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measurement of growth hormone in gilthead sea bream (Sparus aurata) and other sparid fish. Can. J. Zool. 71:
1500—1505.

The development of a homologous radioimmunoassay (RIA) for gilthead sea bream growth hormone (sbGH) is described.
RIA sensitivity was 0.4 ng/mL, and EDs, was 1.74 £+ 0.05 ng/mL. Intra- and inter-assay coefficients of variation were 3.4
and 8.8%, respectively, at EDy, levels. Mammalian growth hormones (GH), carp gonadotropin, chinook salmon gonado-
tropin, ovine porlactin, and recombinant tilapia prolactin did not show cross-reactivity. Serial dilutions of recombinant trout
GH indicated a low but significant cross-reactivity. The displacement curves for plasma and pituitary homogenates from
sparid fish (gilthead sea bream, blacktail, white sea bream, Couch’s sea bream, and marmor-brassen) were parallel to that
of the sbGH standard. Pituitary homogenates from other perciform fish tested (gaper, grey mullet, red mullet, and sea pike)
also showed parallel slopes of inhibition. Pituitary homogenates from common sole, sea scorpion, forked hake, goldfish,
rainbow trout, and European eel showed low or negligible cross-reactivity. These results suggest that the GHs of perciform
fish have a number of similarities in structure. RIA of sea bream GH can be used to quantify the GH of sparid fish and perci-
form fish, provided a validation has been carried out.

LE BaiL, P-Y., Mouror, B., ZoHAR, Y., et PEREZ-SANCHEZ, J. 1993. Application of a sensitive radioimmunoassay for the
measurement of growth hormone in gilthead sea bream (Sparus aurata) and other sparid fish. Can. J. Zool. 71 :
1500—1505.

Ce travail décrit la mise au point d’un dosage radio-immunologique (RIA) de ’hormone de croissance de la Daurade
(sbGH). La sensibilité du dosage est de 0,4 ng/mL avec une EDsy, de 1,74 + 0,05 ng/mL. Les coefficients de variation
intra- et inter-dosages sont respectivement de 3,4 et 8,8% a la dose de 1,7 ng/mL. Ni les hormones de croissance (GH) de
mammiferes, ni les gonadotrophines de la Carpe ou du Saumon chinook, ni la prolactine ovine, ni celle du Tilapia ne provo-
quent de réaction croisée. Les courbes de déplacement obtenues a partir de dilutions sériées de plasma et d’homogénats
d’hypophyses de Sparidés (Daurade, Oblade, Sar commun, Pagre, Marbré) sont paralleles a la courbe standard (sbGH). Les
homogénats hypophysaires des autres especes de Perciformes (Serran chevrette, Mulet a grosse téte, Rouget de roche,
Brochet de mer) produisent aussi des courbes de déplacement paralleles a la courbe standard. Par contre, les homogénats
hypophysaires de la Sole, de la Rascasse rouge, de la Mostelle de roche, du Poisson rouge, de la Truite arc-en-ciel et de
I’ Anguille européenne, présentent peu ou ne présentent pas de réactivité croisée en fonction du dosage. Ces résultats semblent
indiquer que les GH des Perciformes ont de nombreuses similarités de structure. Le dosage RIA de la GH de la Daurade
peut donc étre utilisé pour quantifier la GH des autres espéces de Sparidés, voire pour quantifier la GH des autres Perciformes
si 1’on prend soin de le valider pour chaque nouvelle espece €rudiée.

Introduction

It has been well established that growth hormone (GH) iso-
lated from a variety of species is growth promoting in teleost
fish (see Donaldson et al. 1979). Available evidence supports
* the idea that GH can also be involved in seawater adaptability
(Sakamoto et al. 1993), thyroxine conversion (De Luze and
LeLoup 1984; MacLatchy and Eales 1990), corticotropin
activity (Young 1988), and gonadal growth (Le Gac et al.
1993). Furthermore, it is likely that GH interacts with the
immune system, e.g., enhancing. the respiratory burst of
macrophages and the responsiveness of lymphocytes to mito-
gens, as has already been demonstrated in mammals (see
Kelley 1989). Nevertheless, the mode of GH action and the
nature of the mechanisms controlling its secretion have not
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been fully investigated, mainly because of a scarcity of suit-
able fish GH assays.

