on quartz fibre
filters after 1 h of active exposure versus water vapour concentration in ambient air.

The loss of PAHs on atmospheric soot particles with respect to the effects of humidity
and ambient temperature have been evaluated previously [22]. In the present study,
a clear relationship between the humidity in the ambient air and the remaining fraction
of 3-OHNP-ds on QFF during high volume air sampling was not observed (Figure 5).
Contrariwise, the recovery of 3-OHNP-dg increased with decreasing ambient temperature
during the air sampling (Figure 6). The data points were classified into three categories
according to N3 as shown in Figure 6. Both the remaining 3-OHNP-d; fraction and the
inverse of the temperature seem to be low in the high No3 group, but clear temperature
dependence on the remaining 3-OHNP-dg was not observed within each Ngs category.
The O; concentration in the atmosphere was usually high in the daytime when the
ambient temperature and solar intensity were also high because of active photochemical
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Figure 6. Plot of remaining fraction of 3-OHNP-ds on airborne particles deposited on quartz fibre
filters after 1 h of active exposure under various O3 flux (Ng3) conditions versus inverse of ambient
temperature: circles, No3 = (15.8-18.7) x 10'7 molecules min~'; triangles, No3 = (9.35-9.68) x 107
molecules min™'; squares, Np3=(5.16-5.48) x 10'7 molecules min~".
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Figure 7. Logarithmic decay of 3-OHNP-dg exposed to ambient air under the high volume air
sampling condition at 1.0 x 10" molecules min~' of O; flux (Nps, mean Ng3£S.D.:
(1.0£0.1) x 10'® molecules min™"). The time-dependence decay displays clear single exponential
behaviour.

reactions contributing to O; formation. The result obtained implies that there is no
significant relationship between the ambient temperature and the remaining 3-OHNP-dg
during high volume air sampling. A similar result was observed in the previous report [8].

In order to understand the relationship between OHNP degradation and exposure time
at the same O; concentration, the results obtained under the Nos of 1.0 x 10'® molecules
min~" are shown in Figure 7. A linear relationship was observed between the logarithm of
the residual fraction of 3-OHNP-dy and exposure time under similar Np3; conditions
(*=0.96, p <0.01), indicating a first-order reaction with respect to 3-OHNP-dg
concentration. Therefore, the pseudo-first-order reaction constant for the decay of
3-OHNP-dg deposited on the airborne particles on QFF can be obtained for each exposure
assuming a constant Nps3. Perraudin et al. [23] also reported that the plots for the reaction
of PAHs adsorbed on different types of particles with O5 exhibit an exponential decay over
time under constant Oz concentration and determined the pseudo-first-order rate
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Figure 8. Observed pseudo-first-order rate constants (ks) for reactions of O; with 3-OHNP-dg
adsorbed on airborne particles plotted against the number of Oz molecules passing through the
quartz fibre filter per minute (Nps/molecules min_l). kobs 18 expressed as a function of Npgs;
kops=0.034 (Nos x 10717 —0.003. The slope of the regression line has an error of +6%.

constants for the decomposition reactions at several O; concentrations. The pseudo-
first-order rate constants k,ps obtained from the logarithmic plot of the remaining
3-OHNP-dy with the exposure time in the present study were plotted versus Ng; in
Figure 8, clearly highlighting that the ks values were proportional to No3 (kops =0.034
(Nos x 10 717) = 0.003, *=0.73, p < 0.01). Perraudin ez al. [23] also showed that a similar
proportional relationship between the pseudo-first-order rate constants for PAHs decay
and the O5 concentrations exists. Donaldson et al. [24] reported that the reaction of PAHs
with O3 on the surface of organic substrates is consistent with a Langmuir-Hinshelwood
surface mechanism. The dependence of the pseudo-first-order rate constants k on the gas-
phase O3 concentration is given by

k = A[Os(2)l/(B +[03(2)])

where A is the product of the maximum number of surface sites available to Oz and the
second-order rate constant for the reaction of PAH with O3, and B represents the ratio of
desorption to adsorption rate constants of Os;. This equation indicates that k exhibits
a linear dependence versus the gas-phase O3 concentration under the [O3] <« B condition.
Kahan et al. [25] showed that the constants B for various PAHs are calculated to be ~10'°
molecules cm™> for the reaction with O; on the surface of organic films, which is
significantly higher than the ambient O3 concentration (~10'? molecules cm ™). From the
linear least-squares fitting line between &,y and Ngs obtained in Figure 8, the ks under
any N3 condition can be predicted.

