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ABSTRACT The present study examine 11-ketotesterone (KT-11), estradiol (E2) level and cytochrome P450 (bgCYP19a) in the 
testis of blue gourami during maturation, sexual behavior and spermatogenesis. A significantly higher level of 11-KT 

was found in mature fish compared to juveniles. Testis estradiol (E2) level was lower in juveniles compared to adults, but the difference was 
not statistically significant. The mRNA level of bgCYP19a in the testes of juvenile males did not differ significantly (t-test, p > 0.05) from its 
level in the transcription of mature non-nest- building (non-reproductive) males. However, the bgCYP19a in the testes of reproductive males 
(nest-builders) increased significantly (t-test; p < 0.05) in reproductive males.

Introduction 
Hormone control, gametogenesis, oogenesis and spermatogen-
esis have been studied in fish and are described in detail in sev-
eral reviews, e.g.[1]. However, compared to fish species grown in 
aquaculture, knowledge about hormone control reproduction 
in the Labyrinthici suborder is very limited. The blue gourami 
(Trichogaster trichopterus) belongs to the Anabantidae fam-
ily, which contains 16 genera and about 50 species distributed 
throughout most of southern Asia, India and Central Africa. This 
family belongs to the Labyrinthici suborder, which is character-
ized by the presence of an air-filled breathing cavity (labyrinth) 
located above the gills under the operculum. The blue gourami 
is a model study of fish reproduction and growth [2]. It is multi-
spawning and male-dependent, with asynchronic ovary develop-
ment [3].The sexual behavior of the male affects oocytes matura-
tion of the female before fertilization. Gonad development and 
reproduction as in all vertebrates are controlled by the brain-
pituitary-gonad axis (BPG). In blue gourami, relatively many hor-
mones involved in BPG are studied in females. Gonadotropin-
releasing hormone 1(GnRH1)[4] and 3 (GnRH3)[5], and pituitary 
adenylate cyclase activating polypeptide (PACAP – the long and 
short form [PRP])[6] control follicle-stimulating hormone (FSH) 
and luteinizing hormone (LH) [7]. FSH and LH control oogenesis 
by various steroids [8-11]. The key enzyme synthesis of estro-
gens from androgens is catalyzed by the heme-binding enzyme 
cytochrome P450 aromatase (CYP19) in females [12]. Spermato-
genesis in blue male gourami has been studied much less. The 
brain and pituitary hormones in females are similar, but the 
steroid androgens involved differ in terms of controlling sper-
matogenesis, and all the different stages have been described [3, 
13, 14].

The proposed study will examine 11-ketotesterone (KT-11), es-
tradiol (E2) level and cytochrome P450 (bgCYP19a) in the testis 
of blue gourami during maturation, sexual behavior and sper-
matogenesis.             

Materials and Methods
Fish
Blue gourami (T. trichopterus), maintained and bred in MIGAL 
laboratories, were used in this study. The fish were grown in con-
tainers measuring 3 x 3 x 0.5 m, at a temperature of 27οC and 
under a light regime of 12 h light:12 h darkness. The fish were 
fed an artificial diet (45% protein, 7% fat) supplemented by live 
food (Artemia salina).

Males were divided into three groups according to gonadal stage 
and reproductive behavior: (1) juveniles; (2) mature non-repro-
ductive; and (3) mature reproductive (nest-builders) Tissue dis-
tribution of the testis were taken for 11-ketotesterone (KT-11), 
estradiol (E2) level and cytochrome P450 (bgCYP19a), as de-
scribed previously by [15].

For sampling, each fish was anesthetized in a clove oil bath (0.25 
mg/l), and weight and length were recorded. Tissues (testis) were 
removed and stored in RNA Later buffer (Ambion Inc., Aus-
tin, TX). The gonads were removed, weighed and a portion was 
taken for histology. Total RNA was extracted from RNA Later 
stored tissues using the RNeasy Total RNA Kit (QIAGEN, Alam-
eda, CA) according to manufacturer’s recommendations [12].

