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(TRICHOGASTER TRICHOPTERUS) AT DIFFERENT TEMPERATURES
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ABSTRACT

In this study, the GH and IGF-I of blue gourami (Trichogaster trichopterus) were examined at
different temperatures of 23°C, 27°C and 31°C. GH mRNA expression in the pituitary of males and
females at various temperatures was examined using RT-PCR. The mean of mRNA levels was
higher in the pituitary glands of females maintained in 23°C and 27°C than in males. However, no
significant difference in GH mRNA expression was observed in the pituitary glands of females
maintained at 23°C, 27°C and 31°C (ANOVA p>0.05). The GH expression is high in females at
23°C and in males at 31°C. The mean of IGF-1 expression in females was high at temperatures of
27°C and 31°C compared to 23°C in brain, liver and ovary, and only 27°C in muscle. In males, a
high mean of IGF-1 mRNA levels was detected in brain, liver and muscle at 27°C and at all three
temperatures in the testis (23°C, 27°C and 31°C); the difference among mRNA levels was not
significant. In males, a high mean of IGF-1 mRNA levels was detected in brain, liver, ovary and
muscle at 27°C but not in the testis.
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Contribution/Originality
This study describes, for the first time, the effect of temperature on GH and IGF-I transcription
involved in reproduction in the male and female blue gourami model of an Anabantidaes family.

1. INTRODUCTION

In teleosts, as in other vertebrate, growth and reproduction are tightly regulated, mainly via the
hypothalamus-pituitary axis. The pituitary adenylate cyclase-activating polypeptide (PACAP) and
its related peptide (PRP) are members of the vasoactive intestinal peptide (VIP)/secretin/glucagons
family. Both peptides are encoded by a single gene (PRP-PACAP), which is further cleaved to
release them to four different peptides. In vertebrates, PACAP is a neuropeptide that is associated
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with the release of 63 pituitary GH [1], whereas PRP is active in teleosts and not in mammals [2].
Previously, a model of molecular evolution of these peptides suggested that the mammalian growth
hormone-releasing hormone (GHRH) evolved from the non-mammalian GHRH-like peptide.
However, more recently, a new GHRH peptide was discovered that is homologous to mammalian
GHRH, implying that the GHRH-like peptide is homologous to the mammalian PACAP-related
peptide (PRP). In fish, PACAP has a more potent effect on GH 87 secretion than does PRP [3, 4].
In addition, PACAP increased LH secretion and transcription in goldfish and tilapia, probably by a
paracrine mechanism [4-6]. In rats, PACAP stimulates a variety of ovarian functions, such as the
synthesis of estradiol (E) and progesterone (P) in ovarian granulosa cells through the cAMP
signaling pathway [7]. However, PRP did not alter GtH release and transcription in the teleost
examined [1].

The blue gourami (Trichogaster trichopterus) growth hormone (GH) is a 22 kDa single-chain
polypeptide [8-10]. Together with prolactin, placental lactogen and somatolactin, it forms a family
of related polypeptide hormones whose sequences seem to have evolved from a common ancestor
[11, 12]. GH has been studied extensively, and its cDNA nucleotide sequences are available for
many teleosts [13-19].

Growth hormone GH is a pituitary hormone that regulates development and somatic growth in
vertebrates [20]. The sequence of GH markers has become the marker of choice in many fish
species for genetic studies since it is an important hormone. GH has been studied extensively, and
the GH cDNA nucleotide sequences of many teleosts are available [9, 10].

The GH sequence is only one of the molecular parameters that may support phylogenetic
analysis within Anabantoidei, and such information, together with other parameters, will improve
our knowledge of Anabantoidei. The study of GH expression during the reproductive cycle could
contribute to understanding the interactions between somatotropic and gonadotropic axes at the
pituitary level and elucidating the effects of GH on fish reproduction. GH mRNA and protein are
expressed soon after hatching [21, 22], and persist during the growth and reproductive stages [23],
although the growth rate slows down in maturing and spawning fish [7, 24-26].

The effect of temperature on reproduction and growth-related factors in blue gourami males
under nonreproductive and reproductive conditions was studied by David and Degani [27], and
Levy et al. [28].

