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ABSTRACT

 This study aimed to examine the estrogen receptor (ER) β mRNA expression levels and 
morphometry of the anal fi n of adult Thai ricefi sh (Oryzias minutillus) after treatment with pharmaceutical 
mestranol.  Time- and concentration-related courses of mestranol on ERβ expression were investigated 
in anal fi ns by semi-quantitative reverse transcription polymerase chain reaction.  In the time course 
experiments, ERβ expression levels in male anal fi ns were increased at 30 d after treatment with 10 
μg.mL-1 of mestranol.  ERβ levels in female anal fi ns were highly expressed at 21, 30 and 60 d after 
mestranol treatment.  In the concentration-response experiment, ERβ levels were increased in males 
after treatment with 10 μg.mL-1 of mestranol for 21 d and in females treated with 0.1, 1, or 10 μg.mL-1 
mestranol for 21 d.  Morphometrical analysis showed that the proportion of anal fi n length to standard 
length was low in males after 10 μg.mL-1 mestranol treatments for 30 and 60 d.  In contrast, there was 
no morphometrical difference in females after exposure to mestranol in any of the treatments analyzed.  
The results suggested that mestranol regulates the sex-dependent morphology of anal fi n in development 
at least in part by mediating ERβ expression and may lead to the disruption of endocrine activities in 
fi sh.
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INTRODUCTION

 It is well known that in all vertebrates, 
the effect of natural estrogens plays a crucial 
role in the development and maintenance of the 
female phenotype (Nimrod and Benson, 1998).  
However, the combination of this hormone 
with progesterone suppresses the hypothalamic-
pituitary system causing a reduction in the 
secretion of gonadotropin-releasing hormones 
(Daniels and Berga, 1997; Cheon et al., 2000). 

Estrogen works on its target cells via estrogen 
receptors (Nilsson et al., 2001).  The estrogen 
receptor (ER) belongs to a member of the steroid/
thyroid hormone nuclear receptor superfamily 
of ligand-inducible transcription factors (Choi, 
2007).   Three isoforms of ERs, designated as ERα, 
ERβ, and ERγ, have been reported in vertebrates 
(Chang et al., 1999; Sabo-Attwood et al., 2004). 
Especially, in teleosts, ERβ is highly expressed 
in several tissues, such as those in the gonads, 
brain, liver, gastro-intestinal tract, cartilage and 
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bone (Socorro et al., 2000; Menuet et al., 2002; 
Hawkins and Thomas, 2004). This suggests that  
ERβ is the main receptor among ERs.
 In aquatic animals, however, estrogen 
activity is interfered with by endocrine disruptors, 
including xenoestrogens (Vom Saal and Hughes, 
2005) and pharmaceutical estrogens (Isidori et 
al., 2009).  These disrupting compounds lead to 
abnormal endocrine functions in reproductive 
and developmental processes (Min et al., 2003; 
Yamaguchi et al., 2005).
 Mestranol  ( (17β ) -17-ethynyl-3-
methoxyestra-1, 3, 5(10)-trien-17-ol) is a known 
pharmaceutical estrogen that is frequently used in 
combination with a progestin in oral contraceptives 
(Faigle and Schenkel, 1998). Mestranol is the 
3-methyl ether of ethinylestradiol, a prodrug which 
is converted to ethinylestradiol in the liver by 
demethylation (Schmider et al., 1997).  Muechler 
and Kohler (1980) reported that the effects of 
ethinylestradiol on ER in human oviducts were 
greater than those of mestranol.  In wild animals, 
however, the effects of estrogenic mestraol have 
been poorly studied and remain to be investigated.  
A report by Nimrod and Benson (1997) suggested 
that mestranol has the ability to induce ER levels 
in the hepatic tissues of channel catfi sh (Ictalurus 
punctatus).
 Fish species of the genus Oryzias are 
commonly used in laboratory studies of vertebrates 
in fields such as embryology, toxicology and 
endocrinology (Iwamatsu et al., 2003; Kiparissis 
et al., 2003; Han et al., 2010).  Thai ricefish 
(Oryzias minutillus), the smallest species of the 
genus Oryzias, is widely distributed in Thailand 
(Magtoon and Uwa, 1985).  The anal fi ns of males 
are usually longer than those of females.  This 
species has many advantageous characteristics 
as an experimental animal: it is easy to maintain 
in an aquarium, its secondary sex characteristics 
are clear, and its organs are sensitive in response 
to exogenous sex hormones (Ngamniyom et al., 
2007).

