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The effect of insulin-like growth factor I on growth rate of coho salmon (Oncorhynchus 
kisutch) was examined. Juvenile coho salmon received implants of osmotic minipumps 
containing recombinant bovine insulin-like growth factor I (rbIGF-I) or saline for a period of 
3 to 4 weeks. High doses of rbIGF-I (>0.13 kg . g-* dd’) resulted in hypoglycemia and 
death. In Z-year-old coho salmon, 0.09 ug . g-i . dd’ rbIGF-I administered for 25 days 
doubled linear growth rate and increased growth rate in weight by 40%. In rapidly growing, 
l-year-old coho salmon, growth rate was not altered by rbIGF-I at 0.01 or 0.05 
I%. g-’ . dd’ for 3 1 days. In ration-limited fish exhibiting slow growth in the control group, 
rbIGF-I (0.02 to 0.12 pg . g-i . d-i) increased linear growth rate by up to threefold and 
growth rate in weight by up to fourfold. The results indicate that exogenous treatment with 
mammalian IGF-I can stimulate coho salmon growth under some conditions, and that en- 
dogenous IGF-I may be an important factor in regulating growth of teleosts. o 1992 Academic 

Press, Inc 

The importance of growth hormone (GH) 
in the regulation of growth is implied by its 
name and has been verified in a wide vari- 
ety of vertebrates (e.g., Donaldson et al., 
1979; Weatherley and Gill, 1990). GH stim- 
ulation of insulin-like growth factor I (IGF- 
I) production by hepatic and extrahepatic 
tissues and stimulation of growth by IGF-I 
have been widely demonstrated in mam- 
mals (see Daughaday and Rotwein, 1989). 
Some debate revolves around the relative 
importance of GH and IGF-I in stimulating 
growth and differentiation of target tissues 
(Isaksson et al., 1987; Skottner et al., 1987; 
Daughaday and Rotwein, 1989). Given the 

’ The U.S. Government’s right to retain a nonexclu- 
sive royalty-free license in and to the copyright cov- 
ering this paper, for governmental purposes, is ac- 
knowledged. 

* To whom correspondence should be addressed at 
present address: Anadromous Fish Research Center, 
U.S. Fish and Wildlife Service, P.O. Box 796, Turners 
Falls, MA 01376. 

3 Present address: Department of Zoology, Univer- 
sity of Otago, P.O. Box 56, Dunedin, New Zealand. 

known growth-promoting effects of GH in 
teleost fishes, an understanding of the ac- 
tion of IGF-I on whole animal growth rates 
can help clarify the relative roles of GH and 
IGF-I in growth regulation. 

The recent availability of recombinant 
growth factors has made in vivo studies of 
IGF-I feasible. In mammals, IGF-I infusion 
can increase growth rate in hypophysecto- 
mized (Schoenle et al., 1982; Skottner et 
aE., 1987; Guler et al., 1988, 1989), diabetic 
(Scheiwiller et al., 1986), and intact (Hi- 
zuka et al., 1986) rats, and in dwarf mice 
(van Bull-Offers et al., 1986). Guler et al. 
(1989) reported no effect of IGF-I infusion 
in miniature poodles, using methods that 
were successful in hypophysectomized 
rats. 

There are few studies on the effects of 
IGF-I on growth of nonmammalian verte- 
brates. Skyrud et al. (1989) reported that 
weekly bolus injection of human IGF-I in 
brook trout (Salvelinus fontindis) had no 
effect on growth at low doses and de- 
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creased growth rate at high doses. These 
injections also caused a dramatic hypogly- 
cemia (Skyrud et al., 1989), suggesting that 
IGF-I was interacting with the insulin re- 
ceptor (Froesch and Zapf, 1985). The 
present study investigates the effects of 
constant infusion of mammalian (recombi- 
nant bovine) IGF-I on the growth of a tele- 
ost, the cobs salmon (Oncorhynchus 
kisutch). 

