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Ovine growth hormone (0GH) was administered to rainbow trout via an intraperitoneal
cholesterol implant. After 21 days, plasma oGH levels were recorded as control group, <2
ng ml™", i.e., not detectable, and oGH group, 19.2 = 2.8 ng ml~ . oGH-treated fish exhib-
ited significantly increased whole-body growth rates, whole-body protein accretion rates,
stimulated tissue protein synthesis, and tissue protein accretion rates. A dramatic decrease
in white muscle protein concentration was also observed after oGH treatment. In some
tissues (liver and stomach), elevated protein synthesis rates were the result of higher RNA/
protein ratios. However, in other tissues (gill and ventricle), increased RNA activity ac-
counted for the differences in rates of protein synthesis. The growth promoting effects of
oGH on both whole-body and tissue protein turnover were generally accompanied with no
change in the efficiency of deposition of newly synthesized protein. For the same ration size,
the oGH group showed higher retentions of ingested nitrogen. It is concluded that oGH
significantly enhances whole-body growth rates as a result of the stimulatory effect on

protein synthesis rates with little effect on protein degradation.

The effects of mammalian growth hor-
mone (GH) on whole-body and tissue
growth in teleosts are well documented
(Weatherley and Gill, 1987; Donaldson et
al., 1979; Gill et al., 1985). GH is known to
stimulate appetite (Pickford and Atz, 1957;
Higgs et al., 1975), food conversion effi-
ciency (Markert et al., 1977), lipid mobili-
zation (Sheridan, 1986), nitrogen retention
(Matty, 1962), and amino acid incorpora-
tion into tissues (Cheema and Matty, 1978).
Independent of these growth promoting ef-
fects, GH is also involved in the smoltifica-
tion and seawater adaptability of salmonids
(Bolton ef al., 1987; Young et al., 1989) and
in the production of antifreeze proteins in
marine fish (Idler er al., 1989).

Much of the work on protein metabolism

! Present address: Rowett Research Institute, Ab-
erdeen, Scotland, United Kingdom.
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suggests that mammalian GH increases
protein synthesis and thus whole-body
growth rates of fish. Cheema and Matty
(1978) demonstrated that porcine GH stim-
ulated the in vivo incorporation of L-
['#C]leucine into the skeletal muscle of
rainbow trout. Similarly, ovine growth hor-
mone (0GH) administration to hypophysec-
tomized eels resulted in an accelerated in-
corporation of radiolabeled leucine into
liver and muscle protein (Inui and Ishioka,
1985). However, the conclusions drawn
from these radiolabel incorporation studies
are limited by problems of radiolabel excre-
tion, and/or reutilization. Recently, quanti-
tative protein synthesis measurements in
fish have become feasible with the modifi-
cation of the flooding dose technique (Hou-
lihan et al., 1986, 1988, 1989), previously
used to measure in vivo mammalian protein
synthesis rates (Garlick ez al., 1980). Fur-
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thermore, using the flooding dose tech-
nique, rates of protein degradation can be
quantified as the difference between pro-
tein synthesis and protein accretion rates
(Reeds et al., 1982). This study examines
the effects of ovine GH administration on
whole-body and tissue protein turnover in
the rainbow trout, Oncorhyncus mykiss
(formerly, Salmo gairdneri). In addition,
the effects of oGH on tissue ribonucleic
acid (RNA)/protein ratio, RNA concentra-
tion, and RNA activity have been investi-
gated.

MATERIALS AND METHODS

Experimental design. This experiment was con-
ducted at the INRA, Fish Nutrition Research Unit, St.
Pée-sur-Nivelle, France, during April 1988. The fish in
this study were underyearling rainbow trout of similar
initial weight (P = 0.2635) and length (P = 0.3524). All
fish were fed a diet of commercial pellets (Aqualim
G.S.0., France, crude protein 52.5%, gross energy 2!
kJ/g). The water temperature was 11 = 1°. The fish
were maintained under natural photoperiodic condi-
tions for this time of year in 60-liter tanks supplied
with free running water.