Real-time PCR
In order to compare the levels of CYP19a mRNAs in the testis, 
their relative abundance was normalized with an endogenous ref-
erence, the rRNA of the 18S subunit, according to the compara-
tive threshold cycle (CT) method [16].This method was validated 
using serial dilutions (0.5, 0.1,0.02, 0.01 and 0.005) of cDNA 
preparations from the testis (for CYP19a). The amplification effi-
ciencies of each target mRNA and 18S rRNA were compared by 
plotting DCT versus log (template), according to the method of 
[17]. Linear regressions of the plots showed R2 values and slopes 
for CYP19a of 0.999 and 3.808, respectively. Gene-specific prim-
ers for the measurement of mRNA levels of CYP19a mRNA and 
18S rRNA by RT-PCR were designed using Primer3 Software 
(Perkin-Elmer, Foster City, CA) and are listed in Table 1. Primers 
P1 and P2 amplified a 136 bp fragment of CYP19a cDNA; prim-
ers P3 and P4 amplified a 153 bp product of 18S rRNA. 

Total RNA was prepared from individual brains or ovaries using 
Trizol (Invitrogen, Carlsbad, CA), and each sample was reverse-
transcribed at 57oC using the Reverse-iT1st Strand Synthesis Kit 
(ABgene, Surrey, UK) and random hexamers, according to manu-
facturer’s protocols.

Amplification of the CYP19a and 18S rRNA cDNAs was per-
formed simultaneously in separate tubes and in duplicate, and 
the results were analyzed using Q-Gene software (BioTechniques 
Software Library at www.BioTechniques.com). Dissociation-
curve analysis was run after each real-time experiment to ensure 
that there was only one product. To control for false positives, a 
reverse-transcriptase negative control was run for each template 
and primer pair.

Table 1: Primers used for the cloning and expression of blue 
gourami CYP19a.

Primer Position Primer sequence

P1 175-195 5’-ATCGGGAGCCTGGTAGAACT-30

2P 1 311-291 50-AACACGCACTGCTTGACATC-30

P3 329-348 50-TTCTCGATTCTGTGGGTGGT-30

P4 482-463 50-GAACGCCACTTGTCCCTCTA-30
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Histology 
Testis samples were fixed in Bouin and subsequently processed 
for light microscopy. Paraffin sections of 6 lm were stained with 
hematoxylin and eosin (Fig. 1). 

Fig. 1  Histological section showing different stages of testis  de-
velopment in blue gourami. (A) Testis of mature non-reproduc-
tive fish, bar = 170 lm. (B) Testis of mature non-reproductive 
fish (note the concentration of spermatozoa in the middle of the 
lobule; see arrow), bar = 35 lm. (C) Testis of mature reproductive 
fish during sexual behavior, bar = 170 lm. (D) Testis of mature 
reproductive fish during sexual behavior (note the decrease in 
the quantity of spermatozoa in the center of the lobule of repro-
ductive fish compared to non-reproductive fish; see arrow), bar 
= 35 lm.

Statistical analysis
The relative mRNA expression levels were calculated from each 
set of quantified data. All results are presented as means ± SE. 
When appropriate, data were subjected to logarithmic transfor-
mation before being analyzed by one-way ANOVA, followed by 
Tukey’s multiple range test. A probability level of p < 0.05 was 
used as the criterion for the significance of differences between 
groups. The significance of difference between sex ratios of con-
trol and treated groups was tested using the Fisher exact test.

Results
The histology of the testes in juvenile non-reproductive and re-
productive males of blue gourami is presented in Figure1, clas-
sified into the following categories: immature testes without any 
germ cells (stage A); testes containing a small number of sper-
matogonia (stage B); and mature testes exhibiting active sper-
matogenesis with spermatocytes and spermatids (stage C).

The level of 11-ketotestosterone (11-KT) in the testis of juveniles 
and adults blue gourami is shown in Figure 2.

