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ABSTRACT

The objectives of this study were to define the dietary concentrations of
folic acid, pyridoxine, riboflavin, pantothenic acid, ascorbic acid, and
al pha-tocopherol required to assure naxi num inmune responses and resistance to
Aerononas sal noni cida and Reni bacterium sal noninarum in juvenile spring
chi nook sal mon (Oncorhynchus tshawytscha).

In the first year of the study a number of in vitro assays were eval uated
as tools for measuring the inmunol ogical status of juvenile chinook sal non.
Those assays included: response of |ynphocytes to mitogens, mixed |ynphocyte
reactions, mgration inhibition factor, neasures of phagocytosis, plaque-
formng cell counts, and polyclonal activation. The plaque-formng cell and
mtogenic stinulation assays were selected as the nost appropriate tests to
use in our scheduled studies to evaluate the effects of vitamin nutrition.
The plaque-formng cell assay neasures the capacity of |ynphocytes to produce
aspecific imune response to an antigen, while the nmitogen assay neasures the
general imunoconpetency of an entire population of |ynphocytes. Al so, the
technical requirenents for both of these neasurenents nmmde it practical to
performthe tests on the |arge nunber of fish involved.

During the final three years of the project, graded levels of the test
vitamns were incorporated in both the Oregon Test Diet and the Abernathy Diet
and fed to small groups of spring chinook sal mon juveniles. The fish were
held in constant 12° well water under |aboratory conditions for up to six
mont hs. During that period, the fish's immnoconpetency was neasured using
pl aque-formng cell and mitogenic assays. In addition, their resistance to
| aboratory chal | enges with  Aeronpnas sal noni ci da and  Reni bacterium
sal noni narum was det erm ned.

Results indicated that the dietary levels of the test vitamns
recommended for nmaxi num growh by the National Research Council (NRC) were
anple for growth and inmmunol ogical function under our |aboratory conditions.
I n fact, evi dence indicated that, in sonme cases, concentrations of individual
vitam ns as |low as one third of the NRC recomendati on were adequate. The
findings suggest that the NRC reconmendati ons should be re-exanined and
refi ned.

In the mpjority of cases, the values of the inmmunol ogical paraneters
significantly increased with fish age or size. Further experiments wll be
required to deternmine the degree to which each factor is inportant. The
results also suggest that attenpts to immunize fish may be npbst successful if
they are performed when the fish are older than six nonths.

It should be noted that there was considerable variation in inmmunol ogical
measurenents anmong fish within replicate lots fed individual diets. This has
important inplications for the imunol ogical conpetency of significant
segments of fish populations in hatcheries.



INTRODUCTION

The presence of infectious diseases is one of the npst inportant problens
affecting the efficiency and econonics of salnmonid culture. Total nortality
experienced during the egg, fry, and fingerling stages of Pacif |c sal non
(Oncorhynchus spp.) culture, for exanmple, normally ranges from 15-20% (Hublou
and Jones, 1970). About 50% of that nortality occurs during the fry and
fingerling phases, and nost of those deaths are probably attributable to
i nfectious disease. This results in the loss of many mllions of fish each
year. Additionally, nmortality can significantly exceed normal ranges in the
event of epizootics resulting in even larger losses during artificial
propagati on.

Di seases can also produce debilitated fish or survivors which harbor
latent infections. Low grade or latent infections have the potential for
significantly reducing the post-release survival of snmolts from hatcheri es.
For exanple, Sanders (1979) and Banner et al. (1983) have found that coho
salmon (0. kisutch) fingerlings, suffering a |lowgrade infection of bacteria
ki dney disease (Renibacterium salmoninarum), died at high rates after transfer
to seawater. Al so, Wedeneyer et al. (1976) reported simlar effects when coho
smolts had subclinical cases of furuncul osls (Aeronobnas salmonicida).

Consi derabl e research has been done to better understand fish di seases
and develop neans for their prevention and treatnent. That work has
concentrated primarily wupon identification of agents causing disorders,
i mprovi ng diagnostic nethods, exploring chenotherapeutic treatnments, and
devel opi ng vacci nes. Very little work, however, has been done to determne
the relationships anong nutritional state, immunoconpetence, and disease
resistance in fish (Bell et al., 1984; Blazer, 1982; Blazer and Wl ke, 1984;
Bowser et al., 1988; Durve and Lovell, 1982; Hardy et al., 1979; Lall et al.
1985; Li and Lovell, 1985; Navarre, 1985; Paterson et al., 1981; Salte et al.
1988).

Research with livestock, |aboratory animals, and humans has provided a
| arge body of information which denonstrates the inportance of host nutrition
in conbating disease. Cbservati ons nade by pathol ogists at hatcheries
indicate this is also true for fish. For exanple, Wod (1974) reports case
histories in which juvenile coho salnmon fed either a dry diet or a npist
pell et containing corn gluten nmeal suffered higher nortality from bacterial
ki dney disease than did fish receiving the standard noist pellet formla.
Wedeneyer and Ross (1973) could not confirmthat corn gluten nmeal increased
ki dney di sease nortality, but fish fed the corn product exhibited a nore
severe, nonspecific, stress-response to the infection.

Many vitamins have significant roles in the functioning of immune systens
in man and ot her aninals. Several researchers and reviewers (Axelrod and
Traketellis, 1964; Beisel, 1982; Blalock et al., 1984; Cunningham Rundl es,
1982; Debes and Kirskey, 1979; Scott et al., 1976; Wilgus, 1977) have reported
that a deficiency of pyridoxine suppresses the imune response in a nunber of
ani nal s. The requirenent is dependent, in part, on the amount of dietary
protein (Scott et al.,1976). Hardy et al. (1979) found that increased
pyridoxine in a high-protein diet rendered chinook salnon fingerlings nore
resistant to Vibrio anguillarum but additional pyrfdoxine in a |ow protein
feed did not have the sane effect. Cell medi ated responses have been




denonstrated to be dramatically affected by reduced pyridoxine, as evidenced
by depressed mixed | ynphocyte reactivity, prolonged allograft survival, and
reduced skin hypersensitivity (Axelrod and Traketellis, 1964). Nunmbers of
bl ood | ynmphocytes are dranatically reduced, as well as the weight and size of
the spleen and thymus during pyridoxine deficiency (Debes and Kirskey,
1979). Antibody formation is decreased as deternmined by bacterial
aggl utination and plaque formng cell responses in rats, swne, chickens and
humans fed diets deficient in pantothenic acid (Beisel, 1982; Nelson, 1978;
Panda and Conbs, 1963; Scott et al., 1976), however, that vitam n apparently
has little effect on cell nmediated imunity. I nsufficient ambunts of dietary
riboflavin have also caused decreased antibody responses to Streptococcus
pul lorum in chicks (Beisel, 1982). Deficiencies of folic acid |lead to reduced
host resistance to salmonella and inpaired humoral and cellular immune
function in both man and experinental aninmals (Beisel, 1982; Cunni ngham

Rundl es, 1982; Scott et al., 1976; Siddons, 1978). | mpai red functioning of
phagocytes and reduced response to phytohenmaggl utinin have al so been observed
invitamn B-12 deficiency states. | nadequate biotin intake in rats causes a

reduced passive hemaggl utinating antibody response to diptheria toxoid, and
reduced devel opnent of splenic plaque-forming cells after inoculation with
sheep red blood cells (Beisel, 1982). The anount of ascorbic acid in the feed
has reportedly influenced disease susceptibility in several ani mal s
(Chatterjee, 1978). Durve and Lovell (1982) found that channel catfish
(lctalurus punctatus) were nore resistant to the bacterium Edwardsiella tarda
when fed el evated doses of ascorbic acid and the effect was nore pronounced at

| ower tenperatures. Li and Lovell (1985) reported that channel catfish fed
i ncreased anpunts of dietary ascorbic acid experienced decreased nortality due
to E ictaluri. Bl azer (1982) found that ascorbic acid deficiency depressed

non-specific resistance, decreased serum iron binding capacity, reduced
phagocytosis, and depressed cellular responses to Yersinia ruckeri in rainbow
trout (Oncorhynchus nykiss). Navarre (1985) stated that the defenses of
rai nbow trout against Vibrio anguillarum were directly related to dietary
suppl enmentation with ascorbic acid. On the other hand, Bell et al. (1984) had
equi vocal results when studying the effects of ascorbate on the devel opnent of
bacterial kidney disease in sockeye salnon (0. ddréa).roles performed by
this vitamin are still unclear and controversial; however, it may play an
i mportant part in the normal functioning of phagocytic cells (Beisel. 1982;

Cunningham-Rundles, 1982). Two fat soluble vitanmins, A and E, have recognized
effects on i mune systens of other animals. Vitam n A probably influences
resistance to infections through its role in maintaining the integrity of
epithelial and nucosal nenbranes as well as affecting humoral and cell ul ar
i mune responses (Beisel, 1982; Pan& and Conbs, 1963). Vitami n E has been
shown to inprove the humoral i mmune response of mice, chicks, turkeys, swi ne,

sheep, and guinea pigs when they are challenged with either non-living
antigens, living bacteria, or live viruses (Beisel, 1982; Colnago et al.,

1984; Ellis and Vorhies, 1976; Heinseling et al., 1974; Nockels, 1980).

Bl azer (1982) and Bl azer and Wl ke (1984) found that rainbow trout showed a
significantly. reduced humoral inmmune response and reduction of several non-

specific resistance factors when fed diets deficient in vitanmin EE On the
other hand, Salte et al. (1988) could show no beneficial effect of dietary
vitamn E supplenentation alone or in conbination with selenium as a
prophylaxis for Hitra Disease in Norway. Since vitamin E is an antioxidant
which prevents autooxidation of I|ipids and/or protects aninals from toxic
effects of oxidation products (Lee and Sinnhuber, 1972), the amunt of Iipid
in the diet and its degree of rancidity could be inportant factors in the




relationship between this vitamn and imunity. Past research to define the
guantitative vitam n needs of juvenile sal monids has concentrated primarily on
determining requirements for maxinmum growh and most efficient feed
utilization (Halver, 1972; National Acadeny of Sciences, 1973) without
attempts to assess the i nmunoconpetency of test animals. Uork is needed to
determine the quantities of key vitamins required to insure optinal
functioning of immne systens and high resistance to comon di seases.



CHAPTER |

DEVELOPMENT OF IMMUNOLOGICAL ASSAYS



OBJECTIVES

The primary objective of the first year of this project was to devel op
and assess the efficacy of a variety of assays that could be used to eval uate,
at regular intervals, the inmmnological status of juvenile chinook sal non
(Oncor hynchus tshawtscha) held on various diet treatnents. In choosing the
nost appropriate assays for this project three criteria had to be mnet: 1) the
assays must be performed on a | arge nunber of individuals over a relatively
short period of time (12-24 individuals from 10 duplicated treatnents within a
peri od of one day), 2) the assays nust be quantitative and 3) optimally the
assays should nonitor different aspects of inmmunological function

The assays which were evaluated were mtogen, nixed |ynmphocyte reaction,
mgration inhibition factor, phagocytosis, plaque-formng cell, and polyclonal
activation.

MATERI ALS AND METHODS

Ani nal s: Spring chinook salnon were wused as test animals in all
experiments. They were obtained as eyed eggs resulting from adult fish
spawned at Carson National Fish Hatchery | ocated about 15 miles north of
Carson, WA on the Wnd River. Eggs were transferred to the Abernathy Sal non
Cul ture Technol ogy Center (The Center). Upon arrival at The Center, the eggs
were surface disinfected with an iodophor (Argentine, Argent Chenmical
Laboratories, Rednond, WA) according to the protocol recomrended by Wod
(1974). At a size of 20-100 g the juvenile salnmon were transferred to the
Oregon State University Fish Disease Laboratory (OSUFDL). Al fish were
mai ntained in 460-liter circular fiberglass tanks supplied with 12° well
wat er .

Cul ture Media: Media conmponents were purchased from Whittaker H A
Bi oproducts, \Walkersville, MD, unless otherw se noted. Medi a were sel ected
after testing two nedia [Roswell Park Menorial Institute (RPM) 1640 and
Lei bowi tz-15 (L-15)] and two serum sources (fetal calf and chinook sal non).
M shel | -Dutton hol di ng nedi um consi sted of 100 pg/ml gentamicin and 10% f et al
calf serumin RPMI 1640 (G BCO G and Island, NY). M shel I -Dutton nodified
(MM RPMI was used for tissue culture and consisted of RPMI 1640 suppl emented
with: non-essential amino acids, sodium pyruvate, L-glutamne, 10% fetal calf
serum (hybridoma screened), 100 ug/ml gentamicin, 50 uM 2-mercaptoethanol

(G ncinnati, OH), and the nucl eosi des adenosine, uracil, cytosine, and guanine
(10 pg/ml, Sigma, St. Louis, MO as described by Yui and Kaattari, 1987 (See
Appendi x) . A nutritional supplenment was also prepared as described by Tittle

and Rittenberg (1978) and fed daily to the cultures as described bel ow.

Cell Cultures: A single cell suspension of each organ was obtained by
aspiration through a 1 m syringe after which holding medium was added.
Organs from several fish were pooled when necessary to obtain the required
nunber of cells for culture. The resulting cell suspension was incubated on
ice to allow organ fragnments to settle. The supernatant nedium containing
single cells in suspension, was then washed two tinmes in holding medium by
centrifugation at 500 x g for 10 ninutes at 4°c. The final washed cell pellet
was resuspended in MDM Lynphocytes were enunerated by the use of a
henocytoneter or Coul ter counter (Coulter Electronics, H aleah. FL) adjusted




for counting salmonid | eukocytes. The cell_concentration was then adjusted
with MDM to yield a concentration of 1 x 20° celts/n and held on ice until

cul tured. Fifty pul aliquots of the final cell suspension were added to the
wells of a 96-well, flat-bottoned, tissue culture plate (Corning, Corning, NY)
containing antigen or mtogen. Tissue culture plates were then incubated in

plastic culture boxes (C.B.S. Scientific, Del Mar,CA) in an atnosphere of 10%
€0, at 16°C. The cultures used for the PFC (plaque-forming cell) assays were
mai ntai ned by adding 10 m of nutritional supplenent daily.

Mitogens and Antigens: A stock solution of |ipopolysaccharide B (LPS) fromE._
coli 055:B5 (Difco, Detroit, M) was pasteurized for 30 minutes at 70°C in
distilled water. Stock solutions of phytohemagglutinin (PHA, Sigma), pokeweed

mtogen (Sigma), and concanavalin A type IIl (Signa) were nade up in MM and
sterilized by filtration through a 0.45 um filter. Tri ni t ophenyl at ed- LPS
(TNP-LPS) was prepared by the nethod of Jacobs and Morrison (1975). Al

mtogens and antigens were diluted into tissue culture mediumat two tines the
final concentration, so that the addition of an equal volunme of cells would
yield the desired concentration of all conponents.

Vibrio anguillarum Extract: The Vibrio extract was prepared fromV.

anguillarum Strain LS-174 which had been formalin killed and stored frozen.
Fifty m thawed packed cells were suspended in 10 volunes of 2% saline and
placed in a boiling water bath for 2 hours. Cells were washed 3 times in 2%
saline, centrifuged at 10,000 x g for 10 nin at 4°C, resuspended in 95%
ethanol, and incubated 48 hours at 37°C. The cells were then washed 2 tines
in acetone, centrifuged at 3,000 x g for 10 nin and dried to paste overnight
at 37°c. The paste was ground to a fine powder with nortar and pestle and
stored at 4°C. The soluble Vibrio extract used for these studies was prepared
by boiling the powder in phosphate buffered saline (PBS) at 10 mg/ml in a

boiling water bath for 1 hour with frequent agitation. Thi s suspension was
then centrifuged at 1,000 x g to renobve particulates and filter sterilized.
Protein concentration were determned by the method of Lowy et al., (1951).

Mitogen Assays: The ability of |ynphocytes to undergo proliferation upon
stimulation by various mtogens, was assessed by the uptake of tritiated
t hyni di ne. The radioactive counts/minute (cpnm) increase as the ampunt of
proliferation increases. This ability to proliferate then becomes a neasure

of |ynphocytic activation. Briefly, fifty pwl containing 5 x 1 cell's were
placed in individual wells of a 96-well flat bottomtissue culture plate with
50 wl of mitogen or culture nmedium The plates were then incubated in gas
boxes under 10% €O, at 17°C. Twenty four hours hefore harvest each well was
pul sed with 1 pci of tritiated thymdine (methyl- “H | CN Biomedicals, |rvine,
CA) in 50 w1l of MDM Cells were harvested with distilled water onto gl ass
fiber filters with a Skatron cell harvester (Sterling, VA). The filters were
then dried, placed in scintillation vials with a solubilizing agent [6g 2,5-
di phenyl oxazole (PPQ), Sigma, 5 ng p-bis(2-(5-phenyloxazolyl))benzene ( POPOP),
Amersham, Arlington Heights, IL, in 1 liter toluene, after Etlinger et
al.,1976), and counted on a Beckman liquid scintillation counter (LS 8000).
Data are reported as nmean or as stinmulation indices (SlI) defined as
(experinment al cpm)/(control -cpm).

Mixed Lynphocyte Reaction (MIR). the ahijjty of |ynphocytes to recognize and
respond to dissimlar antigens expressed on |ynphocytes from other



het erol ogous individuals is measured by a mixed |ynphocyte assay. As in the
m togen assays, incorporation of tritiated thymdine is a direct nmeasure of
the proliferation caused (in this case) by the stimulation by heterol ogous
| ynphocyt es. These mi xed | ynphocyte reactions were perforned utilizing the
same media and culture conditions descril}ed for the mitogen assays. Briefly,
50 @l of a |ynphocyte suspension (1 x 10’ cells/m) fromindividual fish were
coi ncubat ed with fifty pl of Iyrrphocyt es from a heterol ogous source. Each
conbi nation of the mxed |ynphocytes was cultured in triplicate, pulsed with
tritiated thym dine 24 hours prior to harvesting, which was perfornmed as
descri bed above. Cell proliferation was neasured by the uptake of the
tritiated thym dine.

Migration |nhibition Factor (MF): The ability of the |lynphocytes to express
normal |evels of inportant regulatory factors was determned by assaying for
the production of migration inhibition factor. Antigen specific stimulation
of |ynphocytes causes the release of migration inhibition factor, which in
turn, inhibits the migration of macrophages away from the antigen. The MF
assays used were a nodification of the agarose microdropl et assay described by
McCoy (1976). Fish anterior kidney cells were prepared as single cell
suspensions in L-15 (G bco, Gand Island, NY) supplenented with 10% fetal calf
serum and 100 pg/ml gentamicin. Cells were washed tw ce and resuspended to a
concentration of 5 x 10°/12 ul in a preparation of 0.2% Sea Prep agarose (FMC
Corp., Marine Colloids, Rockland, ME) in L-15. These preparations were made
with or without the test antigen. Two ul droplets of cells were placed in the
center of sterile flat-bottom 96-well tissue culture plates held on ice. The
droplets were then allowed to solidify for 15-20 minutes. This incubation was
then foll owed by an addition of 100 pl of 0.1% Sea Prep in L-15, contai ning
the sane concentration of test antigen. This second | ayer of agarose was
added gently so as not to dislodge the droplet. The plate was then placed in
a sealed hunmidified box at roomtenperature for 48 hours. M gration was
scored by inspection with an inverted m croscope. Positive (+), or normal
mgration, occurred when the white blood cells appeared in a continuous
exterior halo to the non-migrating red blood cells and pignented kidney cells,
which were held in the agarose droplet. Moderate mgration (+/-) was
i ndi cated when only scattered white blood cells were found to be exterior to
the central red blood cells and kidney cells. No migration (-) was determn ned
when no or few white blood cells were found outside the droplet.

Radiolabelling of Renibacterium sal noninarum One m of a suspension of
formalin-killed R. sal noninarum (one unit of O D. at 520 nm) was washed tw ce
in PBS, pH 7 and resuspendi% in 250 pul of PBS. This solution was placed in an
ice bath and 500 uwCi of | (Amersham [ rvine, fé\g in5 sl was added while

constantly stirring. Inmediately follow ng the 0.2 mM of 1% chl oranine
T was added. After five minutes, 0.2 m of a 1% solution of sodium
met abi sul phite was added to stop the reaction. The labelled bacteria were

then washed with PBS at 6,500 x g until the supernatant contained |ess than 1%
of the total cpm incorporated.

Phagocytosis Assay: Level s of phagocytic activity against R. salnmoninarum
wer e quantl tatively neasured by determning the uptake of radiol abel ed
bacterial cells 2y sal nron | eukocyt es. Briefly, 0.5 m of a cellular

suspension (3 x 107 cells/m) in 5% FCS (fetal calf serum-L-15 was mi xed vvitg
0.05 m of radioiodinated bacteria and diluted to a concentration of 2 x 10
cpmmi . Phagocytosis was measured by renoving non-phagocytized bacteria by



two washes at 500 x g. The final pellet was counted and the per cent
phagocytosis calcul ated as:

cpmin leukocyte pellet = cpm W 0 leucocytes y 100
total cpm = cpm w o |eukocytes

Plaque-forming cel | (PPC) Assay: Antibody production by |ynphocytes in vitro
was neasured by the enumeration of | ynphocytes produci ng pl agues (cl eared
areas) in |lawns of an}:igen coated red bl ood cells. Briefly, single cell

suspensions of 1 x 10° <tells/m were prepared in MDM, as described above.