Homologous radioimmunoassays (RIA) for measuring cir-
culating and pituitary GH levels in tilapia (Farmer et al. 1976),
carp (Cook et al. 1983), eel (Kishida and Hirano 1988), and
salmonids (Bolton et al. 1986; Wagner and McKeown 1986;
Le Bail et al. 1991) are available. A suitable enzyme immuno-
assay for oncorhynchid GH has also been developed as an
alternative to conventional RIA (Farbridge and Leatherland
1991). Yet these immunoassays did ;not appear to be suitable
for obtaining valid measures of immunoreactive GH in other
groups of fishes owing to immunological diversity of GHs
within the superorder Teleostei (Kawauchi et al. 1990).

The sparid family is of increasing interest for aquaculture in
most parts of the world. Moreover, these hermaphroditic fish
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Fic. 1. Light micrographs of a sagittal section of the pituitary gland from a sexually mature male gilthead sea bream. (A) Panoramic view
showing immunocytochemical staining of GH cells in the proximal pars distalis (PPD). Scale bar = 100 um. Note the absence of immunostain-
ing in the rostral pars distalis (RPD) and pars intermedia (PI). (B and C) Detail of stained secretory cells. Scale bars = 20 um.

constitute an original model for investigating the mechanisms
involved in sexual dimorphism of growth. The present paper
describes the development of a highly sensitive RIA for measur-
ing plasma and pituitary GH levels in gilthead sea bream
(Sparus aurata) and sparid fish in general. The hormone used
to raise antiserum and to provide a standard RIA was a gilt-
head sea bream GH (sbGH) purified from pituitary extracts
(G. Pagelson, Y. Zohar, and P.-Y. Le Bail, unpublished data)
according to the isolation procedure used for chinook salmon
GH (sGH) (Le Bail et al. 1989). The SDS—PAGE electro-
phoretic characterization of sbGH revealed one major band
corresponding to the monomeric form of sGH, which was
recognized specifically by anti-chinook salmon growth hor-
mone antibody in immunoblots.

Materials and methods

Preparation of antisera

Anti-sbGH was obtained from New Zealand white rabbits injected
intradermally with 100 ug of sbGH every 2 weeks for 4 months; the
sbGH was dissolved in 20 gL of 10 mM NaOH diluted to 0.5 mL with
0.9% NaCl, and then emulsified with 0.5 mL of complete Freund’s
adjuvant. ‘

Immunocytochemistry

Pituitaries were collected from gilthead sea bream 2+ years old.
GH-producing cells were stained immunocytochemically by means of
the unlabelled peroxidase—antiperoxidase method (Quesada et al.
1988), using the above-mentioned anti-sbGH serum diluted 1:2000.
Adjacent sections were stained using the Cleveland Ricker Wolfe
method to visualize acidophilic cells.
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FiG. 2. Dose — response inhibition curves for gilthead sea bream
GH (sbGH), recombinant trout GH (rtGH), human GH - (hGH),
bovine GH (bGH), ovine GH (0GH), ovine prolactin (o0PRL), recom-
binant tilapia PRL (rtiPRL), carp GtH (¢GtH), and chinook salmon
GtH (sGtH). Each data point represents the mean + SE of quadrupli-
cate determinations.

lodination

sbGH was iodinated according to the method used for sGH (Le Bail
et al. 1991). Unreacted iodide was separated from the labelled hor-
mone by gel filtration on an AcA 54 column (60 X 1 cm) previously
saturated with 20 mM Tris—HCI buffer (pH 7.5) containing 0.05%
NaN; and 0.5% bovine serum albumin (BSA). The amount of radio-
activity bound by sbGH antibody was high and relatively constant
(90—-95%) in all 15-drop fractions of shGH peak. Therefore, subse-
quent separations of the iodide mixture were performed in a more
simple and useful Sephadex G-25 column (PDI10, Pharmacia).
Specific activity (radioactivity/protein content) oscillated around
70 uCi/pg (1 Ci = 37 GBq). '¥I-sbGH was stable for about 2
months when stored in glycerol (1:1) at —20°C.

