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Abstract  

Aims: We previously demonstrated that monohydroxylated polycyclic aromatic hydrocarbons 

(OHPAHs) bound to a human estrogen receptor (ER) by a yeast two-hybrid assay but polycyclic 

aromatic hydrocarbons did not have a binding activity. Therefore, the direct effect of 

3-hydroxybenz[a]anthracene (3-OHBaA) and 4-hydroxybenz[a]anthracene (4-OHBaA) on 

osteoclasts and osteoblasts in teleosts was examined. As a negative control, 1-hydroxypyrene 

(1-OHPy), which has no binding activity to human ER, was used.  

Main methods: The effect of OHPAHs on osteoclasts and osteoblasts was examined by an assay 

system using teleost scale as each marker: tartrate-resistant acid phosphatase for osteoclasts and 

alkaline phosphatase for osteoblasts. Changes in cathepsin K (an osteoclastic marker) and IGF-I 

(an osteoblastic marker) mRNA expressions in 4-OHBaA-treated goldfish scales were examined by 

using a reverse transcription-polymerase chain reaction. 

Key findings: In both goldfish (a freshwater teleost) and wrasse (a marine teleost), the osteoclastic 

activity in the scales was significantly suppressed by 3-OHBaA and 4-OHBaA, although 1-OHPy 

did not affect the osteoclastic activity. In reference to osteoblasts, the osteoblastic activity 

decreased with both 3-OHBaA and 4-OHBaA and did not change with the 1-OHPy treatment. 

However, 17β-estradiol (E2) significantly increased both the osteoclastic and osteoblastic activities 

in the scales of both goldfish and wrasse. The mRNA expressions of both cathepsin K and 

insulin-like growth factor-I decreased in the 4-OHBaA-treated scales but increased in the 

E2-treated scales, as did marker enzymes.  

Significance: The current data are the first to demonstrate that 3-OHBaA and 4-OHBaA inhibited 

both osteoclasts and osteoblasts and disrupted the bone metabolism in teleosts.  

 

Key words: monohydroxylated polycyclic aromatic hydrocarbons; teleost scale; osteoclasts; 

osteoblasts; bone metabolism; cathepsin K; insulin-like growth factor-I 
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Introduction 

Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental pollutants present in 

combustion products of fossil fuels, wood, and other organic materials (Lima et al. 2003) as well as 

in cigarette smoke (Lee et al. 2002).  

In a previous study, using a yeast two-hybrid assay, we demonstrated that monohydroxylated 

polycyclic aromatic hydrocarbons (OHPAHs) bound to a human estrogen receptor (ER) but PAHs 

did not have a binding activity (Hayakawa et al. 2007). OHPAHs having four aromatic rings, such 

as 3-hydroxybenz[a]anthracene (3-OHBaA) and 4-hydroxybenz[a]anthracene (4-OHBaA), showed 

strong binding activity for human ER (Hayakawa et al. 2007). In rat cytosol as well, 

2-hydroxybenz[a]anthracene bound strongly to ER (Ebright et al. 1986). In the ERα reporter assay 

using a human breast cancer cell line (MCF-7), 3-OHBaA and 9-hydroxybenz[a]anthracene had 

binding activity to ER (Charles et al. 2000). In mammals, it is known that PAHs are converted into 

OHPAHs by an enzyme: cytochrome P4501A1 (Charles et al. 2000; Jaruchotikamol et al. 2007). In 

vivo, the endocrine disruptive action may be caused by OHPAHs but not by PAHs. Therefore, we 

believe that OHPAHs affect skeletal growth and development in mammals because estrogen acts 

on bone tissues (Chen et al. 2002; Liu et al. 2002). However, no report has been published 

regarding the direct effect of OHPAHs on bone tissues. 

