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Abstract

Two gonadotropin releasing hormones (GnRHs) were identified in the African catfish: chicken GnRH-II
(cGnRH-II) and catfish GnRH (cfGnRH). Immunological screening of HPLC fractions from pituitary
extracts indicated a third GnRH which co-eluted with lamprey GnRH-III. However, mass determination
and amino acid sequencing identified this material as isotocin. This underlines the risk of “identifying”
multiple forms of GnRH in tissue extracts on the basis of immunoreactivity in HPLC fractions. In vivo and
in vitro studies demonstrated that cGnRH-II is an over 100-fold more potent gonadotropin (GTH)
secretagogue than cfGnRH. This correlates with the respective receptor affinities. The presence of both
GnRHs in the pituitary gland suggests that they may modulate each other’s GTH release activity. Sub-
threshold or low doses of cGnRH-II partly inhibited cfGnRH-induced GTH II secretion. Conversely,
combinations of sub-threshold or low doses of cfGnRH with effective doses of cGnRH-II led to increases
in GTH II levels similar to those induced by cGnRH-II alone. Combinations of submaximally effective
dose of the 2 peptides resulted in additive effects. Hence, both GnRHs participate in the regulation of GTH
II release, and their relative concentrations may determine the overall effect. Immunocytochemistry, using
anti-bodies against the respective recombinant GnRH associated peptides (GAPs), as well as in situ hy-
bridization showed that cfGnRH neurones are scattered in the ventral forebrain and project into the pitui-
tary gland, while cGnRH-II neurones are confined to the midbrain tegmentum and without projections to
the pituitary gland. Transfection experiments with GnRH receptor cDNA shows ligand activation charac-
teristics similar to those of the native GnRH-R. Autoradiographic studies and hormone release studies
indicate that GnRH-Rs in the African catfish pituitary gland are restricted to the gonadotrophs.
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Introduction

Nine members of the gonadotropin-releasing hor-
mone peptide family have been characterized so
far (Powell et al. 1994). All GnRHs are decapep-
tides, showing conserved amino acids in positions
1, 2, 4, 9 and 10. At position 8, the highest vari-
ability is observed with 7 different amino acids,
while 2 or 3 different amino acids were found on
positions 3 and 5–7. Highly evolved placental
mammals seem to express a single form of GnRH

which can be present in 2 molecular variants
(Gautron et al. 1992), while 2 forms of GnRH
were found in metatherian species (King et al.
1990a). The presence of at least 2 different forms
of GnRH is a common feature for all sub-
mammalian vertebrates, including teleost fish
(Powell et al. 1994; Sherwood et al. 1993; Muske
1993).

Teleost fishes do not have a functional hypo-
thalamo-hypophyseal portal system. Instead,
GnRH nerve fibers terminate in the vicinity of the
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pituitary gonadotrophs (Muske 1993; Peter et al.
1990; Kah et al. 1993) and, as a consequence, the
GnRHs are present in brain, as well as in pituitary
extracts (Yu et al. 1988; King et al. 1990b). How-
ever, in a number of teleosts, one of the forms of
GnRH found in the brain is not detectable in the
pituitary gland (Powell et al. 1994; Somosa et al.
1994; Okuzawa et al. 1990; Amano et al. 1992). In
these fishes, chicken GnRH-II (cGnRH-II), which
is present in all teleosts studied so far (Powell et al.
1994; Sherwood et al. 1993), is restricted to the
brain. The differential distribution of the GnRHs
suggests different functions for the distinct pep-
tides. GnRH forms not localized in the pituitary
gland are most likely not directly involved in the
release of gonadotropin (GTH) and might function
as neurotransmitter and/or neuromodulator else-
where in the brain (Sherwood et al. 1993; Muske
1993; Kah et al. 1993; Peter et al. 1990).