 The aim of this study was to examine 
the changes in the mRNA expression levels of 
estrogen receptor (ER) β and the morphometrical 
changes in the anal fi ns of adult Thai ricefi sh 
(Oryzias minutillus) exposed to concentrations 
of pharmaceutical mestranol. Furthermore, 
the possible role of this fi sh was investigated 
as an alternative bio-indicator for screening a 
mestranol activity in vivo by monitoring the 
mRNA expression levels of ER through the anal 
fi n tissues.

MATERIALS AND METHODS

Fish sample collection
 Adult Thai ricefi sh were collected from 
ponds and ditches in the suburbs of Bangkok, 
Thailand, in November 2009.  Their standard 
length was 12–15 mm.  The average water 
temperature in the areas where the fish were 
captured was 26 ± 1ºC.  For acclimation, males 
and females were kept in separate aquaria under 
a controlled 14:10 hr light/dark cycle at 26 ± 1ºC 
for 1 wk and fed ad libitum with TetraMin (Tokyo, 
Japan).

Preparation of chemical solutions
 In the study, dimethyl sulfoxide (DMSO) 
solutions (Wako, Osaka) were prepared following 
González-Doncel et al. (2008) at suitable 
concentrations of non-lethal toxicity levels for 
Oryzias spp.
 For the mestranol preparation, 1 mg of 
mestranol ((17β)-17-ethynyl-3-methoxyestra-1, 3, 
5(10)-trien-17-ol) (Wako, Osaka) was dissolved 
in 0.1 mL of DMSO to make a stock solution 
(10 mg.mL-1).  For the experiments on mestranol 
concentrations, 0.001, 0.01, 0.1, and 1 mL of 
the stock solution was diluted with 1,000 mL of 
aquarium water to make concentrations of 0.01, 
0.1, 1, or 10 μg.mL-1, respectively.  In the time-
course studies, 30 males and 40 females were 
treated with 10 μg.mL-1 of mestranol for 14, 21, 
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30, or 60 d under the above conditions.  In the 
dose-response studies, 30 males and 40 females 
were placed in aquarium water containing 0.01, 
0.1, 1 or 10 μg.mL-1 of mestranol for 21 d.  In the 
control groups, males or females were treated with 
1 mL of DMSO in 1,000 mL of aquarium water 
without mestranol solutions for 60 d.  In each 
experiment, 3 L of the chemical solution in test 
aquariums was changed with the same volume of 
this solution every 3 d.  As shown by the mortality 
data (Table 1), concentrations of mestranol seem 
to be non-lethal and exhibit non-acute toxicity for 
Thai ricefi sh.

Preparation of fi ns
 Adult males and females were anesthetized 
with 10 mg.L-1 of an ethyl-3-aminobenzoate 
methanesulfonate (MS-222) solution (Sigma, St. 
Louis, MO) and placed in a Petri dish.  Each anal 
fi n from 30 males and 40 females was removed 
with a clean scalpel.  Three or four pieces of the 
fi n samples were randomly taken at each time 
point and pooled in a tube for the gene expression 
analysis.

Semi-quantitative reverse transcription (RT) 
polymerase chain reaction (PCR)
 Total RNA was extracted using an 
RNeasy Fibrous Tissue Mini Kit (Qiagen, Tokyo, 

