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ABSTRACT

Biossays were performed to assess the effects of different levels of growth medium supplementation
with fetal bovine serum (FBS), fish fry extract (FE), combinations of FBS and FE, and addition of
insulin-like growth factor I (IGF-I) and fibroblast growth factor (FGF) on the proliferation of brown
bullhead catfish cells (BB line). Treatments (n = 4) were: 2.5, 5, 10, and 15.0% FBS or FE and 5/
2.5, 5/5, 10/2.5, and 10/5 of a FBS/FE combination as supplement to the growth medium, or the
addition of 0.1, 1, 2.5, 10, 25, and 75 ng/ml of either IGF-I or FGF to the growth media. Initial cell
density was 1.1 x 106 cells per well on uncoated 24-well plates. Incubation temperature was 29.5 ±
0.7oC. Six hours after plating, initial culture medium was removed, plates rinsed with Dulbecco’s
phosphate buffered saline, treatment media added, and cells allowed to proliferate for 24 hours. Another
bioassay was performed with rat myoblast omega cells (RMo) using the same levels of growth medium
supplemented with FBS, FE and FBS/FE. Base growth medium was Dulbecco’s MEM. The initial
cell density was 7.2 x 106 cells per well, and the bioassay was carried out at 36.0 ± 0.5oC, on a 95%
air, 5% CO

2
 incubator. Increasing levels of FBS had a positive effect (P < 0.05) on the proliferation

of both BB and RMo cells. Increasing levels of FE had a negative effect (P < 0.05) on the proliferation
of BB cells and totally inhibited the proliferation of RMo cells at any level of supplementation. Higher
levels of FE on the FBS/FE combinations presented a negative effect on the proliferation of both BB
and RMo cells (P < 0.05). Insulin-like growth factor I had a positive quadratic effect (P < 0.05) on
the proliferation of BB cells. Apparently, mammalian growth factors slightly stimulated mitogenic
activity in fish cells, while FE contained factors which inhibited the mitogenic activity of RMo and
BB cell lines.
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RESUMO

Atividade mitogênica do soro fetal bovino, extrato de larvas de peixe,
fator insulínico de crescimento-I e fator de crescimento de fibroblastos

na linhagem celular BB do bagre “brown bullhead”

Foram avaliados os efeitos de diferentes níveis de suplementação do meio de cultivo com soro fetal
bovino (FBS), extrato de larvas de peixe (FE), combinações de FBS e FE e adição de fator de cres-
cimento semelhante à insulina I (IGF-I) e fator de crescimento fibroblástico (FGF), na proliferação
da linhagem de células somáticas do bagre “brown bullhead” (BB). Os tratamentos (n = 4) utilizados
foram: suplementação do meio de cultivo com 2,5, 5, 10% e 15% FBS ou FE, ou 5/2,5, 5/5, 10/2,5
e 10/5 da combinação FBS/FE ou, ainda, a adição de 0,1, 1, 2,5, 10, 25 e 75 ng/ml de IGF-I ou FGF
ao meio de cultivo. Foi utilizada uma densidade inicial de 1,1 x 106 células/câmara, em placas não
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recobertas de 24 câmaras. A temperatura de incubação foi de 29,5 ± 0,7oC. Seis horas após plaquea-
mento, o meio de cultura inicial foi removido das placas; estas foram enxaguadas com solução salina
fosfatada tamponizada de Dulbecco, o meio experimental foi adicionado e as células ficaram em proli-
feração por 24 horas. Um bioensaio paralelo foi conduzido utilizando-se a linhagem celular mioblástica
Omega de ratos (RMo), utilizando-se os mesmos níveis de suplementação do meio com FBS, FE e
FBS/FE, tendo por meio básico de cultivo o meio Dulbecco’s MEM. A densidade inicial de células/
câmara era de 7,2 x 106 células e o bioensaio foi conduzido a 36 ± 0,5oC em uma incubadora com
atmosfera de 95% de ar e 5% de CO

2
. O aumento nos níveis de suplementação com FBS tiveram um

efeito positivo (P < 0,05) na proliferação das linhagens BB e RMo. Níveis crescentes de FE tiveram
um efeito negativo (P < 0,05) na proliferação de BB e inibiram totalmente a proliferação de RMo
em qualquer nível de suplementação. O aumento nos níveis de FE nas combinações FBS/FE tiveram
um efeito negativo na proliferação tanto de BB como RMo (P < 0,05). O IGF-I teve um efeito positivo
quadrático (P < 0,05) na proliferação das células BB. Aparentemente, fatores de crescimento de mamíferos
estimulam discretamente a atividade mitogênica de células de peixes, enquanto os fatores de crescimento
contidos no FE inibem a atividade mitogênica tanto da linhagem BB quanto da linhagem RMo.

