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This study describes the development of a highly specific and very sensitive radioimmu- 
noassay for salmonid growth hormone. Antiserum raised against chinook (Oncorhynchus 
tshawytscha) GH2, which did not recognize “51-sPRL and “‘1-sGTH (at I:1000 initial 
dilution), was able to inhibit growth when injected into rainbow trout (Oncorhynchus 
mykiss). ‘“‘I-sGH2, used as tracer, was not recognized by anti-sGTH or by anti-sPRL. 
Mammalian GH and ACTH and salmonid GTH, TSH. and PRL did not cross-react in the 
sGH assay. The inhibition curves for pituitary extracts and plasma from salmonids were 
parallel to the salmon GH standard, whereas those from carp, tilapia. and catfish showed no 
significant cross reactivity. The RIA ED90 and ED50 values were 0.2 and 1.5 ngiml. re- 
spectively. Using this RIA for measuring GH release by cultured pituitary cell we observed 
a strong inhibiting effect of SRIF t IO-” M) and a stimulatory effect of hGRF t lOmh M). This 
RIA allowed us also to detect daily fluctuations in the plasma GH concentration in cannu- 
lated rainbow trout. u 1991 Academic Press. Inc. 

In teleosts, growth hormone (GH) exhib- 
its a pleiotropic action. It acts on growth 
(see Donaldson et al., 1979), sea water 
adaptability (Komourdjian et al., 1976; 
Clarke et al., 1977; Miwa and Inui, 1985; 
Bolton et al., 1987a; Bjornsson et al., 1987; 
Boeuf et al., 1990), the corticotrope axis 
(Young, 1988), and probably on reproduc- 
tion (Le Bail, 1988; Stacey et al., 1984; 
Singh et al., 1988). However, investigations 
on its control of secretion and its mode of 
action are only just starting, mainly be- 
cause specific immunoassays have only re- 
cently been developed. 

Heterologous radioimmunoassays (RIA) 
were first used to estimate plasma GH lev- 
els of teleosts (McKeown and Van Over- 
beeke, 1972; Peter et al., 1976) without 

’ To whom reprint requests should be addressed. 

complete validation (see Nicoll, 1975). It is 
now apparent that fish serum proteins can 
interfere with mammalian GH tracer (Niu 
et al., 1991) and thus produce an artefactual 
displacement. Recently, specific and sensi- 
tive GH RIAs were developed and used for 
measurement of serum and pituitary GH 
levels in carp (Cook et al., 1983) and eel 
(Kishida and Hirano, 1988). Two RIAs 
have also been developed for salmonid GH 
(Bolton et al., 1986; Wagner and Mc- 
Keown, 1986). Their sensitivities (ED50 
around 20 &ml) are equivalent to those of 
the carp GH RIA (Cook et al., 1983). 
whereas the eel GH RIA (Kishida and 
Hirano, 1988) is considerably more sensi- 
tive. These salmonid RIAs have been used 
to obtain new data about serum GH levels 
during salmon smoltification (Sweeting et 
al., 1985; Bolton et al., 1986; Prunet et al., 
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1989; Young et al., 1989), stunting (Bolton 
et al., 1987b, Bjiirnsson et al., 1988), and 
sustained exercise (Barrett and McKeown, 
1988). Monoclonal antibodies have also 
been used to develop an enzyme immuno- 
assay for salmon GH (Furuya et al., 1987) 
but its sensitivity is extremely low (ED50 
= 1000 &ml) and hence it cannot be used 
to measure circulating GH levels. 

In salmonids, two forms of GH are 
present which are probably the products of 
two separate genes (Sekine et al., 1989). 
These have been called sGH1 and sGH2, 
based on the order they elute from chro- 
matographic columns during purification. 
Using the chinook salmon GH purified in 
our laboratory (Le Bail ef al., 1989), we 
report in the present paper a radioimmuno- 
assay considerably more sensitive than 
those previously described. The develop- 
ment of this RIA has allowed us to acquire 
new data concerning the variation of serum 
GH concentrations in salmonid species 
(Pickering et al., 1991: Sumpter et ul., 
1991a,b). 