Source of hormones

Human GH (hGH}, ovine GH (0GH), bovine GH (bGH), and ovine '

prolactin (oPRL) were supplied by the National Institutes of Health,
Bethesda, Maryland. Chinook salmon gonadotropin (sGtH) and carp
gonadotropin (cGtH) were generously provided by Dr. B. Breton
(I’Institut National de la Recherche Agronomique, Rennes, France).
Recombinant tilapia prolactin-I (rtiPRL) and recombinant trout GH
(rtGH) were generously supplied by Dr. F. Rentier-Delrue and Dr. J.
Smal, respectively (Eurogentec, Liege, Belgium). »

Source of plasma and pituitaries

Black-tail (Oblada melanura), white sea bream (Diplodus sargus),
Couch’s sea bream (Pagrus pagrus), marmor-brassen (Lithognatus
mormyrus), gaper (Serranus cabrilla), red mullet (Mullus surmule-
tus), grey mullet (Mugil cephalus), sea pike (Sphyraena sphyraena),
sea scorpion (Scorpaena scrofa), common sole (Solea vulgaris), and
forked hake (Phycis phycis) were captured in the Spanish Levant
Coast. Approximately 6—7 h following capture, pituitaries were
removed and homogenized in the RIA assay buffer. The homogenates
were centrifuged at 2000 X g for 10 min at 4°C, and the supernatant
was kept frozen at —20°C until assayed. Blood was taken from the
caudal vessels, and plasma was immediately removed by centrifuga-
tion at 3000 x g for 30 min at 4°C and kept frozen until assayed.
Blood and pituitaries from gilthead sea bream, goldfish (Carassius
auratus), rainbow trout, and European eel (Anguilia anguilla) were
obtained from fish reared in our facilities, using the same procedures.

RIA procedure
RIA was performed using a double-antibody method under dis-
equilibrium conditions as previously described for sGH RIA (Le Bail

et al. 1991). Plasma and pituitary homogenates were diluted in
50 mM Tris—HCI assay buffer (pH 7.5) containing 10 mM MgCl,
(H,0), 0.05% NaN,, 0.1% Triton X-100, and 1% BSA. One
hundred millilitres of rabbit anti-sbGH serum (diluted 1 : 20 000 in
assay buffer containing 0.5% normal rabbit serum) was added to
100-pL volumes of standard and unknown samples. After 24 h incu-
bation at room temperature, 100 puL of labelled sbGH (12000 —
15000 cpm) was added to each tube and incubation continued for
24 h. Precipitation of the antibody-bound hormone was made by
adding 100 pL of diluted (1:5) serum of sheep anti-rabbit gamma
globulin in 25 mM Tris—HCI buffer (pH 7.5) containing 5 mM
MgCl,, 0.025% NaN;, and 7.5% polyethylene glycol. Incubation
was prolonged to 24 h at room temperature, then the tubes were cen-
trifuged for 45 min at 3000 X g, the supernatant was decanted, and
the radioactivity in the bound fraction was determined in a Packard
gamma counter. Nonspecific binding was up to 3% of total radio-
activity added to each tube. Plasma components did not cause any
appreciable effect on nonspecific binding. The radioactivity specifi-
cally bound by the antibody in the absence of unlabelled sbGH
(By/T) ranged between 25 and 30% of '2’I-sbGH added.

Statistics _

B/B, values (the radioactivity bound in the presence of various
amounts of cold sbGH expressed as a percentage of the radioactivity
specifically bound in the absence.of unlabelled sbGH) derived from
serial dilutions of hormones, plasma, and pituitary homogenates were
converted to logits; the slopes were calculated for each set of points
and then compared with the sbGH standard curve by analysis of
covariance. The slopes were considered to be significantly different
if p < 0.05.