It is known that the scale tissue contains osteoclasts, osteoblasts, and bone matrix (Yamada 1961, 

1971; Bereiter-Hahn and Zylberberg 1993; Suzuki et al. 2008). Recently, we detected both 

cathepsin K and tartrate-resistant acid phosphatase (TRAP) mRNA expression (Azuma et al. 2007) 

and TRAP enzyme activity (Persson et al. 1995, 1999) in the scale osteoclasts. In osteoblasts as 

well, type I collagen (Zylberberg et al. 1992), osteocalcin (Nishimoto et al. 1992), and osteonectin 

(Lehane et al. 1999), is present in the scales. In addition, we detected osteoblast-specific markers, 

such as alkaline phosphatase (ALP), runt-related transcription factor 2 (Runx 2), osterix, 

osteocalcin and the receptor activator of the NF-κB ligand (RANKL)(unpublished data). In the fish 
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skeletal tissue, the osteoblastic markers were detected (ALP: Witten 1997; Runx 2: Flores et al. 

2004; RANKL: Glenney and Wiens 2004). Therefore, the features of osteoclasts and osteoblasts in 

scales are similar to those in mammals. Furthermore, the scales are a better potential internal 

calcium reservoir than the endoskeleton during periods of increased calcium demand, such as 

sexual maturation and starvation (Yamada 1961; Berg 1968; Mugiya and Watabe 1977; 

Bereiter-Hahn and Zylberberg 1993). In the case of mercury, a high correlation between the 

mercury level in the scales and that in the muscles has been reported in largemouth bass (Lake et al. 

2006), although mercury did not accumulate in the vertebral bone of fish (Camusso et al. 1995). In 

teleosts, this indicates that the scale is a more active organ in the bone metabolism than in the 

endoskeleton. To analyze the bone metabolism, thus, we developed an in vitro assay system using 

teleost scales (Suzuki et al. 2000; Suzuki and Hattori 2002; Suzuki et al. 2007).  

In the present study, we examined the direct effect of OHPAHs (3-OHBaA and 4-OHBaA) on 

scale osteoclasts and osteoblasts in both goldfish (a freshwater teleost) and wrasse (a marine 

teleost) and compared the results with those of 1-hydroxypyrene (1-OHPy), which had no binding 

activity to ER (Hayakawa et al. 2007) as a negative control. To confirm the obtained results, the 

mRNA expressions of cathepsin K (an osteoclastic marker) and insulin-like growth factor-I (IGF-I) 

(an osteoblastic marker) were examined in OHPAH-treated scales using a reverse 

transcription-polymerase chain reaction (RT-PCR). In addition, these results of OHPAHs were 

compared with those of 17β-estradiol (E2). 

The present study is the first to demonstrate that several OHPAHs affected the osteoclasts and 

osteoblasts of teleost scales and disrupted the bone metabolism in the scales.  

 

Materials and Methods 

Animals 

A previous study (Suzuki et al. 2000) indicated that sensitivity to calcemic hormones was higher in 
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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. 

 

Effects of OHPAHs and E2 on osteoclastic activity in cultured scales of goldfish and wrasse 

3-OHBaA, 4-OHBaA, 1-OHPy (NCI Chemical Carcinogen Repository, MO, USA), and E2 

(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 with 

ethyl 3-aminobenzoate, methanesulfonic acid salt (MS-222, 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 OHPAHs or E2 (10-7, 10-6, and 10-5 M). The other half was also placed into 

a well of a 24-well microplate in an OHPAH/E2-free medium as a control. Eight scales were used 

for each dose. The results are shown as the means ± SEM of eight scales. These scales were 

incubated for 6 and 18 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 μl 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 TRAP activity, an aliquot of 100 μl of 20 mM para-nitrophenyl-phosphate in a 0.1 
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M sodium acetate buffer 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 μl of a 3 N NaOH-20 mM EDTA solution. A colored solution of 150 μl 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 Persson et al. (1995, 1999) and Suzuki et al. (2007).  