MATERIALS AND METHODS 

Characterisation of antiserum. The anti-chinook 
salmon GH (anti-sCH2). obtained from a rabbit (coded 
7302F). was generated against sGH2 as described ear- 
lier (Le Bail et a/., 1989). In viva characterisation of 
this antibody was done in 0+ rainbow trout (Onco- 
rhynchus mykiss) maintained at 12” under a simulated 
natural photoperiod at Rennes. Three groups of 10 
fish. distinguished by different Alcian blue spots, were 
maintained in the same tank (300 liters) and were fed 
ad libitum with commercial pellets (Aqualim) for the 
duration of the experiment (11 weeks). During the first 
6 weeks the fish were injected two times per week with 
0.9% NaCl normal rabbit serum or anti-chinook 
salmon GH (20 ~1 or 40 ~1). The fish were starved for 
two days before weighing. 

Iodination of SCH. Purified chinook salmon GH2 
(Le Bail et a/., 1989) was iodinated according to the 
chloramine-T method (Greenwood er al., 1963) modi- 
fied by Martal (1972). Five micrograms of sGH2 was 
dissolved in 5 ~1 phosphate buffer (300 mM. pH 7.5) 
and 500 pCi Na”jI in 5 )LI NaOH (IMS-30, Amersham) 
and 5 ~1 chloramine-T (80 kg/ml phosphate buffer) 
were then added. The reaction at 20” was stopped after 
90 set by the addition of 5 ~1 of sodium metabisulfite 

(80 kg/ml phosphate buffer). Free iodine was sepa- 
rated from the labelled hormone by gel filtration on 
Sephadex G-25 (PDIO column, Pharmacia) using 50 
mM Tris-HCI, 1% BSA, 0.5% NaN, (pH 7.5) buffer. 
Specific activity was estimated (about 80 &i/kg) from 
the rate of io,dine incorporation into GH. Labelled hor- 
mone was stored either at 4” or in 50% glycerol at 
- 20”. 

Radioimmunoa.ssay procedure. The RIA was per- 
formed using a double-antibody method under non- 
equilibrium conditions. Assay buffer was 50 mM Tris- 
HCI (pH 7.8). 1% BSA, 0.5%~ NaN,, 0.1% Triton X- 
100. Standard, plasma, and pituitary extracts were 
diluted in this buffer and assayed in duplicate in 100~~1 
volumes. 100 ~1 of anti-sGH, (diluted to 1:30,000 in 
buffer containing 0.25% normal rabbit serum) was 
added. After 24 hr at 20”. 100 ~1 of iodinated sGH 
(8000 to 10,000 cpm) was added and the incubation 
was continued for a further 24 hr. The method used for 
separation of antibody bound from free labelled GH 
depended on the nature of the unknown sample. For 
plasma samples. 100 pl of 1:5 sheep anti-rabbit 
y-globulin in distilled water was added. For pituitary 
extracts or culture medium, 200 p,I of I:20 sheep anti- 
rabbit y-globulin in 7.5% polyethylene glycol (PEG) 
was added. We used PEG precipitation for pituitary 
extracts and culture medium because this method of 
precipitation produces a larger, firmer pellet. How- 
ever. when used with plasma c:amples. PEG precipita- 
tion produces a higher nonspecific binding than sec- 
ond-antibody precipitation and, further. the nonspe- 
cific binding is variable, depending on the ma “e of the 
plasma (thiq is a consequence of the protein and lipid 
levels in plasma varying appreciably, especially during 
sexual maturation in females). After 24 hr. each tube 
received 3 ml of 10 mM Tris-HCI buffer (pH 7.8) and 
was centrifuged (4,OOOg) for 1 hr at 4”. The supernatant 
was decanted and the bound fraction was counted in 
an automatic gamma counter (Packard Multi-Prias 2). 
Nonspecific binding, obtained by substituting buffer 
containing normal rabbit serum for the anti-sGH2, was 
approximately 2% of the total radioactivity added. Ra- 
dioactivity bound by the antibody in the absence of 
unlabelled hormone (&/7J was between 25 and 30’% of 
the total “‘I-sGH added. Sample values were calcu- 
lated using log-logit transformation. 

