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M8TmCT

Tlasua vitaadn B conoantrationa in fatiMd Atlantic aalaon (Smimo mmlar
| L.)> fad ooaaMroial diata, %mra aaaaurad by high-parforaumoa liquid
chroawtograpby. In haalthy fiah, fad diata containing about 20 ng 100 g**
aupplaaiantary alJ-rao-a-tocopharyl aoatata, vitaatin 1 (a-tooopharol)
aoouBulatad in the livar and plaaaa. Ovar a 20 a»nth pariod, baginning four
montha prior to aaawatar tranafar, a«an a-tocopharol oonoantratlnna rangad
batwaan 51 and 754 Mg ¢g* in livar and 7 and 60 pg nl** in plaaaw. Sharp
incraaaaa in tha a-toeopharol contant of thaaa tiaauaa wara ralatad to a riaa
in tha proportion of lipid aa polyunaaturatad fatty acid in raaponaa to
tranafar to aaawatar. Thara waa no narkad diffaranca batwaan tiaaua vitaadn
B eoncantrationa in fazaad and wild aalann.

In contraat, vltaaiin B daplation waa found to ba a conaiatant faatura
of pancraaa diaaaaa (PD) in famad aalann. Tha dagraa of daplation waa found
to vary from caaa to caaa. A aarial atudy indicatad that tha onaat of vitamin
B daplation occurrad aarly in tha eouraa of tha outbraak. Soma infoniation waa
collactad with ragard to tha cafiaa and poaaibla pathological affaota of
vitamin B daplation in PD, but da‘finitiva atudiaa ara atill raquirad.
Parantaral adminiatration of ali-rac-a-tocopharol in aoltan cocoa-buttar
raducad plaama pyruvata kinaaa activity in affactad fiah from ona outbraak of
PD, auggaating that auiacla daganaration in PD may raapond to traatamt with
vitamin B. Bowavar, no affacta on the hiatological aigna of PD ware notad. In
a aacond outbraak, aupplamantation of tha diat with 100 mg aiJ-rao-a-
tooopharol 100 g™ producad no atatiatically aignificant alavation of plaama
vitamin B or raduotion in plaama pyruvata kinaaa activity. In a third caaa,
diatary aupplaawntation with a watar-miacibla praparation of aii-rao-o-
tocopharyl acetate producad no aignificant riae in plaama vitaadn B
concantrationa and no hiatological evidence of any tharapautio effect waa
obtained.

Relatlonahipa batwaan huabandry practicaa and vitamin B atatua wara
examined expariamitally. Acuta handling and crowding had no obaarvabla affaet

on plaaaui o-tooopherol concantrationa. Chronic crowding atraaa produoad a



elight, but statistioally insignificant, reduction in planu and Xivar a-
tooopbarol oonoantrations. Chronic crowding atrasa did not praoipitata signs
of vitanin B daficianoy in salaon fad diats with no supplsMataxy seuroa of
a-toeopbarol .

Starvation causad a significant depletion of a-toeopharol within 3 weeks
in tha plasaa and liver of post-ss»lts In axpariSMntal tanks, but had no
affact on tissue vitaain m concentrations in one saa-wintar salaon held in
~aa-cagaa over a 4 weak period. Diffarantlal feeding rates of 1-3t body weight
day* ovar a six weak period had no Baasurable affect on plasaa vitaain B
oonoaatrations.

The dietary level of a-tocopharyl acetate had no effect on the aagnitude
of the cortisol response to acute handling straas and no beneficial affect of
vitaain B supplsaentation ««e datarainad in fish under conditions of chronic

crowding.
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1.1 P*11CI«M DI8BA8SK
1.1.1 Introduction

Panerono dlaoMo (PD) wu flrot dooeribod by Monro ot al. (1»M) aa an
oplaootlo disaaaa of fazmad Atlantio aalaon, tmlmo aaiar L., oaualng loaa ot
growth and obaraotoriaad by daganoration of tha asoerina paneraaa. Ita

unknown, but tha condition haa boon raaponaibla for aarioua

production loaaaa in coaMrelal aalaon fazaing oparationa.
1.1.2 Pathology
1.1.2.1 Structura and function of tha nomal pancraaa

Tha ati’ietura of tha axocrlna panoraaa in Atlantic aalaon waa daacribad
by Nunro at aJ. (1984). Tha axocrina paneraaa ia dlffuaa, balng eoapoaad of
atranda of tiaaua aabaddad batwaan tha pyloric eaaca and around the atoaaeh,
bila duct, anterior aploM and upper Intaatlna. Adipoae oalla, tha aisa and
nuabar of which vary with tha aaagon jand atata of aaturlty of the fiah, lie

within and around thaaa atranda. Tha endocrine glanda are aituatad aaid
exocrine tiaaua and eonaiat of large, principal ialata (Broekauinn bodiaa) and
aMllar aeeaaaory lalata (BrInn 1973). Blood vaaaala, protaetad by a
collaganoua ahaath, raaify within tha organ. The exocrine tiaaua conaiBta ef
““ma*o«»a anall lobulea or acini aaparatad by a eonnaetivo atroata, one call
thick, coagpoaad of elongate epithelial calla. Tha acinar ealla are pyraaidal
and radially oriantatad around a eantral lunm. In hiatological aactiona,
syaogan granulaa can be readily obaervad in tha apical region of thaae ealla,
aoM in tha proeaaa of diaeharge into the central luawn. Tha luaina converge
into ducta linad with coluanar aplthaliun which avantually lead to a alngle
“largo duct opening into the duodenuai in oloao proxlalty to tha bile duet.
Particularly in poat-aa»lta and oldar fiah, tha larger ducta aro protactad
;within a ahaath of connaotiva tiaaua aurroundod by fibrocytea and collagen.
I-®@I»ta flew along tha ductal ayataai la probably gonoratad by aacration fro*

;biearbonata-watar oella (BaneoaBO and Lachago 1971). In hiatologieal aaetlona



th» aeliiar oytepUn !e daaaaly bMophilio, whilat tba aiMleorliia Islats ara
iMa ae (fig.l1.D).

Uaiag alaetron aioreaoepy, Muiixo at ai. (19t4) obaarrad tao dlftaraot
foraa ef aelaar cali. Fora A containad a larga, apharieal or oaoid nuolaua
wlth dlatiaet ebroawtla, altuatad in tAa dlatal thlrd of tha cali. In tha
ragion of tha nuolaoa wara larga aaounta of rough andoplaaaia ratioalua (Bt)
n fora of ahaata or plataa. Tha roogh BA baoaaa prograaaivaly aora

that tonarda tha proxiaal and of tha eall it eonaiatad of aaall

apbaraa, tha olatamaa of ahioh containad granular aatarial. In addition, a

Oolgi apparatua, autophagoua vaouolaa, mawroua larga, round
aitoohondria with diatmdad eriataa, and tyangan granulaa, tiara aituatad
proxiaally in tha eall. Fora B tna irragular in ahapa, with a aiailar or
aaallar nuolaua than A, and rough BB oondanaad into ahaata or whorla
throughout tha eall. Ho Oolgi body, autophagoua traouolaa or ayaogan granulaa
wara obaarvad ragularly, but thia cali typa typieally containad alongata
laitoohondria with narrow eriataa. Cali fora A waa ragardad to ba aetiva in
protain (ayaogan) aynthaaia and ralaaaa, whilat fora m waa inaetiva, poaaibly

undargoing raganaration.
1.1.2.2 Biatopathology and diagnoaia

Boaa oontrovaray asiata owar tha biatopathology typioal of FD, thara
baing diaagraaaant ovar which atruotural ohangaa aay ba eonaidarad priaary
affaeta of tha condition (Farguaon at ai. 19SCh; Nevicar and Munto 1919). in
tha abaanea of aora accurata diagnoatic aathoda it ia not poaaibla to raaolva
thia quaation at praaant. Tha aituation ia furthar eoaiplioatad by tha wida

variaty of aaeondary ehangaa which auiy ba aaaoclatad with PO.

Exoeriam pancraatie dmgtnmntion
Munro at ai. (1984) daaoribad a aaquMca of hiatopathologieal ehangaa
in tha asoorina panoraaa which tliay regarded aa oluuraoteriatio of PD. Thaae
related to tha clinical progreaaion ef tha condition (table I.1). in tha
| pra-aouta phaaa, they deaeribad minor ehangaa in tha axoorina tiaaua including

an incraaaa, aeon after tranafar to aaawatar, in the proportion of form B



esoeriM e«lla. andar tbn light mieroneopn this bnmly dlaenmibln as an
Inoraaaa In baaophllla, losa o< syaegon and poaaibla hypoplasia of tha
axoerina tlaauva. Latar, laaadiataly prior to tha aouta pbaaa, thay obaarrad
tha fomatlon of aynoytla of aolnar oalla and cloudy sualllng, further loan
of symogan and eytoplasnlo vaouolatlon pending naoroala of these ealls. These
ohangaa praoadad any gross signs of PD. Tha aouta stage featured an aouta and
ganarallsad (oftan hasHorrhaglo) paneraatlo naorosls eolnoldlng with tha
axpraaslon of gross signs of tha condition (owart PD). Within Individual fish,
panoraatlo naerosls appeared to prograas rapidly, leading to tha ooaplata loss
of tha axoorlna tissue within a period of hours or days (Nevloar 1»S7).
Rasmants of the asoorlna tissue eould be dlsoemad within tha gut and, later.
Infiltration of tha panoraatle tissue by lywpbocytas and flbrooytas was also
UDMod. Tha original daserlptlon of tha post-aeuta phase as a ohronlo recovery
pi»«« «e« aodlflad by Ncvlcar and Kunro (!>e») to portray thraa possible
sequelae to the aouta phasat rapid, slow or no raoovary. In the first,
regeneration was rapid occurring within 3-4 waaks and fish aada a good
raoovary. In tha second, ragonaratlon of aolnar tlsaue was delayed, occurring
within 1-3 Bontha. Tha persistence of saall fool of daganoratlon In such fish
suggastod a continual necrosis of yag4naratlng alaaents. Raeovary was delayed
and ovar thla period parl-panoroatlc fat deposits bacaas depleted. In the
third, flbrotlo replacawent of exoerlno and adipose tissue was observed and
a proliferation of blood capillaries noted on aoM ooeaslons. Pish so affected
««are unlikely to show a coaplete recovery.

Ferguson at ai. (19S6a) also described a aarkad reduction In pancreatic
tissue, with loss of acini, stroauil condensation, depletion of fat together
with soaa haaaorrhaga and congestion, and fibrosis. An Increase la eellularlty
Indicative of alld Inflaaaatlon «aa also noted In this study. Slallarly, Kmat
and liston (1R17) reported a diffuse panoraatlo naorosls leading to severe
pancreatic atrophy and fibrosis. Classically, the exocrine tissue Is highly
liquified or shorn flbrotlo replarsswnt, but other ooaponents (la. Islet
tissue, exocrine tubules, blood vessels, etc.) are largely Intact. In tha
present sttidy this lesion has been tamed exocrine pancreatic degeneration
(IFD) (fig. 1.2). Identification of IFD Is currently the principal aeans for

the diagnosis of pancreas disease. Total absence of exocrine tissue has been



Tkkla 1.1. Tropo»»* Btial patiwloCT  >D (aftar NaTiaar aa* | 1*M)

1. Pxa-acota t Barly pradoolaaaoa of
inactive fore of acinar
call, possibly hypoplasia
of aoinar tiaaaa
Prior to acntai fooal
s?lnc tia foxeatioa,
oloody swslling and
vaooolatioo of all acinar

cells.

2. Acute - Acuta ganarallaad i Inappotanca aad
(baaoorrhaglo) necrosis listlassnass.
and later . laaoorrbaga batwaan
infiltration with esaeaa and arythaao of

lauoocytaa and flbxooytas parl'~aseraatlo fat.
6ut contains nacrotic

alaaoata
3. Post- « Mpid Acinar cell raganaratlon Rasnaptioa of growth
acntai r«00¥«ry rapid
(2-4 weeks)
b. Slow Acinar call ragenaratloo Xnachataaoa, aoBciatlon,
rocovory slow fat daplotloa, ensola
(up to 2 Bontha) atrophy
C. No Plbrotie raplaeaeant of Dark, aal-lika.
rocovory esocrina tlasua and pari- Bxtraao eusola wasting

pancraatic fat.
Prolifaratlon of blood
capillaries

tba orltarion usad in critical asparijtantal studies of the condition (Nevicar
19S7), but clinically, pancreatic necrosis aay be patchy and loss than

ccavleto (Nunro et ai. 1984; Nevicar 1987).

Cardiac, oaaopbagmal and akmiatal myopathica

Devenerative polynyopathy associated with PD was first described by
Farfuson at al. (1986a). in this study, ths hearts of fish with PD showed
coagulatlva necrosis of the ventricular ayoeardlua in both spongy and eoapact
layers, with loss of striation, increased aosinophilia and granular and
vacuolar change. Scsm Fibres contained aaerophagos and sliovod a proliferation
of satalllte-tinpe sub-endocardial cells giving the appearance of Increased
callularity (fig-1.3). Atrial agfoeardiua was often also affooted and aural
tliroslai were scawtiaus present on the andocardluat. Sljtllar changes wore found
in the skeletal ausela around the lateral line, particularly in red aniaele

fibres, but also in ths rest of the body auseulature. Scow fish showed a



CibrM, but also in tba rsst of tho body wisoulaturo. tOM fish shouod a
alaiXar dogonaration of oosophagaal maola. Kant and liaton (I*t7) notad a
Kild, dIffuaa apioarditla in fish with PO fxoa tha waatarn Onltad Statas and
Palaar (IPIl) raootdad parioarditia and oallular Infiltration of tho
myoaardiua aasoeiatad with a nuabar of oaaas of PD fxo> Iraland. In Norway,
~pP* ai. (191P) raportad aawaro doganaration of tho innar spongioua
myooard and ontanaivo daganoration of akalatal auaeloa, togathar with a aild
to aovara opioarditia, in fish with PO in ooineidonoo with an infaotious
pancraatic nooroais virus infaotion. T.Hurphy (porsonal oooMunioation 1991)
obaarvod apioardltla followod by an ineraasa in eallularity of tha agrooardiua,
duo to tho aoouBulation of lyn«>hooytas or ptoliforation of intaroardial oolls,
particularly at tha juneturo of tho spongiona and ooaipaet ayoeardial tissues.
In thsir mild font thasa wora diserata, but thay baocaaa iMrgad in aora savara
casas. Throadaus formation and, in rad skalatal ausola, hyalina daganaration
of nuaola fibras was also obsarvad. Parguson at ai. (191fa) notad that
polymyopathy providad a good axplanation for tha gross offsets of PD. Cardiac
and rad ausela laaions would bo aspoetad to impair swimming ability, whilst
a poor paripharal circulation, compoundad by not damago, could explain injury
to tha skin and fins. 1 1
Cardiac, oasophagaal and skolatal myopathias in association with
axocrina pancraatio dagonaration ware not raoordod by Nunro at ai. (1994) and,
in a further study. Ball at ai. (1997b) datootod no histological avidanco of
cardiac myopathy in PD. NoViear and Nunro (1999) ragardad musclo daganaration
= ijaatxira of tha post-acute pliasa raprasonting a condition secondary to PD.
Bowaver, Ferguson at ai. (199<a,b) proposed that aovara myocardial
doganoration dovalopad simultaneously with pancraatio necrosis and was the
most significant lesion of PD. Thera is little doubt that histological signs
of musola doganaration, howavar cosaon, are not evident in all outbreaks of
PD (A.MoVicar, personal coamninieation 1997). Bioohaad.cal methods have bean
used to dotaet such changas with greater sensitivity and objectivity (section
1.1.2.5), but it ramains unolaar whether myopathy prasants itself to a greater
or lesaar dagrao in ovary caso of PD and is an integral part of tha condition,
or whathor it occurs in soma but not all cases and should bo ragardad as a

complicating factor. n



Cluwia<a in tb* straotur« of tho hoart havo baao notod in aaelta
iBBaillatoly aftar transfar to saawatar (l1.Kodgar, [I.Branaon, paraonal
ooBBoaioationa 19*0) and, although mild and infraquaat, waro alao obaorvod in
tbo haarta of apparantly baalthy aala»n during atudiaa on FD (Farguaon at ai.

fha pathologioal aignifioanoa of aueb ohangaa ia unoartaln. Tha fiab

knoan to undargo rapid and larga aoala atruetural ohangaa during tha
oouraa of noraal growth, (Farrall at ai. !»ee), in raaponaa to ohangaa in
ta™™atura (Farrall 19S7), diat (Farrall at ai. 199C) auatainad or «“raaaad
axareiaa (TotUnd at ai. 1917; Boulihan at ai. 1998), and during aaturation
(Robartaon at ai. 19C1] Farrall at ai. 1989), ao it aay ba difficult to
dlatinguiah batwaan phyaiologieal and pathologioal raaponaaa.

Raoant clinical obaarvationa auggaat that ayopathiaa can ba aaaooiatad
with all phaaaa, pracading, accoapanying or aucoaading KPO (T-Murphy,
B.Branaon, paraonal ocaaninicationa 1991). In routina aai”™laa whara ayepathy
waa notad prior to oxoorlna pancroatlo daganaration Ita aawarity Invariably
ineraaaad during tba pariod of panoraatio naoroaia (T-Murphy, paraonal
ooMBunicatlon 1991). That tho aavara changoa obaarvad in aaaooiation with FD
aro of pathologioal aignificanoa ia auggoatod by tha Inoroaaad laval of

IBortality notad during a nuab*r jof FO outbroalca with aoooapanylng
oardioayopathy (Falaar 1988). "8uddan daath ayndroao® wan raoantly raoogniaad
on a nuBbar of faiaa in Zraland (T.Murphy, paraonal coBBunication 1991), and
alao in Scotland (B-Branaon, paraonal coaaninication 1991). Thia condition
typically affacta fiah about 8 waaica aftar an outbraalc of FD and raaulta in
aortalitiaa aw>ng activaly faading fiah in good condition. Oon
hiatopathological axaBination, affaotad fiah ahowad raganaration of acinar
tiaaua with focal pancreatic fibroaia, only Bodarata oardicByopathy, axtanaiva
rod alcalatal aniaela daganaratlon and laalona in tho auaoloa of tho paotoral
flna and gill covara (T-Murphy, paraonal ocaaninioation 1991). Folyayopathy in
tha abaanea of axoorlna pancraatic daganaration ocoura raraly in lraland and
Scotland (B.Bodgar, B.Branaon, poraonal ccaaninicatlona 1991). in Norway, a
condition known aa "CardloByopathy ayndroBO® (CMS) haa boon doaoribod (Bain
and Traati 1988; Farguaon at ai. 1988, 1990). In CMS, aavara doganaration of
;tha oardiac and akolatal auaola laada to high Mortality typically aaong oldar

(1 or 2 aoa-wintar) fiah with no hiatory or avldaneo of BFD. Foppo at ai.



(**») and Faryuaon «t ai. (1990) ooagparad oardlae ayopathlaa asaoolatad with
FD to tboao of CMS. hltbough thoao oondltions ara both ellaioally and
pathologloally diatioet, a eaaaon aatlology oaaaot yat ba tolad oat (Forgaaon
at oi. 1990).

Mhathar tha daganaratlva ohangaa In paaoraaa and aoaela bava a oeonon
(caisisisisid %diathar thay ara dua to Indapandant faetora and raault freot
diffarant diaaaaa proeaaaaa la not known. Tharafora, la tha abaanoa of

naeroala, blatologleal avldanoa of macia daganaration la probably
not a aaffleiantly apaelflo faatura of PD on which to baaa a dlagnoala.
mavarthalaaa, wfaathar or not macia daganaration la a oonalatant foatora of
PD, the occurranoa of aavara macia daganaration my affaot the prognoala of

an outbreak and ahould tharafora ba routinaly avaluatad.

Other hiatopathoiogicai changaa
A wide variety of aacondary pathologlaa, praaumbly raaulting froa

~Na affacta of mtabollc change, atarvatlon and Intarcurrant dlamaa, have
baan reported in aaaoclatlon with PD. For exaapla, injoriaa to the liver,
*7* and intaatina have repeatedly occurred together with PD on
individual altea (Nunro at ai. 1984; 7~)f9uaon at ai. 1986b; Nevicar 1987; Kant
and Blaton 1987). Nevicar (1987) regarded thaaa aa atypical. Nunro at ai.
(1984) daaeribad large aocainophilic bodlaa within hapatocytaa of fiah with PD,
and Farguaon at ai. (1986b) reported mlti-foeal to foeally astenalve liver
damge In flah with PD, but nalthar attached any pathological algnifieanee to
thaaa ehangoa. Inteatlnal daganaration aaooeiatad with PD waa noted by Kant
and Blaton (1987). Daganaration of tha inteatinal collagen layer haa baan
obaarvad pravioualy in atudiaa on flah with PD (P.Southgate, paraonal
coamuication 1991), but ia not a oonaiatant finding (R.Reaea, N.Roy,
unpubliahod obaarvatlona). Nunro at ai. (1984) obaarvad aodarata leucocyte
hypvKplaaia in tha head and add-kldnay, occurring towarda tha and of tha acuta
phaaa of PD, poaalbly in raaponao to pancreatic daganaration. Poppa at ai.
(1989) daacribad a aavara hypopUala of the raapiratory eplthalluB, goblet
proliferation and fualon of aacondary lamilaa in tha gilla of fiah
vollaetad during an outbreak of PD in Norway. Charaoteriatie "aunbum calla®

bava alee been obaarvad in fiah with PD auffaring uv-induead intaguaental









naeresl™  (le eallad ar laaioa ayndreaw") (T.Mirphy, pMraonal

eoMMiBloatlon
1.1.3.3 Oreaa elialoal signa

Nsxtai ity

Tha lavsl of aortality rasultiag dirsotly fro« FO was ragardad by Huaro
at MI. (1M4) to ba low, and NoViear and Nunre (19S») oonsidarad Morbidity aa
a raault of laersasad suseagtlbility to ssoondary diaaasa to ba wariabls (sao
maotion 1.1.9.1). ixoaadiagly high Mortality/Morbidity ratas haws basa
oonnaotad with PD sntootloa ia Zralaad and Norway (Poppa at ai.
B.Rodgar, T.Poppa, parsoaal eoMMunleations 19tl), but whathar aa a diraet
raault of PD or dua to saoondary factors is not olaar. Parguson at ai. (19tCa)

indioatad that affaotod fish had poor strass tolaranoa in that thay diad

quickly whan nsttod out of tha oaga. Such fish antarad rigor aortia rapidly.

MVbéviour Mad artsrnai appaaraaca

In individual fish, tha gross Manifastationa of PD typically ineluda
anoraxia, dark ooloration and liatloMnoss (Nunre at ai. 1994), but not all
fiih with axoorina paneraatlc dagonsration shew thasa signa (Parguson at ai
1914b; Kant and liston 1997). Aneraxia ooours aarly in tha aeuta phasa and,
within affaotad eagas, a doeraaso in faoding activity la oftan tha first
indication of PD. Znoroanad juMping bidMviour haa baan notad at this tlMs
(Muro at ai. 1994). 9ubsaquantly a nuMbar of nen-faading fiah eaaaa to shoal
and baooaa lothargle, gathering near the surfaoo in tha down-currant oemara
of tha caga, such fish are unable to Maintain either their position or
oriaotatlen and, although thay nay capture food pallets, they than agast thaai.
BMciatlen la a ocaMon feature of outbreaks where racovary ia delayed and
bocenss apparent approxIMatsly 1 Month after tha eassation of feeding
(O.Mitohall, personal ceaMunioation 1991). Non-raeovara hannaw aavaraly
aaaciatad and appear darle and aal-llka (fig. 1.4). Piah with groas signs of
PO often suffer aredad and uloaratad skin and fins, an ineraasad lica burden

and saeendary dlsaasa.
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Xntaniai mppMUTMnam
Intaxnal «xaslnation of aoribimd fish typloaUy ravoala a gut a«pty of
food but oontalning «hito "aloughings®. Nhita faooal oasts aro oasily oboorvad
~ s»all oagaa and oaa givo an indication of othorwiso haxoly notieoablo PD.
In tho aouto phaso, affooted fish aay show a lino of haanocchago botwaan tho
pyloric oaaea (Nunro at aj. 1984) and orythMa of tha panoraas and pari-
pnneraatic fat with pataobial haiaorrhaga in thasa tissuas (lalX at aJ. 19S7h;
Kant and listén 1987). Frank haaaorrhagas astandlng through tha intMtino wara
notad by Xont and Elston (1987) in a saall proportion of affaotod fish.
Atrophy of visoaral fat occurs if rocovory is dalayod. Rasuaption of noraal
locoaotory activity, accuanilation of fat and an inoraaso inwoight

and condition factor ara signs of rooovory.
1.1.2.4 Baoaatology

Munro at al. (1984) raportad that, in fish with PD, haasMtocrits and

arythrocyta anrphology wara apparantly noxsuil.

1.1.2.9 Biochaaistry

Ll
Panoroatio anryaas

Panoraatio onsyaa assays havo boon usad to datact PD on fish fama
without raeoursa to histology (T.0"Hara, parsonal coaaunication 1989). Trypsin
datarainations on hoaoganisad pyloric caaca bava shown a oorralation batwaan
tha oeeurranca of BPD and vary low trypsin activity. This observation supports
that asocrlna pancraatio daganaratlon is ccsvlate in affaotad fish,
but such tests do not provide an aarly indication of PD (D.Houlihan, personal
ooMunleation 1991). Nomal trypsin activities are achieved with only sparse

reganaratlon of panoraas (NcVlcar 198S).

EuMym» indieators ot ayodsgwnaration
Ferguson et al. (1986b) raportad an incraasa in plaaaw ematina
P®"'P**@kinase (CPK) aotivity in flsb sbowing ohronie daganaration and rapair

ot tha haart and skalatal wiaela in aasoolation with PD. Ball et ai. (1987b)
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rsportad that plasaa pyruvata klaaaa (PX) aotivity %ma alao Ineraaaad in an
outbraak showing no hiatologloal awldanoa of oardlae ayopathy. Both CPX and
PK haws baan uasd aa Indleators of auaola dagansration in various spaoisa
(Xyldgaaxd-Jansan 1977; Maohlin at ai. 197t] Chan and Lin 1»«0] Lang IPtl;
Chan at ai. 19t3). Parguson at ai. <199Cb) Intsspratad plassa CPX slavatlon
in PD to bs aa Indication of the opaoiflo oatdlao and rad skalstal Busels
laalons obaarvad hlstologloally and. In favour of this, CPK aotlvltias
appaarad to ba alsvatsd to siadlar dagraas in fish shotdng polysyopathy
ragardlaaa of whathar or not they axhlbltad groat tigna of PD (Parguaon at ai.
199Cb). Bowavar, Ball at ai. (1997b) ragardad ths Inersaas in plaaaw PK to ba
a aign of tba ineiplant, ganaral loaa of auaola bulk during tha proosaa of
auoiatlon, although fiah taatad ware in ths sarly atagaa of PD. Bvidanoa to
support this intarpratation waa gatharad frati alaetrophoratio PX iaoayss
analyaia. Ths raaulta indioatsd that tha bulk of plaaaw PX waa of tbs N-typa
iaosysa aaumating priauirily frost akalatal autola (both whits and rad).
Howavar, ths alsotropboratlc iaosysM profila typical of heart nuaola any bava

baan awaksd rathar than abaant (Bell at ai. 1997b).

Other indioatora of tisane dasag4 |

Tha activity of asms glutaaMta dahydroganaae, a sltoobondrial-bound
ansyaw ralaaaad during tiaaua daaaga, waa oonaiatantly slavatad in faread flah
with PD, but not in exparisantal fiah with Induosd PD. tarus C-raaetiva
protein aetivitlsa wars variabla and ahowad no oonaiatant chango in fiah with

PD (A-.Nevicar, paraonal cooBMinicatlon 1997).

nutritional status

Thora ia no publisbad Infonaation on tha body eoavoaition of flab with
PD and Mat Inforawtlon on tha nutritional statua of affaotad fish cosaa froa
bloehaodoal analysis of the plaaaa and liver. Plassa protein eoneentrations
ara eonsiatantly roduoad in fish with acute PD. Nunro at ai. (1994) found that
lossas ware prisarily in tha alaetrophoretieally fast snving, aauill aolaoular
weight, albuadn fraction, whilst Parguaon at ai. (1999b) found that both
albuadn and globulin fractions ware daplatod. Plassa protein eoneontrations

ware not raduead in feeding fish with «»orina panoroatio doganaratlon and
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polyqgrop*~y> ladieatiag that plaaaa pcotala 4«pl«tioa say b* dna te aaoraxia
assooiatad with po (Parguson at ai. 19SCb). Bowaivar, Nuare at ml. (19P4)
Buggaatad that thaaa losaaa wara graatar than eouU ba asplaiaad by anoraxia.
Faaeal protaia eeaeaatratioaa aay laeraaaa la flab with aouta PD (T. O"lara,
paraeaal oaaanialoatioa 1987), praauauibly aa a raault of aalabaorptloa dua to
paaoraatlo laaafflolaaoy.

Vlitaaia | aoooaotratloaa hava baaa fouad to ba raduead la tha plaaaui aad
Ilvar (ParguBoa at ml. 1986b) aad alao tha wblta auaela (Ball at ml. 1987b)
of flah with PD. Parguaoa at ai. (1986b) ladloatad that Ilvar fatty aold
profllaa wara uaebaagad, which auggaata that laoraaaad ooaocaatratloaa of
polyuaaaturatad fatty add ara not raapoaalbla for vitaala B daplatloa.
Purthar eeaaldaratloa to tba rola of vitaala B la PD la glvaa la chaptar 4.
Parguaoa at ai. (1986b) alao found aalanlua ooneantratlona to ba raduoad la
tha plaaaa aad llvar of flah with PD. Tha aalano-aaayaM glutathlona paroxldaaa
(CPX) la a fuactloaal Indicator of aalanlua atatua (Kotruolc at ml. 1973).
Brythrooyta OPX aotlvltlaa wara raducad In flah with ovart PD, but not la flah
with no groaa clinical aigna, and aay tharafora ba dua to aaoraxia (Forguaon
at ai. 1986b). Ball at ai. (1987b) found plaaaa GPX activity to ba noraal, but
Ilvar Qtx waa algnificaatly lowap li] flab with PD.