Aliquots of 0.05 ml of the suspension were cultured with 0.05 m of the
appropriate dilution of antigen in MDM or in MDM al one. Cultures were fed
10 ¥l of nutritional supplenment daily until harvested. The contents of each
m crocul ture were assayed and three such mcrocultures were tested per data
poi nt. Cells secreting anti-trinitrophenyl (TNP) antibodies were detected by
a nodification of the Cunningham plagque assay (Cunningham and Szenber g,

1968) . One hundred uwl of the the |ynphocyte suspension, 25 ul of a 10%
suspensi on of sheep red blood cells (SRBC) or TNP-SRBC (Rittenberg and Pratt,

1969) in nodified barbital buffer (MBB), and 25 ul of steel head serum were
mxed, diluted in MBB, and deposited into individual wells of a 96-well
mcrotiter plate (Lindbro, MLean, VA). The contents of each well was
pipetted into a slide chanber thus producing a thin lawn of cells. The
chanber was seal ed by dipping the edge in nelted paraffin and incubated for 1-
3 hours at 16°C. Plaques-were then enunerated under |ow power with the aid of

a dissecting mcroscope.

Polyclomal Acti vat i_on: Pol ycl onal activation of |ynphocytes was done by the
method of Yul and Kaattari (1987) - see appendix.

RESULTS AND DISCUSSION

Mitogen St udi es: M togen-induced |ynphocyte proliferation in response to

four distinctly different mitogens was studied. These four mtogens were
Escheri chi a col i | i popol ysacchari de (LPS), phyt chensggl uti ni n (PHA),
concanavalin A (Con A), and pokeweed nitogen (PWM). In addition, we

di scovered a new nitogen, an extract of Vibrio anguillarum (VAE), which 1is
very effective for the mitogenic stimulation of salmonid | ynphocytes and
directly applicable to studies with sal non (See appendix). Dose responses of
all five mitogens for both anterior kidney and spleen are depicted in Table 1.
and the kinetics of the response to LPS, PHA, and VAE are given in Table 2.
The data presented are the results from single experinents which are
representative of the typical responses seen. The responses do tend to vary
with each preparation of mitogen with respect to the optinal dose. For this
reason, dose responses were conducted on fish prior to the use of a new
preparation of nitogen.

Li popol ysaccharide, a typical mammalian B cell mtogen, was consistently
found to induce high stinulation indices in |ynphocytes isolated from the
spleen or anterior kidney. Both |ynphoid popul ati ons denonstrated stimulation
i ndi ces of 20-30. The peak stinulatory dose was found to be approximtely
0.25-1.0 mg/ml.
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Table 1. Dose responses of spring chinook sal non (Oncorhynchus tshawytscha)
| ynphocytes to various nitogens

Mitogenl Cel | Source DOSE (rmg/m )
0.25 0.5 1.0 2.0
LPS A Kidney? 23.53:4 30. 8 31.9 21.9
Spl een 20.8 27.7 35.4 30.4
2 5 10 50 100
PHA A Ki dney 5.0 13. 4 17. 4 9.4 1.8
Spl een 1.2 1.1 1.6 1.0 0.6
10 50
PWM A, Kidney 6.2 6.6
Spl een 6.0 2.0
2 5 10 50 250
ConA A, Kidney 1.0 1.2 4.0 2.4 0.6
Spl een 0.6 0.4 1.4 0.8 0.6
0. 05 0.26 1.3 6.5 32.5
VAE A.  Kidney 5.6 16.0 28.8 28 32.8
Spl een 4.4 8.8 18. 8 35.6 30.0

Im togens used in this assay were E coli |ipopol ysaccharide (LPS),
phyt ohemaggl uti nin (PHA), pokeweed m togen (PWM), concanavalin A (ConA), and

V. anguillarum extract (VAE).
2pnterior ki dney.

$stimulation index = (cpmof cultures with mitogen)/cpm of cultures w thout
m t ogen)

4Standard errors of the nmean were <5% for all val ues.
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Table 2. Kinetics of the nitogenic response of spring chinook sal non
(Oncorhynchus tshawytscha) |ynphocytes to selected mtogens.

ANTERI CR KIDNEY

Mitogen2 Day of Harvest'
3 4 5 6 7
VAE 27.23:4 76.0 44.0 16.8 27.2
LPS 5.6 16.8 20.0 16.8 20.0
PHA 2.4 5.6 6.4 1.6 5.6
SPLEEN
M t ogen Day of Harvest'
3 4 5 6 7
VAE 41.6 52.0 25.6 32.8 24.8
LPS 6.4 12.1 12.8 24.8 20.0
PHA 1.6 1.6 1.0 0.9 1.1

"Cells were harvested 24 hours after pulsing with titrated thym dine on day 4
of culture.

2Mtogens used in this assay were V. anguillarum extract (VAE), E. coli
| i popol ysaccharide (LPS), phytohemagglutinin (PHA).

3Standard errors of the mean were <5% for all val ues.

“4values expressed as stimulation indices.
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In contrast, PHA a T cell nmitogen. was found to be capable of inducing
stinulation indices of 15-20 in the anterior kidney only. No stinulation was
consistently found in the spleen. Cccasionally, PHA stimulation can be seen
in the spleen, particularly if fish serum supplenentation is used (data not
shown). This form of serum suppl ementati on, however, would be inpractical for
t hese studies since the procurement of large quantities of chinook serumwith
consi stent culture-supportive activity could not be assured. These data may
suggest that there is a distinct PHA responsive subpopul ation of |ynphocytes
in the anterior kidney which does not exist in the spleen. This inconsistency
of responsiveness in the spleen cautioned us against the possibility of using

this mtogen. It was our desire to have the potential capability of using
either imune organ or both if the need arose. W were also unsure of
responsi veness in the anterior kidney if the spleen did not possess consistent
r esponsi veness. In the end we utilized solely anterior kidney sanples, since

at our first sanpling date (the fish were 10-15 g), only this organ was
capabl e of supplying a sufficient nunber of |ynphocytes for the assays.

Pokeweed mtogen. a mammalian B and T cell nmitogen was found to produce
stimulation indices of 5to 10 in both anterior kidney and spleen. This value
was consistently below that found with either LPS or VAE Thus, we felt that
ei ther LPS or VAE woul d be superior to PWM.

Concanavalin A, another T cell nitogen, produce the |owest stimulation
i ndex which was approximately 3.0 in the anterior kidney, while no stinmulation
was seen in the spleen. It is of considerable interest that both of the T
cell mtogens possess the ability to elicit responses fromthe anterior kidney
only, while |ipopolysaccharide and pokeweed mitogen stinulates responses in
both anterior kidney and spleen. This may suggest that either there are few,
if any, T cell-like lynmphocytes in the spleen, or that T cell responses in the
spleen are heavily regul ated or suppressed in response to mtogens.

The mitogenesis induced by VAE is of particular interest because it is
derived from a salmonid pat hogen. This material has been found to produce
simlar or nuch higher nitogenic responses than the other U itogens. It also
stinmulated a non-specific anti-TNP plaque-formng responses (see polyclona
activation section). This high degree of stinulation was found in both
anterior kidney and spl een. This material was eventually deemed to be the
preferred mtogen due to these factors. It was not, however, incorporated in
the first year's studies with pyridoxine and folic acid. since it was a
fortuitous discovery that was made near the end of the optinization study.
It, therefore, required sonme additional time before it was ready for use and
deened equivalent to LPS in activity (Appendix).

The kinetics of the mtogenic responses of the three nost stinulatory
agents (VAE, LPS, PHA) was determined at their respective optimal doses. VAE
appears to stinmulate an early peak response in both anterior Kkidney and
spleen, whereas |ipopolysaccharide denonstrates a rather protracted peak
response over the seven days of culture for anterior kidney |ynphocytes, and
di stinct peak response at 6 days of culture for the splenic |ynphocytes.
Thus , it appears that VAE is similar to lipopolysaccharide in its ability to
stimul ate both anterior kidney and splenic |ynphocytes, the difference in
kinetics may indicate a different nechani smof stinmulating |ynphocytes.
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Phyt ohenaggl utinin responses were inconclusive as to the resolution of a
peak response day, however, the absence of any mitogenic responses wth
splenic | ynphocytes was consistently observed at all tines.

ni xed Lynphocyte Reactions (MIR): |t has been found that chinook sal non can
exhibit a strong MLR when cells fromtwo or nore fish are mixed (Table 3).

Table 3. Mixed lymphocyte reaction of spring chinook salmon (Oncorhynclus tshawytscha) anterior

Kidney lymphocytes.
Cell Mixturesl
A B c aB? ac? BC? ABc?
Day 5° 332N*  500(47) 667(65)  2167(1000)  1500(310)  4167(1100)  1135(312)
Day 7 1000(99)  834(79)  2167(845)  1010(153)  4167(995)  2313(653)  2431(1113)
Day 9 1515(153)  1254(121)  1267(11)  3843(2015)  6893(675)  4120(1153) 3000(1175)

LTotal rumber of lymphocytes per culture = 1 x 108

zrqmnnbersofceusgmeahnﬂivmm (A, B, or C) were added to result in the final
concentration of 1 x 10" /cultures.

30.|lmres were pulsed with titrated thymidine 24 hours prior to harvest.
“alues represent mean cpm of triplicate cultures (SEM).

The occasional weak response or lack of a response, is nost probably due to the
partial histoconpatibility of certain individuals. As can be seen in the table,
there appears to be a general increase in the cpm over tine, the greater
stinulation occurring at day nine. To counter the variability of this MLR, we
feel that it would be necessary to standardize this assay by incorporating
stimulatory |ynphocytes from a single, uniform xenogeneic source (i.e.trout),
rather than to use an allogeneic source (other chinook cells). Thi s shoul d
provide a constant stinmulus to the chinook cells, independent of the individua
t est ed. To prevent incorporation of tritiated thymdine by xenogﬁneic cells,
trout |ynphocytes should be irradiated with 1000 rads froma Co i rradiator
prior to coculture. Prelimnary evidence denonstrates that this anount of
irradiation is sufficient to prevent tritiated thym di ne uptake.

M gration |nhibition Factor (MIF) Assay: Previ ous studies (McKinney et. al,
1976) have denpbnstrated that cell-mediated imunity in fish can be assessed by
the analysis of the inhibition of macrophage nmigration. This assay neasures the
ability of "T"-1like cells to elaborate a factor in response to antigen specific
stimulation. This factor then induces the inhibition of nacrophage migration

Initial studies enploying the defined antigen TNP-bovi ne serum al bunin
(TNP-BSA), reveal ed that TNP-BSA inmunized fish were sensitive to TNP-BSA at
concentrations of 1 to 100 pg/ml in culture (Table 4). The |owest concentration
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Table 4. Mgration inhibition factor responses of inmune and non-imune spring
chi nook sal mon (Oncorhynchus tshawytscha) anterior ki dney lymphocytes?.

TNP- Bovi ne Serum Ablunmin ug/ml

0 0.01 1 100
1 2 3 1 2 3 12 3 1 2 3
Injected fishP +¢ + + + + +/- / . - +/- - .
Nai ve or Native Fish + + + o+ + + / + ++ + +

8anterior kidney cells (5 x 105/12 pl) were cultured in 0.2% agarose in L-15.
Cultures were nmaintained in 96 well tissue culture plates, held in a hunmdified
chanber at room tenperature for 48 hours.

bce11s were obtained fromfish which had been injected one week previously with
100ug TNP-bovine sermal bumin in conpl ete adjuvant.

"Mgration scored as follows:

+ extensive mgration

+/- noderate mgration

- no migration (inhibition)
not scorable

of TNP-BSA (0.01 &r) was unable to stinulate sufficient elaboration of MF
activity to inhibit this response. Cells fromnaive or non-imrmne aninals
denonstrated no macrophage i nhibition at any of the tested concentrations of
anti gen. Thus , within the chinook system we should be able to evaluate the
effects of vitamin nutrition on the ability of |ynphocytes to produce an
antigen specific cellular imune function.

Al'so, since macrophages play an inportant role in the progress of
bacterial kidney disease (Fryer and Sanders, 1981; Young and Chapnan, 1978),
this assay may provide informative in vitro correlates to the Ln vivQ studies
relating resistance to BKD to vitamn nutrition.

Phagocytosis Assay : The data in Table 5 denbnstrate that the ki dney and
spl een possess varying degrees of phagocytic activity to R_ sal noninarum
Leukocytes from either the anterior or posterior kidney produced the greatest
amount of activity (approximately 23% within one hour), while the spleen
produced considerably |ess (approximately 6% . Also, it should be noted that
t he spleen denonstrated no increased uptake of labelled R. sal moni narum during
the time period exanined.

15



Table S. Phagocytosis (%)1 of 1125 labelled R sal nmoni narum by spring chinook
sal ron (Oncorhynchus t shawyt scha) anterior ki dney, posterior Kkidney,
and splenic |ynphocytes

Duration of Incubation (M nutes)

Cel | Source 20 60 180
Posterior kidney 18.53 22.7 21.5
Anterior kidney 14.2 20.8 20.8
Spl een 6.1 6.5 8.8

Lpercent phagocytosis = cpm w | eukocytes - cpm w o |eukocytes , jp9
total cpm- cpmw/o | eukocytes

21otal time that | eukocytes were coincubated with radiol abelled R.
sal noni nar um

SMean cpm of triplicated sanples, SEMwas |ess than 5% of the mean val ue for
all sanples

It is felt that the close exanination of the kinetics of phagocytosis may
allow for the differentiation between non-specific and specific uptake of
bacteria within the spleen

The use of MF and phagocytosis assays allow for the exanination of two
di stinct phases of the cell nediated i mmune response. The MF assay exami nes
the initial antigen specific |ynphocytic response to antigen and, thus,
represents the inductive phase of the nacrophage's response.

Pl ague-forming: Cell (PFC) Assay: The antigen TNP-LPS has been found capable
of inducing an i.n vitra anti body response as ascertained by the PFC assay.

The spleen (Table 6) denonstrated significant PFC responses to TNP-coated
sheep red blood cells. A no time were PFCs to uncoated sheep red blood cells
detected (data not shown). Approximately 20 pg/ml produced an optinma

anti body response of 30 PFCs/lO6 total Fynphocytes harvested. Retitering of
antigen preparations throughout this study revealed different optinal antigen
concentrations for each antigen lot. Thus, the optimal dose utilized changes
in the vitamin study reported in chapter 2. The optiml PFC response occurred
in seven to nine days of culture

This assay represents an extrenely powerful tool for the analysis of the
i mune response. This is due to the fact that we are now capabl e of exam ning
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Table 6. In vitro plaque-forning cell (PFC) response of spring chinook sal non
(Oncor hynchus tshawytscha) | ynphocytes to trinitrophenylated-
| i popol ysaccharide' (TNP-LPS).

TNP-LPS Concentration (ug/ml)

0 2 __ 20 _200
Day 7 0.8(0.1)2 22.4(8.0) 30.8(10) 20(12)
Day 9 0 ] 14.8 (2.4)

]'Lipopolysaccharide was derived from Escherichia coli strain 055:BS5.

2Mean number of Pl’-‘C/lo6 | ynphocytes harvested for triplicate cultures (SEM).

quantitatively, the capability of |ynphocytes to produce a specific antibody
wi t hout the inmmunization of whole animls. Thus, this and future
investigations will not be required to use immunized groups of fish. Also, in
utilizing this system fish from various sources nmay be screened for their
ability to produce a specific inmmune response wthout having to be subjected
to the stress of transport to other holding facilities.

Polyclonal Activation: Mtogenic naterials were exanmined to deternmine if they
mght also be capable of stinmulating spring chinook |ynphocytes non-
specifically to secrete antibodies. Such non-specific stinulation of antibody
secretion and proliferation was denonstrated by incubation with VAE
(Appendi x) . The data presented in the appendi x denmonstrate that when naive
chi nook |ynmphocytes are cultured with optinmal concentrations of VAE (6.5
pg/ml) a significant response is elicited. This stinulation results also in
the non-specific generation of anti-TNP antibodies (figure 4 and Table | in
the appendi x) for coho salnmon (Oncorhynchus Kisutch). Al 't hough of interest
from an inmmunol ogi cal perspective, it was felt that specific antibody (PFC
induction_in vitro would be of greater value in assessing the effects of
dietary vitamn manipulations, than would polyclonal activation (See bel ow)

SUMVARY

Pl ague-fornmng cell and nitogen assays: The two in vitro assays that
were chosen to be used throughout the following study with vitam ns (Chapter
2) were the plaque-forming cell (PFC) assay and the nitogen assay. These
choices were made for the follow ng reasons: 1) the PFC assay neasures the
capacity of |ynmphocytes to produce a specific imune response to an antigen,
while the nmitogen assay is a neasure of the general inmmnoconmpetency of an
entire population of |ynphocytes 2) technically these assays were capable of
being perfornmed on the large nunber of animals that had to be assayed during
the testing periods. Taken together with the disease challenges, which would
indirectly focus on innate imune defenses (especially in the case of
Aeronpnas__sal nonicida), we felt that a very thorough exam nation of the inmune
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status of the salnmon could be undertaken with this collection of assays. The
assays not chosen and the specific reasons for their not being selected are
listed bel ow

M xed |ynphocyte reaction: Although this reaction denonstrated
significant responses, it was not chosen for |logistical reasons. The
neasurenent of non-self recognition requires the recognition of an allogeneic
stinulator cells. Usually these are sinply the cells from another individua
of the sane species. Sone degree of variability in the response of a
population of individuals can occur sinply due to a non-sharing of
hi stoconpatibility antigens. Thus , it is possible that within a large
popul ati on of individuals some ampbunt of non-responsiveness may be due to
genetic differences in histoconpatibility rather than differences in
i mmunoconpet ency. Thus, for the sake of consistency, it would be best to have
a constant cell source which can be used as a stinmulator cell population for
all individuals tested. Although it is felt that this condition may present
an insurmountable problem it may be possible to use a xenogeneic source of
stimulator cells (i.e. trout) to alleviate these difficulties. Thus the
salnon, in this case, would recognize the major differences found in trout
antigens rather than the mnor ones found in individual chinook. M xed
| ynmphocyte reaction testing would be even nore efficient with a source of
honbgeneous stinmulators such as with an isogenic strain of trout or other
salmonid, which are currently being devel oped by other research groups.
However, given the time and nmaterial constraints of this project, it was not
feasible to use this assay.

Phagocyt osi s assay: This assay appears to have many advantages such as
its simplicity, ease of preparation, quantitative nature, and its ability to
assess a distinctly different function of the inmmne system The assay
requires further optimzation to work efficiently with transported cells.
Such was not a concern with the PFC assay, the mixed |ynphocyte assay, and the
mtogen assays. This assay only worked well with cells freshly taken fromthe
ani mal . Since this assay could not be conducted entirely at The Center, due
to restrictions on the use of radioactive materials. O her forms of
phagocytosis evaluation required the mcroscopic examnation of the ingestion
of bacterial cells or particles by the phagocytic cell, this would have been
too tinme consunming to have been feasible for this project.

Mgration inhibition assay: The MF assay, in its present form requires
the specific immunization of the fish before testing. W, however, did not
possess enough space to effectively inmmunize the test aninmals.

Polyclonal activation: Since this assay would sinply exanine the non-
specific induction of antibody-producing cells, and since the mitogen assays
woul d monitor the induction of proliferation (the initial phase of polyclona
activation) it was felt that the use of this assay would be sonewhat
redundant . The PFC and mtogen assays would cover these functions well
wi thout the need to resort also to polyclonal activation
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CHAPTER 11

EFFECTS OF VI TAM N NUTRI TI ON
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EXPERIMFNTAL DESIGN

The vitamins chosen for study were pyridoxine, pant ot heni ¢ aci d,
ri boflavin, felic acid, al pha-tocopherol, and ascorbic acid. A practical fish
feed fornulation and a sem-purified test diet were conpounded to contain
i ncrenental anmpunts of the test vitani ns. Each vitanmin was studied singly
while dietary levels of all other vitamins were held constant, using the
suppl enentation rates specified in the vitam n packages for each diet. The
test diets were fed for up to 24 weeks to duplicate lots of spring chinook
juveniles held indoors in cylindrical tanks supplied with well water. During
rearing, each lot of fish was weighed at Z-week or 4-week intervals to: (1)
determine growth rates, (2) calculate food conversion efficiencies, and (3)
provi de popul ati on weights on which to base feeding rates. Dead fish were
renoved and recorded daily to determine survival rates. Sanples of test feeds
were analyzed regularly to verify vitanin dietary concentrations, and fish
organs were analyzed for vitamin levels at the termnmination of each study.
Assays were then applied to fish fromeach diet group at regular intervals to
assess their inmune conpetence. The assays exanmined .in vivo and in vitraq
paraneters of humoral imunity, cellular inmmunity, and di sease resistance.
Data concerning growth, food conversion efficiencies, rearing nortality, tines
to death in disease challenges, and in vitro assays of inmmune responsiveness
were tested by anal yses of variance and t tests to determine significance of
differences (5% level of significance) and, where applicable, regression
techni ques were used.