Soarces of hormones, serum. and pifuitarks. Hu- 
man adrenocorticotropin hormone (ACTH) and hu- 
man (hGH) and bovine (bGH) growth hormone were 
supplied by the National Institute of Arthritis and Met- 
abolic Diseases. NIH (Bethesda. Md). Chinook 
salmon prolactin (sPRL). thyrotropin (sTSH). and go- 
nadotropin (sGTH), and sea bream growth hormone 
(dGH) were purified according to Prunet and Houde- 
bine (1984). Chen, Le Bail. McKenzie and Breton, 
(unpublished data), Breton rt al. ( 1978). and Pagelson, 
Zohar. and Le Bail (unpublished data), respectively. 



CHINOOK GH RIA 77 

sGTH and sPRL used for cross-reactivity studies with 
anti-sGH2 were labelled according to the protocols de- 
scribed by Breton et al. (1978) and Hirano et al. (1985), 
respectively. 

Samples from sexually mature chinook, chum (0. 
keta), and coho (0. kisutch) salmon were obtained 
from hatcheries in British Columbia, Canada. Mature 
Atlantic salmon (Salmon salur) were generously pro- 
vided by Dr. G. Boeuf (IFREMER). Mature rainbow 
(0. mykiss), brown (S. truttu), and brook (Salvelinus 
fontinulis) trout, tilapia (Oreochromis niloticus), carp 
(Cyprinus carpio), and catfish (Chrysichthys nigrodi- 
gitutus) came from our hatchery in Rennes. Mature 
rainbow trout were hypophysectomized by a transor- 
bital surgical technique (Nishioka et al., 1987). After 
anaesthesia (1:3000 phenoxyethanol), blood samples 
were taken from the caudal vessel of each fish with a 
heparinized hypodermic syringe. Plasma was immedi- 
ately separated by centrifugation at 2000g for 30 min at 
4” and frozen at - 20” until assay. Pituitaries were re- 
moved from freshly killed fish and were quickly ho- 
mogenized with 1 ml of RIA buffer in a glass homog- 
enizer. The homogenates were centrifuged at 2000~ for 
15 min at 4” and the supernatants frozen at - 20” until 
assay. 

Cell culrure. Primary cultures of pituitary cells were 
used to study the regulation of GH secretion. Pituitary 
glands were removed from ten 3-year-old spermiating 
rainbow trout. Cell preparation was done according to 
the technique described by Weil er al. (1986). Cells 
were cultured for 3 days before treatment with pep- 
tide, and then for 24 hr in the presence of the peptide. 
Culture medium (250 ~1) containing 6.25 X lo4 cells 
was plated in each well of 96-well plates (NUNC). 
Human growth hormone-releasing factor (hGRF,,,) 
and somatostatin (SRIF,,), generously supplied by 
Sanoti. were used at a concentration of 1 X 10e6 M. 

Cunnulution. Individual daily profiles of serum 
growth hormone levels were studied in ?-year-old ma- 
ture rainbow trout. Animals were cannulated accord- 
ing to the technique of Zohar (1980) and Bry and Zohar 
(1980). Five days after surgery, the fish were starved 
for 1 day and then sampled. Blood (200 ~1) was re- 
moved each hour and the total volume of blood re- 
moved over 24 hr was around 10% of the blood volume 
of the tish. The fish were maintained in individual 
tanks under a 12.5L-1 1.5D photoperiod at 13”. 
Changes in photophase were preceded by a 30 min 
slow decrease or increase of light. 

RESULTS 

Characterisation of Antiserum 

After 4 weeks of injection with 20 pl of 
anti-sGH antiserum, no significant differ- 
ence in body weight was observed between 
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FIG. 1. Effect of anti chinook salmon GH antibody 
on growth of 0+ rainbow trout. Fish received twice 
weekly intraperitoneal injections (20 or 40 ul) of NaCl 
(0.9%). normal rabbit serum (NRS), or anti chinook 
salmon GH (A-sGH2). Vertical lines represent stan- 
dard deviations and each point is the mean of 10 val- 
ues. Significant differences from controls (Student’s t 
test) are as follows: *(0.05), **(O.Ol), ***(O.OOl). 

control and treated animals (Fig. 1). Forty 
microliters was injected during the last 3 
weeks, at the end of which the body weight 
was significantly lower in treated fish. 