The animals in the control-implanted group (mean
initial body weight = 1 SEM, 51.2g = 1.1; n = 17)
each received a single cholesterol pellet (45 mg cho-
lesterol) containing no growth hormone. Cholesterol
pellets were implanted, under anesthesia (0.4% ethyl-
ene glycol monophenylether in water), into the perito-
neal cavity of each fish (Higgs et al., 1975). A nonim-
planted control group was also included to determine
the effects of cholesterol pellet implantation on whole-
body, weight-specific growth rates (53.8g + 4.5, n =
34).

The growth hormone-implanted fish (52.7g = 0.9, n
= 20) each received a similar cholesterol pellet (45 mg)
containing 1 mg oGH (supplied by NHPP, a contract
program of NIDDK, University of Maryland School of
Medicine, batch No. oGH 13B14, purity >99%. One
milligram oGH resulted in a dosage of 20 pg oGH g
fish ! at the beginning of the experiment.

The ration size consumed by the control group was
calculated to be 2.50% body wt day ' and the oGH
group ration size was adjusted to be similar; it was
2.55% body wt day~!. Fish were maintained under
these conditions for 21 days, after which whole-body
growth rates over the 21-day period were calculated
from (Ricker, 1979)

Specific growth rate (% day) =
(log e W, — log e W)) <
t

100,
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where W, (g) was the initial weight, W, (g) was the
final weight, and ¢ was the length (in days) of the grow-
ing period.

Measurement of protein synthesis. Whole-body and
tissue protein synthesis rates were measured using the
flooding dose method (Houlihan er al., 1986, 1988,
1989). Twelve hours after the last meal, the animals
were injected via the caudal vein without anesthesia.
The injection solution contained 150 mM L-
phenylalanine and L-[2,6-°H]phenylalanine (Amer-
sham Int.) at 37 x 10° Bq ml~! in Cortland Ringer at
pH 7.4 (specific radioactivity, 1210 disintegrations per
minute nmole phenylalanine™!, DPM nmol~!). The
dosage was 1 ml injection solution/100 g body wt~'.
All injections were performed between 0900 and 1200
hr, to avoid possible diel variations in protein synthe-
sis rates.

Following the injection, the fish were returned to
aerated water at the experimental temperature. After a
40-min incorporation period, the fish were killed by a
sharp blow to the head and transection of the spinal
cord.

After the incorporation period, the fish used for
whole-body rates of protein synthesis were killed and
immediately frozen whole in liquid nitrogen (control, n
= 7; oGH implanted, n = 6). The whole fish bodies
were then freeze-dried and ground into powder. From
the powder of each fish, three random samples were
taken and used for the measurement of whole-body
protein synthesis, k; (percentage of whole-body pro-
tein mass synthesized day ).

The remaining fish from each treatment group (n =
10) were used for tissue protein synthesis measure-
ments. Ventricle, gill, liver, stomach, intestine, and
white muscle were dissected from the fish. White mus-
cle samples were standardized by taking all samples
from the area below the dorsal fin. All dissections
were performed on ice and tissue samples were imme-
diately frozen in liquid nitrogen. Samples were then
stored at —20° until analysis. Protein (Lowry et al.,
1951) and RNA determinations (Mejbaum, 1939) were
performed on the tissues within 3 days of storage at
—20°. RNA/protein ratios (ug RNA mg protein™")
were calculated as proposed by Pain and Garlick
(1974).

Fractional rates of protein synthesis, k,, in fish
whole bodies and tissues were calculated using (Gar-
lick et al., 1980)

Rate of protein synthesis, k; =

Sp 1440

3—; X 20 X 100,
where Sg and S, are the specific radioactivities of the
protein-bound and free-pool phenylalanine, respec-
tively; 1440 is the number of minutes day ', and t is
the incorporation period (in minutes). Protein synthe-
sis measurements were made on 100-mg samples (wet
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weight) taken at random from each tissue; 100-mg
samples (freeze-dried) were also used for the whole-
body measurements. Absolute amounts of protein syn-
thesized (mg protein synthesized day ~ ') in each tissue
were calculated by muitiplying total tissue protein con-
tent by the respective tissue .