MATERIALS AND METHODS

Facilities: The feeding and rearing phases of the experinments were
performed at the Abernathy Salnon Culture Technol ogy Center (SCTC), Longview,
Washi ngt on. I mmunol ogi cal assays and di sease chal | enges were performed on

chi nook sal non obtained from Abernathy SCTC and housed at the Oregon State
Uni versity Departnment of Microbiology and the Fish D sease Laboratory
(OSUFDL), Corvallis, Oregon.

During rearing, the fish were held in 700-liter, cylindrical, fiberglass
tanks furnished with constant tenperature (12°C) well water. During disease
chal l enges, fish were housed in 30-liter fiberglass tanks supplied with 12°C
wel | water. The conpositions of the two water sources are given in Table 1.

The amount of water flowing into each 700-liter rearing tank was
mai ntained at 12 liters per minute throughout the studies. The 30 liter tanks
used to hold fish during disease challenges received flows of 0.40 1 ters per
m nut e. Fi sh popul ati on densities (Kg/liter inflow/min and Kg/ ft) never
exceeded the guidelines of Banks et al. (1979).

I'l'lumination of the experinental tanks at the Abernathy SCTC was provi ded
by fluorescent lights controlled hy a photocell systemto sinmulate the natural
phot operiod at the latitude of the Abernathy SCTC

Test Fish:_ Spring chinook salnmon (0. tshawytscha) were used as test
animals in all experinents. Except for two experinments (riboflavin and
pantothenic acid) the fish were obtained as eyed eggs from fish spawned at
Carson National Fish Hatchery (NFH) | ocated about 15 miles north of Carson, WA
on the Wnd River. Eggs were transferred to the Abernathy SCTC, cushioned in
nmoi st burlap bags, supported in 40 cmx 40 cm x 25 cm egg baskets in order to
prevent physical trauna. Upon arrival at the Abernathy SCTC, the eggs were
surface-disinfected with an i odophore (Argentine) according to the protocol
recomrended by Wyod (1974). The eggs were then placed in incubator trays
(Heath Techna Corp.) supplied with well water. During the riboflavin and
pant ot henic acid studies, eggs and mlt were collected fromadult fish at
Carson NFH and transported separately to- Abernathy SCTC in chilled
cont ai ners. The eggs were fertilized upon arrival at Abernathy SCTC and
placed i mediately into the Heath incubators.

After hatching and yol k absorption, the resulting fry were stocked in a
1200-1iter, steel, circular tank furnished with well water at 40 liters/mn.
They were fed either BioDiet (Bl oproducts, Inc., Warrenton, OR) or BioDiet
foll owed by Abernathy Diet until they reached an average size of 2.0 granms or
| arger. At that tinme they were randonmly distributed into 700-liter,
cylindrical, fiberglass tanks by the follow ng procedure. Goups of ten fish
were hand counted sequentially into separate baskets until a total of 300 fish
per basket was reached. Each diet used in a given study, and its replicate,
were assigned a number which was witten on a separate piece of paper. Al of
the pieces of paper were then placed into a container, mixed, and renoved one
at a time and assigned to a basket of fish. Each basket was then assigned to
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Table 1. Conposition of water supplies. [Immunol ogical study. Abernathy
Sal mon Culture Technol ogy Center.

Wat er Suppl y

Measur enent Uni t Fi sh Immunolog%cal

Rearingl Test i ng
Total gas saturation 83 100 100
N, saturation 0 99 101-103
0, saturation 3 89 91
pH 7.7 7.4
Conductivity (@25°C) umhos/cm 244 - b
Al kalinity, total (as CaCOy) mg/1 76 --
Har dness, tot al mg/1 90 --
Phosphate, ortho (as Pog) mg/1 0.023 .-
Sol i ds, dissolved (@105 °C) mg/1 180 154
Solids, suspended (@105°C) mg/1 1.2 0.1
Amonia, total (as NH;-N) mg/1 <0.02 <0.002
Nitrate (as NO;-N) mg/1 0. 33 0.97
Nitrite (as NO,-N) mg/1 <0.002 <0.001
Car bon di oxi de mg/1 3.8 "
Chloride mg/1 14 22
Cadmi um 1 T <0.0003 .-
Cal ci um mg/1 18 17
Cobal t mg/1 <0.13 <1.0
Copper mg/1 <0.001 0. 0025
[ron mg/1 0.17 0. 016
Lead mg/1 0. 005 0.016
Magnesi um mg/1 11 8
Manganese mg/1 0.10 0.01
Mol ybdenum mg/1 <0.16 <0.025
Pot assi um mg/1 2.8 1.5
Sodi um mg/1 15 8.8
Zi nc mg/1 19 --
Sulfate mg/1 19 --
Turbidity JTU 11 --
1

Abernathy SCTC wel |
Oregon State University well

3percent of Barometric pressure

N.A.

a rearing tank using the same procedure.

tabl e was used, instead of
baskets and diets to tanks

Diets and Feedinp: In each experinment.

incorporated, at five graded |evels,
dry pellet formulation (Abernathy diet,

(Oregon test diet, Table 3).

In some cases,
the numbered papers in a container,

into two types of diets:

a random nunbers

to assign

the vitam n under study was
a practical

Table 2) and (2) a sem-purified feed

22



Table 2. Conposition of Abernathy Diet used as a vitanmin test ration for
spring chinook sal mon (Oncor hynchus tshawytscha) fingerlings.
I mmunol ogi cal study, Abernathy Sal non Culture Technol ogy Center.

Conponent Per cent

Herring neal, mininmm protein 65% 40. 57
Dried whey, mninmumprotein 12% 5.00
Wheat germ meal, mnimum protein 23% 5.00
Wheat standard middlings, mininumprotein 15% 26. 65
Bl ood neal, spray dried, mninmmprotein 80% 10. 00
Vitamn pr:emi.x1 1.50
Ascorbic acid 0.10
Chol i ne chloride, 60% product 0.58
Trace mineral prem x' 0.10
Herring oil, stabilized with 0.04% BHA-BHT (1:1) 10. 50
100. 00

1Mg/kg of diet unless otherwise indicated: riboflavin, 53; niacin, 220; folic
acid, 12.7; thiamne, 43; biotin, 0.60; B-12, 0.06; vitamn K, 9; inositol,
132; d-pantothenic acid, 106; pyridoxlne, 31; vitamin E 503 IU vitamn D3,
441 |U; and vitamin A 6614 10,

2Mg/kg of diet: zinc, 75.0; manganese, 20.1; copper, 1.54; and iodine, 10.0.
M neral sources were zinc sulfate, manganese sulfate, copper sulfate, and
pot assi um i odat e.

The total vitamin levels provided represented that contributed from both
natural sources in ingredients and the crystalline supplenents. Ceneral ly,
the vitam n suppl enentation in the Abernathy diet was ainmed at obtaining
dietary vitamin levels starting with the anount reconmrended by the National
Research Council (National Acadeny of Sciences, 1973. Table 4) and multiples
of this base requirement in the renmaining four graded |evels. The | owest
vitamn level in the Oregon test diet (OTD) was usually ained at 25% or 50%
bel ow the National Research Council (NRC) recommendation. The remaining four
graded vitamn level values being paired with the vitamn |evels incorporated
in the Abernathy diet (AD). As a result of this supplenentation schene, we
achieved four vitam n concentrations which were conmon to both test feeds.
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Table 3. Conposition of the Oregon Test Diet formula (National Acadeny of
Sciences, 1973). Inmmunol ogi cal study, Abernathy Salnmon Culture
Technol ogy Center

Conponent s Percentage of Dry Conponents
Vitanm n-free casein 45.9
CGelatin 8.1
Dextrin 15.6
Carboxy net hyl cellul ose 1.3
al pha-cel | ul ose 12. 129
al pha-tocopherol (250 IU/g) 0. 264
Chol i ne chlgride (99% 0.707
M neral nmnix 4.0
Vitamn premix2 2.0
Herring oil, stabilized with 0.04% BHA-BHT (1:1) 10.0
100.0

1,25r¢ identical in conposition to those described by the National Acadeny of

Sci ences (1973).

Table 4. Dietary vitanmn levels recomended for sal monids by the Nationa
Research Council, 1973.

Vitam n Recomended | evel '
(mg/Kg feed)

Folic acid 5
Pyri doxi ne 10
Ri bof | avin 20
Pant ot henic acid 40
Ascorbic acid 100
Al pha-t ocopher ol 30

lTotal vitamin contribution from all sources. Cther anpunts may be nore
appropriate to offset losses resulting fromthe effects of fornulation and
storage, or when feeding other than small fish at SET.

The Abernathy diet was prepared as follows: Meal ingredients were either
purchased in a finely ground state or were ground through a hammer nill unti

they passed entirely through a 20 nesh/inch screen. Conponents were bl ended
in a paddle nmixer and pelletized (2.5 mm diameter x 2-6 mm length) through a
smal |, conpaction-type pellet mill (California Pellet MII Co.) wthout steam

condi ti oni ng. Sufficient feed for 90 days was prepared at one time and stored
at room tenperature (22°C) until fed.
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The Oregon test diet was prepared in the follow ng nmanner: During
experiments with pyridoxine and folic acid, 35 parts of dry senmi-purified
ingredients sufficient for 20-35 days of feeding were mixed with 65 parts
water in a dough nixer, then frozen (-60°C) in air tight containers until
used. Daily allotments of the Oregon test diets were thawed and extruded
through a ricer (3-nmdianeter holes) fromwhich pellets of desired length (3-
10 mm) were cut with a laboratory spatul a. For all remaining experinents, 50
parts dry ingredients were mxed with an equal weight of water. \When cool,
the diet was passed through a custom made, |aboratory extruder which conpacted
the dough and cut it into pellets ranging form2.4-3.2 nmin dianeter and 2-7
mmin length. The diet was then stored at -60°C. All Oregon test diets were
fed within five weeks of preparation.

Daily feed allotnments for all types of diets were based on a uniform
wei ght of dry food per weight of live fish conputed by the nethods of
But er baugh and W/ | oughby (1967). Feedi ng was done by hand according to
frequenci es recomended by Fow er (1989).

Gowh and Feed Efficiency: During the rearing phases of experinents
with pyridoxine and folic acid each ot of fish was wei ghed biweekly to the
nearest gramin a water-filled container. During all other experinents,
wei gh-days were held at 4-week intervals. Dead fish were renpved fromthe

tanks daily and information about their weight and nunbers recorded.

Conput ation of specific growth rates (Mahnken et al.,1980) and gross feed
efficiencies (Brett et al., 1969) were done as foll ows:

Specific growth rate, SGR

Log, of weight at end - Log_ of weight at start X 100
SGR = days fed

Goss feed efficiency, GFE:

Total fish weight gain in grans x 100
GFE = food offered in grans (dry weight)

Vitamin Analysis: To docunent actual vitamn |evels achieved in the test
diets, sanples were collected from each batch of feed imediately after
manuf acture and when the batch was nearly exhausted (90 days for Abernathy
diet and three weeks for the Oregon test diet) and sent to comerci al
| aboratories for analysis.

At the end of each experinent, sanples of liver tissue were collected
fromfish in each replicate tank and assayed to determine vitan n storage.
Sufficient nunbers of fish were sanpled to provide a mininum of five grans of
liver tissue. This usually required pooling livers from 30-40 fish per
t ank. Assays were performed by commercial |aboratories and the National
Marine Fisheries Service, Seattle, WA W were unable to obtain reliable
information on liver stores of folic acid and pyridoxine because the
comrercial |aboratory (Coffee Laboratories, Portland, OR) could not resolve
technical difficulties in their analytical methods.
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Fish Sampling for Assays: Fol l owi ng 11-15 weeks of feeding (when the
fish had reached an approximate size of 10 grans) the first set of fish
sanples were collected for iLn vitrq inmunol ogical assays. A second set was
col lected 16-21 weeks later and a final sanpling was done at the end of 22-25
weeks of feeding. During the tests with pyridoxine and folic acid, 12 fish

were randomy sanpled fromeach tank (total of 24 per diet). In all other
experiments, 24 fish were sanpled per tank (48 per diet) on each sanpling
date. In all cases, response to mtogenic stinulation and plaque-forning cell
assays were both determined on the same fish along with a weight
measur enent . To obtain the sanples, the fish were rapidly crowmded into two

large dip nets and the requisite nunber of fish were randomy selected and
pl aced i nmediately in a 200 mg/1 sol uti on of tricane nethane sul phonate (MS-
222). The fish died within 20 seconds and were then pronptly dissected to
collect tissues for immunological analyses.

To obtain fish for the disease challenges, the fish were crowded and
netted in the same manner as for the inmunol ogical tests, except that they
were not placed in anesthetic. Fifty fish fromeach tank were randomy
sel ected fromthe popul ation and weighed in a water-filled container before
bei ng placed in 20-gallon plastic cans filled with 15 gallons of well water
for transport to Oregon State University by truck. During transit, the water
was aerated with bottled oxygen and cooled with block ice. The fish were
allowed to acclimate to their new tanks at Oregon State University for two
days before any challenge with di sease organi sms was admi ni stered.

Di sease chal | enges (Aeromonas sal noniclda): Twelve 2-liter flasks wth
one liter of Brain Heart Infusion broth (BH; Difco, Detroit, M) in each were
inoculated with ten mlliliters of a 48 hour A._ salnonicida culture grown from
a single plate col ony. The cultures were gently agitated at 17°C for 24

hrs. Contents of all twelve flasks were pool ed agd pl ate counts nade on BHI
agar plates. Cul tures contained approximtely 10° bacteria/m as determn ned
by colony counts.

For the immersion challenge, the water level in each tank was drained to
20 liters and the water flow was term nated. Five hundred mlliliters of the
A._salnonicida broth culture was added to each tank. \Water flow was resuned
20 minutes after the bacteria were added. Daily nortalities were counted and
agar plate checks were performed to verify the presence of the disease
organi sm

Di sease chal | enges (Renibacterium salmoninarum): Bacteria were grown in
KDM 11 (Evel yn, 1977) for 7-10 daysat 17°C with agitation to 1 Q D. unit.
Each tank of-fish was anaesthesized in a henzocaine bath consisting of 3 m of
a stock solution (10% w/v ethy p-am nobenzoate in 95% ethanol) per 10 liter of
wat er . Each fish was injected i.p. with 0.05 m of the unwashed bacterial
suspension (109 bacteria/m) using a 26 g 1/2 inch needle and I-cc syringe.
Daily nortalities were counted and ki dney snear checks were perforned to
verify the presence of the disease organism

statistical Analysis: The data are presented as neans with standard
errors of the mean (SEM, Snedecor and Cochran, 1971). Data on SGR, GFE, |iver
vitamin concentrations, and nmean times to death in the disease challenges were
used directly in one-way analyses of variance and Student-Newran-Keul s
Mil tiple Range Testing (Sokal and Rohlf, 1969). Mortality rates (s) during
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rearing and disease challenges were transformed using an aresine function
before anal ysis.

Data on the responses of fish |ynphocytes to mitogens were expressed as
stimulation indices (ratios of stinmulated counts per minute to control counts
per minute) and transforned to | og, val ues before anal ysis. Pl aque- f or m ng
cell counts were transformed cubed root val ues. Anal yses of both sets of
transformed data were done using an Unwei ghted Analysis of Cell Means
(Snedecor and Cochran, 1971). If the analyses of variance indicated
significant interactions, the treatment neans were conpared wusing the
Student's t test. Where appropriate, regression techniques were used to
classify relationships.
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RESULTS
FOLIC ACID: The average folic acid levels achieved in the test feeds

were very close to the nominal concentrations we had planned (Table 5).

Tabl e 5. Vitamn analysis1 of folic acid diets. Imunol ogical study.
Abernathy Sal mon Culture Technol ogy Center, 1986.

Di et Nomi nal vitamn |evel? Actual vitamn |evel?
Mean (SEM) n

Oregon Test 2 2.6 (0.1) 7
6 6.8 (0.1) 7

10 11.0 (0-3) 7

14 14. 3 (1.3) 7

18 19.7 (0.6) 7

Aber nat hy 6 6.1 (0.2) 5
10 9.9 (0.2) 5

14 13.1 (0-4) 5

18 17.3 (0.7) 5

22 20.6 (0.95) 5

Lo anal yses were performed by Hazelton Laboratories Anerica, Inc., Madison
W .scansi n.
Values are ng vitami n/Kg dry diet.

Total rearing nortalities were uniformy |low and averaged |less than 0.5% for
the entire experinent. Specific growh rates and feed efficiencies obtained
are sumari zed in Table 6. The fish fed AD grew at significantly greater
rates and had better feed utilization than fish fed OID.

The response of |ynphocytes to E. coli |ipopolysaccharide is shown in
Table 7 and the statistical analyses of those data appear in Table 8. Di etary
levels of folic acid had no significant influence on this neasure of
i munoconpet ency.

The results of the plaque-formng cell (PFC) assays are shown in Table
9. Statistical analyses of these data (Table 10) showed that vitam n |evel
and diet type were significant sources of variation. However, there also were
significant interaction effects anong those variables making it inpossible to

interpret their biological significance. Furthernore, tinme, which was found
to be a highly significant factor, had a confounding effect on these
variables. Inspection of the data showed no consistent relationship of PFC to

vitamn level in either diet
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Table 6. Specific growth rate and gross feed efficiency of spring chinook (Oncorhynchus tshawytscha) fed
two diets containing graded dietary concentrations of folic acid for 167 days. Immmological
study. Abernathy Salmon Culture Technology Center, 1986.

Di et Mean vitamin corcentration Speci fi CGrowth!+3 Gross Feed?'3
(mg/Kg dry diet) Rate Efficiency
Mean (SBM) Mean (SBM)
Oregon t est 2 1.518 (0.000)2 83. 45 0.4N7°€
7 1.517 (0.005)2 82.35 (1.08)¢
11 1.502 (0.004)2 81. 39 0.10°¢
14 1. 499 (0.002)2 81.18 0.19)°¢
20 1.497 (0.001)2 78.02 1.29)¢
Abernathy 6 1.606 (0.010)P 90.44 1.1nd
10 1.630 (0.017)P 92.31 2.20)4
13 1.610 (0.005)P 90. 94 (0.63)8
17 1.605 (0.003)P 90. 31 (0.46)4
20 1.601 (0.004)P 89. 65 (0.85)4

log, of weight 1log, of weight
lSpecific growth rate SR = __ated - at start 109
days f ed

total fish gain in grams X100
Zorows feed efficiency GFE = total food (dry weight)
offered in grams

3Values are means of duplicate lots of fish, values with different superscripts are significantly
di f f er ent , Student-Newaman-Keulst est (p <0.05).
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Table 7. Mitogenic response (stimulation index) to E. coli lipopolysaccharide by anterior kidney
lymphocytes from chinook salmon (Oncorhynchus tshawyscha) fed graded concentrations of folic
acid in Oregon test diet and Abermathy diet. Immawlogical st udy. Abermathy Salmon Culture
Technology Center, 1986.

Mean Vitamin Time on Diet (Days)
Concentration 97 125 153 Mean by diet
Di et mg/Kg Dry Diet Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM)
Oregon Test 2 3.8 (1.0) 1.2 (0.2 38.0 (1.3) 17.7 (10.4)
7 2.9 (0.3) 11.9 (0.2) 33.7 (5.2) 16.2 (9.1)
11 2.4 (0.3) 8.5 (0.3) 36.5 (14.6) 15.8 (10.5)
14 9.5 (1.0) 16.7 (0.2) 19.9 (1.2) 15.4 (8.1)
20 7.0 (0.8) 13.4 (0.0) 42.4 (2.9) 20.9 (10.9)
Time means 5.1 (1.3) 12.3 (1.3) 34.1 (3.8) -
Abernathy 6 3.0 (0.4) 16.1 (1.3) 49.4 (0.2) 22.8 (13.8)
10 2.6 (0.1) 12.0 (1.2) 44.0 (10.8) 19.5 (12.5)
13 2.1 (0.9) 15.1 (0.4) 50.1 (17.1) 22.4 (14.3)
17 1.8 (0.1) 15.6 (0.0) 46.6 (16.2) 21.3 (13.2)
20 1.6 (0.3 13.8 (1.3) 37.6 (5.0) 17.6 (10.6)
Time means 2.2 (0.2) 14.5 (0.7) 45.5 (2.3) -

Tabl e 8. Analysis of variance. Mitogenic response (stimilation index) to E. coli lipopolysaccharide
(100 pg/ml) by anterior kidney lymphocytes fram spring chinook (Oncorhynchus tshawytscha) fed
graded dietary concentrations of folic acid in Oregon test diet and Abermathy diet.
Imxological study. Abernathy Salmon Culture Techrology Center, 1986.