ATERIALS AND METHODS 

Hormone administration. Recombinant bovine insu- 
lin-like growth factor P (rbIGF-I) was obtained from 
the Monsanto Corp. (St. Louis, MO). The content of 
rbIGF-I was greater than 95% as determined by high 
pressure liquid chromatography. and contained no de- 
tectable IGF-II. The hormone was dissolved in steril- 
ized 0.9% NaCl. Hormone solution and saline vehicle 
were placed in osmotic minipumps (Alzet, Palo Alto, 
CA)just prior to implantation. Each pump was labeled 
with indelible ink to permit identification of individual 
dish at the end of the experiment. Fish were starved for 
at least 30 h prior to implantation. Following anesthe- 
sia (0.4 ml/liter 2-phenoxyethanol), an incision was 
made in the lower lateral musculature (just anterior 
and dorsal to the pelvic fin) and the minipump inserted 
into the peritoneal cavity. The wound was covered 
with an antibiotic salve and closed with a single stitch. 
A prophylactic antibiotic (Maracyn) was added to the 
water for a 24-hr period following implantation. Fish 
resumed feeding within 1 day of the implant proce- 
dure. Effective dose was calculated from the initial 
weight of the fish and the manufacturer’s specified 
pumping rate for the temperature of each experiment. 
Since the weight-specific dose will vary as the weight 
of flsb in each group varies, doses are expressed as an 
average (based on the average initial weight of the fish 
in a group), and range (in brackets). 

Animal. Coho salmon (0. kisurch) obtained from 
Iron Gate Hatchery (California Department of Fish 
and Game) were reared in freshwater raceways at the 
Bodega Marine Laboratory. At least 2 weeks prior to 
an experiment, fish were transferred to l-m diameter, 
800-liter capacity tanks at the University of California 
at Berkeley. A recirculating biofiltration unit supplied 
continuous water flow. Fifty percent of the water was 
replaced every other day. Fish were fed Oregon Moist 
pellet (Moore-Clarke, LaConner, WA) ad libitum 
twice daily. 

Expevilnenr 1. One-year-old juvenile coho salmon 
with initial weights of 40-67 g were randomly sepa- 
rated into two groups. On July 7, each group received 
implants of osmotic minipumps (as previously de- 
scribed), those of one group containing 3.5 mg/ml 

rbIGF-I (0.41 pg . g- ’ . d- ‘) and the others saline ve- 
hicle. Temperature was initially 15 st l”, but after mor- 
talities occurred in the rbIGF-I group (3 days after 
implantation), it was lowered to 8 f  I” to reduce the 
effective dose. Fish were held in the Life Sciences 
Building courtyard (natural photoperiod) and fed cdcd 
libitum twice daily. 

Experimenr 2. Two-year-old juvenile coho salmon 
with initial weights of 104-212 g were randomly sepa- 
rated into two groups. On July 17, each group received 
implants of osmotic minipumps, those of one group 
containing 3.5 mg/ml rbIGF-I (0.13 pg . g-’ de*) 
and the others saline vehicle. Temperature was maio- 
rained at 10 2 1” throughout the experiment. Fish were 
held in the Life Sciences Building courtyard and fed ard 
libitum once daily. 

Experiment 3. One-year-old juvenile coho salmon 
with initial weights of 66-108 g were randomly sepa- 
rated into three groups. On October 10, each group 
received implants of osmotic minipumps, containing 
0.55 mg/ml (0.05 p.g . g-’ d-l) or 0.11 mdrnl (0.04 
(Lg.g-‘. d-l) rbIGF-I or saline, respectively. Tem- 
perature was maintained at 14 i 1” throughout the 
experiment. Fish were held in the Life Sciences Build- 
ing courtyard and fed ad libitum two to three times 
daily. Each week the fish were anesthe?ized and length 
and weight were measured. 

Experiment 4. One-year-old juvenile coho salmon 
with initial weights of 28-40 g were randomly sepa- 
rated into three groups. On March 28, each group re- 
ceived implants of osmotic minipumps, containing 1 .O 
mg/ml (0.12 )-Lg g-’ . d-l) or Q.5 mgiml (0.06 
I-L&t. g-” . d-‘) rbIGF-I or saline vehicle, respec- 
tively. Temperature was maintained at 15 t I” 
throughout the experiment. Fish were held in the Life 
Sciences Annex Building where lighting was provided 
by overhead fluorescent bulbs. The photoperiod was a 
constant 24 hr of daylight throughout the experiment 
(the result of a failure in the light-timing conrrols). 
Each week the fish were anesthetized and length and 
weight were measured. Fish were fed 0.6% body wt 
per day adjusted weekly. 