The residual fraction of 3-OHNP-dg on a QFF, y (%), after exposure to ambient air
under high volume air sampling is expressed as the following equation:

y = 100 Fobs! (1)

where ¢ is the exposure time. Therefore, assuming that the atmospheric concentration of
OHNP is constant during the sample collection, the total ratio of remaining fraction R
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Table 1. Atmospheric concentrations of hydroxy-1-nitropyrenes, 1-nitropyrene, and Os; during
26-27 November 2001 at Sakai, Osaka, Japan.

Compounds Mean (n=28) Range
3-OHNP? 5 2-12°
6-OHNP* 42 17-73°
8-OHNP?* 50 28-85°¢
1-NP? 27 948
(o4 27 20-35

Notes: OHNP =hydroxy-1-nitropyrene; 1-NP = 1-nitropyrene.

2Given in units of fmolm™>.

Given in units of ppbv. Concentration was revalued to a 3-hour mean, which is coincident with the
sampling period of airborne particles.

“Each 3-hour mean concentration has an error derived from the error of the slope of the linear
regression line in Figure 8. See the caption of Figure 8 for details.

to decomposed fraction D from =0 to t=T is given by:

T T
R/D = ( / 1ooe—Kobs’dt) /(100T— f 100e-1<°bsfdt>. )
0 0

It is possible to determine the concentrations of OHNPs in the airborne particles before
decomposition by the correction based on this relationship.

The concentrations of 3-, 6-, and 8-OHNPs in airborne particles collected on the QFF
at Sakai, Osaka, Japan were determined using the correction method proposed in this
study. The mean concentrations of atmospheric 3-, 6-, and 8-OHNPs were 5, 42 and
50 fmol m ™ on 26—27 November 2001, respectively (Table 1). The mean measured values
of 3-, 6-, and 8-OHNPs before the correction, 3, 25, and 29 fmolm ™, respectively, were
ca. 60% of the corrected concentrations. The mean concentration of 1-NP in the airborne
particles was 27 fmol m ™ on the same sampling day, lower than those of 6- and 8-OHNPs.
Gibson et al. [4] reported that the atmospheric concentration of OHNPs at a remote site
on Bermuda was much higher than that of 1-NP, which is generally emitted from
combustion sources. Our result is consistent with this study. These observations suggest
that atmospheric secondary formation processes are operating as an atmospheric source of
OHNPs. It is critical to clarify the atmospheric occurrence of OHNPs including their
sources and sinks to evaluate their health impact on humans.

5. Conclusion

A correction method for the determination of atmospheric OHNPs based on their
degradation rates during high volume air sampling was established. The degradation rate
constants of OHNPs were found to correlate with the number of ozone molecules passing
through the quartz fibre filter in a unit time during high volume air sampling. The
chemical loss of OHNPs under high volume air sampling conditions was successfully
evaluated by the exposure time and the pseudo-first-order rate constant for OHNP
degradation estimated from the correlation. Concentrations of 3-, 6-, and §-OHNPs
in airborne particles collected in Osaka, Japan were determined using the established
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correction method, and were comparable to that of 1-NP, a representative
atmospheric NPAH.
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Abstract

