
INTRODUCTION
Environmental xeno-oestrogens are chemicals that

interfere with the endocrine systems and cause abnormal
physiological processes of reproduction in wildlife (Prado
et al. 2011, Fusani et al. 2007). These chemicals can exert
hormone activity as an estrogen agonist or antagonist
(Choi et al. 2004). The effects of xeno-oestrogens have
been described in many teleost fish by measuring the lev-
els of sex hormone gene transcripts, which are transcribed
through their hormone receptors in a ligand-dependent
manner (Ankley et al. 2009, 2010).

The pendimethalin is an herbicide that is widely used in
agricultural fields to control annual grasses and certain
broadleaf weeds (Bandyopadhyay and Choudhury 2009).
This herbicide has been considered to be a moderately per-
sistent, bioaccumulative toxic compound (Roca et al. 2008),
and it has a half-life of approximately 32 days in soil and

is broken down by microbial or photocatalytic degradation
(Lakshmipathi et al. 2008, Alister et al. 2009, Pinto et
al. 2012). After widespread use, pendimethalin was detect-
ed as a contaminant in ground water with 0.1 to 6 µg · L–1

and in agricultural soil at approximately 13 mg · kg–1 (Barbash
and Resek 1996, Strandberg and Scott-Fordsmand 2004).

With regard to fish species, Kidd and James (1991)
reported that pendimethalin was toxic to rainbow trout,
Oncorhynchus mykiss (Walbaum, 1792), and channel cat-
fish, Ictalurus punctatus (Rafinesque, 1818), with LC50
values of 0.14 mg · L–1 and 0.42 mg · L–1, respectively.
Danion et al. (2012) demonstrated that a decrease in
phagocytosis activity was found in rainbow trout after the
exposure to pendimethalin at 0.8 µg · L–1. Moreover, in
mammal, Kojima et al. (2004) reported that this herbicide
also plays an estrogenic action by inducing the expressions
of oestrogen receptor in Chinese hamster ovarian cells.
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Background. Xeno-oestrogens have negative effects on the endocrine systems of wildlife including freshwater
fish. Pendimethalin is a herbicide found in the environment which exerts some oestrogenic action in vivo. Dwarf
medaka (known also as Thai medaka), Oryzias minutillus Smith, 1945, inhabit the natural aquatic environments.
Dorsal fin of this species is a secondary sex character controlled by sex hormones and assumes as a sensitive
bioindicator for testing of oestrogenic chemicals. In this study, we aimed to examine the pendimethalin effects
on hormone receptor expressions and dorsal fin biometrics in adult Thai medaka.
Materials and methods. Pendimethalin effects on the androgen receptor (AR) and estrogen receptor (ER) β
expressions in dorsal fins were determined by semi-quantitative RT-PCR. The fin biometry was presented as the
values (%) of the dorsal fin length (DFL) divided by the standard length (SL).
Results. In males, AR levels decreased when the fish were exposed to 0.1 µg · mL–1 pendimethalin for 60 days
and were exposed to 1 µg · mL–1 for 30 and 60 days. In females, a 60-day treatment with 1 µg · mL–1 caused AR
levels to decrease. Conversely, in males, ERβ levels increased after 30 and 60 days of treatment with 1 µg · mL–1.
In females, ERβ levels increased after 30 days of treatment with 1 µg · mL–1 and 60 days of treatment with
0.1 µg · mL–1. In males, values of DFL/SL% decreased after exposure to 1 µg · mL–1 for 60 days. Additionally,
we observed 4 testis-ova among 30 gonads from males treated with 1 µg · mL–1 for 60 days.
Conclusion. Our results suggest that pendimethalin may interfere with endocrine processes via hormone recep-
tors, leading to the feminisation of dorsal fins and gonads in Thai medaka.
Keywords: pendimethalin, androgen receptor, oestrogen receptor β, Thai medaka



In teleosts, androgens play crucial roles in the physio-
logical processes regulating sexual differentiation and
reproductive development and the spermatogenesis of
males by mediating androgen receptors (ARs) (Harbott et
al. 2007). ARs belong to a large family of nuclear hormone
receptors that are ligand-dependent transcription factors
with highly conserved DNA-binding domains and moder-
ately conserved ligand-binding domains (Borg 1994, Todo
et al. 1999).