In excess concentration, anti-sGH bound 
about 90% of the labelled sGH (Fig. 2) and 
30% binding (B,,iZJ was obtained with an 
initial dilution of 1:30,000 (final dilution 
1:90,000); this dilution was used subse- 
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FIG. 2. The cross-reactivity of anti chinook salmon 
GH antibody (anti-sGH2) with “‘I-sPRL. ‘“‘I-sGTH, 
and “‘1-sGH2. Each point is the mean of duplicate 
determinations. Specific binding (B,) was expressed as 
percentage of total ‘“‘I-hormone added (T). 
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quently in the assay. No significant cross- 
reactivity was observed with labelled 
sPRL, but 10% of labelled sGTH was 
bound at the 1:lOO dilution of anti-sGH. 
This dilution is lOOO-fold more concen- 
trated than the dilution necessary to bind 
the same percentage of sGH (Fig. 2). 

Characterization of the 1251-sGH2 

Chromatography of the freshly labelled 
hormone on PDlO columns resulted in a 
single protein peak from which each frac- 
tion bound with the same affinity to anti- 
body in excess (data not shown). The bind- 
ing of iodinated sGH stored in various ways 
is shown in Fig. 3. When the iodinated hor- 
mone was kept at 4” binding activity de- 
creased fairly rapidly, whereas when main- 
tained at - 20” in the presence of glycerol, 
the iodinated hormone deteriorated much 
more slowly. After 40 days, rechromatog- 
raphy (on PDlO) of the iodinated hormone 
restored most of the initial binding (data not 
shown). Anti-sGTH and anti-sPRL did not 
display any significant specific binding to 
“‘I-sGH2 (data not shown), demonstrating 
that these antisera are also specific. 

Specificity of the Assay 

Figure 4 presents the specificity of the 
chinook salmon GH RIA with other pitu- 
itary hormones. sGH1 appeared a little 
more potent than sGH2: for the subsequent 
work, a mixture of these two forms (around 
50% of each) was used as the standard. 
With this mixture, 10% inhibition of maxi- 
mum binding was obtained with 0.2 rig/ml, 
and the ED50 of the RIA varied from 1.5 to 
2 rig/ml. dGH also inhibited the binding of 
‘251-sGH, but only at concentrations more 
than lOOO-fold higher than when using sGH. 
One microgram per milliliter of chinook 
salmon PRL and GTH, human ACTH and 
GH, and bovine GH did not produce any 
displacement of the iodinated sGH. 

Serial dilutions of pituitary extracts from 
the different salmonid species tested all 
gave displacement curves whose slopes 
were not significantly different from that of 
the sGH standard curve (Fig. 5). Carp, cat- 
fish, and tilapia pituitary extracts did not 
cross-react in the RIA at dilutions below 
1:400. Figure 6 shows that no significant 
cross-reaction occurred with 100 ~1 of hy- 
pophysectomized trout plasma, or with 

505 
0 10 20 30 40 

TIME (days) 

FIG. 3. Evolution of the maximum specific binding 
(II,,,) of “‘1-sGH2 kept at 4” in the presence of azide 
(0.05%) or at -20” in the presence of 2 vol of glycerol. 
The labelled sGH2 (10,000 cpm) was incubated with an 
excess of anti-sGH2 (1: 100 initial dilution). Each point 
is the mean of quadruplicate determinations. Maxi- 
mum specific binding was expressed as percent of 
added radioactivity (B,,,iT). 
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.05 .2 .s 3.13 12.5 50 200 800 
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FIG. 4. Dose-response inhibition curves for chi- 
nook salmon growth hormones (sGH,, sGH,), prolac- 
tin (sPRL). gonadotropin (sGTH), and thyrotropin 
(sTSH); for sea beam (dGH). human (hGH), and bo- 
vine (bGH) growth hormones; and for human corti- 
cotropin hormone (ACTH). Each point is the mean of 
duplicate determinations. 
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FIG. 5. Dose-response inhibition curves for chi- 
nook salmon GHl + 2 standard (0) and serial dilu- 
tions of crude pituitary extracts from different fish spe- 
cies: rainbow (v), brown (-), and brook ( I ) trout; 
chinook(m), coho (+), chum (*), and Atlantic salmon 
(0); carp, tilapia, and cattish (v). Each point is the 
mean of duplicate determinations. 