Marine water is contaminated with polycyclic aromatic hydrocarbons (PAHs)
from rivers and the atmosphere. Oil spilled from tankers or petroleum factories
also causes marine pollution with PAHs. It is well known that PAHs, such as
benzo[a]pyrene, show carcinogenicity and/or mutagenicity. In developing teleost
fish, furthermore, it has been reported that spinal deformity was induced in
Pacific herring and pink salmon by PAHSs, although the detail mechanism of
toxicity in teleosts is not elucidated yet. As a toxic pathway of PAHs in animals,
the metabolic activation of PAHs in the presence of P450 is considered. In
teleosts, as well as in mammals, it has been reported that PAHs are converted
into monohydroxylated polycyclic aromatic hydrocarbons (OHPAHs) by an
enzyme: cytochrome P4501A1. Thus, OHPAH might have a toxic effect in
teleosts. In the present study, we examined the estrogenic activity of OHPAHs
using the yeast-two hybrid assay system with human estrogen receptor (ER) a.
As a result, we detected estrogenic activity in 4-hydroxybenz[aJanthracene (4-
OHBaA). Then, the direct effect of 4-OHBaA on osteoclasts and osteoblasts in
teleosts was examined using the assay system with fish scales, which contain
osteoclasts, osteoblasts, and the bone matrix of two layers (bony layer: a thin.
well-calcified external layer; a fibrillary layer: a thick, partially calcified layer).
When the scales of goldfish and wrasse were incubated with 4-OHBaA, which
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showed agonistic activity in the yeast-two hybrid assay system described above,
the suppressing effect was observed for both osteoclasts and osteoblasts. The
osteoclastic and osteoblastic activities did not change with 1-hydroxypyrene,
which has no binding activity to human ERa. Thus. we conclude that PAH
metabolites have a toxic effect on fish bone metabolism and that careful attention
should be given to aquatic PAH contamination.

Kevword: polvevelic aromatic hvdrocarbons, oil spill. yeast-two hybrid assay,
osteoclasts, osteoblasts, teleost scale.

1 Introduction

Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental
pollutants. They are formed through incomplete combustion of fossil fuel, wood
and other organic materials including automobile exhaust, domestic heating and
industrial processes.

Storm water runoff and atmospheric deposition of PAHs are now the largest
sources of aquatic PAH contamination [1. 2]. Furthermore, an oil spill from an
oil tanker. such as the Exxon Valdez and Nakhodka, directly induces
contamination by PAHs in a marine environment {3-5]. In the Nakhodka C-
heavy oil, 210 pg/g of benz[a]anthracene having four aromatic rings was
detected [5]. In developing teleosts, it has been reported that spinal deformity
was induced in Pacific herring and pink salmon by PAHs [6, 7] although the
detail mechanism of toxicity in teleosts has not elucidated yet. As a toxic
pathway of PAHs in animals, the metabolic activation of PAHs in the presence
of P450 is considered. In teleost fish, as well as in mammals, it is known that
PAHs are converted into monohydroxylated polycyclic aromatic hydrocarbons
(OHPAHs) by the enzyme cytochrome P4501A1 [7-10]. Thus, PAH metabolites
such as OHPAH might have a toxic in teleosts.

In the present study, we examined estrogenic activity of OHPAHs using the
yeast-two hybrid assay system with human estrogen receptor (ER) a. Then. the
direct effect of 4-hydroxybenz[a]anthracene (4-OHBaA) on osteoclasts and
osteoblasts in teleosts was examined using the assay system with fish scale.
which contains osteoclasts, osteoblasts, and the bone matrix of two layers (bony
layer: a thin. well-calcified external layer: a fibrillary layer: a thick. partiaily
calcified layer) [11, 12]. Using the scale assay, furthermore, we compared the
results with those of 1-hydroxypyrene (1-OHPy), which had no binding activity
to ERa as a negative control.

2 Methods

2.1 Chemicals

Chemical structures of OHPAHs, quinoid PAHs (PAHQs) PAH ketones
(PAHKS) and tested in this report are shown in Figs. | and 2. These chemicals
were purchased from Kanto Chemical (Tokyo, Japan). Aldrich (Milwaukee. W1.

gg WIT Transactions on Ecology and the Environment. Vol 135, ¢ 2010 WIT Press
R wwwowitpress.com. [SSN 1743-3541 {on-line)
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Figure 1: Chemical structures of OHPAHSs.
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LUSA), Chiron AS (Trondheim. Norway). and NCI Chemical Carcinogen
Repository (Kansas City, MO, USA). Test compounds were dissolved in ethanol
and stored at -20°C until use. All other chemicals were of the highest quality
available from commercial sources.