Similar to the function of androgens in males, oestro-
gens are an important role in physiological functions,
including the regulation of sexual development, oogenesis
and vitellogenesis, and the maintenance of the female
reproductive organs by acting on its target cells via oestro-
gen receptors (ERs) (Socorro et al. 2000). The ERs are
nuclear receptors that are members of the steroid/thyroid
hormone receptor superfamily of ligand-inducible tran-
scription factors (Choi 2007). Three ER isoforms (ERα,
ERβ and ERγ) have been described in fish (Chang et
al. 1999, Sabo-Attwood et al. 2004). In teleosts, ERβ is
abundantly expressed in several tissues, including the
gonads, brain, liver, cartilage, and bone (Socorro et al. 2000,
Menuet et al. 2002, Hawkins and Thomas 2004), suggest-
ing that ERβ is the main ER receptor in teleosts.

Dwarf medaka (known also as Thai medaka), Oryzias
minutillus Smith, 1945, is the smallest species in the
genus Oryzias, which is widely distributed in Thailand
(Magtoon et al. 1992). The habitats of this species are
shallow ponds, ditches, and paddy fields; and Thai meda-
ka is susceptible to the endocrine-disruptors in its envi-
ronment (Ngamniyom and Panyarachun 2011). The sex of
individual medaka can be determined by analysing the
secondary sex characteristics of the dorsal fin: the dorsal
fins of males are usually longer than those of females
(Ngamniyom et al. 2009), ranging from approximately
3 mm to 3.5 mm in males and from 2 mm to 2.6 mm in
females, under natural condition (Ngamniyom and
Panyarachun 2012). Furthermore, the anal fins also exhib-
ited a sexual dimorphism in the size, with the anterior
parts of the anal fins being longer in males than in females
(Ngamniyom et al. 2009).

The aim of this study was to examine the in vivo
effects of pendimethalin on gene expressions by monitor-
ing the levels of androgen receptor (AR) and oestrogen
receptor (ERβ) in the dorsal fins of adult Thai medaka.
The biometrics of the dorsal fins was investigated, and the
gonads were histologically observed. Therefore, we
believed that the presently reported study might con-
tribute to increasing the knowledge of endocrine disrup-
tion in teleost. Additionally, we hope our work will serve
to advance the understanding of the molecular and physi-
ological mechanisms of xeno-oestrogenic effects on the
AR and ERβ in the dorsal fins of Thai medaka.

MATERIALS AND METHODS
Fish. Adult Thai medaka with standard length of

14–16 mm were collected from breeding tanks at the
Laboratory of the Department of Anatomy, Faculty of

Medicine, Srinakharinwirot University. Sex was deter-
mined from the morphology of fins. Males and females
were kept in separate aquaria with a 14 : 10 h light/dark
cycle, pH (7.0–7.4), dissolved oxygen (8.0–8.3 mg · L–1)
at 26 ± 1ºC for 1 week and fed ad libitum with Tetra-
KilliMin 2 times per day (Tetra, Tokyo, Japan).

Chemical preparation. For the herbicide solutions,
0.1, 1, and 10 mg of pendimethalin (3, 4-dimethyl-2,
6-dinitro-N-pentan-3-yl-aniline) (Wako, Osaka) were dissolved
in 1 mL of dimethyl sulfoxide (DMSO) (Sigma, St. Louis, MO)
tomake the stocksolutions (0.1,1, and10mg ·mL–1, respective-
ly). To make solutions at the final concentrations, 0.1 mL
from each stock solution was diluted with 1000 mL of
aquarium water to make concentrations of 0.01, 0.1, and
1 µg · mL–1, respectively. In time-group experiments,
males or females were immersed in aquarium water con-
taining 1 µg · mL–1 pendimethalin solutions for 21, 30,
and 60 days (d). In concentration-group experiments, fish
were treated with 0.01, 0.1, and 1 µg · mL–1 solutions for
60 d. As a control, fish were treated with DMSO in aquar-
ium water without pendimethalin for 60 d.

Time-group experiments were set to investigate the
chemical effects of different time treatments with a fixed
concentration. However, concentration-group experi-
ments were objected to examine those of various concen-
trations with a uniform time. Males and females were con-
tained in separate aquaria for time and concentration
groups of each experiment under the same conditions as
noted above. Therefore, a total of exposure aquaria were
twenty, and each treatment was consisted of two aquaria.