Nlaarai bmlmaom
Plaaaa ooneantratlona of calclua, aagnaalua and plwaphata wara llttla
cbaagad in affaotad flah (Farguaon at ai. 1986b), auggaatlng no loaa of

oaaoragulatory ability in PD.

Xhdooriaa iavoivaaaat

Uvar glyeogaa conoantratlona ara raduoad la flah with PD aad aaaoiatlon
oooura rapidly. Thaaa faaturaa aay alaply ba aa a raault of atarvation.
hltamatlvaly, it haa boon auggaatad that thay ara Indicativa of a diabatic
Btata alnca tha paaoraatic boraona inaulln la known to ba Involvad la hapatlo
glyeogan dapoaltlon and othar catabolic procaaaaa (Chriatlaaaan aad Klungaayr
1987). Bowavar, thara la no conalatant hlatologloal avldaaea of ehaaga la tha
andoorlaa paaeraaa aad plaaaw Inaulln oonoantratloaa ara not radoood la PD

(B.Baynard, paraonal ccaamnicatlon 1991).
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1.1.3 Bpliootleloov

So m apiBoetiolegleal infoxaatioB b«« bMa dwivad trom oaa* studiaa
(Mevlear 1*i7). Siaea raeorda of ellnieal diaaaaa aay not raflaot sub-ollaloal

traoda thaaa flodinga aort ba traatad witb caution.
1.1.3.1 Saegraphloal dlatribotlon and praaalanea

PO «ma flrat raeofniaad In lootland In 1976 (Nevicar 1997), but It aay
bava baan praaant alnea at laaat 1972 aa “ovar-wlntar runtlnp ajnilmaa® (Anca
1989). Tba condition baa alno baan daaerlbad In <lab frca lIraland (Palawr
1999), Norway (Poppa 1997), Mortb Aaarlca (Naatam aaaboard) (Kant and llaton

~*n+000 (Atlantic eoaat) (P.Baudln-Lauraneln, paraonal ecaminleatlon
1991), 9pala (Oallela) (J.Barja, paraonal ooaaninloatlon 1990) Baglaad
(A_.HoVIcar, paraonal eoMunleatlon 1990). WItbIln Aootland, oaaaa bava baan
raoordad frca all parta ot tba nortb and waat eoaata (Mortbam lalaa and
Babrldaa to Clyda) (Nevicar 1987). Tba nuNbar of canoa Inoraaaod atoadlly
I*tvaen 1993 and 1987 In lina wltb tba growtb In nuabor of altaa ovar tbls
porlod (tabla 1.2). In lraland, thja condition «aa flrat raoordad In 1984. Ita
iBoldanoo Inoroaaad drawitleally batwoan 1984 and 1997 (tabla 1.2) and batvaan
1997 and 1990 an aatIMtad 75-95% of altaa, la all araaa, baoaM affaotad aaeb
yaar (T.Nurphy, paraonal eoaaninleatlon 1991). In Korvay, PO «aa flrat
rooognlaad in 1995 (Poppa 1997) and la no« wldoaproad. Ita aarllor praaaneo
may liava baan Naalcad by tba axtanalvo oecurraneo of "Bltra® diaaaaa (Bgldlua
at ai. 1991) (T.Poppa, paraonal eoMunloatlon 1991). PD «aa roeognlaod In
Bortb AMTlea In 1996 (Kant and Blaton 1997) and la ballovod to bava oeourrod

la Fraaoa alaoa 1986 and In Bpaln alnea 1999.
1.1.3.3 9paelos and atraln auacoptlblllty

PD eoNwnly oeeurs In farMd Atlantic aaliwa. Ho canoa bava baan
raeerdad la %d.ld Atlantic aalaon or farai aaa-trout (smimo trutta), or la
ralnbow treut (Oaoorbyaobua agpbiaa), oltbar wild or farMd, avaa «han bold on

Fioke «ita aa affaotad Atlantic aalaon. Itacaatly, liowovar, tba ooadltlon
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*akl« l.a. Bbom oasas of tB la aootlaaf aa4 Xcalaai I1tTS-1MO

Botai rlgnras in paraathaaas snhw nuabars of PO ootbraaka aa a pareantaao of tha
total nabar of oparatloaal marino aalaon faxaa.

been raportod in smlmo trutta fanaad in aaa-capoa In Franco (F.Baodln-
Laurancin, paraonal coamnieation 19*1). PalaMr (1998) auggoatad that—

apiiootiologlcal data Indleatad dlffaroneaa in atraln auaeaptibility, but thla

1.1.3.3 Kalationablp to aacina anviromaont

haa yat to ba variflad.

Ondar natural conditiona, PD appaara to hava baan raatrletad to tha
aaawatar growth phaaa and ia abaant from fraahwatar hateharlaa and aaolt
,production aitaa (Nevicar 1987) and indaad iroa fraahwatar ongrowing
(landloe)cod aalwn) oparationa. Howavor, PD haa baan induead Mpariaantally
in Atlantic aalaon parr in fraahwatar (aaa aaotion 1.1.4.3) and thara la — t
ooneam that it may ba introduead into fraahwatar faraw through aovaaanta of

affaetad broodatoclc.
1.1.3.4 Ralationahip to aaaaon and ago of fiah

J Ongoing PD haa baan racogniaad throughout tha yaar, but NeVioar (1987)
jfound that tha Bajority of now oaaaa oeeurrad batwaan 3 and 10 aontha aftar

Jjtxanafor to aaawatar. Raw outbraalca ara rarai batwaan MovMdsar and March, but
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this «baane* aay b« du« te = Uek of deteetlon, the appetite of healthy fish
being low at this tiae of year. The praoise tiaiag of an outbreak has on —
eooasiens bean related to the data of transfer to seawater. The results of a
survey of outbreaks at several sites suggested that the severity of PD was
linked to its tiaing (D-Nitohall, personal nnaannlcation IHI). Outbreaks
earlier in the year showed quick recovery, whilst outbreaks in the lata autuan
or winter wore protracted.

Casas are aost frequent aaong fish in their first year in seawater, but
one and even two sea-winter fish have baooaw affaeted, partloularly on the
first outbreak at a site. Under «cpariaantal eonditions, parr appear to be
wore susoaptible to exocrine pancreatic degeneration than aaolts (section
1.1.4.3), but soae anecdotal avidaooe suggests that larger, faster growing

fish are aore prone to PD.
1.1.3.S Taaporal and spatial variability

NoVicar (1937) indicated that the first outbreak at a site appeared to
be a randca occurranoe in old or newly established sites, although the risk
of an outbrsak was increased if oifeei® faras la the vicinity were affected.
Repeat saapliag showed that PD developed in newly-stocked saalt populations
each year thereafter, exceptions having been sites which have operated a
fallow period before the introduction of now stock and an onshore tank site
where fish ware held separately and tanks disinfected. This study recorded
that PD did not recur in the previously affected population and also indicated
that the severity of outbreaks, in tens of their duration and the nuwber of
affected fish, showed considerable site to site and year to year variability.

NeVioar (19t7) also noted that clinical disease affected different cage
populations on any one site to different degreee and at different tisMS, and
proposed that the cage rather than the site or water body could be regarded
as an epidawiologieal unit. NcVicar and Minro (19DP) found that, within a cage
population, all fish showed signs of esoorino pathology, but fewer showed
oeaplete enocrine pancreatic degeneration, other studies have found that the
inajorlty of fish in an affsotad cage showed IPD, but fewer showed gross signs

jof PD (Monro at ai. 19t4> Ferguson et si. [1f9Ca,b).
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Xu an affaotad eagm, many fish aay davslep sipas of FD rapidly and
synohxenoosly and nay also roeovory togotbar, altosnatlvaly ladiTldoals nay
daisolop and raoovar tram tha offsets of tho oondltion la prograssion.
Similarly, dIffaraat oaga populations on a farm may dsvolop ro la uaisoa or
at dIffarant tlmoa. Bouavor, soma cages may remain unaffoetod whilst others

baoomo affaetod.
1«1*3.Ff Relationship with features of site and husbandry praotloos

The posslbla importance of socoadary factors and la particular of tho
role of stress in susceptibility to, and tho expression, duration and sewarlty
of an outbreak of PD, is apparent from data obtained from case studies.
Kiwironaental factors which may affect tho course of an outbreak are
and 1iaelude exposure to strong currants, Jlow aaliaity flusbas, storms,
predators, pathogans and net-fooling organisms (HoVioar !>e<, 19*7; MeVioar
and Munro 1989). Husbandry-related factors auky be equally important. Delay la
olaaaiag nets, treating disease or deterring predators, handling, exposure to
toxins (eg. TBT-basod antifoulants), and the use of poor quality food and
@ ~*+r*nx*n pellets, hawa all bean iiiplibatod in recent outbreaks of PD (NeVicar
198«, 1987» McViear and Nunro 1989). Kent and Blston (1987)
transport trauma and Cytopbaga-Flaxibaetar infection as possible stressors
precipitating an outbreak of PD in the United States. In Scotland, use of tha
sea-lice treatment "hqoaguard®™ has been linked to the expression of overt
disease (D.Mitchell, personal eoanninication 1991).

Overfeeding has been linked to outbreaks of PD. Paras which fed fish
either continuously, or more than 6 tiasa per day, at rates greater than the
that required to maximise the specific growth rate, were more seriously
.eiicoted by the condition than sites where feeding was more closely regulated
1 (T.0"Bara, personal communioatlon 1987). Anecdotal evidence suggests that,
lalthough strong currants can exacerbate PD, sites which have good water
exchange nay escape tha condition in soaw years,

i Husbandry-relatad factors nay explain geographical variability in tha
P*»»8lc«>oc of PO. In Ireland the use of more exposed, offshore sites, higher

tonperaturos, tha practice of holding hevoral yaar classes on one site,

17



ua* of bighar atoeklng donsltloa and fooding ratas and of T"high anargy® dlats
throughout tha firat aaa-yaar aay ba llnkad to tha graatar fraguanoy and

aaaarlty of outbraaks (T.Murphy« paraonal nnaamnicatlon

1.1.3.7 Ralationahip with phyaiologieal atata of flab

mxpariaantal avldanoa of tba iaportanea of atraaa in PD ia lacking.
Traataant of fiah with tha aynthatie corticoataroid daxaaathaaona, prior to
challanga, had no algnifieant affaot on tha prawalanoa of axpariaantally-
induead IPD (R.Maynard, unpubliabad obaarvationa IfWP). Bowawar, a
ralationahip with nutritional atata baa baan daaonatratad. Maynard at ai.
(1991) abowad that flah with low tlaaua vitaain B eoneantrationa wara
aignlfioantly a»ra auaeaptibla to axpariaantally-induead BPD than flah with
higbar tlaaua vitaadji B oonoantrationa, and in tha aaaa atudy, an ineraaaad
auaeaptibility in flab fad a diat low in polyunaaturatad fatty aoida waa alao

daBonatratad. Tha aaohanlaaa of thia action warn unknown.

1.1.4 Aatioloov

Nunro at ai. (1994), Farguaon™at ai. (19Sfa,b) and NoVicar (1997)
conaldarad poaaibla cauaaa of axocrina paneraatic dagmaration in PD. Nunro
at ai. (1994) notad tliat whilat tha apiaootiological data waa conaiatant with
an infaotioua aatlology, tha patliological findinga wara a»ra typical of a

toxic affect or nutritional daflciancy.

1.1.4.1 Toxina

Nunro at ai. (1994) notad that diffuaa pancraatie nacroaia ia a coaBun
raaponaa to toxina, both natural and BBn-auida. Toxina cauaing panoraatie
naoroaia in fiah include diaael oil (Solangl and Ovaratraat 1992; Polxiar at
ai. 1999), Whilat in howaotharaa, nuaaroua toxic agenta ara lcnomn cr auapactad
to induce acinar call daiBga or nacroaia (lI,ongnaoker 1992). Bowavar, tha once

only oocurronoo of PD within individual fiah ia not typical of toxicity.
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1.1.4.2 Nutrition

etnrratioa nay raault In panoraatie atrophy in mamm fish apoeiM
(O"Connall 1*74). Nana (1935) obsarvad (aoaatiaMs ooaplata) paneraatle
dagaaaration in rainbow trout fad 100t baaf livar or 100« pip aploan, and
Donaldaon (1943) raoordad panoraatie daganaratlon in ehinoolc aal«on
(Oaaorbynehua taohaaytaoha) flngarllnga fad naat-baaad diata containing 20«
aalaon oil, but in both of thaaa atudlaa tha factor raaponaibla waa not
datarainad. In hoaaathaiaa, both ceppar dafieianoy and aino toxielty raault
in panoraatio naoreaia (Dublok at ai. 1999; LO and Ceaba 199«). Thaaa faotora
hava not baan aicaadnad in ralation to tba davalopaant of paneraaa diaaaaa in
aalaon.

Farguaon at ai. (1994a,b) indieatad that both auaola daganaratlon and
paneraatie naeroaia vara typical of vitaain B-aalaniua daficianey. Oriaa and
Soott (1972) induced atrophy and fibroaia of the axoorina paneraaa
(nutritional pancraatic atrophy, MPA) in chicka by faading aalaniun-dafioiant,
(but vltaadn B-adaguata) axpariomtal diata, to blrda hatchad frea agga of
aalanluB-daplatad brood hana. Bowavar, Satart at ai. (1999) vara unabla to
induca MPA in aalaniua-daficiant chieka without talaniun daplation in ovo. MPA
in obloka waa oonaidarad to bo puraly a aalaniun-rolatod condition, until
Mhitaora at ai. (1997) daa»natratad that it trtaa alao pravantad by high-loval
vitaain B aupplaaantation, and praaantad furthor raaulta conalatant with tho
hypothaaia t)iat tho condition waa dua to paroxldativo aaabrana dagonaration.

Bxoerlna paneraatle dogonoration haa alao boon notad in rata fad vitaain
B-aalaniua dafielant diata (Skjaarlund 1999), but pancraatie naeroaia haa not
baan raoordad in axporlaantal atudiaa on tha affaota of alaplo vltaadn B
daflelmoy in Atlantic aalaon parr or anolta (aaa aaotion 1.2.5.2 and chapter
4), or vitaain B-aolaniua dafieloney in parr (Ball, Nevicar, Mitehall and
Cowoy, unp\ibllahad). Baloniua doficiancy waa not reported to eauaa pancroatle
atrophy in rainbow trout (Milton at ai. 1990} Boll at ai. 1994) or in Atlantic
salaon in fraahwatar (Poaton at ai. 1974), and although Ball at ai. (1997a)
noted ultraatruetural changaa in tha paneraaa of aalanlun-dofioiont Atlantic
aalaun parr, thoaa in no way roaaaiblad tha loaion oharaetariatie of PD. Tho

etfaeta of aelaniun, or eoausinad vltanin B-aaleniun, dafleianey in aalaon
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tvemad in tb« aaria* «nvlroiiaMit haa not baao «caaiaad. eolaaliai dofielaaoy
aay ba difficult to induoa in aaawatar ainea aalaoaid fiab oan aoeuaulata
watarborna, inorganic aalaniua (Bodaon at ai. IftC). Ball and Couay (19B9)
atudiad tba digaatibility and bioaaailablllty of dietary aalaaiua for Atlantic
aalaoa poat-aaolta frea varioua aourcaa and concluded that flabaaal baaed
dlata would generally provide auffioimt aalaniua to aatiafy tbe nutritional
raquiraaanta of aala»n. Thia la aupportad by tba field data of Farguaon at ai.
(1996b) and Ball at ai. (997b) ubicb indicated that tlaaua aalaniua
concantrationa and glutatblona paroxldaae actlvitlaa ware not diainiabad, even

in fiab wltb PO.
1.1.4.3 Infection

A_NcVicar and collaaguaa (Marina Laboratory, Aberdeen) liava gatbarad
data froa caaa atudlaa, tranaaiaaion triala and laboratory testa utaich
indicata that exocrine pancreatic daganaration in PD ia dua to an infactioua
agent, probably a virua (MoVicar 1996, 1997, 1990} McVicar and Nunro 1997,
1999). Bowavar, tbe extant to which thla agent ia involved in tbe pathogenaaia

of PD ia unicnowmn. I

EpiMootiology

NcVloar (1997) ragardad aavaral faaturea of tba apiaootiology of PD to
iAdicata the involvaaMnt of an infaotioua agent. Tba annual raourranca of PD
on pravloualy affected aitaa, and the incraaaad riak of PD in fiah bald in tba
vicinity of affacted or racovared atock (for axaaiplo different yaar claaaea
on a farm, different aitaa in a watar body), ia conalatant with tranaaiaaion
of an infactioua agent froai carrier populationa. Indeed in cna atudy, tbha
pattern of davalopaMnt of PD at five aitaa within a aingla aaa-loch appaarad
to show the spread of PD frea a single site (0.Aae, personal ....... at Inn
1997). Thla intarpratation is supported by the apparent introduction of PD to
om» faras by stock aovaaants and the affactivmass of fallowing as a ———
of aliainatlon on aoaa sites (MeVioar and Munro 1997). The laportanoa of
atraaa in the praolpltation of overt PD la typical, but not exclusively a

feature, of infaotious disease. Finally, tbd apparent lack of raourrmoe of
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PO In pravloualy affaotad indlvtdunls any indloata =oqulrnd protaotion towazds
an Infaetious agaat.

tinea all aaawatar aitaa ara baliavad to ba aqually at rlak, thara baing
no apparant oorralatlon batman oeourranom of tha condition and souzoa of
aaolt oz any aapaot of tba fzoabwataz pfaaaa of production (MeVioaz I»t7), po
>»m b««» auggastad to inmlva an infaetioua agant of natural and eoaaopolitan

mazina origin (Nevicar 19t7; Kant and Blaton 1987).

Zranaaiaaion

Xn 1985, tha induction of «coorina paneraatio daganaration in
axpariamtal stock waa aohiavad by transaiasion, via affluent mtar, froai fish
with PD (Nevicar 198C, 1987). tiailar raaults «tara latar obtainad by
cohabiting affactad fish in tanks with axpariasntal fish stock. Although the
pravalanoa of BPO %ns variable and recovery rapid, sueeassful tranaadnsion
strongly supported tha hypothesis of an infaotious aetiology and was also an
iaportant stop towards the devalopacent of axparlaantal a»dals of tha
condition.

Nevicar and Nunro (1988) and Nevicar (1990) deaoribad a proeadura for
the induction of SPO by Injaetion ~f Material fresi affaetad fans populations
into axpariaantal stock. Using this prooadura, KPD was sueoassfully induead
on at least 8 separata occasions (Nevicar and Nunro 1988). Although thara was
no history of natural PO at tha axpariaental site, parr in freshwater mra
routinely used as tha raeipiant aniaals in these studies to alisdnate tha
possibility that a watar-boma agant was rasponsibla for tha apparant affaets

traataant. In addition, ehallangas mra repeated to verify tha findings
using post-saolts in seamtar. Kidney tissue frost faraad fish with PD was
oollaotad asaptieally, hosoganisad in starila phosphate-buffered saline (Icl0)
and siavad through a 100 Juaaash to raanva fibrous aatarial (Nevicar 1990).
Kidney frea donor fish in tha early stages of the acuta phase of PD ms found
to Nost successfully induce BPD (Nevicar and Nunro 1987). A standard dosa of
0.02 al of kidney hoaoganata ms injected intra-paritonaally into parr and 0.1
al into aaolts. Control groups mra challenged with kidney hoswganata prepared
“froa healthy fish. Typically, 200 fish wsra usad in each trial and 10 parr or

5-S »Nolts axaainad at weakly intervals for avidenea of EPD. Positive raaults
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war* raooxdad only «han IPD «aa judgad total and eoa”lata (MoVloar and Munro
19tl) MeVloar 1990). Mora raoantly a atandardiiad doaa, baaad on tho protaln
eontant ot tbm boaoganata, haa boan utlliaad. Uaing thia aatbod, a doaa-
raaponaa atudy abowad that tha proportion of fiah davaloping 00 could ba
to tha aita of ohallongo, but that tho raaponao waa highly variablo,
particularly at high doaaa (R-Raynard, paraonal eoonnuieation 1991).
Initial atudiaa of tho timo oouraa of onpariBantally-induead panoroatie
nacrooia daHonatratod tho rapid induction of thia condition. Som Ffioh
davalopod H9D within S-10 days of ehallanga, and 40-100% of tho ohallangad
fiah (both parr and aaolta) bocaM affaotad within 20-30 days. Pancraatic
roganaration waa rocordad in all aaolts within 1-3 aontha, but in parr
outbroalco wars aors protraotad with 30-501 baing atill affaotod 3-5
aftar challsnga (Nevicar and Hunro 190S, 1989; Nevicar 1990). Sueeasoful
pasaaga botwoan axparlaontal fish has boan aehiavad by injaction and by
cohabitation in froshwatar and saawatar (Nevicar and Nunro 19SS).
tibien and Munro (1988) also axaaiinad tha transaiasibility of 0D at
~Ni**«tant stages in tha dovaloinant of tha condition. In parr, paasaga by
injection could ba achiavad 10-28 days aftar tha initial ehallonga, but at 34
<**ya thia was unsueeassful. In sa»lts,| passags was posaibla at 14, but not 15
or 28, daya. Passaga by cohabitation was aobiavad in freshwater up to 16, but
not at 48 or 68, daya (Nevicar and Nunro 1988). Thasa results indicate that
tranasiasibility ia reduced later in tha course of disease. Taaparatura
Llalela O «1*0 studied by Nevicar and Munro (1988). At 13.5*C, 50% of fish
ohallangad davalopad 0D at 10 days and 100% by 15 days; at 97, 10% davalopad
0D at 12 daya and 60% at 26 days; whilst at 6.5*C none had davalopad 00 by
29 days and 30% at 45 days. This taatparatura dependant prograasion could
axplain tha apparent absencs of new cases of PO during the winter aonths. Tha
activity of tho Infactivo aatarial was found to ba retained aftar froaslng in
liquid nitrogen (Nevicar and Nunro 1908) and this haa allowed tha collaetion
of a pool of )cidnoy hcaoganata enabling tha ohallanga to ba atandardisad.
through 0.22 pa aash was carried out to raaove bacteria, but the
filtrate ratalnad its activity (Nevicar and Nunro 1988).
laportant features of the oxpariMntally induced paneroatlc condition

which indicate that this condition is tho ssm as occurs in PO ara that;
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a) it ooourrad la fiah ehallangad with aatarial ircm fish with PD, or ioduead
KPO, but not in controls injaotad with aithsr salias or kidnsy hoaogsnats tgom
i>MIthy anlaalsi b) the ganaralissd panersatio nserosis was histologioally
idsntioal to the paneroatio Ission ebaraotsristio of FD} e) slsotroa
miorosoopy has wisualiasd siadlar virus-liks inoXuaions in tils eytoplaaa of
panorsatio tissue Tfroa affootsd farm stock and in kidnay tissue froa
expwiMntal fish with induced BPD (NoVioar and Nunro IPS*).

Inoonsistanoies between the aspariaental and elinioal conditions which
raaain to be resolved are thati a) gross olinieal signs nay not davalop,
although aaaoiation has been noted in prolonged studies| b) no assoeiated
lesions have been consistently observed (in particular of the heart and
skeletal ausele); c) no evidence of any infectious agent is regularly seen in
histologioal preparations examined by light adorosoopy; d) no pathology is

observed in the kidnay although the agent may be In rasidanoa.

Control
There is seas evidence that axparlmantal fish, once ohallangad, acquire
resistance to subsequent challange (0.Houghton, personal cnemunleation 1991).

This establishes the possibility tllat Vaccines may be developed to prevent PD.

Identity of the propommd infectious agent

Nunro et ml, (1994) discounted the possibility of any aatiologioal
i“uNationsbip between PD and other known viral conditions causing pancreatic
pathology in fishes, due to differences in the pathology, microbiology and
apisootiology (Roberts 1989).

Ivamination of electron sdcrographs showing the presence of vlrus-like
partidles Indicated that these ware 60-62 nm in diameter, probably icosabodral
sin shape and located within largo cytoplasmic vacuole-like structures. Mo
areas of replication were located and the cells in which the particles were
found were altered to such an extent that it was not possible to indicate
Iwhich oell type was involved (MeVicar and Nunro 1989).

Despite many attaa™ts, no agent has bean repeatedly isoUtad froa fish
|with PD, characterised, cultured, dawnstrated to reproduce the condition, and

|than re-isolated from exparlmantally-affa®ad fish (Munro at ai. 1984}
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m_Frarieha, paraonal eocaanmlcatlon 19*7; D.aaail, paraonaX rnwimliiil Inn 1991;
T.Murpby, paraonal ooMuiloation 1991). Thua tha eoaslatant oeourraaea of any
agant in PD cannot ba daannatratad and ita prlaary rola In tha daralopaMnt of
tha condition cannot bo varifiod.

Pro« tho infomation auanariaod abova, MoVioar (1997) pxopoaad a nodal
for tba patboganaaia of PO on tba baaia that tha condition «aa prlawrily
infootiooa. Thia nodal propoaad that PD raquirod tha Introduction of an

»9«nt froa an unknown narlno aourca. Bowavar, doapito oxtanaiva
MeeM«mtiono, aridonco ragardad aa proof of an infactioua aatiology (la.
fetlfilnont of Koch"a poatulataa) haa not boon forthccadng. Tha aetiology of

tha condition thna ranaina uncartain.
and

Practical infomation on tha poaaibla acononic and ccnnarcial affaota
of an outbreak of PD can ba provided to fainara, but nathoda of prevention and
traatnant cannot be racoaawndad at preaant. Thia ia an araa whara prograaa ia
urgently raquirad. Bconcnically, PD ia one of noat la”rtant diaaaaaa of

aalnon in Scotland, Irelandiaa™ Norway. In Ireland in 19SS, loaaaa dua
to PD ware valued at 1ts.63 nilllon, equivalent to aocaa 3St of annual

production (Anon 19S8).
1.1.5.1 Mortality

Munro at ai. (1984) ragardad tha level of nortality aaaociatad with PD
~  typically about 5%. Additional loaaaa dua to culling of non-racovarara
awiuntad to approxiatataly 15%. Morbidity, aa a raault of
auacaptibility to atreaa and aacondary dlaeaae ia difficult to pradlot, but
likely to bo related to the tinting, duration and aavarity of the PD
outbreak. Since affected fiah fail to feed, diffioultiaa in adainiataring
antibiotica via tha food are likaly to lead to raUtivaly high loaaea froa
aaaily controllablo bacterial diaaaaea. Palaer (1988) daaoribad high
***ANlikiaa in fiah with PD and aaaociatad cardioayopathy. In aoaa racant

caaaa of PD with aaaociatad polyayopathy, aqrtality lavala hava reached 90%.
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K«it and liaton (19t7) raportad a Mortality rata of 27% orar a parlad of 13
waaka In aalaon trith paneraatio naerosia and aild apioardltls and «ara unabla
to dataot any asaooiatad infaction. FD aay intoraet aynarilatloally with

«uch as IF! (Munro 19SS; Mevicar and Mnnro 1919> Poppa at ai. 1989).
Tba aavarity of patbolopy and assooiatad lossas in such casas aay bs graatsr

than axpaotsd as an indapandant coabination of tbasa conditions.
1.1.5.2 Lost growth

Loot production associated with Ilac)c of growth, waight loos and
aaaolation dapands on tha course of the post-acute phase, which varies froa
case to case (HoVlcar and Kunro 1989), and also tha age/aisa of fish affaetod.
Outbraalcs aay have particularly severe effects if they occur during the prias
growing saaaon or second saa-yaar. If regeneration of tha acinar tisana is
rapid (2-4 waalcs), lost growth is ainiaal and indaad there is scae avidanoa
of a subsoquant coagpansatory Incroaso in spocifio growth rata. However, if
regeneration of acinar tissue is slow (up to 3 aonths), oonslderabla weight
loss Bay occur. Such fish aay rasuaa faading and growth but their sisa and
conaaquantly thalr valia at harvest is reduced, alternatively they require a
longer period to reach aarlcot else wibi increased costs in capital, feed and
labour.

DIffarenosa in growth rates aay causa husbandry difficulties. Affected
or recovered fish aay require a different feeding ragiae (quantity and sisa
of food required) and the wide variation in weight creates difficulties at
i*s*est. In addition, affected stocks aay show reduced grilse rates leading
to overcrowding in the second sea-year, saallar fish say be graded out after
recovery or during the grilse grade and grown on in s™arate cages.
Alternatively, these fish aay be culled. Fish showing no signs of regsneratlon
of exoorlne pancreas and resuaption of feeding within 3 aonths are unlllcaly
to recover (NeVlcar and Hunro 1989). Such fish are generally culled since they

provide a reservoir for Infection and are likely to be unaarketable.
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1.1.5.3 Maiuiga

1dMIly, «llaiiiatioii of tho prlaary factor la tha prafarrad aMtbod of
oontrol, but thia la ourrmtly difficult «lvan that tha aatlology of ro la
UBoartala. SlInoa no Infaetloua agent can ha dataetad, tha aourea of any
natural raaarvolr cannot ha Idantlflad and oulllng of earrlara cannot ha
prrnFxkLEN «ny oartalnty. Bowavar, In vlaw of tho propeaad Infactloua
nature of PD, practical and aconoBlc aethoda of oontrol aay Include aaaauraa
to alnIMlaa tho poaalblllty of expoauro. auch aa fallowing of altoa, the uaa
of an all-In, all-out policy, aaparation of yoar-claaaaa, avoiding tha
of affaotad/axpoaad atook onto a alto, dialnfaotion, and tha
aalntananca of dlatanca batwoen altaa. Loglalatlon to raatrlct the amriant
of affaotad fiah aay bo introduced In tha future, but la unlikely to to

tha ollalnation of any infactioua agent if, aa auapoctad, tharo la a natural,

Barino raaorvoir.