Results

Figure 1 shows a sagittal section of a gilthead sea bream
pituitary stained with the antiserum used in the RIA. The anti-
serum immunostained only acidophilic cells of the proximal
pars distalis, which were found isolated in clusters and all
around the pars nervosa branches. No staining was seen in the
pars intermedia or in the rostral pars distalis.

Figure 2 shows that ¢cGtH, sGtH, oPRL, rtiPRL, oGH, bGH,
and hGH preparations did not cross-react in our sbGH RIA. A
significant displacement was observed with serial dilutions of
rtGH, but only at concentrations 500-fold those of sbGH. The
midrange of the RIA (EDs), calculated as the amount of sbGH
that binds 50% of B,, was 1.74 + 0.05 ng/mL (mean +
SEM, n = 6). The sensitivity of the assay, defined as the
smallest amount of antigen distinguished with a 99% probabil-
ity from the zero dose (By), was 0.4 ng/mL (40 pg per assay
tube). The intra-assay coefficients of variation (CV) for three
plasma samples (2.81, 1.4, and 0.7 ng/mL) assayed four times
in a single assay were 2.01, 3.3, and 3.56 %, respectively. The
corresponding interassay CVs, determined in three separate
assays, were 4.22, 8.82, and 11.6%, respectively. The slope
of the regression line (recovered versus added) of sbGH added
to 50 uL of gilthead sea bream plasma with low immunoreac-
tivity was 1.06 (r* = 0.998) (data not shown).

Figure 3 illustrates the displacement curves for serial dilu-
tions of brain and pituitaries. Brain homogenates from gilthead
sea bream did not cross-react in the sbGHRIA. Pituitary
homogenates from sparid fish, including gilthead sea bream,
blacktail, white sea bream, Couch’s sea bream, and marmor-
brassen, gave inhibition slopes that were not significantly
different from the sbGH standard. Pituitary homogenates from
other perciform fish (gaper, red mullet, grey mullet, and sea
pike) also caused a parallel displacement. Pituitary homogen-
ates from common sole (order Pleuronectiformes), sea scorpion
(order Scorpaeniformes), and forked hake (order Gadiformes)
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FiG. 3. Dose — response inhibition curves for gilthead sea bream
GH (sbGH) and serial diluticns of brain and pituitaries obtained from
sparid (A) and nonsparid fish (B, C). Initial dilution of brain and
pituitary homogenate: brain and pituitaries from 1 kg of body mass
suspended in 1 mL of assay buffer. Data points represent the mean +
SEM of quadruplicate determinations.

produced a significant but nonparallel displacement of the anti-
body-bound labelled sbGH. European eel (order Anguilli-
formes), trout (order Salmoniformes), and goldfish (order
Cypriniformes) pituitary homogenates did not cross-react in
the assay system.

Figure 4 shows that a parallel displacement occurred with
gilthead sea bream, blacktail, white sea bream, and Couch’s
sea bream plasma. Parallel displacement was also observed
with red mullet and grey mullet plasma, whereas no significant
cross-reaction occurred with European eel, trout, goldfish,
and common sole plasma.

Discussion

The RIA developed in the present study appears to be valid
for measuring immunoreactive GH in gilthead sea bream and
sparid fish in general. Plasma and pituitary homogenates from
five sparid species (gilthead sea bream, blacktail, white sea
bream, Couch’s sea bream, and marmor-brassen) showed
parallel slopes of inhibition and similar potency in the RIA.
Using By/T ranging between 25 and 30%, the assay was sensi-
tive enough to measure immunoreactive GH in as little as
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FiG. 4. Dose — response inhibition curves for gilthead sea bream
GH (sbGH) and serial dilutions of plasma from sparid (A) and non-
sparid fish (B). Data points represent the mean + SE of duplicate or
triplicate determinations.

210 puL gilthead sea bream plasma. The EDsj (1.5—2.0 ng/
mL) was comparable to that measured for tilapia (Farmer
et al. 1976), eel (Kishida and Hirano 1988), and chinook
salmon (Le Bail et al. 1991) GHRIAs, and markedly lower
than the value reported for carp (Cook et al. 1983) and chum
salmon (Bolton et al. 1986; Wagner and McKeown 1986)
assays. Furthermore, the precision of the assay was reason-
ably consistent when intra- and inter-assay CVs are con-
sidered.