The relative mRNA levels of brain gonadotropin-releasing hormone 3 (GnRH3), pituitary
adenylate cyclase-activating polypeptide (PACAP), insulin-like growth factor-1(1GF-1), pituitary
b-luteinizing hormone (B LH) and prolactin were significantly higher when the fish were
maintained at 27°C than at 23°C or 31°C. B-Follicle-stimulating hormone (B FSH) mRNA levels
were significantly lower when maintained at 31°C than at the other temperatures. Nests were
observed only in males under reproductive conditions. In these fish, higher mRNA levels of
GnRH3, PACAP, B FSH, B LH and prolactin were detected at 27°C and higher mRNA levels of
IGF-1 were detected at 23°C when compared with other temperatures of maintenance or with fish
that did not build nests. In conclusion, we propose that temperature has a greater effect on the
transcription of genes associated with reproduction than on those pertaining to growth [27].
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The effect of temperature on oogenesis and hormone gene expression related to reproduction
and growth in the blue gourami female maintained under non-reproductive and reproductive
conditions [28] was examined. In females under nonreproductive conditions, vitellogenic oocytes,
gonadotropin-releasing hormone 3 (GnRH3), B luteinizing hormone (BLH) and growth hormone
(GH) mRNA levels were affected by temperature changes. In females maintained under
reproductive conditions with non-reproductively active males, a percentage of females in the final
oocyte maturation (FOM) stage, pituitary adenylyl cyclase activating polypeptide (PACAP and
PRP-PACAP), gonadotropins and GH mRNA levels were affected due to temperature changes
[28]. In females maintained under reproductive conditions with reproductively active males, also
GnRH3 and insulin-like growth factor 1 (IGF-1) were affected by temperature changes. In
conclusion, in blue gourami females, changes in environmental temperature affect oogenesis
through changes in brain and pituitary hormone mRNA levels [28].

The purpose of this study was to measure mRNA expression of GH and IGF-1 found at three
temperatures, 23°C, 27°C and 31C °C, in male and female T. trichopterus.

2. MATERIALS AND METHODS
2.1. Fish

Mature females and blue gourami males (T. trichopterus), maintained and bred at MIGAL
Laboratories in northern Israel, were used in this study. The fish were maintained in containers
measuring 2x2x0.5 m at temperatures of 23°C, 27°C and 31°C for three weeks in groups of 10 fish,
and under a light regime of 12L 12D. The fish were fed an artificial diet (45% protein, 7% fat)
supplemented by live food (Artemia salina). The pituitaries were collected from females and males
(3.5 + 0.6 g) at the end of three weeks [27].

For sampling, each fish was anesthetized in a clove oil bath (0.25 mg/l), and weight and length
were recorded. Tissues (brains, gonads, livers, pituitaries, muscle for tissue) were removed and
stored in RNA Later buffer (Ambion Inc., Austin, TX). The gonads were removed and weighed,
and a portion was taken for histology. Total RNA was extracted from RNA Later stored tissues by
means of the RNeasy® Total RNA Kit (QIAGEN, Alameda, CA) according to manufacturer’s
recommendations.

2.1.1. Histological Analysis
Gonad samples were fixed in Bouin and subsequently processed for light microscopy. Paraffin
sections of 6 pm were stained with hematoxylin and eosin, as previously described [29].

2.1.2. IGF-1 and GH mRNA Extraction

IGF-1 and GH mRNA levels were determined in the groups of male and female blue gourami
reared under different temperature conditions (23°C, 27°C and 31°C). For sampling, each fish was
anesthetized in a clove oil bath (0.25 mg/I), and weight and length were recorded. Tissues (pituitary
for mMRNA GH expression studies and liver, muscles, gonads and brain for IGF-I mRNA
expression studies) were removed and stored in RNA Later buffer (Ambion Inc., Austin, TX). The
gonads were removed and weighed, and a portion was taken for histology. Total RNA was
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extracted from RNA Later stored tissues by means of the RNeasy® Total RNA Kit (QIAGEN,
Alameda, CA) according to manufacturer’s recommendations [12].

First-strand cDNA was synthesized from 2 g of total RNA by the Superscript System
(Invitrogen, Carlsbad, CA). The single-strand cDNA was used to amplify a cDNA internal
fragment using gene-specific primers (Table 1).

2.1.3. Real-Time PCR

In order to compare the levels of the bgGH and bglGF-I mRNAs, their relative abundance was
normalized with an endogenous reference, the rRNA of the 18S subunit by the comparative
threshold cycle (Ct) method.