Maaauroa to roduco tha iapact of PD aay allow it to ba tolerated without
aliatnation. Zdantlflcatlon and alleviation of atraaa faotora, for axaapla

by tha rapid and offactiva control of Intereurrmt diaocaaaa, tho uao of low
atocking dmaitiaa, regular claapin”™ of nota, m<!<««» hanHUng or aoving,
=" Meptiva predator datarronco, ate. aay alnlaiaa tha aavarity of an outbreak.
Careful oontrol of feeding haa raducad the iapact of PD on momm faraa and haa
tha added benefit of iaproving coat afficlancy (Thorpe at ai. 1990). Pood anat
be readily available, but feeding rataa ahould not ba above thoaa raguirad to
aaxiaiao tha apocific growth rata (Craapton and Jackaon 19911 Auatrmg at ai.
1987> T.0O"Bara, peraonal coaaunication 1987). Several diatinct aaala are
profarable to a conatant input of food, and hand feeding allows finer control
over tha distribution and rata at which pallets are fad. Changes in faadlng
praotlco aay also proaote recovery froa PD. Scaa faraers atarve fish in

tiiaotad cages for a abort period to avoid disturbance to sick Tfish by

eetivaly faadlng fish froa below. Raducod feeding ratas and the use of aaallar
pP*nAn*p* »sy also proBota recovery. Pre-dlgastad or ensyae supplaaMntad fat ««<
: protein souroos and aora digestible, high-guality fish aaals and oils in order
j to ovoreoae pancreatic dysfunction have boon used in seas oasaa. Diets

"oontainlng extra fish oil and other attractants have also bean used to
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encoarmgm <Ish to tmum FfMdIng. Vitamin supplaaMnta to boost diaoaso
rosistaaoo and provont dofioioney, and high lipid diota to provido additional
anorgy, may alM bo bonofieial (Roy 1*»0).

Suob taehnlquaa aro Inappropriato for usa «tian largo ntmribars of fish
rofuaa to food. Caroful monitoring of stock is ossantial in ordar to roaognisa
aarly signs of PD. If PD 1is suspaotad, laboratory vorifioation of tbo
diagnoais oonfizms tba natura of tbo problam, allows an amehanga of
information and draws attontion to any problama whieh may affaet tha savority

of an outbroak.
1.1.S.4 Rasaaroh

Puturo rosoaroh into tba aatiology of PD ia likoly to ba olosaly
with tba davalopmant of tho tranamisaion nodal, to aebiava oonsistant rasnlts
and tharaaftor to daaeribo tha patboganasis of tba asparimantal condition
dafinad conditions. Wiio nodal may ba usaful to study tbo influonoa of
Aists and husbandry praeticaa on tha aavority of PD outbroaks. It is
important to idontify any transmissibla agant in ordar to improvo diagnosis
and confirm tha aotiology of PD. »ha kovolopmont of vaooinas and altaraativa
traatmants nay avontually bo suooassful in roduoing tha problam.
Altamativaly, thora may ba acmo basis for ganotio solaotion to improvo

rosistanoa to PD.

It is important to aseortain tha causa of lasions of tho musola in
association with PD and to datamina any rolationship with othar conditions
farmad salmon, involving similar muaola pathologioa. Thaso inoluda
cardiomyopathy syndromo (Farguson at ai. 1»»0), Bitra disoasa (Pjslstad and
@*F*F*** Poppa at ai. 19Sf) and suddon daatb syndrono, all conditions
which causa significant loasas in coamarcial oparations. It is in ralation to
ths davolopmant of nuscla damaga that tha vitamin I nutrition of farmod salmon

is of eonsidarabla intsrast.
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1.3 yiTAICM « «»TUITIOII
1.3.1 llatorio«!

«le diseevwry ef vitudn i in If22 ms du* to I.N.lvm « vid K.d.BUbep
(Uniwraity oif C«lifornl«) «dio partially ebaraot*rii«d a oaiveaaat of
vapatabla ol la asaantial for fartllity In faaal« rata (lraaa and Ilahep 1t22).
eura (1*24) naaad thia faoter vitaadn B. VItaaila B dafieianoy waa Utar abean
to ba raapoaalbla tox a wlda varlaty of patbologieal ai«aa in diffaraat
apaoiaa nadar diffaraat eonditioaa (aaotioa 1.2.S). Ciaaiafa (1242) appaara to
bava baan aMia« tha Ffirat to axaadaa tho affaota of vitaaia B dafieioaey la
fiab. la thia atudy gupplaa, Lobittmt ratiouiatua, «ara raarad oa ayatbatle

dlata traatad wlth Iroa to rtmovo vltaaaa 1 by oxidatioa. arowtb waa
and a fom of auaoular dyatrophy anauod. Zn aalaa tha taataa failad to
dawalop or baoaM daganarato. Injury to tha llwar, paneraaa and aplaaa waa
alao obaarvad, aarkad hiatologioally by oluaplng of obroMtia aad tba
foraatloa of algnat-ring nuelai. Daaagad araaa wora raplaead by a
eharaotariatie “ratlcular® tlaaua, and thia aaaa tiaaua dawalopad ia tha gut
anaatlBaa laadiag to oooluaion odi tiio luiMa. Tha aavarlty of injury waa
raUtod to tha aga at whieh tha uaa of tha taat dlat waa bagun, and eould ba

pravantad by aupplaaMatation of tha diat with vitaadn B.
132 ehivIitMMIn a
1.2.2.1 Chaadoal atruetura

Barly atudiaa laading to tho eharaotoriaatlon, Ildontifioatloa and
aynthaaia oi vitamin B wora doaoribod by Seott (If7i). Bvana at al. (1tJf)
adoptad tba fiama a-tooopharol for a eompound darivad from wbaat-garm oil with
vary high viltamla B aotlvlty. Tho obamleal atruotura of a-tooopbarol,
illuatratad in fig. 1.5, waa firat eorraetly poatulatad by rambola (ItSB).

Bight naturally ooeurring eempounda with vitamin B nativity bava boon
iooUtad and obomioally eharaotariiad (tabla 1.3). Thaaa ara baliavad to ba

formili aueoaaaivaly during bioaynthotio proeocaaao in planta (Morton IfCti
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Draper 1tSOD). lItaadard oeaMoelatura for thia aaries of eeapouada ia piToo by
the I0PJKC"ZDB CooBiaaloD on BloehaMieal MaaeUtoro (1*74). JUW-a-toeopbaiel
i (natural a-teeopborel) 1la an abbraulatad fora for 2»,4"K,t*K-S,7,t-
triaathyltoeol. whoro “toeol™ ia tbo aeeaptad tora for tho baale two-ria«
atruetura within all witaaia B eeapounda. Ita apiaar, 2-api-a-toeepharel, ia
" praparad aynthatieally and haa tha eonfigoratien 2S,4*R,1%K-S,7,t-
i triaathyltoeol. Cbaaieal aynthaaia of a-toeopharol, by eondanaatlon of
triaothyl hydrogniaoaa witb laophytol, yialda aii-rae-o>toeopharol, a aiictara
; of four paira of eaantleaara. JUU-a-tocopharol and aiJ-rae-o-tocopharol and
thair aeatata and aueelaata aatara” ar”™ uaad eaaaareially. Tha intamatlonal
unit (Z20) of Titaain B aetiwity (a aaaaura of biologioal potaney) haa raeaatly
baan radafinad, 1 ID being aguivalant to tha biological aetiwity of 1 ag JHU-
o-toeopherel (formerly ail-rae-a-toeopharyl acetate) (Lovell Iftt p.3S). Tha
biological potency of UUl-a>tocopbarol la greater than that of aii-rae-o-
, tocopharol, but tha latter la uvaually more coat affective for uaa la animal

food aupplamanta (Harting 1744).
1.2.2.2 Phyaical and chamloal propartiaa

Tha phyaical and ebimieal propartiaa of tocopharola and toeotrianola
ware aiamariiad by Kaaparak (17B0). Important ia relation to tha biological
1 role of a-toco”arol are ita aolubility ia olla> fata and fat aolvoata, and
| ita oaldatioa reaction which ylelda a nombar of compounda including a-

j tocopbaryl gulaona (fig. 1.4) (Bcott 177B).
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1.2.2.3 Aasay Mthoda

Varieua aathoda fer tba aaaay of vitaaln B in feoda and tiaauaa bava
baan daaeribad by Oaaai (12B0). Tba elaaaieal aatbod te dataniaa blelogloaX
aetivity baa baaa tba featal raaerptlea taat la faaala rata (Naaea and Barria

1*47). Varieua cbreaateBrapble preeadurea allea tba qualitativa idaatifieatiea
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of ooapooiid* with vitaaln 1 aotivity (Oocaal 19t0). In atudioo in which witaain
X haa baco Baaiorad quantitatively in fiah, the principal iMthoda aavloyod
have baan aodifieationa of the coloriiMtrlo prooadura of UMria and Ingoi
(193X) and varioua high parforaanoe liquid ehroaatographic (HPLC) prooaduroa
(Bung at aj. 1980a; Coway at ai. 1981; Buttriaa and Diplook 1984) (aaa alao

aaetion 2.2.1).

1.2.3 a In fiah tiaauaa

Tharo ia a oonaidarabla body of litaraturo on vitaadn X eonoontratioiui
in fiab tiaauaa aa a raault of nutritional analyaoa on fiah and fiah producta
for huaan and aniawl oonauaption. Jacquot (19(1) and Higaahi (19(1) auaturisad
aarly atudiaa on tha vitamin X content of fiah tiaauaa and later Love (1970;
1980) raviowad thia aubjaot. Smith and Malaon (1931) reportad the praaanea of
vitamin X in cod liver oil and Ouboulos and Badde (1942) damonatratad that
other antioxidant aubatancaa baaidea tocopharola were alao praaant in fiah
olla. Robaaon and Baxter (1945) reportad a concentration of 40 a;g o-toeopharol
100 g*“ in liver oil from the ahark, Xugaiaua gaiaua. Kringatad and Folkvord
(1949) uaad a modifiad EBBMria-Xng”l i“thod to datatmina the vitamin X content
of cod (Sadua morhua) roe and livar and found that liver eoncantrationa ware
negligible, but that aamplaa of fraah and canned roe contained between 5.25
and 7.70 mg 100 g* dry weight. Lange (1950) auamarlsad tha available
information on the tocopherol content of food producta and animal tiaauaa
including fiah. Barria at ai. (1950) reported that a-tocopharol waa tha
pradoadnant form in fiah flesh. Brown (1953) measured vltaadn X concentrations
in tha livar oil of various marina talaosts and gava the following figurasi
anglerfish 31.9, blue rayfish 25.3, cod 29.3, haddock 18.0, ling 27.2 and
turbot 45.0 Big 100 g*“. Mori at ai. (1957) measured larger ooncantratlons in
liver oil (about 1 mg g~) than in oil troa the pyloric caeca in various fish
spaoiM and suggested that there was little variation in vitamin X content of
livar oils from different apedlas. These workers also noted high vitamin X

; activity in tha gonad and its depletion during spawning. Pannock at ai. (19(2)
1 determined a-tocopherol concentrations in heart, liver and anisela from various

~ freshwater and marine taleoat species apd Basir and Magar (19(3,19(4)
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dataxBinad tocopherol conoontratlona In a aukckorol, Jlaatraiiiper oanapurta,
and a shark, CartebMriam ellioti. Moga (It6S) asaanrod yltaadn =
eoneaatratlons In fish and “shalls® frea the Saa of Japan and found high
ooneantratlons in the gonads, and low oonomtrations in organs high in oil.
Dieka (196S) listed a-toeopherol concentrations in fish and fish products froa

a nuaber of sources.

1.2.4 The biological role of vltaeln s

At a bioobasdoal level, vitaain B is believed to function as a free-
radical scavenger, priaarlly in the terainatlon of frae-radloal initiated
chain reactiona, and particularly (nhon-ensysd.c) autoxidation reactions
involving polyunsaturated fatty acids in call swabranas (KeCay and King 1980).
Such events nay be initiated during the course of noraal awtabollsa (Fong at
ai. 1973), and indeed are necessary for the fomation of certain bioanlaculas,
such as eicosanoids (Rica and Kennedy 1988). Regulated antioxidant activity
ia therefore an iaportant honaostatlc aachanlaa. As a Ilposolubla antioxidant
active in vivo, vitaain B Interacts with other aMchanisaa of cellular defence
against oxidative daawge inclutin;] ansyaes containing copper, sine and
aanganasa (suparoxida diaautasas) and salaniua (glutathione peroxidase) (Fig.
1.7) (Ball and Coway 1985). The high vitanin B activity of o-tocopharol aay
bo explained solely on the basis of its suitability as an in vivo antioxidant,
but other blochoaieal roles in addition to this antioxidant function have bean
proposed including chaaically specific roles in nucleic acid and protein
eataboliaa (Catignani 1980).

Diplock and Lucy (1973) proposed that a-tocopherol nay play a phyaioal
as well as chaadcal role in the naintenaneo of Mabrano structure. This study
showed that the C-4 and C-8 nathyl groups of the phytol side cliain of a-
tocopherol aatchod with pockets provided by cis double bonds of arachidonie
acid. Incorporation of a-toeophorol at this location would thus decrease
lassihrane fluidity. Holenaar at ai. (1972, 1980) reviewed InfoxBatloa relating
to the role of vitaadn B in aaintaining the structure and function of cellular
and sub-cellular aaibranas and concluded that the effects of vitsain B

deficiency could bo largely aadlated through lapairaent of this function.
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Spaeifloally, tha atruetora of MMbrana pbeapbellpida, aaabrana fragility and
patMabllity and tha action of aasbrana-bound anajBaa waca all ahom to bo
affaetad by aitaain m atatoa. Molonnaar at ai. (1ttO) dacalopad a hypotbaaia
linking tha bioohaaieal and ultraatcuetural affaeta of aitaain 1 dafieianoy
with aieroaeoplo and aaeroaoopie affaeta of dafieianey, baaad on altacationa
to baoie aaabcana fonotiona. At praaant thaaa aaehaniaas aro largoly
apoonlativo. ltairartholaaa, aa aight ba aspaetod on tha baaia of thia
hypothaaia, vitaain m dofieianey haa boon ahown oxparlaantally to baco a wida
variety of aanlfoatationa. In fact it la probably raaponaibla for tha largaat

nuabar of dieordara dua to any aingla vitaadn dafieianey (lortiag Itt4).

1.2. S Thwin I ntmlmitdT daficiancv alena in fiah

Tba variety of aigna raaulting frea or relatad to vlitaain 1 dafieiaaey
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in flnb la eueearlsed in tabi* 1.4. Thaaa inoluda atruotoral and fonotlonal
e«esta at bioaelaoular, eallular, tiaaua, and «boia aaiaal lavala. A nuabar
ot dafloiMey ailgaa ara eonaiataatly notad and aeaM fona a uaaful baaia for
tanta ot vitaadn | atatua. Uaing tbaaa proeaduraa, aeaa apraaaMnt on

ragalraaanta baa baan raaebad for aavaral apaclaa iaportant in aquaeultura.

1.2.S5.1 larly axpariaantal atudiaa of tha vitaad.n 1 raquira sta and affaota

of dafloianoy and asoaaa in aalannida

Wolf (1*51) daviaad a aynthatie diat to atudy tba affaeta of vltaaln
daplation on rainbow trout, Oncorbynebua ~ybiaa. Me affaeta on growth,
mertality, arythrooyta count, babaviour or groaa pathology warn dataotad in
flngarling fiah fad tha taat diat, froa which a-tocopharol wan caittad, ovar
a 25 waak pariod. Tha taat diat containad lipid nourcaa %ihich nay hava
containad a aignificant aaount of vitaadn B, but no aaaauraawnta of tha
dlatary vitaadn B conoantration wara aada.

Tha a-tocopharol rnquiraaiant of Chinook aalaon (Oaoorbynobua
toAawytoedta) fingarlinga waa atudiad by Noodall at ml. (1944) again uaing a
ayntbatic laboratory diat. Baaal <iatp containing It or 5% vitaadn B-atrippad
barring oil warn aupplaaMntad with® 0, 10, 20, 40 and BO ag all-rae-a-
tocopharol 100 g** dry diat. In addition to thaaa aupplaaMnta, tha atrippad
barring oil contrlbutad 0.1 or 0.5 mg a-tocopharol 100 g-“ dry diat, but
loaaaa during praparation and atorago wara not quantifiad. Tha axparliMotal
flab walgbad 0.45-0.47 g and had bann raarad on vitamin B-daplatad diata ainoa
firat-faading. Duplicata groupa worn fad tba taat diatn for a pariod of 24
waakn at a watar tamparatura of 10%. Tooopharol conoantratlona in Tflab
tlaauaa, noaaurod uning a modifiad Bamaria-Bngal prooadura, raflaotad tha
diatary vitamin B contant. Sroaa aigna of vitamin B dofioianey In tbla apaociaa
Ineludad axophthaljaia and aaeltaa, and lathargy. In addition, raduoad waigbt
faina and lowar body lipid ooncantationa warn maaaurad. A raduotlon in tbha
moan aiaa of orythrooytoa waa notad in groupa fad diota containing both 1 and
St barring oil without addad a-tooopharol. Biatolegioal aigna of daficianey
includad olubbad gill lamollaa, aplcarditia and oaroid dapoaition in tbha

aplaan and tbaaa wora moat pronounoad in flab fad 5t barring oil without addad
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vitada B, Xmb proaounead la fiah f«d It olf without vitada B, aad abaaat
la groups fad avan alalaal a-toeopharoX auppXoaata. Tha affaota of dlatary
XIpld XavaX oa vltaala B nutrition ara daaorlbad la aaetloa X.2.C.X. Xa a
aubaaquant aaparlaant, dlata contalalng 2.9, 5.0, X0, 20 and 40 ag a-
tooopharoX 100 g** dry walgbt, plus 5% barring oil, wara fad to flab a
bafora. Bo dlffarancM In growth and no blatoXogloaX ladloatlons of a-
tooopbaroX daflolanoy warn dataotod aaong tbaa groups. Tha a-toeopbaroX
ragniraaant of ehlnook salann flIngarXlngs was tbaraforo astlaatad to ba
batwaon 0.9 and 3 ag 100 g-“, although in fish fad 2.9 aad 5.0 ag 100 g~ thara
was no significant aoeuauXatlon of vitaaln B la tbs tlssuM.

(XXS) dMcrlbad an anaaada of juvanlXa ehlnook salann induced
by tba usa of diets deflolant in vitaaln B. Bis aatarlaX was ooXXaotad during
an MrXlar 22 waak axparlaantaX study by Law at ai. (19C3). In this

ehlnook salaon fingarXIngs wara fad tat dlats, aodlflad to
préovida various XavaXs of raneldlty, aob with and without a vltaala B
suppXaaaat (50 ag WU-a-toeopharyX aeatata 100 g-“ dry dlat). Fish fad dlats
to whloh no vltaaln B had boon added shoxad aarkad raduetlons in blood

concentration, haaawtoorit and pareantaga of Xyaphoeyta, whilst
tha percentage of laaatura ary”~hr~ytas, total Xaueoeyta count, and
P**@B*“taga of throabocytes, granuXooyta and aonooytm ware all above aoraal.
Thme changa wara apparmt aven In fish fad vitaaln B-dapXetad dlats with low
TBA valla and thus sasaad to rauXt froa vitaaln B dafioiaaoy rather than
Xlpld rancidity. Tha coablnad effats of oxidisad XlIpld aad vltaain B
daflclaney ara daaorlbad In satlon 1.2.6.2.

Poston (1965) studied tha affect of vltaain B dapXatlon on flngarXing
brown trout (Saiao trutta). A aodlfiad fotauXa of tha dlat daseribad by MoXf
(1951), in «ihloh tba lipid fraction was tratad to riBinxi vltaadn B, was
pcaparad with and without tha addition of vltaain B (approx. 16.5 ag 100 g**
as aii-rae-a-toeopbaryX aeatata) and fad to trout (aan weight 1.90 g) for 16
waaks at IK. After 10 waka, aderohaasuitocrits wara significantly reduced
~ fish fad the vltaaln B-daflclat dlat. ConeoaltantXy, aortaXltia Inerasad

and weight gain was raduesd. Straa toXaranea was reduced in daflelat fish,

| tot thara was no Indication of histological changa in any tissue axaaiaad.

I Dietary supplaaoitatlon with 37 ag a-tocopharyl aeatata 100 g-“ dlat reduced
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mortalltiM and iaerMs*d ba«utoerita ia dafleiaot fiab. Tba abaanca of
blstolofleal ebanga in ooatraat to Moodall at ai. (1X4) aay bava baan dua to
apaeiaa diffaranoaa or diffaranoaa la tba vltaala B or fat eoataat of tha
dlat.

Poaton and Livingaton (1971) atudiad tba affaota of Maalva deaaa of
dlatary vltaain B oa fingarllng brook trout and daaeribad growtb raduotioa and
lowarad baaawtoerita la fiab fad a dlat ooatalnlag 500 mg aJJ-rao-a-tooopbaryl
mcetata 100 g*° dlat for 20 wealca. Tbhara vara also aigna that <« dlat
obangad tba livar llpld profila, giving rlaa to aa laoraaaa la total liplda
and a raduetion in tba llnolaic acid fraotion, but tbara waa no laoraaaa in

aortallty.
1.2*5.2 Bffaota of vitaaUn B daficiancy in Atlantic aala™n

Tba affaota of ainglo and cambinod daficlanoiaa of vitanda B and
me"e»juB in Atlantic aalaon. Salmo aalar, in fraabwatar «ara axaadaad by
Poaton at ai. (1976). Intaractiona batwaan tbaaa nutrianta ara daaeribad in
aaetion 1.2.6.4. In tba flrat four waoka of faadlng, botb aaparata and
aiaultanaouB doficianeiaa of vitalba ~-aalanlua bad no affaet oa waigbt gala,
but cauaad ineraaaad aortalitias. thaaa «ara aubaaquantly pravantad by dlatary
eupplaaantatlon witb 50 nq aii-rac-a-tooopbaryl aoatata plua 1 ng aoditaa
aalaalta 100 g™>dry diat. In a aaeond aspariamt conducted at 14*C, aalaen fry
(0.9 g Man waigbt), pravioualy raarad for 12 waoka oa a —------ 1rl dlat, wara
traaaforrod to ona of four oaaoin-baaad diata eontainiag altbar 0 or 50 ag
aii-rao-o-tooopharyl aocatata 100 g-“ dry diat, togatbor witb altbar 0 or 1 pg
eodiuB aalaalta 100 ¢*. Batwaan 10 and 13 waaka froci tba atart of tba
axpariaant fiab fad tba vltaain B-dafioiant diat, in tba praaaaca or abaanca

aalaniua, aliowad abnoraal swiaadng babaviour and aynoopa (a traaaitory
fainting) in raaponao to handling or diaturbanoa. Batwaan 13 and 16 waa)ca a
nuabar of tbaaa fiab diod. Tha fiab woro oxaalnad aftor 16 waalra Bo
diffaranoaa in waigbt gain wara ovldant, but tba following groaa aigaa wara
Nemoribadi pala gilla, daraal dapigaantation, aaoitaa, )fallow-.oraaga livar and
pylorie eaaoa, gali bladdar dlatandad witb dark graon bilo and frotby, yallew,

biadgut eontanta. Baaaatologieal axaal nation abowod axtroMly low baaaatoerlta
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with anlsoeytoaia and poikllooytoaia. Hlatolo9ioal ahowad tlia
praaaaea of akolatal ayopathy, apparant aa «tlargaaaat of fibra bundXaa and
iavaaioB by giant oalla, togathar with prolifaration of conaaetiva tiaaua
e1"*MBta (l«tkar"a daganaratioa). bioehaaioal taata iadieatad that fiah
raoaiwing tha vitamin m auppiaamt, with or without aalaaium, had inoraaaad
oaroaaa protain, raduead oaroaaa fat and watar, and ineraaaad plaaaa protain
oonoantrationa. Vitamin B aowlamantation, with or without aalaaium, alao
oauaad an inhibition of aaeorbie aoid-atimulatad paroaidation in bapatio
mieroaoaaa, an in vitro taat of vitamin B atatua (liari and Andaraon 1960).
lail- at aJ. (19t7,19BB) axaminad tha rola of vitamin B in nutrition and
fiaanina raaponaa in Atlantic aalann parr. Bffaota of vitamin B on iaanina
function ara daacribad in aaction 1.2.5.4. A baaal diat containiag 0.5S mg 100
g'“ a-tooopharol, $t herring oil and 5% tocopharol-atrippad com oil, or the
baaal diat aupplamantad with 1, 3, C, 12 or 24 mg aii-rao-a-tocopharyl acatata
100 g-“ waa fad for a period of 22 i«aaka. Growth rate waa improved by
; aupplamanting tha baaal diet with 3 mg 100 g* vitamin B, but higher level
; aupplamenta provided no additional benefit. Mortality waa incraaaad in fiab
, fad the baaal diat, with fiah ahowing aigna of lethargy, rapid opercular
movamanta and arratic awiaming b™havjiour prior to death. Tiaaua vitamin B
ooneantrationa raflactad dietary‘levéla and ware highaat in tha liver and
lowaat in muacla. riah fad tha baaal diat ahowad aignificantly lower
hamaatoorita, ineraaaad erythrocyte fragility and hiatologieal evidence of
myocardial and akalatal auaela degeneration.

Aacantly, Bell, MeViear, Mitchell and Coway (unpubliahad) conducted two
axpariaanta to etudy tha affecta of vitamin B daficianey on Atlantic aalmon
parr (in fraahwater) and poat-amolta (in aoawater) (6.Ball, paraonal
communication 1987). In tha firat experiment, parr of 18-19 g ware fad baaal
divta, containing 0.53 mg a-tocopherol and 0.0017 mg aalanium 100 ¢g** dry
weight, with or without aupplaawnta of 8 mg a-toeopharyl acetate 100 ¢g'*“ and
0.09 mg aalanium 100 g-“, for a period of 12 waaka. In vitamin B-dafieiant

lIgroupa, plaaam tocopherol concentrationa ware raduoad to 3 pg ad"“. Thera waa
Eno diffarenoa in weight gain, but aoma mortality oecurrad aa»ng tbaaa fiah.
1Baamatoerit waa reduced and auacaptibllity to haaanlyaia waa Inoraaaad. Plaama

pyruvate kinaaa activity alao Ineraaaad indicating incipiant muacla
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dsgeneratlen, but in eentraat to othor atudiao on this apooiaa, Kfopatby waa
not oboorrod blatologloally In any flab. In tba aooond oxporlIMat, Atlantlo
aalann poat-aaolts «ora fad a fishiMal-baaad diat oontaining 0.4 ag 100 g**
aitaaia 1, with or without a aupplaaant of 0.S a« aii-rae-a-toeopbaryl aoatato
100 f*, for a poriod of 30 woaka. In fish fad tba basal diat, a-toeopbarol
ooneantrations vara raduoad to < tg al*® in tho plasaa and < |ig g** in tbha
iivar, haaaatoorits wora raduoad and arythroeyta ausoaptibility to haaawlysis
was ineraassd. Thara was no offset on wsight gain, but tba lowol of nortality
and othar pathologioal ohangos wars oos™lioatod by a aaeondary infootion
(8-Ball, parsonal ooasninioation 1t07). Mo dasutga to tha paneroas was prasant
in any group, but about 60% davalopod axudativo diathasis. Laaions ware
prasant in tha haart and whita skalatal aniselo of all fish axaninod, raflaetod
in alovatad plasaa FK aotivity in relation to fish fad tha ooavloto diot
(C.Coway, personal oooaunioation 1907). To data, thara have boon no attaapts

to elosaly defino tba vitaain | roquiraaont of Atlantie saloon in soawatar.

1.3.5.3. Studios on tho vitasdn B roquiraaant of rainbow trout

Aainbow trout appear to bo 1™a ~usoaptibla to vitaain m dafioienoy than
Atlantio salaon. Wolf (1951) found no offaets of toeopharol daplation In this
apaoios (saotion 1.3.5.1) and Watanaba at ai. (1973) noted that rainbow trout
(9-0 g), fad a vitasUn B-dofieiant diat for a period of 153 days, showed no
alteration in triglyoarida eoaposition and no signs of dafieienoy axoopt poor
growth.

Bung at ai. (1980b) studiod tha affaots of dietary lipid oxidation on
tho vitaadn B nutrition of rainbow trout fad praetioal-typa (FfishsMal-baaad)
diets. Aalationsbips betwoan vitaain B and oxidised dietary lipid ara
dasoribod in saotion 1.3.6.3. Mina diets with three dagroos of dietary lipid
oxidation (FOV>0.6, 3.6 and 5.0 aBgq 100 g*“ oil) and throe levels of vitamin
B supplasMitation (3.3, 6.6 and 9.9 mg aij-rao-a-tooopharyl aoatata 100 g*“)
in addition to adventitious levels (<3.0 mg a-tooo|”arol 100 g-), were
prepared. These ware fad to trout (mean weight 1.5 g), hold at 15*C, for a

I period of 34 weo)ca. Using an RPLC proeodura without prior saponifioation (Rung

"at al. 19t0a), mean liver a-toeopharol (free aloohol) eonoantratiens In fish
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tmi th* loMMt 1«T«l of vitaala B «wr* dataxaliMd to b* 7< tf 9% oad this
mo olgiiiflaoiitly iaermood by olovoting tho dlotory vitamin B oontont.
Dotormlnotiono ot 4 mo kly intorvalo, of might gain, food oonvoroion ratio
and mortality rovoalod no aignifieant difforaneo among groupa on difforant
diotai and oareaao oompoaition, haamatoorit and plaama glutathioao poroxidaao
activity maaaurad at tha coagplation of tha axparliMnt aloo abomd no offaeta
of traatmont.

