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ABSTRACT: Research was conducted to examine
growth rates, circulating concentrations of IGF-I, and
mRNA abundance levels of IGF-I and IGF-II in channel
catfish (Ictalurus punctatus) given recombinant bovine
ST (rbST; Posilac, Monsanto Co., St. Louis MO). In the
first study, juvenile catfish (5.5 ± 0.5 g) were randomly
assigned to one of three treatments: 1) sham-injected
control (one needle puncture per week); 2) rbST (30
!g!g BW−1!wk−1; Posilac); and 3) nonhandled control
(control). At the end of the 6-wk study, the fish were
weighed, measured for length, and G:F was determined.
Compared with sham and control treatments, rbSTtreated fish had 48% greater final BW, 14% greater
total length, and 52% greater G:F (P < 0.001). In the
second study, juvenile catfish (41.1 ± 1.5 g) were assigned randomly to one of two treatments: 1) sham or
2) rbST. Eight fish per treatment were sampled on d
0, 1, 2, 7, 14, and 21 for blood, muscle, and liver. Relative
expression of IGF-I and IGF-II mRNA was determined
by real-time PCR and plasma concentrations of IGF-I
were measured using a validated fluoroimmunoassay.

Circulating concentrations of IGF-I were increased
(37.9 ± 5.5 vs. 22.0 ± 6.6 ng/mL; P < 0.05) in rbSTinjected fish compared with sham-injected controls by
d 14. Liver IGF-I and IGF-II mRNA was increased 4.3and 14.4-fold, respectively, by d 1 in rbST-injected fish
compared with controls (P < 0.05); however, abundance
of liver IGF-I and IGF-II mRNA did not differ from
controls on d 0, 2, 7, 14, and 21. Abundance of muscle
IGF-I and IGF-II mRNA did not differ in rbST-injected
fish compared with controls throughout the study. Results of the first study demonstrated that rbST improves growth performance of channel catfish. Results
of the second study showed that the growth-promoting
effects of rbST were not mediated by the expression of
IGF-I or IGF-II mRNA in the muscle. Instead, the results suggest that rbST promotes growth by stimulating
plasma IGF-I release, possibly through its direct effect
on the liver or on local tissues to synthesize IGF-I. The
changes in mRNA abundance and plasma concentrations of IGF-I support the role of IGF-I in growth regulation of channel catfish.
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al., 2004a). An increase in commercial production of
channel catfish has created interest regarding the use
of recombinant bovine ST (rbST) to increase yields in
aquaculture. To date, use of rbST in aquaculture has
been impeded by a lack of practical and economically
feasible methods of administration as well as negative
public perception of hormone-treated products (Heitzman et al., 1981). Until technologies advance that allow
rbST to be administered economically and/or public perception changes, its use in aquaculture will be limited
to small-scale research studies. Its use in research will
provide a better understanding of genes and gene products that are involved in growth regulation.
The ST-IGF network plays a major role in the endocrine control of fish growth (Peter and Marchant, 1995;
Le Bail et al., 1998; Moriyama et al., 2000). The role
of the ST-IGF network in channel catfish, the major
aquaculture species in the southeastern United States,

Within the last 30 yr, the growth-promoting effects
of somatotropin have been well documented in a variety
of fish species (reviewed by McLean and Donaldson,
1993), including channel catfish (Ictalurus punctatus;
Wilson et al., 1988; Silverstein et al., 2000; Peterson et
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is unclear and only one catfish study has suggested a
role for IGF-I in growth (Silverstein et al., 2000). With
the importance of ST and the IGF in growth regulation
in other fish species (Kajimura et al., 2001; Biga et al.,
2004), the objectives of the present research were to
examine the effects of rbST on growth performance as
well as to better understand the roles of IGF-I and IGFII in growth regulation of channel catfish.