Source of Degrees of Mean F value

Variation Freedon Square Calculated Tablel Conclusion?
Groups 9 0.203 3.14 2.21 sig.
Times 2 31. 436 486.60 3.3 Sig.
Groups x time 18 0.332 5.14 1.95 Sig.
biet 1 0. 026 0. 40 4.17 N.S.
Vitamin level’ 3 0.185 2.86 2.92 N.S.
o e x v itagin level’ 3 0. 326 5. 05 2.92 sig.
Diet x time 2 1.303 20. 20 3.3 Sig.
Vitamin level x time> 6 0.1% 2.07 2.42 N. S.
Diet x time x vitam lewel® 6 0.311 4.81 2. 42 sig.
Error 30 0. 064

Lievel of significance. 05. '
Zsignificant (Sig.). D <0.05. Not significant (N.S.) p >0.05.
3Analysis perfonmed only on vitamin levels approximately common to both diets.
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Table 9. In vitro antibody response (plaque-forming cell) to TNP-lipopolysaccharide(0.5 pg/ul)
byam:er;i.orld&uylyqincytesfrmspringdﬁmok(&mﬁwrdus tshawytscha) fed
graded dietary concentrations of folic acid in Oregon test diet and Abermathy diet.
Imnxological study. Abermathy Salmon Culture Technology Center, 1986.

Mean Vitamin Time on Diet (Days)
Concentration 97 1.25 153 Mean diet
Diet mg/Kg Dry Diet Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM)
Oregon Test 2 205 (4) 284 (31) 374 (20) 288 (49)
7 314 (27) 421 (51) 517 (2) 417 (58)
1 300 (1) 260 (9) 401 (15) 314 (47)
14 202 (28) 319 (10) 460 (4) 327 (74)
20 178 (1) 418 (12) 470 (7) 355 (98)
Time means 250 (28) 336 (36) 444 (25)
Abernathy 6 208( 945) 354 (54) 368 (66) 310 (51)
10 278 (65) 258 (1) 457 (25) 331 (63)
13 191 (57) 273 (22) 418 (20) 29 (66)
17 256 (8) 406 (6) 429 (14) 369 (54)
20 189 (4) 324 (42) 505 (25) 339 (91)
Time means 224 (18) 323(27) 435 (22)

Table 10. Analysisofvarhce. In vitrp antibody response (plaque-forming cell) to DI P-
lipopolysaccharide (0.5 pg/ml) of anterior kidney lymphocytes from spring chinook
(Oncortynchus tshawytscha) fed graded dietary concentrations of folic acid in Oregon test diet
and Abernathy diet. Immmological study. Abernathy Salmon Culture Technology Center, 1986.

Source of Degrees of Mean F value

Variation Freedom Square Calculated Tabl e’ Conclusion®
Groups 9 5. 88 6. 00 2.21 Sig.
Times 2 115.90 118.40 3.32 Sig.
Groups x time 18 3.70 3.78 1.95 Sig.
Di et 1 6. 18 6. 32 4.17 Sig.
Vitamin level’ 3 4.7 4.81 2.92 Sig.
Di et xvi tafm level’ 3 5.09 5.20 Sig.
Diet x time 2 0.70 0.71 3.32 N.S.
Vitamin level x timed 6 6. 20 6. 33 2.42 Sig.
Diet x time x vitamin level® 6 0.88 9.90 2.42 sig.
Error 30 0.98

1

Level of significance 0.05.
Zsignificant (Sig.) p 0.05. Not significant (N.S.) p >0.05.

3Analysis performed only on vitamin levels approximately common to both diets.

31



It is of particular interest to note that OTDs containing only 52% of the NRC
recommended | evel produced growth and mitogen responses conparable not only to those
feeds containing the NRC recomrended | evel but also those with a 6-fold excess.

When the fish were challenged with either Aeronpnas sal monicida (Table 11) or
Reni bact eri um salmoninarum (Table 12) no significant differences were found in total
nortality or nean tines to death related to vitamn level or diet type.

Table 11. Total mortality (%) and mean time to death (days) of spring chinook
(Oncorhyrchus tshawytscha) fed graded dietary concentrations of folic acid
in Oregon test diet and Abernathy diet and challenged with Aeramonas
salmonicida. Immmological study. Abernathy Salmon Culture Technology
Center. 1986.

Mean vitamin concentration Total mrtalltyl Mean t:ime1

(mg/Kg dry diet) % t 0 death (Days)
Di et Mean (S Mean (SBM)
Oregon Test 2 89.0 3.52 7.3 (. 2)
7 80.0 9.9)2 7.0 (©. 3)
11 82.0 %.2)2 7.3 (0. 5)
14 63.0 .72 7.5 (0.0)P
20 72.0 (9.992 7.4 (0.5)P
Abernathy 62 8.0 (33.9% 6.4 b
10 70.0 (12.77% 1.5  (0.4)P
13 81.0 .72 7.5 (0. 1)b
17 71.0 3.5)2 7.1 (. 1)
20 58.0 (7.1)2 7.8 0.4)°

1Va1uesaremansofdplicate lots of 50 fish : post challenge rearing 12 days.
Values with different |etter superscripts are significantly di f f erent, Student-Newman-
Keuls t est (p <0.05).

Zkbrrality ocaurred in only one replicate.

Overall it appears that the passage of tine had the nost significant, direct
effects on i mune function (mtogen responses and PFCs). This was not sinply due to
an increase in absolute nunbers of |ynphocytes but rather to increased percentages
of functional cells.

PYRIDOXINE: The average pyridoxine levels were within 18% of the planned
noni nal concentrations (Table 13). The average rearing nortalities were
approximately 1.1% with no significant differences between diets. Specific growth
rates and feed efficiencies are sumarized in Table 14. Fish fed AD grew at a
significantly greater rate than those fed OTD. There were significant differences
in these growth values anpng vitamn |evels; however no trends related to the
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Tabl e 12. Total mortality (%) and mean time to death (days) for spring chinook
(Oncorhynchus tshaswytscha) fed graded dietary concentrations of f ol i caci d
in Oregon test diet and Abermathy diet and challenged with Renibacterium
salmoninarum. Immological study Abernathy Salmon Culture Technology
Center, 1986.

Mean vitamin concentration  Total mrtalityl Mean timel

(mg/Kg dry diet) % to death (Days)

Di et Mean (SBM) Mean  (SEM)
Oregon t est 2 1.0 ©.7% 30 (@nP
7 5.0 2.2 1.7 @.0P

11 3.0 @1® 65 (4.6

14 21.0 .92 129  (0.4)P

20 11.0 QD% 81 @.2P

Abernathy 6 13.0 Q12 149  (@1P
10 3.0 @n® 1.3 (5.2P

13 15.0 .92 120  (0.3)P

17 9.0 0.7%2 156  (0.6)°

20 13.0 Q2.1)% 150  (0.3)°

Lalues are means of duplicate lots of 50 fish, post challenge rearing 21 days. Values
with different letter superscripts are significantly different, Student-Newman-Keuls
test (p <0.05).

vitamn levels were observed. The AD, on the whole, was nore efficient than OTD,
al though no significant differences related to the vitamn |evels were observed.

The mnitogenic responses tceoli |ipopolysaccharide are shown in Table 15 and
the statistical analyses of the data appears in Table 16. There were no significant
differences in mtogenic responses related to vitanmin |evels. Si gni ficant
differences related to the effect of time were observed. However the confounding
effects of diet forrmulation do not allow for a determ nation of any particul ar
trends.

The results of the PFC assays are shown in Table 17 and the statistical
anal yses er these data in Table 18. No differences related to the vitanmn |evel
were obssrved. A significant difference in the PFC reponse was found between diet
formulrscions, Wi th OID achi eving hi gher responses than those seen with AD. Al so,
there were statistical differences associated with tine, but no trend was not ed.
The absence of any such trend is nost likely due to the significant interaction
between diet and tine.

Di sease chal l enge data for this study are only available for the A. sal nonicida
chal | enge (Table 19). No data are available for the R. sal noninarum chall enge due
to a loss attributable to technical failure.
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Table 13. Vitann analysisl of pyridoxine diets. Imunological study. Abernathy
Sal mon Culture Technology Center, 1986.

Di et Nominal vitamin |evel? Actual vitanmin |evel?
Mean (SEM) n
Oregon Test 5 5.9 (0.6) 7
15 17.3 (O-4) 7
35 41. 3 (1.4) 7
55 64.1 (3-0 7
75 80. 8 (4.1) 7
Aber nat hy 15 17.1 (1.4) 5
35 37.1 (2.6) 5
55 49. 3 (3-0 5
95 88. 4 (2.2) 5

1AII anal yses were performed by Hazelton | aboratories Anerica, Inc., Madison,
W sconsi n.

2Val ues are mg vitanmin/Kg dry diet.

Tabl e 14. Specific growh rate and gross feed efficiency of spring chinook
(Oncor hynchus tshawytscha) fed two diets containing graded dietary
concentrations of pyridoxine for 167 days. Inmmunol ogical study.
Abernathy Sal mon Cul ture Technol ogy Center, 1986.

Di et Mean vitam n concentration  Specific Growthl:3 G oss Feed?:3
(mg/Kg dry diet) Rat e Efficiency
Mean (SEM) Mean (SEM)
Oregon test 6 1.532 (0.003)¢ 76. 45 (0_30)f,g
17 1. 479 (0.003)2 71.03 (0.23f
41 1.508 (0.002)P°¢  73.58 (1.79f
64 1. 492 (0.012)2:® 72 97 (1.o7)f
81 1. 497 (0.007)2 73.21 0.51)f
Aber nat hy 17 1.597 (0.005)%:¢ 7942 (0.11)8
37 1.584 (0.006)4 79. 30 (0.62)8
49 1. 608 (0.004)¢ 80. 86 (1.36)8
69 1. 609 (0.008)¢€ 80. 07 (1.17)8
88 1.593 (0.002)9:¢ 79 903 (0.49)8

| og, of weight log, of weight
"Specific growh rate SGR = at end - at start 100
days fed
2 total fish gain in grams y 100
Gross feed efficiency GFE = total food (dry weight)
offered in grams
3Val ues are nmeans of dulicate lots of fish, values with different superscripts are

significantly different, Student-Newran-Keuls test (p =<0.05).
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Table 15. Mitogenic response (stimilation index) to E. coli lipopolysaccharide by anterior kidney
lymphocytes from spring chinook (Oncorhynchus tshawytscha) fed graded dietary concentrations
of pyridoxine in Oregon test diet and Abernathy diet. Immmological Study. ~Abernathy Salmon
CQulture Techrology Center, 1986.

Mean Vitamin Time on Diet (Days)
Concentration 110 138 166 Mean by diet
Diet mg/Kg Dry Diet Mean (SBM) Mean (SBM) Mean (SB)  Mean (SBM)
Oregon Test 6 14.7 (1.2) 8.5 (0.2) 12.2 (1.9) 11.8 (1.8)
17 15.8 (1.6) 7.1 (1.9) 17.4 (0.2) 13.4 (3.2)
41 15.4 (3. 4) 8.6 (2.2 8.4 (0.3) 10.8 (2.3)
64 16.4 (1.6) 9.4 (1.0) 7.2 (0.9) 11.0 (2.8)
81 23.0 (0.6) 9.1 (1.5) 12.0 (0.2) 14.7 (4.2)
Tine means 17.1 (1.5) 8.5 (0.4) 11.4 (1.8)
Abernathy 17 7.8,(1.0) 9.6 (4.2) 15.0 (1.2) 11.5 (1.8)
37 1.2} 10.9 (3.7) 16.0 (0.7) 12.7 (1.7)
49 11.2 (1.9) 10.0 (0.4) 17.0 (1.4) 12.7 (2.2)
69 12.2 (0. 4) 8.8 (2.0) 15.0 (1.4) 12.0 (1.8)
88 7.4 (0.2) 12.4 (1.5) 13.6 (0.4) 11.1(L.9)
Time means 10.4 (0. 8) 10.3(1. 0) 15.3 (0.6) .

%Xﬂyoneremicate

Table 16. Analysis of variance. Mitogenic response (stimulation index) to E. coli lipopolysaccharide
(100 ug/ml) by anterior kidney lymphocytes fram spring chinook (Oncorhynchus tshawytscha) fed
graded dietary concentrations of pyridoxine in Oregon test diet and Abermathy diet.
Immxological study. Abernmathy Salmon Culture Technology Center, 1986.

Source of Degrees of Mean — Fwvalue

Variation Freedon Square Calaulated Tahle! Conclusion?
Groups 9 0. 051 0.94  2.22 N.S.
Times 2 0. 848 1570 3.33 Sig.
Groups x time 18 0.187 3.46  1.98 sig.
Diet 1 0. 004 0.07 4.18 N.S.
Vitamin level3 3 0.033 0.61  2.93 N.S.
Di et xvi tagin level® 3 0. 109 2,02 2.93 N.S.
Diet x time 2 0.734 13.60  3.33 sig.
Vitamin level x time3 6 0. 097 1.80  2.43 N.S.
Diet x time x vitamin level® 6 0. 069 1.28  2.43 N.S.
Error 29 0. 054

L evel of significanced. 05.
ZSignificant (Sig.) p <0.05. Nor sigpificaot (.S.) 1 30.05.

3analysis performed only on vitamin levels approximately common to both diets.
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Table 17. In vitro antibody response (plaque-forming cell) to TNP-lipopolysaccharide (0.5 ug/ml) by
amedorlddeylyuﬂmytwﬁmsprﬁwgduxndc(__ﬁMM) fed pyridoxine in

Oregon test diet and Abernathy diet.

Technology Center, 1986.

Imnxological Study. Abernmathy Salmon Culture

Mean Vitamin Time on Diet (Days)
Concentration 110 .38 166 Mean by di et
Di et mg/Kg Dry Diet Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM)
Oregon Test 6 3042 (52) 1666 (125) 2675 (431) 2461 (411)
17 3010 (80) 1479 (23) 2536 (164) 2342 (453)
41 504 (539) 2904 (20) 3658( 742) 3355 (360)
64 3286 (550) 2477 (85) 3702 (127) 3155 (360)
81 2434 (668) 1401 (122) 2188 (72) 2008 (312)
Time means 3055(179) 1985 (299) 2952 (308)
Abernathy 17 i (58) 716 (400) 2906 (50) 1816 (632)
37 1645 1052 ( 36) 3228 (483) 1675 (369)
49 1054 (284) 1280 (38) 3752 (112) 2029 (864)
69 1170 (102) 1347 (5% 2401 (53) 1639 (384)
88 6% (128) 942 (173) 2836 (352) 1491 (676)
Time means 1278 (204) 1067 (115) 2845 (254)

]'Q'ﬂ.y one replicate.
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Table 18.  Analysis of variance. In vitro antibody response (plaque-forming cell) to TNP-
lipopolysaccharide (0.5 ug/ml) by anterior kidney lymphocytes from spring chinook
(Oncorhynchus tshawytscha) fed graded dietary concentrations of pyridoxine in Oregon test
di et and Abernathy di et. Immmological study. Abernathy Salmon Culture Technology Center,

1986.
Source of Degrees of Mean F value
Vari ation Freedom Square Cal cul ated Table* Conclusion?
Groups 9 0.890 8.09 2.22 Sig.
Times
Groups x time B2 0.036 0.2% 7.0 28 381 S0 8¢
Di et 1 4., 665 42. 40 4,18 Sig.
Vitamin level 3 3 0.225 232 2.93 N.S
Di et xvi cagm level 3 0.135 1.23 2.93 N. S.
Diet x time 2 0.894 8.12 3.33 Sig.
Vitamin lewel > time> 3 6 0.1% 1.78  2.43 N.S.
Diet time x vitamin level 6 0. 090 0.82 2.43 N. S.
Error 29 o.llo

L1 evel of significance 0.05.
ZSignificant (Sig.) p <0.05. Not significant (N.S.) p >0.05.

3Analysi.s performed al | y onvitam n |l evel s approximately common to both diets.

Table 19. Total nortality (%) and nean time to death (days) of spring chinook
(Oncorhynchus tshawytscha) fed graded dietary concentrations of
pyridoxine in Oregon test diet and Abernathy diet and challenged with
Aerononas _sal nonicida. Immunol ogi cal study. Abernathy Sal non Cul ture
Technol ogy Center, 1986.

Mean vitamin concentration Total nortality’ Mean timel
(mg/Kg dry diet) % to death (Days)
Di et Mean (SEM) Mean (SEM)
Oregon Test 6 86. 0 (1.4)2 7.8 (0.2)%:9
17 84.0 (1.4)2 7.5 (0.0)€
41 93.0 (3.5)2 6.8 (0.0)¢
64 81.0 (2.1)2 8.0 (0.1)¢d
81 87.0 (4.9)2 7.9 (0.2)¢-9
Aber nat hy 17 51. 0 (0.7)P 9.5 (0.2)%:
37 55. 0 (6.4)P 9.3 (0.5)9:¢
49 34. 0 4.2)P 9.8 (0.2)¢
69 35. 0 (2.1)P 9.3 (0.3)9:¢
88 40. 0 (1.4)P 9.3 (0.0)d:2

val ues are means of duplicate lots of 50 fish, post challenge rearing 17 days.
Values with different letter superscripts are significantly different, Student-
Newman- Keul s test (p =<0.05).
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The A. salnmonicida challenge revealed a significantly higher nortality for OID
groups over AD groups. The AD-fed fish also denonstrated a longer nean time to
death than found with OTD-fed groups. No relationship was found anong vitamn
concentrations and the mean time to death or average nortality. Al statistically
significant effects were strictly related to the diet formulations.

An OID containing only 60% of the NRC recomendation produced growh and
i mrunol ogi cal responses conparable not only to those diets containing the NRC
recommended | evel, but also those with an 8-fold excess of this recormended |evel.

Anot her interesting observation can be made from these studies. Al t hough the
OTD-fed fish experience higher nortalities than AD-fed fish, the OID-fed produce a

hi gher PFC response. It must, however, be renmenbered that uninmmunized fish
experiencing an Aeronmonas challenge rely strictly on innate defense nechanisns (i.e.
phagocytosis) for protection. The PFC assay, on the other hand, neasures the

generation of specific imunity. Therefore, two distinctly different aspects of the
i mmune defense system are being nonitored through these assays.

RIBOFLAVIN: Table 20 summarizes the actual amounts of riboflavin achieved in
the experinmental diets.

Table 20. Vitanmin analysis1 of riboflavin diets. Imunol ogical study. Abernathy
Sal mon Culture Technol ogy Center, 1987.

Di et Nomi nal vitamn level? Actual vitamin |evel?
Mean (SEM) n

Oregon Test 5 7.3 (1.5) 8
20 20.9 (1.0) 8
65 63. 2 (2.3) 8
110 104.7 (5.6) 8
155 146.9 (4.7) 8
Aber nat hy 20 19. 4 (0.9 6
65 61.0 (1.7) 6
110 107.2 (4.0) 6
155 153.1 (4.1) 6
200 197.5 (11.7) 6

Witanin anal yses were perforned by Wodson-Tenet Laboratories, Inc., Menphis,
Tennessee; or Hazelton Laboratories Anerica, Inc., Mdison, Wsconsin.
Values are ng vitanmin/Kg dry diet.
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Al'l values, except for one diet, were within 6% of the objectives. The |owleve
OTD averaged 46% hi gher than desired, but it still as within 2 mg/Kg of the planned
| evel s.

Anal yses of the riboflavin concentrations in fish livers (Table 21) reveal ed no
differences due to diet type or vitamn level in the feeds.

Table 21. Liver riboflavin analysis' of spring chinook (Oncohynchus tshawytscha)
fed graded dietary concentrations of riboflavin in Oregon test diet and
Abernathy diet for 161 days. |nmunol ogical study. Abernathy Sal non
Culture Technol ogy Center, 1987.

Di et Mean dietary concentration Li ver riboflavin?
(mg/Kg dry diet) (pg/g dry liver)
Mean (SEM)

Oregon Test 7 52. 4 (7.5)2

21 46. 8 (1.9)2

63 46. 8 (1.9)2

105 39.3 (1.9)2

147 48.5 (11.4)2

Aber nat hy 19 54.3 (5.6)2

61 61.7 (9.3)2

107 52.4 (0.0)2

153 52.4 (0.0)2

197 63. 6 (7.5)2

1Analysis perforned by Hazelton Laboratories Anerica, Inc., Mdison, Wsconsin.
Values are neans of duplicate pooled liver sanple of 30-40 fish. Values wth
different superscripts are significantly different. Student-Newran-Keuls test (p
10. 05) .

The results suggest that 35% of the level recommended by the NRC is adequate to
mai ntain tissue stores under our experinental conditions. Adding increasing anounts
of riboflavin to the feed up to lo-fold the NRC value did not increase storage.