The translational efficiency of the ribosomes, kgna
(g protein synthesized g RNA ~! day ~ ') was calculated
by dividing tissue fractional protein synthesis rates by
the respective RN A/protein ratio (Preedy et al., 1988).

Rates of protein accretion and degradation. To cal-
culate individual tissue protein accretion rates, &, (per-
centage of the protein mass deposited as growth
day ™)), the tissue dissections from the control fish at
the end of the experiment were used. It was assumed
that tissue protein concentration did not change over
the 21-day period.

Using these data, tissue protein contents (at the be-
ginning of the experiment) could be estimated by mul-
tiplication of the estimated initial tissue weight by the
mean tissue protein concentration. Initial whole-body
protein contents were calculated by multiplication of
initial body weight at time 0 with the mean whole-body
protein concentration for the control fish. Thus, to cal-
culate whole-body and tissue protein accretion rates
for the experimental fish, initial (estimated) and final
(measured) protein contents of each individual whole
body (or tissue) were inserted into the specific growth
rate equation (above). Four extra fish were added to
the oGH whole-body group of fish to increase the sam-
ple size in this group. These fish were treated in an
identical manner to all other oGH-implanted fish ex-
cept that they were fed a marginally larger ration size,
2.80% body wt day ~!. The final sample size for the
oGH whole-body data was therefore 10 animals.

Rates of protein degradation, k4 (percentage of
whole-body or tissue protein mass degraded day '),
were calculated as the difference between the rates of
protein synthesis and protein accretion (Millward and
Waterlow, 1978; Reeds et al., 1982). The efficiency of
deposition of newly synthesized protein (ED, percent-
age of the protein mass synthesized and subsequently
deposited as protein growth day ') was calculated as
(klky) % 100.

Body composition. Tissue somatic indices ((total tis-
sue wt/body wt) X 100) were calculated. Tissue/
whole-body compositions were also calculated as (to-
tal tissue protein content)/(total individual fish whole-
body protein content) x 100. Tissue/body composition
was calculated in this way to avoid possible bias as a
result of differences in tissue composition (i.e., water,
lipid) between treatment groups.

Ovine GH assay. At the end of the 21-day experi-
ment, blood samples were taken from the caudal vas-
culature of the fish, immediately prior to sacrifice us-
ing nonheparinized syringes. The blood was allowed to
clot overnight at 4° before centrifugation at 3500g.
Plasma samples were then stored at —20° until 0GH
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measurement by RIA. Qvine GH was measured using
a mammalian RIA (sensitivity, 2 ng oGH ml™'
plasma), and crossreactivity with trout GH was <1%
(Le Bail er al., 1989),

Statistics. All statistical comparisons were made us-
ing Student’s unpaired ¢ test (Zar, 1974). Tissue-
somatic indices were arcsine transformed before test-
ing for differences (Zar, 1974). Significance was taken
at P < 0.05.

RESULTS

Plasma oGH, Whole-Body Growth Rates,
and Protein Synthesis

The nonimpianted control group and the
implanted control group showed similar
whole-body growth rates (nonimplanted
1.94 = 0.32, implanted 1.80 = 0.14%
day ~'). Thus, it was concluded that choles-
terol pellet implantation had no significant
effect on the whole-body growth rate of the
trout. The cholesterol-implanted control
and cholesterol/oGH-implanted fish could
therefore be directly compared.

Plasma oGH measurements were re-
corded as control, <2ngml~!, n = 10, i.e.,
not detectable, and oGH group, 19.2 = 2.8
ng mli~', n = 10. Therefore, oGH/
cholesterol pellet implantation allowed the
significant release of oGH into the plasma.