Japan) according to the manufacturer’s protocol, 
and 1 μg of  RNA was treated with 1 μg of DNaseI 
(1U.μL-1) (Takara, Tokyo, Japan) for 30 min 
at 37 ºC. The total RNA (100 ng) was reverse-
transcribed with AMV reverse transcriptase 
XL (Takara, Tokyo, Japan) according to the 
manufacturer’s instructions.  The fi rst strand cDNA 
solution (0.5 μL) was used as a PCR template.  
Primers were designed based on previous data 
from Japanese ricefish (Oryzias latipes) and 
were then used in the analysis of the Thai 
ricefi sh. The primers used to amplify ERβ were 
5´-CTGTTAGATGCCTCGGACCTT-3´ and 5´-
GATTGGCTGGTTTCGTG-3´ (Inui et al., 2003). 
As a loading control and reference, β-actin mRNA 
was amplifi ed for each RT reaction; the primers 
used were 5´-AGGGAGAAGATGACC-3´ and 5´-
CGCAGGACGCCATACCAA-3´ (Scholz et al., 
2004).  The PCR conditions for the amplifi cation of 
cDNA were: 95 ºC for 30 s for denaturation; 64 ºC 
(ERβ) or 58 ºC (β-actin) for 45 s for annealing; and 
72 ºC for 1 min for extension.  The RT-PCRs of 
linear phases were determined on 16–26 cycles for 
β-actin and 26–36 cycles for ERβ to allow semi-
quantitative comparisons of cDNAs which were 
developed for the optimum reactions according to 
the previous methods of Ngamniyom et al. (2009).  
Therefore, the number of cycles for ERβ was 30 
cycles, and for β-actin was 20 cycles.  The PCR 

Table 1 Effects of various durations and concentrations of  mestranol on survival percentages  of adult 
Thai ricefi sh.

       Time of treatment Concentration Number of treated Survival
 Group (day) of mestranol individuals (%)
   (μg.mL-1)
Control 60 0 20 100
Mestranol treatment 14 10 20 95
  21 10 20 100
  30 10 20 100
   60 10 20 90
  21 0.01 20 100
  21 0.1 20 85
   21 1 20  100
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products were electrophoresed on a 2% agarose 
gel, stained with ethidium bromide and visualized 
under a UV transilluminator.  The density of the 
amplifi ed band was quantifi ed using Scion Image 
Software for Windows (Scion, Maryland, USA).  
The ERβ density for each sample of the amplifi ed 
bands was divided by the corresponding β-actin 
density to obtain the relative expression levels.

Morphometrical analysis of anal fi n
 Samples of 30 males and 40 females 
were contained in separate aquaria under the 
above conditions.  The measurement of the fi ns 
was conducted according to the method of Khan 
et al. (2002).  To evaluate the fi n lengths of the 
males and females, the anal fi n length (AFL) was 
divided by the standard length (SL) and multiplied 
by 100.  The resulting value was defi ned as AFL/
SL % (Figure 1).

Statistical analysis
 One-way ANOVA with Tukey’s multiple 
comparison test was employed to determine 
whether differences were statistically signifi cant 
(P < 0.05 and P < 0.01).  The data were analyzed 
using the Statistical Package for the Social 
Sciences (SPSS) for Windows (version 13, SPSS, 
Chicago, USA).

RESULTS

Time-course experiment of ERβ mRNA 
expression levels in the anal fi ns of adult Thai 
ricefi sh after mestranol treatment
 In the males, the ERβ mRNA expression 
levels had increased signifi cantly in anal fi ns at 30 
d after treatment with 10 μg.mL-1 of mestranol 
and had decreased to the normal level at 60 d 
after treatments (one-way ANOVA test, P < 0.05), 
as shown in Figure 2a.  In the females, the ERβ 
mRNA expression levels were signifi cantly higher 
at 21 (P < 0.05), 30 (P < 0.01) and 60 (P < 0.05) 
d after treatment with mestranol than the levels 
in the control group and at 14 d after treatment 
(Figure 2b).

Concentration-course analysis of ERβ mRNA 
expression levels in the anal fi ns of Thai ricefi sh 
after mestranol treatment
 In the males, the ERβ mRNA expression 
levels were signifi cantly (P < 0.01) higher after 
treatment with 10 μg.mL-1 of mestranol for 21 d, 
as shown in Figure 2c.  In the females, signifi cantly 
higher expression of ERβ mRNA was found after 
treatment with 0.1 (P < 0.05), 1 (P < 0.05) or 10 
(P < 0.01) μg.mL-1 of mestranol for 21 d (Figure 
2d).