For each experiment, 3 L of the pendimethalin solu-
tion in the test aquaria were refreshed with the same con-
centration of this solution every 3 days. For the treatment
of the chemical used in this study, the water was stored in
the gallons and then transferred to a wastewater treatment
plant. During the exposure periods, fish were fed Tetra-
KilliMin 2 times a day. Our experiments were conducted
from August 2010 through the end of November 2011.

According to the percentage of mortality, which is
shown in Table 1, the concentrations of herbicide used here
are non-lethal and are not acutely toxic for Thai medaka.

Semi-quantitative RT-PCR. Adult fish were anes-
thetised with 100 mg · L–1 of an ethyl-3-aminobenzoate
methanesulphonate (MS-222) solution (Sigma, St. Louis,
MO) and placed in a Petri dish. The whole dorsal fins
were dissected from 50 males or 50 females of each
experiment group. Amount of RNA extraction from five
fin tissues was sufficient for RT-PCR conductions.
Therefore, the fin samples were combined by 5 to form 10
composite samples for each gender.

Total RNA from each sample was extracted using the
Isogen reagent and treated with DNase1 for 30 min at
37ºC. Total RNA (100 ng) was reverse-transcribed with
AMV reverse transcriptase XL, according to the method
of Ngamniyom et al. (2009).

The first strand cDNA solution (0.5 µL) was used as
a PCR template. Primers for the amplification of AR were
5’-CAGGAGGAGTTCCTGTGCAT-3’ and 5’-GGTG-
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GTGGTAAGGTGAAGGA-3’ (Ngamniyom and
Sasayama 2011). The primers for ERβ were 5’-CTGTTA-
GATGCCTCGGACCTT-3’ and 5’-GATTGGCTG-
GTTTCGTG -3’ (Inui et al. 2003). As a loading control
and reference, β-actin was amplified using primers used
were 5’-AGGGAGAAGATGACC-3’ and
5’-CGCAGGACGCCATACCAA-3’ (Scholz et al. 2004).

The linear phase of each RT-PCR reaction was deter-
mined to allow semi-quantitative comparisons of the
cDNAs which were developed according to the previous
methods of Ngamniyom et al. (2009). Therefore, PCR con-
ditions for the amplification of cDNA were 95ºC for 30 s for
denaturation; 62ºC (AR), 64ºC (ERβ), or 58ºC (β-actin) for
1 min for annealing; and 72ºC for 1 min for extension. The
total cycle numbers were 34 for AR, 30 for ERβ, and 20 for
β-actin. The PCR products were analysed by electrophore-
sis on a 2% agarose gel, stained with ethidium bromide, and
visualised on a UV transilluminator. The intensities of the
amplified bands were quantified using the Scion Image

Software for Windows (Scion, Maryland, USA). In house-
keeping gene, no effect of pendimethalin on the levels of
β-actin expressions in dorsal fins was found among expo-
sure courses. Therefore, as a control and reference, the
intensity of the AR and ERβ amplified bands from each sam-
ple were divided by the intensity of the corresponding
β-actin amplified band to obtain the relative expression levels.

Biometrics of dorsal fin and gonadal histology. The
lengths of the dorsal fins were measured using a digital
calliper. The measurements of the dorsal fins were evalu-
ated by dividing the dorsal fin length (DFL) by the stan-
dard length (SL) and multiplied by 100. The resulting
value was defined as DFL/SL% (Fig. 1).

Fish gonads were removed from the bodies, fixed in
Bouin’s solution for 12 h, and stored in 70% ethanol. The
specimens were dehydrated in an ethanol series, embed-
ded in paraffin, and sectioned at 6 µm using a manual
rotary microtome. The sections were stained with haema-
toxylin and eosin.
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Fig. 1. Diagrammatic illustration of measurement of standard length (SL) of Thai medaka, Oryzias minutillus, and the length
of its dorsal fin (DFL); CC = caudal peduncle

Table 1
Effects of various exposure times and concentrations of pendimethalin on survival and dorsal fin length–standard

(fish) length (DFH/SL%) of adult Thai medaka, Oryzias minutillus

Note: Each experiment involved 55 adult males or 55 females; The values of DFL/SL% (mean ± SE) were compared
between experiments of male or female groups; Significant differences of values indicated by dissimilar alphabets (One-way
ANOVA with Tukey’s multiple comparison test; P < 0.05).