Ovine GH administration increased both
weight-specific growth rate (P < 0.01) and
percentage length increase (P < 0.001)
compared to the implanted control group
(Table 1). Whole-body growth rates and
whole-body protein accretion rates were
similar within each treatment group (Table
). Also, oGH whole-body protein accre-
tion rates were higher than in the control
fish (P < 0.01). However, oGH had no sig-
nificant effects on whole-body rates kg, kg,
or ED, compared to the control fish (Ta-
ble 1).

Whole-body and tissue free-pool specific
radioactivities, S, (DPM nmol phenylal-
anine '), were slightly lower than the spe-
cific radioactivity of the injected solution
(Table 2). Moreover, free-pool specific ra-
dioactivities were similar both between
whole-bodies, tissues and between treat-
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TABLE 1
SUMMARY OF WHOLE-Bopy (WB),
WEIGHT-SPECIFIC GROWTH RATE (SGR),
PERCENTAGE INCREASE IN LENGTH, WHOLE-Boby
PROTEIN ACCRETION RATE (k) WHOLE-BopnY
PROTEIN SYNTHESIS (k,), WHOLE-BODY PROTEIN
DEGRADATION (k,), AND THE EFFICIENCY OF
PrROTEIN DEPOSITION (ED) (PERCENTAGE
SYNTHESISED PROTEIN DEPOSITED AS GROWTH
DAy ~!) OF THE ANIMALS USED FOR THE
WHOLE-BODY ANALYSES

oGH-implanted

Implanted control
Whole body SGR 1.80 £ 022 2.78% =0.10
% increase in length ~ 8.01 = 2.68 13.21** x 2.47
WB protein k, 1.80 = 0.14  2.66* = 0.15
WB k, 4.39 = 0.45 513 *=0.25
WB kq 258 £0.54 239 +0.28
WB ED 4525 =733 S3.12 =380

Note. Statistical comparisons were made using Stu-
dent’s unpaired ¢ test where *P < 0.01 and ***P <
0.001. Values are means + 1 SEM. Sample sizes were
control, n = 7; oGH, n = 10.

ment groups. Thus, it was concluded that
the injection solution contained sufficient
phenylalanine for the equilibration and
maintenance of stable free-pool specific ra-
dioactivities. This finding was consistent
with other studies (Houlihan et al., 1986,
1988, 1989) where a 40-min incorporation
period was suitable for measuring whole-
body and tissue protein synthesis rates.

TABLE 2
WHoLE-BoDY AND TisSUE FREE-PoOL SPECIFIC
RADIOACTIVITIES S, (DPM nMoL
PHENYLALANINE ~!) FOLLOWING INJECTION
OF [PHIPHENYLALANINE

Tissue Control oGH implanted
Whole-body 933.7 £ 50.0 1001.0 = 32.3
Ventricle 1130.5 + 13.0 1159.3 + 19.6
Gill 1089.0 = 26.3 1113.8 = 31.2
Liver 976.8 = 14.4 1012.5 + 18.2
Stomach 1029.3 * 61.5 1028.1 = 22.7
Intestine 884.5 = 19.0 943.9 * 26.9
White muscle 1025.4 = 23.4 1089.4 + 20.5

Note. Within any one tissue, no significant differ-
ences in free-pool specific radioactivity were found
between treatment groups. The specific radioactivity
of the injection solution was 1210 DPM nmol
phenylalanine ~!. Values are means = 1 SEM. Sample
size was 10 in each group.

FOSTER ET AL.