In brain (Bogerd et al. 1992) and pituitary
(Schulz et al. 1993) extracts of the African catfish
(Clarias garipinus) two forms of GnRH have been
identified: chicken GnRH-II ([His5,Trp7,Tyr8]-
GnRH, cGnRH-II) and catfish GnRH ([His5m,
Asn8] GnRH, cfGnRH. The latter has been found
to date in the African and the Thai catfish (Clarias
macrocephalus) only (Bogerd et al. 1992; Ngam-
vongchon et al. 1992). Surprisingly, pituitary
extracts appeared to contain a third GnRH im-
munoreactive compound (Schulz et al. 1993).

A third GnRH-immunoreactive substance

To identify this compound, pituitary glands from
adult male and female African catfish were col-
lected in liquid nitrogen, powdered and extracted
as described previously (Sherwood et al. 1989).
The final aqueous phase was passed twice through
a Supelclean LC-18 cartridge (Supelco, Leusden,
The Netherlands), which was washed with 7.5 mM
TFA and eluted with 6 ml 80% acetonitrile in 7
mM TFA. The eluate was concentrated by lyophi-
lization and was applied to reverse phase HPLC.
Synthetic GnRHs (mammalian GnRH (mGnRH),
cfGnRH, chicken GnRH-I ([Gln8]GnRH, cGnRH-
I), cGnRH-II, lamprey GnRH-I ([Tyr3,Leu5,Glu6,
Trp7,Lys8]GnRH, lGnRH-I), lamprey GnRH-III
([His5,Asp6,Trp7,Lys8]GnRH, lGnRH-III), and
salmon GnRH ([Trp7,Leu8] GnRH, sGnRH)) and

synthetic isotocin were used as standards. Im-
munoscreening of the HPLC fractions was per-
formed using a cGnRH-II antiserum as described
previously (Schulz et al. 1993). Three peaks of
GnRH-immune reactive (ir) material were found,
with retention times similar to synthetic cfGnRH,
lGnRH-III and cGnRH-II, respectively. Fractions
containing the unidentified GnRH-ir material (the
ones that co-eluted with lGnRH-III) were re-
applied to HPLC for further purification. Amino
acid sequencing, by automated repetitive Edman
degradation yielded the sequence: [Cys]-Tyr-Ile-
Ser-Asn-[Cys]-Pro-Ile-Gly. This was supported
by mass determination of the peptide (Li et al.
1994), showing a protonated mass of 967.3 Da, as
compared to the calculated protonated mass of
967.15 Da. Furthermore, the isolated GnRH-ir
material was present in the fractions that coeluted
with synthetic isotocin. We conclude, therefore,
that the peptide is isotocin, with the sequence:
Cys-Tyr-Ile-Ser-Asn-Cys-Pro-Ile-Gly-amide.
Thus, in catfish pituitary extracts 3 peaks of
GnRH-ir material were detected, with HPLC re-
tention times similar to cfGnRH, isotocin, lGnRH-
III and cGnRH-II; only minor differences were
found between the sexes.

In brain extracts from males as well as females,
however, 4 peaks of GnRH-ir material were de-
tected. HPLC retention times corresponded to
cfGnRH, isotocin, lGnRH-III, cGnRH-I and
cGnRH-II. With another GnRH-antiserum, an ad-
ditional fifth peak was observed in brain extracts
from both sexes, which did not coelute with any of
the standards used. The ir material with cGnRH-I
corresponding retention time and the unknown
material have not been analyzed as yet.

The combination of HPLC and GnRH-RIA is
commonly used to trace new forms of GnRH. With
a GnRH antiserum, immunoreactive HPLC frac-
tions are detected, and after subsequent purifica-
tion the amino acid sequence of the new form is
determined. Using these techniques the primary
structures of 8 of the 9 GnRH forms were estab-
lished (King et al. 1982; Sherwood et al. 1983,
1986; Miyamoto et al. 1984; Lovejoy et al. 1992;
Ngamvongchon et al. 1992; Sower et al. 1993;
Bogerd et al. 1994; Powell et al. 1994). In several
cases, already known forms of GnRH have been
purified and sequenced to prove their presence in
a certain species (Lovejoy et al. 1991a,b, 1992;
Lescheid et al. 1995; Powell et al. 1995).
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In many species, purification and amino acid
sequencing were not performed following HPLC
fractionation and screening for GnRH-ir material.
Our experiences with 3 different GnRH antisera
(30-3, 34-3, and GF-4, Schulz et al. 1993) recog-
nizing isotocin, which co-elutes from HPLC with
lGnRH-III, exemplify the possibility of a false
identification of a substance as GnRH when rely-
ing solely on the elution time of GnRH-ir com-
pounds. Similarly, in lamprey (Petromyzon
marinus), isolation and characterization of a
GnRH-ir compound resulted in the identification
of somatostatin (Sower et al. 1993, 1994). Regard-
ing the two peaks of GnRH-ir in catfish brain ex-
tracts, we are therefore not optimistic to find addi-
tional GnRH forms.

