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Abstract
The influence of a nucleotide-enriched diet on the immune system, plasma cortisol levels and
resistance to infectious pancreatic necrosis (IPN) was evaluated in infected juvenile rainbow
trout.  Non-infected fish were sampled monthly and subgroups injected with the IPN virus (IPNV)
at days 60 and 120 after feeding trial onset were sampled one week after injection.  Immune
responsiveness was assessed by mitogen-induced lymphocyte polyclonal expansion; stress lev-
els were measured by plasma cortisol levels using radio-immuno-assay (RIA) and pathogen
presence by reverse transcription (RT) polymerase chain reaction (PCR).  Non-infected trout, fed
with the nucleotide diet, showed higher stimulation indexes of both “B” and “T” lymphocytes
after 3 months and normal plasma cortisol levels.  Results in trout infected with IPNV, indicate
that the nucleotide diet was able to: a) stimulate only “B” lymphocytes and b) decrease plasma
cortisol levels.  All IPNV-injected and normal diet fed trout died after one week, whereas all the
fish in the nucleotide enriched diet subgroup survived.  All non-infected fish survived in both
normal and enriched diet subgroups.  It can be concluded that a nucleotide-enriched diet sup-
plied prior to IPNV infections, is able to stimulate the humoral immune response and decrease
elevated stress levels, probably caused by the disease.

Introduction
IPN is a worldwide, economically important,
highly contagious and usually fatal viral dis-
ease of young, hatchery-reared salmonids
(Wolf, 1988).  Survivors of outbreaks may be-
come lifelong carriers, perpetuating the pa-
thology either by vertical and/or horizontal
transmission.  Much attention has been given
to the manufacture of a useful IPN vaccine
(Dorson, 1988; Munn, 1994) several being
available today for different serotypes, but

their effectiveness is still controversial. IPNV
(Birnaviridae) has also been isolated from
other marine and freshwater fish and some
marine mollusks.

Considerable research efforts have also con-
centrated on immunostimulant administra-
tion to fish, seeking enhancement of resistance
to infections since these compounds have sev-
eral advantages and no negative effects on the
environment.  In-feed administration of
immunostimulants, mixed or not with
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immunogens, causes stimulation of the spe-
cific and/or the non-specific defense systems,
usually resulting in enhanced resistance to a
number of important pathogens (Duncan and
Klesius, 1996).  Several compounds have been
used in salmonids, carp, and catfish, includ-
ing Levamisole (Siwicki, 1987; Anderson, et

al., 1989; Siwicki, et al., 1990), glucans (Yano,
et al., 1989; Robertsen, et al., 1990; Nikl, et al.,
1991; Chen and Ainsworth 1992), peptides
(Anderson, 1992) and metabolites of
nucleotides (Adamek, 1994).

This investigation evaluates the effects of di-
etary nucleotides on the immune system and
resistance to IPN in juvenile rainbow trout,
as an alternative to vaccines.  Plasma cortisol
levels were also assessed to determine stress
levels.

Materials and Methods
Animals and husbandry
Juvenile “all-female” sibling rainbow trout
(Oncorhynchus mykiss, Donaldson variety),
initially weighing between 80 and 100 g, ob-
tained from a commercial trout farm, were
maintained from June through October, 2000
in four 300 litre circular white plastic tanks,
each holding initially 50 fish, using filter
recirculation (1 L/s pumps) and 50% bi-
weekly exchange of freshwater.  Fish were
kept under simulated natural photoperiod,
controlled temperature (10 ± 1 °C) and fed a
standard commercial (EWOS VEXTRA Al-
pha®) (52% protein, 20% fat, 8% carbohy-
drate, 10% ash, 9% moisture, 1% fiber and
having a gross energy level of 21.7 MJ Kg –1)
or a nucleotide-enriched diet at a 0.5% rate.
The nucleotide diet was the standard diet plus
“Optimun”, (Chemoforma, Augst, Switzer-

land) containing cytidine-5’-monophosphate
(CMP), disodium uridine-5’-monophosphate
(UMP), adenosine-5’-monophosphate (AMP),
disodium inosine-5’-monophosphate (IMP),
disodium guanidine-5’-monophosphate
(GMP) and RNA at a combined inclusion level
of 0.03% of the total feed.   Trout were previ-
ously acclimatized for 14 days using control
diet only.  Temperature, dissolved oxygen,
pH, ammonia levels and possible Saprolegnia

infections were checked daily.  A random sam-
ple of 5 trout per tank was assessed at day 0
to register biometric, immunologic and
endocrinologic base line data and to confirm
absence of IPNV.