Experiment 5. One-year-old juvenile coho salmon 
with initial weights of 31-42 g were randomly sepa- 
rated into three groups. On June 7, each group re- 
ceived implants of osmotic minipumps, contair,ing 
0.88 mg/ml (0.08 pg g-’ . d-l) or 0.22 mg/ml (0.02 
l-%.g-” d-l) rbIGF-I or saline vehicle, respec- 
tively. Temperature was maintained at 15 ‘- 1’ 
throughout the experiment. Fish were held in the Life 
Sciences Annex Building; the photoperiod was a sim- 
ulated natural photoperiod throughout the experiment. 
The tank was divided into three equal compartments 
with plastic mesh to separate the groups. Each group 
was fed 0.5% body wt per day, adjusted weekly. Each 
week the fish were anesthetized and length and weight 
were measured. 

Length was measured from the tip of the snoMt to 
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the fork of the caudal fin (fork length). Fish were dried 
with a chamois cloth prior to weighing. Blood was 
collected from the caudal vessels using a syringe 
treated with ammonium heparin. Plasma was obtained 
by centrifugation at 5000 g for 1 min and stored at 
-80”. In experiment 5, liver and intestine weights, 
intestine length, and muscle moisture content were 
measured. The intestine (last pyloric cecum to anus) 
was removed, split longitudinally, and rinsed with sa- 
line. The organ was then blotted dry and its weight and 
length were measured. Muscle moisture content was 
measured by drying a 2.5 to 4-g piece of upper-lateral, 
white muscle to a constant weight at 60” (Busacker et 
al., 1990). 

Analytical methods. Plasma glucose was assayed in 
lo+1 samples by measuring the production of NADH 
in the presence of hexokinase and glucose-6- 
phosphate dehydrogenase at 3.50 nm in a recording 
spectrophotometer (Perkin-Elmer, Wilton, CT). 
Growth rate of individual fish was calculated as ((ln 
W, - In W,,)l(t, - ti)) . 100, where W = weight of an 
individual at the beginning (I,) or the end of the exper- 
iment (tz). Only fish that survived the entire duration 
of the study were used to calculate growth rates. Cal- 
culation of actual doses of IGF-I are based on the ini- 
tial weights of the animals. Statistical comparisons 
were by the Student t test (two groups) or one-way 
ANOVA (three groups) followed by Dunnett’s test, 
using the CRISP statistical program (CRUNCH, 
Berkeley, CA). Variances were found to be homoge- 
neous in all groups in which statistical comparisons 
were made (Fmax test). Differences were considered 
statistically significant when P < 0.05 unless stated 
otherwise. 

RESULTS 

Experiment 1. Mortality occurred in the 
rbIGF-I-treated group (average dose, 0.41 
[range, 0.32-OSI] pg . g-i . dd’) within 48 
hr of implantation. After 6 days of treat- 
ment, four fish had died and four of the 
remaining fish were swimming abnormally. 
There was substantial hypoglycemia in the 
surviving rbIGF-I-treated fish relative to 
the controls (Table 1). None of the control 
fish died during the 6 days of treatment or in 
any subsequent experiment. 

Experiment 2. Two-year-old coho salmon 
receiving a dose of 0.16 (0.13-0.19) 
w  . g-’ . d-l rbIGF-I or greater (fish 
smaller than 200 g) died within 1 week of 
receiving the minipump implant. The re- 
maining rbIGF-I-treated fish (0.09 [0.07- 
0.121 pg * g-l * d - ‘) grew significantly 

TABLE 1 
EFFECT OF BOVINE rbIGF-I (0.4 p,g * g-i . d-’ FOR 
6 DAYS) ON MORTALITY AND PLASMA GLUCOSE OF 

~-YEAR-OLD COHO SALMON IN FRESH WATER 
(EXPERIMENT 1) 

Plasma glucose 
Mortality (mM) 

Control (n = 10) Oil0 4.3 + 0.1 
rbIGF-I (n = 5) 500 2.1* +- 0.7 

* Significantly different from control group (P < 
0.05, Student’s t test). 

faster than the control fish (Table 2) over 
the 25 days of treatment. Linear growth 
rate doubled and growth rate in weight in- 
creased by 40% in the rbIGF-I-treated 
group relative to the control group. There 
was no significant difference in plasma glu- 
cose between the two groups. 