The free-phenylalanine levels (nmol phe-
nylalanine g tissue ~!) determined in the
white muscle indicated that the high dose of
phenylalanine raised the free phenylalanine
concentration approximately 17-fold from
the assumed normal level of 90 nmol phe-
nylalanine g white muscle~! (Mommsen et
al., 1980). Assuming that all of the injected
phenylalanine was equally distributed
throughout the body, the injection of 135
wmol 100 g~ ! animal should result in a free
phenylalanine concentration of 1440 nmol g
tissue ~! (including endogenous phenylala-
nine). It is worthwhile noting that the mea-
sured white muscle phenylalanine concen-
trations were in agreement with this predic-
tion (control, 1529.5 + 133.2, N = 10; oGH
implanted, 1557.4 = 43.4 nmol phenylala-
nine g white muscle ™', n = 10). Thus, the
radiolabel appeared to have equilibrated
throughout the tissues of the fish within the
40-min incorporation period.

Tissue Protein Growth

Whole-body growth rates of the oGH
trout used for the tissue analyses were also
stimulated compared to the implanted con-
trol fish (SGR = 2.47 £ 0.06, n = 10, P <
0.001).

Tissue protein concentrations (mg pro-
tein g tissue ') were similar between tis-
sues, regardless of treatment group (Table
3). The only exception to this was the oGH
group white muscle where the protein con-
centration was lower (P < 0.01) compared
to the control group. As a result of the
lower oGH white muscle protein concen-
tration, white muscle protein accretion
rates could not be accurately determined
and have thus been omitted.

Ventricle demonstrated mass hypertro-
phy (P < 0.05) following oGH administra-
tion (percentage wet body wt) (Table 3).
The remainder of the tissues demonstrated
either no change (gill, stomach and intes-
tine) or a significant decrease (liver and
white muscle, P < 0.05) with oGH treat-
ment.

When the data were reexpressed (total
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TABLE 3
TiSSUE PROTEIN CONCENTRATION (P CONCENTRATION, MG PROTEIN G TISSUE ™ 1y TISSUE~SOMATIC INDICES
(TSI, PERCENTAGE WET BODY WT), TISSUE PROTEIN CONTENT (TPC, EXPRESSED AS A PERCENTAGE OF
WHOLE-BoDY PROTEIN CONTENT) IN THE CHOLESTEROL (CONTROL) AND CHOLESTEROL/OGH (0GH)
IMPLANTED GROUPS

P
Tissue concentration % TSI % TPC )

Ventricle

Control 12446 =+ 5.38 0.129 = 0.008 0.122 *= 0.008

oGH implant 115.35 = 3.60 0.153* = 0.008 0.144 = 0.009
Liver

Control 138.41 = 4.46 1.56 + 0.08 1.63  +0.09

oGH implant 143.03 = 3.55 1.34* + 0.06 1.59 =+ 0.07
Stomach

Control 119.97 =8.22 3.08 =0.18 2.8 +0.30

oGH implant 115.26 = 4.53 275 *=0.14 263 =*0.19
Intestine

Control 103.32 =+ 6.88 1.70 = 0.10 1.33  +0.10

oGH implant 10492 =+ 437 1.74 + 0.08 1.41 =0.10
Gill

Control 78.82 =+ 3.45 355 *0.22 1.00 = 0.08

oGH implant 76.96 £ 3.26 3.68 *+0.13 1.11 = 0.04
White muscle

Control 181.99 =+ 532 46.46 = 0.82 64.36 =+ 1.88

oGH implant 160.37** + 5.12 42.71* *0.84 56.64** +

1.81

Note. * denotes a significant difference (P < 0.05) between the control and oGH group, and **P < 0.01. Values
are means = 1 SEM. Sample sizes were 10 animals in each group.

tissue protein content/whole-body protein
content), no differences in tissue/whole-
body protein content were observed, ex-
cept for white muscle (Table 3). White mus-
cle/whole-body protein content decreased
significantly (P < 0.01) due to oGH treat-
ment. This decrease in oGH white muscle/
whole-body protein content was presum-
ably a result of the lower white muscle pro-
tein concentration.

Tissue Protein Accretion, Synthesis,
and Degradation

Ventricle, intestine, and gill showed ke
similar to the whole-body growth rates, in-
dicating that these tissues were probably
growing isometrically (Table 4). The con-
trol stomach protein accretion rates were
lower than whole-body protein accretion
rates. oGH liver and stomach protein ac-
cretion rates were also lower than the
whole-body protein accretion rate.