Figure 1 Diagrammatic illustration of measurement of length of anal fi n (AFL) and standard length 
(SL). CC = Caudal peduncle.
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Figure 2 Time-related effects (a and b) and concentration-related effect (c and d) of mestranol on 
estrogen receptor (ER) β mRNA expression level in anal fi ns of Thai ricefi sh, as examined 
by semi-quantitative reverse transcription polymerase chain reaction.  Control groups (C) 
were treated with dimethyl sulfoxide. The expression levels in each fi n are relative values 
compared to those of β-actin mRNA (mean + SE bar shown). Single- and double-asterisk 
symbols indicate signifi cant differences (one-way ANOVA with Tukey’s multiple comparison 
test; * = P < 0.05 and ** = P < 0.01, respectively) between values, which are marked by 
different letters.
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Morphometrical changes in the anal fi ns of Thai 
ricefi sh after mestranol treatment
 In the males, the values of AFL/SL%  
were signifi cantly decreased at 30 (P < 0.05) and 
60 (P < 0.01) d after treatment with 10 μg.mL-1 
of mestranol compared with the untreated control 
group and with the group treated for 14 and 21 d 
(Table 2).  In contrast, no signifi cant differences 
in the values of AFL/SL% were found between 
the untreated control group and treated groups of 
females.

DISCUSSION

 This study investigated the in vivo 
effects of pharmaceutical mestranol on the ERβ 
expression levels in Thai ricefish anal fins, a 
typical secondary sex characteristic of this species.  
The ERβ expression levels indicated that the 
response in the anal fi n of this gene to various 
concentrations of mestranol was different between 
males and females.  In the male and female adult 
Thai ricefi sh, the ERβ levels were up-regulated 
in both the time-and concentration-dependent 
treatments of mestranol.  These finding were 
consistent with a report by Hayashi et al. (2007) 
that the mRNA expression levels of ER increased 
in the anal fi ns of Japanese ricefi sh in response to 
concentrations of the estrogenic bisphenol A.  It 
is also similar to the fi nding in a study by Islinger 
et al. (2000), who showed that the pharmaceutical 
ethinylestradiol can induce ER mRNA expression 
levels in the testes of zebrafi sh (Danio rerio).

 In the adult male anal fi ns, the ERβ levels 
were initially altered at 30 d after treatment with 
mestranol.  However, in the adult female anal fi ns, 
the ERβ levels were affected at 21 d after treatment.  
Furthermore, the ERβ levels in the males were 
found to be signifi cantly altered only by the highest 
concentration of mestranol.  In contrast, the ERβ 
levels in the females were signifi cantly changed 
in response to the low concentration.  Therefore, 
the female response to pharmaceutical mestranol 
may be stronger than that in males.  In vertebrates, 
androgen is known to biologically suppress the 
action of estrogenic chemicals (Poulin et al., 

1989; Brenner et al., 2003; Sun et al., 2009).  
Therefore, endogenous androgen may suppress 
mestranol regulation in male anal fi ns, causing 
the more delayed response in ERβ expression 
levels to mestranol. After up-regulation, ERβ 
down-regulation was observed from 30 to 60 d 
with mestranol treatment in the males.  It may be 
that in vivo, this effect of mestranol is resuppressed 
by the endogenous-androgenic hormones in the 
male fi sh.  In the female anal fi ns, when the ERβ 
expression levels were increased by mestranol 
effects, there remained a high level at 21, 30 and 
60 d in the time-related treatments.  This result 
corresponds to a report by Choi (2007), in which 
17β-estradiol caused the ER expression rates to 
be physiologically increased and maintained in 
ovarian tissues of the olive fl ounder (Paralichthys 
olivaceus).
 Estrogen can be rapidly activated 
by mediating with ERs on the surface of the 

Table 2 Fin measurement of adult Thai ricefi sh after treatment with mestranol (10 μg.mL-1).
   Days of Treatment 
  C 14  21  30  60
Male-AFL/SL% (Mean ± SE) 21.6±0.7a 21.4±0.5a 21.1±0.6a 19.2±0.3b* 18.1±0.4b**

Female-AFL/SL% (Mean ± SE) 16.6±0.3 16.1±0.5 17.1±0.9 15.9±0.6 16.0±0.8
AFL  = Anal fi n length; SL  = Standard length of fi sh.
Mean values in the same row superscripted by different letters are signifi cantly different (One-way ANOVA with Tukey’s multiple 
comparison test; * = P < 0.05 and ** = P < 0.01); C = Control group.