This method was validated using serial dilutions (0.5, 0.1, 0.02, 0.01 and 0.005) of cDNA
preparations from the pituitary (for GH) and the liver (for IGF-1). The amplification efficiencies of
each target mRNA and 18S rRNA were compared by plotting ACt versus log (template) according
to the method of [30].

Gene-specific primers for the measurement of mMRNA levels by RT-PCR were designed by
means of the Primer3 Software and are listed in Table 1.

Primers P1 and P2 amplified a 154 bp fragment of 18S rRNA reference. Primers P3 and P4
amplified a 188 bp fragment of bgGH cDNA. Primers P5 and P6 amplified a 136 bp fragment of
bglGF-1 cDNA. Amplification of the bgGH, IGF-1 and 18S rRNA cDNAs was performed
simultaneously in separate tubes and in duplicate, and the results were analyzed using Q-Gene
software.

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.

2.1.4. Statistical Analysis

Data are presented as the mean £ SEM. The significance of the differences between group
means of mMRNA levels was determined by one-way analysis of variance (ANOVA) followed by
the Student Newman-Keuls (SNK) test using the Graph-Pad Prism software, with the level of
significance in different groups set at p < 0.05.

Table-1. Primers used in this study.

Primer Position Primer Sequence

P1 329-348 TTCTCGATTCTGTGGGTGGT

P2 482-463 GAACGCCACTTGTCCCTCTA

P3 67-86 TTCACAACCGCTATGGACAA

P4 254-235 TGACGCTGCTCTTCAATCTG

P5 52-71 TCCTGTAGCCACACCCTCTC
3. RESULTS

The GH mRNA expression pituitary of females and males at various temperatures was
examined by RT-PCR represented in Figures 1 and 2, respectively. The mean of mRNA levels was
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higher in the pituitary glands of females maintained at 23°C and 27°C than those in males.
However, no significant difference of GH mRNA expression in the pituitary glands of females
maintained at 23°C, 27°C and 31°C (ANOVA p>0.05) was observed. A high expression of GH was
found in females at 23°C and in males at 31°C (Figs. 1 and 2).

Figure-1. Relative mRNA levels (mean + SE) of GH in pituitary glands from blue gourami females
at different temperatures. There were 662 stages of reproduction: juvenile, mature non-reproductive
and mature reproductive.

GH mRNA normalyzed expression in hypophisis (females)

normalyzed expression

23 e 31

temperature

Figure-2. Relative mRNA levels (mean + SE) of GH in pituitary glands from blue gourami males
at different temperatures.

GH mRNA normalyzed expression in hypophisis (males)
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The mean of IGF-1 expression found in females was high at temperatures of 27°C and 31°C
compared to 23°C in brain, liver and ovary, and in muscle only at 27°C (ANOVA, p < 0.05) (Figs.

3,4 and 5).

In males, a high mean of IGF-I mRNA levels was detected in brain, liver and muscle at 27°C,
but at all three temperatures in the testis (23°C, 27°C and 31°C); the difference among mRNA

levels is not significant (ANOVA, p > 0.05) (Figs. 6-10).

Figure-3. Relative mRNA levels (mean £ SE) of IGF-I in brain from blue gourami females at

different temperatures.

IGF1 mRNA normalyzed expression in brain tissue (females)
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Figure-4. Relative mRNA levels (mean £ SE) of IGF-1 in liver from blue gourami females at

different temperatures.
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Figure-5. Relative mRNA levels (mean + SE) of IGF-I in ovary from blue gourami females at

different temperatures.
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Figure-6. Relative mRNA levels (mean + SE) of IGF-I in muscle from blue gourami females at

different temperatures.
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Figure-7. Relative mRNA levels (mean + SE) of IGF-1 in brain from blue gourami males at

different temperatures.
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Figure-8. Relative mRNA levels (mean + SE) of IGF-I in liver from blue gourami males at

different temperatures.
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Figure-9. Relative mRNA levels (mean + SE) of IGF-1 in testis from blue gourami males at
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different temperatures.
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Figure-10. Relative mRNA levels (mean + SE) of IGF-1 in muscle from blue gourami males at

different temperatures.
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The different stages of ovary and testis development are represented in Figure 11 and Figure
12, respectively. The ovaries of females maintained at temperatures of 23°C and 31°C were found
at the low oocytes vitellogenesis stage compared to the ovaries of females maintained at 27°C (Fig.
11). A high sperm count was found in the testis of males maintained at 23°C and 27°C compared to

that of males maintained at 31°C . However, this difference is not very significant (Fig. 12).
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Figure-11. Histological section showing different stages of gonadal development in the blue
gourami female T. trichopterus. A) Perinucleolus stage oocyte. Bar = 25 um. B) Early vitellogenic
oocyte. Bar = 23 um. C) Vitellogenic oocyte. Bar = 60um. D) Oocyte final maturation. Bar = 60
um. Nucleus (N), Cortical alveoli (CA), Lipid vesicle (V), Vitelline granules (Yv).