2.2 Assay of estrogenic activities

Yeast cells expressing human ERa were prepared according to the previous
report [13]. Estrogenic activity of OHPAHs was evaluated by the yeast two-
hybrid assay method using the above yeast cells as described [14]. To examine
the agonistic activity of OHPAHSs, the yeast cells were grown overnight at 27°C
with shaking in synthetic defined medium free from tryptophan and leucine, and
treated with each test compound in the concentration range from 1 x 10” M to |
< 10 M at 27°C for 4 hrs. After the incubation, the treated cells were collected
and enzymatically digested with 1 mg/ml Zymolyase 20T at 37°C for 20 min. 2-
Nitrophenyl-B-D-galactoside (ONPG) was added to the lysate to a final
concentration of 4 mg/ml. After incubation at 27°C for 20 min, the reaction was
stopped by the addition of 1 M Na,CO;. The yeast debris was removed by
centrifugation and [-galactosidase activity was assayed by measuring the
absorbance of supernatant at 415 nm. Three independent experiments were run,
and the mean values of the three were shown in this report. Relative effective
potency of estrogenic activity (REPg) was calculated as the value of the relative
concentration of the test compound that gave the same activity of 17p-estradiol
(Ea).

2.3 Animals

A previous study [15] indicated that sensitivity to calcemic hormones was higher
in mature female than in mature male teleosts. Therefore, female goldfish
(Carassius auratus) were purchased from a commercial source (Higashikawa
Fish Farm, Yamato-koriyama, Japan), and their scales were used in an in vitro
assay. As a marine teleost, female wrasse (Pseudolabrus sieboldi) caught in
Tsukumo Bay of Noto Peninsula were used. These fish were kept under normal
conditions until the start of experiments.

All experimental procedures were conducted in accordance with the Guide for
the Care and Use of Laboratory Animals of Kanazawa University.

2.4 Effects of OHPAHs and E; on osteoclastic activity in cultured scales of
goldfish and wrasse

The 4-OHBaA and 1-OHPy (NCI Chemical Carcinogen Repository), and E,
(water-soluble type, Sigma-Aldrich, Inc.. MO, USA) were purchased and used in
the present study.

A 1% penicillin-streptomycin mixture (ICN Biomedicals, Inc., OH, USA)
was added to Eagle's modified minimum essential medium (MEM; ICN
Biomedicals, Inc.). HEPES (Research Organics, Inc., OH, USA) {20 mM) was
added to MEM and adjusted to pH 7.0. After filtration, MEM was used in this
experiment. Scales were collected from goldfish and wrasse under anesthesia
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with ethyl 3-aminobenzoate, methanesulfonic acid salt (Sigma-Aldrich. Inc.).
The scales were cut into halves. One half of a piece was then placed into a well
of a 24-well microplate in MEM (1 ml) supplemented with OHPAHSs or E» (10°
10, and 10™ M). The other half was also placed into a well of a 24-well
microplate in an OHPAH/E-free medium as a control. Eight scales were used
for each dose. These scales were incubated for 6 hrs at 15°C. After incubation,
each incubated scale was washed with saline and transferred to its own well in a
96-well microplate. An aliquot of 100 ul of 20 mM tartrate in a 0.1 M sodium
acetate buffer (pH 5.3) was added to each well. This microplate was frozen at
-85°C immediately and kept at -20°C until analysis.

To analyze the tartrate-resistant acid phosphatase (TRAP) activity, an aliquot
of 100 ul of 20 mM para-nitrophenyl-phosphate and 20 mM tartrate ina 0.1 M
sodium acetate buffer (pH 5.3) was added to each well of a melted solution in the
microplate. This plate was incubated at 20°C for 30 min while being shaken.
After incubation, the reaction was stopped by adding 50 pl of a 3 N NaOH-20
mM EDTA solution. A colored solution of 150 pl was transferred to a new plate,
and the absorbance was measured at 405 nm. The absorbance was converted into
the amount of produced para-nitrophenol (pNP) using a standard curve for pNP.
Detail methods were described in Suzuki ef al. [11].