Palavras-chave: atividade mitogênica, fatores de crescimento, bagre, linhagem celular BB.

INTRODUCTION

The farming of channel catfish, Ictalurus
punctatus, is the most important fish industry in
the United States (Wellborn & Tucker, 1985;
Stickney, 1990). Although a significant research
basis has been established on nutrition (Robinson
& Wilson, 1985; Lovell, 1989) and health mana-
gement of channel catfish (MacMillan, 1989), there
is very little information available on the phy-
siology of growth of the species.

True growth in fish can be characterized as
an increase in the protein content of the body.
Because muscle, organs and demineralized bone
tissue are primarily protein (Lovell, 1986), in-
creases in weight gain of these tissues more appro-
priately reflect true growth than fat deposition
(Mulvaney, 1991). Muscle is the primary deposit
site of protein in animals (Pearson & Young, 1989),
and in fish it can account for about 60% of the
weight of an adult (Millward, 1989). Thus,
adoption of practices for manipulation of fish grow-
th is conditioned to the understanding of the protein
synthesis and muscle growth regulating proces-
ses. Most information on the regulation of muscle
growth in animals has been gathered from mea-
surements in rodents, but limited research data
indicate that the mechanism of muscle growth
regulation in fish is comparable (Millward, 1989).

The regulation of myogenic cell differen-
tiation and proliferation and of the rates of muscle
protein synthesis and degradation are the mecha-
nisms of control of muscle growth. Those me-

chanisms are controlled by several factors. The
genetic make-up, nutrition, peptide hormones,
peptide growth factors, and level of activity are
all involved in the regulation of both normal and
(or) abnormal growth processes of animals. Growth
hormone (somatotropin), insulin, thyroid hormones,
exemplify some of the peptide hormones involved
in the growth process in animals. Insulin-like growth
factor I and II (IGF-I, II), fibroblast growth factor
(FGF), and transforming growth factor-β (TGF-
β) are considered the major peptide growth factors
(Goldberg et al., 1980; Vandenburgh, 1983; Beitz,
1985; Young, 1987; Black, 1988; White & Esser,
1989; Florini & Magri, 1989; Ewton and Florini,
1990; Florini et al., 1991).

Considerable attention has been devoted re-
cently to the role of the peptide growth factors in
the regulation of poultry and mammalian growth.
The insulin-like growth factors, or somatomedins,
are small peptides secreted by several cell types.
The IGF-I, with 70 amino acids and a molecular
weight of 7649 daltons, is the primary agent of
this family of growth factors. The IGFs stimulate
cell proliferation and differentiation, amino acid
and glucose uptake, and suppress protein degra-
dation on muscle cells and many other somatic
cells. IGF-I is the most potent of the growth factors,
and the most potent anabolic agent for skeletal
muscle growth (Florini & Magri, 1989; Ewton &
Florini, 1980, 1990; Florini et al., 1991).

The fibroblast growth factors are mitogens
that induce division of most cultured cells. Fibro-
blast growth factor exists in two forms, acid FGF
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(aFGF) and basic FGF (bFGF), both single peptide
chains composed of 146 and 140 amino acids,
respectively (Thomas, 1987; Yamada et al., 1989;
Florini et al., 1991). Fibroblast growth factor is
a potent inhibitor of differentiation in many cell
types, myoblasts in particular (Florini, 1987; White
& Esser, 1989; Florini et al., 1991).

The IGFs, acting alone or in association with
other hormones and (or) growth factors, are potent
mitogenic and anabolic agents, playing a major
role in the processes of proliferation and diffe-
rentiation of myogenic cells, as well as in the protein
turnover on muscle tissue. There is no mechanism
yet generally accepted for the actions of FGF on
mammalian myoblasts, but it was observed to have
a potent mitogenic activity (Florini et al., 1991).