In a forthar atudy. Bung at ai. (Itti) ra-axaminad tba affaeta of
oxidiaad fiab oil togatbor with a-tooopharyl aoatata and othosyqain
anpplamantation on tha vitamin B nutrition of rainbow trout. Tho offoeta of
diotary antloxidanta on vitamin B nutrition aro daooribod in aaetlon 1.2.4.3.
A factorial arparlmant ma eonductod uaing praotioal-typa dicta prepared with
two dagraaa of oxidation of aupplamantal fiah oil (7.5t in diat) (FOV-0.5 and
12.0 aOq 100 g*“ oil, froah and highly oxidixad oil raapactivaly), tm lavala
of aupplamantal aii-rao-a-tooophoryl acetato (0 and 3.3 mg 100 g*) and tm
lavala of the antioxidant, athoxyquin (0 and 12.5 mg 100 g*“,) in a praotical-
typa diet. The baaal diet contained a25 mg 100 g** advontltioua vitamin B. Tha
teat diata mre fad to trout (might 2 g) held in fraahmtar at 15*C for a
period of 24 waaka. In thla atqdy,j minimal a-toeo”™arol (free alcohol)
concantrationa in fiab fad fraah oil ware 25 pg ml*™* in plaama and 100 |ig g**
in liver. Onea again, thara mre no dlffarancaa in might gain, food
oonvaraion ratio, earcaaa coapoaltion or plaaam glutatbiona paroxldaaa
aotivitiaa among tha dietary groupa. Tha raaulta indicated that no vitamin
B aupplomentation ma naodad to pravant vitamin B dafioiaooy in rainbow trout
fad thia practical-typo diet, which contained 7.5% fiah oil (of which 20.7%
comprlaad POTA), togothor with 20% capelin fiah maal (which undoubtedly
auppliad additional PUPA), ainea advantitioua lavala aaamad to ba adequata.
Bowavor, the dapondancy of vitamin B raquiramant on tha dagrao of oxidation
of diotary lipid me doamnatratad (aaction 1.2.6.2).

In an attempt to idmtify aigna of vitamin B daflclmoy in thia apaoiaa,
C.B.Corny and oollaaguaa uaad purified diata containing vary low vitamin B
lavala. In thoaa atudiaa, in eontraat to tlioae of Bung at aJ. (IPBOa,b, Itti),
a vitamin B aaaay proeaduro which ineludad a aaponifioatlon atop prior to

mtraotion ma utlllaod. Coway at ai. (IPBI) axoadnod tha raquiramant for a-
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tocopherol of trout fed diets with the mInleu» content of uoeatureted fatty
acids aaoessary to fulfill the essential fatty aoid raquiraaent (Castell et
ai. 1972). They fad a oaaein-basad diet containing palaitio sold as the aajor
lipid source and It llnolanic acid (n-3) as the sole eouroe of unsaturatad
fat, together with 0, 0.S, 1.0, 2.0, 3.0, 5.0, and 10.0 ag aii»rao-a-
tooopherol 100 g*“ dry diet. The adventitious vitanin K contrat of the baaal
diet was 0.6-0.66 pg 100 g*“. rish were held in freshwater at a conatant 15%
and grew frost 10 g to 51-56 g over the 16 weak experlnental period. Liver
total lipid, liver and intestine phospholipid linoleic aoid, liver and blood
reduced glutathione concentrations, and activities of the antioxidant ansyaas
glutathione peroxidase, glutathione reductase, glutathione-S-transferase and
sanganase or cupro-sino dependant suparoxida disnutasas ware not affected by
tocopherol deficiency. Thera was no difference in growth, food conversion
efficiency or hepatosonuttlc index and tocopherol-deficient trout had no gross
or sub-cellular pathologies (in the white muscle, liver or intestine).
Brythrooyta fragility was significantly greater in fish fad the basal diet and
haasatoorlts were also significantly reduced. Ascorbic acid-stimulated in
vitro peroxidation in liver organelles indicated a tocopherol reguirsamt of
2.0-3.0 mg 100 g*“ diet. Tocopherol c]oncantratlons In the liver of fish fad
the unsupplasmtad diet ware 7 pg Ig"“.lThese were similar to those measured in
Atlantic saljBon exhibiting pathological signs of vitamin B dafiolenoy (Poston
et ai. 1976; Bell, McVlcar, Mitchell and Coway, unpublished). The lack of
pathological signs in this study was suggested to have been due to the effects
of species, site or feeding history, or the level of dietary polyunsaturated
fatty aoid. The s»lar ratio of polyunsaturated fatty acids to tocopherol nay
provide a more appropriate indication of vitamin B status than tissue a-
tocopharol concentrations per se (Bvarts and Bieri 1974). In the livers of
trout in this study, fed diets lacking or supplaamitad with a-tooopherol (10.0
mg 100 g*“), those ratios were 980 and 170 respectively.

Higher levels of dietary polyunsaturated fatty acids ware used in a
sacend study (Cowsy et al. 1983). This study utilised casein-baaed diets
containing 10t fatty acids derived from marine fish oil, together with graded
levels of vitamin B (2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 10.0 mg 100 g-“ as

supplsaMntary aii-rac-o-toeopheryl acetate plus «tdoganous a-tooopherol).

41



Oroupa of trout «foro fad tbo oaporlBoataX diota at a rata of 2% body woight
day-“, ovar a 16 waak parlod, at a «fatar taagp of 1S*C. During tbla tiaw, aaan
flab «faigbt ineraaaad froai about 14 g to 102-112 g and livor vitanin 1
oonoontrationa «faro raduoad to 9 pg g*“. In tbia atudy tbo PUFAttooopbarol
ratio «faa 192 in fiab fad vltaain B-adaquata diata. Onea again, thoro «rara no
dIffaronoaa in «faigbt gain and food convaraion bat«faan traataanta and no
tiaauo patbologloa «ara obaorvad daapito tbo blgbar laval of lipid and ita
graator dogroo of unaaturation. Incroaaad arytbroeyta fragility «faa notad in
fiab fad tba unaupplaaMntad diat and aaoorbio aoid-atlanlatod in vitro
paroxldatlon of livor nicroaoaMa roflaetad vitamin B intaka, with littlo or
no nwlondialdabydo boing fonaad In tha aicroaonaa of flab fad diata containing
S ag 100 g*“ or mora. Thua tbo niniaun raquiraaant for rainbo«f trout fad diata
containing 10t unoxidixad lipid of «dilch 254 PUFA «faa auggoatad to ba 5 ag
aii-rac-a-tocopbaryl acatata 100 g~“.

Cotmy at ai. (1984) axaninad tba offacta of dlotary vitamin B and
oxidizad oil concantrationa on rainbow trout gro«fn undar natural, varying
«fatar tamparaturoa. Onca again tha oxparlmantal diata ««aro caaoln-baaad and
containad no fiah maal, thay «fora conaldarad to contain adequato advantitloua
aalenium (0.01 mg 100 g*) and Included 124 fiah oil. A 2x2 factorial
axpariamit «aa daaignad utilizing nob-oxldlzad and modarataly oxldizod olla
(POV 0.2 and 4.7 mBg 100 ¢g* oil raapactlvaly) without or «flth aupplamantal
aii-rao-o-tocophoryl acatata (0 or 4 ag 100 g* diat). Kaaaurad dietary
vitamin B concentratlona «tara 39.52 ag 100 ¢~ (unoxidizad™"fvitaain B
aupplaaMnt), 1.84 mg 100 g™ (unoxidizad-vitaad.n B), 38.84 =zig 100 g™
(oxldizad-fvitamin B) and 0.74 ag 100 g*“ (oxldlzed-vitaain B). Tha flab, «fhich
had previoualy been reared on a vitamin B-adaquata diet, ««era fad tha
axpariaantal diata for a parlod of 14 «fooka. During tbhia time tha «fatar
taaparature fall froa 12 to 6*C, tha faodlng rata «eaa reduced from 7.5 to 3.04
body ««aight day* and tha aaan ««eight of tha control group inoroaaod froa 9.4
to 51.1 g. In contract to pravioua atudlaa, aigniflcant diffaronooa «faro
diacovarad bat«faan treatawnta containing 4 ag a-tocopbaryl acetato 100 g**
diat and thoaa that did not (la. vltaadn B replete and daficiant). Thaae
difforanoaa applied to mortality, «alght gain, liaamatocrit, orythrocyta

fragility, liver and auacla a-tocopborol concontrationa and in vitro
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puroxldatloa In livar mierosoMn. Llvar glatathionn paroxidM« notlTlty and
th* proportion* of fatty aeids In tb* polar lipida of 1iT*r and anaol* war*
not aff*et*d by tha diata uaad. Savar* daganaratlon of whit* akalatal auaela
fibras ooourrad in trout in tbia atudy givan diata lacking vitaadn 1. Thaaa
obangaa eonaiatad of an altaration in fibr* aiia, and th* fibraa appearad to
b* roundad and partly Bwollan and partly ahrunkan. Sub-parieardial eallular
infiltration waa alao notad, togathar with nuclaar pyknoaia and eytoplaaado
vaouolation. In addition, thar* war* aigna of atrophy of haaanpoiatio tiaau*
in th* kidnay. Vitaain B concantrationa In th* livar ((.4 pg g*) of thas*
fiah war* alailar to thoa* aaaaurad In vitaain B-d*pl*tad fiah with no
indication of daficianey (Coway at ai. 1981; 1983), indicating that factora
other than tiaau* vitaain B eoncantration war* raaponaibl* for th* «ipraaaion
of groaa pathologiaa. Coway at ai. (1984) argued that ainc* dietary aalaniua
conoantrationa war* higher than tb* ainlaum raquiraaant and ainc* glutathione
paroxidaa* aotivitiaa indicated that salaniua atatua waa adequate that auch
aigna war* not due to coadiined vitaain B-s*1*niua daficiancy. They auggaatad
that th* oceurrane* of mortality and ayopathy and affoota on weight gain aay
bav* baan due to the lower water taaparaturaa pertaining in tbia atudy. Tha
hypothetical ralationabip batwaanj taaparatur* and vitamin B raquiraaant in
poikilothams la daaeribad in aactlon 1.2.7.S. Thia interpretation, liowavar,
waa not aubatantiatad and other factor* nay explain tb* diffaranocaa in
axparlmantal raaulta batwaan thia and th* earlier atudiaa of Hung at ai.
(I19»0bt 1981) and Coway at ai. (1981, 1983). Flratly, high feeding rataa uaad
at low water taoparaturaa in th* 1984 atudy nay have pracipitatad aucb aigna
(aa* aactlon 3.1.3). Secondly, th* faster flow rates (2 1 min™* cooparad with
0.3 1 min*") and slightly ssutllar fish slsa (7-9 g as opposed to 12 g) used by
Cowey at ai. (1984) would tand to increase th* swiandng spaed (body length
sac™™) nacassary to maintain position. Thus thas* fish may bav* suffered an

axarois* induced nutritional myopathy (sa* section 1.2.7.3).

1.2.5.4. Bffoots of vitamin B status on Ismun* function in sala»nids

In mica, th* nlnistal daily a-tocoph*rol raqulrssMnt for th* pravantlon

of arythrocyt* hasa»l)r*Is or peroxidation in hepatic miorosasMS in vitro, is
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than tba optlaua to aanijalsa both antibody produotion and oall-aMdlatad
iaanino raaponaos (Corwin and Oordon 19t2). Tbo vitaain 1 ragniraaanta
naoaaaary for tba provantion of dafioianey in fiah nay alao ba aob-optiawl for
raaiatanoa to infaetion. Blaaar and Wolka (19B4) fad rainbow trout (119 g)
oaaain-baaad aspariaantal diata containing 2.9t oom oil with or without KO
mg 100 g*“ supplaaantary a-tooopbarol for a period of 12-17 waaka. Vitaain >
daplation produced no laok of growth, no aortality and no groaa or
hiatopathological signa of daficianey. However, tba apaeifie iaauna reaponsa
to aheap rad blood calls and Yarminia raakari, T-oall (aigration Inhibition
factor) and H-eell (plagua-foxaing call) rasponaaa, haaawgglutination,
baaanlysln, bacterial agglutination, aarua protein, aarua globulin, and the
phagocytic index of peritoneal aacrophagas, ware all iapairad by a-tooopharol
daficianoy. In contrast, Lall at ai. (1908) (sea section 1.2.9.2) found no
dIffaranca between groups of Atlantic salaon fad different lavais of vitaaln
B, in resistance to Amromonaa aaluonlcida challenge, or in the buaoral or
ooaqgplssMnt rasponaa following vaccination with fonulin-killad A.aaiaoaioida.
Hardlo at ai. (1990) also studied the affect of vitamin B on the lawine
rasponsa of Atlantia salaon. Salaon parr wara swlntainad on oasain-basad diets
containing 0.7, 8.8 or 80.0 ag vltasdn B 100 g"“, or a oosaMrcial feed
containing 32.8 ag 100 g vltasdn L, {or a period of 20 waaks at 14X. During
this tlaa tba fiah grew from 28 to 121 g mean weight. Mo diffarancas in
weight gain, hasmatocrit, diffarantlal laucocyta count, sarum protein or
lysosyM concentrations wara detected. Sarum complsaant activity was raducad
in fish fad 0.7 ag 100 g*“ and sarum opsonisation of Aareaonas aalmoaiaida was
Inoraasad in fish fad 80 ag 100 g"“ vitasdn B. Mortality following oliallMga
with Amroannaa aalaanicida was significantly greater among fish fad the
vitamin B-daficiant diet than oa»ng those fad the coomarcial feed.

Furonas at ai. (1990) noted that rainbow trout fad diets supplsowntad
with vitamin B showed the lowest aortality rata after axparlaantal challenge
with Yarainia ruekari. Forstar at si. (1988) studied the affect of dlats
containing osidisad herring oil, with or without vitoadn B, on tba growth and
Immi inoecsipatanca of juvanlla coho salmon (Oneorhynehus kiautch). Ssad-puriflad
diata supplssMntad with unstabilisad oil, oxidised and/or stobillsad to

different degrees, each with or without 100 mg aii-rao-o-tocopharyl oeatata

I
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100 9™, w*ra fad to coho aalaon (Oaeorhyaetiaa Kkiatitah). Thara aaa no
algnlfioaiit dIffaranea in waight gain or food eonvaraion affioianey batwaan
groupa fad diata with and without aupplaamtai a-tooopharyl aoatata and no

of diat on haaautoorit, laBunoooaipotanoa or raaiatanoa to ehallanga

with Vibrio app. wara dataotad.

1.2.S.5. Bxporiaantal atudiaa on tha vitamin m nutrition of common oarp

(Cypriaua carpio)

Kinumaki at ai. (1972) maaaurad no dapoaition of a-tooopharol in oarp
fad diata containing 3 mg aii-rac-a-tocopharyl acetato 100 g*, but
aupplaawntation in tho rango 10 to 100 mg 100 g-“ did load to dapoaition and
tha rata of aeeimuilation rofloetad tha dietary vitamin B eontant.

Tha affaeta of vltaadn B dafieianoy on carp ware atudlad by Natanaba at
ai. (1970a). Fish waighlng about 10 g wara fad diata tlth and without
aupplaaMntal aii-rac-a-toeophorol (50 mg 100 g*“dry diat). Xngradionta of tho
baaal diet, proparad to axcluda ondoganoua a-toeopharol, included vitamin B-
oxtraotod caaain and mathyl aatara (St w/w) from aoy-baan oil. Singla groupa
of SO flah, hold at 20-23*C, wara fod~tha exporimantal dieta for a period of
17 waoka. Fiah receiving tha vitamin B-doflclant diet ahowad lower weight gain
and feed oonvoraion offlciancy. Apparent muacular dyatrophy, oharactariiad by
loaa of flaab on tha back, davelopad within 90 days. Bumbars of rod and whita
blood calls dacraaaad in tha vitamin B-daflciant group, the proportion of
~Mm»ture arythrocytas incraaaad, and a change in the serum protein profila was
>otad. Histological signs of doflclancy included a disturtianea in tha
arrangasMnt of whita akalatal muscla fibres with atrophy and hyaline and
granular daganarativa change, sclaroaia and nacroala of tha renal oorpuaolas
together with disappearance of tha urinary tubules, soma evidmea of
I>ypo2»netional change in tho endocrina pancreatic islats, oalargamant of tha
pronephros due to an Incraasa in number of lyigphoid calla, hypertrophy and
pyroninophilla of hapatocytaa, and changes in tha structure of tho pituitary
and oomoa. Tha heart, gill, Inteatlna, vortabraa, aplaan, axoerina pancreatic
tiaauo, thyroid gland, rad muaola and gonad appeared notami and no avldanoa

of ceroid waa obsorvad. Doflciant fieh alac) showed diffaraneos in proximate
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eeapeaitlon having a high paresntaga aoiatura and low pareantaga fat and
protaln. In addition, thalr carcassas containad a highar proportion of olaio
and a lowar proportion of llInolaic acid.
Tba a-toeopharol raquiraaant of young oarp was studlad by Natafaba at
aJ. (1970b) using ths saas basal dlat as dasorlbad abova supplsMstad with O,
10, 30, and 50 mg aii-rao-a-tooopharol 100 g dlat. Croups of fish (naan
wolght about 1.S g), bald at 20-23*C, wara fad tha tost diats for a parled of
90 days. Ones again, fish fad tha vltaain I-daficiant dlat sbowad raduoad
waight gain, but diats containing a»ra than 10 mg a-tooopharol 100 g**
supported nonul growth as indicated by weight gain, faad affioianoy, and
absanoa of histological lesions. Apparent nuiscular dystrophy appaarad in fish
fad tha unsupplanmtad dlat after about 50 days. Bxo”~tbalmia, ascltM and
lordosis, which wara absent in tha previous study using larger fish (Natanaba
-* 1970a), wara observed in vitasdn B-daficiant young carp. Mortalities,
in groups of fish fad tha unaupplsMntad diet, were associated with lordosis
and raoordad tvom about 70 days. Soaa fish on vltaain B supplaasntad dista
also showed lordosis, but to a laasar degree. Biochaalcal ausola analysis
showed a high aolstura and low protoin content and a high TBA value. Tha a-
tocopbarol concentration in the hapatopancraas reflaotad tha dietary content,
and tha eoncantration of ascorbic acid in the hapatopaneroas showed a siailar
pattern. Histological asaelnation showed sisdlar signs to tha previous study,
daganaration in tha auscla and Icidnay was SK>ra savers. Ceroid, once again,
was not found. A serias of biochasd.cal studies wara conducted using eatarial
ITO* this study. Natanaba at al. (1970c) analyzed tha protein coaposition of
tha dystrophic «iscle from vitaadn B-daficiant fish and found a reduction in
tha proportion of total, and myofibrillar, protain, and an Incraasa in stromal
This was discovorad to result from a loss of myosin and aotomyosin
from tha myofibrillar protain fraction and was interpretad to suggast a
disturbance to protain synthesis as a result of vitamin B dafioianoy. The
lipid oos™>osltion of vitamin B-daflciant carp was dasorlbad by Matsui at ai.
(1973) and Natanaba at ai. (1973). carp muscle lipids wars found to show a
triglyeoride composition from C-43 to C-56. Tha dominant components in ths
-Fish fad vltaadn B supplasMntsd diets wara C-50 to C-54, compared to C-43 to

C-45 in the vitamin B-daficiant fish. FurtVermore, in tba dafioiant carp.
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linolaie aold vaa absant frea tha amaela lipid. Natanaba at ml. (1977a)
a furthar axpariaant using groups of oarp fingorlings waighing about

30 g- Thaao wars fad aithar tha basal diat as daseribad abova (aseapt that
soy-baaa oil aathyl aatars «ara partially raplaoad by pollook livar oil aathyl
eetars at a ratio of 3i2), or thia diot supplaaantad with 70 mg mll-rmo-a-
toeephoryl aootato 100 g-“ diat, for a pariod of 90 daya. Growth rats was
raduoad, but thara was no Mortality. Proxiawta analysia oonfiraad a high
moistura and low protain oontant in tha msola and oareass. Tha fatty aoid
cooposition of various tissuas showad a siailar, though lass pronounoad, trand
as bafors, with raduotions in tha parcantaga of linolaie aoid in both polar
lipids and triglyearidas. Thors %Mra no othar nwricad diffarMcas in tha
coapositlon of triglyoaridas and cholostaryl Mtars duo to vitaain |
dafloionoy, although auscla [lipid C-5« and C-56 triglyoaridas and
hspatopaneraaa lipid C-li cholastaryl ostars wars rsduosd, tha lattar bsing

rsplaocoad by C-16 and C-20 eholostaryl aators.

Natanaba and Takashiaa (1977) fad fawila adult carp (weight 76.5 to
115.5 @) basal diets, as described abova, with or without aii-rac-o-tooopharyl
acatata (70 ag 100 g-“) for a porlod of 17 Months. Again, lowsr weight gain
and apparent Muscular dystrophy wars taeordad in fish fad tha dafloiant diat.
Gonad weight and gonadosoMstlo indas ware also significantly raduead. An
iocraasa in the parcantaga of water and a daoraasa in protain and lipid ware
noted in tha ovary as in othar tissuas. A aar)cad reduction in linoleie aoid
was obsarvad in triglycaride and polar fractions in Most of tha dafioiant
tissuas. Once again thara was an increase in low Molecular waight
And e dacroasa in tha usually doMinant C-52 to C-56

triglycaridas. In tha ovarias of daficiant fish a reduction in polar lipids
was noted and thara ware also dacraasas in 20i4(n-6), 20t5(n-3) and 22i6(n-3)
and incraasas in 18il(n-9) and 20i3(n-9) fatty acids. Tha pattern of fatty
acid change due to vitanln B daflciancy was siMilar to that sawn in assantial
fatty acid daflclency (Caatall at ai. 1972> Watanaba at ml. 1976, 1975).
histopathological findings wars noted in vltaMin B-dafioiant adult

oarp as in fingarlings, with daganaratlon of ~asial nusola, fawar, sMsllar
insulin saoratory calls in tha endocrine pancreatic tissue, anlargaMsnt of tha
urinary tubules and changes in tha pituitary. Tha ovarias of fish fad tha

67



vitaMin I-d«(iei«nt di«t «rara aaallar and any oooytaa war# atratio and aawll.
In control fiah thay vara larga and fillad with yolk-grannlaa and vaalolaa.
Thua a-tooopharol dafiolancy In adult faawla oarp, aa la othar aalaala,

appaarad to inhibit oocyta daralopamit.
1.2.5.C Bsparlaantal atudlaa of vitaain B nutrition in obaanal oatfiah

Dupraa (196B) invaatigatad tha vitaaia B raquiraaant of ohaaaal catflah.
Using tanks supplied irith watar fraa of natural food, 50 g fish (35-32
individuals) «aro fad diets oontaining IOt soybean protaln, lot oasain or 10%
fishaaal, each aupplaaantad with 0, 1.0, 3.0, 5.0 or 30.0 ag of Juw-a-
tooopharyl aoatata 100 g-*. The diata contained lard and cod liver oil as a
lipid souroe, and were fad at a rata of 2-3% body weight day-" for
approxiaatoly It aontbs. 100% aortality ooourrad in groups fad no a-tooopharyl
aoatata supplsaant. Before death, tha fish baocaaa saaoUtad, lethargic and
dapigaantad. They developed ascites and sosm showed slight enophthalada.
Maxlaua weight gain was aohievsd by tha inclusion of 3 ag JuUUt-a-tocopheryl
100 g-“ diet in casein and soybean based feeds, but only 1 ag 100 g-*
was raguirad in tha fish aaal basa™ di“ts, indicating that fish aasl aay have
supplied up to 3 ag 100 g-*. Hithout knowledge of tha vitaain B oontant of the
lipid coaponants of tha diet used in this study it «ms not possible to
dataraina tha absolute raquiraaant of these fish for a-tocopharyl aoatate.
Mural and Andraim (1974) studied interactions bat«man a-tocopherol,
oxidised aanhaden oil and athoxyquin in diets for fingerling channal catfish.
Tha 3x3x2 factorial study included aii-rae-a-tocopharol at 0, 2.5 and 10.0 eg
100 g-“ diet, 0, 1.0 and 10.0 g 100 g-* oxldisad oil (POVaS.0 aBq 100 g-“ oil),
and 0 and 12.5 ag 100 g-“ athoxyquin. Intaractlons between vitaain B and
oxidisad oil and dietary antioxidants aro daaoribad in sections 1.2.6.2 and
1.3.C.3. Diets «rare casein basad and containad 0.0061 ag 100 g-“ salaniua, the
lipid oontant was standardised to 10% using stripped lard, but losses of
vitaain B during diet storage wore not aeasurad so absolute raquiramants could
not be astiaatad. Bxperiaantal fish grew froa an initUl weight of about 14
g, to 143 g, they «fare held in wall watar at 36.510.5*C, and tho diets ««ere

iot a period of 16 «make. High incidences of exudativa diathesis.
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daplgMotation and Mortality ooourrod in flab fad diata without oxidiaad oil,
a-toeopharol or athoxyquin, but no growth raduetlon, haaBatologleal ohangaa,
moaoular dyatrophy or fatty livara wara obaarvad in thaaa fiah. Baaad on tha
aspraaaien of dafioianoy algna in fiah fad oxidiaad oil (aaotion 1.2.(.2),
Nurai and hndrawa auggaatad a raguiraamt of 10.0 mg 100 g** mll-ne-a-
toeepharol. or 12.5 ag 100 g-“ atboxyquin and 2.5 ag 100 g-“ o-toeopbarol. in
praotloal diata for eatfiah.

I«*all at ai. (1504) atudiad tha vitaain B raquiraaant of ehannal
oatfiah fingarlinga fad diata containing a alniaal laval of pelyunaaturatad
fatty acid. Caaaln-baaad diata containing 0.404 linolaio acid, 64 atrippad
lard and 0.04 ag 100 g** aalaniua, wara aupplaaantad with 0, 2.5, 7.5, 25.0 or
250.0 ag aii-rao-a-tocopharyl aoatata 100 g*“. riah grow froa 5 to 45 g aaan
waight, at 20*C, ovar tha 19 waak axpariaantal pariod. Paad waa atorad froaan
and faading rata waa cloaa to aatlation, but no diatary vitaain B or
aalondlaldahyda datarainatlona vara aada. Growth rata waa iaprovad by
aupplaamtation of tha baaal dlat with 2.5 ag a-tocopharyl aoatata 100 g-“,
but no furthar inoraaaa waa achiavad with diata containing higher lavala. rlah
fad tha baaal diat wara anorexic, lighter in colour, viaibly thinner aoroaa
the back, aore eaaily excitable and ,had lower haaaatoorita, but failed to
develop aacitaa or diaooloratlon 01l in‘ternal organa. Biatologioal aigna in tha
a-toeopharol dafieiant fiah included axtraaa atrophy and naoroaia of tha white
(and to a laaaer dagrea tha rad) aniaela flbrea, aelerotle gloaeruli in tha
poatarior kidney, and oaroid laden aaorophagaa in tba hapatic blood vaaaala.
7iah fad 2.5 ag 100 g*“ a-toeopharyl acetate ahowad no groaa pathological
obangaa, but hlatologioal axaaination ravealad naoroaia of white auacle fibrea
and earoid in llvar blood vaaaala. Mo aueh changaa wara found in fiah fad
higher diatary lavala. Thaaa raaulta indicated that high Jlavala of
polyunaaturatod fatty acida or oxidlxad lipida were not naeaaaary for tba
production of ayopathy in a-toeopharol deficient fiah.

Wilaon at ai. (1984) alao atudiad the vltaaln B raguiraawnt of
flngarlIng ehannal oatfiah uaing oaaain-baaad dicta containing 14 cod liver
oil plua 44 atrippad lard and aupplaaantad with 0 to 20.0 ag 100 g-“ aii-rao-

ja-tooopharyl acetate. Diata contained adaquata aalaniua, wara atorad froxan

Tunder nitrogen, and did not undergo any appraoiabla loan of a-tooo”aryl

\
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C«tfl*h, initi.al «night 5-6 g, «ar* fad tha arparlaantil diata, at
at a rata of 3t body «wight day*“. T«(0o ospariawoto «wra oonduetad,
oaa for a pariod of 10 «waka at 25 fiah taalr®, and oim for If «waka at 15
fiah taak*“. Aftar thia tijaa atooking danaitiaa «wra radoead by 50% and tha
e*p**j*aata continuad for 14 «wako and 20 «waka raapaetivaly. Mo diffaranoaa
in grocoth rata or food oonvaraion affieimey «wra dataetad and no groaa
patbologiaa «wra apparant in fiah fad tha baaal diata in aithar atudy.
Brythrooyta haaaolyaia «ran dataotad in fiah fad diatn aupplaawntad «rith O and
1.0 ag a-toeopharyl aeatata 100 g, but thaaa fiah abo«wd no anaaaU. Zn
2, hiatologioal changan ineludad wiltifooal baaaoaidaroaia in tba
nplaan and panoraatie tiaaua, and poaaibly raduction of panoraatie tiaaua.
Thaaa «wra obaaxvad in finh fad unaupplaawntad diata, but not thoaa raoaiving
2.0 mg vitaain B 100 ¢g"“ or nora. Tha ainiatua diatary vitaain B raquiraaant,
baaad on aaeorbio aeid-atiaulatad lipid peroxidation in hapatio aioroacaaa
oollaotad aftar 16 «raska in axpariaant 2, iwa 5.0 ag aii-rao-a-toeopharyl
aoatata 100 g-“ dry diat.