plasma from intact catfish, tilapia, carp, 
and sheep. The displacement curves for 
plasma from chinook, coho, chum, and At- 
lantic salmon, and rainbow and brown trout 
were all parallel to the chinook GH stan- 
dard curve. Repeated determinations of the 
GH concentration of a single rainbow trout 
serum sample (mean of many estimates: 
1.01 rig/ml) gave intraassay and interassay 
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FIG. 6. Dose-response inhibition curves for chi- 
nook salmon GHl + 2 standard (0) and serial dilution 
of plasma from different species: normal (V) and hy- 
pex (0) rainbow trout; brown trout (-); chinook (m), 
coho (+), chum (*), and Atlantic (0) salmon; carp, 
tilapia, catfish, and sheep (w). Each point is the mean 
of duplicate determinations. 

coefficients of variation of 4% (n = 8) and 
8.3% (n = lo), respectively. 

Recovery experiments were conducted 
by measuring chinook salmon sGH when 
added in increasing concentration to 50 p.1 
of plasma from hypophysectomized trout 
(Fig. 7). The slope of the regression line, 
calculated using GH values up to 4.5 rig/ml, 
was equivalent to 1. For the values higher 
than 4.5 r&ml, a slight overestimate of the 
true GH concentration was observed. 

Different anticoagulent or serum protec- 
tive factors such as heparin (100 U/ml), 
aprotinin (5 TIU/ml), EDTA (50 mM), and 
trypsin inhibitor (100 kg/ml), when added 
to the assay buffer, had no effect on the B, 
value (data not shown), nor did they alter 
the GH estimate when they were added to 
fresh serum. 

In Vitro and In Vivo Experiments 

Pituitary somatotroph cells in the control 
cultures released very high amounts of GH 
(628 rig/ml) during a 24-hr incubation period 
(Fig. 8). Addition of human GRF (1 x 10e6 
M) or SRIF (1 x 10e6 M) increased 3-fold, 
or decreased 50-fold, respectively, the 
GH concentration in the culture medium 
(Fig. 8). 

We studied the individual daily plasma 

o 12 3 4 5 6 7 6 

sGH added to 50 )II of hypex trout plasma (ng/mil 

FIG. 7. Recovery of chinook salmon GH added to 
50 (~1 of hypophysectomized rainbow trout plasma in 
comparison with the theoretical amount expected. 
Each point is the mean of duplicate determinations. 
Values used (0) or not used (0) for the line of best fit. 
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FIG. 8. Effect of human growth hormone releasing 
factor (hGRF, 10m6 M) and somatostatin (SRIF,,, 
10m6 M) on GH secretion by rainbow trout pituitary 
cell cultures. Mean and standard deviation were cal- 
culated from four wells. Comparisons between groups 
were made using the Wilcoxon-Mann-Whitney test. 
**P < 0.01. 

GH profiles of nine mature rainbow trout 
(five spermiating males and four postovula- 
tory females). Fluctuations in GH levels 
were observed in all fish studied (Fig. 9). 
The GH profiles from three animals which 
refused food before the sampling period 
(fish 1, 2, and 4) were not obviously differ- 
ent from those of the other fish. Basal GH 
levels (the levels between peaks) were 1 
rig/ml or less. The frequency and timing of 
the GH peaks did not appear to be highly 
synchronized with the photoperiod, but no 
analysis was done to confirm or refute this. 
Absolute values of the amplitudes of the 
GH peaks varied between fish. 