Collodi and Barnes (1990) found that trout
embryo extracts may contain a growth factor which
stimulates proliferation of established cell lines,
representing a first step in understanding the extra-
cellular mechanisms of regulation of piscine cell
growth. Further work is required to determine the
occurrence of fish-specific versions of peptide
growth factors and their biochemical nature, and
the present work targets this area of research, inves-
tigating the mitogenic activity of IGF-I and FGF
on catfish cells, the BB line (Wolf & Quimby,
1969).

MATERIALS AND METHODS

Culture medium supplementation bioassay
The effects of different levels of supplemen-

tation of growth medium with fetal bovine serum
(FBS; Sigma Chemical Co.), fish fry extract (FE),
and a combination FBS/FE on the proliferation
of BB cells, a fibroblastic-like cell line isolated
from the trunk tissue of 2-year-old brown bullhead
catfish Ictalurus nebulosus (Wolf & Quimby, 1969;
Hay et al., 1992), were assessed. The initial stock
of BB cells was supplied by the Southeastern
Cooperative Fish Disease Laboratory, Department
of Fisheries and Allied Aquacultures, Alabama
Agricultural Experiment Station, Auburn Uni-
versity, AL.

Fish fry extract (FE) was obtained following
the recommendations of Coon & Chan (1966) for
preparation of chick embryo extract. Seven-day-
old channel catfish swim-up fry (Midsouth Aqua-
farms, Montgomery) were washed once in sterile

PBS and once in Hanks balanced salt solution
(HBSS), placed in a sterile blender and homo-
genized with an equal volume of HBSS.

Homogenate was filtered through cheese cloth
and centrifuged at 1,000 ∞ g for 10 minutes. The
supernatant was collected and centrifuged at
10,000 ∞ g for 20 minutes. The final supernatant
was collected and left to precipitate at –20oC
overnight, filtered through a 0.45 µm separation
filter (Micron Separations, Inc.; Fisher Scientific)
and sterile filtered through a 0.22 µm sterilizing
Sterivex® filter (Millipore Corp.), and stored in
15 ml aliquots at –20oC. Prior to addition to the
treatment media, FE aliquots were thawed in water
bath at 36 ± 0.5oC.

Bioassays were set up on Corning® 24-well
plates (Fisher Scientific), each plate representing
different levels of growth medium supplement-
ation, each well representing one replicate.
Treatments were: 2.5, 5, 10, and 15% of FBS or
FE; and 5/2.5, 5/5, 10/2.5, and 10/5 of FBS/FE
combination. Cells were seeded at a density of
1.1 ∞ 106 per well on uncoated surface. Initial
growth medium was Eagles minimum essential
medium (MEM; Sigma Chemical Co.), HEPES-
buffered (HMEM) with a pH of 7.2 ± 0.1, supple-
mented with 10% FBS. Incubation temperature
was 29.5 ± 0.7oC. Unless otherwise noted, culture
medium was supplemented with 10 ml/l of Anti-
biotic-Antimicotic Solution 100X Hybrimax®

(ABAM – 10,000 units of penicillin, 10 mg
streptomycin, and 25 µg of amphotericin B per
ml; Sigma Chemical Co.).

Six hours after plating, initial culture medium
was removed, plates were rinsed once with phos-
phate buffered saline (PBS; Sigma Chemical Co.),
and treatment medium was added. Cells were allo-
wed to proliferate for 24 hours. Treatment growth
media were removed and cells fixed with 10%
formalin (Plumb & Bowser, 1983), stained with
Giemsa stain (Freshney, 1987), and counted with
the aid of a Nikon® inverted microscope under a
0.0025 mm2 counting grid mounted over a 20X
objective. Ten random counting grid fields were
counted per well and the total number of cell per
well calculated.

Another bioassay similarly designed was
carried out with rat myoblast omega (RMo) cells
(Merrill, 1989), using the same levels of growth
medium supplementation with FBS, FE and FBS/
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FE, intending to determine responses of FE supple-
mentation on mammalian cells. Base growth me-
dium was Dulbecco’s modified eagles medium
(DMEM; Sigma Chemical Co.). The RMo cells
were obtained from a routinely grown population
of the Growth and Muscle Biology Laboratory,
Department of Animal and Dairy Sciences, Auburn
University, AL.