Materials and Methods
Treatments
The channel catfish used in this study were from
the USDA103 strain that originated from broodstock
maintained at the USDA-ARS Catfish Genetics Research Unit, Stoneville, MS, aquaculture facility. In the
first study, 90 fish (5.5 ± 0.5 g; three tanks per treatment) were randomly assigned to nine 76-L tanks (10
fish per tank), and allowed to acclimate for 7 d. The
treatments were as follows: 1) sham-injected control
(one needle puncture per week); 2) rbST (30 !g!g
BW−1!wk−1; Posilac, Monsanto Co., St. Louis, MO); and
3) nonhandled control (control). Fish were injected with
a 30-gauge, 0.5-mL insulin syringe (BD Ultra-Fine II,
Becton, Dickinson and Co., Franklin Lakes, NJ). Shamand rbST-treated fish were weighed as a group (tank)
and received a weekly i.p. injection, just anterior to the
pelvic fin. Controls were weighed as a group (tank) on
d 0 and 42 of the study. All fish were fed once per day
to apparent satiation and reared in 26.0°C flow-through
well water and a 14-h light:10-h dark photoperiod. Apparent satiation was obtained by feeding each tank of
fish as much as they would eat during a 10-min period.
Small amounts of feed were added to each tank to ensure minimal waste. Uneaten food was collected and
weighed back, whereas small amounts of food were unaccounted for. A commercial 36% CP (DM basis) floating
catfish feed (Farmland Industries, Inc., Kansas City,
MO) was used throughout the study. Water quality (i.e.,
pH approximately 8.5 and dissolved oxygen levels >5.0
mg/L) and flow rates (7.6 L/min) were similar among
tanks. The amount of feed consumed by fish in each
tank was recorded at the end of the study. Fish in all
tanks were killed with an overdose (300 ppm) of tricaine
methanesulfonate (Argent Chemical Laboratories, Redmond, WA) on d 42. Fish were weighed as a group (10
fish per tank), and individual fish lengths were recorded.
In the second study, 96 fish (12 per tank) weighing
41.1 ± 1.5 g were randomly assigned to one of two treatments with four replicate aquaria per treatment. The
treatments were as follows: 1) sham or 2) rbST (30 !g!g
BW−1!wk−1). The fish were acclimated and maintained
as described above. The fish used in the second study
were larger to ensure that a sufficient quantity of
plasma would be collected for the IGF-I assay. Beginning on d 0, sampled fish were killed, bled from the
caudal vasculature, and muscle and liver samples
were excised.
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Both studies were conducted in accordance with the
principles and procedures approved by the Institutional
Animal Care and Use Committee, USDA-ARS Catfish
Genetics Research Unit.

Sample Preparation and RNA Isolation
A transverse slice of white epaxial muscle (approximately 100 mg) located beneath the dorsal fin and a
section of liver (approximately 100 mg) were taken for
RNA extraction. Samples were immediately placed in
1 mL of TRIzol (Life Technologies, Rockville, MD), flashfrozen in liquid N, and stored at −80°C. Total RNA was
isolated according to the manufacturer’s recommendations and used for analysis of IGF-I and IGF-II mRNA
from muscle and liver tissues. On sampling days (0, 1,
2, 7, 14, and 21) in the second study, eight fish per
treatment (two fish per tank) were killed and sampled
as described above. The integrity of the RNA preparations was verified by visualization of the 18S and 28S
ribosomal bands stained with ethidium bromide after
electrophoresis on 2.0% agarose gels. Total RNA was
quantified by measuring the absorbance at 260 nm with
a NanoDrop ND-100 spectrophotometer (NanoDrop
Technologies, Rockland, DE).