Fig. 2: 11-ketotesterone (KT-11) level in testis. Each histo-
gram represents the average of five independent measure-
ments (means + SE).
 
A significantly higher level of 11-KT was found in mature fish 
compared to juveniles. Testis estradiol (E2) level was lower in 
juveniles compared to adults, but the difference was not statisti-
cally significant (Fig. 3). The level of 11-KT in the testes varied 
between 0.1 and 0.25 ng/mg (Fig. 2) and was significant higher 
than the E2 level variation of between 0.023 and 0.02 (Fig. 3).

Fig. 3: Estradiol (E2) level in testis. Each histogram repre-
sents the average of five independent measurements (means + SE).
 
The mRNA level of bgCYP19a in the testes of juvenile males did 
not differ significantly (t-test, p > 0.05) from its level in the tran-
scription of mature non-nest- building (non-reproductive) males. 
However, the bgCYP19a in the testes of reproductive males 
(nest-builders) increased significantly (t-test; p < 0.05) in repro-
ductive males (Fig. 4).

Fig. 4. CYP19a mRNA level in testis representing the average 
of five independent measurements (means + SE). A significant 
difference (t-test) exists between the level of mRNA in adult 
reproductive males compared to juveniles and adult non-re-
productive males.

Discussion
Sexual behavior, environment, pheromones and hormones affect 
the spermatogenesis of blue gourami, as discussed in this paper. 
The specific contribution of the present study is not only the re-
sults that describe the involvement of 11-KT,E2 and bgCYP19a 
during testis development and spermatogenesis, but also tries to 
summarize all the knowledge and propose a quality model whose 
parameters affect spermatogenesis in model fish belonging to the 
Labyrinthici suborder that have not been described in detail [1, 
2]. In the present study, together with other studies on sexual be-
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havior and steroid control, spermatogenesis improves our knowl-
edge of reproduction control of male blue gourami. Degani 1989 
[18] studied the environmental effect on sexual behavior and 
nest-building of blue gourami, and showed that temperature af-
fects the male’s sexual behavior. Nest-building occurs and eggs 
are laid in a temperature range of 23° C to 29°C. Under light 
conditions, most nests were built during the first two days. In 
general, more nests were built in darkness. The effect of tempera-
ture on hypothalamus and pituitary hormone-controlling repro-
duction and spermatogenesis was studied by David and Degani 
(2011) [14]. They found that in male blue gourami, the relative 
mRNA levels of brain GnRH3, PACAP, insulin-like growth fac-
tor-1(IGF-1), βLH and prolactin were significantly higher when 
the fish were maintained at 27°C than at 23°C or 31°C. βFSH 
mRNA levels were significantly lower when the fish were main-
tained maintained at 31°C than at the other temperatures. In re-
productive males, nests were observed to have higher mRNA 
levels of GnRH3, PACAP, bFSH, βLH and prolactin at 27°C. In 
the present study, the hormones controlled by hypothalamus and 
gonadotropins hormones, 11-KT and E2 level in the testes of 
mature fish, and bgCYP19a in the testes of reproductive males 
(nest-builders) increased significantly compared to non-reproduc-
tive males. Moreover, it supports the hypothesis that not only the 
environment factor affected the BPG by hormones but also the 
pheromones. Davies and Pilotte (1975) [19] and Ingersoll and 
Lee (1980) found no response by the male to any possible chemi-
cal signal by the female [20]. Additional studies are required to 
prove if it affects all or only some components of BPG, however 
our hypothesis is that the pheromones affect sexual behavior and 
the hormones control reproduction, e.g., gonadotropins, 11-KT 
and E2 level [13].

Based on the results of the present study and our knowledge of 
sexual behavior, and pheromone and hormone control of sper-
matogenesis in blue gourami, we proposed the model described 
in Figure 5.  

Fig. 5. Based on previous studies in our laboratory and the 
present study, we subjected quality models of the relation-
ship between sexual behavior, pheromones and hormones 
involved in spermatogenesis in blue gourami.