The initial cell density was 7.2 x 106 cells
per well. The RMo cells bioassay was carried out
at 36.5 ± 0.7oC, on a 95% air, 5% CO

2
 incubator.

Plates with RMo cells were fixed with methanol
and stained with Giemsa stain (Freshney, 1987).
The final number of cells per well was determined
as described.

Growth factors bioassay
The effects of insulin-like growth factor I

(IGF-I; Collaborative Research, Inc.) and fibroblast
growth factor (FGF; Collaborative Research, Inc.)
on the proliferation of BB cells were assessed.
Treatments were set up in Corning® 24-well plates.
Treatments were the addition of 0.1, 1.0, 2.5, 10,
25, and 75 ng/ml of either IGF-I or FGF, to the
growth medium supplemented with 10% FBS. Four
replicates per treatment were provided, each one
represented by one well.

Cells were seeded at a density of 1.1 x 106

per well on uncoated surfaces. Initial growth me-
dium and control treatment was HMEM-10% FBS.
Incubation temperature was 29.5 ± 0.7oC (Hay et
al., 1992). After a 6-hour attachment and resting
period, culture medium was removed, plates were
rinsed once with PBS and treatment media were
added. Cells were allowed to proliferate for 24
hours, and then fixed, stained and counted as des-
cribed, and the final number of cells per well was
determined.

Isolation of a myogenic subclone of BB cells
Because BB line contains myoblast-like cells

(ML), an attempt was made to isolate a myogenic
subclone of BB cells through sequential dilutions
of the cell suspension, based on findings of Merrill
(1989) and Hembree et al. (1991). A dense mono-
layer of BB cells was detached and resuspended,
cell clumps dissolved by gentle agitation, and
dilutions of the suspension were seeded in multi-
well plates to obtain isolation of single ML cells
and their clone cultures.

Dilutions of the cell suspension were carried
out using uncoated Corning® 96-wells plates, follo-
wing recommendations of Hembree et al. (1991).
Plate wells 1, 25, 49, and 73 were inoculated with
0.2 ml of cell suspension. Wells 12, 24, 48, and
72 were left empty. Remaining wells received 0.1
ml of fresh HMEM-10% FBS. Dilutions were
obtained by transference of 0.1 ml of the cell
suspension sequentially to the next well until an
empty well also contained 0.1 ml. After a 6-hour
resting and attachment period, wells were checked
for the presence of one ML. On the average, 3 wells
with single ML cells were obtained per plate.

Initial growth medium was removed and wells
were gently washed with fresh, unsupplemented
HMEM. Four plates were seeded at each time.
Single-cell wells received either fresh HMEM
supplemented with 5% or 10% FBS, or conditioned
medium, unsupplemented or supplemented with
5% FBS. Cells were allowed to proliferate for 48
hours at 30oC, and checked for the development
of clonal cultures of BB line MLs.

Conditioned medium was prepared following
recommendations of White & Hauschka (1971).
Fresh HMEM-5% FBS was exposed for 24 hours
to 1-day-old cultures of BB cells contained in 75
cm2 Corning® culture flasks (15 ml/flask). Prior
to use, conditioned medium was passed through
0.45 and 0.22 µm filters. Conditioned medium was
stored at –20oC and thawed to 30oC prior to use.

Statistical procedures
General Linear Model procedures for ortho-

gonal polynomial mean comparisons were used
to analyze the results of the cells proliferation
assays. Tukey’s Studentized Range test was used
to contrast treatment means (Steel & Torrie, 1980;
Gill, 1989; Snedcor & Cochran, 1989).

RESULTS AND DISCUSSION

Effects of FBS and FE on the proliferation of
BB and RMo cells.

The results of the bioassays on the effects
of the culture medium supplementation with FBS,
FE or combination FBS/FE on the proliferation
of BB and RMo cells are summarized on Table
1. The orthogonal polynomial analysis of the results
show a positive effect (P < 0.05) of the increasing
levels of FBS on the proliferation of BB cells. This
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effect can be represented by the equation Y =
1.1810 x 106 + 1.7945 ∞ 106 X – 8.9070 ∞ 103 X2.
Treatment means did not differ significantly (P >
0.05). The 10% FBS supplement level yielded the
highest final number of cells per plate.