Following oGH administration, tissue &,

was significantly elevated, in the majority
of tissues examined (Fig. 1a). This stimula-
tion in tissue k, was tissue specific, ranging
from 22% in the liver to 63% in the stom-
ach. However, white muscle fractional pro-
tein synthesis rates were found to be very
low (control, 0.21 = 0.03; oGH, 0.29 =+
0.08% day '"). In absolute terms, oGH
treatment also resulted in more protein be-
ing synthesized in most tissues (Fig. 1b).

Ovine growth hormone increased the
protein degradation rate in the stomach
(Table 4), therefore resulting in the low pro-
tein accretion rate observed for that tissue.
Gill protein degradation was also higher in
the oGH group compared to the controls (P
< 0.05). In the remaining tissues, protein
degradation rates were similar regardless of
treatment.

The ED for most of the tissues was not
significantly different (data not shown) fol-
lowing oGH administration. The one ex-
ception to this was oGH stomach where ED
was significantly lower (P < 0.05).



116

TABLE 4
TissUE PROTEIN ACCRETION RATES
(kg, PERCENTAGE PROTEIN Mass ACCRETED Day })
AND PROTEIN DEGRADATION (ky, PERCENTAGE
PROTEIN MAss DEGRADED DAY ') AFTER
CHOLESTEROL (CONTROL) AND CHOLESTEROL/OGH
(0GH) PELLET IMPLANTATION

Protein accretion

Tissue rate k, ky
Ventricle

Control 1.73  *£0.13 1.71 *0.32

oGH 2.46 = 0.21 2.23 +0.38
Liver

Control 1.82 =0.23 12.89 * 1.06

oGH 2.04* +0.16 1570 =+ 1.45
Stomach

Control 1.25* +£0.24 3.43 + 1.06

oGH 1.16%* + (.24 6.16%** + (.62
Intestine

Control 1.88 =+ 0.27 13.36 * 1.76

oGH 2,60 *+0.24 1236 =193
Gill

Control 1.71 = 0.16 8.68 * 0.71

oGH 247 *=0.13 11.44%** + 0,95

Note. * denotes a significant difference between the
whole-body and tissue protein accretion rates (k,) at (P
< 0.05) and ** denotes a significant difference be-
tween whole-body and tissue protein accretion rates at
(P < 0.001), *** denotes significant difference be-
tween control and oGH group at P < 0.05. Values are
means + 1 SEM. Sample size was 10 in each group.

Tissue RNA Concentration, RNA/Protein
Ratio, and RNA Activity

RNA/protein ratios of ventricle and in-
testine were higher in the oGH group (at
least P < 0.05) compared with the control
fish (Fig. 2a). The oGH white muscle RNA/
protein ratio was also significantly stimu-
lated (control, 8.13 + 0.43, oGH, 11.35 *
0.81, P < 0.01). The greater oGH white
muscle RNA/protein ratio was due to an
increased RNA concentration (P < 0.025)
and not only a result of the decreased white
muscle protein concentration. In the re-
maining oGH tissues, the RNA concentra-
tion tended to be higher, although not sig-
nificant, than in the control group.

Tissue kx4 appeared to be stimulated by

FOSTER ET AL.

Fractional rate of protein
synthesis, %. day *1

407 b

Absolute rate of protein
synthesis, mg. day -1

ventricle gill liver

stomach intestine

Control [] oGH

F1G. 1. (a) Tissue fractional protein synthesis rates,
k, (percentage protein mass synthesized day ~!), after
cholesterol pellet (control) and cholesterol pellet/oGH
implantation (0GH). Where * denotes a significant dif-
ference between the control and oGH group at P <
0.05, and ** P < 0.01. Each point represents mean *+
1 SEM of 10 fish. (b) Absolute amounts (mg) of protein
synthesized in each tissue day~?', following choles-
terol pellet (control) and cholesterol pellet/oGH im-
plantation (0GH). Where * denotes a significant dif-
ference between the control and oGH group at P <
0.05, ** P < 0.01, and *** P < 0.001. Each point
represents mean = 1 SEM of 10 fish.

oGH (Fig. 2b), although only ventricle and
gill reached significance (P < 0.02).