Real-Time Polymerase Chain Reaction
Ribonucleic acid (1 !g) from liver and muscle was
reverse-transcribed in 10-!L reactions using the iScript
cDNA synthesis kit (BioRad, Hercules, CA). Real-time
PCR was performed using the iCycler iQ (BioRad). The
primers, probes, and accession numbers for IGF-I, IGFII, and α-tubulin are listed in Table 1. Primer and probe
sequences were designed with Beacon Designer 2.0
(Premier BioSoft Int., Palo Alto, CA) software. Each
amplification reaction mixture (12.5 !L) contained 300
ng of cDNA; 1× iQ Supermix (Bio-Rad), which comprised
10 mM KCl, 4 mM Tris!HCl, pH 8.4, 0.16 mM deoxyribonucleotide triphosphate, 5 U/mL iTaq polymerase, 0.6
mM MgCl2, and stabilizers; 10 !M (IGF-I, IGF-II, or
alpha tubulin) of each primer; and a dual-labeled probe
(5 !M of IGF-I or IGF-II; 1 !M of α-tubulin). The realtime PCR protocol for IGF-I, IGF-II, and α-tubulin was
3 min at 95°C; 45 cycles of 95°C for 15 s; and 60°C for
1 min.
Real-time PCR results were analyzed by subtracting
the mean of the α-tubulin (reference sequence) threshold cycle (CT) values from the mean of the IGF-I or IGFII (target sequences) CT values for both the treated
(rbST) and the control (Sham) samples to obtain "CT
values (Johnson et al., 2000). The "CT values of the
control samples were then subtracted from the "CT
values of the treated samples to obtain the ""CT values.
The fold induction in levels of IGF-I or IGF-II in rbSTtreated samples compared with the control samples was
obtained by the formula 2−""CT (Johnson et al., 2000).
This method has been successfully applied to quantitative determination of abundance of mRNA for IGF-I
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Table 1. Nucleotide sequences of the PCR primers and probes used to assay gene abundance by real-time quantitative PCR
Gene

Primer

Sequence

Sense
Antisense
Probea

CTG TGA GCT GAA ACG ACT CG
CCA GAT ATA GGT TTT CTT TGG TG
CGA GAG CAA CGG CAC ACA GAC ACG C

Sense
Antisense
Probea

GCG AGG ACA GAG GCT TCT AC
CTC TGA CTT GGC TGG CTT GG
TCT TCC ACA ATG CCA CGG TTC TGA G

Sense
Antisense
Probeb

AGC CAT ACA ATT CCA TCC TGA CC
GCG GCA GAT GTC GTA GAT GG
CCA CAC CAC ACT TGA GCA CTC CGA C

IGF-I

IGF-II

α-Tubulin

a
The probes for IGF-I (GenBank Accession No. AY353852) and IGF-II (GenBank Accession No. AY615885)
were dual-labeled with a reporter dye (FAM, 6-carboxyfluorescein) at the 5′ end and a quencher dye (BHQ1, Black Hole quencher-1) at the 3′ end (Biosearch Technologies, Novato, CA).
b
The probe for α-tubulin (TIGR Gene Index: TC8342) was dual-labeled with a reporter dye (hexachlorofluorescein at the 5′ end and a quencher dye (BHQ-1) at the 3′ end (Integrated DNA Technologies, Coralville,
IA).

and IGF-II in common carp (Cyprinus carpio) (Vong et
al., 2003).

Validation of Target and Reference Amplification
The efficiency of the target amplification and the efficiency of the reference amplification must be similar
for the ""CT calculation to be valid. To assess whether
IGF-I, IGF-II, and α-tubulin had similar amplification
efficiencies, we examined how changes in relative CT
values ("CT) varied with template dilution (Vong et al.,
2003). The "CT values for IGF-I and IGF-II were plotted
against the logarithm of the dilution factor of template
cDNA, and the slopes were determined.

Statistical Analyses
In the first study, data were analyzed by ANOVA
with SAS v. 9.0 software (SAS Inst., Inc., Cary, NC),
with tank serving as the experimental unit. The model
included the effects of treatment on BW, length, intake,
and G:F. Least squares means were generated and separated using the PDIFF option of SAS for main effects.
A significance level of P < 0.05 was used. In the second
study, data were analyzed by using the GLM procedures
of SAS for a repeated measures design. The model included the main effect of time (0, 1, 2, 7, 14, and 21 d)
and time × treatment interaction. When the main effect
was significant (P < 0.05), least squares means separation was accomplished by the PDIFF option of SAS.