The proliferative activity of RMo cells was
positively affected by increasing levels of FBS (P <
0.05). The polynomial analysis show that increased
levels of FBS exerts a quadratic effect on the pro-
liferation of RMo cells (P < 0.05) which can be
expressed by the equation: Y = 1.8470 ∞ 106 –
1.1547 ∞ 106 X – 7.460 ∞ 104 X2. Treatment means
did not differ significantly (P > 0.05).

Results were predictable to a certain degree,
since FBS is the choice growth media supplement
for many cultured mammalian and (or) fish cells
(Wolf & Quimby, 1969; Freshney, 1987, 1989;
Allen, 1987; Konigsberg, 1979; Bowser & Plumb,
1980a, b; Hay et al., 1992; Dayton & Allen, 1987).
Recently Lee et al. (1988) showed that the ide-
al level of supplementing growth medium for
culture of RTG-2 cells is 10% FBS, and Gopa-
lakrishnan (1991) showed a positive response of
rat myogenic cells to increasing levels of horse serum
up to 10%. Apparently mammalian-derived serum
supports growth of both mammalian and fish cells.

Supplement Concentration
(%)

BB cells
(˘ 10 6/well)

RMo cells
(˘ 10 6/well)

FBS 2.50 1.52 a,b 2.03 a

FBS 5.00 1.94 a 2.34 a

FBS 10.00 2.02 a 2.18 a

FBS 15.00 1.88 a 1.92 a

FE 2.50 1.45 a,b 0.00 b

FE 5.00 0.52 c,d 0.00 b

FE 10.00 0.002 d 0.00 b

FE 15.00 0.00 d 0.00 b

FBS/FE 5/2.5 1.21 b 1.86 a

FBS/FE 5/5 0.14 d 1.76 a

FBS/FE 10/2.5 1.56 a,b 1.82 a

FBS/FE 10/5 1.06 c,d 2.09 a

TABLE 1

Effects of growth medium supplementation with fetal bovine serum (FBS), fish fry extract (FE) and FBS/FE
combination on the proliferation of brown bullhead (BB) and rat myoblast omega (RMo) cell lines.1

1 Treatment means within columns followed by the same letter do not differ
statistically (P < 0.05). Standard error of means is 2.4 x 105 and 2.5 x 105 for
BB and RMo cells, respectively.

The supplementation of growth medium with
increasing levels of FE show a negative quadratic
effect on the proliferation of BB cells (Y = 2.3110 ∞
106 – 4.1791 ∞ 106 X + 1.7720 ∞ 104 X2). The
mean of the 2.50% FE treatment did not differ
significantly from the means of the FBS-supple-
mented treatments (P > 0.05), but differed signi-
ficantly from the means of the other FE supple-

mentation treatments (P < 0.05). Supplementing
with any level of FE inhibited the proliferation of
RMo cells.

The proliferation of both BB and RMo cells
was negatively affected by increasing levels of FE
in the FBS/FE combination (P < 0.05), but those
effects were minimized by increasing levels of FBS
in the combination (P < 0.05). Apparently, fish
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fry extract did not support the in vitro growth of
either mammalian or fish cells, or inhibits the
proliferation of the cells in vitro.

Collodi & Barnes (1990), prepared an ex-
tract of Shasta strain rainbow trout embryos, exclu-
ding the yolk sac, and applied the extract as a
supplement to growth medium in cultures of esta-
blished fish cell lines: epithelial papilloma of carp
(EPC), goldfish fin (CAR), rainbow trout gonad
(RTG-2) and hepatoma (RTH-149), steelhead trout
embryo (STE-137) and chinook salmon embryo
(CHSE-214). Cells were plated at 105 cells per well
in 6-well tissue culture plates and grown for 14
days in 3:1 DMEM/Ham’s F-12 medium supple-
mented with 10% FBS. The embryo extract was
mitogenic for the EPC, CAR and RTG-2, but was
not mitogenic for RTH-149. The embryo extract
allowed long term maintenance of serum-free CHSE-
214 cells (20 passages, 50 population doublings).
Increasing concentrations of the embryo extract’s
protein of 2.5, 10, 25, 100, and 250 µg/ml on
growth medium stimulated proliferation of CHSE-
214 cells up to 100 µg/ml, at which point it appa-
rently became toxic to the cells.