 

Effects of OHPAHs and E2 on osteoblastic activity in cultured scales of goldfish and wrasse 

Goldfish and wrasse were anesthetized with MS-222 (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 E2 (10-7, 10-6, and 10-5 

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. The results are shown as the means ± SEM of eight scales. These scales 

were incubated for 6 and 18 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 μl of an alkaline 

buffer (100 mM Tris-HCl, pH 9.5; 1 mM MgCl2; 0.1 mM ZnCl2) was added to each well. This 

microplate was frozen at -85 °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. 

 

Changes in cathepsin K (osteoclastic marker) and IGF-I (osteoblastic marker) mRNA 

expressions in 4-OHBaA-treated goldfish scales 

Scales were collected from goldfish under anesthesia with MS-222 and cut into halves. One half of 

a piece was then put into a microtube in MEM (1 ml) supplemented with 4-OHBaA (10-5 M) or E2 

(10-6 M). The other half was also put into another microtube in a 4-OHBaA- or E2-free medium as 

a control. To examine changes in cathepsin K and IGF-I mRNA expressions in response to 
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4-OHBaA, the scales were incubated for 6 and 18 hrs in MEM (containing an antibiotic and 20 

mM HEPES) at 15°C. The mRNA expression in the control and experimental scales in the same 

individual was compared. After incubation, the scales were frozen at -85 °C for mRNA analysis. 

Total RNAs were prepared from goldfish scales using a total RNA isolation kit for fibrous tissue 

(Qiagen GmbH, Hilden, Germany). Complementary DNA synthesis was performed using a kit 

(Qiagen GmbH). PCR was carried out with Taq polymerase (Nippon Gene, Tokyo, Japan). 

Gene-specific primers for cathepsin K (5’: GCTATGGAGCCACACCAAAAGG; 3’: 

CTGCGCTTCCAGCTCTCACAT) (Azuma et al. 2007) and for IGF-I (5’: 

GGAGACGCTGTGCGGG; 3’: CCTCAGCTCACAGCTCTG) (Kermouni et al. 1998) were used. 

The amplification of β-actin cDNA using a primer set (5': CGAGCGTGGCTACAGCTTCA; 3': 

GCCCGTCAGGGAGCTCATAG) (Azuma et al. 2007) was performed. The conditions for PCR 

amplification were denaturation for 0.5 min at 96 °C, annealing for 1 min at 53-60 °C, and 

extension for 2 min at 72 °C followed by a single cycle at 72 °C for 30 min. The numbers of cycles 

for amplification in cathepsin K, IGF-I, and β-actin cDNAs were determined by ensuring that PCR 

amplification was at submaximum and the intensity of the band corresponded exactly to the 

amount of the starting material. The PCR products were analyzed on a 2.5% NuSive GTG agarose 

gel (FMC BioProducts, ME, USA) and stained with ethidium bromide. The band densities were 

estimated using a computer program (NIH Image J). The cathepsin K and IGF-I mRNA levels were 

normalized to the β-actin mRNA level. 

 

Statistical analysis 

The statistical significance was assessed by the student’s t-test. The data for the cathepsin K and 

IGF-I mRNA levels were analyzed using the paired t-test. The selected significance level was 

P<0.05. 
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RESULTS 

Effects of OHPAHs and E2 on osteoclastic activity in cultured scales of goldfish and wrasse 

In goldfish, the TRAP activity of the scales was significantly lowered by 4-OHBaA treatment at 6 

hrs of incubation (10-7 and 10-6 M, P<0.05, 10-5 M, P<0.01)(Fig. 1) and 18 hrs of incubation (10-5 

M, P<0.01)(Fig. 2), although the TRAP activity did not change from that of the control with 

1-OHPy (data not shown). E2 significantly increased the TRAP activity at 6 hrs (10-6 and 10-5 M, 

P<0.05)(Fig. 1) and 18 hrs of incubation (10-7 and 10-6 M, P<0.05; 10-5 M, P<0.01)(Fig. 2).  

In the scales of wrasse after 4-OHBaA (10-7 to 10-5 M) treatment, the TRAP activity also decreased 

at 6 hrs (10-6 M, P<0.05, 10-5 M, P<0.01)(Fig. 3) and 18 hrs of incubation (10-5 M, P<0.05)(Fig. 4). 