DISCUSSION 

Before developing the RIA, the quality of 
the anti-sGH2 was assessed in various 
ways. Anti-sGH2 (7302F) appeared very 
specitic to sGH: it did not recognize 1251- 
sPRL and the very low cross reactivity ob- 
served with 1251-sGTH occurred only with 
very high concentrations of antibody. 
These data confirm the high specificity of 
the antibody for sGH, as previously ob- 
served by immunocytochemistry (Le Bail 

et al., 1989). Fish injected with anti-sGH2 
displayed a slower rate of growth than con- 
trol fish. This antibody, generated from a 
biologically active hormone (Le Bail et al., 
1989), bound around 90% of lZ51-sGH2. 
These results indicate that anti-sGH2 can 
recognize biologically active salmon 
growth hormone. 

The suitability of the “‘I-sGH for use in 
the RIA was also confirmed in several 
ways. All fractions of sGH obtained by gel- 
filtration showed a similar capacity to bind 
anti-sGH2, as well as bind to the liver GH 
receptor (Yao et al.. 1991). The specific ac- 
tivity of the ‘*‘I-sGH was 20-fold higher 
than previously reported for chum GH 
(Bolton et al., 1986), which was one factor 
responsible for the greater sensitivity of our 
GH RIA. The absence of cross-reactivity 
with anti-sPRL and anti-sGTH confirms the 
high purity of the sGH2 previously reported 
(Le Bail et al., 1989) and also the specificity 
of these two antibodies, which have been 
used to develop sGTH (Breton et al., 1978) 
and sPRL (Hirano et al., 1985) RIAs. The 
stability of ‘*‘I-sGH when maintained at 
-20” in the presence of glycerol permitted 
its use for 3 months. 

Using anti-sGH2 at 1:90,000 final dilu- 
tion, the assay showed a very high degree 
of specificity for sGH. No cross-reaction 
was observed with salmonid PRL, GTH, 
TSH, and mammalian ACTH. Mammalian 
GH did not crossreact. but sea bream GH, 
at very high concentrations, showed some 
cross-reactivity. This last result contrasts 
with the high degree of cross-reactivity of 
sea bream GH observed in a salmonid GH 
radioreceptor assay (Yao et al., 1991). The 
absence of cross-reactivity by carp, tilapia, 
and catfish crude pituitary extracts con- 
firms the high specificity of the assay for 
salmonid GH. Furthermore, pituitary ex- 
tracts from all salmonid species produced 
displacement curves parallel to that of the 
sGH standard. Pituitary extract from brook 
trout was the least potent of those tested, 
and also showed an incomplete inhibition 
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FIG. 9. Individual daily profiles of serum growth hormone levels from nine catheterized rainbow 
trout. 200 p,I of blood were sampled each hour for GH determination. The dark horizontal bars 
correspond to the dark photophase, which were preceded and followed by a 30-min slow decrease or 
increase of light, respectively. 

curve. This may mean that significant 
structural differences exist between GH 
from Salvelinus and Oncorhynchus genus; 
however, other interpretations are possi- 
ble, such as a low GH content in the 
Salvelinus pituitary gland we used. 

The antiserum did not distinguish be- 
tween sGHl and sGH2, which gave parallel 
displacement curves, although sGH1 ap- 
peared two times more potent than sGH2. 
Using a mixed preparation of the two hor- 
mones as standard, the ED50 varied from 
1.5 to 2 rig/ml, which is lo-fold lower than 
the equivalent values reported by Bolton et 
al. (1986) and Wagner and McKeown (1986) 
in their chum GH RIAs. Such variation be- 
tween assays can be produced by a number 

of factors, such as the specific activity of 
the labelled hormone. the affinity constant 
of the antibody, assay procedure, or the 
quality of the cold standard (Reiter et al., 
1988). For the latter case this may be 
caused by partial solubilization of the GH 
standard, leading to a higher apparent 
ED50, as well as a higher estimated GH 
concentration in samples without any real 
change in sensitivity. It is equally possible 
that the various standards employed in the 
different sGH RIAs reported are of differ- 
ent purity, or dissimilar immunological po- 
tency. The same reference sample should 
be tested in the different salmonid GH as- 
says to examine these hypotheses. It 
should be emphasized that our results, re- 
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ported in this and the accompanying papers 
(Pickering et al., 1991; Sumpter et al., 
1991a,b), demonstrate that because plasma 
GH levels in healthy, rapidly growing trout 
are low, a very sensitive RIA is required if 
normal plasma GH levels are to be quanti- 
fied with any acceptable degree of accu- 
racy. 