The average rearing nortalities were less than 0.1% over all diet groups.
Specific growh rates and gross feed efficiencies (Table 22)did not differ anbng
diets or vitanin levels within diets. Fish fed riboflavin in 35% of the NRC
recommendation grew and utilized their feed as well as fish receiving feeds
containing up to 10 tines the NRC recomrendati on

The responses of |ynphocytes to Vibrio aneguillarum |ipopol ysaccharide are given
in Table 23, and results of the plaque-fornmng cell assays are shown in Table 25
Statistical analysis of those data appear in Tables 24 and 26, respectively.
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Table 22. Specific growth rate and gross feed efficiency of spring chinook
(Oncor hynchus tshawtscha) fed two diets containing graded dietary
concentrations of riboflavin for 159 days. |mmunol ogical study.
Aber nat hy Sal mon Cul ture Technol ogy Center, 1987.

Di et Mean vitam n concentration  Specific Growthl:3 G 0Ss Feed?:3
(mg/Kg dry diet) Rat e Efficiency
Mean (SEM) Mean (SEM)
Oregon Test 7 1. 201 (0.006)2 97.84  (0.96)P
21 1.201 (0.001)2 98.66  (0.52)P
63 1.209 (0.002)3 98.98  (0.85)P
105 1. 205 (0.005)3 97.96  (0.09)P
147 1. 960 (0.002)2 97.92  (0.73)P
Aber nat hy 19 1.199 (0.003)2 94.19  (0.42)P
61 1.198 (0.001)2 94.96  (0.02)P
107 1.170 (0.011)2 91.84  (2.80)P
153 1.184 (0.000)2 93.42  (1.07)P
197 1.170 (0.011)3 92.39  (1.72)P

l og, of weight l og, of weight
"Specific growth rate SGR = at _end - at start x 100
days fed

2Gross feed effici ency GFE = total fish gain in grams y 190
total food (dry weight)
offered in grams

3values are means of duplicate lots of fish, values with different superscripts are
significantly different, Student-Newran-Keuls test (p =<0.05).
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Table 23. Mtogenic response (stinulation index) to Vibrio anguillarum extract by
anterior kidney |ynphocytes from spring chinook (Oncorhynchus
tshawytscha) fed graded dietary concentrations of riboflavin in O egon
test diet and Abernathy diet. |mmunol ogical Study. Abernathy Sal non
Culture Technol ogy Center, 1987.

Mean Vitam n Time on Diet (Days)
Concentration 90 125 160 Mean by D et
Di et mg/Kg Dry Di et Mean (SEM) Mean (SEM) Mean ( SEM Mean (SEM)
Oregon Test 7 8.1 (0.3) 8.3 (2.1 6.9 (0.0) 7.8 (0.4)
21 8.4 (3.3) 8.0 (2.3) 2.8 (1.0) 6.4 (1.8)
63 7.6 (2.7) 3.9 (0.0) 7.5 (1.3) 6.3 (1.8)
105 14 (0.0) 6.1 (3.6) 3.2 (0.9 7.8 (3.2)
147 6.7 (1.8) 10.6 (0.0) 3.9 (2.7) 7.1 (1.9)

Ti ne - 8.9 (1.3) 10.6 (0.0) 4.8 (1.0)

Aber nat hy 19 7.4 (2.9) 20.9 (0.9) 1.7 (0.05) 10.0 (5.7)
61 11.6 (2.2) 16.3 (0.5) 1.6 (0.2 9.8 (4.3)
107 6.1 (2.1) 19.7 (5.1) 1.5 (0.6) 9.1 (5.5)
153 5.9 (1.9 19.5 (1.1) 1.6 (0.8) 9.0 (5.4)
197 7.5 (0.7) 17.1 (0.5) 2.0 (0.0 8.9 (4.4)

Time means 7.7 (1.0) 18.7 (0.4) 1.7 (0.1) -
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Tabl e 24.

Anal ysis of variance. Mtogenic response (stimulation index) to Vibrio
anguillarum extract by anterior kidney |ynphocytes from spring chinook
(Oncorhynchus t shawytscha) fed graded dietary concentrations of
riboflavin in Oegon test diet and Abernathy diet. |nnunol ogical

study. Abernathy Salnon Culture Technology Center, 1987.

Sour ce of Degrees of  Mean F val ue

Variation Freedom Squar e Cal cul ated Tabl el Concl usi on?
Goups g 0.0/6 0. 36 2. 27 N. S.
Ti mes . 2 11. 351 54. 10 3.37 Sig.
30ups X time 18 0.798 3.80 2.01 Sig.
Diet 3 1 0. 000 0.00 4,23 N. S.
Vitann leé'nfl 3 3 0.025 0.12 2.98 N. S.
Diet x vit -3 in level 3 0. 066 0.31 2.98 N. S.
Diet x time 3 2 4,144 19.70 3.37 Sig.
Vitamn level x time 6 0.318 1.51 2.47 N. S.
Diet x tine x vitamn level3 6 0.303 1. 44 2. 47 NS,
Error 26 0.210

. Level of signifcance 0. 05.
2Significant: (Sig.) p 10.05. Not significant (N.S.) p >0.05.
Anal'ysi‘s performed only on vitamin levels approximtely common to both diets.

Table 25. 1n vitro antibody response (plaque-formng cell) to INP-
lipopolysaccharide (0.5 &) by anterior kidney |ynphocytes from spring
chi nook (Oncorhynchus tshawtscha) fed graded dietary concentrations of
riboflavin in Oregon test diet and Abernathy diet. |nmunol ogi cal
Study. Abernathy Salnon Culture Technology Center, 1987.

Mean Vitamn Tine on Diet (Days)
Concentration 90 125 160 Mean by Diet
Di et mg/Kg Dry Diet Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM)
Oregon Test 7 620 (263) - 246 (40) 433 (187)
21 636 (97) - 236 (217) 436 (126)
63 525 (256) - 416 (394) 470 (34)
105 - 389 (0) - 539 (66) 424 (125)
147 511 (137) - 49 (33 280 (231)

Time means 536 (44) - 297 (84) -

Aber nat hy 19 1231 (219) - 52 (36) 641 (589)
61 911 (182) - 17 (8) 464 (447)
107 944 (163) - 20 (1) 482 (456)
153 933 (249) - 20 (2) 476 (456)
197 1153 (424) - 46  (0) 599 (553)

Time Means 1034 (66) - 31 (8) -

1Assay lost due to culture contamnination.
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Table 26. Analysis of variance. 1n vitro antibody response (plaque-fornming cell)
to TNP-1ipopol ysaccharide (0.5 &mr) by anterior Kkidney |ynmphocytes from
spring chinook (Oncorhynchus tshawtscha) fed graded dietary
concentrations of riboflavin in Oegon test diet and Abernathy diet.
| munol ogi cal study. Abernathy Salnon Culture Technology Center, 1987.

Source of Degrees of Mean F val ue

Variation Freedom Squar e Calculated Tablel Concl usi on'
G oups 9 1.51 0.57 2.39 N. S.
Ti mes 1 212.10 79. 40 4.35 sig.
Goups x time 9 8.33 3.12 2.39 sig.
Di et 1 1.04 0.39 4,35 N. S.
Vitan n level3 3 1.73 0.65 3. 10 NS,
Diet X vitagin level3 3 1.86 0.70 3. 10 N. S.
Det x tine 1 48. 10 18. 00 4.35 sig.
Vitanin level x time3 3 2.79 1.04 3.10 N. S,
Diet x time x vitanin level3 3 2. 54 0.95 3.10 N. S
Error 20 2. 67

‘Level_ of significance 0.05.
2Si.gni.ficam: (Sig.) p 10.05. Not significant (N.S.) p >0.05.
Analysi's perforned only on vitamn | evels approximately common to both diets.

Vitanmin levels and diet type had no significant inpacts on either of the
i ndi ces of immmunocompetency. Although Iength of feeding was a significant source of
variance, significant interaction terns with diet fornulation confounded the
interpretation. There were no consistent positive or negative trends with time for
either type of test of immune response.

Results of the disease challenges with A sal nonicida and_R _sal noni narum are
presented in Tables 27 and 28, respectively. There were no significant differences
in our neasures of resistance to either of these two pathogens.

Overall, the lack of any differences in growh, inmne responses, or disease
resi stance probably reflect the lack of any differences in the vitanmin status of the
fish.
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Tabl e 27.

Total nortality (%) and nean tinme to death (days) for spring chinook
(Oncor hynchus tshawytscha) fed graded dietary concentrations of
riboflavin in Oregon test diet and Abernathy diet and chall enged with
Aerononas sal noni cida. | nmmunol ogi cal study. Abernathy Salnmon Culture
Technol ogy Center, 1987.

Mean vitam n concentration Total nortalityl Mean t:ime1

(mg/Kg dry diet) % to death (Days)

D et Mean (SEM) Mean (SEM)

Oregon Test 7 14.0 (7.1)% 111 (1.5)2
21 10.0 (4.2)2  10.01 (3.2)

63 8.0 (2.8)2 7.5 (2.5)P

105 16. 0 (1.4)2 9.0 (0.2)P

147 13.0 0.72 9.7 (1.2)

Aber nat hy 19 13.0 (2.1)2 12,0 (0.7):
61 15.0 (2.1)2 13.1 (0.8)

107 12.0 (1.4)%  12.9 (0.3)P

153 12.0 (5.7)% 13.5 (0.7)P

197 10. 0 (2.8)2  14.8 (1.3)®

"Values are neans of duplicate lots of 50 fish; post challenge rearing 20 days.

Val ues wit
Keul s test

Tabl e 28.

h different superscripts are significantly different, Student-Newman-
(p =<0.05).

Total nortality (%) and nean time to death (days) for spring chinook
(Oncor hynchus tshawtscha) fed graded diet concentrati ons of ri bof | avi n
in Oregon test diet and Abernathy diet and challenged with Renibacterium

sal noni narum | mmunol ogi cal study. Abernathy Salnmon Cul ture Technol ogy
Center, 1987.
Mean vitami n concentration Total nortality’ Mean timel

(mg/Kg dry diet) 3 to death (Days)

Di et Mean (SEM) Mean (SEM)
a b
2 a b

Oregon Test 7 63.0 (0.7) 51.3 (0.4)
63 80. 0 (2.0)8  51.2 (0.3)P
105 71.0 (3.5)2  50.3 (1.0)P
147 56. 0 (2.8)2 51.2 (0.7)P
Aber nat hy 19 87.0 (7.8)2 51.1 (0.2)°
61 85. 0 (10.6)2  52.6 (0.7)P
107 86. 0 (0.0)® 509 (0.6)°
153 80. 0 (1.6)%  51.5 (0.6)°
197 85.0 (2.1)2  50.4 0.7)°

val ues are neans of duplicate lots of fish, post challenge rearing 59 days. Values
with different superscripts are significantly different, Student-Newran-Keuls test

(p 10. 05).

2Replicate lot lost to water flow failure.
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PANTHOTHENIC ACID:  Table 29 presents the mean pantothenic acid concentrations
obtained in our experinmental diets conmpared to nom nal -1evels. Most val ues were
within 10% of target anounts

Table 29. Vitamin analysis1 of panthothenic acid diets. |nmunol ogical study
Aber nat hy Sal mon Cul ture Technol ogy Center, 1987.

Di et Nonminal vitamin |evel? Actual vitamn level?
Mean (SEM) n

Oregon Test 10 17.0 (0.9) 8
40 48.5 (1.9) 7
130 132.1 (4.0) 8
220 213.9 (7.7) 8
310 320.4 (6.9) 8
Aber nat hy 40 40.1 (3.5) 6
130 128.9 (5.1) 6
220 205.5 (5.5) 6
310 278.5 (7.8) 6
400 367.2 (10.3) 6

"Vitami n anal yses were perfornmed by Wodson-Tenet Laboratories, Inc., Mnphis,
2Tennessee; or Hazelton Laboratories America, Inc., Madison, Wsconsin.
Values are ng vitamn/Kg dry diet.

Pantothenic acid concentrations in the livers of experinental fish are
presented in Table 30. There were significant differences in storage among vitamn
| evel s. The data suggested a positive trend in liver stores as a function of
dietary vitamin level in both types of feed. Regression anal yses confirned this.
Correl ation coefficients for OID and AD were 0.65 and 0.87, respectively. These
val ues are significant at the 0.05 |evel.

Mortality during the feeding phase of the trial was very |ow. Total death
rates averaged less than 0.08% and there were no significant differences anong
treatments. Gowth and feed deficiencies were simlar in all treatnents and did not
differ signficantly anong feed types or vitanmin levels (Table 31).
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Table 30. Liver pantothenic acid analysis' of spring chinook (Oncorhynchus
t shawtscha) fed graded dietary concentrations of panthothenic acid in
Oregon test diet and Abernathy diet 154 days. Inmmunol ogi cal study.
Abernathy Salmon Culture Technol ogy Center,
Di et Mean vitami n concentration Li ver pantothenic acid?
(mg/Kg dry diet) (pug/g dry liver)
Mean (SEM)
Oregon Test 17 54.3 (5.6)2
48 56. 1 (3.7)2
132 65.5 (1.9)2:
214 73.0 (1.9)0:¢
320 65.5 (5.6)3:P
Aber nat hy 40 54.3 (1.9)2
129 76.7 (1.9)b:¢
205 78.6 (7.5)0:¢
278 82.3 (3.7)b,c
367 89.8 (0.0)¢

1AnaLysis perforned by Hazelton Laboratories Anerica, Inc., Madison, Wsconsin.

Values are neans of duplicate pooled |liver sanple of 40 fish.
different superscripts are significantly different,

(p r0.05).
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Table 31. Specific growh rate and gross feed efficiency of spring chinook
(Oncorhynchus tshawtyscha) fed two diets containing graded dietary
concentrations of pantothenic acid for 152 days. |nmmunol ogical study.
Abernathy Salmon Culture Technol ogy Center, 1987.

Di et Mean vitam n concentration Specific Growthl:3 G 0SS Feed?:3

(mg/Kg dry diet) Rat e Efficiency
Mean (SEM) Mean (SEM)
Oregon Test 17 1. 147 (0.005)2 99. 30 (0.12)b
48 1.136 (0.020)2 97. 40 (1.56)b
132 1.138 (0.002)2 97.57  (0.85)P
214 1.117 (0.006)2 96.15  (0.20)P
320 1.137 (0.015)3 97.90  (0.29)P
Aber nat hy 40 1. 149 (0.017)2 97.32  (2.67)P
129 1.162 (0.014)2 99.54  (0.87)P
205 1.134 (0.009)2 93.93  (0.97)P
278 1.151 (0.027)3 98.36  (3.25)P
367 1.151 (0.001)3 97.24  (1.18)P
l og, of weight log, of weight
"Specific growth rate SCR = end - at start x 100
days fed

2Gross feed efficiency GFE =

total fish gain in grans X 100

t ot al

3yalues are neans of duplicate lots of fish.
significantly different, Student-Newran-Keul s

food (dry weight)
offered in grans
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Dietary pantothenic acid levels did not significantly influence our
measurenents of |ynphocyte responses to mitogenic stinmulation (Tables 32 and 33).
The length of tine that the fish were fed the test diets was associated with a
significantly increased response. Also, fish which were fed the AD exhibited a
significantly increased mitogenic response conpared to OID-fed fish.

The PFC-assays (Table 34) appeared to show effects of tine and diet type which
were simlar to those observed with mitogen testing. However, the results were nuch
nore variable and the differences were not statistically significant (Table 35).
The PFC responses were also not affected by vitanmin level in either diet.

Fish fed graded concentrations of pantothenic acid did not experience any
significantly different percent nortalities or nean times to death when chall enged
with A.salnonicida or R__sal noni narum (Tables 36 and 37).

Table 32. Mtogenic response (stinulation index) to Vibrio anguillarum extract by
anterior kidney |ynphocytes from spring shinook (Oncorhynchus
t shawyt scha) fed graded dietary concentrations of pantothenic acid in
Oregon test diet and Abernathy diet. |Inmunol ogi cal Study. Abernathy
Sal mon Culture Technol ogy Center, 1987.

Mean Vitanmin Time on Diet (Days)
Concentration 83 118 1531 Mean by Di et
Di et mg/Kg Dry Diet Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM)
Oregon Test 17 2.5 (0.1) 3.4 (0.0) 3.0 (0.4)
48 2.4 (0.0) 1.9 (0.1) 2.2 (0.2
132 2.2 (0.8) 6.8 (0.8) 4.5 (2.3)
214 2.7 (0.4) 8.4 (3.4) 5.6 (2.8)
320 2.2 (0.5) 4.7 (0.7) 3.4 (1.2
Time means 2.4 (0.1) 5.0 (1.2
Aber nat hy 40 14.6,(8.2) 14.6 (8.2)
129 6.8 (0.2) 12.12 9.4 (2.6)
205 6.2 (0.3) 13.0 (0.5) 9.6 (3.4)
278 7.1 (2.2 5.1 (4.2) 6.1 (1.0)
367 5.0 (0.4) 13.6 (0.8) 9.3 (4.3)
Time means 6.3 (0.5) 11.7 (1.7)

;‘Immunological assay lost to culture contamnination.
nly one replicate.
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Table 33. Analysis of variance. Mtocenic response (stinulation index) to Vibrio
anguillarum extract of anterior kidney |ynphocytes from spring chinook
(Oncorhynchus tshawyt scha) fed graded dietary concentrations of
pantothenic acid in Oregon test diet and Abernathy diet. |nmunol ogical
study. Abernathy Salmon Culture Technology Center, 1987.

Sour ce of Degr ees of Mean F val ue

Vari ation Freedom Squar e Cal cul at ed Tabl el Concl usi on?
Groups 9 0.958 2.48 2.39 Sig.
Ti mes 1 1.714 4.43 4.35 sig.
G oups x tine 9 0.537 1.39 2. 39 N. S.
Di et 1 3.588 9.35 4.35 sig.
Vitamn level3 3 0. 447 1.16 3.10 N. S.
Diet x vitagin leveld 3 0. 500 1.29 3.10 N. S.
Diet x tine 1 1.021 2.64 4.35 N. S.
Vitanin level x time3 3 0. 304 0. 79 3.10 N. S,
Diet x time x vitanin level3 3 0.843 2.18 3. 10 N.S.
Error 20 0. 387

lievel of si gni ficance 0.05.
~Significant (Sig.) p 10.05. Not significant (N.S.) p >0.05.
Analysis perforned only on vitamn | evels approximately conmon to both diets.

Table 34. 1n vitro antibody response (plaque-forming cell) to TNP-
Lipopolysaccharide (0.5 wg/ml) of anterior kidney |ynmphocytes from spring
chi nook (Oncorhynchus tshawytscha) fed graded dietary concentrations of
pantothenic acid in Oregon test diet and Abernathy diet. | munol ogi cal
Study. Abernathy Salnmon Culture Technology Center, 1987.

Mean Vitam n Time on D et (Days)
Concentration 83 118 1531 Mean by Diet
Di et mg/Kg Dry Di et Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM)
Oregon Test 17 368 (122) 461 (354) 414 (46)
48 268 (6) 644 (82) 456 (188)
132 218 (8) 816 (279) - 517 (299)
214 558 (122) 407  (13) 482  (76)
320 396 (56) 803 (250) 600 (204)
Time means 362 (59) 626 (85) - -
Aber nat hy 40 2062 (350) 590 (350)
129 440 (166) 323 (117)
205 241 (31) 534 (193) - 388 (146)
278 412 (60) 263 (263) - 338 (74)
367 178 (48) 1246 (132) - 712 (534)
Time means 318 (64) 568 (185) - -

L} rmunol ogical assay lost to culture contam nation.
Only one replicate.
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Table 35. Analysis of variance. 1n vitro antibody response (plaque-formng cell)
to TNP-1ipopol ysaccharide (0.5 &m) of anterior kidney |ynphocytes from
spring chinook (Oncorhynchus tshawtscha) fed graded dietary concentratior
of pantothenic acid in Oregon test diet and Abernathy diet.
| mmunol ogi cal study. Abernathy Salmon Culture Technol ogy Center, 1987.

Sour ce of Degrees of Mean F val ue

Variation Free&m Sguare Cal cul at ed Tabl el Conclusion?
G oups 9 2.16 0. 64 2.49 N. S.
Ti mes 1 7.87 2.33 4. 45 N. S.
G oups x tinme 9 5.92 1.75 2.49 N. S.
Di et 1 10. 80 3.18 4. 45 N. S.
Vitanin level3 2 0.33 0.10 3.59 N. S.
Diet x vitagin level3 2 1.71 0.51 3. 59 NS,
Diet x tine 3 1 8.67 2.56 4. 45 N. S.
Vitamin level x time 2 1.16 0.34 3.59 N. S.
Diet x tine x vitamn level3 2 9.25 2.74 3.59 NS,
Error 17 3.38

lievel of si gni fi cance 0. 05.
25ignificant (Sig.) p 10.05. Not significant (N.S.) p >0.05.
3Anal‘y'si‘s perforned only on vitamin levels approxi mately common to both diets.