There was no change in the TRAP activity in 1-OHPy-treated scales (data not shown). In wrasse as 

well as goldfish, a significant difference (at 18 hrs, 10-5 M, P<0.01) was obtained between 

E2-treated scales and control scales (Fig. 4).  

In the case of 3-OHBaA, the TRAP activities in both goldfish and wrasse scales were significantly 

decreased at 6 hrs of incubation (10-5 M, P<0.05) (data not shown). 

    

Effects of OHPAHs and E2 on osteoblastic activity in cultured scales of goldfish and wrasse  

In goldfish scales, at 6 hrs of incubation, the ALP activity significantly decreased from the control 

values as a result of 4-OHBaA treatment (10-5 M, P<0.01)(Fig. 5), while the ALP activity did not 

change with 1-OHPy treatment (data not shown). At 18 hrs of incubation, there was no significant 

change in ALP activity (Fig. 6). E2 significantly increased the ALP activity at 6 hrs of incubation 

(10-6 M, P<0.01; 10-5 M, P<0.05)(Fig. 5) and 18 hrs of incubation (10-7, 10-6, and 10-5 M, 

P<0.05)(Fig. 6).  

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: 10-5 M, P<0.01)(Fig. 7) and 18 

hrs of incubation (4-OHBaA: 10-5 M, P<0.01)(Fig. 8), although the ALP activity did not change 
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from that of the control with 1-OHPy (data not shown). In wrasse, a significant difference (at 6 hrs: 

10-5 M, P<0.01; at 18 hrs: 10-6 and 10-5 M, P<0.01) was obtained between E2-treated scales and 

control scales (Figs. 7 and 8).  

In the case of 3-OHBaA, ALP activity in the goldfish scales was significantly decreased at 6 hrs of 

incubation (10-5 M, P<0.05)(data not shown). In wrasse as well, ALP activity in the 

3-OHBaA-treated scales significantly decreased at 6 hrs (10-5 M, P<0.05) and 18 hrs (10-5 M, 

P<0.05) of incubation (data not shown). 

 

Changes in cathepsin K and IGF-I mRNA expressions in 4-OHBaA-treated goldfish scales  

The results are indicated in Figs. 9 and 10. At 6 hrs of incubation, as indicated by analysis using the 

paired t-test, the expressions of cathepsin K and IGF-I mRNAs in 4-OHBaA (10-5 M)-treated scales 

were significantly lower than those in the control scales (cathepsin K: P<0.01; IGF-I: P<0.05). 

Cathepsin K mRNA expression significantly (P<0.05) decreased by 4-OHBaA treatment at 18 hrs 

of incubation, while IGF-I mRNA expression did not change significantly with the same incubation 

time. On the other hand, the cathepsin K and IGF-I mRNA expressions significantly increased as a 

result of the E2 (10-6 M) treatment at both 6 hrs (cathepsin K: P<0.05; IGF-I: P<0.05) and 18 hrs 

(cathepsin K: P<0.01; IGF-I: P<0.01). 

These changes were quite similar to the above changes in TRAP and ALP activity. 

 

Discussion  

Using our original assay system, OHPAHs (3-OHBaA and 4-OHBaA) suppressed the osteoclastic 

and osteoblastic activity in goldfish scales. The mRNA expressions of both cathepsin K (an 

osteoclastic marker) and IGF-I (an osteoblastic marker) decreased in 4-OHBaA-treated scales in 

the same way as the respective osteoclast and osteoblast marker enzymes did. This is the first 

report in which the direct influence of OHPAHs on osteoclasts and osteoblasts is demonstrated. In 
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developing teleosts, spinal deformity was induced in Pacific herring and pink salmon by PAHs 

(Barron et al. 2004; Billiard et al. 2006). In fish, as well as in mammals, it is known that PAHs are 

converted into OHPAHs by the enzyme cytochrome P4501A1 (Charles et al. 2000; Billiard et al. 