The assay we have developed can be 
used to estimate plasma GH levels, since 
salmonid serum produced parallel displace- 
ment curves to the sGH standard, whereas 
serum from nonsalmonid species or hy- 
pophysectomized rainbow trout did not 
cause significant displacement of the label. 
Furthermore, complete recovery and small 
intra- and interassay variations permit the 
estimation of sample GH values with a high 
degree of contidence. It should be men- 
tioned that the plasmas used for the paral- 
lelism studies (see Fig. 6) were chosen be- 
cause they had high GH levels, allowing a 
full inhibition curve to be obtained (the av- 
erage GH value was around 10 rig/ml). 
These plasma samples were obtained from 
sexually mature fish which had probably 
not eaten for a considerable time. It is likely 
that these circumstances contributed signif- 
icantly to their high GH levels (see Sumpter 
et al., 1991a.b, for a full discussion on the 
effects of sexual maturation and starvation 
on plasma GH levels in salmonids). We 
have found that plasma samples from sex- 
ually immature, juvenile chum salmon con- 
tain low GH levels (our unpublished re- 
sults). 

Among hypothalamic hypophysiotropic 
factors implicated in the control of secre- 
tion of pituitary hormones in mammals, 
SRIF and GRF are considered to be the 
most specific for GH (review of Kordon, 
1985; Muller, 1987). Our in vitro results, 
which show a stimulation (300%) by GRF 
and a very strong inhibition (98%) by SRIF 
of GH release by pituitary cells, are in ac- 
cordance with the mammalian data. The re- 
sponsiveness of the pituitary cells in pri- 
mary culture to these neurohormones indi- 

cates that this technique, previously 
established for studying GtH secretion 
(Weil et al., 1986), can also be used for 
studies on GH secretion. In teleosts, where 
the inhibitory effect of SRIF has been 
clearly demonstrated (Nishioka et al., 
1988), results obtained with GRF are incon- 
clusive. In goldfish (Carassius auratus), 
GRF had either little (Peter et al., 1984) or 
no effect (Marchant and Peter, 1989), 
whereas a stimulatory effect was found in 
salmonids (Luo and McKeown, 1989). 
Technical problems or species differences 
may explain these inconclusive results. 
Previous variable findings might also be ex- 
plained by the different nature of the GRF 
peptides tested. 

In mammals, pulsatile GH secretion is 
well established and characterized (review 
of Daughaday, 1980; Muller, 1987). The 
daily plasma GH profiles obtained from in- 
dividual cannulated rainbow trout indicate 
that pulsatile secretion exists also in trout, 
at least under the conditions of the present 
study. Basal levels were fairly consistent, 
and varied between 0.5 and 1 nglml, 
whereas peak values were different be- 
tween tish and were not apparently linked 
to specific physiological events (stress, sex, 
feeding, etc.). The peaks are very unlikely 
to be attributable to assay artefacts because 
many of them are comprised of a number of 
points (see especially male 1 and female 4 of 
Figure 9). Computer analysis is required to 
more clearly define the pulsatile character- 
istics of our results. However, our results 
can be considered only preliminary since 
numerous parameters were not taken into 
account. Indeed, the plasma GH level can 
be modified by stress (Pickering et al., 
1991), starvation (Barrett and McKeown, 
1988; Sumpter et al., 1991a), sexual matu- 
ration (Marchant and Peter, 1986; Stacey et 
al., 1984; Sumpter et al., 1991b), and sea- 
son (Marchant and Peter, 1986). The results 
from these studies suggest that even if the 
plasma GH level fluctuates episodically in 
free-swimming fish (it should be empha- 
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sized that our results were obtained from 
cannulated fish), the amplitude of the epi- 
sodes is not high enough to mask an overall 
effect of other parameters. However, con- 
siderably more work is required to assess 
the degree of importance of the many pa- 
rameters already known to effect plasma 
GH levels. 
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