Experimental design
Experiment A: Fish of two tanks were fed
during 120 days with the standard diet (con-
trol group).  Fish of the other two tanks were
fed during 120 days with the nucleotide-en-
riched diet (experimental group).  Five fish
per tank (10 per group) were sampled
monthly to record biometric, immunologic
and endocrinologic data.

Experiment B:  Effect on IPNV-infected trout.
Eight standard diet and 8 nucleotide diet fish
(from experiment A), were infected with 200
ml (2x107 pfu/ml) of IPNV Serotype IIc (pro-
totype Sp from the Laboratory of Virology,
University of Santiago de Chile) in 2% Fetal
Calf Serum at day 60 by intraperitoneal injec-
tion and maintained in four separate tanks (4
fish per tank) under similar husbandry group
conditions and sampled one week afterwards
(day 67).  At day 120 the same infection and
sampling protocol was repeated.  Sham in-
jected remaining fish served as controls (both
diets) for this experiment.
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Biometric data
Recorded biometric data were: weight (kg)
total length (m) and condition factor (CF= Kg/
m3).  To minimize handling-induced stress
(variations in cortisol levels) and optimize
lymphocyte survival, we always used the fol-
lowing sampling and preparation sequence:
1) anesthesia, 2) blood sample for plasma cor-
tisol, 3) blood sample for IPNV detection, 4)
biometric data recording, 5) fish marking, 6)
sacrificed fish to flake ice and 7) dissection
for pronephros lymphocyte isolation.

Blood Sampling
Plasma Cortisol Analyses: Blood (1.5 – 2 cc)
was always drawn at 11:00 AM, from the cau-
dal venous sinus of anesthetized fish (BZ-20:
ethyl p-amino benzoate 1:5.000 (v/v) solution
in freshwater, Veterquímica, Chile), using
heparinized (0.05 ml of 10% Liquemine
(Roche) in PBS) syringes, and centrifuged for
5 min at 2.000 RPM (223 g).  Plasma was stored
at -20 °C until assayed.  Cortisol levels were
determined by radioimmunoassay (RIA) (Pe-
ter, et al., 1978; Barton, et al., 1980) using com-
mercially available kits (DSL, Texas, USA), all
levels were within the detection range of the
kit (0-170 ng ml –1).

IPNV detection: A small blood sample (0.5 ml)
of the same fish was drawn immediately af-
terwards, using 0.5 ml of straight EDTA
(Valtek, Cat. # 200-200) treated 1 cc syringes
and stored at -20° C for later IPNV PCR analy-
sis.

Isolation of Pronephros Lymphocytes and
Mitogenic Response
Dissection of head kidneys and separation of
lymphocytes was performed according to
Rowley (1990) but using Leibowitz L-15 me-
dium.  Lymphocytes were cultured according

to Kaattari and Holland (1990), with modifi-
cations in the complete culture medium (L-
15 supplemented with ciprofloxacine (4 ug/
ml), penicillin G (100UI/ml), streptomycin
sulphate (0.1 mg/ml), fungizone (2.5 mg/ml),
ß-mercapto-ethanol (0.05M) and 10% fetal calf
serum) and final cell concentration (4 x 106