Results and Discussion

Insulin-Like Growth Factor-I Fluoroimmunoassay
Plasma IGF-I concentrations were measured using a
competitive time-resolved fluoroimmunoassay validated for channel catfish (Small and Peterson, 2005).
Recombinant barramundi (fish) IGF-I standard and
anti-barramundi IGF-I polycolonal antibody were purchased commercially (GroPep Pty. Ltd., Adelaide, S.A.,
Australia). PerkinElmer Life Sciences (Norton, OH)
prepared the europium-labeled IGF-I tracer via N-terminal labeling of recombinant barramundi (fish) IGFI with dissociation enhanced lanthanide fluorescence
immunoassay Eu-N1 Isothiocyanate (ITC) lanthanide
chelate (Reference 1244-302, PerkinElmer). Sensitivity
of the assay was 0.20 ng/mL, and intra- and interassay
CV were <7 and <12%, respectively. Serial dilution of
plasma was parallel to the standard curve and recovery
of IGF-I from spiked plasma samples was >90%. Plasma
samples were acid-ethanol–extracted prior to assaying
(Breier et al., 1990) and standards were run in triplicate, whereas samples were run in duplicate.

Validation of Real-Time PCR Assay
Primer and probe concentrations were optimized using liver cDNA as template. Figure 1 shows that the
relationship between the CT value and the logarithm
of the dilution factor of cDNA template for the target
genes IGF-I and IGF-II was 0.98 and 0.99, whereras
for α-tubulin, it was 0.99. The slope of the "CT vs. log
dilution factor plot for IGF-I/α-tubulin was 0.090 and
the slope of the "CT vs. log dilution factor plot for IGFII/α-tubulin was 0.070, less than the recommended
value of 0.1 (Johnson et al., 2000; Figure 2). Therefore,
conditions for amplifying IGF-I/α-tubulin and IGF-II/
α-tubulin were reliable in adopting the comparative
CT method.

Experiment 1
Final fish BW of the sham and control did not differ
and were therefore combined. Final BW was increased
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Figure 1. Relationship between CT values and the logarithm of the dilution factor of liver cDNA. The graphs were
generated using A) IGF-I specific primers and probe, B) IGF-II specific primers and probe, and C) α-tubulin specific
primers and probe. The CT values represent pooled cDNA from five fish sampled on d 0.
(P < 0.001) 48% (25.6 ± 0.5 g) in the rbST-treated fish
compared with the average final BW of the sham and
control (17.2 ± 0.6 g; Table 2). We have previously
reported gains in Norris (16%) and USDA103 (27%)
strains of channel catfish administered rbST every 3
wk for 9 wk (Peterson et al., 2004a). In the previous
research, rbST was injected at doses of 30, 60, and 120
!g/g BW, and results indicated that more frequent
injections of rbST would be required to observe an
optimal growth response. A significant difference in
BW gain between the rbST-treated fish and sham was
observed at d 21, 28, 35, and 42 (Figure 3). This is in
contrast to our previous study, in which a difference
in BW gain was not observed until the last 3 wk of the
study (Peterson et al., 2004a). Other research investigating the use of rbST in channel catfish has used
lyophilized rbST reconstituted in glycine buffer or saline. Catfish administered rbST at a dose of 10 !g/

g BW every week were 44.8% heavier than controls
(Wilson et al., 1988). Norris and USDA103 catfish injected with rbST at a dose of 2.5 !g/g BW every week
also demonstrated increased growth (Silverstein et
al., 2000).
Water temperature rbST was shown to prolong the
release of exogenous rbST in rainbow trout at 15°C
(Garber et al., 1995), Coho and Chinook salmon at
10.3°C (McLean et al., 1997), and tilapia at 29°C (Leedom et al., 2002). Clearance rates for exogenous rbST
differed in these studies but were probably related to
the viscosity of the Posilac formulation at different temperatures. Posilac is more viscous at lower temperatures, which would extend the duration over which
rbST is released (Leedom et al., 2002). Although the
optimal dose and frequency of administration of rbST in
catfish is not known, the results of present and previous
research suggest that rbST must be administered at
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Table 2. The effect of recombinant bovine somatotropin
on growth performance of USDA103 channel catfish
Item