2.5 Effects of OHPAHSs and E; on osteoblastic activity in cultured scales of
goldfish and wrasse

Goldfish and wrasse were anesthetized with ethyl 3-aminobenzoate,
methanesulfonic acid salt (Sigma-Aldrich, Inc.), and scales were collected from
them. The scales were cut into halves. One half of a piece was then placed into a
well of a 24-well microplate in MEM (1 ml) supplemented with OHPAHs or E;
(107, 10, and 10" M). The other half was also placed into a well of a 24-well
microplate as a control. Eight scales were used for each dose. These scales were
incubated for 6 hrs at 15°C. After incubation, each incubated scale was washed
with saline and transferred to its own well in a 96-well microplate. An aliquot of
100 pl of an alkaline buffer (100 mM Tris-HCI, pH 9.5: 1 mM MgCl,; 0.1 mM
ZnCl,) was added to each well. This microplate was frozen at -8§5°C immediately
and kept at -20°C until analysis. . '

The ALP activities were measured in the same manner as for the
measurement of TRAP activity.

2.6 Statistical analysis

The statistical significance was assessed by the student’s s-test. The selected
significance level was P < 0.05.

3 Results

3.1 Estrogenic activity

The results are indicated in Figure 3. A significant increase of P-galactosidase
activity (REPg > 1 x 10’3) was observed for 3-. 4- and 10-OHBaAs and
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2-hydroxychrysene (2-OHCh). These were all 4-ring OHPAHs. Among them,
4-OHBaA exhibited the strongest estrogenic activity (REPg = 7.5 x 107).
2-hydroxyfluorene (2-OHFle), 2-hydroxuphenanthrene (2-OHPh) (3-ring),
3-hydroxyfluoranthene (3-OHFrt), 1-OHPy, 1-OHCh, 3-hydroxy-
benzo[k]fluoranthene, 12-hydroxybenzo[b]fluoranthene (4-ring) and 4-hydroxy-
benzo[e]pyrene (5-ring) were also active (1 x 10° > REPg > 1 x 107). The
estrogenic activities of the other OHPAHs, PAHQs and PAHKs were much
weaker or undetectable.

3.2 Effects of OHPAHSs and E, on osteoclastic activity in cultured scales of
goldfish and wrasse

The results are summarized in Table 1. In goldfish, the TRAP activity of the
scales was significantly lowered by 4-OHBaA treatment at 6 hrs of incubation
(107 and 10° M, P < 0.05, 10° M, P < 0.01), although the TRAP activity did not
change from that of the control with 1-OHPy. E, significantly increased the
TRAP activity at 6 hrs (10° and 10° M, P <0.05).

In the scales of wrasse after 4-OHBaA (107 to 10~ M) treatment, the TRAP
activity also decreased at 6 hrs (10‘6 M, P <0.05. 107 M, P < 0.01). There was
no change in the TRAP activity in 1-OHPy-treated scales. In wrasse as well as
goldfish, a significant difference (10° M, P < 0.01) was obtained between Ea-
treated scales and control scales.

o8r Ol 4-OHBaA
a 0_5: [0 OHPAHSs
S B Others
:?' 0.4}4 4-8p O—2-OHCh/3-OHCh
g” -/ 2-OHPhe S~10-0HCh
Y \DZ-OHFIe
g/ ,3-OHFrt

ol - | B B
2 3 4 5 6

Ring number

Figure 3:  Relationship between the number of rings of OHPAHs and REPe.
REP¢ indicates the relative effective potency of estrogenic activity.
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Table {:
scales.