cells/ml). The mitogens Phytohemagglutinin
(PHA), (12 mg/ml) and lipopolysaccharide
(LPS) from Escherichia coli isolate 055:B5 (10
mg/ml) were prepared in complete Leibowitz
L-15 medium. Lymphocyte response was
tested in triplicate by mitosis-driven tritiated
thymidine incorporation in Costar 96-well
microplates.  Each well was filled with 100 ml
of lymphocyte suspension, 100 ml of mitogen
and 100 ml complete medium without mi-
togen (control).  After 4 days of incubation at
18° C, plates were pulsed with 25 ml of 0.4
mCi of 3H-thymidine in complete medium.
After 24 hours, cultures were harvested (Midi
Harvester) onto fiberglass filters.  Scintillation
cocktail (10 ml) was added to each vial and
read in a scintillation counter (Tri-Carb
1600TR, Packard-Canberra).  Results were
expressed as Stimulation Index (S.I.)
(Chilmonczyk, 1978), each value representing
the mean of triplicate determinations. All rea-
gents were from SIGMA-ALDRICH CHEMI-
CAL CO.

Detection of IPNV by RT-PCR
Extraction of viral RNA from blood samples
was performed according to a technique de-
veloped by one of our laboratories (Sandino).
Extracts were stored at -20°C until analysis.
RT-PCR amplification was performed accord-
ing to Lopez-Lastra et al. (1994) and polyacry-
lamide gel electrophoresis (PAGE) according
to MacDonald and Gower, 1981 and Merril et

al., (1981).
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Statistical Analysis
The non-parametric variance test of Kruskal-
Wallis (Zar, 1984) was used to determine sta-
tistically significant differences a) between
diets in the stimulation indices of
lymphocytes and plasma cortisol levels at
each sampling date and b) to assess possible
differences between replicate tanks (non-sig-
nificant differences were observed in experi-
mental and control replicates).

Results
Growth and condition performance
Weight, length and condition factor did not
show significant differences between diets or
replicates (data not shown).

Lymphocyte Mitogenic Response
In non-IPNV-infected trout a significant en-
hancement of lymphocyte stimulation indexes
was observed in fish fed with the nucleotide
diet, when LPS (“B” lymphocytes) (Fig.  1a);
or PHA (“T” lymphocytes) (Fig. 1b) were used
after 90 days.  Trout infected with IPNV and
fed the nucleotide diet showed a higher stimu-
lation index (P<0.01) only with LPS at day 7
post infection (performed at day 60 of feed-
ing trial (Fig.  2a)).

Plasma Cortisol (Stress assessment)
Mean basal level plasma cortisol (standard
diet, non infected) was 33.4 ng/ml (Fig.  3a).
In non-infected trout, significant differences
between trout fed with standard (control
group) and nucleotide (experimental group)

Figure 1: Mitogenic responses  (Stimulation Index) to LPS (a) and PHA (b) of trout pronephros lymphocytes
fed with control diet (�) and experimental diet (�). Values are mean ± S.D. N=10.

igure 2: Mitogenic responses  (Stimulation Index) to LPS (a) and PHA (b) of trout pronephros lymphocytes
infected with IPNV and fed with control  (�) or experimental diet  (�).. Values are mean ± S.D. N=8.
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diets occurred only at 90 days and 120 days
of feeding trial (P<0.01), experimentals hav-
ing higher plasma cortisol levels (P<0.01).
Mean plasma cortisol concentration in control
and experimental diet IPNV-infected fish with
was 18.2 ng/ml and 9.2 ng/ml at day 7 post
first infection (day 60 of feeding trial) and 56.2
ng/ml and 28.0 ng/ml at day 7 post second
infection (day 120 of feeding trial) respec-
tively.  (Fig.  3b).  Significant differences were
found in plasma cortisol levels during the first
and second infection with IPNV and between
control and experimental diet groups
(P<0.01), the latter showing lower plasma cor-
tisol levels (P<0.01).

Diagnosis of IPNV
IPNV diagnosis by RT- PCR indicated absence
of the virus in the non-IPNV-infected fish (Ex-
periment A, control and experimental
groups).  In both, control and experimental
fish infected with IPNV (Experiment B), vi-
rus presence was detected (PAGE results not
shown).