rbSTa

Shama

Controla

SEMg

Final BW, gb
Length, cmc
Food intake, gd
G:F

25.6e
14.2e
27.1
0.76e

17.6f
12.5f
23.6
0.51f

16.8f
12.5f
24.3
0.49f

0.43
0.11
0.70
0.03

a
Treatments were recombinant bovine ST (rbST; 30 !g/g BW; Posilac, Monsanto Co., St. Louis MO); sham-injected control (one needle
puncture per week); and nonhandled control (control). Sham- and
rbST-treated fish were injected i.p. on d 0 and once weekly for 42 d.
b
Final BW represents the average BW of each fish at d 42.
c
Length represents the average length per fish.
d
Food intake represents the average amount of food consumed per
tank (as-fed basis).
e,f
Within rows, values with different superscripts are different, P
< 0.001.
g
Means are least squares means, and SEM is the pooled standard
error of the mean. Three tanks per treatment.

Figure 2. Validation experiment for comparative CT
method. The "CT between A) IGF-I and α-tubulin and
between B) IGF-II and α-tubulin were plotted against the
log dilution factor of cDNA. The "CT values (mean ±
SEM) represent cDNA from five fish sampled on d 0.
least weekly or at a larger dose to realize full growth
enhancement in channel catfish.
Increases in length have previously been reported
in catfish administered rbST (Peterson et al., 2004a).
These results agree with previous research, in which
an increase in length also has been observed in rainbow
trout administered rbST (Garber et al., 1995) or ovine
ST (Foster et al., 1991).
Treatment with rbST increased (P < 0.001) average
total length by approximately 14% and improved average G:F by 52% (Table 2). The effects of rbST on feed
efficiency are not clear. Using fingerling channel catfish
(approximately 9 g), Wilson et al. (1988) demonstrated
that rbST improved feed efficiency only for the first 4
wk of the study. Silverstein et al. (2000) observed that
rbST improved feed efficiency in catfish maintained at

21.7°C, but not at 26.0°C, whereas Peterson et al.
(2004a) found that the only significant improvement in
feed efficiency was during the last 3 wk of the 9-wk
study. Improved feed efficiency has been reported in
other fish species (Markert et al., 1977; Agellon et al.,
1988, Garber et al., 1995) treated with ST. Gain-to-feed
ratios were lower in controls and rbST-treated fish in
the current study compared with our previous work
(Peterson et al., 2004a). Reasons for the poorer feed
efficiency are unclear, but it may be related to feed
wastage. Each day, uneaten food was collected from
each tank and weighed back, but it is possible that a
small amount of food went down the standpipe. Feed
that was not accounted for would explain the lower G:F.
Feed intake was not different between the two controls (sham and control) and rbST-treated fish (Table
2), which is similar to our previous research (Peterson
et al., 2004a). However, there was a 16 and 69% increase in feed consumption, respectively, in rbST-injected catfish in the studies of Silverstein et al. (2000)
and Wilson et al. (1988). Previously reported effects of
ST treatment on feed intake in other species of fish
have been variable. Agellon et al. (1988) reported that
rainbow trout treated with recombinant salmon ST consumed more feed and consumed it more aggressively
compared with untreated fish. In contrast, Garber et
al. (1995) reported a decrease in feed intake within the
first 14 d in rainbow trout treated with rbST, but intake
was not different throughout the duration of the experiment. Similarly, Markert et al. (1977) observed no
treatment effect of rbST on feed intake of Coho salmon.
The doses of ST used in the above mentioned studies
were not the same and this may have also contributed
to differences in intake. Feed intake may be influenced
by a variety of factors such as salinity (Kayes, 1977),
temperature (Brett et al., 1969), species body and viscera size (Paloheimo and Dickie, 1966), and rate of digestion (Windell, 1967). Thus, the effect of rbST on feed
intake in channel catfish is still unclear.
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Figure 3. Body weight gain of channel catfish over
42 d. Treatments were recombinant bovine somatotropin
(rbST; 30 !g!g BW−1!wk−1; Posilac, Monsanto Co., St.
Louis, MO); sham-injected control (one needle puncture
per week; and nonhandled control (control). Sham- and
rbST-treated fish were injected i.p. on d 0 and once weekly
for 42 d. Each point shows the average BW of individual
fish in each treatment (mean ± SEM) calculated from three
replicate tanks. Asterisks indicate a difference (P < 0.05)
between sham or nonhandled controls and rbST-injected fish.