Distribution and localization of catfish GnRHs

To investigate the distribution of cfGnRH and
cGnRH-II over the brain and pituitary, 20 male
and female catfish (6 months old) were decapi-
tated. Brain and pituitary tissue was snap-frozen
on dry ice separately and stored at –80 °C. Extrac-
tions were performed as described above. The
concentrated extracts were applied to HPLC and
eluted with an acetonitrile gradient of 10–80% in
7 mM TFA. Fractions (1 ml/min) were collected
and tested for GnRH, using two different GnRH
antisera: sGnRH antiserum 30-3 and cGnRH-II
antiserum 34-3.

Antiserum 30-3 which cross-reacts with several
GnRH forms binds 20% of 15,000 cmp of
[125I]cGnRH-II when diluted 1:11,000. The cross-
reactivity of antiserum 30-3 with cfGnRH was
measured by comparing the displacement of
[125I]cGnRH-II in incubations with increasing
amounts of cfGnRH (1 pg to 10 ng) and cGnRH-
II (5 pg to 5 ng). This resulted in 50% displace-
ment of [125I]cGnRH-II with 74 and 360 pg of
radioinert cGnRH-II and cfGnRH, respectively.
As we do not have a homologous cfGnRH RIA,
amounts of immunoreactive cfGnRH (ir cfGnRH)
in male and female brain and pituitary glands were
estimated in a heterologous RIA using antiserum
30-3 and [125I]cGnRH-II with a standard curve of
cfGnRH (10 pg to 10 ng). The displacement
curves for serially diluted cfGnRH-ir HPLC frac-
tions and the cfGnRH standard curve were paral-
lel.

Chicken GnRH-II was mainly located in the
brain, and very little was present in the pituitary
gland, whereas cfGnRH was mainly found in the
pituitary gland, and a relatively small amount was
present in the brain. In male fish, the brain con-
tained 625 pg of ir-cfGnRH and 3225 pg of
cGnRH-II, whereas the pituitary gland contained
12690 pg of ir-cfGnRH and 18 pg of cGnRH-II.
Thus, cGnRH-II is present in a 5-fold excess over
ir-cfGnRH in the male brain, whereas ir-cfGnRH
is present in a 700-fold excess over cGnRH-II in
the pituitary gland of males.

In female fish, the brain contains 525 pg of ir-
cfGnRH and 3600 pg of cGnRH-II, while the pi-
tuitary gland contains 6,380 pg of ir-GnRH and 9
pg of cGnRH-II. Thus, cGnRH-II is present in a 7-
fold excess over ir-cfGnRH in the female brain,
whereas ir-cfGnRH is present in a 750-fold excess
over cGnRH-II in the pituitary gland of females.
Thus, in the African catfish, more than 90% of the
total brain plus pituitary cfGnRH was present in
the pituitary gland, which suggests that cfGnRH is
mainly stored in the nerve endings close to the
pituitary gonadotrophs.