Both lAvall at ai. (1964) and Nilaon at ai. (1984) reportad that tha
alniaua vitaain B requiraawnt auggaatad by Murai and Andracw (1974) «wn
innuffioiant under practical eondi|tiona. Lovall at ai. (1984) auggaatad that
higher diatary lévala of vitaain ¢ udad by Murai and Andra«w aay have had a
epating affect on vitaain B, thua reducing tha apparant vitaain B raquiraaant
(maction 1.2.6.5). In addition. Mural and Andraxw (1974) uaad vitaain B aa
meli-fae-a-tocopharol, «rhilat a-tocopharyl acetate iwa uaad in tha other
atudiaa and under coanwrcial conditiona.

Tha abaanca of auacle daganaratlon aa a raault of aiaple vitaain B
dafiolency in tha atudiea reportad by Murai and Andracw (1974) and Wilaon at
ai. (1984) la atriking in coaparlaon to tha aavare ayopathy reported by Lovall
at ai. (1984). Ita occurrence doaa not corroiate with )cnowmn vitaain B-llpid,
or vitaain B-aalaniua ralationahipa. Gatlin at ai. (1986b) auggaatod that tha
higher atoeking danaitiaa and lo«wr diatary vitaain C eoneantratlona uaad by
Lovall at ai. (1984) aay have proeipitatod ayopathy. To teat thaae
hypothaaaa, Gatlin at ai. (1986b) atudiad tha affoeta of atoolciag danaity
vitaain C atatua on vitaain B-adaquata and vitaain B-dofiolaot fingarling

channol eatfiah. (aea aaetiona 1.2.7.7 and 1.2.6.5). Gatlin at ai. (1986b)

I
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«1*0 suggMtad that ganatlo (mtrain) diffaranoM aay ba raspoaaibla for auoh
variability in tha affaota of dafioianey (aaotion 1.3.7.11). Thara ara no
olaar diffaraneaa in tha laval of foread axaroiaa undargona by tba fiah uaad

in thaaa atodiaa.

1.3.S.7 Bxparlaantal atudiaa of vitaain B nutrition in tilapia

Laa (1985) fad Oraochroaia niiotioua fingarlinga (4.5 g) aaad-purifiad
diata eontainlng 4t atrippad lard aa a lipid aouroa with fiva lavala (0, 3.5,
5.0, 10.0 and 50.0 ag vitaadn B 100 g-“, for a pariod of 11 woalca. Dafioioney
migna inoludad a lack of aala aaxual coloration, laaiona in tha trunk kidnay
and haart, and oaroid in tha aplaan and poatarior kidnay. Growth waa laprovad
in fiah fad tha diat aupplaaantad with 3.5 ag 100 g~ vitaain B coaparad to
tha unaupplaaantad group, but highar lavala of addition did not iaprova waight
gain. Thaaa raaulta indicatad a raquiraaant for a-tooopharol by O. niiotioua
of 3.5 ag a-tooopharyl aeatata 100 g-“diat.

Satoh at ai. (1987) alto atudiad tha vitaain B raqulraaMnt of O.
niiotioua fingarlinga. An axpariawnt waa conduotad uaing oaaain-baaad diata
and fiah (Initial waight 0.5 g) vhic]> had baan raarad on a tooophorol-frao
dlot for tba pravioua two waoka. Tha atudy laatad for 36 waaka and waa earriad
out at 30*C. Cradad lavala of a-tocopharyl aoatata (0, 5, 10, 30, 50 mg 100
g"M wara addad to a diat containing St lipid aa fatty acid iMthyl catara. No
overt dafieianoy algna wara induced uaing diata containing 5t aathyl catara,
ragardlaaa of tba laval of dietary vitamin B, but fiah raoaiving tha baaal
diat abo%rad a reduced hapatoaoawtlc index and awollan, pala livara. Thaaa
algna wara pravantad by tha addition of mora than 5 mg aii-rao-a-tooopharyl
aeatata 100 g*“ diet. Liver o-tocopharol concantrationa wara lowaat in fiah
fad tha baaal diat and incraaaad aa tha laval of vitamin B in the diat
Incraaaad. Liver total lipid concantrationa inoraaaad in proportion to tba
dietary vitamin B laval due to an Incroaaa in the triaoylglyoarida fraction.
Fiah fad tha baaal diet ahowad an incraaaa In tha proportiona of 18i0 and
ISil(n-9) fatty acida and a reduction in 16i0 and 33tC(n-3) fatty acida in tha
Uvar polar lipide. Nuaclo proximate compoaition waa alao altered, with an

inoraaaa in molatura content raflaoting a reduction in protein and lipid.
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Nasol* thlobarbiturle acid valluas «Mrs bighast in flab fad tba basal dial.
Histological studios wars not conductad. Thoso rasults suggostad a raquiraaant
of 5-10 ag a-tooopbaryl aeatata 100 g-“ in diats containing 5% lipid, but also
indicatad tbst bigbor diatary lipid lavols inoroasod tba vitaadji | rogniraawnt

(soa saotlon 1.2.5.1).
1.2.5.5 Bspariaantal studios of vitaain B nutrition in otbar flsb spaociaa

Barly axpariaMntal work on tbs offsets of vitaadn B dafioianey in tha
guppy was daseribod in soetion 2.1.1 (Cuaings 1942). Tanakawa at sJ. (1975)
atudiad tbs vitaain B roquiranMnt of tbs Japanasa aol, Jinguilia Japonica,
oaficimey signs includad poor appatito, poor growth, baaanrrhaga and
eongastion in fins, and doraatitis. Tbs sdniaua raquiraamt of this spaeios

was aatiaatad to ba about 20.0 ag 100 g*“ diat (Lovoll 1909).
1.2.6 Wutriant intarralationsbins
1.2.6.1 Vitaain B-lipid and vitaain B-polyunsaturatad fatty acid intaractions

In bosMotbanss, tbs raquiraawnt for vitaain B for tho pravantion of

signs of dofieiancy is ganarally dapondont upon tba loval of
polyunsaturatad fatty acids (PUTA) in tbe tissues (Daa 1962; Harris and Bdirao
1963; Groan at ai. 1967; Hayes at ai. 1967; Orean and Bunyan 1969; Alfin-
Slater at ai. 1972; Draper 1980a; Rica at ai. 1985). This interaction can bo
envisaged to ba a direct result of tbe incroasod risk of autoxidation in
tissues containing larger anounts peroxidisablo PUPA. In fish as in other
spocias, tho diatary PUPA content is raflaotad to sosm dagrea in the PUPA
profile of the tissues (Ball at ai. 1989); it therafora follows that
iuvraasing the diatary PUPA level or its dagrao of unsaturation, aay inoroasa
the raguiranant for vitaaiin B. such a ralationship has not, however, been
«eemonstratad for every vitaain B dafieianoy condition (Scott 1978). In
addition to tho affect on a-tocopharol raquiraamit, diatary lipid lavals aay
influaneo tba affioiancy of vitamin B digestion and absorption (section

1.2.9.5). Thirdly, peroxidation of diatary PUPA nay cause tba destruction of
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a-teooph*rol in feeds.

The reeulte of Noodell et ei. (1964) Indieeted that eigne of viteain |
defieieaoy in ebinook selaon were eooentueted by the inclusion of larger
quantities of herring oil, high in polyunsaturated fatty aoida, in the diet.
Furtheraore, réductions in aiorohaaiutoerit, erythrocyte count and haeaaglobin
values, and an increase in the percentage of iaeuture erythrocytes were
oboarvad only in fish fed diets containing 9t oil (highest level) without o-
tocopberol. In contrast, the data of Cowey at ai. (1911, 1993) suggested that
increasing the dietary lipid (and PUFA) content failed to precipitate the
e™reaeion of vitamin B deficiency in rainbow trout. In thoao studies both the
total lipid content of the diet and the degree of unsaturation were increased.
Matanabe at ai. (1981b) discussed the relationship between dietary lipid
levels and the a-tocopherol raqulranent of rainbow trout and described tliree
experiments designed to examine this relationship. In the first, trout of
average body weight 1 g ware reared on a vitamin B-froo diet for 30 days.
Oroups of these were then fad a partially-defined diet containing 15« polloolc
liver oil methyl esters and O, S, 10, 30 and 50 mg aii-rao-a-toeopbaryl
acetate 100 g*“ dry diet. The experiment continued for 12 weaka at 18-20*C
during which the control group grgw from 0.94 to 12.87 g. Fish fed the diet
without vitamin B supploawntation developed low appetite and reduced growth
rate after 6 weelcs of feeding, and began to show convulsions and mortalities
after 7 weelcs. The addition of 5 aji aii-rac-a-tocopharyl acetate 100 g*“ diet
prevented the appearance of this syndrome, but larger aupplements failed to
improve growth or food conversion efficiency. In the second experisMnt, eight
diets, four containing 5, 10, IS and 20« methyl esters, 10, 5, O and O« beef
tallow and 5 mg 100 g-“ aii-rao-a-tocopheryl acetate, and four with 15« methyl
»tore and 0, 5, 10 and 30 mg vitamin B 100 g*“, were prepared. These were fed
for 12 weelcs at a water temperature of 16-227:, during which the average
weight of the control group increased from 1.27 to 10.43 g. Liver and carcass
"a-tooopherol concentrations were greatly reduced by increasing the degree of
unsaturation of the dietary lipid. Height gain was reduced as the percentage
of FUFA in the diet increased but, although reduced feeding and growth were
,hoted in fish fed the diets containing 15« methyl esters, convulelons end

mortalities did not occur. Differences between this and the previous
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msparlawit My hav* bam dua to tha usa of largox flab aad poaaibly hlghar
advantitlous lavals of diatary a-tooopharol. Tha rasults of this atudy
Indloatad that, in a diat containing ISt lipid, 10 ag aii-rao-a-toeopharyl
acotato 100 g-“ pravantod dafioianoy aigns. In a third aspaxIMot, conductad
.at 17-20%, and uaing trout of Man «might 25.9-20.1 g, tha affaot of
diffarancoa in tha ladal of total lipid «ma axaainad in ralation to tha
davalopMnt of dafleianey aigna. Bxpariamntal diata containing 3, 5, 10 and
15% pollock livar oil plua 50 ag aii-rae-a-toeophoryl aocatato 100 g*“ «laro fad
to groupa of fiah for a pariod of 9 imaka. Livar lipid oontant ima unohangad,
livar and auaela a-tooopharol concantrationa «mra highar in fiah fad diata
containing laaa than 10% fiah oil, but livar containad Mra than Maela. Thaaa
data aupport tha hypothaaia that Incraaaad diatary polyunaaturatad lipid
coneantrationa raault in an incraaaad vitaadn B raquiraMnt and radkioad tiaaua
a-tocopharol concantrationa.

Boggio at ai. (1985) atudiad tha affact of diotary a-toeopharyl acatata
laval togathar ifith lipid aourca, on tha nutrition of rainboir trout. 30 g flab
«mro fad barring Mal-baaad diata containing aithar 8% barring oil (high PUTA)
or 8% a«im fat (loFPUPA), and aupplaMntad «fith O, 5, 50 or 150 ag ail-rao-
a-toeopharyl acatato 100 g*“, for a porlod of 124 daya. At tha and of thia
pariod, haaMtoorita imra algniflcantily loimr In fiah fad diata containing
barring oil with 0 or 5 ag 100 g-“ a-tocophoryl aocatato than in fiah fad diata
«fth awina fat and tha aaM vitaatin B aupplaawta. Thia roault daannatratad
tha offaeta of higbar lavola of poly«inaaturatad fatty aoida on vitaain B
nutrition.

Tha rolationahip batwoon vitaadn B nutrition and diatary polyunaaturatod
fatty acid oontont in carp flngarlinga («might C.5 g) «ma atudiad by Watanabo
.at ai. (1977b). TWO oxporiMnta imro conductad aiaultanaocualy ovar an 18 «mok
porlod. In tha firat, partially charactarliad diata containing 5 awthyl
linoloato and O, 10, 30, 50 and 100 ng ali-rao-a-tocopharyl aootato 100 g*“
wara fad to groupa of fiah, and in tha aaocond, diata containing 10 ag a-
tooophoryl acatato and O, 2, 5, 10 and 15 Mthyl HlinolMta woro uaod,
togathor with a control containing 50 ng 100 g-“ vitutin B and 5% Mthyl
aatara. In axporiamt 1, «might gain «a roduocad and apparant auacular
idyatrophy waa obaarvad in tho fiah fad 0 and 10 ag 100 g-“ a-tocopharyl
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ecatat«, but not in fish fad larfar supplsaants. In axpariaant 2, fish fad

oontaininp 2t and S% nathyl linolaata, togathar %rith 10 mg 100 g“ a-

toeopharyl aeatata, sholrad slightly lowar growth than tha control, but fish
diats containing 10 and ISt aathyl linolaata showed aarkadly lowar growth
and 3S-40t davalopad apparant auscular dystrophy. This indicatad that
incraasing tha diatary polyunsaturatad fatty acid contact proantad tha
*xp>**dion of signs of vitaain B dafioiancy. Howavar, tha prawantiva affaet
of highar lavals of vitaadn B was not daannstratad. In axpariaant 1, vitaain
B ooncantrations in tha auscla and hapatopancraas raflaotad diatary lavals,
and in axpariaant 2, tissua vitaadn B concantrations wara highast in tha group
fad Ot aathyl linolaata. Nalondialdahyda concantrations wars highast in fish
fad 0 ag vitaain B 100 g-" and lowast in fish fad Ot aathyl linolaata. Tissua
lipid contant and composition was broadly unaffactsd by aithar tha a-
tocopharyl aoatata laval, or tha mathyl linolaata contant of tha diata,
ho¥%fovar changas in tha polyunsaturated fatty acid composition wars again
marked, particularly in tha polar lipid fraction, rish fad 0 mg a-tocopheryl
acetate 100 g-“ shoiMd lov>ar proportions of (n-6) sarias fatty acids, highar
proportions of 16i0, 16>1 and 1Stl fatty acids and raducad parcantagas of c-54
Fish fad tha fat free diet also showed a reduction in (n-S)
fatty acids and an incraasa in 16:1, ISil and 20:3 (n-9). A linear
between tha proportion of C-54 trlacylglycarido and tha

percentage diatary linolaats was noted in axparimant 2.

Natanaba at aJ. (198la) also studied tha affect of tha lipid contant of
tha diet on the vitamin B roquiramant of carp fingarllngs. Prior to the start
of this study, fish had baan raarad for 2 weeks on a tocopharol-frae dint
containing 10t mathyl palmitate. For tha purpose of tha axparimant, tha lipid
source, mathyl asters of pollock liver oil, «ns provided at lavals of 0, 5,
10, 15, and 20% in partially-dafinad diets containing 5 mg ali-rao-a-
tocopheryl acatata. The control group was fed a diet containing 10% mixed
lipid and 50 mg 100 g'“ vitamin B. 1.5 g carp wara fad these experimental
diats for 12 weeks at 18-22*C. Weight gain was lowast in fish given 0% lipid,
probably due to essential fatty acid deficiency or tha reduced energy contant
of the diats. Weight gain was greater in tha group fad 5% methyl esters, but
reduced in fish fad 10% and highar, and in fish fad 10% mathyl asters and
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above, apparent aniaoular dystrophy waa obaarvad. Onoa again fish showing
aaseular dystrophy ware found to hava high peroantaga a»lstura and low
paroantaga protein eosg”sitions and ineraaslng tha level of dietary SMthyl
eatara above 5% resulted in a depletion of ausola and bapatopanoraas a-
toeopharol concentration. Changas in tha fatty acid distribution ware not
raoognisad in this axpariaant perhaps since tha pollock livar oil aathyl
asters ware low in 1Si2(n-6) fatty acids.

matoh St ai. (1987) fad 0.5 g Ormoebromia niioticus diets containing
5, 10 or 1st fish oil SMthyl estars and 0 or 50 ng 100 g~ a-tocopharol for a
period of 9 weeks. Fish receiving diets containing 10t and 15% fish oil SMthyl
astars %rithout a-tocopherol supplaawntatlon bagan to show low appatlta and
reduced groifth frost tha third traak of feeding and showed poorer weight gain
and feed conversion efficiency. Pish fed 15% lipid without vitanin m also
showed 20% sortality during tha course of the experisMnt. Supplswsntation with
SO ag 100 g* a-tocopharyl acetate inproved these parfomanea indices.
Increasing the dietary lipid level from 5 to 15% reduced tha concentration of
a-tocopharol in tha whole body. Increased aoistura and TBA values and
<lecreased protein and lipid content and muscle a-tocopherol concentrations
were associated with higher dietary, lipid levels and a lack of vitamin B
supplementation. I

Roam at ai. (1990) studied tha vitamin B raquiraakant of the blue
tilapia, Oreochremis aureus, in relation to the dietary lipid level. Sami-
purified diets containing two levels of lipid (3% and 6% com oil) and 0, 1.0,
2.0, 4.0 and 8.0 ng aii-rac-a-toeopheryl acetate 100 ¢g'“ware fad to 2 g fish
held at a temperature of 27*C, at 8-3% body weight per day, for 12 wéeks. Fish
fed the diets unsupplementad with vitamin B, at both lipid levels, exhibited
reduced weight gain and food conversion efficiency and showed skin, snout, aye
and fin haemorrhages, hyperaemic blood vessels on tha head and operculum,
anorexia, impaired arythropolasis, erythrocyte disintegration, distended gall
bladders, degeneration of cardiac and lateral skeletal muscle, ceroid,
lipofuscin or melanin deposits in the liver and spleen, and lack of skin
coloration. Muscle degeneration and liver pigment deposition was also noted
in fish fed 6% lipid and 1.0 mg 100 g~ a-tocopharyl acetate. The vitamin B

requirement of this species was estimated to be 1.0 mg aJJ-rae-a-toeopheryl
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aoatata 100 g-“ diat at 3t diatary lipid and 2.9 mg 100 g-“ at <% lipid ahan
diata oontainad 12.0 ag 100 g™ butylatad bydroxyaniaolina (IHA). Thasa
autbora auggaatad that vitaadn B raquiraaMnta ba aapraaaad aa a function of
diatary lipid laval (ia. 0.3-0.4 mg a-toeopharyl aoatata pareant™ com oil

kg*“ diot for tba blua tilapla).
1.2.C.2 Vitaain B-oxidicad diatary lipid intaraetiona

Mhitaora (1965) found that, in cbinook aalaon fad vitaain B-dafioiant
diata containing oxidixad lipida, blood roganaration appaarad to ba dalayad
and iapairad and aigna of nacroaia tiara obaarvad in aoaa arythrooytaa. Barly
altarationa wara apparant witbin 4-6 waaka and tha prograaaiva obangaa
auggaatad a diaturbanea to haaanpoiaaia. Fiah fad rancid dicta containing
vitaain B davalopad alightly raduead haaanglobin and haaawtoorit valuaa in
ecapariaon to fiab fad vitaain B aupplaaantad diata containing froah oil.
Tharapautio feeding of vitaain B to fiab fad vitaain B-dafieient, rancid

raaultad in thba blood indicaa returning to noraal. Thia indioatad that
vitaain B can aaaliorata the negative affacta of rancid feed ccaponanta.

Bung at ai. (1980b) and Coway at ai. (1984) datactad no affaot of
vitaain B-doficiant diata containing 7.5% or 12% aodarataly oxidiiad oil
(aaxiaua POV about 9 aBq 100 g“* oil) on weight gain, food convaraion ratio
and aortality or haatutologlcal and biochaadoal paraaMtara in rainbow trout.
Bowavar, Coway at al. (1984) noted that fiah fad oxidixad oil in tha abaanca
of vitaadn B ahowad a»ra aavora hiatologieal changca in tha akalatal aniacla,

araaa of tonal nacroaia, hyaline daganaration and incraaaad aocainopbilia.
Bung at ai. (1981) found that aortality waa incraaaad among rainbow trout fad
diata containing 7.5% highly oxiditad oil (POV-12 aBq 100 g*“ oil), and waa
raduood by aupplaaantation of diata containing highly oxidiaad oil with aJJ-
rao-a-tocopharyl acetate. In vitro arythroeyta haaa»lyaia waa inoraaaad in
fiah fad highly oxiditad oil, an affaet which waa alao pravantad by feeding
a-tooopharyl acetate. Plaana and Illvor a-tocopharol conoantrationa wara
reduced in fiah fad tha highly oxiditad oil. Hocoia at ai. (1984) daaorlIMd
tha hlatopathology and further dataila of tha haaauitelogy and aarua

bioobaalatry of tba fiah uaad by Hung at ai. (1981), together with a third
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group fad axtruMly oxldliod oil (POV-31.4 alg 100 g*“ oil). Piab fad dlata
ooatainiag tba highly or axtraMly oxldiiad oila without JUW-o-toeophoryl
Bupplaaanta axhibitad Jlowar arythroeyta oouata, haMoglobln
oonoantrationa and haiawtoorits. Oroaa pathologleal aigna iaoludad aplaalo
aalargaMnt, livar diaoolouration, gall bladdar dlatanaien and tha praamoa
-mmll aaounta of viaooua, yallow gut contaata. In addition, fiah from thaaa
groupa had ineraaaad nuabara of abnoraally davaloping polyohreaateoytaa,
aplaaio hamoaldaroala and hapatlo focal naeroala and oaroidoaia, but no
muaoular dyatrophy. Thaaa obaarvationa auggaatad that aortalltlaa in thla
atudy wara dua to tba oumilativa affaot of livar dyafunotion and ana«ida.
Supplaaantation with 3.3 ng aii-rac-a-toeopharyl aeatata 100 g** pravantad
dafioianoy aigna, but athoxyquln aupplaaantation axartad only partial
protaotion in tha abaanoa of a-toeopharyl aeatata. llahulica (1900) found that
raduetion in arythrocyta count, haaauitoerlt and haaawglobln in trout could ba
diraotly ralatad to tba dagraa of dietary lipid oxidation.

A hiatopathologlcal atudy of carp fad a-toeopharol dafielant diata with
oxidixad aathyl IlInolaata waa daacribad by Mlyaiakl (1906). Bxparlaantal,
eaaain-baaad, dlata containing 10t fraah aoybaan oil (POV>0.40 mx<] 100 g*“) or
mathyl linolaata oxidizad for 30, 40,j 90 or 200 hra (POV>47.5, 114.0, 160.0,
130.0 alq 100 g-‘), wara fad for a parlod of 5 aontha to fingarling carp
(Initial weight 1.g) held at 20*C. Diata containing aoybaan oil and 40 hr
oxiditad aathyl linolaata vmrm prepared with and without 25 ag o-tooopharyl
aoatata 100 g-“. Thera waa no aignifleant dIffarenca in weight gain batwaan
groupa fad aoybaan oil with and without o-tocopharyl aoatata, but in groupa
fad dieta containing oxidized oil with or without vitamin m, weight gain waa
aignifioantly reduced at 5 months, overt muscular dystrophy was observad moat
pradoalnantly in fish fad tha 30, 40 or 90 hr oxidised methyl linolaata
without a-tocopharyl acoétate. Hlatopathologleal examination of these fish
showed mild to aovara myopathy of tha lateral white muaola. In mildar oases
thara waa focal atrophy and naerosia and splitting of fibraa. In moderate
oaaaa, tboro waa a more general daganaration and noerosia of fibras, soma
maorophaga invasion was obaarvad, and ceroid ladon maorophagas wara notad in
tha hapatopanereas, spleen and kidney. In aovara easea, most of tba white

mUBola fibraa ware necrotic and atrophied, with separation of tha aareoplasm.
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o«dMa and ptoduotlon of oonnootiva tiasua. Thaso lasleas wara aetad on both
aidaa of tba Utaral auaculatura. Largar nuad>ara of oarold Udm

wara obaarvad in tha viaearal organa. Bapatooytaa ahowad atrophy and earoid
dapoaltion and tha I-ealla of tha panoraatio lalata ahowad aoM dagr.m.T.tltrn .
In oontraat to flah fad unoxidliad diata (Natanaba at ai. 1t70a,b), earoid waa
obaarvad avan in tha tiaauaa of fiah with no avidanoa of nyopathy, including
aoM froa fiah on vitaain B aupplaaMntad diata.

Murai and Andrawa (1974) (aaetion 1.2.S.6) found that ohannal oatfiah
fad diata containing XOt oxidiaad aanhadan oil (POV>f.0O loo g** oil)
without aupplaaantal a-toeopharol axhibitad poor weight gain, faad eonvaraion
affioianey and aurvival, togathar with a high ineidanoa of exudativa
diathaaia, auacular dyatrophy and loaa of apidanul pigaantation. Exudative
diathaaia waa nanifaatad by axophthalaia, aacitaa and a awollan,
vant. Affected fiah ahowad Inereaaad auaceptibility to atraaa. Fatty livara
and anaaaia (raduead haaaatoerit, incraaaad nuabera of polyobroaatooytea with
roundad nuclei and incraaaad nuabara of haaa»lytie erytbroeytaa) wara alao
noted, and hiatopathological changaa in tha auaela fibraa (atrophy, hyaline
or granular daganaration), kidney (hyaline droplet daganaration) and
paneraatic tiaaua (atrophy, nacroaia fi acinar calla, daganaration of B-ealla)

obaarvad. Addition of a-tocopharol affactivaly pravantad thaaa aigna.
soliaan (1982) and Sollnan at ai. (1983) daacribad tha pathological
«***ota of feeding rancid lipid with and without vitaadn B aupplaaentation in
dicta for Ormmoaliromia niioticua (Trawavaa). Fiah (initial weight 2.4-2.8 @)
wara fad dafattad fiahaaal-baaad diata for a period of 6 waaka at a rata of
S% body weight par day and at a taatparatura of 28*C. Dieta contained 10% fraah
(FOV>4.28 asq 100 g-“) or oxidized (FOV-144.6 aBq 100 g*<) fiah oil, both with
and without 10 ag aii-rac-a-tocopharyl acatata 100 g-“ (2x2 factorial daaign).
growth rataa and food convaraion afficlanciaa tiara aiailar, but fiah
~i*ta containing rancid lipid without vitaadn B aupplaaantation ahowad
oongaation of anout and fin vaaaela, lordoaia, axophthalaia, cataract and
orbital eollapae, and oadaaa. Thaaa axtamal aigna appeared rapidly (within
aavan daya) and 23% aortality occurred over tha axpariawntal period.
Internally, darkening of tha liver and dlatanalon of the bile duet ware alao

obaarvod. With tha axoaption of lordoaia, aljzilar aigna ware noted in fiah fad
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tb* raaeld lipid with vitaain B, but fish f«d frrah lipid wars elinieally
notaal. Histologically, fish fsd rancid lipid axhibitod stostitis of all
ahdcaiinal fat bsaring tissues, loss of hapatio lipid «fid deposits of
intraesllular oaroid in tho livor, splaon and kidnay and choroid. A aild
~aningitis, subepandyaal oadaaa and a high froquancy of pyknotie nuolai within
calls of paranchynatous tissue ware also recorded. Skin, heart and gills were
unaffootod, and skalotal auscla changes wsra adnor being restricted to
localised, bland sarcoplasaic degeneration, particularly in the rod auscla
around tho lateral line and in the head. These signs wsre also present, but
less surkod, in fish fad diets supplssumtsd with vitaeln B.

Stdphan at ai. (1989) studied the affects of oxidised fish oil and
antioxidant deficiency in aaa basa, Oicentrarehus iahrax. Two exporiaanta, one
with SO g and the other with 250 g fiah Y%era conducted using practical-type
dieta, one containing 7t oxidized fiah oil and lacking supplaswntal vitaain
B (adventitious concentration 0.04 mj 100 g™*), choline and synthetic
antioxidant. These were fed for a period of 5 aunths at a water taag”rature
of 18\1. Fish fed the unsuppleasnted, oxidised oil diet show granular
degeneration of auscle (particularly rad muscle) fibres and increased plasaa
glutaad.c-oxaloacatic transaminase ard creatine kinaaa activities and liver and
m»sole amlondialdahyde concentrations. These changes were aust marked in the
groups of smaller fish which also had tho best appetite and the best growth.
A normocbromic and nozstocytic anaaatia and an increase in erythrocyte
haasnlysis were also observed. Sakaguchi and Bamaguchi (1979a,b) studied the
effects of oxidised oil, with and without vitamin B and vitamin B2, in diets
for cultured red sea bream {.Chrytophrya major). In the first of these studies,
diets containing moderately oxidized oil (POV«55 mBq 100g-") caused a
reduction in hepatopancreatic fat, but this affect was not noted in fish fad
severely oxidized oil (POV-155 mBq 100g-<). Plasma triacylglyearide and
cholesterol concentrations decreased in fish fed oxidized oil, particularly
in fish fed diets containing severely oxidized oil and without vitamins B and
12. In the second study, oxidized oil was found to cause a daoraasa in
i>*PAtopaneraatie glycogen and an increase in plassm glucose but the affect of
vitamin B was not exaii.ned.

Several factors may bo responsible for the pathological effects of
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fMdiag o)ddii«d oil. Forstor at ai. (19tt) polntad out that oxidation aay
rodoeo tba digaatibility of tha lipida, rodueo tha diataxy ooaeantrationa of
labila ocaaantial polyunaaturatad fatty acids, vitaadns and aaino acids, and
may diadnish tbha aotivitias of aoas digastiva ansyaas. Furthacaoca, oxidation
products of lipids suty bo diractly toxic if they aro absorbed. Hung at al.
(19t0b) indicated that endogenous a-tocopharol oonoantrations in praetioal
fish diets were significantly raducad by the addition of aoderataly oxidisad
oil and by storaga for 24 waaks, but found that the oonoantrations of
supplsaantal a-toeopharyl acetate ware unaltarad. Hung and Slinger (1980)
reported that oxidised dietary lipid caused a reduction in tha ascoiAie acid
content of feed and in liver ascorbate in fish fed these diets. Hung at ai.
(1981) showed that the percentage of polyunsaturated fatty acids in the total
fatty acids ware also significantly affected by the level of oxidation of tha
oil. Oxidised dietary lipids aay reduce the protein efficiency ratio (Lobrey
at ai. 1978) and gro%rth in fish (Katola at ai. 1989).