DISCUSSION
Methodology

It has been shown that the injection of a
flooding (high) dose of amino acid does not
affect the rate of protein synthesis in either
mammals or fish (McNurlan et al., 1979;
Loughna and Goldspink, 1985). However,
in the present study little radiolabel was in-
corporated into white muscle protein dur-
ing the 40-min incorporation period. Thus,
longer incorporation periods may be neces-
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RNA to protein ratio,
pg. mg -t

RNA activity, g. g. -1 day -1

stomach intestine

ventricle gitl liver

oGH

B Control [l

F1G. 2. (a) Tissue RNA/protein ratios (ug RNA mg
protein ') after cholesterol pellet (control) and cho-
lesterol pellet/oGH implantation (0GH). Where * de-
notes a significant difference between the control and
oGH group at P < 0.05 and ** at P < 0.01. Each point
represents mean = 1 SEM of 10 fish. (b) Tissue RNA
activity, kgnua (g protein synthesized g RNA™'
day ~ 1), following cholesterol pellet (controt) and cho-
lesterol pellet/oGH implantation (0GH). Where * de-
notes a significant difference between the control and
oGH group at (P < 0.02). Each point represents mean
+ 1 SEM of 10 fish.

sary for the quantitative measurement of
white muscle protein synthesis rates in fish.

Problems with estimating protein degra-
dation rates from the difference between
protein synthesis and protein accretion
rates have been discussed previously
(Reeds et al., 1986; Houlihan and Laurent,
1987; Houlihan ef al., 1988). However, as
alternative methods for measuring protein
degradation were unavailable, it was con-
venient to cautiously use this method.

In the present study, the release of oGH
into the plasma indicates that the dosage of
oGH used was sufficient to maintain high
growth rates for at least 3 weeks. Thus,
cholesterol pellet implantation appears to
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be a good method for the administration of
exogenous GH without the stress of fre-
quent handling (Kawauchi et al., 1986).

Effects of oGH on Body Composition and
Protein Turnover

A dramatic decline in white muscle pro-
tein concentration and the contribution of
white muscle to the whole-body protein
content was observed following oGH treat-
ment. One possible explanation for the
lower white muscle protein concentration
following oGH administration may have
been the replacement of muscle protein by
water. White muscle and liver somatic in-
dices (percentage wet whole-body wt) also
decreased with oGH treatment. The lower
muscle and liver somatic indices (percent-
age wet wt) may be due to the lipolytic ef-
fects of GH in many tissues (Higgs et al.,
1975; Sheridan, 1986).

The results of this study conclusively
demonstrate that oGH has significant ef-
fects on both protein synthesis and, to a
lesser extent, protein degradation in rain-
bow trout tissues. The observed stimula-
tory effects of oGH on protein synthesis are
in agreement with earlier radiolabel incor-
poration studies (Cheema and Matty, 1978;
Inui and Ishioka, 1985).

In a growing animal, increased protein
accretion rates are generally the result of
both increased protein synthesis and, to a
lesser degree, increased protein degrada-
tion rates (Millward et al., 1975; Houlihan
and Laurent, 1987; Houlihan et al., 1988).
However, in the present study, higher
whole-body protein accretion rates were
not accompanied by significantly increased
protein synthesis or degradation rates. The
differences in whole-body protein accretion
rates between the control and oGH groups
may have been too small to result in a sig-
nificant difference in whole-body protein
degradation. However, this does not ex-
plain the lack of a stimulation in whole-
body protein synthesis with oGH admin-
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istration. Thus, the whole-body protein
turnover data gave us no satisfactory expla-
nation of how the oGH group can grow
faster when receiving the same ration size.
It may be that we are witnessing a problem
with measuring protein synthesis rates over
a time scale of minutes and protein accre-
tion rates over days. However, it is feasible
that a marginal increase in protein synthesis
may account, within several days, for a
significant increase in protein accretion.
Since teleosts are generally 50-65% white
muscle (percentage wet wt), the low white
muscle k; may also have resulted in the un-
derestimation of the effects of oGH on
whole-body k.. Consequently, data on the
effects of oGH on whole-body protein turn-
over may be incorrect. Also, it is interest-
ing to note that although both treatment
groups received the same ration size, the
oGH group had higher retentions of in-
gested nitrogen, i.e., food conversion effi-
ciencies.