Experiment 3. One-year-old coho salmon 
were fed ad libitum twice daily for the 21 
days of the study. There was no mortality in 
rbIGF-I-treated (0.01 [0.008-O. 131 and 0.05 
[0.04-9.061 pg . g- ’ * d- ‘) or control fish, 
and there was no significant effect of 
rbIGF-I on growth rate or plasma glucose 
(Table 3). Growth rate of the control group 
in this experiment was twice that of the 
controls in experiment 2. 

Experiment 4. One-year-old coho salmon 
were fed a limited ration (0.6% body wt per 
day) for the 21 days of the study. Although 
low, the growth rate was positive in the 
control group (Table 4, Fig. 1). At 0.06 
[O.OS-0.071 and 0.12 [O. IO-O. 141 
Ia * g-’ * d- ‘, rbIGF-I substantially and 
significantly increased growth rate relative 
to the controls (Table 4, Fig. 1). Growth 
rates in length and weight were three- and 
fourfold higher, respectively, in rbIGF-I- 
treated fish than in controls (Table 4). 
Plasma glucose in both rbIGF-I-treated 
groups was significantly lower than in con- 
trols . 

Experiment 5. One-year-old coho salmon 
were fed a limited ration (0.5% body wt per 
day) for the 21 days of the study, and each 
group was housed separately to ensure 



STIMULATION OF SALMON GROWTH i 

TABLE 2 
EFFECT OF BOVINE rbIGF-I TREATMENT FOR 25 DAYS ON MORTALITY, GROWTH RATE, AND 

GLUCOSE OF ~-YEAR-OLD COHO SALMON IN FRESH WATERY 

Growth rate 

Mortality Length (% . d- ‘) Weight (% . d- ‘) 

Control (n = 8) 018 0.16 t 0.01 0.97 I 0.04 4.24 -+ 0.25 
rbIGF-I (n = 4) 418 0.30” k 0.03 1.35* ” 0.02 3.30 t 0.43 

a Fish smaller than 200 g in the rbIGF-I (effective dose >0.13 kg gg’ . d-‘) treated group died; dase in 
remaining fish was 0.09 pg . g-” . d-’ (experiment 2). 

* Significantly different from control group (P < 0.05, Student’s t test). 

equal food consumption. Linear growth 
rate was more than threefold higher in the 
0.08 (0.07-0.10) p,g . g-i 1 d-’ rbIGF-I 
group than in the controls (Table 5). Al- 
though growth rate in weight was doubled 
relative to controls, this change was not 
statistically significant. At 0.02 (0.01-0.03) 
p,g s g- ’ . d- ‘, rbIGF-I had a slight but sta- 
tistically insignificant effect on growth (Ta- 
ble 5). A summary of the relative effects of 
rbIGF-I on linear growth rate in ration- 
limited fish indicates a dose-dependent ef- 
fect (experiments 4 and 5, Fig. 2). In exper- 
iment 5, there was no significant effect of 
rbIGF-I treatment on intestinal length or 
muscle moisture content (P 3 0.4, Table 6). 
In comparison to the control group, relative 
liver weight was 17% lower in the high dose 
rbIGF-I group, but 7% higher in the low 
dose group (P = 0.06, one-way ANOVA). 
There was a trend for increasing relative 
intestinal weight with increasing rbIGF-I 
(23% increase at the highest dose), but this 
difference was not statistically significant 
(1” = s.ss>. 

effects are most readily observed in a~irn~~s 
with impaired endogenous ~rod~cti~ 
IGF-I (and associated reductions in gr 

hibited growth. However 
(19%) observed a slight (22%) increase in 

These somewhat 

IGF-I treatment on growth 
which may be dependent on 

TABLE 3 
EFFECT OF rbIGF-I ON MORTALITY, GROWTH RATE, AND PLASMA GLUCOSE IN I-YEAR-OLD Co~o SALM(PN 

(EXPERIMENT 3) 