The practical significance of vltasdn B-oxidised lipid interactions in
aquaculture is daannstrated by tha wide variety of clinical conditions
involving diet rancidity in fish which respond to vltaain B treataant (section
1.2.8). However, a full explanation fbr tha beneficial affect of vitamin B is
difficult. Lipid hydroperoxide absorption aay )a enhanced by a-tooo”arol.
Talcauchi (1972) studied tha absorption of lipid hydroperoxides in carp by
coaparing tha upta)ca into various tissues of radio-labelled methyl linolaata
(control) and radio-labelled aathyl [linolaata hydroperoxide (KLHF),
adainistarad via a tuba into the gut. The carp abaorbad little MLHF by 24
hours, but upta)ce was facilitated by vitamin B. In addition, a-tooopherol may
prevent soaw toxic affects of lipid peroxides by the interruption of
autoxldation reactions initiated by these compounds. Watanabe at al. (1970b)
found tliat dietary a-toeopherol reduced tha rata of loss of vitamin C and
prevented an increase in tha TBA value of the food, but Bung at al. (1981)
found that o-toeopheryl acetata supplaawnts failed to prevent the loss of
fatty acids or o-toeopharol from tha diet. The acetate form has low
antioxidant activity, but 1is stable as a feed supplament. Synthetic
antioxidants are used coasMrcially to protect labila dietary coavoamts

against oxidative destruction. n

61



1.2.6.3 Vitaain B-dl«tary antioxidant intaraotions

eavaral vitaadn 1 daficloncy disoasaa In hoaMothaxas raapend to dlatary
snpplaaMntatlon with ayntbatie antloxidanta (Drapar and Caallany 1SS*} Drapar
at ai. 195B) Soott 1978). In aueh caaaa tha poaalbla in vivo aetivlty of tha
antioxidant baa baan tba aubjaot of dabata ainoa thaaa ooaipounda alao aot to
apara o-tooopharol froa oxidation in vitro. Purtbanwra, sinon antioxidants
lack apsolfloity for tba call Baabrana thay ars sllainatad froa tbs tisauos
Bora rapidly than a-tocopharol. Antioxidants in ooaaMreial dista for flab
inhibit lipid oxidation, oonaarvs labila vltaaina and otbar faad oonstltusnts,
aot to apara vitaaln B and aay hava in vivo aotlvlity (Ruasay 1980).
Btlioxyquin, butylatad hydroxyanisola (B8A) and butylatad bydroxytoluana (BBT)
ars oooaonly usad in tbs preparation of fish faads. Lacai dietary
inoluaion lavais exist in sosw countries.

Hung at ai. (1981) found that plasaa and livor a-tooopharol
oonowitrations in rainbow trout ware unaffootad by ethoxyquln and that no
athoxyquin supplaaMntatlon tras necessary in diets provided they oontainad
fresh oil. Mocoia at ai. (1984) reportad that sthoxyguin was loss offoetlve
than a-tooopherol in preventing tha pjstbological affects of oxidised oil, tmt
did have soate asMliorative affects. Mural and Andrews (1974) found that
athoxyquin supplaawntation praventad soaa, but not other, signs of vltasdn B
doficiancy in channel catfish, and concluded that this antioxidant oould
partially replace a-tocopharol in faad. Siailarly, Soliswn (1982) recordad
BYukt BBT tras also partially effective in tha prevention of tha pathological

affoets of feeding oxidized oil in Oroocbroaia niiotious.

1.2.6.4 Vitaskin B-salenlua interactions

As a CMponant of glutathione peroxidase, salaniua is involved in
cellular dafanoa against toxic products of peroxidation in vivo (Rotruok at
ai. 1973). Lika vitaain B, salanlua is therefore functional in the prevention
of pathologies due to autoxidation of polyunsaturated fatty acids (Ball and
Coway 1985). In view of their related function it swy be axpaotad tliat the

raquiraaent for vitaain B aay be dependant on salaniua status and indaad.

62



eeImiuii raapenslvwiaaa baa baan daaenatratad in aavaral vltaain I dafleianey
oondltiena of hoMothaima (Drapar 1*80a).

reaton at ai. (187C) obaarvad fragnantad arytbrooytaa in Atlantia aalaMn
dafioiant in both vitaadn m and aaloniua. Coabinad vitamin I-aalaniun
aupplaaMnta ineraaaad livar, but not oaroaaa, vitamin I ooneantrationa abova
thona oohiavad by vitamin B aupploakantation only. RiatoloBieal laaiona vara
moat aavara in eoabinad vitaalin B-aalanium dafieianoy, but alao praoant in
groupa aingly dafieiant in aithar vitoadn B or oalonium. Balaniun
nupplomantation eauaad a largo inoroaao in plamaa C9X nativity, and thia waa
anhanoad in tha praaanea of vitamin B, but vitamin B in tho abaonoa of
aalanium had no aueh affaet.

Vitamin B-aalonium intarrolationahipa in rainbow trout warn atudiad by
Ball at ai. (1985, 198C). Trout of naan waight 11 g, provioualy raarod on
uoaoMroial faada, wara fad ona of four diata which waro odoquato or low in
aalmium or vitamin B or both (diot li 4.06 mg 100 g*“ vitamin B, 0.0889 mg
100 g-“ aalanium» dlat 2i 4.06 mg 100 g*“ vitamin B, 0.006 mg 100 g** aalanium»
diat 3t 0.214 mg 100 g*“ vitamin E, 0.0877 ng 100 g*“ aalanium, and diat 4i
0.196 mg 100 g"“ vitamin B, 0.006 mg 100 g*“ aalanium). SupplooMntal vitamin
B waa aa aii-rao-a-tocophoryl acata™a, and aupplomontal aalanium aa oodium
aalanita, lipid waa auppliad aa llnolalc aold (1t) plua palmitle aoid (9t in
diat) and protootad by tha uao of a diatary antioxidant. Tho axporimant waa
oonduotad ovar a pariod of 40 waaka at a tomparaturo of 19°C. riah wara fad
at 2t body waight day* and tha control group grow from 11.3 to 351.8 g ovar
tbia pariod. Noight gain waa roducod and axudativa diathoala davalopod in
anlamla fad tha dually doflciont diat, but no mortalitioa oeeurrad and no
hiatologloal aigna of akolotal muacla daganaration wara dataotod. Vitamin B
daflolanoy alono oauaad no aignlfioant loan of growth and no axudativa
dlathoaia. A algnifleant Intaraetion batwaan diotary vitamin B and aalanium
waa dataetod on haomatoorit and in vitro mioroaomal lipid paroxidatlon and,
in plaama, diotary vitamin B had a aignifioant affaet on aalanium
ooneantration. aiutathiono paroxidano activity waa algnlfioantly raduead in
tha plaama and livar of trout fad aalanlum-dafielont diata, but waa unaffoetod
by vitamin B Intaka. Plaama pyruvato kinaaa activity incraaaad only in fiah

dually dafielont in vitoadn B-aalanium, and atay hava indlcatad aubellnlcal
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mUMI* da«Mi«ratlon. eimilarly, toU, NoVloar, Nitehall and Cemy
(unpubliahad) found a aynargiatle affaet ot ooablnad vitaain | and aalaaiiaa
dafieianey en aortalUty, haaaMtoerit raduetion, inoraaaad auaaagtlbility to
baaawlyata and pUaaa pyruvata klnaaa aetivity in Atlaatla aaUwa parr
(S>dall] paraonal ooaaunlcation Ifl7).

Oatlin at ai. (1fSCa) Invaatlgatad vitaaln i and aalaniuai
intarralationahlpa in tha nutritlon of fingarllng ehannal oatfiab. A 2m2
faotorial aspariiMnt waa oonduotad uaing a vitaatin l-aalanlim dafieiant,
oaaain-baaad diat (oontalning 0.25 mg a-tooopbarol and 0.00i ag aalaniua 100
g*°) alana, or aupplaaMmtad witb 5.0 ag aii-rao-o-toeopharyl aoatata 100 g**,
0.02 ag Bodiua aalanita 100 g-“, or both. Tbho diat eontainad a bigb lavai of
unaaturatod fat (10% atrippad oom oil). Triplicata groupa of tO g oatfiab (17
individuala) «ara fad tha taat diata at 3% body «might por day, at 27*C, for
a poriod of 15 «Moka, loaa fiah vara raawvod and tha anporiamt eontinuad to
25 «Moka. CoMbinad dafioianoiaa of vitaain | and aalaniua oauaad auppraaaad
groc«th, roduoad haaautoorit, aavara ayopathy, axudativa diatbaaia and daatb.
kiatologieally, aavara naoroala of akalotal auaola t«ith aononuolaar oall
~51n>">5tory infiltrata, and nodorata to aavara gleaarulenophritia of tha
PO*torior kidnay, «Mro apparant. iing]ilar dafioianoiaa of aithar vitaain | or
aalMtiua did not oonalatantly produca any of thaaa dafloionoy aigna. Vitaadn
m dafloionoy ocoauaad alavatad aaoorblo aoid-atiauilatad paronldation of bapatio
aioroacaao, whloh waa unaffootod by aalaniua aupplaawntation. wmalanliat
dofloianoy oauaad roduoad glutathiona paroxldaaa aotivity and inoraaaad
glutathiona tranafaraao aotivity in tha livor, ragardlaaa of vitaain |

aupplaaMntatlon.
1.2.5.5 Vitaain l-aaoorblo aoid intoraotiona

Aaoorbio aoid oan aot aa an in vive antioxidant in non-lipid tiaaua
eeapartaanta (Halvar Hit) and aay iIn aoaa oireuaataneaa raplaoa tha
funotional raquiraaant for vitaain I. Thua, Chan at ai. (ltti) danonatratad
tha aparing aotion of vitaain C on aataboliaa of vitaain I in vitaain m-
dafioiant rata. In addition. Tappai (Itti) and Necay (Ifil) praoantad avidanea

to auggaot that aaoorblo aoid aeta to raganarata vitaain m tbretigh raduetion
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ot tba daaotlvatad a-tooopharosyl radical to a-toeopharol.

Ziovall at ai. (1984) suggaatad that tha praaanea or abaaaoa of layopathy
duo to vitaaln E daflelanoy in ohannol catfish (Nurai and Andraws 1974; lovall
at ai. 1984; Wilscn at ai. 1984; Oatlin at ai. 1988a) awy ba axplainad by
diffaranoas in diatary ascorbic acid contant. This intaraotion was atudiad by
Oatlin at ai. (1988b). A casain-basad diat, daficiant in vitamin | and
ascorbic acid, was supplamantad with O or 5.0 mg 100 g*“ aii-rao-a-tooopharyl
acatata and 0 or 8.0 mg vitamin C 100 g-“ (2x2 factorial dasign), and fad to
groups of 1S, 4.8 g catfish for 20 waaks. Fish fad diats witiMut supplamantal
vitasdn C had significantly raducad growth and faad affioiwioy ragardlaas of
vitamin B supplamantation. No gross daficianoy signs wars notad in fish fad
vitaadn B-daficiant diats with or without vitasun C supplssMntation. Vitamin
B-daficiant fish again ahowsd incraasad microsomal lipid peroxidation, but
this too was unaffactod by vitaadn C supplamantation. Thus, vitasdn C status
did not appaar to markedly influence tha vitamin B nutrition of this spaoles.

Foaton and Comba (1979) axamlnad tha Intarralationahips batwaan diatary
raquirasMnts for salanlum, vitamin B and vitamin C. A diet containing 0.008
mg salanium, 1 mg vitamin E and 5 mg vitamin C 100 g*“ was fad to groups of
Atlantic salmon for a period of 2 wMks. lethargy, anorexia, reduced luisela
tone and incraasad mortality ware induced. Affected fish lay on their sida and
made no attampt to swimwhen handled, moribund fish had yallow-eolourad livors
and pyloric caaoa. normal haamatocrit and tha absence of scoliosia suggested

diatary levels of vitaadns E and C wore adaguata, and tba condition was
ettributad to selenium deficiency. Affected fish ware fad repletion diats
containing 0, 0.005, 0.010 or 0.015 mg solanium 100 g*“ plus supplements of
oithar 8 mg vitamin B, 100 mg vitamin C or both 100 g* dry diet. Salmon fad
no supplamantal vltaadn B or vitamin C grew slowly and showad high snrtallty,
with tha highest mortality in tho diat without solanium supplaamntation.
Single supplamants of either vlitasdn B or vltaadn C ware equally offaotiva in
roducing mortality. This suggested that selenium raquirsamnts could be

partially roplacod by either vitamin B or ascorbic acid.



1.2.6.6 VIita>In B-Vitamln A Intaractlons

Moor* (1940) reportad that vitaadn B roduood the rat* of vitamin A
doplotioa from rat livor and high lavola of dietary vitamin A have boon found
to ineraaao vitamin B raquiramants (Pudalkiawiei at ai. 19C4) and radueo
PI-A*» vitamin B oonoentrationa (Frigg and Broa 19B4). Vitamin B may protaet
againat vitamin A toxicity (Jenkins and Mitchell 197S), and may premota
absorption of vitaain A. The nMchanism of this relationship is uncertain, but
Cawthome at al. (1968) indicated that it %fas not simply a result of
interactions between an antioxidant and an oxidisablo substrata.

Poston (1968) studied the action of dietary tocoj”arol in a synthetic
vitamin A tost diet for brook trout, Salvmliaum foncinaiis. A 2x2 factorial
*pPr>freeett was designed utilizing high and low levels of vitamin A, each in
combination with 20 or 125 mg aJi-rac-a-tocopheryl acetate 100 ¢g"“ diet. High
level vitamin B supplementation did not affect tissue vitamin A
concentrations. Fish fed the higher levels of both vitaatin A and vitamin B had
higher haoMtocrits than fish fed single high-level supplaaMnts of either
vitamin, and also a lower frequency of ventral subcutaneous discoloration.
These results were interpreted tj au*gest that the lower level of vitamin B
(20 mg 100 g-°) was inadequate for the optimum fonuilation of a tost diet for
this speoies and that vitaaUns A and B may act synergistioally in stimulating
haemopoiesis. Sugii and Kinumaki (1968) found that vitamin B was distributed
quite differently to vitamin A in the tissues of skipjack (Jratsuwones
palamia), carp and rainbow trout. Ushikusa et ai. (1986), likewise, could find
no correlation between tissue concentrations of vitaadns B and A in carp.
Natanabo et ai. (1970a) noted that tissue vitaatin A concentrations wore
slightly but not significantly lower in carp fad a vitaatin B-deflclant diet,
<*td Batanaba et ai. (1977b) found no significant difference in tissue vitamin
A concentrations in carp fed different levels of vitamin B and polyunsaturated

fatty acids.
1.2.6.7 Vitaatin B-carotanoid interactions

Carotenoids My have an antioxidant function in fish (Taoon 1981) as in
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other spMios (Burton and Ingold 1984). on thla basis, sosw dogroo of intsr-
raplacsoant bstwean vitasdn B and carotonolds My be sxpsetsd, though none has
yet bem daaonstrated in fish. However, Poso et ai. (1988) found that
n*xrktie*eN) N e level of a-tooopherol in the diet of rainbow trout inoreased
the deposition of eanthasanthin in the flesh, whilst Torrisssn (1985) found
that the quantity of astaxanthin laid down in the flesh of rainbow trout was

not reduced even if a-tocopherol was sxeludsd frcti the diet.
1.2.6.8 Vitaain B-iron Interactions.

Iron nay act as a pro-oxidant catalysing the oxidation of
polyunsaturated fatty acids and leading to the destruction of o-tooopherol in
Ffish diets and tissues. The effects of iron toxicity are Inhibited by vitamin
B, presumably as a result of the prevention of oxidation (Scott 1978). Cumlngs
(1942) used iron-treated diets to induce vitamin B deficiency in the guppy,
and Desjardins et ai. (1987) demonstrated that iron supplaawntation caused
an increase in the malondialdehyde content of diets as a result of lipid
oxidation and led to high mortality, poor growth, and the developsMnt of

histological changes in the liver and kidney.
1.2.6.9 Vitamin B-sulphur amino acid interactions

lutsractions battfean vitamin E and the sulphur-containing aaiino acids,
methionine and cystine have been described in relation to the developsMnt and
prevention of necrotic liver degeneration in rats (Sch%rars and Folts 1957) and
sksletal myopathy in chicks (Scott 1970). The sparing effect of these
acids on vitamin B requiraawnt may bo due to the reducing properties of
sulphydryl forms of these nutrients (Draper 1980a). Interactions between

vitamin B and sulphur asdno acids seem not to have been daaanstrated in fish.
1.2.6.10 Vitasiin B-other nutrient interactions

In homeotherms, a wide variety of other nutrients have been proposed to

iMtmrmct with vitamin B, leading to or preventing the development of specific
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dafiolmoy ayndroBM, or raaultin« In variationa in tiaaua a-tooopharol
ooneantrationa. Thaaa inoluda vitaain Bl (0O"Agoatlno 1tS2a), vitaaln B(
(Toung at ai. X955), vitaaln B12 (Oaki at ai. 19(C), niootinio aold
(D’Agostino 1952b), tryptophan (Bunco and Hass 1976), vitasdn D2 (Balya at ai.
1964), aanganasa (Lao at ai. 1962), silvar (Oiplook at ai. 1967), aagnasiua
(==liBko 19(1), sino (La and coabs 198S), coppar (Dova and lvan 19(1), ainoral
ooabinations (Van Vlaat at ai. 1981, Van Vlaat 19(2), sulphur (Boott
1973), oholina (Nilson at ai. 1973,1974), quinénos (Spratt and Kratsing 1971),
nitrito and ionophoros (Tangardy 1989), and fibra (DoLuaan at ai. 1982; Gaayo
and Chow 19(4; Sehaus at ai. 1985; Kahlon at ai. 19(6). Thoso intaraotions

aaaa not to havo boon studied in fish.

1-3.7 inilgtnvf of Phwiological state and anvironiiant

1.2.7.1 Ago and siso

Cuaings (1942) reported that the severity of signs of vitaad.n B
deficiency in the guppy ware related to the age of the fish whan axpariMnts
were initiated. Hatanaba at ai. "(1"70a,b) described aaro aovara signa of
vitaain B daficiancy in 1.5 g carp fry than in 10 g fingorlings (soetion
1.2.5.5). The difficulties of inducing vitaain B dafioianoy axparijMntally in
largo fish aay be a result of the accuaulation of greater tissue rasarvas
which will also be dapendont upon previous feeding history and vitasdn B

intake.

1.2.7.2 Growth rata

Vos at ai. (19(1) raportad that ayopatby as a result of vitaaiin B
deficiency in ducklings could be provanted if vitaain B depletion was delayed
until the aniaals raachad two woaks of age. This coincidod with a reduction
in tbo growth rata of these aniaals which ms dsannstratad aathaaatically to
result in a lesser dagrao of dilution of tisaue vitaain B. 1t ms thorofora
proposed that the rapid grotrth rata nay be at laast partly rasponaiblo for the

increased susceptibility of young aninals to vitaain B daficlanoy.
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1.2.7.3 txarelsa

mulland (@*15) dIstlnguiahad b«t«Mn nutritlenal and «xartioMl
myopathlM, y«t ««varal autbora hava raportad tba ooeurranoa o( axartional
™ aniaala with low tlaaua vltaain | oonoantrationa (Cbristl 1*71j

Aadaraon ae ai. 1>77) and tbarapautio affaeta of vltaaUji t-aalaalwi bava baan
daMnatratad upon tbaaa Ullray at aJ. I*tS). It ia apaouUtad that tba
ooourranoa of BUBala daganaratlon In vltaain I-dafleiant rainbow trout, aa
daaeribad by Coway at ai. (1»M), aay ba aaplainad by tba Inoraaaad laval of

axarolaa undor tba oonditlona of tbia atudy.
1.2.7.4 Maturation

Vltaain m la naocaaaary for gonadal davalopawnt In faaala earp <Watanaba
and Takaahiaa 1»77), Aocuaulatlon of vltaain m In tbo ovary of oarp waa
daaoribad by Klnuaakl at ai. (1972) avan In daflelant flab. Ndaaa (1994)
raoordad eyollcal obangaa in tba vltaain B eontant of tba ovary, but not of
plnnaa and llvar, bafora and aftar ovulation in oarp. Uablkuaa at ai. (1914)
raoordad that tlaaua tocopbarol ooneantratlona, ganarally, tandad to Inoraaaa
during aaturatlon In oarp. On thla baala It aaaaa likaly that tba daaand for

vltaain B aay ba graatar during parloda of aaturatlon.
1.2.7.5 Taaparatura

Coway at ai. (1984) auggaatad that tba davalopawnt of auaola
daganaratlon aa a raault of vitaaln B daflolanoy In rainbow trout awy bava
~*1* ralatad to a raduotlon in watar taaiparatura. Low watar taaiparaturaB laad
to an Inoraaaa In tba proportion of polyunaaturatad fatty aolda In tba lipid
M~Aranaa of rainbow trout (Haial 1979), and aay tbarafora ba axpaotad to

inoraaaa daaand for vltaain B.
1.2.7.4 Ballnlty

Bobuli at ai. (1984) aaaaurad blgbar a-tooopbarol oonoantratlona in tba
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livwr oils of aarlno fish than frashtnitar spaoias. Atlantia salrnn appaar to
ba aora susoaptibla to vitaain B dafioianoy in saavatar than in frashwatar
(mall, NoVioar, Mitohall and Coway, unpublishad). This any raflaot tha fatty
aoid ooapooition of Ffish in thasa diffarant anvironaants. Marina fish spaoias
hava highar tissua eonoantrations of (n-3) fatty aoids, whilst (h-<) fatty
aoids ara a»ra pradoainant in frashwatar spaoias (Cowsy and Sargwit 1t72).
Changas in salinity rasult in a shift in tha polyunsaturatad fatty aeid
ooaposition of anadroaous spoeios (Lovam 1938; Lall and Bishop 1979; sharHan
St mi. 19BS; Salvor 1989). Furthor considaration to this subjaet is givan in

saetion 3.3.1.
1.3.7.7 strass

=trass factors hava boon iaplicatad as tho causa of cbangos in tissua
vitaain B conoantrations and tho axprossion of signs of doficionoy in various
mP«Bias. Thoso aro discussad in soctlon 5.1.1. A possibla ralationship batwaan
tha offoots of strass on ascorbic acid and tha rola of ascorbic acid in
ragonaratlng activa tocopharol has boon proposod to llnic strass and vltoadn
B status (Putnaa and Cooban 1987). According to this hypothasis, swrginal
vitaain C doficiancy causad by strass nay raduca tha availability of a-
tocophorol and thus pracipitato signs of vitoadn B dafioianoy (Putnaa and
Coaban 1987). Sovaral studios hava shown that strass altars ascorbic acid
status in fish as in other aniaals (Ba)car 1967; Nadsaayar 1969; Thoxton and
Pardua 1984; Thoaas 1987). Tha ralationship batwoan ascorbic aoid and vltoadn
] dascribad in saotlon 1.3.6.5. To data thara is no avidanca that tha two
prooassas ara lin)cad and rasult in stross-inducod signs of vitaain B

dafieianoy.
1.2.7.8 Paoding rata

Aaduoad food intake or starvation aay ba axpaotad to affect tha vitasdn
B status of fish. Ackaan and coraier (1967) rooordad a 50t roduetion in a-
tooopherol in tha tissues of cod, Oadus aorhua, starved for 6 a»nths. High

food intake nay causa nalabsorption in fis{] (JoblIng 1986), giving risa to
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nutritional iadsalanoo. Tha poisiblo offoots of faodlng rato on vitaain B

atatua aro oonaldorod In aootlon 3.1.3.
1.2.7.t Oxygon tonaion

Kadi at ai. (19SS) found that nora polyunaaturatad fatty acids waro
praaant in tho tiasuas of carp In conditions of hyparoxia and hypoxia, than
in anoxia. Tho rata of lipid paroxidation and tha activity cf glutathione
peroxidase inoraasad and auparoxlda dlsautasa activity dacraasod as tha oxygon
tension was raducad. Vitaain B concentrations hava net bean Masurad in fish
sxposad to dIffarant oxygon concentrations, but vitamin B-dofioiant rats have
boon found to be mora susooptlblo to Inoroasaa or docreasas in oxygen tansion

(Hove at ai. 1945; Talford ae ai. 1954; Taylor 1956).
1.2.7.10 Toxins

Coffin and Combs (1981) danonatratod that tha absorption of vitaadn B
was inhibited in chiclea fad meal containing a mycotoxin and Vacma and Tonic
(1983) found that vitamin E conc™nti}atlona in tha tissues of tho talaost,
Wotoptarus notoptarus, ware affected by exposure to sublathal levels of

mercury. Bxposura to toxins may thus affact vltaiain B status.
1.2.7.11 Oanetlo constitution

There are clear spaclaa dlffarancaa in suacaptibility to and affects of
vitamin B daficiancy. These may reflect Intar-spaelfic diffaroneas in FOFA
concentrations and antioxidant activity (Gabryolalc and PdrOs 1986). Radi at
ai. (1987) found that tissue PUFA concentrations and activities of antioxidant
enMymmt wars higher in herbivorous spaeles. Oatlin at ai. (1986b) suggested
that strain diffarancas may explain tha Inconslstanoy in experimental results
of tha affects of vitamin B daficlanoy in channel catfish. Oanetio
PFSdispositlons to antioxidant disorders are known to occur amng homaotharms

(Boppa at ai. 1989).
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1.2.7.12 Infection

1» no«* evidenc* that Infaction oay inocoaao tha vitaain B
raquiraaant or induca daficianey in auuvaula (NcMurray and Bica I»t2).
Riatologioal aigns of vitaain B daficianoy in fish suffering frea sdorobial
disaasas vara reported by Mood and Yasutaka (1956), Ferguson and Bice (1960),
Fjalstad and Hayaraas (1985), Sniassko at aj. (1957) and Foppa at ai. (1986).

1*2.8 Vitaain B-ralatad clinical disease in fish

tiah disaasas are difficult to define in absolute taxas
since siaple deficiencies are rare and sufficient information to provide
conclusiva proof of thair origin is often not available (Coway and Bobarts
1978). Ravarthalass, several vitasdn B-rasponsiva conditions have baro

described in various fish spacias.
1.2.8.1 Saljaonids

Lipoid livor dmgaamrttion \ I
Lipoid liver degeneration (LLO) is charactsrisad by tha abnoraal
accuaulation of lipid or ceroid pigaant (Hood and Tasutaka 1956) within
hapatocytaa. Thera is axtraae anaaaia and also soaa daganaration of splenic
and ranal haaaopoiatic tissue. The liver is smllan and bronsad, and tha gills
appear pale (Roberts and Bullock 1989; Roberts 1989). Bxtemal indications
includa reduction in appetite, loss of aqullibriua and sosw mortality. Tha
condition was First described by Plahn (1909) and affacts salaonids, mullets,
channel catfish (Ictaiurus punctatus), and savaral other spaclas. Tha precise
oi LLD Is not fully knotm, but it probably results from the use of
rancid feed materials (Ghlttino 1961; Hoodall at aJ. 1964; Fowler and
1969; Roald 1976; Smith 1979; Roald at ai. 1981). Fowler and Banks (1969)
indicated that damage to the liver and kidney in Chinook salmon fed rancid
mas prevented by the addition of vitaaUn B or a ecobination of vitamins
B and C, but vitamin C alone was not completely affective. Roald (1976)

Seiekgr ek sk Ahe therapeutic affect of a-tocopherol and ethoxyquln, and a-
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tocopherol and aaXaniua, on LLD In Atlantio aalaon and faith ahoMod
that LLO Induead in rainbow trout by faodin« a diet eontainia« raaoid fiah
aoal waa affootivaly pravantad by tha inoluaion of aJJ-rae-a-tooopberyl
aeatata plua aaeerbio aeid. Kawatau (1»«0) daaeribod a dietary diaaaaa of
rainbow trout in Japan, oauaad by faadin« driad ailk-wora pupae. Tha condition
appeared to be aiailar to LLO in that affaotad fiah ahowad ana«aia topathar
with anlargad, yallow-tintad livara, but tha condition alao lad to heavy

fawatau (Iff4) daaK>natratad that aiJ-rao—ca-tooopharyl aoatata
pravantad anaaaaa aaaooiatad with thia condition, but did net report ita

offoot on changaa in tha liver or on tha aertality rata.

Jftitrieionai myopathy

Kubota at ai. (1981b) raeordad a nutritional myopathy aeooag>anylng
axtanaiva caroidoaia in rainbow trout, cauaad by feeding ranoid oil and
oorraotad by inoraaalng tha a>tocopharol content of tha diet. Saaaa at ai.
(IFFS) reported tha ooourranca of auaela daganaration in rainbow trout, which

raapond to dietary vitamin B aupplamantation. fkalatal myopathy in
rainbow trout fry waa alao daaorlbad by Carbary and Donnally (I1fff). Affaotad
fiah had bean fad a commarcial diaf wh(leh had bean atorad for aooM time. They
oxhibitad inoraaaad mortality, pallor of tha gilla and othar organa, and
awalling, hyalinlaation and diaintagratlon of alcalatal nuaele flbraa.
Raplacamant of tha diet with fraah liver raaultad in tha oaaaation of
mortalitiaa.

King (H75) daacribad nutritional myopathy, togathar with ataatitia, in
rainbow trout fry in tha United ftataa and Vanaauala. Bilataral hyaline
daganaration of nuaola fibraa waa apparent, particularly in the aotiva oaudal
muaoulatura. Thaaa eonditiona were aucoaaafully traatad by dietary
manipulation, and ainoa they raaaad>lad vitamin B-aalanlum raaponaiva diaaaaae
in oattla, oata and piga, ware aaaumad to hava a common baaia in vitamin 1-
ee|*"A** putrition. Apparently aimilar oonditlena wara noted in Atlantio

aalmon in footland and feral piolcaral (Baor ap.) from Lake Cuyahoga, Ohio.