When 20 µg/ml of the embryo extract or FBS
protein was added to the cultures, the embryo
extract was three times more effective at stimulating
proliferation of CHSE-214 cells, but 10% FBS,
equivalent to 5 mg protein/ml, was twice more
effective than embryo extract at 20 µg/ml. Supple-
menting with 10% of embryo extract was toxic for
CHSE-214 cells.

Effects of IGF-I and FGF on the proliferation
of BB cells

Table 2 and summarizes the effects of IGF-
I and FGF on the proliferation of BB cells. Neither
growth factor had a significant effect (P > 0.05)
on the proliferation of BB cells. Treatment means
did not differ significantly (P > 0.05). The ortho-
gonal polynomial analyses show that only IGF-
I has a positive quadratic effect (P < 0.05) on the
proliferation of BB cells, represented by: Y =
2.03 ∞ 106 – 6.9484 ∞ 103 X + 56.254 X2.

Collodi & Barnes (1990) tested the mitogenic
activity of trout embryos and the peptide growth
factors, platelet-derived growth factor (PDGF),
insulin-like growth factor I and II (IGF-I and II),
transforming growth factor-beta (TGF-β), acidic
fibroblast growth factor (aFGF) and basic FGF
(bFGF), against a control medium supplemented

with insulin, transferrin and epidermal growth
factor (EGF). Ten ng/ml of PDGF, 100 ng/ml of
IGF-I, 1.0 µg/ml of IGF-II, 10 ng/ml of TGF-β,
50 ng/ml of TGF-β, 10 ng/ml of aFGF, and 10 ng/
ml of bFGF, did not mimic the effect of 20 µg of
protein/ml of trout embryo extract. Transforming
growth factor-β, IGF-I and IGF-II were moderately
mitogenic for CHSE-214 resulting in 130%, 145
and 150% stimulation of proliferation as percent
of the control, as compared to the effectiveness
of the embryo extract with 290% of stimulation
of proliferation.The trout embryo extract did not
mimic the stimulatory effects of the peptide growth
factors on the DNA synthesis in a quiescent mouse
fibroblast cell line, BALB/c 3T3.

TABLE 2

Effects of insulin-like growth factor I (IFG-I) and
fibroblast growth factor (FGF) concentrations on the
culture medium (MEM) on the proliferation of brown

bullhead (BB) cells.1

Growth factor Conc.
(ng/ml)

BB cells
(˘ 10 6/well)

Control 2.02 a

IGF-I 0.10 1.54 a

IGF-I 1.00 2.06 a

IGF-I 2.50 2.40 a

IGF-I 10.00 2.17 a

IGF-I 25.00 1.73 a

IGF-I 75.00 1.84 a

FGF 0.10 1.79 a

FGF 1.00 1.83 a

FGF 2.50 2.01 a

FGF 10.00 2.11 a

FGF 25.00 2.34 a

FGF 75.00 1.91 a

1 Treatment means within columns followed by the same letter
do not differ statistically (P > 0.05). Standard error of mean
is 3.8 ∞ 105.

Collodi & Barnes (1990) concluded that the
trout embryo extract may contain a fish-specific
version of a known mammalian growth factor or
a factor not previously described, which stimulates
proliferation of established cell lines, representing
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a first step in understanding the extracellular me-
chanisms of piscine cells growth regulation. Appa-
rently the same conclusion apply relative to FE
in this study.

Several authors have demonstrated that in-
sulin effectively regulates growth of fish. Tashima
& Cahill (1968) measured the effects of intra-
venous injections of 100 IU/kg of insulin on the
in vivo and in vitro incorporation of glucose and
glycine on the liver and tail muscle of the toadfish,
Opsanus tau. They concluded that insulin reduces
the levels of blood glucose, stimulates the incor-
poration of glycine on muscle and liver protein,
and stimulates the incorporation of glucose in the
liver and muscle lipids and glycogen, showing
that insulin presents in fish the same anabolic
activity as for mammals.