In goldfish (Carassius auratus), sGnRH and
cGnRH-II were present in brain and pituitary ex-
tracts; in juvenile fish, the pituitary contained
equal amounts of both GnRHs, whereas in the
adults, the pituitary sGnRH amounts were ap-
proximately 8-fold higher than those of cGnRH-II
(Rosenblum et al. 1994). In European eel (Anguil-
la anguilla), mGnRH and cGnRH-II were detected
in brain and pituitary extracts (King et al. 1990b).
However, cGnRH-II was undetectable in individu-
ally sampled pituitary glands of eel suggesting that
is present in very low amounts (Montero et al.
1995). Likewise, in rainbow trout (Oncorhynchus
mykiss) (Okuzawa et al. 1990) and in masu salmon
(Oncorhynchus masu) (Amano et al. 1992), where
sGnRH and cGnRH-II were found in the brain,
only sGnRH could be detected in single pituitary
glands. In sea bream (Sparus aurata), sGnRH,
cGnRH-II and sea bream GnRH ([Ser8]GnRH,
sbGnRH) were found in the brain (Powell et al.
1994). In the pituitary gland, cGnRH-II was
undetectable, whereas sbGnRH, assumed to be
responsible for GTH release, was present in a 500-
fold excess over sGnRH. Interestingly, in the sea
bream, sbGnRH is a less potent GTH secretagogue
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than sGnRH (Zohar et al. 1995). Similarly,
cfGnRH is less potent than cGnRH-II in the Afri-
can catfish (Schulz et al. 1993).

In the African catfish, the cDNAs encoding
prepro-cfGnRH and prepro-cGnRH-II have been
cloned and characterized (Bogerd et al. 1994).
This procedure allowed the localization of the
GnRHs by means of in situ hybridization. Moreo-
ver, the respective GnRH-associated peptides
(GAPs) were expressed in E. coli and used to raise
antibodies (Zandbergen et al. 1995). Cell bodies
expressing prepro-cfGnRH mRNA were found
scattered in 2 lines lateral to the midline of the
brain extending from the ventral telencephalon to
the caudal hypothalamus in the medial olfactory
tract, area ventralis telencephali pars ventralis, in
the area of the nucleus preopticus periventricu-
laris, in the area of the nucleus anterioris periven-
tricularis and in the medial basal hypothalamus.
Prepro-cGnRH-II mRNA expressing neurones
were restricted to the midbrain tegmentum in the
area of the fasciculus longitudinalis medialis. By
using the respective anti-GAPs in an immuno-
cytochemical study, the in situ hybridization re-
sults were completely confirmed. In addition, nu-
merous fibres from the cfGnRH neurones project
into the rostral pars distalis of the pituitary gland
where the gonadotrophs are situated. From the
chGnRH-II neurones in the midbrain tegmentum
only a few descending fibres were observed along
the border of the third ventricle but none were
found in the pituitary gland. Hence, the colo-
calization of cfGnRH and cGnRH-II observed in a
previous study using GnRH antisera (Schulz et al.
1993) may reflect a crossreaction of anti-cGnRH-
II with the locally high concentration of cfGnRH.
The apparent absence of cGnRH-II in fibres in the
pituitary gland opens the question as to what ex-
tent the two GnRHs in the catfish are involved in
the regulation of GTH II secretion. Both in vivo
and in vitro cGnRH-II and cfGnRH have been
shown to stimulate GTH II secretion. Calculating
the GnRH’s concentration on the basis of 5 mg
pituitary wet weight corresponding to 5 µl volume,
the concentration of cfGnRH and cGnRH-II are 2
µM and 3 nM, respectively. These concentrations
are similar to the ED50 concentrations observed for
cfGnRH-stimulated GTH II secretion of [Ca2+]i
increases in catfish gonadotrophs (Rebers et al.
1995). Hence, it appears reasonable to assume that

both cfGnRH and cGnRH-II are participating in
the regulation of GTH II in the African catfish.
Also, in other fish species, no cGnRH-II fibres
were detected in the pituitary gland, despite the
presence of cGnRH-II perikarya in the midbrain
tegmentum (Amano et al. 1991; Montero et al.
1994; Millar and King 1994). In goldfish, how-
ever, a tract between the cGnRH-II neurones and
the pituitary gland was found in tracer experi-
ments with Di-I (Anglade et al. 1993). It has been
suggested by Schulz et al. (1993) that in feral
catfish the role of cGnRH-II may be related to
gonadotropin surges, such as those associated with
ovulation and spawning. The present study was
carried out on laboratory bred animals in which
spontaneous ovulation does normally not occur.
This situation may be correlated, or even be
caused, by a low activity of the cGnRH-II synthe-
sis and transport system.