| ; e .g s‘

Figure-12. Histological section showing the different stages of gonadal development in the blue
gourami male T. trichopterus: A) Mature non-reproductive fish. Bar = 170 pm. B) Mature non-
reproductive fish (note the concentration of spermatozoa in the middle of the lobule; see arrow) Bar
= 35 pum. C) Mature reproductive after spawning. Bar = 170 um. D) Mature reproductive after
spawning (note the decrease in the quantity of the spermatozoa in the center of the lobule of
reproductive fish when compared to non-reproductive fish; see arrow) Bar = 35 pm.
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4. DISCUSSION

Blue gourami belongs to the Perciformes order. A comparison of the deduced amino acid
sequence of bgGH clearly shows sequence and the expression in male and female gonadal
development [9, 10]. In the present study, we examined the GH and IGF-1 of mMRNA levels in blue
gourami (Trichogaster trichopterus) males and females at different temperatures of 23°C, 27°C and
31°C.

Goldberg et al. [9] described the changes in GH expression during the different ovarian stages,
and Degani et al. [10] studied the levels of GH mRNA in immature, vitellogenic and mature males
during growth and reproduction. In the present study, the temperatures are not affected by
spermatogenesis and oogensis. The various temperatures are not affected dramatically by oogenesis
or spermatogenesis, or by the expression of GH and IGF-1 of mMRNA levels. These results are in
agreement with previous studies. GH expression was high in juveniles and in mature fish found at
the stages of late vitellogenesis and final oocyte maturation (FOM). Only maturing females found
in early vitellogenesis (endogenous vitellogenesis) showed a significantly lower GH mRNA level.
Recent studies on GH functions have confirmed other physiological effects, in addition to the well-
established growth-promoting effects. Among these effects, the participation of GH in reproduction
has been studied in several teleosts using different approaches, including gene expression [9] and
Degani et al. [31] [10, 32]. GH mRNA was detected shortly after hatching in Sparus aurata [21]
and Oncorhynchus mykiss [22] before the organogenesis of the pituitary. In adult animals, GH
mRNA was detected outside the pituitary gland in several sites, including the ovary [22]. In our
study, high GH mRNA levels were detected in the pituitaries of juveniles (immature fish that are
still growing) and full-grown mature fish. These results contrast those described during rainbow
trout oogenesis, where significantly higher levels of GH mRNA were found at the stages of
exogenous vitellogenesis and post-ovulation, and not in juveniles and fish found at final oocyte
maturation [23]. The expression of GH family genes is enhanced in homing chum salmon [33]. The
higher levels of GH mRNA in salmonids during the last stages of oogenesis can be related to
metabolic (decrease in eating) and osmoregulatory changes, rather than to direct effects on gonadal
development.

At the pituitary level, GH-producing cells showed an increase in secretory activity during
vitellogenesis [34]. In blue gourami, the occurrence of high GH mRNA levels during the different
stages of the gonadal cycle is probably related to a direct influence of this hormone on
reproduction, since metabolic and osmoregulatory changes do not occur during this period.

Several studies have suggested that GH may play a role in female gonadal development. A
positive correlation between GH concentration and female gonadal development was described by
several investigators [34-36]. GH can influence gonadal development by promoting the production
of steroids [37]. In the present study, no great variation was observed in gonad stages and nor a
high variation in mRNA affected by temperature. It seems that in tropical fish living in a relatively
narrow temperature variation, the effect of temperature on mature fish and GH and IGF-I, which
are involved in oogensis and spermatogenesis, is low as was found in the present study.