Ludwig et al. (1977) conducted a preliminary
study of insulin participation in the growth regu-
lation of coho salmon. Bi-weekly, intra peritoneal
injections of 0.32, 1.0, 3.2, and 10 IU/kg of body
weight of bovine insulin stimulated the specific
growth rate by 1.601%, 1.477%, 1.567%, and
1.530%/day, respectively, and decreased the food
to gain ratios to 1.26, 1.28, 1.28, and 1.33
gram:gram, respectively. However, increase in
specific growth rate and decrease in food to gain
ratios did not differ significantly from uninjected
or solvent-injected fish. No conclusive results were
attained, but the authors recommended the use of
higher doses of insulin or more frequent treatment,
and the use of species-specific insulin in future
experiments.

Inui & Ishioka (1983a, b) investigated the
in vitro effects of insulin on the incorporation of
[14C] glycine into the protein of liver and opercular
muscle and on the amino acid transport into the
liver and opercular muscle of the eel, Anguilla
japonica. The authors incubated slices of liver and
opercular muscle of eel in a medium containing 0.1
IU/ml of insulin and 0.1 µCi/ml of [U – 14C] glycine.
After five hours of incubation, the insulin increased
the radioactivity of both trichloroacetic acid (TCA)-
soluble fraction and of the opercular muscle pro-
tein, indicating that insulin stimulates both the
uptake of the amino acid by the tissue and the
protein synthesis. An increase on the incorporation
of [14C]glycine into the liver protein accompanied
by a decrease in the radioactivity of the TCA-
soluble fraction was observed for the liver tissue.

This indicates stimulation of protein synthesis out
of the intracellular amino acid pool, characterizing
the regulatory effects of insulin on the protein
synthesis in the liver and muscle of eel.

Inui & Ishioka (1983b) demonstrated that 0.1
IU of insulin per ml of incubation medium sti-
mulates the uptake of the α-[I – 14C] aminoiso-
butyric acid (AIB) by the liver and opercular
muscle of the eel. As AIB is a nonmetabolizable
amino acid, the findings indicate that the entry of
amino acids into the tissues of the eel is stimulated
by insulin, independently of the protein synthesis.

Insulin is a major regulator of growth in
mammals and fish. Pharmacological levels of
insulin were shown to promote proliferation of
skeletal muscle satellite cells in a dose-dependent
manner, acting through receptors at the cell surface
level. This supports the theory that insulin is not
a potent proliferative agent, but mimics the effects
of peptide growth factors through their receptors
in the cell surface, stimulating muscle satellite cell
proliferation (Dodson et al., 1985).

A cross effect of IGF-I mimicking the effects
of a fish IGF-like compound or fish insulin can
be the reason for the slight stimulation of proli-
feration of BB cells caused by IGF-I. Collodi &
Barnes (1990) infer that fish-specific versions of
mammalian growth factor or a factor not previously
described may exist, which stimulates proliferation
of established fish cell lines. The inference of
Collodi & Barnes (1990) lend a logical explanation
to the findings of this study. Further work is requi-
red to determine the occurrence of fish-specific
versions of peptide growth factors and their bio-
chemical nature.

Isolation of a myogenic subclone of BB cells
Single myogenic cells isolated from cultures

of primary chicken myoblasts (White & Hauschka,
1971), rat MM14D muscle cell line (Merrill, 1989),
and swine primary myoblasts (Hembree et al.,
1991) proliferate to form clonal colonies. However,
single ML cells isolated from BB line, cultured
with either HMEM with 5% or 10% FBS, or con-
ditioned medium alone or supplemented 5% FBS
did not proliferate to form clonal colonies.

Apparently the paracrine effect of fibroblasts
that stimulates the proliferation of ML cells in
culture (Quinn et al., 1990) can not be replaced
by the use of conditioned medium for ML present
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in the BB line (White & Hauschka, 1971). The
replating of isolated ML was not successful, suppor-
ting results of Hay et al. (1992) who reported a
1% plating efficiency for the BB line.

Extending the period of isolated BB cells
cultures from 48 to 72, 96 or 120 hours did not
result in any proliferative activity. The development
of myogenic cell lines and clonal cultures was
demonstrated by White & Hauschka (1971) for
primary chicken myoblasts, Merrill (1989) for rat
MM14D muscle cells, and Hembree et al. (1991)
for swine primary myoblasts. Thus, the obtainment
of clonal cultures and development of a fish myo-
genic cell line is a possibility and deserves further
studies, perhaps starting from primary cultures of
muscle cells.
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