Al though fish in our studies apparently had not reached nmaxinmum |iver storage
of pantothenic acid when they were fed a |evel recomrended by NRC, absorption of
additional vitamin fromfortified diets did not affect their growth, inprove their
i mune response, or influence resistance to two common fish pathogens.

ASCORBI C ACI D The results of dietary vitam n analysis for ascorbic acid
trials (Table 38) show considerable variation fromplanned levels in the AD. Due to
the labile nature of ascorbic acid it is difficult to obtain precise dietary
concentrations. Mean vitami n values found in AD represented only 50% of the planned
vitamn |evels. Table 39 presents storage |oss of ascorbic acid in both diet
formul ations. Al t hough suppl enented ascorbic acid was in a stable form (soy oil
encapsul ated) storage loss in AD over 90 days at room tenperature (22°C) ranged from
44 to 89% Storage loss was mnimal in the OTD stored 20 to 35 days at -60°C.

Variation in dietary ascorbic acid |level had no significant effect on liver
ascorbate levels between diet formulations or within a diet fornulation (Table
40) . Val ues were highly variable. These values may not fully reflect the vitanin
status of the fish because liver tissue does not represent the primary storage site
in salnonids (Halver, 1979).

Mnimal rearing nortality (0.2% was experienced in all diet trials except
t hose having no suppl enmentation of ascorbic acid and al pha-tocopheroil. Fish fed
nonsuppl emented OTD had a nean nortality value of 10.7% Goups fed nonsuppl enented
AD experienced a nmean nortality value of 31.0% In both diet fornulations sone fish
had scoliosis or l|ordosis which are signs ofascorbic acid deficiency. Except fox
the nonsuppl enented diet, specific growh rate (Table 41) was significantly greater
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Table 36. Total nortality (%) and nmean tine to death (days) for spring chinook

(Oncorhynchus tshatwytscha) fed graded dietary concentrations of

pantothenic acid in Oregon test diet and Abernathy diet and chal |l enged

with Aeronpnas sal nonici da.

Cul ture Technol ogy Center,

| mrunol ogi cal st udy.

1987

Aber nat hy Sal non

Di et Mean vitam n concentration

Total nortality

Mean time

1

(mg/Kg dry diet) (%) to death (Days)

Mean (SEM) Mean (SEM)

Oregon Test 17 7.0 (0.7) 16.6  (1.0)P
482 4.0 (2.8)2 17.2 b

132 10. 0 (2.8)2 14.3 (0.0)P

2 1 4 15.0 (3.5)2 11.8  (0.8)P

320 16.0 (1.4)2 12.3  (1.2)P

Aber nat hy 40 13.0 (2.1)2 13.7  (0.7)P
129 23.0 (2.1)2 13.8  (1.5)P

205 10.5 (1.1)@ 15.3  (0.4)P

278 21.0 (2.1)2 13.9  (2.5)P

367 9.0 (3.5)3 15.8  (1.5)P

"Val ues are means of duplicate lots of 50 fish, post-challenge rearing 23 days.
Values with different superscripts are significantly different,

Keuls test (p <0.05).

NMbrtal ity occurred in only one replicate.
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Tabl e 37. Total nortality (%) and nean tine to death (days) for spring chinook
(Oncor hynchus tshawtscha) fed graded dietary concentrations of
pantothenic acid in Oregon test diet and Abernathy diet and chal |l enged
with Renibacterium sal noninarum I mmunol ogi cal study. Abernathy Sal non
Culture Technol ogy Center, 1987.

Di et Mean vitanin concentration Total nortalityl Mean timel
(mg/Kg dry diet) (%) to death (Days)
Mean (SEM) Mean (SEM)
2 a b
Oregon Test 17 100.0 26.6
48 71.0 (20.5)2 25.9 (3.6)?
132 92.0 (5.6)2 20.8 (0.1)P
214 92.0 (2.8)2 23.7  (2.1)P
320 100. 0 (0.0)2 26.5 (1.2)®
Aber nat hy 40 97.0 (0.7)2 20.3 (1.0)2
129 93.0 (0.7)2 24.5 (4.4)
205 92.0 (2.8)3 23.1 (3.4)°
278 98. 0 (1.4)2 25. 4 (0.3)P
367 93.0 (2.1)2 27.0 (0.4)P

lvalues are neans of duplicate lots of 50 fish, post challenge rearing 40 days.

Values with different superscripts are significantly different, Student-Newran
Keuls test (p. 10.05).

Repli‘cate lot lost to water failure.
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Tabl e 38. Vitam n anal ysi s of ascorbic acid diets.
Abernathy Sal mon Cul ture Technol ogy Center,

| munol ogi cal

1988.

stu

dy.

Di et Nomi nal vitamin |evel? Actual vitamn level?
Mean (SEM) n

Oregon Test 10 16. 4 (2.5) 14
20 29.9 (1.2) 14

100 139.5 (5.3) 14

500 661.1  (50.2) 14

2500 2884. 7 (39.5) 14

03 11.2 (0.8) 14

Aber nat hy 20 10.1 (2.5) 3

100 31.7 (9.1) 4

500 272.5  (108.8) 4

2500 1406. 4 (565. 4) 4

03 23.2 (4.9) 4

LAll anal ysis were perforned by Hazelton Laboratories Anerica, Inc., Mdison,

W sconsi n.
Values are ng vitamin/Kg dry diet.

Represents diets not supplenented with either ascorbic acid or a-tocopherol.
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Table 39. Storage |loss (%) of dietary ascorbic acid . Immunol ogical study.
Abernathy Salmon Culture Technology Center, 1988.

Di et Nomi nal 2 Mean initial? Mean Fi nal 2 Storage Loss
Level Level | evel (%)
Oregon Test? 0 11.4 11.0 3.5
10 16.1 16.7
20 28.7 31.1
100 139.6 139.3 0.2
500 622.8 699.4
2500 2917.2 2852.1 2.2
Aber nat hy* 0 29.7 16. 7 43.8
20 15.1 7.5 50. 3
100 49.9 13.4 73.1
500 485.0 59.9 87.6
2500 2532.1 280.7 88.9
5000 5076. 2 653. 3 87.1
]'Soy oi | encapsul ated ascorbic acid, Delchem Corp., Statehill, New York.

Values are ng vitamn n/Kg drz di et.
3Di.et: stored 20-35 days, -60°C
Diet stored 90 days, room tenperature.
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Table 40. Liver ascorbate analysis' of spring chinook (Oncorhynchus tshawtscha)
fed graded dietary concentrations of ascorbic acid in Oegon test diet
and Abernathy diet for 252 days. |munol ogical study. Abernathy Sal non
Culture Technol ogy Center, 1988.

Di et Mean dietary concentration Li ver ascorbate?
(mg/Kg dry diet) (upg/g dry liver)
Mean (SEM)
Oregon Test 16 54.2 (17.6)2
30 56. 9 (3.2)2
139 - --
661 171.0 (84.6)2
2885 76.6 (6.7)2
Aber nat hy 10 67.3 (20.7)2
32 42.2 (1.1)2
272 69.9 (9.3)2
1406 80.3 (3.0)2
2864 63.3 (17.7)3

Lanal ysis perforned by Northwest and Al aska Fisheries Center, NMFS, Seattle,
Washi_ngt on.

Values are neans of duplicate pooled liver sanple of 12-14 fish. Values wth
different superscripts are significantly different. Student-Newnan-Keuls test (p
10. 05) .
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Table 41. Specific growth rate and gross feed efficiency of spring chinook
(Oncor hynchus tshawtscha) fed two diets containing graded dietary
concentrations of ascorbic acid for 252 days. |nmunol ogical study.
Abernat hy Sal non Cul ture Technol ogy Center, 1988.

Di et Mean vitam n concentration Specific Gowth 1,3 G 0ss Feed?:3
(mg/Kg dry diet) Rat e Efficiency
Mean (SEM) Mean (SEM)

Oregon Test 16 1.025 (0.009)2  102.95  (1.20)e-f
30 1.078 (0.004)2 10745 0.47)f:8
139 1.079 (0.003)® 105,97 (0.25).8
661 1.078 (0.004)® 10572 0.18):8
2885 1. 082 (0.000)®  107.57 (0.75)f:8

114 0. 987 (0.007)€  100.50 (0.73)¢
Aber nat hy 10 1.118 (0.000)2  108.27 (0.929

32 1.132 (0.000)®  110.38 (0.73)8
272 1.106 (0.003)2  107.29 0.63)f:8
1406 1.115 (0.004)2  107.00 0.59)f:8
2865 1. 106 (0.001)2 106. 97 (1.16)f.8
233 0. 962 (0.007y%  107.20 (0.98)f.8

| og, of weight log, of weight

"Specific growth rate SCR = at end - at start x 100
days fed

9 total fish gain in grans yx 100

Gross feed efficiency GFE = total food (dry weight)

offered in grams
3Values are neans of duplicate lots of fish. Values with different superscripts are
significantly different, Student-Newran-Keuls test (p =0.05).
"Represents diet not supplemented with either ascorbic acid or a-tocopherol
(17.4mg/Kg dry diet).
Represents di et not supplenmented with either ascorbic acid or a-tocopherol
(13.9mg/Kg dry diet).
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with the AD fornulation. Wthin the OTD fornul ations, the nonsuppl enented diet had
the lowest growth rate. The OTD containing 30% of the NRC recomrended | evel did not
produce growth rates significantly different froman OID containing a megadose (i.e.
380 times the NRC recommended | evel) of ascorbic acid. Except for the OID diet that
was unsuppl emented, there were few feed efficiency differences between and within
diet formulations.

The mitogenic responses to Vibrio anguillarum |ipopol ysaccharide are found in
Table 42 with statistical analysis found in Table 43. Results show that there was

no significant difference due to vitamn |evel. Both diet type and passage of tinme
were found to have signficant effects. OID had significantly higher nitogenic
responses than AD. In both diet treatnents the nitogenic response inproved with

i ncreasi ng days of feeding.

Results of the PFC assay are shown in Table 44 with statistical analysis on
Tabl e 45. Al'though there is a significant difference between diet types there is
evidence of an interaction between the diet type and tine which prevents clear cut
concl usi ons.

Wien the fish were challenged with A sal nonicida (Table 46) there appeared to
be no consistent difference due to vitamin | evel. CGenerally, total nortality was
higher in lots fed AD, however, the differences are not distinct. Mean tinme to
death was not significantly different between or within diet types.

Results of challenges with R_ salnoninarum are presented in Table 47. It
shoul d be noted that fish fed the unsupplemented OTD and AD were not chall enged
because the fish stocks were reduced to extrenely low |l evels by imunol ogi cal assays
and an elevated nortality rate. There were no significant differences in total
nortality due to diet type or vitam n |evel. Mean tinme to death data showed no
consistent relationship to diet type or vitamn |evel.

ALPHA-TOCOPHEROL: The actual dietary |levels of alpha-tocopherol were within
10% of the nominal concentration for the four OID and AD fornul ati ons containing the
hi ghest concentrations of vitanin (Table 48). The actual concentrations for the two
| owest levels of either fornulation were at |east 62% of the nominal |evel.

Anal ysis of the liver al pha-tocopherol content at the ternination of this
experinment revealed a direct correlation between the concentration of the vitamin in
the feed and the anmount stored within the tissues (Table 49). For both OTID and AD
the correlation coefficient was found to be 0.99 and each was significant at a
probability value of .0l.

The average rearing nortality was never greater than 0.1% The specific growth
rates and gross feed efficiencies denonstrated no differences related to vitamn
concentration or diet fornulation (Table 50).

Assessment of mitogenic responses (Table 51) revealed statistical differences
(Tabl e 52) anpbng the |levels of vitam n; however, no distinct trend was observed.
Overal |l OID denpnstrated significantly higher mtogenic responses than did AD. It
is also quite apparent that the nmpbst significant influence on the mitogenic response
was that of tine. PFC data (Table 53) and statistical analysis (Table 54) reveal
much the same effects, as were seen with mtogenesis. There was, however, a much
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Table 42. Mitogenic response (stinulation index) to Vibrio anguillarum extract of
anterior kidney |ynphocytes from spring chinook (Oncorhynchus
t shawyt scha) fed graded dietary concentrations of ascorbic acid in Oegon
test diet and Abernathy diet. Imunological Study. Abernathy Sal mon
Culture Technol ogy Center, 1988.

Mean Vitam n Tine on Diet (Days)
Concentration 90 132 174 Mean by Diet
Di et mg/Kg Dry Di et Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM
Oregon Test 1l 4.7 (2.4) 1.5 (0.3) 12.1 (0.3) 6.1 (3.1)
16 2.9 (0.2) 1.1 15.5 (7.0) 6.5 (0.6)
30 3.6 (1.0) 6.9 (5.6) 15.0 (4.2) 6.6 (3.2)
139 4.9 (0.6) 3.3 (2.2) 13.0 (2.8) 7.1 (3.0
661 3.4 (2.1) 12.5 (9.4) 5.2 (1.5) 7.0 (2.8)
2885 6.0 (2.8) 5.8 (4.6) 12.0 (2.8) 7.9 (2.0)
Time means 4.2 (0.4) 5.2 (1.7) 12.1 (1.5)
Aber nat hy 232 1.3 (0.1) 1.7 (0.1) 5.1 (1.7) 2.7 (0.6)
10 1.0 (0.1) 4.5 (2.7) 2.1 (1.0 2.5 (1.0
32 1.1 (0.1) 1.7 (0.3) 2.2 (0.1) 1.7 (0.3)
272 1.1 (0.1) 1.2 (0.2) 6.6 (1.2) 3.0 (1.8)
1406 1.2 (0.1) 8.9 (3.7) 12.8 (3.9) 7.6 (3.4)
2864 1.1 (0.1) 1.5 (0.6) 1.9 (0.2 1.5 (0.2)
Time means 1.1 (0.4) 3.2 (1.2 5.1 (1.7 -

1Represents di et not'supplenented with either ascorbic acid or a-tocopherol (17.4
2mg/l<g dry diet).
Represents diet not supplenented with either ascorbic acid or a-tocopherol (13.9
mg/Kg dry diet).
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Table 43. Analysis of variance. Mtogenic response (stinulation index) to Vibrio
angui | | arum extract by anterior kidney |ynmphocytes from spring chinook
(Oncor hynchus tshawytscha) fed graded dietary concentrations of ascorbic
acid in Oegon test diet and Abernathy diet. |mmunol ogical study.
Abernathy Sal mon Cul ture Technol ogy Center, 1988.

Source of Degrees of Mean F _val ue

Vari ation Freedom Squar e Calculated Tablel  Conclusion®
G oups 11 1.65 3.89 2.09 sig.
Ti mes 2 9.29 21.90 3.28 sig.
Groups X tinme 22 0. 69 1.63 1.87 N. S.
Di et ) 1 10. 25 24.20 4,13 sig.
Vitanin |evel?® 4 0. 66 1.56 2.65 N. S.
Diet x vitagin levell 4 1. 00 2.36 2.65 N. S.
Diet x tine 2 1.11 2.62 3.28 N. S.
Vitanin level x time3 8 0.65 1.53 2.23 N. S.
Diet x time x vitamn level3 8 0.71 1.68 2.23 N.S.
Error 35 0.42

lievel of si gni ficance 0.05.
3Significant (Sig.) p 10.05. Not significant (N.S.) p >0.05.
Analysi's perforned only on vitam n | evels approxi mately common to both diets.
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Table 44. In vitro antibody response (plaque-forming cell) to TNP-
lipopolysaccharide (0.5 pg/ml) of anterior kidney lymphocytes from spring
chinook (Oncorhynchus tshawytscha) fed graded dietary concentrations of
ascorbic acid in Oregon test diet and Abernathy diet. Immunological
Study. Abernathy Salmon Culture Technology Center, 1988.

Mean Vitamin Time on Diet (Days)
Concentration 90 118 153 Mean by Diet
Diet mg/Kg Dry Diet Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM)
Oregon Test lll 427 (147) 244 (27) 545 (372) 405 (87)
16 492  (239) 6 253 (63) 250 (99)
30 378 (178) 167 (161) 568 (259) 371 (116)
139 640 (315) 341 (68) 682 (148) 480 (103)
661 640 (315) 432 (62) 753  (116) 608 (94)
2885 450 (4) 223 (73) 863 (505) 512 (187)
Time means 467 (38) 235 (60) 611 (86) -
Abernathy 232 142 (42) 219 (58) 33 (29) 131 (54)
10 45 (13) 226 (223) 55 (51) 109 (59)
32 35 (220) 91 (29) 65 (36) 64 (16)
272 53 (35) 145 (80) 253 (162) 150 (58)
1406 68 (30) 345 (333) 289 (129) 234 ( 84)
2864 122 (54) 236 (64) 151 (1l4) 170 (34)
Time means 77 (18) 210 (35) 141 (44) -

lRepresents diet not supplemented with either ascorbic acid or a-tocopherol (17.4
mg/Kg dry diet).
2Represents diet not supplemented with either ascorbic acid or a-tocopherol (13.9
mg/Kg dry diet).

60



Table 45. Analysis of variance. In vitro antibody response (plaque-formng cell)
to TNP-Ili popol ysaccharide (0.5 pg/ml) by anterior kidney |ynphocytes from
spring chinook (Oncorynchus tshawtscha) fed graded dietary
concentrations of ascorbic acid in Oegon test diet and Abernathy diet.
| munol ogi cal Study. Abernathy Salnon Culture Technol ogy Center, 1988.

Source of Degrees of Mean F val ue

Variation Freedom Squar e Cal cul ated Tabl el Concl usi on®
G oups 11 13.72 4.18 2.08 Sig.
Ti nes 2 3.52 0.97 3.27 N S.
G oups x time 22 3.03 0.84 1. 86 N. S.
Di et 1 99.506 27.50 4.12 Sig.
Vitamn |evel® 4 7.88 2.18 2.64 N. S.
Diet x vitagin | evel ® 4 0.47 0.13 2.64 N. S.
Diet x time 2 14. 00 3. 87 3.27 Sig.
Vitanin level x time3 8 1.55 0. 43 2.22 N. S.
Diet x time x vitanin |level? 8 0.95 0.26 2.22 N. S.
Error 36 3.61

lievel of si gni fi cance 0. 05.
2gignificant (Sig.) p < 0.05. Not significant (N.S.) p >0.05.
Analysi's perforned only on vitamn | evels approximately common to both diets.
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Tabl e 46. Total nortality (%) and nean tinme to death (days) for spring chinook
(Oncor hynchus tshatwytscha) fed graded dietary concentrations of
ascorbic acid in Oregon test diet and Abernathy diet and challenged with
Aeronponas _sal noni cida. I nmunol ogi cal study. Abernathy Salnon Culture
Technol ogy Center, 1988.

Di et Mean vitam n concentration Total nortality’ Mean timel
(mg/Kg dry diet) (%) to death (Days)
Mean (SEM) Mean (SEM)
Oregon test 112 19.1 (0.6)2:b 17.6 (1.1)¢
16 10.0 (1.9)2 15. 4 (0.5)€
30 11. 8 (3.2)2 16. 1 (0.7)¢
139 43.6 (3.8)3P 12.8 (0.4)€
661 10.9 (1.3)°2 13.8 (1.0)¢
2885 3.6 (0.0)2 14.7 (2.3)¢
Aber nat hy 233 25. 4 (5.1)2:P 14.8  (1.1)€
10 32.7 (10.3)3P 15.5 (0.7)¢
32 25. 4 (7.7)3P 17.3 (0.5)¢
272 52.7 (3.6)3:b 15 3 (0.9)¢
1406% 60. 0 a,b 12.1 c
2864 62.7 (14.8)0 13.2 (2.0)¢

1Val ues are means of duplicate lots of 55 fish, post-challenge rearing 23 days.
Values with different superscripts are significantly different, Student-Newman-
Keuls test (p 10.05).
Represents diet not supplemented with either ascorbic acid and a-tocopherol (17.4
mg/Kg dry diet).
Represents di et not supplemented with either ascorbic acid or a-tocopherol (13.9
amg/l(g dry diet).

Replicate lot lost to water flow failure,.

2

3
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Tabl e 47. Total nortality (%) and nean tinme to death (days) for spring chinook
(Oncorhynchus tshatwtscha) fed graded dietary concentrations of
ascorbic acid in Oregon test diet and Abernathy diet and challenged with
Reni bacteri um sal noni narum | nmunol ogi cal study. Abernathy Sal non
Culture Technol ogy Center, 1988.

Di et Mean vitam n concentration Total mortalityl Mean timel

(mg/Kg dry diet) (%) to death (Days)

Mean (SEM) Mean (SEM)
Oregon Test 16 98. 2 (1.3)2 23.9  (1.2)b¢
30 98. 2 (0.0)2 25.0 (0.6)P¢
139 97.2 (1.9)23 25.7 (0.4)bc

661 65. 4 (14.1)2 21.6 (2.0)P

2885 86. 3 (3.2)3 21.3 (3.9)P

Aber nat hy 10 88. 1 (4.5)2 30.7 (1.1)€
32 94.5 (3.8)2 27.3 (0.3)bc
272 90. 0 (0.6)2 24.8 (0.1)P¢
1406 94.5 (1.3)2 25.9 (1.6)bc

28652 94.5 a 31.5 c

lvalues are neans of duplicate lots of 55 fish, post challenge rearing 43 days.
Values with different superscripts are significantly different, Student-Newman-
Keuls test (p =<0.05).