2006; Jaruchotikamol et al. 2007; Mortensen and Arukwe 2007). We believe that OHPAHs 

converted by this enzyme suppress both osteoclasts and osteoblasts and disrupt the bone 

metabolism. Storm water runoff and atmospheric deposition of PAHs are now the largest sources 

of aquatic PAH contamination (Lima et al. 2003; Li and Daler 2004). Furthermore, an oil spill from 

an oil tanker, such as the Exxon Valdez and Nakhodka, directly induces contamination by PAHs in 

a marine environment (Bue et al. 1998; Heintz et al. 2000; Hayakawa et al. 2006). In the Nakhodka 

C-heavy oil, 210 μg/g of benz[a]anthracene having four aromatic rings was detected (Hayakawa et 

al. 2006). This concentration is similar to that in the present experiment. Immediately after an 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 et al. 2003). These facts, in conjunction with the findings of our study, 

indicate that careful attention should be given to aquatic PAH contamination. 

E2-specific binding (Persson et al. 2000) and ERα mRNA expression (Yoshikubo et al. 2005) were 

detected in the scales. However, a different action from E2-treated scales was obtained in 

OHPAH-treated scales. In the case of bisphenol-A, which bound to mammalian ERα (Singleton et 

al. 2006), we previously reported that both osteoclastic and osteoblastic activities were 

significantly suppressed by bisphenol-A treatment (Suzuki and Hattori 2003). In a yeast two-hybrid 

assay with human ERα, the amounts of estrogenic OHPAHs were much smaller than those of 

anti-estrogenic OHPAHs (Hayakawa et al. 2007). Most OHPAHs indicated an anti-estrogenic 

action (Hayakawa et al. 2007). We believe that in teleosts, as well as in humans, estrogenic 

substances are quite limited and that 3-OHBaA and 4-OHBaA induce actions that are different 

from those of estrogen and could be considered anti-estrogenic. To examine the effects of 
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OHPAHs on bone tissues 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 10-7 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 

(Persson et al. 1994, 1995; Suzuki et al. 2000; Guerreiro et al. 2002). Therefore, OHPAHs are more 

effective in freshwater teleosts.  

In the present study, osteoclasts responded more sensitively to OHPAHs than osteoblasts. In 

goldfish, even 10-7 M of 4-OHBaA inhibited the osteoclastic activity. In wrasse as well, 10-6 M of 

4-OHBaA caused a response in osteoclasts. In addition, at 18 hrs of incubation, a significant 

difference in IGF-I mRNA expression was not obtained by 4-OHBaA treatment, while cathepsin K 

mRNA expression in the 4-OHBaA-treated scale was significantly lower than that in the control 

scale. This suggests that osteoclasts responded to OHPAHs sensitively according to the durable 

effect of OHPAH in osteoclasts.  

Our in vitro assay system can simultaneously detect the activities of both scale osteoclasts and 

osteoblasts with TRAP and ALP as markers (Persson et al. 1995; Witten 1997; Grotmol et al. 2005; 

Suzuki et al. 2008), as shown by the fact that, in mammals, the effects of hormones and some 

bioactive substances on osteoclasts and osteoblasts have been investigated using TRAP and ALP as 

respective markers (Vaes 1988; Dimai et al. 1998; Chen et al. 2002; Liu et al. 2002). The 

respective enzyme activity from one scale can be detected by transferring each scale into a 96-well 

microplate and directly incubating it with the substrate in each well. Using this in vitro system, we 

demonstrated for the first time that calcitonin, a hypocalcemic hormone, directly suppressed 

osteoclastic activity in teleosts as well as in mammals (Suzuki et al. 2000) and that melatonin, a 
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major hormone secreted from the pineal gland, suppressed the functions in both osteoclasts and 

osteoblasts (Suzuki and Hattori 2002). The effect of melatonin on osteoclasts and osteoblasts was 

confirmed in rats and mice (Suzuki et al. 2008). In addition, the effects of endocrine disrupters, 

such as bisphenol-A (Suzuki and Hattori 2003) and tributyltin (Suzuki et al. 2006), and heavy 

metals, i.e., cadmium and organic mercury (Suzuki et al. 2004), on osteoblasts and osteoclasts have 

been examined. We indicated that cadmium (even at 10-13 M) had an effect on the osteoclastic 

activity in the scale (Suzuki et al. 2004). Furthermore, we demonstrated that the osteogenesis of 

regenerating scale is very similar to that of mammalian membrane bone and a good model of 

osteogenesis (Yoshikubo et al. 2005). In the present study, we sensitively evaluated the effect of 