The toxicity of 4-OHBaA in osteoclasts and osteoblasts of the

Goldfish (Fresh water teleost)

Osteoclasts

Osteoblasts

4-OHBaA inhibition (100" M)  inhibition (10°\)
E, activation (106 M)  activation (10 M)
1-OHPy no change no change

Wrasse (Seawater teleost)

+4+-OHBaA inhibition (10° M)  inhibition (10-5M)
E, activation (10°M)  activation (105 M)
1-OHPy no change no change

4-OHBaA: 4-hydroxybenz[aJanthracene
E,: 17f-estradiol
1-OHPy: 1-hydroxypyrene

3.3 Effects of OHPAHSs and E, on osteoblastic activity in cultured scales of
goldfish and wrasse

The results are summarized in Table 1. In goldfish scales, at 6 hrs of incubation,
the alkaline phosphatase (ALP) activity significantly decreased from the control
values as a result of 4-OHBaA treatment (107 M, P < 0.01), while the ALP
activity did not change with 1-OHPy treatment. E. significantly increased the
ALP activity at 6 hrs of incubation (10° M., P<0.01: 107 M, P <0.05).

Similar changes were induced by 4-OHBaA in the scales of wrasse. The ALP
activity significantly decreased in 4-OHBaA-treated wrasse scales at 6 hrs (4-
OHBaA: 107 M, P < 0.01), although the ALP activity did not change from that
of the control with 1-OHPy. In wrasse, a significant difference (at 6 hrs: 10 M,
P < 0.01) was obtained between E.-treated scales and control scales.

4 Discussion

The present study indicates that OHPAHs such as 4-OHBaA have an estrogenic
activity using the yeast-two hybrid assay system with human ERa. In rat cytosol
as well, 2-hydroxybenz[a]anthracene bound strongly to ER [16]. In the ERa
reporter assay using a human breast cancer cell line (MCF-7). 3-OHBaA and 9-
OHBaA had binding activity to ER [8]. Our data are supported by these reports.
In both freshwater and seawater teleosts. 4-OHBaA suppressed both
osteoclastic and osteoblastic activities in the scales using our in vitro assay
system while E. activated both osteoclastic and osteoblastic activities in the
scales. Es-specific binding [17] was detected in the scales of rainbow trout.
However, a different action from E.-treated scales was obtained in OHPAH-
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treated scales. In the case of bisphenol-A. which 1s bound to mammalian
ERa [18], we previously reported that both osteoclastic and osteoblastic
activities in the goldfish scales were significantly suppressed by bisphenol-A
treatment [19]. In bony tissues including the scale of teleost, the B subtype of the
ER is mainly expressed [20]. while o subtype of ER is expressed in mammals
[8]. This may be one reason for the anti-estrogenic-like action in OHPAH. To
examine the effects of OHPAHs on bone tissues of teleosts in detail, plans are
underway to conduct micro-array analyses using the scales of zebrafish.

The present study indicated that the strength of the inhibition activity in
goldfish was stronger than that in wrasse. In goldfish, even at 107 M of 4-
OHBaA, the osteoclastic activity was significantly inhibited. Exchange of
calcium in the scales of freshwater teleosts may be faster than that in marine
teleosts because they live in a low-calcium environment. In fact. the response of
estrogen and calcitonin in the scales of freshwater teleosts was higher than that in
those of marine teleosts [15. 21-23]. In the case of the scales, therefore,
OHPAHSs were more toxic in freshwater teleosts.

An oil spill from an oil tanker such as the Exxon Valdez and Nakhodka
directly induces contamination by PAHs in a marine environment. In the C-
heavy oil of the Nakhodka, 210 pg/g of BaA having four aromatic rings was
detected [5]. This concentration is similar to that in the present experiment.
Immediately after the oil spill, the high level of PAHs influenced marine
animals, including fish. For a long time (more than 14 years), the toxicity of
PAHs originating from an oil spill affected many marine animals (for a review,
see Peterson er al. [24]). These facts, in conjunction with the findings of our
study, indicate that careful attention should be given to aquatic PAH
contamination.

5 Conclusion

We found that OHPAHSs such as 4-OHBaA had an estrogenic activity using the
yeast-two hybrid assay system with human ERa. This chemical suppressed both
osteoclastic and osteoblastic activity in the scales of both freshwater and
seawater teleosts. We believe that these phenomena are a cause of the disruption
of the bone metabolism and the induction of spinal deformities in teleosts.
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