Replitcate lot lost to water failure.
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Tabl e 48. Vitamn amalysis1 of a-tocopherol diets. |Inmunol ogical study.
Abernathy Sal mon Cul ture Technol ogy Center, 1988.

Di et Nori nal vitanin level? Actual vitanmin |evel?
Mean (SEM) n

Oregon Test 30 18.5 (1.2) 12
60 45.5 (1.1) 12

120 102. 2 (1.5) 12

240 213.2 (6.3) 12

480, 443. 9 (8.3) 12

0 17. 4 (1.1) 14

Aber nat hy 60 47.2 (3.4) 6
120 97.1 (5.0) 6

240 208. 4 (6.2) 6

480 429.4  (10.7) 6

960, 964.7  (29.2) 6

0 13.9 (1.2) 4

A1 anal ysis were perforned by Hazelton Laboratories Anerica, Inc., Madison,
W sconsi n.

2Val ues are ng vitamn/Kg dry diet.

Represents diets not supplenented with either ascorbic acid or a-tocopherol.
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Table 49. Liver total a-tocopherol analysis' of spring Chi nook (Oncorhynchus
t shawtscha) fed graded dietary concentrations of a-tocopherol in O egon
test diet and Abernathy diet for 238 days. |nmmunol ogical study.
Abernathy Salrmon Culture Technol ogy Center, 1988.

Di et Mean dietary concentration Li ver alpha—t:ocopherol2
(mg/Kg dry diet) (ug/gd ry liver)
Mean (SEM)
Oregon Test 18 152 (17)2
45 427 (17)2
102 1350 (86)2
213 4767 (86)3P
444 13551 (257)¢
Aber nat hy 47 1778 (0)2
91 3400 (51)ab
208 6374 (1453)h
429 21428 (1436)
865 46992 (2564)¢

1Analysis perforned by Hazelton Laboratories America, Inc., Madison, Wsconsin.
Values are neans of duplicate pooled liver sanple of 21-37 fish. Values wth
different superscripts are significantly different, Student-Newnman-Keuls test

(p 10.05).
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Table 50. Specific growth rate and gross feed efficiency of spring chinook
(Oncorhynchus tshawtscha) fed two diets containing graded dietary
concentrations of a-tocopherol for 245 days. |mmunol ogical study.
Abernathy Sal mon Culture Technol ogy Center, 1988.

Di et Mean vitanin concentration Specific Growchl:3 Gross Feed?:3
(mg/Kg dry diet) Rat e Ef ficiency
Mean (SEM) Mean (SEM)
Oregon Test 18 1.147 (0.027)2 80. 37 (o_oo)g
45 1.188 (0.005)2 83.99 (o.sa)b
102 1. 155 (0.015)2 82. 41 (0.42)b
213 1. 167 (0.017)2 82. 41 (0.92)
444 1.127 (0.003)2 81. 88 (0.68)P
Aber nat hy 47 1.154 (0.004)3 79.52  (2.08)P
97 1.190 (0.009)2 81. 01 (0.27)P
208 1.174 (0.006)3 79.53 (0.33)P
429 1.172 (0.020)3 80. 36 (0.71)P
865 1.192 (0.002)2  884.24 (0.36)P

l og, of weight | og, of weight
"Specific gromth rate SCR = at end - at start x 100
days fed

total fish gain in grams x 100
2Gross feed effici ency GFE = total food (dry weight)
offered in grans

3val ues are neans of duplicate lots of fish. Values with different superscripts are
significantly different, Student-Newran-Keuls test (p 10.05).
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Table 51. Hitogenic response (stimulation index) to Vibrio anguillarum extract by
anterior kidney |ynphocytes from spring chinook (Oncorhynchus
t shawtscha) fed graded dietary concentrations of alpha-tocopherol in
Oregon test diet and Abernathy diet. [Inmmunol ogi cal Study. Abernathy
Sal mon Culture Technol ogy Center, 1988.

Mean Vitamn Tine on Diet (Days)
Concentration 81 123 165 Mean by Diet
Di et mg/Kg Dry Diet Mean ( SEM Mean (SEM) Mean (SEM) Mean (SEM)
Oregon Test 18 3.6 (0.3) 1.1 (0.1) 10.6 (5.7) 5.1 (2.3)
45 3.8 (0.0) 1.4 (0.1) 10.2 (5.5) 5.1 (2.1)
102 4.1 (0.8) 2.1 (0.3) 11.1 (3.1) 5.8 (2.2)
213 4.0 (1.1) 7.2 (4.6) 9.7 (0.5 7.0 (0.9
444 4.0 (0.4 1.4 (0.0) 13.0 (0.3) 6.1 (2.9
Time means 3.9 (0.1) 2.6 (1.2 10.9 (0.6)
Aber nat hy 47 0.9 (0.0) 3.41(1. 5) 8.4 (4.8) 4.2 (4.8)
91 1.5 (0.0) 1.3l 2.3 (0.5) 1.7 (0.2)
208 1.2 (0.2 1.0 1.7 (0.12) 2.3 (0.2)
429 2.5 (0.3) 5.4 (1.0) 8.9 (4.2 5.6 (1.9
865 2.0 (0.6) 5.7 (2.6) 8.7 (4.9 5.5(1.6)
T h e - 1.6 (0.3) 3.4 (1.0) 6.0 (1.6

"Only one replicate.
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Table 52. Analysis of variance. Hitogenic response (stimulation index) to Vibrio
anguillarum extract by anterior kidney |ynphocytes from spring chinook
(Oncor hynchus tshawytscha) fed graded dietary concentrations of a-
tocopherol in Oregon test diet and Abernathy diet. | munol ogica
study. Abernathy Sal non Cul ture Technol ogy Center, 1988
Sour ce of Degrees of Mean F val ue
Variation Freedom Squar e Calculated Table' Concl usi on
G oups 11 1.25 2.52 2.09 Sig.
Ti mes 2 8.31 16. 80 3.28 Sig.
Goups x tine 22 0.44 0.89 1.87 N. S.
Di et 1 6.06 12. 20 4.13 Sig.
Vitam n level3 3 0.65 1.31 2. 89 Sig.
Diet x vitagin leveld 3 1.48 2.99 2. 89 Sig.
Diet x tine 2 1.16 2.34 3.28 N. S.
Vitamin level x time3 6 0.13 0. 26 3.38 N.S.
diet x time x vitamn |evel® 6 0.46 0.93 3.38 N. S.
Error 34 0.49

' Level of significance 0.05
2Si.glrnif:'ic:.su'nt: (Sig.) p 10.05.

Not significant (N.S.) p >0.05.
Analysi's perfornmed only on vitamn |evel s approximtely conmon
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Table 53. Jn vitro antibody response (plaque-formng cell) to TNP-
| i popol ysaccharide (0.5 &m) of anterior kidney |ynmphocytes from spring
chi nook (Oncorhynchus tshawtscha) fed graded dietary concentrations of
a-tocopherol in Oregon test diet and Abernathy diet. | nmunol ogical
Study. Abernathy Salnmon Culture Technol ogy Center, 1988.
Mean Vitamn Tine on Diet (Days)
Concentration 81 123 165 Mean by Diet
Di et mg/Kg Dry Di et Mean (SEM Mean (SEM) Mean ( SEM Mean (SEM)
Oregon Test 18 1 (1) 107  (30) 729  (11) 279 (185)
45 11 (4) 199 (52) 761 (238) 324 (184)
102 24 (12) 58 (39) 1458 (12) 513 (336)
213 33 (24) 298 (15) 960 (79) 430 (225)
444 8 (0) 128 (42) 1573 (365) 570  (411)
Time means 1s (6) 158 (42) 1096 (177) -
Aber nat hy 47 0 (0) 300 (70) 1031 (641) 444 (250)
91 4 (3) 19911 183 (33) 129 (51)
208 0 (0) 89 266 (110) 118  (64)
429 2 (2) 445 (116) 651 (106) 366  (156)
865 2 (0) 211 (34) 295 (103) 169 (71)
Time Means 2 (1) 249 (59) 485 (158)

"Only one replicate.
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Table 54. Analysis of variance. In vitro antibody response (plaque-formng cell)
to TNP-1ipopol ysaccharide (0.5 wg/ml) of anterior kidney |ynphocytes from
spring chinook (Oncorhynchus tshawytscha) fed graded dietary
concentrations of a-tocopherol in Oegon Test diet and Abernathy diet.
| mmunol ogi cal study. Abernathy Sal mon Cul ture Technol ogy Center, 1988.

Source of Degrees of Mean F val ue

Variation Freedom Squar e Calculated Tablel Concl usion?
G oups 11 5.39 2.38 2.08 Sig.
Ti mes 2 197. 40 87.10 3. 27 Sig.
Goups x tine 22 9.18 4.05 1.86 Sig.
Di et 1 15. 74 6. 94 4,12 Sig.
Vitamn |evel?® 3 2.13 0.94 2.87 N. S.
Diet x vita?in | evel * 3 3.35 1.48 2.87 N. S.
Diet x tine 2 17.92 7.91 3. 27 Sig.
Vitamin level x tine® 6 1.55 0.68 2.37 N. S.
Diet x time x vitamn level? 6 4.17 1.84 2.37 N. S.
Error 36 2. 27

. Level of significance 0.05.
2significant (Sig.) p 10.05. Not significant (N.S.) p >0.05.
Anal'ysi's perforned only on vitamn | evels approxi mately comon to both diets.
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nore dranmatic association with time in this function. No effect of vitamn
concentration or diet formulation was observed with respect to total nortality or
mean time to death for either challenges with A. salnonicida (Table 55) or R.
sal moni narum (Tabl e 56).

As in previous studies, a concentration below the NRC reconmrended |evel in the
OID resulted in no dimnution of growth, or noticeable change in inmune status as
opposed to AD. It is also quite apparent that the nmost significant influence on the
mtogeni c response was that of time. Mich the sane sort of effect was observed in
the PFC responses (Table 53 and 54).

Table 55. Total nortality (%) and nmean time to death (days) for spring chinook
(Oncorhynchus t shawtscha) fed graded dietary concentration of a-
tocopherol in Oregon test diet and Abernathy diet and challenged with
Aeromonas sal noni cida. | munol ogi cal study. Abernathy Sal mon Culture
Technol ogy Center, 1988.

Mean vitamin concentration Total nortality’ Mean timel
(mg/Kg dry diet) (%) to death (Days)
Di et Mean (SEM) Mean (SEM)
Oregon Test 18 43.6 (2.6)2 9.6 (0.3)P
45 47.2 (11.6)2  10.0 (1.1)?
102 58. 1 (5.1)% 8.8 (0.2)P
213 41.8 (1.3 10.4 (0.9)®
444 32.7 (7.7)2 118 (1.3)
Aber nat hy 47 39.1 (1.9)2  11.0 (0.1)P
91 56. 3 (3.8)2  10.1 (0.0)°
208 29.0 (3.8)2  10.1 0.2)b
429 62.7 (1.9)2 9.1 (0.1)°
965 42.7 (1.9)8  12.4 (0.2)b

"Val ues are means of duplicate lots of 55 fish; post challenge rearing 23 days.
Values with different superscripts are significantly different, Student-Newman-
Keul s test (p <0.05).
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Table 56. Total nortality (%) and nean tine to death (days) for spring chinook

(Oncorhynchus t shawtscha) fed graded dietary concentrations of a-

tocopherol in Oregon test diet and Abernathy diet and challenged with

Reni bacteri um sal noni narum

Cul ture Technol ogy Center,

| munol ogi cal
1988.

Aber nat hy Sal non

Mean vitam n concentration Total nortalityl Mean time
(mg/Kg dry diet) to death (Days)
Di et Mean (SEM) Mean (SEM)
Oregon Test 18 90. 9 (1.3)2 423 (0.0)P
45 85. 4 (1.3)2 415 (0.4)P
102 75. 4 (0.7)3  40.6 (0.3)P
213 78.2 (6.4)2 389 (0.7)P
444 89. 9 (3.2)2  39.4 (1.5)°
Aber nat hy 47 96. 3 (2.6)3  36.7 (0.7)P
97 82.7 (5.8)3  41.3 (1.8)°
208 90. 9 (2.5)%  41.3 (0.1)P
429 92.7 (2.6)2  29.5 (2.2)
865 69.0 (4.2)2  40.3 (0.5)P

yalues are means of duplicate lots of 55 fish; post challenge rearing 56 days.
Student-Newman-

Values with different superscripts are significantly different,

Keul s test (p <0.05).
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DISCUSSION

The objectives of this study were to determ ne the concentrations of
.selected vitanins required for optimal growth, imune function, and di sease

resi stance of juvenile chinook sal non. We have found that vitamn
fortification of the fish's diets did not enhance these functions nor did they
have any positive or deleterious effects. It was also found that the NRC

recomended concentrations were not only anple for optinmal function, but it
appears that the recommended levels may be in considerable excess of what is
actual ly required. For exanmple, when ascorbic acid and riboflavin were
provided at a third of the NRC recommendation there were no decreases in any
of these functional paraneters. W feel these observations warrant further
exam nation to clarify the absolute vitamn requirenents for optiml growh
and immne function. If the actual requirements for these essential functions
are confirmed to be at these reduced, or even lower levels, a revision of the
NRC recomendations may be in order.

W recognize that these studies were conducted wunder |aboratory
conditions, thus other inportant factors such as the stress of field
conditions may differentially affect these results if conducted under
practical rearing conditions. W, therefore, feel that future studies should
al so be conducted under field conditions.

From our study there is a strong indication that fish fed diet
formulations that differ in major ways have differences in their inmmune

responses and di sease resistance. Wth all vitamns tested, except for
riboflavin, differences in inmmunological responses were found between diet
types. Di sease challenges with A salnonicida in experiments involving

pyri doxi ne showed significantly higher total nortality in fish fed OID versus
those fed AD. Qur study and others (Blazer and Wolke, 1984), i ndicate that
i mmunol ogi cal status is influenced by diet fornulation. This points to the
need to exam ne the performance of commercially nanufactured feeds. Having a
ranki ng of conmercial diets based on the quality of resulting immunol ogi ca

health woul d enabl e decisions on feed choice to include information on
i mmunol ogi cal quality.

Qur experinents with ascorbic acid and al pha-tocopherol produced sone
intriguing results which suggest inportant nutrient interactions. When fish
were fed diets containing suboptiml anounts of ascorbic acid (10 mg/Kg di et
for OID or 16 mg/Kg diet for AD) growth was only noderately reduced and
nortality was normal conpared to fish fed ascorbic acid at or above the NRC
recormendati on (>100 mg/Kg of diet). Simlarly, when an OTD which was
deficient in al pha-tocopherol (18 mg/Kg of diet) was fed, growmh and nortality
were not significantly different fromlots receiving feeds fortififed with
al pha-tocopherol (>30 mg/Kg diet). On the other hand, when both ascorbic acid
and al pha-tocopherol were sinmultaneously reduced to suboptimal |evels /0TD =
16 ng ascorbic acid and al pha-tocopherol = 17 ng of diet; or AD with 10 ng of
ascorbic acid and 14 ng of al pha-tocopherol per Kg of diet) growh rates were
reduced, death rates increased dramatically, and synptons reported for

ascorbic acid deficiency were noted (lordosis and scoliosis). These results
suggest to us a synergistic effect of conbining suboptimal |evels of these two
i nportant biological antioxidants. This possibility needs to be further

expl or ed. Similar investigations should also be perforned with other vitamn ns
to determine the synergistic effects of multiple deficiencies.
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Anot her inportant finding was that a majority (13 out of 19) of the
experinments in which a highly significant tinme-dependent effect was observed,

denonstrated increased immune function with age or size (Table 57). W fee
that this trend is highly significant; however, we also strongly reconmended
that future studies be designed to directly address this question. Qur

studies only incorporated three distinct tine points sinply as a wi ndow for
t he possible observation of vitam n concentration-dependent differences in
i mune responsiveness, not time-dependent effects. Experinents designed to
address possible tine/age/ weight effects should evaluate nore tinme points than
were covered in this study. Furthernore, it is possible that the tremendous
variability in imrmune function (addressed bel ow) may have clouded our ability
to discern these effects in experiments where no statistically significant
ti me-dependent differences were observed. Therefore, experinmental designs for
future experinents should be modified as suggested bel ow.

Since the time-related increase in inmune function was observed within a
set number of |ynphocytes per sanple (i.e. 10°), the changes over time were
due to an increase in the functionality of the |ynphocyte population as a
whol e. Such age-dependent increases in inmune function are not unique and
have been observed in other species (Kl ingman and Press, 1975; Teal e, 1985).
This incidental, yet striking, observation deserves additional study because
of its inportant inplications for fish culture and experinentation. For
exanple, this tine-dependent relationship suggests that it may be fruitless to
attempt vaccination during early life stages. Also, it may be a prudent
practice to keep young fish under nore environnmentally controlled conditions
that would not be necessary for fish of a slightly greater age. Such timed
protection would limt the exposure of young fish <o pathogens that they would
be better able to control later in life

Anot her inportant finding was that the results of our imrunol ogica
assays varied widely anmong fish within populations receiving a given diet. At
any selected sanpling date, a nunber of the fish were seemingly incapable of
devel oping appreciable reactions to certain antigens. At the same tine, other
individuals in the popul ation denonstrated marked responses to the sane
anti gen. Several investigators (Hastings and Ellis, 1988; Cossarini-Dunier
Desvaux, and Dorson, 1986; Wetzel and Charlenange, 1985) have reported that
other fish species do not have a large repertoire of antibodies to a range of
antigens; thus, they may be deficient in their responses to a nunber of

pathogens. If this is true of juvenile salnon populations in hatcheries under
normal conditions, a sizable proportion may not be conpetent to mount defenses
agai nst certain diseases. It may be useful to screen fish stocks to determ ne

the preval ence of individuals capable of responding to insults from inportant
pat hogens.

Qur initial observations of the tremendous variability in the mtogenic
and PFC assays anong responsive fish within a single replicate initially
caused us considerable concern. Al though this variability is considerable
(see above), statistical conparison of such biological data wthout
transformation of the raw data confounds this analysis and thus is
i nappropriate. Therefore, we performed such transformations of our data.

Before applying any formof statistical analysis to i munol ogical data it

i s incunbent upon the investigators to understand the biol ogical nature of the
phenonena that lead to the neasured response. Specifically, in this study,
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Table 57. Analysis of variance. Effect of tine (age/size) on imunol ogi cal assay

responses. I nmunol ogi cal study. Abernathy Sal non Cul ture Technol ogy
Center, 1988
| mmunol ogi ca
Vitam n Assay Di et F-value  Probability Rel ati on’
Al pha-
t ocopher ol PFC Oorb 59.0 <.00005 positive
" " AD 40. 8 <.00005 positive
Ascorbic acid " Orb 4.48 .02 positive
Folic acid " Oorb 50.3 <.00005 positive
" " AD 35.3 <.00005 positive
Panthothenic
acid " Orb 1.81 n.s. -
" " AD 0.85 n.s. -
Ri bof | avin " orb 8.58 .01 negative
" " AD 89.1 <.00005 negative
pyri doxi ne " orb 4.14 .03
" " AD 25.4 <.00005 positive
Al pha-
t ocopher ol M t ogenic orb 8.96 .001 positive
" " AD 2.86 n.s. -
Ascorbic acid " Oorb 11.2 .0002 positive
" " AD 8.40 .001 positive
Folic acid " Oorb 112.0 <.00005 positive
" " AD 279.9 <.00005 positive
Pant ot heni c
acid " orb 5.18 .04 positive
" " AD 0.00 n.s. -
Ri bof | avin " orb 6. 33 .006 negative
" " AD 62.0 <.00005 -
Pyri doxi ne " Oorb 20.7 <.00005 negative
" " AD 10.5 .0005 positive

“Positive = a significant increase with tine, negative = a significant decrease with
tine and - = no consistent trend
n.s. = not significant, p >0.05.
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both mitogenesis and PFC responses are the end result of an exponenti al
bi ol ogi cal function (i.e. the replication of |ynphocytes). Therefore an
arithmetic increase or decrease of the nunber of precursor |ynphocytes (those
giving rise to the proliferating cells) would result in an exponenti al

variation of the final response. Thus, in order to accurately assess such
responses it is necessary to mathematically transformthe raw data prior to an
anal ysi s. In this study it was found that the nost appropriate transformation
of the nmitogenic data was through natural |ogarithms, while the PFC data
required cubed root transfornation. It is of interest that although both
functions, on the surface, seem dependent on the same exponential function,
different types of transformation were required. It is possible that this

difference may be reflective of the fact that, although both functions are the
result of the same general class of functions (exponential), the responses
t hensel ves rely on popul ations of cells at different phases of
differentiation.