Mortality 

Growth rate 
Plasma glucose 

Length (% . d-l) Weight (% . d-l) : 

Control o/10 0.26 f  0.02 0.91 i 0.06 4.53 i 0.27 
rbIGF-I (0.01 pg . g-’ . d-l) Oil0 0.21 r 0.03 0.79 2 0.08 4.58 c 0.28 
rbIGF-I (0.01 pg. g-’ dK”) o/10 0.25 i 0.02 0.90 -c 0.05 4.30 ?” 0.27 
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TABLE 4 
EFFECT OF rbIGF-I ON MORTALXTY, GROWTH RATE, AND PLASMA GLUCOSE IN ~-YEAR-OLD COHO SALMON 

MAINTAINED ON LIMITED RATIONS 

Mortality 

Growth rate 

Length (% . d- ‘) Weight (% . d - ‘) 
Plasma glucose 

(ti 

Control o/10 
rbIGF-I (0.06 pg . g-’ . d-‘) o/10 
rbIGF-I (0.12 p.g . gg’ . dd’) 4110 

a 0.6% body wt per day; experiment 4. 

0.06 zt 0.03 0.21 2 0.14 4.67 2 0.24 
0.20* f  0.02 0.86* k 0.10 3.61* k 0.18 
0.21* k 0.02 0.74* -+ 0.12 2.97” +- 0.13 

* Significantly different from control group (P < 0.05, one-way ANOVA followed by Dunnett’s test). 

ing examined, the developmental stage, and 
the environmental conditions. For exam- 
ple, production of IGF-binding proteins 
(IGF-BPS), which affect the availability of 
IGF-I to target tissues, are affected by diet 
and various other factors (Rosenfeld, 1990). 

In the present study, rbIGF-I caused sig- 
nificant stimulation of growth rate, but only 
in animals with submaximal growth rates 
(experiments 2, 4, and 5; length-specific 
growth rate of control fish, 0.04-0.16 
% * d- ‘). There was no effect of IGF-I on 
rapidly growing coho salmon (experiment 
3; length-specific growth rate of control 
fish, 0.26 % . d-l). In experiments 4 and 5, 
growth rate was reduced by feeding a re- 

I 
rbIGF-I: 0.06 /+g-l.d-1 ,.A 

9 I ” /’ 
I’ A’ 

g 35.- /' 

G 
s I 

I 

_ 4J- - - _ -*- - - - 
CO 

CONTROL 

30 1 
0 7 14 21 

DAYS OFTREATMENT 

FIG. 1. Time course of changes in body weight of 
coho salmon in response to intraperitoneal infusion of 
rbIGF-I. Control group received intraperitoneal infu- 
sion of vehicle (saline). Both groups were maintained 
on limited rations (0.6% body wt per day). The values 
from the 0.12 ug . g-i . d-i group substantially over- 
lap those from the 0.06 pg . g-’ . dd’ group and, for 
clarity, are not presented. Values are means k SE; 
sample size was 10 fish at each time point for each 
group. 

duced ration to the fish. Fasting and protein 
restriction of rats lead to reduced hepatic 
GH receptor function and binding (Baxter 
et al., 1982; Maes et al., 1983, 1984; Born- 
feldt et al., 1989), diminished IGF-I produc- 
tion, and decreased growth rate (Phillips 
and Young, 1976; Maes et al., 1983, 1984; 
Moats-Staats et al., 1989). It seems likely 
that IGF-I infusion supplemented the re- 
duced endogenous IGF-I production in ra- 
tion-limited fish. The lower growth of con- 
trol fish in experiment 2 (fed ad libitum 
once daily) may have been due to several 
factors, including age, the single daily feed- 
ing, and/or the larger initial body size, but 
the stimulation by rbIGF-I suggests an ac- 
tion similar to that seen in experiments 4 
and 5. Conversely, failure to observe ef- 
fects of rbIGF-I in rapidly growing coho 
salmon may have arisen from the high en- 
dogenous production of GH and IGF-I. 