Recovery studies suggest that plasma components did not
affect the sbGH RIA results. This contrasts with the recog-
nized interference of plasma GH-binding proteins (GH-BPs) in
GH radioreceptor assays (RRA) (Mannor et al. 1988). The
occurrence of GH-BPs remains unclear in fish species, though
Niu (1991) has recently found that trout serum proteins bind
humans GHs but not salmonid GH. In any case, the binding
affinities of GH-BPs appear to be lower than that of GH RIA
antibodies (Baumann et al. 1986; Baumann and Shaw 1990).
Therefore, any GH associated with GH-BPs will tend to disso-
ciate and combine with their antibodies during RIA incuba-
tion, providing suitable immunoassay measures (Jan et al.
1991). '

Pituitary hormones from sparid fish are not currently avail-
able for testing in GH assays. Yet it is of considerable signifi-
cance that sbGH RIA did not cross-react with oPRL, rtiPRL,
c¢GtH, sGtH, nor with oGH, bGH, or hGH. A low but signifi-
cant cross-reactivity was indicated with rtGH, in a similar way
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FiGc. 5. Diagrammatic representation of sbGH RIA cross-reactivity within the superorder Teleostei.

to that reported for sbGH in an sGH RIA (Le Bail et al. 1991).
Conversely, sbGH and sGH have a similar potency to compete
for liver GH-binding sites in a trout GHRRA (Yao et al.
1991), as reported for eel and salmonid GHs in an eel GH RRA
(Hirano 1991). These results suggest that the receptor binding
site of GH is more conserved than the other regions of the
molecule.

Sparid GHs (Momota et al. 1988a; Funkenstein et al. 1991)
most resemble (85%) the GHs of the yellowtail (Watakiki
et al. 1988), tuna (Sato et al. 1988), bonito (Noso et al. 1988),
and tilapia (Yamaguchi et al. 1991), which are in the order
Perciformes. The sequence identity diminished to 65 % with GHs
from Japanese flounder (order Pleuronectiformes) (Momota
et al. 1988b) and salmonid fish (order Salmoniformes) (Agel-
lon and Chen 1986; Kawauchi et al. 1986; Nicoll et al. 1987).
Moreover, the homology of sparid GHs with Japanese eel
(order Anguilliformes) GH is as low (40%) as with GHs from
species in other vertebrate classes (Saito et al. 1988; Yamaguchi
et al. 1987). This may explain why cross-reactivity with eel
and tilapia pituitary homogenates is negligible in salmonid
GH RIAs (Bolton et al. 1986, Le Bail et al. 1991). Kishida and
Hirano (1988) also showed that the cross-reactivity of tilapia
and salmonid pituitary homogenates is insignificant in eel

GH RIAs. Similarly, we observed that the cross-reactivity of
pituitary homogenates from eel and goldfish is not appreciable
in the sbGH RIA. However, pituitary homogenates from com-
mon sole (order Pleuronectiformes), sea scorpion (order Scor-
paeniformes), and forked hake (order Gadiformes) caused
significant cross-reactivity. Moreover, parallel slopes of inhibi-
tion were found with gaper, grey mullet, red mullet, and sea
pike, which, with sparid fish, are in the order Perciformes.
Thus, a cross-reactivity pattern in accordance with taxonomic
classification (see Nadal 1987) emerges from our results
(Fig. 5). All this, together with the observation that immuno-
stained pituitary cells are similar in location and structural
appearance to putative gilthead sea bream GH cells,” pre-
viously characterized by Quesada et al. (1988) using tilapia-
GH antiserum, supports the view that our RIA is specific for
sbGH, and the cross-reactivity of sbGH antiserum with other
pituitary hormones is, at most, of a minor nature.

In conclusion, these findings suggest that the present RIA is
suitable for the measurement of pituitary and circulating GH
levels in gilthead sea bream and sparid fish in general and
could be extended to other perciform fish provided a valida-
tion has been carried out. Its use will facilitate future research
on the physiological action of GH in these marine fish.
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