Many i mmunol ogi cal studies that analyze similar sorts of functions and
are reported in the literature do not nake use of transformations, and thus
may be failing to detect inportant differences that may exist between
experimental groups. However, in the case of the use of isogenic aninals
(extremely common in immunol ogical studies), the anount of individual
variation may be so low as to obviate the wof |ogarithm c transfornation.
This would be less likely with outbred species such as nman and sal non.

In the future design of simlar studies, investigators should consider
the wide variability that can be found anong individual juvenile spring
chinook within a single replicate. In studies involving different species or
possibly even different stocks, variability anong individual fish should be
assessed. G ven the economc restriction of sanmpling a set nunber of fish
within an experinent, statistical strength can be maxim zed and economi c cost
m ght be lowered by increasing the number of replicates. The use of nore
replicates allows the investigator to |lower the number of fish sanpled per
replicate without a loss of statistical sensitivity.
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SUMMARY AND CONCLUSI ONS

The Abernathy Salnmon Culture Technol ogy Center and the Department of
M crobiology at Oregon State University, with funding from the Bonneville
Power Adm nistration, conducted studies on the effects of vitamn nutrition on
imunity, disease resistance, and growh of juvenile spring chinook sal non
(Oncor hynchus tshawt scha). The goal was to define the dietary |evels of
folic acid, pyridoxine, riboflavin, pantothenic acid, ascorbic acid, and
al pha-tocopherol required to assure maxinmum inmune responsiveness  and
resi stance to  Aeronpbnas sal noni ci da and  Reni bacterium sal npni narum
infections. Each vitam n was studied individually and incorporated at five
graded levels into a sem-purified diet (Oregon Test Diet) and a practical
feed (Abernathy Diet) with all other vitamins held at or above the National
Research Council (NRC) recommended |evels. The test feeds were fed at a
uniform dry weight of feed per wet weight of fish to duplicate lots of 300
fish each held in 12°C well water for approximately 24 weeks. During the
feeding phase, fish were randomy sanpled periodically from each lot for
i mmunol ogi cal tests i ncl udi ng (1) responses of | ynmphocytes to
| i popol ysaccharides froncoli or Vibrio anguillarum, and (2) enuneration of
pl aque-formng cells. During each experiment, sanples of fish from each |ot
were challenged with A. salnonicida and R salnmoninarum in a |aboratory
supplied with disease containment facilities at Oregon State University.
Total nortality and mean tinmes to death were used to assezs inpact of vitamn
nutrition on disease resistance.

Results indicated that the dietary |evels recommended for the test

vitamins by the NRC were anpl e. In fact, evidence indicated that, in sone
cases, vitam n concentrations as low as one third of the NRC recomendati ons
were adequate under our |aboratory conditions. Results suggest that the NRC

reconmendati ons should be re-exam ned and refined.

In the ngjority of cases, i mmunol ogi cal parameters significantly
increased with fish age/size/or tine. Further experinents will be needed to
sort out the degree to which either age or size are inportant. The results

suggest that attenpts to inmmunize fish may be nost fruitful if perfornmed when
the fish are older than six nonths.

There was considerable variation in inmmunol ogical measurenents anong
fish within replicates fed individual diets. This has inplications for design
of simlar experiments in the future as well as the imrmunol ogi cal conpetency
of significant segments of fish populations in hatcheries.

Results indicated that studies on vitamn interactions could be fruitful
endeavors, especially with suboptinmal dietary levels of ascorbic acid and
al pha-t ocopherol .

There is some indication that feeds that differ in mjor aspects of their

formulation may affect inmmunoconpetency by nechanisns other than vitamn
nutrition alone.
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ABSTRACT. An antigen preparation of Vibrio anguillarum a salmonid
pathogen, acts as.a potent in vitro mtogenic stinulator of
splenic and pronephric (anterior Kidney) |ynphocytes from coho
sal mon ( Oncor hynchus kisutch), chinook salnmon (0. tshawycscna
and ral nbov trout (Salmo gairdneri). This aintigen (VA) is
conparable inits mtogenic activity to Concanavalin A(Con A),
Escherichia coli |'i popol ysacchari de (LPS), and
phytohemagglutinin (PHA). VA gives peak nitogenic responses in
coho fire days after initiation of cell culture. VA also appears
to be a nonspecific polyclonal activator as determined by the
generation of plaque fornmng cells to trinitrophenyl (TNP)
and fluorescein (FI) haptenic  determinants. Chemical
characterization is limted, but it appears that_ Vibrio LPS
coul d be responsi bl e for these activities.

[ NTRODUCTI ON

Mitogens, subst ances which stimulate i n_vitro | ynmphocyt e proliferation,
have -proved useful as probes of immune responsiveness (1,2). Mitogens hare
been found to induce differentiation of |ynphocyte populations by the
sel ective stimulation of B |ynphocytes by |ipopol ysaccharide (3), purified
protei n derivative of tuberculin (4), and dextram sulfate (5), or of T
| ynphocyt es by Concanavalin A (6), and phytohemagglutinin (6). or b
stimulation of both B and T |ynphocytes by pokeweed mitogen (7). Althou
initially used with mammalian lymphocytes, fish | ynmphocytes hare al so been
found to respond to these mitogens in_vitro. Mitogenm responses bare been
studi ed i n rainbow trout (8,9,10), carp (11), and channel catfish (12).
Wiet her the same functional distinctions between B and T cells as is found
with mammalian | ynphocytes caa be nmade vith fish |ynphocytes is not, as of
)(/etj clear, although recent evidemce suggests that this nay be possible

12).
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Numer ous substances derived from bacteria and metazoans hare been found
to be polyclonal actirators of nmammalian B cells in that they stinulate both
host B cell proliferation and antibody secretion. Some best characterized B
cell polyclonal activators |nclude |ipopolysaccharides from gram negative
bacteria (3), the purified protein derivative of tuberculin (4), protein A
from Staphylococcus aureus (13), and pol yrmerized flagellin from Norcardia
brasiliensis (14). These substances hare proven to be useful immunological
fools for delineating the ontogeny of B cell responsiveness and dissecting
the mechani smof B cell aectivatiom (15).

Past work (16,17) has shown that am antigen. extract of Vibrio
angui | larum (VA) stinulates a specific anti-Vibrio anguillarum anttTbody
response in vivo. It is possible, hoverer, thal_ thrs response maybe due in
part to non-specific mtogenic and/or polyclonal activating conmponents,
wor ki ng in concert with specific V. anguillarum antigens. Thus, in order to
determine the mitogenic and polyclTonal actrvairng properties of VA we have
utilized an in ritro culture system devel oped for the nitogenic stimulation
(18) and induction of antibody responses (19) of salmonid |ynphocytes. Since
V. anguillarumis a fish pathogen in a wide variety of marine fish Including
salmonids (20,21), the 4m vitro analysis of its effects on their |ynphocytes
may assi st in understanding mechanisms of both the pathogenesis of this
bacteria and the immune responsiveness of the host fish.

MATERI ALS AND METHODS

Animals and Facilities

Al fish were supplied by the Oregon Department of Fish and Widlife and
maintained in 460 liter drcular fiberglass tanks supplied with 12% vell
water at the Oregon State University Fish Di sease Laboratory (COSUFDL),
Corvallis,Oregon. The fish were fed Oregon Hoist Pellets daily. Seventy
to one hundred gramfish were used for these studies.

Cul turenedi a

Media Components were purchased from Whittaker M.A. Bi oproducts,
Walkersville, MD, unl ess ot herw se not ed. Cell suspensi ons were nmade in
hol di ng nedi um which consi sted of 100 ug/ml gentamicin and 10%fetal calf
strop in RPMI 1640 with L-glutamine (Gibco, G and Island, NT), supplemented
with 0. 2%(w/v) sodium bi carbonate. Mishell-Dutton nndified tissue culture
medium (TCM) was used for tissue culture and consisted of RPMI 1640 with L-
glutamine and bi car bonat e supplemented Wit h: 10 mM L-glutamine, 10% fetal
calf serum (hybridoma screened), 50 ug/ml gentamicin, 50 uM 2-
mercaptoethanol (MCB, Cinci nnati, OH), and the nucleosides; adenosine,
uracil, cytosine, and guanosine (10 ug/ml, Sigma, St. Louis, MO). A media
suppl enent (nutritional -cocktail) was al SO prepared as previously descri bed
(22) and fed on alternate days to the cultures as described bel ow.

Mitogens

st ock solutions ' of lipopolysaccharide B (30 mg/ml) from E. coli 055:B5
(Difco,Detroit, MI) were pasteurized for 30 minutes at 70°C in distilled
wat er . Further dilations for tissue culture were made in TCM. stock
solutions of PEA (Mco, Detroit, M), and Com A (Sigma, St. Louis, MO) were
made in TCM (1 mg/ml) and sterilized by filtration through a 0.45 um filter.
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Vibrio anguillarum O antigen extract and |ipopol ysaccharide

The Vibrio extract was prepared fromV. anguillarumstrain LS-174 as
described Tn Sakai et al. (16) with ninor nodifications. Fifty m of thawed
packed cel | s which had been formalim billed and stored frozen were suspended
in 10 volumes of 2% saline and placed in a boiling water bath for 2 hours.
Cell's were washed 3 tines in 2% saline by centrifugation at 10,000 x g for
10 minutes at 4°C. The final pellet vas resuspended in 95% ethanol, and
incubat ed 48 hours at 37°C. The cells were then vashed 2 times in acetone
by centrifuoatlon at 3,000 x g for 10 minutes and dried by an overni ght
incubation 37°C. The cells were then ground to a fine povder with nortar
and pestle and stored at 4°C. The soluble Vibrio extract used for these
studies vas prepared by boiling the powder in 0.1 M phosphat e- buffered
saline, pH 7.2 (PBS) at 10 U g/ml in a boiling water bath for one hour with
frequent agitation. This suspension vas then centrifuged at 1,000 x g to
renove particulates and filter sterilized (0.45 um).- -- The protein
concentrations of the filtered extract vas determned by the nethod of Lowry
et al. (24). .

Vl.l(ii'ic)i anguillaxusn | i popol ysaccharide vas prepared as described by
Westphal etc:if (25).aad resuspended to the appropriate dilution in TCM.
Concentrations of_V. anguillarum lipopolysaccharide were expressed as ug/ml
carbohydrate as determined by the phenol/sul furic acid method (26).

Lynphocyt e preparation

Fish were euthanized by cerebral concussion. The pronephric and
splenic tissues were then dissociated in tissue culture medium as described
by Kaattari, et al. (19). Briefly, single cell suspensious of each organ
were obtained by repeated aspiration and expul sion of the tissues through a
1 m syringe. The resulting cell suspension was iancubated on ice to allow
organ fragnents to settle. The supernatant, a single cell suspension, vas
t heu washed once %tissue cul ture medi um (TCM) by centrifugation at 500 z g
for 10 min at 4°C.  ,The cell pellets were resuspended in TCM to a
gloncentra}ti on of 2 x 10" viable | ynphocytes per m, as determined py trypan

ue exclusion,

Mitogen assay

Fifty ul (106 cells) of the Ilynphocyte suspension vere added to
individual wells of a 96—well f| at - bott ommicroculture pl| ate ( Corni ng G ass
Works, Corning, NY). Fifty ul of the mitogem vere then added to these
suspensions. The cultures were incubated in an airtightgasbox, (Model 624,

C.B.S. Scientific Co., Del Mar, CA) at 17°C, in a bl 0ood- gas environment
contai ning 10%C0,. The cells were fed 10 ul of the nedia supplement every
other day for the“duration of the culture period. Twenty-four hours before
harvest, cells were pulsed vith 1.0 uCi of tritiated thymidine (NEN,
Wl mngton, DL) 4n 10 ul of TCM. Cells were harvested with distilled water
onto glass fiber filters, with a Skatron cel| harvester (Sterling, VA). The
filters vere then dried, placed in scintillation vials with cocktail (6s
PPO, Signa, 5 mg POPOP, Amersham, Arlington Heights, IL, 4r 1 L tol uene.
after Etlinger et al. (9)), and counted on a Beckman liquid scintillation
counter, (Model EL 3800, Ful | erton, CA).
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Pl ague forning cell assay

Two hundred ul of the |ynphocyte suspension were added to each well of a
24—well flat-bottom microculture plates (Corning dass Wrks, Corning, NY).
To this suspension 200 ul of the appropriate dilutions of antigen were
added. The cultures were incubated in an airtight gasbox at 17 C, in a
bl ood- gas environnment containing 108 CO .. The cells were fed 50 ul of
feeding cocktail (22) every other day “for the duration of the culture
period. After 9 d of incubation, cell cultures from individual wells were
removed ria gentle aspiration using a Pasteur pipette, and deposited into
separate plastic radioi munoassay tubes (VWR Scientific, Seattle, WA) and
held on ice. The tubes were centrifuged at 500 x g for 10 min at 4°C. The
supernatants were renmoved, and the cell pellets resuspended .RPMI 1640 to
an appropriate |ynphocyte concentration for plaque forming cell (PFC
enuneration. Cells secreting anti-TNP antibody were then detected by the
Cunni ngham nodi fication of the Jerne plaque assay (27). One hundred ul of
the |ynphocyte suspension, 25 ul of TSRBC (28) or Fluoresceinated- SRBC (29),
and 25 ul of an appropriate dilution of steel head serumin MBB, were nixed
in individual wells of a 96-well round-bottomnicrotiter plate (Falcon,
Oxnard, CA). This mxture vas deposited in a Cunningham slide chanber,
seal ed with paraffin and incubated for 2 h at 17°C. Pl aques were enunerat ed
using a lov power dissecting mcroscope. Lymphocyte nunbers were determi ned
for each |ynphocyte suspension, using a Coulter Counter, (Model ZM Coulter,
H al eah, FL) with 0.08 M PBS as a diluent. Plaque formng responses were
expressed as PFC/culture.

RESULTS

M t ogeni ¢ studi es

Coho sal non (Oncorhynchus ki sutch) anterior kidney and splenic
| ynphocyt es under go mitogenesis in response to a range of VA concentrations
(Fig. 1). The data are a summery of results from 7 to 15 individual fish,
there i s consi derabl e variability i n cpm bet ween individuals, hoverer,
| ynmphocytes fromall fish tested exhibited mitogenesis t0 VA. The optimal
dose for stimulation of |ynphocytes was Variable, between species or
individuals within a species, usually occurring between 5 and 500 ug/ml for
a particul ar mitogen preparation.

VA 1s al so mitogenic for | ynphocytes fromthe other two salmonid species
tested, chinook (0. _tshawytscha) and rainbow trout (Salmo gairdmeri)(Fig.
2). The data presented are Tr omrepresentative experiments W {h cells from
a pool of organs from5 fish. As with coho, all the fish tested resoud
mitogenically t 0 t he extract.
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FIG 1

Mitogenic responses of coho
| ynphocytes to Vi'bri o anguillarum
extract.  Splemic (@) and anterior
ki dney (®) | ynphocytes were
cultured with various doses of
Vibrio extract and mtogenesis
determned by the uptake of
tritiated thymdine. Data given
represent the mean CPM #+ one
standard error. Seven  fish
were used at each dose for the
splenic  responses, except for
the 450 ug/ml dose which is
represented by fire replicates.
Fifteen fish were used at each dose
for the anterior kidney responses,
except for the 100 ug/ml and 450
ug/ml doses which are represented
by 14 and 10 replicates,
respectively.
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Xinetics Of VA nitogeneais with coho |ynphocytes

VA denonstrates simlar kinetics of tritiated thymidine uptake as i s
seen with other mtogens such as E. coli LPS and PEA (Fig. 3). Max
proliferation appears to occur betWeen day 4 and 5 for al| mitogens inim%
anterior kidney, maximal proliferation for VA and PEA al so appears to occur
during this time period with splenic |ynphocytes, whereas peak proliferation
in response to LPS continues through day 6. There WAS no si gnj fi cant
stinulation of cpm in the absence of antigen in the anteriof kidney,
hoverer, a significant increase occurred between day 4 and 9 with the

spl enic | ynphocytes.

ANTERION KIDNEY smeen
“r
120~
o 80p- o
e -]
. 3
40P
A J 1 re 2 1 '
2 3 . S ] 7 8 9
DAY OF CL.TURE
FIG 3
Tinetics of nitogenesi a. Anterior kidney and splenic lymphocytes were

cultured with optimal concentrations of the Mbrio extrace (® ,6 250 ug/ml),
LPS (A, 100 ug/ml), PHA ( @ ,Sug/ml), or without mitogen (@ ). Bach day
represents the CPM of cultures harvestedafter a 24 hour pulse of tritiated
thymidine. Data are presented as the mean CPM # one standard error of

triplicate cultures.

Polyclonal activation of coho B cells by Vibrio extract as assessed by PFC
production
Vibrlo extract was able to stimulate PFC responses in anterior kidney

and splenic |ynphocytes to TNP and fluorescein haptenic determnants (Fig.
4). These responses were conparable to those elicited by PHA or LPS.
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Pol ycl onal activation of coho |ynphocytes with Vibrio extract. The ability
of optimal concentrations of Vibrio extract, LPS, and PEA to i nduce anti-TNP
and anti-fluorescein plaque~forming cell is depicted. No PFCs were detected
against unhaptenated SRBC. Data are presented as t he mean PFC/culture + one
standard error of triplicatecultures.

Mitogenesis lyclonal ivati oho | vinphocvtes by Vibrio
an 11 lysaccharide (West hal!_

One of the nost likely products of a gram negative organi smthat wouyld
induce lymphocyte proliferation and antibody ~secretion —would be
|'i popol ysacchari de. hus to determine if_\, .anguillarum lipopolysaccharide
can stimulate such responses we cultured a \éstphal extract of Y.
anguillarum (Table |) dth coho splemic lymphocytes.
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Table |. Mitogenesis and Polyclonmal Activation by Y. anguillarum
Lipopolysaccharide (Westphal)

V. angu aAry

—1LPS (ug/ml) PFC/culture! cpn?
40 247+ 17 26443 + 1822
4 209 + 28 16091 + 1791
4 209 + 40 11502 + 779
0 90 + 10 8845 + 403

1. Data on day nine is presented as the mean nunber of TNP
plaque—forming cells/culture + one standard error of
triplicate cultures No PFC were detected agai nst
unhapt enat ed SRBC.

2. Data on day fire is presented as nean CPM + one standard error
of triplicate cultures on day five.

The data denonstrate that V.__anguillarum |ipopol ysaccharlde is capable
of inducing TNP pl aque-form ng cellsas wel I u | ynphocyte proliferation.

DI SCUSSI ON

A commonly used somatic antigen extract of Vibrio anguillarum, a
pathogen of marine fish including salmonids, induces a gh level of
speci fi c immunity i n vivo (16,17). A possible reason for the immunogenicity
of this extract, as wall as for killed cells (30-32) and other V.
anguillarum extracts (33) nmay be tha existence of substance(s) that are
mtogenic or polyclonal activators for fish |ynphocytes.

Utilizing a culture system for the expression of lymphocyte
proliferation and anti body ucretion (18,19) we denonstrate thaeVibrio
anguillarum somatic antigen extract (VA) contains a mitogemic substance(s)
vhich stimulates anterior Kkidney and spleniclynphocytu (Pig. 1 and 2) of
all three salmonid species tested(coho sal nmon, chi nooksal non and rai nbov
trout). The dtogeni c substance(s) appears tO stimulate nonspecific
lymphocyteproliferation and B cell c?fferentlatlon in coho salmon
lymphocytes, as determined by incorporation of tritiated thymidine and non-
specific antibody production (Pig. 4). These responsessuggest that tha
Vibrio extract acts as a polyclonal activator, in a simlar nmanner to LPS
and PHA (18).

The kinetics of mitogenic stinulationis also quite simlar to other
mitogens PEA and E. cold LPS tasted suggesting a similar node of
stinulation. A likely candidate f Or such non-specific stimulation woul d ba
t he 1ipopolysaccharide (LPS) of ¥ .sgenilla<anm Previ ous work with mouse
lymphocytes (34) has demonstrated the mitogenicity and adjuvant-like effects
of V. anguillarum LPS. Using the same extraction procedures (25) we have
isolated V. ang V. an arum lipopolysaccharide and cultured comparable
concentrations (on the basis of carbohydrate content) to mitogenic
concentrations of the somatic antigen. It can be seen from Table | that
this LPS extract of V. anguillsrum also possessU mitogenic and polyclonal
activating properties for salmon lymphocytes.
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The fact that Vibrio anguillarum i s an inportant fish pathogen (20,21),
and the ability of thisextract to cause such potent in ritro inmunol ogi cal
responses, suggests that this material may have some role in a inmmunity from
this disease. Thus, itmay hare some practical application, in either crude
or purified form through conjugation to other non-inmmunogenic antigens to
produce imrunogeni ¢ vacci nes.
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