Experiment 2
Many fish species demonstrate ST regulation of IGFI mRNA. For example, injection of ST has been shown
to significantly increase the IGF-I mRNA levels in the
liver of Coho salmon (Cao et al., 1989), rainbow trout
(Biga et al., 2004), and sea bream (Duguay et al., 1996).
The ST-induced increase in IGF-I mRNA abundance
is typically accompanied by an increase in circulating
concentrations of IGF-I (Biga et al., 2004). In our study,
liver IGF-I mRNA abundance was increased approximately fourfold by d 1 in rbST-injected fish compared
with controls (P < 0.05; Figure 4A); however, abundance
of liver IGF-I mRNA was not different from controls on
any of the other days that fish were sampled. In addi-

Figure 4. Liver and muscle IGF-I mRNA abundance in
recombinant bovine ST (rbST)-injected (30 !g!g BW−1!
wk−1; Posilac, Monsanto Co., St. Louis, MO) and shaminjected (one needle puncture per week) catfish. Shamand rbST-injected fish were injected i.p. on d 0 and once
weekly for 21 d. Results are expressed as fold inductions
on d 0, 1, 2, 7, 14, and 21 compared with each sham group.
Values are means ± SEM (n = 8) for each time point
calculated from four replicate tanks. Asterisks indicate a
difference (P < 0.05) between sham- and rbST-injected
fish.
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tion, abundance of muscle IGF-I mRNA was not different in rbST-injected fish compared with controls
throughout the 21-d study (Figure 4B). In contrast, liver
and muscle IGF-I mRNA levels were elevated in rbSTtreated rainbow trout throughout a 28-d study (Biga et
al., 2004). The difference in response of IGF-I mRNA
abundance in the liver and muscle in our study and the
study with rainbow trout could be explained by the
faster clearance rates of rbST. Posilac is more viscous at
lower temperatures, which would extend the duration
over which rbST is released in trout. The transient
effect of rbST on abundance of muscle and liver IGF-I
mRNA observed in our study may have been due to a
possibly faster clearance rate of exogenous rbST in the
warmer water. Perhaps larger differences in muscle
and liver IGF-I mRNA abundance would have been
observed with a greater dose of rbST or a more frequent
injection regimen. It is also possible that IGF-I may
have an important autocrine/paracrine role in catfish.
Perhaps treatment with rbST increased IGF-I mRNA
abundance at local tissue sites as well as through the
liver (Sjogren et al., 1999). Previous studies with mice
that have had the IGF-I gene deleted in the liver have
shown that liver IGF-I is not essential for normal
growth and development (Sjogren et al., 1999; Yakar
et al., 1999). It is also possible that IGF-I mRNA is being
transcribed at a maximal rate in these fast growing
juvenile catfish (Peterson et al., 2004b). In a study comparing slow- and fast-growing families of catfish, Peterson et al. (2004b) found no difference in the abundance of liver IGF-I mRNA.
Circulating concentrations of IGF-I increased (37.9
± 5.5 vs. 22.0 ± 6.6 ng/mL; P < 0.05) in rbST-injected
fish compared with sham-injected controls by d 14 (Figure 5). Concentrations of IGF-I did not differ between
treatments on any of the other days. Silverstein et al.
(2000) injected channel catfish with rbST (lyophilized
rbST diluted with saline) once per week and showed
an increase of IGF-I at wk 4 of the study. Insulin-like
growth factor-I was not measured at any other time
points in the study. In the current study, it is not clear
why IGF-I was not greater in rbST-treated fish on d
21, but this may be related to the small sample size at
each time point. It is also possible that IGFBP are playing a role in regulating IGF-I clearance. The presence
of IGFBP has been detected in channel catfish (Johnson
et al., 2003; Peterson et al., 2004a). We have shown that
an approximately 45-kDa IGFBP, similar in molecular
weight to mammalian IGFBP-3, is unique, in that it is
not affected by ST administration in channel catfish
(Peterson et al., 2004a). Others have shown it is actually
decreased in catfish administered ST (Johnson et al.,
2003). Johnson et al. (2003) suggested that the reductions in IGFBP might work to increase the bioavailability of free IGF-I. Perhaps IGFBP in catfish play an
important role in regulating IGF-I. The current study,
as well as the study of Silverstein et al. (2000), demonstrates that an increase in concentrations of IGF-I is
associated with increased BW in rbST-injected catfish,