Interaction between two endogenous GnRHs

Chicken GnRH-II is about 160-fold more potent
than cfGnRH regarding GTH secretion or [Ca2+]i
increase (Rebers et al. 1995). A similar difference
in potency has recently been found in GnRH-
stimulated inositol phosphate production by gona-
dotrophs in vitro. The differences in GTH release
activity is well correlated with difference in
receptor affinities. The low affinity displayed by
cfGnRH, however, may be compensated for by its
large excess over cGnRH-II in the catfish pituitary
gland. The simultaneous presence of cfGnRH and
cGnRH-II in the pituitary gland of the African
catfish allows speculations on a mutual modula-
tion of the GnRH’s GTH II release activity, which
were tested experimentally. When clearly effec-
tive doses of cfGnRH were combined with sub-
threshold or slightly effective doses of cGnRH-II,
the effect of cfGnRH was markedly impaired.
Combinations of subthreshold or low doses of
cfGnRH with clearly effective doses of cGnRH-II,
however, induced a GTH II release similar to that
of cGnRH-II alone. Combinations of effective but
submaximal doses of both GnRHs resulted in a
higher GTH release than either of the peptides
induced separately. The modulating effects of the
two peptides on each other’s GTH release activity
is directly on the gonadotrophs since in vivo and in
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vitro results are essentially the same (Bosma et al.,
unpublished data). These data support the notion
that both cfGnRH and cGnRH-II participate in
regulating pituitary GTH II secretion in African
catfish, the overall effect depending on the relative
concentration of the two peptides in the vicinity of
the gonadotrophs.

GnRH receptors

In goldfish, it has been demonstrated that the en-
dogenous GnRHs (sGnRH and cGnRH-II) not
only induce the release of GTH II, but also of
growth hormone (GH) (Marchant et al. 1989) and
GnRH receptors have been shown to be present on
gonadotrophs as well as on somatotrophs. A
GnRH-stimulated release of GH was also recorded
in tilapia (Oreochromis hybrid) (Melamed et al.
1995) but not in rainbow trout (Blaise et al. 1995)
or in African catfish, where an autoradiographic
study showed that GnRH receptors are confined to
the pituitary cells immunoreactive for the GTH II
ß-subunit; moreover, cfGnRH as well as cGnRH-
II induced an increase of the [Ca2+]i in the gonado-
trophs, but not in the somatotrophs (Bosma et al.
1995). It is also interesting to note that goldfish
gonadotrophs and somatotrophs appear to carry
pharmacologically distinct GnRH receptors
(Murthy and Peter 1994).

In contrast to goldfish (Habibi et al. 1987), a
single class of GnRH receptors was characterized
by radio-receptor assays of the catfish pituitary
gland (De Leeuw et al. 1988). This receptor was
originally characterized as a high affinity receptor
type. However, more recent studies showed an
affinity towards the native cGnRH-II in the nM-
range, but the affinity towards cfGnRH is at least
100 fold lower (Schulz et al. 1993).

Recently, a cDNA encoding a putative GnRH
receptor was cloned from the pituitary of the
African catfish (Tensen et al. 1997). When the iso-
lated cDNA was transiently transfected in human
embryonic kidney cells (HEK 293), which were
then challenged with cfGnRH or cGnRH-II, both
peptides stimulated inositol phosphate production
in a dose-dependent manner, cGnRH-II again be-
ing about 100-fold more potent than cfGnRH.
Moreover, both peptides showed similar ED50
values as in primary culture of catfish gonado-

trophs. This pattern is in accordance with previous
results from in vivo and in vitro experiments on
GnRH-induced GTH II released and suggests a
single cognate GnRH receptor mediates the effects
of both cfGnRH and cGnRH-II.
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