Measument
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cell membrane (Zivadinovic et al., 2005).  An 
exogenous-estrogenic mestranol may act on the 
dorsal and anal fi ns by associating through the 
membrane estrogen receptor in the rapid-response 
effects and play an important role via the nuclear 
estrogen receptor in the late-response effects.  
Therefore, the current study was only concerned 
with regulation of the latter issue.
 It should be noted that in teleost fi sh, 
the quantitative real-time PCR has efficacy 
for analyzing gene expressions in a signifi cant 
response to the low concentrations of estrogenic 
substances between treatment groups (Le Page 
et al., 2006; Zhang et al., 2008).  However, in 
the current study, the semi-quantitative RT-PCR 
analysis was suffi cient for the investigation of 
signifi cant differences of the mestranol effect on 
the ERβ expression levels in the experimental 
groups, since the mestranol concentrations were 
0.01–10 μg.mL-1.
 The pharmaceutical effects after exposure 
to estrogenic chemicals have been examined in 
various species of vertebrates, including humans 
(Kustera et al., 2008; Wright-Walters and Volz, 
2009).  Tavassoli et al. (1988) showed the potential 
of mestranol and ethynerone to induce carcinoma 
cells in the human breast to a moderate degree.  
Li et al. (1998) reported that administration of 
diethylstilbestrol and moxestrol caused estrogen-
induced carcinogenesis in the hamster kidney.  
Conversely, certain estrogenic drugs can reduce 
cancer risk by acting as selective estrogen receptor 
modulators; examples include tamoxifen (Howell 
et al., 2004), bazedoxifene (Archer et al., 2009) 
and raloxifene (Chin et al., 2005).  Hagino et al. 
(2001) demonstrated that sex reversal in Japanese 
ricefi sh was caused by estrogenic ethinylestradiol 
and diethylstilbestrol treatment.  In the current 
study of male Thai ricefi sh, the long anal fi ns were 
shortened by a mestranol-induced effect, making 
the fi ns more feminized.  It is known that in male 
Oryzias, the length of the anal fi n is related to 
mating and appears to be important in stimulating 
the female into oviposition, despite the fact that 

the anal fi n is not a copulatory organ (Koseki 
et al., 2000).  It is possible that pharmaceutical 
estrogens function on their target tissues with 
species-specific differences.  The action of 
mestranol disrupts the reproductive endocrine 
system causing feminization of male anal fi ns, 
which may retard the fertilization success rate in 
adult Thai ricefi sh.
 Recently, Thai ricefi sh have been tested 
as a bio-indicator for monitoring the environmental 
pollution of freshwater (Ngamniyom and 
Panyarachun, 2011).  Ngamniyom et al. (2007) 
reported that the sex ratio (male to female) of Thai 
ricefi sh collected from an unpolluted environment 
was almost 1:1.  Conversely, in polluted water, 
abnormal sex ratios (3:1) were found with 
the occurrence of many sex-undeterminable 
individuals.  In these individuals, the morphometry 
of the dorsal anal fi ns was intermediate between 
that of males and females.  Ngamniyom et al. 
(2009) showed that the ERβ expression levels in 
the dorsal and anal fi ns of sex-undeterminable 
individuals were intermediate between those of 
normal males and females, suggesting that some 
chemicals might disturb the function of estrogen 
alone via ERβ in those fi ns.  Therefore, the previous 
reports support the potential of Thai ricefi sh as a 
bio-indicator for screening the chemical activities 
in vivo by monitoring the morphological changes 
and gene expressions in the fi ns.

CONCLUSION

 The current study was the first to 
demonstrate that ERβ mRNA expression levels are 
affected by pharmaceutical estrogenic mestranol 
in the anal fi ns of fi sh.  This chemical interferes 
with the endocrine systems and leads to some 
feminization in the fi n morphometry of males.  
The current study has increased the understanding 
of the effects of pharmaceutical estrogen on 
freshwater fi sh, although the mechanism of the 
actions remains to be evaluated.
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