Infected fish survival
All trout infected with IPNV and fed with the
control diet, were dead by day 8 after infec-
tion, showing increased corkscrew whirling,

abundant mucous and long filamentous fecal
shedding as early as day 3 and fin erosion
starting at day 5.  All trout infected with IPNV
and fed with the nucleotide-enriched diet,
showed mucous shedding starting only at day
5 and survived beyond the end of the infec-
tion experiment.

Discussion
Our results show that dietary nucleotides do
stimulate mitogenesis of trout lymphoid cells
after 60 days of feeding.  A response to PHA
is considered to be indicative of “T” cell pro-
liferation, while LPS primarily stimulates a
“B” cell response (Kehrer et al., 1998).  The
increase in the mitogenic responses induced
by the dietary nucleotides in the present re-
port was more prominent in LPS-stimulated
than in PHA-stimulated cells, indicating that
“B” cells are more sensitive to the effect of the
tested nucleotides.  On the other hand, fish
infected with IPNV and fed with dietary
nucleotides showed only mitogenic response
of LPS-stimulated cells, indicating that these
compounds are capable of stimulating “B”
lymphocytes under viral infection pressure at
day 60 of feeding trial but not at day 120, prob-
ably reflecting a immunostimulating effect of

Figure 3: Plasma cortisol concentration in trout fed with control diet  (�) or experimental diet  (�).  (a) Not
infected (b) infected with IPNV. Values are mean ± S.D. N=10 (a)  N=8 (b).
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no more than 60 days.  Thus, nucleotides sup-
plied two months prior to an IPNV infection,
are able to enhance the humoral immune re-
sponse in rainbow trout. This indicates that
the nucleotide diet can be used as an advan-
tage in combination with other
immunostimulants and/or vaccines.

In mammals, stimulation of only B-cells of the
immune system does not confer as good a
protection to viral infections in general as does
T-cell mediated cellular immune response,
responsible of the definitive elimination of
viral pathogens.  Nevertheless, B-cell stimu-
lation offers some viral infection protection,
probably via specific antibodies, capable of
neutralizing extracellular viral particles, al-
though other specific and/or unspecific im-
mune mechanisms could be also responsible.

High (above 50 ng/ml) peripheral blood cor-
tisol levels are generally accepted as indica-
tors of stress in salmonids (Mazeaud and
Mazeaud, 1981; Khansari, et al., 1990).  Our
results show that dietary nucleotides induce
cortisol levels of 30-50 ng/ml, indicating that
this diet can be supplied for long periods of
time (cortisol concentration averages rarely
exceeded 40 ng/ml).  The average plasma
cortisol concentration in non-stressed fish
varies from one species to another.  In
salmonids, levels from 0-25 ng/ml are re-
ported with individual variations within spe-
cies (Pickering and Pottinger, 1989; Barry et

al., 1993; Pottinger, et al., 1994).  In farmed
Atlantic salmon normal average levels are
reported to be 8 ng/ml (Mazur and Iwama,
1993), 16 ng/ml (Waring, et al., 1992) and 76
ng/ml (Wiik, et al., 1989).  Values of 30 - 50
ng/ml have been reported for trout under

confinement (Barton et al., 1980), in accord-
ance with our data.

On the other hand, the significative differ-
ences found between experimental and con-
trol groups during the first (day 60) and sec-
ond infection (day 120) with IPNV, indicate
that dietary nucleotides in trout infected with
the IPNV, reduce the levels of plasma cortisol
(28 ng/ml), suggesting that this diet is able to
decrease stress levels during an IPNV infec-
tion event and possibly enhancing defense
mechanisms as shown by our survival obser-
vations.

It is known that high stress levels are immu-
nosuppressive in vertebrates.  Therefore, if a
diet containing immunostimulants is also a
stressing factor, the final outcome may be a
complex summation effect, adversely affect-
ing the defense system.  However, this does
not seem to be the case with our tested
nucleotides.  Thus, valuable effects can be
expected from nucleotide-enriched diets
given before (up to 60 days) possible stress-
ing events or disease outbreaks, as an alter-
native to vaccination.
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