/anataatitia

*®~tta and Rioharda (1978) and Robarta at ai. (1979) deeumantad the
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oeoorrwie* of panotoatltls, inflaaMtory infiltration of adipoao tiasuo, in
rainbow trout. Pari-paneroatic fat «ma aoat affaotad, but aiailar ohangaa wara
alao avidant in lipoid tiaaua in tha akin, baart and awiobladdar. Tba «ain
praaanting aigna wara awiaadog abarrationa, diaeoloration and high aortality
aftar «iniaal atraaa. Swiabladdar changaa «mra eonaidarad pathognoaio. Tha
livar ahowad aocaa inflaaamtory infiltration and alno aonaa of naoroaia, fatty
daganaration and earoid accuBulation. Hyopathy of tha haart, akalatal and
oaaophagaal «uaclaa waa alao ooonon. Panataatitia in «ink, oata, piga and
poultry ia aaaoeiatad with funding diata high in unaaturatad fatty acida or
oartain typaa of traah fiah or fiah oila, and low in vita«in B, but in thia
atudy a chango of diat failad to pravont nortalitiaa. Baudln-Laurancln at ai.
(1985) daaoribad “auaaar pathology™ 1in «arino faraad rainbow trout, and a
aiadlar condition haa been raportad in coho aalaon (Oncorhynehua kiautch)
(Aldrin at ai. 1980). Pori-pancraatic laucocytic infiltration waa aiailar to
tha doacription of panataatitia (Robarta at ai. 1979) and auggaatad a
poaaibla rolationahip with vitaain B nutrition. Bo«i«vor, tho origina of thia
condition ara unknown.

Farguaon and Rico (1960) daacribad an “oadana ayndrcow®™ cauaing
«ortalitioa aanng poat-apawnad, |(axi”™ brown trout. Aacitaa, anaaada and
«yooardial daganaration togothor with low aarua vitaadn B titraa (2.5 ppa),
«faro auggoativa of vitanin B daficiancy. Hotravor, othar foaturaa of tha
condition indicated a coaplox aetiology involving atarvation and Intoreurrmt

infaction.

Rainbow trout fry anaania ayndrone la a recently rocognlaod condition
of unkno«m origin «ihlch raaulta in abnozaal behaviour and «ortality a«ong
rainbow trout fry. Typically, it affacta «ore rapidly grc«ring fiah, parhapa
indicating a nutritional aetiology (Scott 1989). oroaa aigna inoluda aaoitaa
and gill pallor and hiatologioally, bilataral «uaolo daganoration in rad and
«hita fibroa (McCloughlin at ai. 1990). Vitaadn B aupplaawntatlon or food
raplaoaaant haa reduced tha level of awrtality in acaw oaaaa (McCloughlin at

ai. 1990).
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Pmnermm d 1 M« u
PanorMS diaaaa* (PD) was dsseribsd in datali in aaetioii 1.1. Tha

ralatioaablp batwaan vitanin B nutrition and PD is diseussad in ohaptar 4.

Altra disaasa

"altra disaasa” has causad wldaapraad and haavy aortalltias aaong
Atlantic sala»n and rainbow trout in saawatar fatavi in Borway slnoa 1*77. The
condition has also boon dasoribad in Scotland (Bruno at ai. 19S5,19t() and
Paroa (Dalsgaard at ai. 1988). It was initially aseribad an infaetlous origin
(Bgidiua at ai. 1981) and tha causativa agant, tha baotariusi. Vibrio
saiaonicida has sinea baan idantifiad (Hola at ai. 1985, Bgldlus at si. 1988),
xooh"s postulatas fulfillad (Egldlus at ai. 1981, 1984; Hjaltnas at ai. 1987),
suooassful vaccination achiavad (Holn and Jsrgansan 1987) and aonoolonal
antibodlaa towards tha pathogen davalopad (Bspalid at ai. 1988). Various
pathological faaturas hava baan wall daseribad (Bgidius at ai. 1984> 8olala
1985} Bruno at ai. 1986; Fjalstad and Hayaraas 1985; Poppa at ai. 1985 a,b;
Balta at ai. 1987; Totland at ai. 1988; Waagba at ai. 1988). Pjslstad and
Hayaraas (1985) observed nuseular and myocardial daganaration, together with
~apatie caroid accumulation, in 4ffaletad fish, but ware unable to cultura
bacteria. Poppa at ai. (1985 a,b) suggested tha condition mmy bava a eemplex
multifaotorial origin, and both Fjalstad and Heyaraas (1985) and Poppa at ai.
(1984) pointed to sisdlaritias with vitasdn B-salenium dafioianoy ayndromaa
in other domastioatad animals. Attampts to prevent tha condition using
parenteral vitasdn B and selenium injaotion failad to daa»nstrata any
significant affact (Salta at ai. 1988). However, Hjaltnaa at ai. (1987)
suggested that, since Vibrio oalmonicida could not be isolated tram every
outbraalc, tha possibility that different aatiologioal factors may load to
slAiiar olinioal auinlfestations should )a considered, implying that tha term

"Hitra disease”™ may encompass mora than one condition.

Cardioaiyppathy ayndromo
Also in Borway, a condition known as cardiomyopathy syndreaM (CMS) (also
called savara heart disease, acuta heart failure or MVtosqreoardltls) lias been

daseribod (Amin and Trasti 1988; Ferguson at ai. 1988, 1990). This oonditlon

75



eausM hMvy Mortality and Involvos aavara diaraptlen of tha haart and
akalatal aunéla and prlaarily affacta oldar fish. Farguson at ai. (19t0)
initially found no ralatlonship batwaan CMS and tissua Titaala B
ooneantrationa, but raeant raaulta suggaat a oerralation batwaao tha saaarity
of oardioayopatby and the dagraa of vitaain B daplation (T.Poppa, paraonal

cnhaaiinication 1991).

Sudden daath ayadroaa

Thia condition was dascribad in aaotion 1.1.2.2. Praliaiaaty
obsazvations auggast that vitaain B eoncantrationa ara not aarkadly raduoad
in fish davaloplng this condition (H.Rodgar, N.Roy; unpublishad obsarvatlona),
but a rola for vltaain B in tba pathoganaals of SDS la still oonaldorad

plavaiblo.

Sistaaina toxicosis

Tasksradild st ml. (1989) recordad aortallty aaong faxaad rainbow trout
in Tugoslavia rasulting from diets with high hlstaaina and (thlobarbituric)
acid values due to dietary protein and lipid dacoapositlon respactlvaly. In
addition to its aaelloratlon of tha datrlnantal affacts of ranoid lipids,
Natanabo at ai. (1987) found that vitaaun B supplasMntation raduoad tha
P>*Fslanoa of stonach arosion and laprovad weight gain in rainbow trout fad
axparlaantal diets containing histaalna, although ths histaalna levels usad
in this study wars 10-20 tines those naasured in diets on Yugoslavian fama.
Brown fish aeals are typically high in hlstasdna. Hiyasaki at ai. (19SS)
described nutritional myopathy in carp rasultlng from tha usa of brown fish
aaals. The increasing use of this feedstuff in place of mox9 expansiva whits
fish aaals aay increase tha frequency of problaaa assoeiatad with dietary

histaaina (Hatanaba at ml. 1987).
1.2.8.2 Cmaon Carp

Sakokm disease
Sakoke disease of carp involves histological changes in tba endocrina

P*'@>"***i@ tissue and hyparglycaosU.a together with ausoular dystrophy, in fish
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eontaining quantltiaa of driad siUmDra pupa* (Xokota H70 a,b,0).
magll and Kiauaakl (19M) found that tha tiaaua vitamin | dlatrlbution in
affactad carp was dIffarant to that in haalthy fish. Niyasaki and Kubota

daannstratad tha corraetiva affaot of vitamin I. Rashimeto at si.

(19CS) sucoaadad in inducing a almilar condition axparimantally by fcoding a
diet containing 10t oxidised saury oil and daannstratod that aii-rae-a-
tocopharyl acatata (60 mg kg™) was offactive In provantlng tha condition.
Watanabe and Baahimoto (1968) found muscle TBA value and histology to give an
early indication of the onset of muscular dystrophy whan diets contained 30%
oxidlsad oil. MStanaba at ai. (1966, 1967) raportad that whilst vitamin B was
various synthetic antioxidants failed to prevent tha davelopamit

of axparlmantally induced muscular dystrophy, and Aoa at ai. (1972) disoovarod
that a-tooopharol had greater potency than aithar P-, y- or 5-tocopharol in
thia respect. Similarly, Higashi at ai. (1970) raportad that muscular
dystrophy in carp fad diets eontaining oxidised ethyl asters of fatty acids
from pollock liver oil, was affectively pravantad by the addition of JWt-o-
tocopharol or aii-rac-a-tocopharol, whereas JUU-non-a-tocopharols ware lass
«fivctlve. Tha toxic factor responsibla for the davalopaMnt of myo)”~thy was
found to be present in several facljlons of tha oxidlsad oil separated by
column chromatography (Watanaba and Hashimoto 1968), and in both hydroparoxida
and secondary decomposition products (Hata and Kanada 1980). However, Natanaba
at ai. (1970a) eonmantad on tha simllaritias Irat«raan Sakoka disease and

axparimantal vitamin B daficlancy In carp.
1.2.8.3 Channel catfish

Nutritional disaasas have not bean a serious problem for pond-cultured
catfish, primarily baeausa, with s»darata stocking densities, natural pond
organisms supplamant the artificial faed and tend to correct any dafieiancy
(i~xall 1975,1979). Unlike salmonida, farm-raised channel catfish are not

on dicta high in polyunaaturatad fatty acids (Lovall at ai. 1984).

Muter mortality ayndroma

Wlson at ai. (1984) noted tha oeeurranca of a disease syndrema
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Involving annaaia, and othar pathologlaa similar to thoao dosoribod tor
vitamin m dsficisnoy. Jarbos at al. (1959) rsoordad tha ooourranoa of “wintar

syndroM®™ in farmad ehannsl catfish, causing lossaa of ovar ISt
annual production in 19S1/19S2. Tho syndroao was charaotarisad by tbs loss of
apidarmis from tbsir backs and sidas, oftan aooompaniad by astamal Tfungal

and "sunkan ayas*. Thass signs wars ragardsd to bo similar to tboso
of vitamin B daficiancy (as dascribad by Mural and Andraws 1974), and a trial
was undartaksn undar cosmarclal conditions to ascartaln if aii-rac-a-
tooopharol supplasMntation was affactlva In pravanting tha condition. Tho
roaults of this trial wars inconcluslva sines at no tima wars tha clinical

signs associated with the syndrome observed.
1.2.8.4 Yallowtail

Mitrieional liver disease

Kimura (1963) examinad blackened Japanese spaoimans of yallowtail
{SoriolM guinguaradiata), fad anchovies, and observed focal liver necrosis,
kidney daganaration and anaamia. Nanba at al. (1973) daaerlbod haamatologlcal
observations on such fish but could detect no anaamia. Park (1978) recordad
an apparently sisdlar condition in culturad yellowtail in Korea, fad on frosan
sand aol, and obsarvod yellow-brotm discolouration of the liver together with
fatty daganaration. Kimura (1963) and oka (1967) suggastad feed rancidity to

be tha causa, but successful traatawnt with vitaadn B was not recordad.

Nutritional myopathy

Sakaguchl and Hamaguchi (1969) studied the affect of osidisad oil and
supplamantal vitamin B on yallowtail. croups of fish wore fad for 93 days on
artificial diets containing 8.St either fresh (POV-11-13 mBg 100 g-“) or
oxidised oil (POvV>480-S00 mEq 100 g-“) with or without addad all-rae-a-
tocopharyl acetate (60.0 mg 100 g-“diet). Pish fad oxidised oil without addad
vitamin B showed reduced appetite and about 10t developed a leaning of tha
dorsal musculature similar to that reported in carp (Bashimoto at al. 1966).
Such signs wars not evident in fish fad oxidised oil plus vitamin B. A

slightly higher TBA value was maasurad in the muscle of fish in tha former
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group, but thoro waa no diff«roneo in tho TBA valué of tbo hopatepaneroaa.
Hopatopaneroatle glyoogon eontont Inoroaeod during tho oourao of tbo
mxpmximmnt, oaeopt in fiah fod oxiditod oil, but tranaaalnao« activity (00T
and OPT) wao highar in groups fad oxidisad oil and ma not roduood by vitaain
m aupploamtation.

Kubota ot ai. (1*t0) doouaontad a nutritional ayopatby, aanifootod by
aaaeiation and loos of ausolo ton«, in culturad yallowtail raarad on a rancid
fiah diat. Biatopathologieal axaaination of atristad ausola abo«fad
daganarativa obangaa, rastrictad to rad auaela in aild caaaa and involving
both rad and «hita auaculatura in nor« advanoad oaaas, togathar with earoid

aoouaulation in various organs.
1.2.1.5 Othar fiah spacias

Nutritional ayopathy was raoordad in puffar, Pugu rubripmm, fry (Indo
at ml, IPTF; Kubota at ml. 19Sla) again involving altarations in tha striatad
muisela and tha aoeunulation of caroid in tha visearal organa. Kubota at ml.
(IfS1a) daax>nstratad a pravantiva affaet of a-toooph«ryl aeatata at a lavai
of 2S0 ng 100 g*“ diat on tha occurranca of this condition.

A clinical syndroaa charactarixad by blindnass, loss of pignantation,
erratio swlaaaing behaviour and inoraasad nortality has boon daseribad in
branding olownfish, Amphiprion oomllmrim, fad a diat containing ingradionts,
high in polyunsaturated fatty acids, which had boon subjaotod to fraasa-
thawing during preparation (Blasar and Koike 19S3). The condition was worm
pravalant at taanparaturas above 30°C, and 90% of tha affected fish were
tmmmim. Bistopathologieal axaaination of affected fish revaalad retinal
deganaration, axtansiva caroid deposits in visearal and SMcrophaga
aceuaulationa, renal tubular calclua oxalate crystals and skalatal suiscla
naerosis (aapacially in tha adductor mmndibulm and iavator opareuii). Tha
condition was attributed to siaultanaous vitasdn B and A dafleianoy coupled
with ranoidity or peroxidation of dietary lipid and was eorraotad by radueing
tha water taaparatura, increasing tha Jlavai of dietary vitasOn B
supplaaantation, and altering tha diat preparation procedure. Ocular lasione

in fish SMy ba caused by vitanin A daficlancy (Kitaauira at ml. 19«7), but
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luivk not provioualy bMn linkod with vitamin 1 dofioimoy. Howovor, Bay««
(1t74) has doaoribod rotlnal daganaratlon In annkaya raaultlng from alngla
daflcianolaa of aithar vltaaiin B or vitaad.n A.

Buorkaav at ai. (1988) doacribad tho ocourranea of vitaain B daflelwioy
in C annth old, laboratory-ralaad goldfiah, Caraaaiua auratua, fad a abrla”
darivad dlat. Prograaaiva fraying and datarloration of tha tail and fina lad
to fungal infaction and daatb. Biatopathological examination ravaalad akalatal
auiacla dagwtaratlon in tha muaclaa of tha tail and caudal body wall ecmpatibla
with vitaalin B-aalanium daficiancy. Faad analyala indicated an Inadaquata
vitamin B content and raplacaiMnt of tho diet curad tha condition.

PMtao at ai. (1974) recordad nuaeular dyatrophy in culturad turbot,
ScophthalBuu maxiaua, fad traah flah. Although ita origin waa not praolaaly
daflnad, tho condition waa putatively aacribad a nutritional aetiology ainea
it raapondod to a vitamin and mineral aupplament (Balvar 1969) which included
vitaadn B. Maah at ai. (1988) daaeribad an acon«tically aigniflcant amaoiativa
condition in anakahaada, Channa atriatua, famed in South-Baat Aaia. Tha fiah
vara reared on a traah fiah dlat and axhibitad axtenaiva atriatad myofibrillar
and aarcoplaamlc daganaratlon and nacroaia, together with apparent
hepatocellular lipid and caroid accumulation. Tha origin of tha condition waa
not datarminad, but aimilarltlaa with vitamin B-aalenium ralatad myopathlaa
ware coneidarad. Finally, Intaatinal ataatoaia in oulturad aaa baaa,
Oioantrarchua labrax, waa raportad by Deplano at ai. (1989), but tho cauaa of

tha condition ma not daflned.
1.2.9 Proca
1.2.9.1 Food aourcaa

NIld fiah ara proaumad to obtaln vitamin B from thalr natural faoda in
tho fom of JUUt-a-tocopherol, but alao aa fi, y and 6-tocopharol. a-Tocopherol
appoara to be tha main fom praaant in fiah tiaauaa (Schult et ai. 1984;
Uahikuaa et ai. 1987), although non-a-tocopherola wore praaant partlcularly
in tho fatty tiaauaa in carp (Uahikuaa et ai. 1986). Watanabo et ai. (1981c)

conductod faodlng axporimanta to compara tha aaaimllation of a, fi, y and 6-
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toeopharol and to Invaatigata tha possibla Intor-oenvoraion of thoso
eoavounds. In tho tissuos, a-tocophorol prodoodaatod and ita aeouaulatlon waa
high in ralation to p, y *nd fi-toeophorola. o-Tooopharol waa aoouBnlatad in
tho Xivar and to a laaaor dagroo in tho Buaolo. Thara waa no of any
oonvaroion of a-toeopharol to non-a-tocopharol, but tha raoulta auggoatad tho
poaaiblo oonvaraion of 8 to y-tocopharol.

Intonaivaly raarod Atlantic aalaon aro fad fiahaaal-baaad diata,
eoBBoroially-praparad and atorad undar conditiona of haat, light and aoiatura
which aay load to daatruction of any advantitioua JUU-a-tooophazol. In

to tha affacta of oxidisad lipida and ainarala, anti-vitaain |
faotora ara praaant in cartain faad utariala of plant origin (ag- kidnay and
haricot baana, fiald paa, alfalfa, aoybaan and oottonaaad) (Taoon and Jaokaon
1985; Maw 1987). Vitaain B supplananta, uaually in tha font of aii-rao-a-
toeopharyl acatata, ara addad to tha diat prior to pallating. Currant
inoluoion rataa ranga froa 10-40 ag 100 g-“ faad, eoaparad to tha
currantly raconawndad for aalaonida 3 mg 100 g~ (NRC 1981) or 5 ag 100 g-
(Coway at al. 1983). Vitamin B in axcaas of tha ainiaua raguiranmit ia
inoorporatad to countaraot loaaaa during aanufaotura and atoraga (Scott 1973)

and to provide a margin of aafaty batwaan vitaadn B supply and daaand.
1.2.9.2 Digaation and absorption

~tocassas involved in tha digestion and absorption of a-tocopharol in
hcoaotharas have baan reviewed by Callo-Torras (1970, 1973, 1980) and
Bjamaboa at ai. (1990). Absorption afflciancy is poor, ganarally between 20
and 40%, and dapandant on tha a-tocopharol content of tha diet (Pudalkiawes
and Nary 1969).
Tha processes of digestion and absorption appear to be intiaataly
to lipid uptaica, and pancraatlc and biliary aaeretions play aasantlal
roles. Toeopharyl asters ara ballavad to undergo hydrolysis in tha gut luaan
e result of pancreatic astarasa activity (Hakaaura at al. 1975). Further
eet«rasa activity has baan raportad at tha aurfaca of antarooytas and
Intraoallularly (Mathias at al. 1981). Hung at al. (1980a,b, 1981, 1982)

Nem““‘eCrated that all-rac-u-tocopharyl acetate ia eonvartad to a-toeopharol

I
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during th« prooaasm of digaation and abaorptloa In rainbow trout. In fiah,
dlatary triglyoarldaa ara to a larga astant hydrolyaad lato fatty acida and
glyoarol (Lagar 1985). Thaaa proeaaaaa ara dapandant on paneraatio lipaaaa,
tegathar witb paneraatio oolipaaa and bila (bila aalta, pboapholipida and
poaaibly aloobola) (Sallo-Torraa 1970), and raault in tba feraatien of
oontaining a-tooopharol. In fiah, tha abaorption of lipida takaa
pi*®* »ainly in tba proxiaal intaatina or in tba pylorie eaaoa. Tranafar of
a-toeopbarol to tha antaroeyta nay oeeur by paaaiva diffuaion tbrougb tba oall
®@@b***®a (Gallo—Torraa 1980). In iaialala, tha abaorbad fatty acida undargo ra—
to triacylglycaridaa which coadiino with apaeifio pboapholipida
and apoprotaina to foni chyloidcrona and vary low-danaity lipoprotaina (VLOL)
1985). ChylIMiorona and high danaity lipoprotaina (HDL) ara raaponaibla

for tha axport of a-tocopharol fron tha gut (Bjamaboa at ai. 1990).
1.2.9.3 Tranaport and matabollan

In ninnila, tha tranaportatlon of a-tocopharol, togothar with othar
lipida, fro» tha gut occura mainly via tha lymphatic pathway, but in ghlefc««.
thara appaara to bo no compartnantaliiation batwoan tha portal blood voaaala
and lyi~atica in relation to tha "abaorption of lipida and lipoaolubla

In fiah, thara ia littla infomation on tha ralativa iaportanoa of
blood and lyaph in lipid tranaport fro» tha gut. Export of lipoprotoina via
tha portal pathwaya waa raportad in carp, whilat in trout tbia did not appear
to bo a aajor routa (Lager 1985).

a-Tocopharol in mammalian lymph and plaama 1ia lipoprotein bound,
although tharo ia no evidonca of any apacifie carrier aolaoula. Intaractiona
between lipoprotoina and call rocaptora My Tfacilitate tiaaue uptalco of a-
tocopborol and tbia procaaa probably involvaa lipoprotein lipaaa activity, a-
Toeopharol ia talcan up by all calla and ineorporatod into »aaibranao of tha
aitoehondria, aicroaoMa, nucleua and plaaM mambrana. Poola of a-toeopharol

Am tha liver, muaela and adipoaa tiaaua. Liver a-tooopharol ia rapidly
moblliaad during daplation and aacratad froa tha liver in aaaooiation with

VLOL, but aobiliaation from the muaela and adipoaa tiaauo ia alow.



1.2.9.4 Tissu* distribution

Ths qusstion of BMobanlsas of uptaks, transport and distribution of tbs
synthstio aii-rao-a-tooophsryl aostat* in ooaiparlaen to ths natxirally
ooourrlng fora JtM-a-tooopharol mn s addrssssd by Hung at si. (1912) using
orally adBiaistsrsd radlo-labsllsd vltaaOns. This study ms oonduetsd on
rainbow trout, body Might 150-250 g and in Mtor taavsratur* 15~. JuUl-o-(5-
msthyl->B]toeopharol and ail.rac-a-[3",4"“C]toeoph*ryl aeatats at a 3il0 ratio
Mr* ateinlstsrsd psr os to anaasthstlsad fish. Thsss Mrs alloMd to rsoovsr

«*Niii®*d aftsr 2, 4, 8, 16, 32 and 64 houra and ths distribution of ths
radioactivity in tha plasaa, llvsr, Kkidney, splssn, heart and skslstal ausols
studied. Hadioaetivity in the plasna, liver, kidney, spleen and heart shoMd
an exponential increase up to 32 hours, folloMd by a plateau or slight
decline up to 64 hours. In skeletal muscle it increased exponentially Up to
8 hours, than continued to increase linearly up to 64 houra. Coa™>arison of

“C radioactivity suggested that the uptake of JUUt-a-tocopharol
MS 6 to 18 times greater than aili-rac-a-tocopheryl acetate in the first 4
hours and 2 to 3 timea greater batMen 8 and 64 hours. At the plateau, tha
amount of radioactivity (both and ”C) ms present in decreasing order in
the liver > kidney > plasaa > spleeh » heart » skeletal muscle. Nora than 87%
of the *H and “C radioactivity was present as free a-tocopharol in the plasma
and liver after 16 hours, and in the plasaw, tha radioactivity ns bound
to plasaa low density lipoproteins. These results support the
hypothesis that the uptake, tranaport and distribution of aii-rac-a-tocopbaryl
acetate after hydrolysis in the intestinal tract folloM a similar pattern to
AM-a-tocopherol.
Coway St al. (1981) adsdnlstarad JUW-a-(5-aethyl-H]toeopherol to
rainbow trout. Might 50-60 g. The radio-label ns rapidly taken up by tha
«dipose tlasue and liver, but uptake into erythrocytes and whits
skeletal muscle was much sloMr. In most tissues radioactivity reached a
within three days, but in rad muscle it increased over a 10-day
period. The previous vitamin B intake had no affect on tissue distribution.
In hapatocytes, a-tocophsrol was concentrated in tha mitochondria, with little

in the cytosol. Ikada and Taguchi (1966) msasured significant vitamin B
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oonowttratlons In tha fiah hsart. Ackaan and Comiar (1967) found Tltaadn B
to ba aura eonoantratad in tha rad than «hita avaola of ood (Oadua aorhua).
mugii and Kinuaaki (1968) found a-toeophorol to ba avanly diatributad in avary
organ, in akipjaeic tuna, rainbow trout and oarp, although rainbow trout fad
high lavala of vitaadn B aceuaulatod it in tho ovary. Uabikuaa at ai.(1967)
found that a-tooophorol concantratlona warn high in tha llvar and adipoaa
tlanua of aoa broaa (Pagrua major). Ball, HoViear, Mitohall and Coway
(unpubliahad), aMaaurad 22 ug g=>, 21 ~g g-“ and 4 ~g g**, in haart, rad and
«hita amacla of Atlantic aaloon fad vitaad.n B-adaquata dlata and 3, S and 2
)ig g** in tha aaaw tiaauaa of flah fad a dafloiant diat. Coway at ai. (1961)
maaaurad ooneantrationa of 7 |igg-" in tho livar, 0.7 ~g g-“ in tha Buaola, 9.4
Mg g*“ in tha adlpoao tlaaua and 1.3 ng g= in tho orythroeytaa of rainbow
trout fad an unaupplaowntad diat. Coway at ai. (1983) found that in vltaain
8-dofioiant fish, toeophorol conoontrations waro highoat in tbo brain and
lovaat in tha a)calatal ausclo. MierosoBoa from tha aniaelo of dafioimt trout
waro mora auaoaptiblo to in vitro paroxidatlon than thoaa froa gill, haart or
livor. Sugil and Kinunakl (1968) found that vitaadn B-dafieiant fish ahowad
proforontial ratontlon of vltaain B by aona organa. Matanabo at ai. (1970a)
maaaurad concontrationa of 486, 14*and 41 [g g“* in hopatopanoroaa, auiaolo and
hand kldnay of 10 g carp, and thaaa woro raducod to 2.7, 2.8 and -0 pg g*“ in

vitaadn B-dofieiont fiah.

1.2.9.5 Factora affoetlng avallabllityi Intako, digaatlon, abaorption,

tranaport

Poaaranaa and Lucarallo (1953) raportod that tho affioianey of vitaadn
B aboorption in aaanala waa dapondant on tha lipid intaka, but Batanaba at ai.
(1977b) found no avidonca that vitaaln B abaorption by oarp waa iapalrad by
- tat fraa diot. In honoothoma, Akarib and Starnor (1971) found that vitamin
B abaorption wan iapalrod by high lavéla of diatary polyunaaturatad fatty acid
and Bakor at ai. (1980) found that although fat atiwilatod tha flow of bila
and paneroatle juica, polyunaaturatod fatty acida raducod tha abaorption and

utiliaatlon of thla nutrlont.



1.3.9.C Bxoration and andoganoua production

A largo proportion of tha dietary vitaain B is likoly to bo lost in tha
faooes slnee absorption affioiancy is poor (Pudalklawyos and Mary 19(9). Ottaor
losses will occur in the bile and auous. Thera is no evidence of any synthesia
of vitaaln B in fiah (eg.by gut nicroflora), but a-tocopherol nay be
raganaratad froa the deactivated tocopharoxyl radical by the action of

ascorbic acid (see section 1.2.5.6).
1.3.10 tfses of vitaain B in aquaculture
1.3.10.1 Broodatock nutrition

There ia considerable interest in the devolopaant of diets for
broodstook fish in order to optiaiaa broodstock parfotaance. In viev of its
essential function in reproduction, vitaaln B has received particular
attmtlon in this respect. Watanabe (1985) reviewed the role of nutrition in
broodstock parforaanco and anphasized the laportanoa of vitaain B. Takauehi
at ai. (1981) found that In ayu (PJecogiossus aitivaiis) fed a diet low in
vitaain B, the duration of apawnin” behaviour was reduced and one third of the
total faaala broodstock fad this dlat did not spawn. Aaong the offspring,
survival rata to tha eyed stage was poor as Y%as hatchabillty, and tha
atortality of larvaa froa these eggs was high. Tha laportance of vitaain B in
reproduction has been confirmed in other species including carp (Natanaba and
Takashiaa 1977), rainbow trout (Kinunaki at ai. 1972; King 1984; King at ai.
1983), and red sea breaa (Natanabe at ai. 1984). a-Tocopharol concentrations
are high in the eggs and low in tha tissues of broodstock after spawning.
There is a rapid loss of agg vitaaln E during davalopawnt (KinuaMki at ai.
1972). Cowoy at ai. (1985) preaantad a review of antioxidant systaaw in fish
eggs. Alloshin (1987) found that joint adadnlstratlon of tocopherol and
ascorbic acid prevented tha toxic effects of dietary lipid peroxides on the
ovary in rainbow trout, and observed that a dose of 0.04 a-tocopherol g*¢
body weight dajr stiaulatad aitotic division of the oogonia and their

conversion into a aaiotlc state. Mdiaa and Vad(ss (1984) concluded that
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Injaetad a-toeoph«ryl acatat* could ba utilizad by maturing faaala carp, Baiao
and Mak (1978a/b) found that vitamin B and human oborionio gonadotrophin
ineraaaad tba viability of aparm from farmad aula ayu (Maoogioaaua
mitivmli»), and Juaraz-Palaoioa and Palomo Martinaz (19B0) notad that vitamin
B and lutainlzing ohorionio gonadotrophin Induead apawiing in famala earp

(Ctaogphatyngodon ideila).
1.3.10.2 Larval nutrition

Tha davalopaMnt of purified diets for nutritional atudiaa on larval flab
has been difficult, thus little la known about tha affects of vitamin B on
survival and davalopmant in fish larvaa. However, Watanaba at aj. (1983) found
that anrlchmant of dietary Artamia mmllna with lipoaolubla vitamins improved

survival of larval rad aaa bream.
1.2.10.3 Product quality

In intanalva aquaculture it is lagxsrtant to consider tha affects of diet
on product quality. Tha affects jof dietary vitaadjt E on tha quality and
storage stability of milk and meat ware daacrlbad by Narusioh (1980). O"Kaafa
and Hobla (1978) found that fillets of flngarllng channel catfish fad various
levels of vitasd.n B for a period of 97 days axhibitad significant ozidativa
rancidity aftar frozen storage for 3 months if diets contained up to 9mg aii-
rao-a-tocopheryl acetate 100 g-“, and that subsequent refrigeration resulted
in fat oxidation in Ffillets from fish fed less than 40 mg 100 g-“. Bung and
Slingar (1982) studied the effect of dietary vltasdn B on muscle a-tocopherol
concentrations in rainbow trout and its relationship to storage stability as
*w*w*(1 by changes in TBA value. The diets and fish used wore as described
by Bung at al. (1980b) (section 1.2.S.3). only the highest levels of dietary
~ibamin B increased muscle a-tocopharol concentrations and there was no
dIfforenca in storage stability between fish fad high and low levels of
vitamin B for 34 weeks. Bogglo at al. (1989) found that tha dietary a-
tocopheryl acetate level did not significantly affect the sensory attributes

of trout fillets evaluated fresh or after pBolongad frozm storage. Bowever,
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fish fad highar lavals of vitamin B had lowar aalondialdahyda eonoantrations
frotan storaga at -80*c for four months. Poso at ai. (19ta) found that
a-tocopharol saaawd naithar to protaot eanthaxanthin in trout fillats

from fading during cold storaga, nor tha whita auaola lipids from oxidativa
though a littla protaetion of dark muscla lipids was obsarvad.