OHPAHs on osteoclasts and osteoblasts. Thus, our assay system is very useful to evaluate the 

effect of environmental pollutants on the bone metabolism. We are planning to adopt this system 

for other substances.  
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Figure legends 

Fig. 1. Effects of 4-OHBaA and E2 on tartrate-resistant acid phosphatase (TRAP) activity in 

cultured goldfish scales after 6 hrs of incubation. The TRAP activity of scales was measured as 

osteoclastic activity. * and ** indicate statistically significant differences at P<0.05 and P<0.01, 

respectively, from the values in the control scales. 

  

Fig. 2. Effects of 4-OHBaA and E2 on TRAP activity in cultured goldfish scales after 18 hrs of 

incubation. The TRAP activity of scales was measured as osteoclastic activity. * and ** indicate 

statistically significant differences at P<0.05 and P<0.01, respectively, from the values in the 

control scales. 

 

Fig. 3. Effects of 4-OHBaA and E2 on TRAP activity in cultured wrasse scales after 6 hrs of 

incubation. The TRAP activity of scales was measured as osteoclastic activity. * and ** indicate 

statistically significant differences at P<0.05 and P<0.01, respectively, from the values in the 

control scales. 

  

Fig. 4. Effects of 4-OHBaA and E2 on TRAP activity in cultured wrasse scales after 18 hrs of 

incubation. The TRAP activity of scales was measured as osteoclastic activity. * and ** indicate 

statistically significant differences at P<0.05 and P<0.01, respectively, from the values in the 

control scales. 

 

Fig. 5. Effects of 4-OHBaA and E2 on alkaline phosphatase (ALP) activity in cultured goldfish 

scales after 6 hrs of incubation. The ALP activity of scales was measured as osteoblastic activity. * 

and ** indicate statistically significant differences at P<0.05 and P<0.01, respectively, from the 

values in the control scales.  
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Fig. 6. Effects of 4-OHBaA and E2 on ALP activity in cultured goldfish scales after 18 hrs of 

incubation. The ALP activity of scales was measured as osteoblastic activity. * indicates 

statistically significant difference at P<0.05 from the values in the control scales. 

 

Fig. 7. Effects of 4-OHBaA and E2 on ALP activity in cultured wrasse scales after 6 hrs of 

incubation. The ALP activity of scales was measured as osteoblastic activity. ** indicates 

statistically significant difference at P<0.01 from the values in the control scales. 

  

Fig. 8. Effects of 4-OHBaA and E2 on ALP activity in cultured wrasse scales after 18 hrs of 

incubation. The ALP activity of scales was measured as osteoblastic activity. ** indicates 

statistically significant difference at P<0.01 from the values in the control scales.  

 

Fig. 9. Expression of cathepsin K mRNAs in 4-OHPAH (10-5 M)- and E2 (10-6 M)-treated scales of 

goldfish after 6 and 18 hrs of incubation. * and ** indicate statistically significant differences at 

P<0.05 and P<0.01, respectively, from the values in the control scales. Statistical analysis was 

performed by the paired t-test. 

 

Fig. 10. Expression of IGF-I mRNAs in 4-OHPAH (10-5 M)- and E2 (10-6 M)-treated scales of 

goldfish after 6 and 18 hrs of incubation. * and ** indicate statistically significant differences at 

P<0.05 and P<0.01, respectively, from the values in the control scales. Statistical analysis was 

performed by the paired t-test. 
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