Figure 5. Circulating plasma concentrations of IGF-I in
recombinant bovine ST (rbST)- and sham-injected catfish.
Treatments were recombinant bovine somatotropin
(rbST) (30 !g!g BW−1!wk−1; Posilac, Monsanto Co., St.
Louis MO) and sham-injected control (one needle puncture per week). Sham- and rbST-treated fish were injected
i.p. on d 0 and once weekly for 21 d. Blood was sampled
on d 0, 1, 2, 7, 14, and 21. Each time point represents eight
fish per treatment and shows the average concentration of
IGF-I in each treatment (mean ± SEM) calculated from
four replicate tanks. Asterisks indicate a difference (P <
0.05) between sham- and rbST-injected fish.
supporting the role of IGF-I in the growth of channel
catfish.
Information on fish IGF-II expression and regulation
is increasing. There are reports that IGF-II mRNA is
present in multiple fish tissues (Duguay et al., 1996;
Vong et al., 2003; Caelers et al., 2004). In general, data
for IGF-II mRNA indicate that IGF-II has an important
role, not only during embryonic development, but also
during postnatal growth. In our study, liver IGF-II
mRNA was increased 14.4-fold (P < 0.001) by d 1 in
rbST-injected fish compared with sham-injected fish,
but it remained similar to the controls throughout the
rest of the study (Figure 6). In addition, the abundance
of muscle IGF-II mRNA did not differ in rbST-injected
fish compared with controls throughout the 21-d study
(Figure 6).
Our IGF-II expression data are similar to other STtreated fish studies. Juvenile common carp (Cyprinus
carpio) injected with porcine ST demonstrated a 2.7fold increase in liver IGF-II mRNA level and a 3.4-fold
increase in muscle IGF-II mRNA level 6 h after injection
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(Vong et al., 2003). In rainbow trout, IGF-II mRNA level
in the pyloric ceca was increased as much as fourfold by
ST administration (Shamblott et al., 1995); however,
sea bream (Sparus aurata) treated with ST did not
increase tissue IGF-II mRNA levels (Duguay et al.,
1996). These differences may reflect differences in species or differences in the preparation of ST used in
the study.
Results of the first study demonstrated that rbST
accelerates growth rate and improves G:F in channel
catfish. The results also showed that at least one of the
mechanisms by which rbST increases growth is through
an increase in length. Results of the second study show
that the growth-promoting effects of rbST were not mediated by altered expression of IGF-I or IGF-II in the
muscle. Instead, these results indicate that rbST promotes growth by stimulating plasma IGF-I release, possibly through its direct effect on the liver or on local
tissues to synthesize IGF-I. The changes in mRNA and
protein levels of IGF-I support its role in growth regulation of channel catfish. The high abundance of IGF-II
mRNA in the liver after treatment with rbST suggests
a role for IGF-II in postnatal growth of channel catfish.
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