To date, absolute mRNA levels are available only for coho salmon IGF-I in liver and in some
extra-hepatic tissues [38], and for IGF-1 and IGF-II in rainbow trout liver [39]. Thus, limited
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conclusions can be drawn regarding species diversities (or similarities) that would simplify
comparisons. The IGF-I mRNA level was discovered to differ among the various tissues of Russian
sturgeon. In this investigation, the highest level of IGF-1 mRNA expression was detected in the
kidney [40]. The IGF-I mRNA expression levels of the kidney, pituitary, and intestine differed
from those of other tissues. In the present study, different mRNA levels were found in various
tissues but they were not significantly affected by temperature. It is well known that GH has an
effect on IGF-1 in fish [41], but it seems that its MRNA is expressed at different levels, as has been
described in other fish.

In conclusion, the findings demonstrate that the GH and IGF-I mRNA levels are not
significantly affected by temperature, but the mean level differed. | hypothesize that if further study
will be carried out with more replication, the difference in the high expression of IGF-1 at a
temperature 27°C might be significant. The expression of mMRNA GH differed for males and
females, and the difference is not significantly affected by high variations. IGF-I mRNA expression
varied from tissue to tissue.

REFERENCES

[1] M. Montero, L. Yon, S. Kikuyama, S. Dufour, and H. Vaudry, "Molecular evolution of the growth
hormone-releasing hormone/pituitary adenylate cyclase-activating polypeptide gene family. Functional
implication in the regulation of growth hormone secretion,” J. Mol. Endocrinol., Vol. 25, pp. 157-168,
2000.

[2] K. Tamura, J. Dudley, M. Nei, and S. Kumar, "MEGA4: Molecular evolutionary genetics analysis
(MEGA) software version 4.0," Molecular Biology and Evolution 10.1093/molbev/imsm092, 2007.

[3] M. L. Goth, C. E. Lyons, B. J. Canny, and M. O. Thorner, "Pituitary adenylate cyclase activating
polypeptide, growth hormone (GH)-releasing peptide and GH-releasing hormone stimulate GH release
through distinct pituitary receptors," Endocrinology, Vol. 130, pp. 939-944, 1992.

[4] A.O.Wong, W. S. Li, E. K. Lee, M. Y. Leung, L. Y. Tse, B. K. Chow, H. R. Lin, and J. P. Chang,
"Pituitary adenylate cyclase activating polypeptide as a novel hypophysiotropic factor in fish," Biochem
Cell Biol., VVol. 78, pp. 329-343, 2000.

[5] J.P.Chang, N. R. Wirachowsky, P. Kwong, and J. D. Johnson, "PACAP stimulation of gonadotropin-11
secretion in goldfish pituitary cells: Mechanisms of action and interaction with gonadotropin releasing
hormone signalling," J. Neuroendocrinol, Vol. 13, pp. 540-550, 2001.

[6] Z. Yaron, G. Gur, P. Melamed, H. Rosenfeld, B. Levavi-Sivan, and A. Elizur, "Regulation of
gonadotropin subunit genes in tilapia,” Comp Biochem Physiol B Biochem Mol Biol., Vol. 129, pp. 489-
502, 2001.

[7] G. Levy and G. Degani, "Involvement of GnRH, PACAP and PRP in the reproduction of blue gourami
females (Trichogaster Trichopterus)," Journal of Molecular Neuroscience: MN, Vol. 48, pp. 603-16,
2012.

[8] G. Degani, K. Jackson, and G. Goldberg, "Blue gourami b GTH-I, b GTH-1I and GH gene expression
affected by GnRH analog,” Comp Biochem Physiol A, Vol. 126, 2000.

424



[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Journal of Asian Scientific Research, 2014, 4(8): 413-427

D. Goldberg, K. Jackson, S. Yom-Din, and G. Degani, "Growth hormone of trichogaster trichopterus:
cDNA cloning, sequencing and analysis of mMRNA expression during oogenesis,” J. Aquacult. Tropics,
Vol. 19, pp. 215-229, 2004.

G. Degani, K. Jackson, S. Yom-Din, and D. Goldberg, "cDNA cloning and mRNA expression of growth
hormone in belontiidae (Anabantoidei Suborder),” Isr. J. Aquacult, Vol. 58, pp. 124-136, 2006.

H. D. Niall, M. L. Hogan, R. Sauer, I. Rosenblum, and F. C. Greenwood, "Sequences of pituitary and
placental lactogenic and growth hormones: Evolution from a primordial peptide by gene reduplication,”
Proc. Natl Acad Sci. U S A, VVol. 68, pp. 866-870, 1971.