Observations from experiments 2 and 4 
indicated that IGF-I-treated fish were more 
aggressive in competing for food than un- 
treated fish and that this may have contrib- 
uted to some of the observed differences in 
growth rate in these experiments. The re- 
sults of experiment 5, in which groups were 
separated, indicate that the effect of IGF-I 
on linear growth rate is not a function of 
increased food intake. The relative ability 
of IGF-I to stimulate growth in weight, 
however, was decreased in experiment 5 
(three- to fourfold higher in experiment 4 [P 
< 0.051, twofold higher in experiment 5 but 
not statistically significant), indicating that 
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TABLE 5 
EFFECT OF rbIGF-I ON MORTALITY, GROWTH RATE, AND PLASMA GLUCOSE EN I-YEAR-OLD Cone SALMON 

MAINTAINED ON LIMITED RATION” 

Mortality 

Growth rate 

Length (% d-“) Weight (% . d-‘) 
Plasma giucose 

ww 

COiltrQl o/10 0.04 k 0.03 0.16 t 0.14 3.72 + 0.13 
rbIGF-I (0.02 p,g g-” . d-l) o/10 0.06 ” 0.02 0.20 i 0.10 3.58 -c 0.43 
rbIGF-I (0.08 pg . g-’ d-l) Oil0 0.14* k 0.02 0.36 +- 0.12 2.35* * 0.3.5 

a 0.5% body wt per day; experiment 5. 
x- Significantly different from control group (P < 0.05, one-way ANQVA followed by Dunnett’s test) 

at least some of the increase in weight ob- 
served in experiments 2 and 4 may have 
been due to increased food consumption. 
Guler et ~1. (1989) observed increased food 
consumption of hypophysectomized rats 
infused with IGF-I for 18 days. Increases in 
weight were not due to increased water 
content, as muscle moisture content did not 
differ as a result of rbIGF-I treatment (Ta- 
ble 4). 

Saunders et al. (1985) have demonstrated 
that continuous light administered during a 
declining photoperiod can result in in- 
creased growth of Atlantic salmon (Salmo 
s&r). It seems unlikely that the use of con- 
tinuous light in experiment 4, however, had 
a significant impact on growth of control or 
treated fish since the growth rates of fish in 
experiments 4 and 5 (the latter under simu- 
lated natural photoperiod) were similar. 

rbICF-I (pg.g-l.d-I) 

FIG. 2. Effect of rbIGF-I on specific growth rate in 
length of coho salmon maintained on limited ration 
(U.5-0.6% body wt per day). Results are expressed as 
the proportional change from the respective control 
group in experiments 4 and 5 (see text for details). 

Failure to observe an effect of continuous 
light may have been due to t 
level employed, or to the 
continuous light at a time wh 
toperiod was increasing (spring). 

A number of studies indic 
increase growth rate in intact fish, including 
rapidly growing juvenile coho sal 
Donaldson et al.) 1979, for review. 
al., 1988, 1989; Moriyama an 

that 0.1 kg . g-l . d- ’ recombinant bovine 
growth hormone increased weight- an 
length-specific growth rate of coho salmon 
by 2.5fold. Although it has not been widely 
investigated, the ability of exogenous 
growth hormone to stimulate growth may 
also be less apparent when 
tions are optimd (see, for ins 
sible effect of temperature 
of growth hormone treatme 
[Danzmann eb al., 19901) 
these comparisons indicate that exogenous 
growth hormone may be mo 
than recombinant bovine IGF- 
ing growth in fish. Although fn 
are required, these comparis 
that IGF-I may carry ant only 
growth-stimulating functions of growth l-nor- 
mone in salmon. 

Pm the present study, high 
rbIGF-I (X.13 pg * g-l * d-l) c 
poglycemia and death (experiments 1 and 
2). In mammals ) ex~erimentaIly increase 
serum levels of free IGF-I (Le. Y not boun 
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TABLE 6 
EFFECT OF rbIGF-I ON LIVER WEIGHT, INTESTINAL WEIGHT, INTESTINAL LENGTH, AND MUSCLE MOISTURE 

CONTENT IN I-YEAR-OLD COHO SALMON MAINTAINED ON LIMITED RATION* 

Liver weight Intestine weight 
(% body wt) (% body wt) 

Intestine length 
(% body length) 

Muscle moisture 
(%) 