Exposure
time
[day]

Pendimethalin
concentration

[µg·mL–1]

Number of survived
individuals [%] DFL/SL%

Male Female Male Female
Control group 60 — 100 94.5 20.9 ± 0.04a 17.0 ± 0.07

Treatment
groups

14 1 98.2 94.5 20.3 ± 0.06ab 16.8 ± 0.04
30 1 94.5 96.4 19.8 ± 0.05ab 17.1 ± 0.06
60 1 96.4 96.4 19.1 ± 0.06b 16.7 ± 0.04
60 0.01 94.5 100 20.7 ± 0.06a 17.2 ± 0.04
60 0.1 92.7 90.9 20.4 ± 0.04a 16.9 ± 0.03



Statistic analysis. One-way ANOVA with Tukey’s
multiple comparison test was used to examine the statisti-
cal significance of differences. The data were analysed
with Statistical Package for the Social Sciences (SPSS)
for Windows, version 14 (SPSS, Chicago, USA).

This experimental design was approved by the ethics
committee of the Srinakharinwirot University, Department
of Anatomy Faculty of Medicine, Thailand in accordance
with the recommendations of the Guidelines for the Care
and Use of Fish in Research, Teaching and Testing
(http://ccac.ca/Documents/Standards/Guidelines/Fish.pdf).

RESULTS
Effect of pendimethalin on the level of AR mRNA

expression in dorsal fins. In males, the AR expression
levels in dorsal fin significantly decreased after treatments
with 1 µg · mL–1 pendimethalin for 30 and 60 d and after

treatment with 0.1 µg · mL–1 for 60 d (Figs. 2A–B). In
females, the AR levels in the dorsal fin significantly
decreased after treatment with 1 µg · mL–1 pendimethalin
for 60 d (Figs. 2C–D).

Effect of pendimethalin on the level of ERβ mRNA
expression in dorsal fins. In males, the ERβ expression
levels in dorsal fin significantly increased after treatments
with 1 µg · mL–1 pendimethalin for 30 and 60 d (Figs.
3A–B). In females, the ERβ levels in dorsal fin signifi-
cantly increased after treatments of 1 µg · mL–1

pendimethalin for 14 d (Figs. 3C–D) and treatments with
0.1 µg · mL–1 pendimethalin for 60 d (Figs. 3C–D).

Effect of pendimethalin on biometrics of dorsal fins
and gonadal histology. In males, the values of DFL/SL%
in dorsal fin significantly decreased in the treatment with
1 µg · mL–1 pendimethalin for 60 d from control, 0.01, 0.1
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Fig. 2. Time- (A, C) and concentration-dependent (B, D) effects of pendimethalin on androgen receptor (AR) mRNA
expression level in the dorsal fins of male (A, B) and female (C, D) Thai medaka, Oryzias minutillus, as examined by
a semi-quantitative RT-PCR; X = control groups (were treated with dimethyl sulfoxide); The expression levels in each
sample are relative values compared to those of β-actin mRNA (mean + SE). Dissimilar letters indicate significant dif-
ferences (one-way ANOVA with Tukey’s multiple comparison test; * = P < 0.05 and ** = P < 0.01, respectively)



treatment groups for 60 d. In females, no significant
change in the values of DFL/SL% of dorsal fin was found
after pendimethalin treatments (Table 1) (Figs. 4A–C).

The testes from all male gonads were histologically
observed after the treatments with 0.01 and 0.1 µg · mL–1

pendimethalin for 60 d and treatments with 1 µg · mL–1

for 14 and 30 d. In contrast, 4 testis-ova were identified
among the 30 gonads of males treated with 1 µg · mL–1

pendimethalin for 60 d. In females, the ovaries from all
gonads in the time-and concentration -group experiments
were observed (Figs. 5A–C).

DISCUSSION
In this study, we examined the effects of herbicide

pendimethalin on the expression levels of the AR and ERβ
mRNAs in the dorsal fins of Thai medaka. We found that

this agricultural chemical might have an estrogenic activ-
ity in fish.