G. Degani, S. Yom-Din, D. Goldberg, and K. Jackson, "cDNA cloning of blue gourami (Trichogaster
Trichopterus) prolactin and its expression during the gonadal cycles of males and females,” J
Endocrinol Invest., Vol. 33, pp. 7-12, 2010.

C. S. Nicoll, S. S. Steiny, D. S. King, R. S. Nishioka, G. L. Mayer, N. L. Eberhardt, J. D. Baxter, M. K.
Yamanaka, J. A. Miller, and J. J. Seilnamer, "The primary structure of coho salmon growth hormone
and its cDNA," Gen Comp Endocrinol., Vol. 68, pp. 387-399, 1987.

A. Saito, S. Sekine, Y. Komatsu, M. Sato, T. Hirano, and S. Itoh, "Molecular cloning of eel growth
hormone cDNA and its expression in escherichia coli,” Gene., Vol. 73, pp. 545-551, 1988.

S. C. Chao, F. M. Pan, and W. C. Chang, "Purification of carp growth hormone and cloning of the
complementary DNA," Biochim Biophys Acta., VVol. 1007, pp. 233-236, 1989.

F. Rentier-Delrue, D. Swennen, J. C. Philippart, C. L'Hoir, M. Lion, O. Benrubi, and J. A. Martial,
"Tilapia growth hormone: Molecular cloning of cDNA and expression in escherichia coli,” DNA., Vol.
8, pp. 271-278, 1989.

B. Funkenstein, T. T. Chen, D. A. Powers, and B. Cavari, "Cloning and sequencing of the gilthead
seabream (Sparus Aurata) growth hormone-encoding cDNA," Gene., Vol. 103, pp. 243-247, 1991.

S. S. Mahmoud, M. M. Moloney, and H. R. Habibi, "Cloning and sequencing of the goldfish growth
hormone cDNA," Gen Comp Endocrinol., VVol. 101, pp. 139-144, 1996.

G. Degani, K. Jackson, D. Goldberg, R. Sarfati, and R. R. Avtalion, "BetaFSH, betaLH and growth
hormone gene expression in blue gourami (Trichogaster Trichopterus, Pallas 1770) during
spermatogenesis and male sexual behavior," Zoolog Sci., VVol. 20, pp. 737-743, 2003a.

J. Perez-Sanchez, "The involvement of growth hormone in growth regulation, energy homeostasis and
immune function in the gilthead sea bream (Sparus Aurata): A short review," Fish Physiol. Biochem.,
Vol. 22, pp. 135-144, 2000.

B. Funkenstein and I. Cohen, "Ontogeny of growth hormone protein and mRNA in the gilthead sea
bream sparus aurata," Growth Regul., Vol. 6, pp. 16-21, 1996.

B. Y. Yang, M. Greene, and T. T. Chen, "Early embryonic expression of the growth hormone family
protein genes in the developing rainbow trout, oncorhynchus mykiss," Mol Reprod Dev., Vol. 53, pp.
127-134, 1999.

J. M. Gomez, C. Weil, M. Ollitrault, P. Y. Le Bail, B. Breton, and F. Le Gac, "Growth hormone (GH)
and gonadotropin subunit gene expression and pituitary and plasma changes during spermatogenesis and
oogenesis in rainbow trout (Oncorhynchus Mykiss)," Gen Comp Endocrinol., Vol. 113, pp. 413-428,
1999.

425



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Journal of Asian Scientific Research, 2014, 4(8): 413-427

G. Levy, K. Jackson, and G. Degani, "Association between pituitary adenylate cyclase-activating
polypeptide and reproduction in the blue gourami,” Gen Comp Endocrinol, Vol. 166, pp. 83-93, 2010.
G. Levy and G. Degani, "Evidence of a reproduction-related function for pituitary adenylate cyclase-
activating polypeptide-related peptide in an anabantidae fish," J. Mol. Endocrinol., VVol. 46, pp. 101-110,
2011.

G. Levy and G. Degani, "The role of brain peptides in the reproduction of blue gourami males
(Trichogaster Trichopterus),” J. Exp. Zool A Ecol Genet Physiol., Vol. 319, pp. 461-470, 2013.

D. David and G. Degani, "Temperature affects brain and pituitary gene expression related to
reproduction and growth in the male blue gouramis, Trichogaster trichopterus " J Exp Zool A Ecol Genet
Physiol., VVol. 315, pp. 203-214, 2011.