In contrast to the whole-body protein
turnover data, most oGH tissues (except in-
testine) exhibited higher protein synthesis
rates, although increased protein degrada-
tion rates were only observed in gill and
stomach. The lack of a general stimulation
of protein degradation with oGH treatment
may be due to the significant, yet relatively
small, difference between the control and
oGH tissue protein accretion rates. Thus,
the increased tissue protein synthesis rates
with no change in protein degradation give
us a clear indication of how the higher tis-
sue protein accretion was achieved.

In mammals, GH is known to have rapid
(direct) effects on protein synthesis in liver
and muscle, i.e., 30 min after hormone
treatment (Koysto and Nutting, 1974).
However, the growth promoting effects of
GH also appear to be mediated, at least in
part, by insulin-like growth factors (IGFs),
previously termed somatomedins (Salmon
and Daughaday, 1957). Since intact, i.e.,
nonhypophysectomized, fish were used in
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the present study, a part of the oGH effect
may have been mediated by IGFs.

Effects of oGH on Tissue RNA
Concentration, RNA/Protein Ratio, and
RNA Activity

In vertebrates, protein synthesis rates
are altered by both ribonucleic acid concen-
tration and activity (Henshaw et al., 1971;
McMillan and Houlihan, 1988). In the
present study, oGH administration only in-
creased white muscle RNA concentration.
Similarly, bovine growth hormone (bGH)
has been observed to increase liver (Venu-
gopalan, 1967) and muscle RNA concentra-
tion in fish (Kayes, 1979).

Tissue RNA/protein ratios are used as an
index of a tissues’ capacity for protein syn-
thesis (Preedy and Garlick, 1988). There-
fore, the higher RNA/protein ratios in the
oGH ventricle, intestine, and white muscle
(Fig. 2a) indicated that the &, in these tis-
sues may be higher than in the control fish.
However, this was only found to be true for
ventricle. The low white muscle and vari-
able intestine k, probably obscured the ef-
fects of oGH on protein synthesis in these
tissues.

Few studies have addressed the effects of
GH on RNA activity in fish. In this study,
tissue RNA activities, kgya, Were ranked
as follows, intestine > gill > liver > ven-
tricle > stomach. Ovine growth hormone
treatment did not change the ranking of tis-
sue RNA activity. However, oGH did in-
crease RNA (translational) activities in
both gill and ventricle.

The overall effects of oGH on protein
synthesis and RNA concentration/activity
in rainbow trout are consistent with the
mammalian literature. Thus, in mammals,
GH increases protein synthesis rates by
stimulating the efficiency of ribosomal
translation, as well as by increasing riboso-
mal and messenger RNA concentration
(Manchester, 1976).
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To summarize, oGH administration had
dramatic effects on whole-body growth and
tissue protein synthesis rates in rainbow
trout. Enhanced protein synthesis rates
were the result of increased RNA/protein
ratio and RNA activity. Moreover, for the
same ration size, the oGH group had a
greater efficiency of retention of ingested
nitrogen and reduced nitrogen losses. How-
ever, it is unclear whether the observed
changes in whole-body growth, tissue RNA
concentration, RNA activity, and protein
turnover represent the direct and/or indi-
rect effects of GH and/or IGF action, re-
spectively.
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