Control 0.89 k 0.04 0.29 2 0.02 41.6 f  1.0 73.6 2 0.6 
rbIGF-I (0.02 pg . g-’ . d-l) 0.95 1 0.03 0.30 * 0.02 41.1 +- 1.3 73.6 IL 0.4 
rbIGF-I (0.08 kg . g- ’ . d-l) 0.73 f  0.07 0.35 r 0.03 40.9 f  1.2 72.2 2 1.3 

a 0.5% body wt per day; experiment 5. 

to IGF-BPS) can induce severe hypoglyce- 
mia (Guler et al., 1988), presumably by in- 
teracting with insulin receptors (Froesch 
and Zapf, 1985). Recently, several IGF-BPS 
have been identified in coho salmon plasma 
(K. M. Kelley and K. Siharath, unpub- 
lished results), and thus it is possible that 
the higher doses of rbIGF-I similarly re- 
sulted in IGF-I levels in excess of circulat- 
ing IGF-BPS. Increased growth rate of coho 
salmon induced by rbIGF-I administration 
(experiments 2, 4, and 5) was associated 
with slight hypoglycemia. This is not a uni- 
versal finding, however, as Guler et al. 
(1989) report no effect of IGF-I on plasma 
glucose in hypophysectomized rats despite 
a dramatic effect on growth rate. 

IGF-I treatment can also have differen- 
tial effects on the growth of various organs 
in mammals (Guler et d., 1988, 1989). Col- 
lie and Stevens (1985) found that growth 
hormone treatment increased the area- 
specific intestinal weight of coho salmon. 
However, the present study indicates that 
relative liver and intestinal weights of coho 
salmon are not affected by rbIGF-I (Ta- 
ble 6). 

Skyrud et al. (1989) found that multiple 
injections of mammalian IGF-I in brook 
trout resulted in hypoglycemia and poor 
growth. These authors suggested that there 
was a structural difference between mam- 
malian and brook trout IGF-I that pre- 
cluded binding of mammalian IGF-I to the 
brook trout receptor. This is not supported 
by recent in vitro studies in which recom- 
binant bovine IGF-I stimulated sulfate in- 
corporation into cartilage from several tele- 

osts (Duan and Hirano, 1990; McCormick 
et al., 1991; Gray and Kelley, 1991; see re- 
view by Bern et al., 1991) or by the positive 
effects of constant infusion of rbIGF-I on 
growth of coho salmon in the present study. 
Furthermore, Cao et al. (1990) reported 
that the deduced amino acid sequence of 
coho salmon IGF-I has an 80% sequence 
similarity with mammalian IGF-I. It is pos- 
sible that the negative effect of IGF-I on 
growth of brook trout was the result of the 
route of administration used by Skyrud et 
al. (1989). Bolus injection of IGF-I induces 
hypoglycemia and poor growth in mam- 
mals, whereas constant infusion at similar 
average daily doses promotes growth 
(Froesch and Zapf, 1985; Scheiwiller et al., 
1986; Guler et al., 1988, 1989). 

Studies using heterologous radioimmu- 
noassays or radioreceptor assays in several 
teleost species yield an inconsistent picture 
of the presence and regulation of circulating 
“IGF-I-like” factors (van den Brande et 
al., 1974; Furlanetto et al., 1977; Shapiro 
and Pimstone, 1977; Wilson and Hinz, 
1982; Daughaday et al., 1985; Lindahl et 
al., 1985; Drakenberg et al., 1989). How- 
ever, Funkenstein et al. (1990) reported 
that GH treatment increased (human) IGF-I 
immunoreactivity in the plasma of sea 
bream (Sparus uurutu). In addition, Cao et 
al. (1990) found that coho salmon liver 
IGF-I mRNA is responsive to in vivo 
growth hormone treatment. The present re- 
sults indicate that mammalian IGF-I can in- 
crease growth rate of coho salmon under 
conditions of limited ration. In combination 
with data indicating that mammalian IGF-I 
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increases the in vitro sulfate incorporation 
in cartilage of coho salmon (McCormick et 
al., 1991) and other teleosts (Duan and 
Hirano, 1990; Gray and Kelley, 1991), the 
present data support a role for endogenous 
IGF-I as an important mediator of some of 
the actions of GM in promoting and regu- 
lating growth in teleosts. 
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