G. Levy, D. David, and G. Degani, "Effect of environmental temperature on growth- and reproduction-
related hormones gene expression in the female blue gourami (Trichogaster Trichopterus),” Comp
Biochem Physiol A Mol Integr Physiol., VVol. 160, pp. 381-389, 2011.

K. Jackson, M. Abraham, and G. Degani, "Oocyte maturation triggered by the presence of male in the
blue gourami (Trichogaster Trichopterus),” J. Morphol., Vol. 220, pp. 1-9, 1994.

P. Y. Muller, H. Janovjak, A. R. Miserez, and Z. Dobbie, "Processing of gene expression data generated
by quantitative real-time RT-PCR," Biotechniques, Vol. 32, pp. 1372-1374, 1376, 1378-1379, 2002.

G. Degani, K. Jackson, D. Goldberg, R. Sarfati, and R. R. Avtalion, "BetaFSH, betaLH and growth
hormone gene expression in blue gourami (Trichogaster Trichopterus, Pallas 1770) during
spermatogenesis and male sexual behavior," Zoolog Sci., VVol. 20, pp. 737-743, 2003b.

G. Degani, I. Tzchori, S. Yom-Din, D. Goldberg, and K. Jackson, "Growth differences and growth
hormone expression in male and female European eels [Anguilla Anguilla (L.)]," Gen Comp Endocrinol,
Vol. 134, pp. 88-93, 2003c.

S. Taniyama, T. Kitahashi, H. Ando, M. Ban, H. Ueda, and A. Urano, "Changes in the levels of mMRNAs
for GH/prolactin/somatolactin family and Pit-1/GHF-1 in the pituitaries of pre-spawning chum salmon,"
J. Mol. Endocrinol., Vol. 23, pp. 189-198, 1999.

G. Young and J. N. Ball, "Ultrastructural changes in the adenohypophysis during the ovarian cycle of
the viviparous teleost poecilia latipinna. I1l. The growth hormone, adrenocorticotrophic, and prolactin
cells and the pars intermedia," Gen Comp Endocrinol., Vol. 52, pp. 86-101, 1983.

N. E. Stacey, D. S. MacKenzie, T. A. Marchant, A. L. Kyle, and R. E. Peter, "Endocrine changes during
natural spawning in the white sucker, catostomus commersoni. I. Gonadotropin, growth hormone, and
thyroid hormones," Gen Comp Endocrinol., Vol. 56, pp. 333-348, 1984.

A. C. Holloway, M. A. Sheridan, G. Van Der Kraak, and J. F. Leatherland, "Correlations of plasma
growth hormone with somatostatin, gonadal steroid hormones and thyroid hormones in rainbow trout
during sexual recrudescence,” Comp Biochem Physiol B Biochem Mol Biol., Vol. 123, pp. 251-260,
1999.

G. Van Der Kraak and N. W. Pankhurst, Temperature effects on the reproductive performance of fish.
In: Global warming: Implications for freshwater and marine fish: Cambridge Shimizu 2003, 1997.

I. C. Dunn, Y. Chen, C. Hook, P. J. Sharp, and H. M. Sang, "Characterization of the chicken
preprogonadotrophin-releasing hormone-I gene," J. Mol. Endocrinol., Vol. 11, pp. 19-29, 1993.

426



[39]

[40]

[41]

Journal of Asian Scientific Research, 2014, 4(8): 413-427

J. C. Gabillard, H. Duval, C. Cauty, P. Y. Rescan, C. Weil, and P. Y. Le Bail, "Differential expression of
the two GH genes during embryonic development of rainbow trout oncorhynchus mykiss in relation
with the IGFs system,” Mol Reprod Dev., Vol. 64, pp. 32-40, 2003.

S. Yom Din, A. Hurvitz, D. Goldberg, K. Jackson, B. Levavi-Sivan, and G. Degani, "Cloning of Russian
sturgeon (Acipenser Gueldenstaedtii) growth hormone and insulin-like growth factor | and their
expression in male and female fish during the first period of growth,” J. Endocrinol Invest., VVol. 31, pp.
201-210, 2008.

M. J. Shamblott, C. M. Cheng, D. Bolt, and T. T. Chen, "Appearance of insulin-like growth factor
mRNA in the liver and pyloric ceca of a teleost in response to exogenous growth hormone,” Proc. Natl.
Acad. Sci. U S A, Vol. 92, pp. 6943-6946, 1995.

427