In Thai medaka, AR expression levels in the dorsal
fins of males and females were down-regulated by expo-
sure of pendimethalin. The dorsal fins of male fish also
decreased in the length after exposure to this chemical. It
is well known that the administration of an estrogen is an
ability to transform the male to female phenotypes in the
dorsal and anal fin of Japanese medaka (Iwamatsu 1999,
Foran et al 2000). Therefore, pendimethalin may suppress
the growth of the male dorsal fin by inhibiting AR expres-
sion levels and, thus, correspond with the previous reports
of Ngamniyom et al. (2012), which showed that AR tran-
script levels decreased and male anal fins were shortened
in Thai medaka that were exposed to xeno-oestrogenic
mestranol. On the contrary, the lengths of the female dor-
sal fin did not change, although the AR levels were down-
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Fig. 3. Time- (A, C) and concentration-dependent (B, D) effects of pendimethalin on estrogen receptor (ER) β mRNA
expression level in dorsal fins of male (A, B) and female (C, D) Thai medaka, Oryzias minutillus, as examined by a
semi-quantitative RT-PCR; X = control groups (were treated with dimethyl sulfoxide); The expression levels in each
sample are relative values compared to those of β-actin mRNA (mean + SE); Dissimilar letters indicate significant
differences (one-way ANOVA with Tukey’s multiple comparison test; * = P < 0.05 and ** = P < 0.01, respectively)



regulated after pendimethalin treatments. Pendimethalin
may exert an estrogenic effect toward ERβ for maintain-
ing the female phenotype in dorsal fins.

In teleost, the induction of ER expression by exposure
of various xeno-oestrogens has been examined in the liver,
brain, gonad and fin tissues; the tested xeno-oestrogens
include propyl-pyrazole-triol (PPT) (Leaños-Castañeda
and Van Der Kraak 2007), 4-nonylphenol (Meucci and
Arukwe 2006), 17α-ethinylestradiol (Islinger et al. 2003)
and bisphenol A (Hayashi et al. 2007). In Thai medaka,
increases in ERβ expression levels were observed in the
dorsal fin tissues of both sexes after treatments with
pendimethalin. This result is consistent with the report by
Kojima et al. (2004) showing that pendimethalin exhibit-
ed an estrogenic activity to stimulate the ERα mRNA
expression levels in Chinese hamster ovary cells. The rea-
son for decreasing the lengths of dorsal fins in males by
pendimethalin treatments was discussed above.

In histological analysis of adult gonads, oocyte-like
cells were found in the male testes of Thai medaka treat-
ed with pendimethalin. Similarly, Gray et al. (1999)
reported that in Japanese medaka, the number of testis-
ova in adult fish was lower than that in fry after exposure
to octylphenol, suggesting that the stages of gonadal dif-
ferentiation were optimal for the incidence of testis-ova
by the exposure to estrogenic chemicals. On the other

hand, Papoulias et al. (2003) showed that ovo exposure to
xeno-oestrogenic DDE did not affect the evidence of
intersex gonads in Japanese medaka, Oryzias latipes
(Temminck et Schlegel, 1846), although DDE can inter-
act with hepatic estrogen binding sites and induce vitello-
genesis in rainbow trout (Donohoe and Curtis 1996).
Taking these results into the conclusion, pendimethalin
affects the development of adult gonads in fish by acting
as agonistic of estrogen, causing an intersex condition in
some male gonads.

To the best of our knowledge, the present study is the
first to demonstrate that herbicide pendimethalin may
affect the development of dorsal fins and gonads by AR
and ERβ-mediated antiandrogenic and estrogenic activity,
respectively and lead to some feminisation in adult males
of Thai medaka. Furthermore, the secondary sex charac-
ter of dorsal fins may serve as a potential bioindicator for
testing the effect of endocrine-disrupting chemicals.

REFERENCES
Alister C.A., Gomez P.A., Rojas S., Kogan M. 2009.

Pendimethalin and oxyfluorfen degradation under two irri-
gation conditions over four years application. Journal of
Environmental Science and Health, Part B: Pesticides, Food
Contaminants, and Agricultural Wastes 44 (4): 337–343.
DOI: 10.1080/03601230902800986

Ngamniyom and Panyarachun244

Fig. 4. Characteristics of the dorsal fin of untreated (A) male and (B) female of Thai medaka, Oryzias minutillus; (C)
Dorsal fin of male exposed to 1 µg · mL–1 pendimethalin for 60 days

Fig. 5. Histological analysis of gonads from untreated (A) male and (B) female of Thai medaka, Oryzias minutillus;
(C) Oocyte development in the testicular tissue of a male exposed to 1 µg · mL–1 pendimethalin for 60 days; sz =
spermatozoa, m = mature oocyte, im = immature oocyte
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