Prigg at ai. (1990) also found that flash smlondlaldahyda eenoaatrations in
rainbow trout wars influancad by ths diatary vitamin B intaks. In this study

significant diffaraneas in tbs organolsptie critaria wars dataotad.
1.2.10.4 Allsviation of strass

In mammals, vitaadn B is bsliavad to ba involvsd in ths msdiation of
cortisol production by the adrenal as a rssponsa to strass. In addition,
affacts of vitamin B on the pituitary may indirectly influanca cortisol
production (Xitabchi 1980). Vitamin B supplaiMntation may help allsviate
etrass in fish, but currently thera 1s no sxparisMntal avidanca in favour of

this hypothesis. Further relevant information is given in chapter 5.
1.2.10.5 Prevention of toxicity

Crean and Bunyan (1969) and Hansel (1980) raviewad information on tha
protective affects of vitamin B against certain environmantal pollutants, nils
protection may again ba dependant on tha antioxidant function of vitamin B,
but has not bean specifically investigated in fishes. Maverthalass, on tha
basis of mammalian studies, vitamin E supplementation of fish diets may

increase resistance towarda certain environmantal toxins.
1.2.10.6 Resistance to disease

The beneficial effect of vitamin E supplaawntation on immune function
and resistance to disease in rainbow trout was described by Blaser and Nolka
(1984) (section 1.2.5.4). Although other experiawntal studies with Atlantic
isalmon show lasser responses, there is some justification for the belief that

dietary vitamin B supplementation may increase resistance to infectious
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diaM««. Furthar atudlaa ara raquirad undar praotioal oonditiona to quantify

thaaa affacta.
YitMIn 8 nutrition of far»ad Atlantic aalaon

Tha affaeta of daficlonoy and data on tha vitaadn 1 raquixMant of
Atlantic aalw>n wora daaeribad in aaotion 1.2.5.2. Tha aajority of thaaa
atudlaa wara eonduetad on young fiah in fraahwatar Mhoro the prouiaion of 3
1 9 a-tooopboryl aeatata 100 g-" diat traa conaidarad to ba adaquata (Lall at
ai. Itti). Aacantly, auacla daganaratlon intarpratad to bo indieativo of
vitaain K dofioiancy haa baan obaarvad in aaaoelatlon with aawaral raeogniaad
pathological condltiona of Atlantic aalaon faxaad in aoawatax (aaction
1.2.0.1). Tha rolo of vltaain B in any of thoaa oonditiona haa atill to ba
daaonatratod, but thaaa obaarvatlona auggoat that tho vitaaln B nutrition of
flah at thia ataga in thoir lifa-cycla nay ba inadaquato. Tha following atudy
waa conductad in ordar to axanlna tho vitanln B nutrition of farmed aalaon in
aocawator, particularly in relation to ita rolo in tho dovelopawnt of p«-"rTat
diaaaaa. Tha invaatigation conaiatod of field atudiaa on healthy fiah and fiah
aufforing from panoroaa diaaaaa, and axparinantal atudioa oonduotad to oxanina

tha offacta of varloua huabandry practlooa on vitamin B atatua.






2.1 mWLiiw nocwomE
2.1.1 71*Id »tudi-

A routina saaiplin« proeadura waa davlaad and uvaad to eollaot plaaaa,
Ilvar and tlaauas for hiatolopy froa fiah fataw In a unifota aannar. Soetlon
4.2 daaoribaa aodifieatlona to tha standard proeadura usad at individual aitaa
during atudiaa of panoroas ditoaao outbroaka. Bafera oollaeting any fiah,
aaaplaa of faad and details of tha health and feeding history of tha stoek
«are oollaotad. Tank or oage units ware ohosan after oonsultatioa with fara
staff and, whsnavar possible, tha behaviour, particularly tha feeding raspensa
of tha fish, was observed. Records ware kept using a standardisad data sheet.

eatchas of fish ware captured with a dip nat and killed with a blew to
the head. As soon as possible after capture, bleed was eollaetad fro« tba
caudal vain of each fish, using haparinisad I ml, 2 al or S al disposable
syringes fitted with 23 or 2S gauge needles. Blood eollootad in this way was
transferred to Marked 13.5 nl polystyrene tubas. Alternatively, for vary saall
fish (is. lass than 30 g), blood was allowed to flow directly into pra-
haparinlsed tubes after severing the "ail.

Once blood had been eollaetad from every fish, the condition and
external appearance of each individual was noted and tha weight and standard
length recorded. This data was later usad to calculate tha condition factor
(k) according to Fulton (1904) wherai

JnlOOx-BtiNliZL
Imngchicm)*

Tha body cavity was opened with a ventral incision and the sax and state
of Maturity daterMinad whenever possible. The internal organs were «uuainad,
particularly for the presence of food in the gut and fat surrounding tha
pyloric caeca. The liver was carefully excised and placed in a Marked
container. Tissues for histology wore collected as described in sooticn 2.4.
On return to the laboratory, blood was oantrlfugod at 2000 rpM for 10 ain and
the plasMS transferred into narked tubes. PlasMS, liver and feed saaplas ware

then frotan at -20*C.
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2.1.2 mt™M »tudl-

A morm rigoroua prooadur* was usad to oollaet saldlas during
axparisMatal studlas. la ordar to ainiadta tha affacts of saapllng, afforts
wars aada to avoid disturbing tha Tfish prior to captura. Iltaadealiatlon
proeaduras wara usad to dstaxalna tha ordar In which tanks wara saaplad and
onoa tha tank lid was opanad tha fish wara caught rapidly and blood oollaotad
within 19 ala.

Batehas of flva or six fish as appropriata wara capturad by dlp-nat and
lasMdlataly anaasthatlsad In 2-phsnoxyathanol (@ ml 1-°) (Itiidav at si. 1f0).
Blood was drawn Into haparlnlsad syringas froa tbs caudal vain and transfarrad
to 13.9 al polystyrana tubas kapt on lea. Bach fish %ns klllad with a blow to
tha haad, tha condition and axtamal appaaranca was obssrvad and tha walght
and standard langth rscordad. Tha condition factor (K) was latar oaleulatad
as dascrlbad above. The body cavity was oponed vontrally and tha Internal
appaaranca. Including sax and state of maturity, was notad. The Ilvar was
axclsad and placad In a aarkad plastic bag and, on sosm occasions, saaplos for
histology wara oollaotad as dascrlbad In saotlon 2.4. Food saa”las wara also
colloctad If raqulrad. Nhara appropriata, haaauitoerlt and laueocrlt
measuraawnts ware aada as described In section 2.3. Tha rasMInlng blood was
oantrlfugad at 2000 rpai for 10 oln and the plasma transfarrad Into laballad

tubas. Plasau, liver and feed samples were then frosan at -20*C.
2.2 BIOCHBmMCAL PETBHMIWATIOWS

Analar grade eheaUcals ware used In the following procedures, except
where stated. Absorbance readings were aada using a Pye Unlearn SP900 (arias

2 spaetrophotcaatar.
2.2.1 Vitctn B dstermlnatlcn usino hlch performance liquid chroMtooranhy

o-Toeopharol datarmlnatlons wara made using a high parformanes liquid
chromatography (HPLC) procedura devisad by C.Coway and O.Ball (O.Ball,

personal ooanuinloatlon), based on tha published methods of Coway at si. (IfBl)
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end Bung «t ai. (1910a). Minor modifleationa vara adoptad for uaa with llvar

and faad.
2.2.1.1 Natariala

a. 2t Pyrogallol in athanol. Frasbly aada prior to aaoh uaa by
diaaolving 1.0 g pyrogallol in 90 al abaoluta atbanol

b. <0% Potaaaiua hydroxida aolution

e. Haxana (HPLC grada) with 0.00125% butylatad hydroxytoluana (PR)
d. Nathanol (HPLC grada)

a. 99% RPLC Mathanol

f. Vitaadn E atandardi 10 (@ ml™ a-tooopbarol in awthanel.
Approxiaataly 0.2 g JUW-a-tooopharol (laataan Xoda)c, Aoohastar, Haw
Yoric) waa waighad to 4 daolaal plaeaa and diaaolvad in axaotly 100 tiaaa
(W/v) BPLC XMthanol. Earial dilutiona wara usad to obtain 1.00 ag al*©

mtoek and 10 ug al** «forking solutions.

2.2.1.2 Procadura for tha dataralnation of a-tocopharol concantrationa in fish

plaaaa

maponifieation and haxana axtraotion mu oarriad out in stopparad, 15
al, graduatad tast-tubas. In thasa tubas, 0.2 al plasM «as aixad with 4.0 al
2% pyrogallol in athanol. Aftar hasting for 9 ain in a watar bath at 70*C, tha
tubaa tara flushad with nitrogan and 1.0 al 40% potasaiua hydroxida solution
addad. Tha raaotion aixtura waa than haatad for a furthar 20 adns at 70°C,
sliaking at 9 adn intsrvals. Subsaquantly, tha tubas ««ara eoolad on iea and
tliair contants awda up to 10 al with diatillad «atar. a-Toeopharol «as
axtraotad by abaking tha raaetlon adxtura with haxana-BR. 4.0 al haxana-HR
was addad to aaeh tuba and tha contants adxad vigorously for 1 adn than
allocod to stand. Aftar phasa saparation, 3.0 al of tba uppar layar «aa
daoantad into glass vials. Haxana waa avaporatad froa thaaa vials, undar
nitrogan, on a hot plato at 40*C. Tha driad rasiduas «sro than radiaaolvad in
1.0 al absoluta sMthanol and tha roaulting solutions atorad in a rafrigarator

until assayad by HPLC.
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Rcvars* plias«, isoeratlo, adsorption HPLC was usad to dotaxaiao tha a-
tooopharol oonoantratloa in thasa solutions. Solvant flow was panaratad by a
Oilson Hodal 302 BPLC puji® and 9St aatbanol foxaad tba aobila pbasa< flowing
at a rata of 2.0 al ain*“. Saaplas and standards wwra introduead through a
Xhaodyna Modal 7128 valva flttad with a 0.10 ad. injaetion loop. Saparation
took plaoca in a 5 ootadacylsilana BPLC ooluan (Spharisorb) (intamal
diaaatar 4.6 am, langth 25 cat). Tha abaorbanea of tba affluant, at 293 na, was
monitorad using a Gilson Nodal BM/RPLC BoloohroM UV/VX8 dataotor. Oataetor
output was displayad on a Spactra-Physics 8P4290 prograaaiabla intagrator. A
maapla voluaa of 0.10 ad was passad froat a aiorolitra ayringa into tha
Rhaodyna valva loop and injaetad onto tba coluaui. a-Toeopharol alutad aftar
approxiaataly 16 adn and was datactad as a laballad paak on tha chart traoo.
Peak araaa wara ealculatad autoawtieally by tha intagrator softmra. Output
was calibrated by running 0.10 al voluaws of the 10 pg al*“ a-tooopharol

standard bafora and aftar aaeh uaa.

2.2.1.3 Modifications for tba datamdnation of a-tooopharol concantrations in

fish livar

Approxiaataly 0.2 g livar vata atcurataly Y%«aighad and hoonganisad with
4.0 al 2% pyrogallol in athanol using a Polytron hoanganisar fitted with a 12

an diaaatar aggregate. Subsequently, tha procedure followed that for plasaa.

2.2.1.4 Modifications for tha dateradnation of a-tocopharyl concentrations in
fish fead

|
1 Pelleted fish feed was ground with a pastla and aortar and approxiaataly

0.2 g weighed accurately into 15 al tast-tubas. 4.0 ol 2t pyrogallol in
ethanol was then addad to the tubas and tha contents boangenisad.
Saponification and extraction was then as for plasaa, except that the hexane
and water phases were separated by gantla centrifugation (1 ain at 100-200

rpa).
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XaMa a.l. eeeaveey o( a-teeeplierel ft

addad c-t horol Nsaaursd vitaala >
Erairy o 8155
0 %
0 20
10 viv)
| a7
1 a7
| 59)
0 5
0 70
40 )
40 *
50 b
D 7

rasslon aquatiom Measui 37.50.94 Added
(éRg%ttloimtagf varilatlon-t.It

2.2.1.5 Calculation

a. Sinoa the peak araa la pro~rtlonal to tha a-tocopharol ooncantration

In the aathanol solution!

whoro

IT, 1a tha unknown walght of a-tocopharol In tha aathanol solution (pg)

A, la tha paak araa of tha unknown a-tocopharol In aathanol solution

A, la tha paak araa of tha a-tocopharol standard

C, la tha concantratlon of tha a-tocopharol standard (10 pg IU.™)

V, la tha voluaa of a-tocopharol standard appllad to tha ooluan (0.1 al)
V, la tha voluaM of tha unknown a-tocopharol In aathanol solution
appllad to tha ooluan (0.1 al)

b. Sinoa only 3 al of tho total 4 al voluaa of haxona was drlad downt
whara

IT. Is tha walght of a-tocopharol In tho roaotlon alxtura (pg)
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TaU* a=>. Meevery a( aMad a-taocaybacyl acatata fraa ylaia

Addad o—to(fﬁpgml aaatata l\baaa% ngala B
0 37
0 3
10 3
10 49
2 3
2 a
10 (5%
D 70
20 70
20 ®
0 (00]
1 0 <3

Ragraaalo« aguatloni HeaauradalS.t"»1.01 Added

c. Sinoa thla raaetion adxtura contalna only a fraction of a aillilitra
1

of plaaaui or a fraction of h gtuM of livar or faadi

whara
C, la tha a-tocopharyl eoneantration in tha aaavla (pg al*“ or pg g*°)

V, la tha voluBM of aaa™>la in tha raaotlon mIxtura (al or @)
2.2.1.6 Accuracy and praclaion

Aa a Maaura of the accuracy of tha aaaay, vitaadn B datarmlnationa wara
aada on aaaplaa, from a plaaaa pool, to which knovm quantitlaa of a-tooopharol
had baan addad. Solutiona wara praparad containing O, 10, 20, 30, 40 and 50
pg Jim-a-toeo|”orol 0.10 al"“ HPI£ BMthanel. In duplieata tubaa, 0.10 al

aliquota of aach aolution wara aixad with 0.90 b1l plaawa. Thaaa wara aaaayad
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dMorlbad abova and tha raaulta plottad on a praph of addad varaua aaaaurad
a-tooopharol. Raprasaion analyaia indloatad that tha fittad lina had a
«radiant of 0.954, aquivalant to an accuracy of 95.44 over thia range of
valias. Tha praclsion within aach assay, astiswtad as tha ooaffioiant of
variation of individual points around this fittad lina was 9.94 (tabla 2.1).
matwaan assay praoision was datanainsd fro« asasurad valuas of a-tocopharol
in pool plasaa usad for quality control. A ooaffioiont of variation of 204 was
oaloulatad frost 23 aaasuraawnts aada on quality control plaaaa batwaan May
1909 and Nay 1990 (tabla 2.4). Tha assay ahotrad a linear response over tha
range of oonoantrations aaasurad and the atinianm oonoentration distinguishable
front taro in tha solution applied to tha coluan was 0.5 (ig b 1** (aqulvalsnt to

about 7 g ga*“ in plasma) (data not shown).

2.2.1.7 Specificity

One aspaot of tha assay"s speciflcity, tha affect of asterlfication of
a-tocopharol on tha accuracy of vitasdn B detantinatlons, was axaatinad in
ordar to datantlna tha afficiancy with which the procedura would measure a-
tocopharol in tissues as tha less readily available acetate form. Vitamin B
assays ware conducted on planata samples to which Icnom quantitiss of
a-tocopharyl acétate had been addad. Solutions ware preparad containing 0, 10,
20, 30, 40 and 50 g ali-rac-a-tooopharyl acetato 0.1 ath* matbanol, and 0.1
ml of each solution was mixed with 0.9 ml plasma. Tha results of vitamin B
analyses on these samploa are sumstarlsad in table 2.2. Rograssion analysis of
addad a-tocopharyl acétate versus atsasurad vitastin B, yielded a gradient of
1.01, indicating that a-tocopharol in tha acetate form was also staasurad with

a high precision using this assay.

2.2.1.S Bffaot of storage

Bunnell at si. (1965) and Bandar (197S) found significant losses of
vitamin B from foodstuffs during froxan storage, but Losowsicy and Leonard
(1967) found that plasma vitamin B oonoantrations in human plassut ware

vhaffooted by storage at -15% for 2 months. In ordar to assess tha offoots
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Tabla3.9. a-Toeeabatel i tratiaaa aaaaara« 4arlat aboct-ti
af plaaea aaivlaa « mar atenga

(paazBan"a p - 0.000 (\S)

of froten atorage on a-tocopharol in aalaon plasaut, atudiea of both short- and
long-term changes in vitamin B oontmt ware conducted. Vitamin B
determinations wore made on a pool of plasma after 0, 1, 3 and 7 days storage
at -20". The measured values, given in table 2.3, showed no significant
correlation with time and therefore indicate that short-term freotar storage
had no affect on plasma a-tocopherol content. Similarly, vitamin B
maasuraments made on quality eont>:ol] plasma stored at -2(TC between Nay 1989
and Hay 1990, also showed no correlation with time, and indicate that no
significant change in plasma a-tocopharol content occurred over this period

(table 2.4).
2-2.2 Betermination of plasma malondialdehvde concentration

Plasma malondialdahyda concentrations were estismted wusing a
colorimetric method, based on the reaction with thiobarbituric acid, similar
to that described by Milbur at al. (1949).

2.2.2.1 Materials

a. Sodium phosphate buffer (10 mM; pR 7.0)

b. 20% Trichloroacetic acid



N .
FEU* 1.«. 4 (90ephweol eeeeeatratliees la «»litr ooats«! fla

epaaxaaa®s p - -0.345 (HS)
“ 4540 pg al'* Co-afflclant ol variation - 20t

c. 0.2% Butylatad hydroxytoluona (BHT) in othanol
d. SO aM Thiobarbituric acid (TBA). Frathly aado prior to uaa by
diaaolving 0.7205 g TBA in 100 al dintillad watar.

2.2.2.2 Brooadura for tha datanaination of plaaaa aalondlaldahyda

eoneantrationa

Fhke 1 in Sor 1 in 10 with phoaphata buffar and 1.0 al
aliquota aaaaurad into 7 al acraw-eap taat-tubaa. To aaoh unknown, and to a
blank containing 1.0 al phoaphata buffar, 0.70 al trichloroacatic acid waa
addad. Aftar ahaking, 0.10 al BHT in athanol, followad by 1.20 al TBA
aolution, waa pipattad into aach tuba. Tha tubaa wara cappad, alxad and plaoad
in a watar bath at 100~ for 10 al.n. Thay wara than ooolad on ioa and
oantrifugad for 5 IUn at 2000 rpn to raoeva pracipitata. Tha abaorbanca of tha
raaultlng aupamatanta, at 532 na, waa aaaaurad againat tha praparad blank

uaing 1 cm glaaa euvattaa.
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2.3.2.3 Calculation

2.2.3

a. Tha TaA-M» adduct haa a aolar astinotloa oooffioiaat of 1.SC a 10>

o hanoa in a 1 cb ouvatta i

5 ) ssx10+

«hara

C, ia tha oonoantration of TBA-MDA in tha auparaatant (laol 1)

Aba, ia tha abaorbanca of tha raaction Mixtura

b. tinca only a fraotion of a Billilitra of plaaaM waa includad in tbha

total voluaa of tha raaction Bixturai

Hharo
C. ia tha concantration of HOA in tha plaaaa (laol 1-°)
V, ia tha total voluna of tha raaction odxturo (3.0 al)

V, ia tha voluaa of plaaaa in tha raaction mixtura (al)
Pfttntinttion of plaaaa nvrw nta kinaaa activitv

Plaaaa pyruvata kinaaa (PK) (B.c. 2.7.1.40) aetivitiaa wara aaaaurad

uaing a taat coabination auppliad by tha Boahringar Corporation Ltd. Thia taat

baaad on tha aathod daacribad by Baiaanharx at ai. (1953).

2.2.3.

1 Natariala

a. Triathanolaaina buffar (0.16 aol 1>, pH 7.5) containing 0.12 aol I-*
chlorida, 21 naol I-° aagnaalua (Il) aulphata and 1.3 mo |

e atbylmadiaainatatraacatata (BOTA)

b. Micotinaaida adanina dinuolaotida phoaphata / phoapboanol pyruvata

(KAOH/PBP) . 6 aaol 1* KAOR and 32.5 anol 1** PBP in diatillad watar

0. Laotata dah)”roganaaa (LOfl) (240 U b1*)

d. Adanoaina dipboaphata (AOP) (0.1 aol 1*)

I

98



«. 0.9% «odiua ehlorid* solution (NsCI)
2.2.3.2 Proosduro for tbo dotomination of planas pyruvata kiaaso aetlvitiss

in 7 al tast-tubos, 0.10 al mOB/PKP vas aiasd with 3.5 al buffar
solution. 0.50 al planas, or a suitabla dilution of planas in 0.9% Bad (1 in
2; 1 in 10; 1 in 100), followod by 0.05 al LDB solution, wars addad. Tha
oontants of tbo tubas %ioro aixod and, aftar an intarval of 5 ain, transforrad
to a ouvotto in which tho absorbanea (Aba,) was aocanurad. Aftor a furthor 10
ain tha absorbaneo (Abs,) was aoasurad, 0.1 al ADP wan addad, and tba aixturo
stirrad. Tba absorbanco was road isawdiataly (Abs,), and again aftar a furthar
10 ain (Abs,). Assays Y%fora eonduetad at rooa toaparatura. Roadings wars aada

in 1 ca silica cuvattas, at 340 na, against an air blank.
2.2.3.3 Calculation
a. Tho changa in absorbanca (AAbs) was calculatad ast

AAbs- (Abs,-Abs,)-(Abs,-Abs,)
[

b. Pyruvata kinasa activity in tho tast-tuba was found by intarpolation
using tabulatad vallUas of AAbs and PK activity supplied togatbor with
tha kit.

c. Pinally, tha activity in tha plassui was calculatad by stultiplying by
tha original dilution factor. PK activity was axprassod in idlliunits
(BU) ml*“, wharo 1 au is aquivalant to 1 nanl substrata utilisad odn**

at 25*C.
Btttcainition of Plasna craatina Dhosohoklnasa activity
PlasM craatina phosphokinaso (CPK) (B.C. 2.7.3.2) actlvitlas ware

datarainad using a tost coabinatlon supplied by signa Chanieal Co. Ltd. This

basad on a aodlfioatlon of tho aatbod deaeribad by Bughas (1962).



2.2.4.1 Matariais

a. TUINA buffar (pB 7.S) eontaiaing autgnasluM (1Z) aulpbata

b. Sodiua phosphoeraatina, bydrata. 3 mg al* In Tria buffar

0. AOP-glutatbiona. 0.1 aa»l adanosiaa diphoaphata (A0?) and raduoad
glutathiona In < al «atar

d. p-Hydroxyaareuribansoata (p-HVB) 0.05 aol 1*

a. Alkali solution. 1.5 aol 1* sodiua hydroxlda plus sodiua carbonata
f. a-Napbthol. 20 ag al** in alkali solution. Fraably praparad bafora
usa.

g- Diaoatyl. 0.5 al 1**

b. Craatina standard. 0.4 aaol 1™ in distlllad watar.

2.2.4.2 Procadura for tha dataraination of plasaw oraatina phospbokinaaa

aotiviltias

Aliquota of 0.10 al plaaaa dilutad 1 in 10 or 1 in 100 in «atar, or 0.10
al «fatar (blank), «rara pipattad into 15 al tast tubaa containing 0.50 al
sodiua pbosphocraatina. Thasa «rara placad for savaral alnutas in a «fatar bath
at 37*C bafora 0.2 al AOP-glutatbipna;solution «rara addad. Tba tubas «rara than
aixad and incubatad for 30 ain at 37*C. Mixing aftar aaoh addition, 1.0 al
a-naphthol, 1.0 al diacatyl solution and 7.0 al «fatar «lara pipattad into aach
tuba. Thasa tubas «rara raturnad to tha «fatar bath for 15-20 ain, to allo«f
colour davalopaant, than cantrifugad for 5 ain at 2000 rpa. Tha absorbanca of
tha supamatants was raad at 520 na, against tha «fatar blank, using 1 ea gUas
cuvattas.

larial dilutions of tha craatina standard wara aada ovar tba ranga 0.0l
to 0.40 paol 1°“. To 1.0 al of aach standard solution «as addad 1.0 al
a-naphthol, 1.0 al diacatyl, and 7.0 al «fatar. Tha tubas «rara aixad and laft
for 15 ain to allow colour davolopownt. Absorbanca vallas «rara aaasurod as

abova using tha sardo standard as blank.
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3.2.4.3 Caloulatlon

«. A atandard curva waa conatructad to ralato croatiao ooneratration
(proportional to CPK activity) to abaorbanoa. CPK activity in the
unknotma traa calculated by interpolation on thia atandard eurva.

b. The raaulta were oorractad by aniltiplying by the appropriate

factor and CPK activity axpraaaad in international unita (T0) nlI**,

Kantatali equivalent to 1 Juaol creatine fonaad nin*“ at 25*C.
2>3>5 gptWffinptign of plaaaa total protein concentration

Plaaaa protein concantrationa were aeaaurad ualng a teat coobination
auppliad by the Boehringar Corporation Ltd. Thia teat ia baaed on the Biuret
nethod aa deacrlbed by Melchaalbaua (1946).

2.2.S.1 Matariala

a. Biuret reagent coapriaing 0.1 N aodiua hydroxide, 16 m
aodiua-potaaaiua tartrate, 15 aaol 1-* potaaaiua iodide and 6 a

copper (11) aulphata

b. Reagent for blank coapriaing 0.1 H aodiua hydroxide and 16 ol 1=
potaaaiua-aodiua-tartrata

0. Protein atandard. 60 ag al™
2.2.5.2 Procedure for the determination of plaaaa protein concantrationa

5.0 al Biuret reagent ware added to 0.10 al protein atandard, or 0.1 al
plaaaa, in 7 al teat-tuboa. Theae ware aixad and incubated for 30 ain at
30-25*C. The abaorbance of the atandard and each unknown waa BMaaurad agalnat

A reagent blank, at 546 na, in 1 ca glaaa cuvettea.
2.2.5.3 Calculation

The plaaaa protein concentration waa detarained aa followat

I
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APM

Hh*r*

Aba, is ths absorbsncs of tha unknom

Aba, Is ths absdérbanos of ths standard

e, 1is ths protsin ooncantration in ths plasaw saapls (ag m!'-%*)

C. is ths protsin concsntration in ths standard (60 sq al™*)
2>3.6 Plaswa «total* lioid dstsrsdnation

Plasoa "total™ lipid concantrations rara datsrainad using a eoloriaatric
prooadura basad on ths sulpho-phosphovanillin raaction (ISIlnar and Kirsch

1962).
2.2.6.1 Matariais

a. Phosphovanillin. To 100 ni 0.6% solution of vanillin in distillad
tratar rara addad 400 ni orthophosphoric acid. This ras atorad in a brown
bottla at roon taapsratura for up to four traaks.

b. Sulphuric acid, concantratad

c. 0.9% sodiun chlorida solution (NaCl)

d. 10 ng nl-" cholsstarol standard. Approxinataly 1 g eholastarol was
raighad to 4 daclnal placas and dissolvad in axactly 100 tinas (W/V)

absoluta athanol.
3.2.6.2 Prooadura for tha datamination of plaana "total”™ lipid concantrations

Aliquots of 0.10 nl plasna, or a suitabla dilution of plassui in 0.9%
MaCl (@ in 2; 1 in 4), or 0.10 nl cholastarol standard, wars pipattad into 7
nl boiling tubas. Pron a buratta, 2.0 nl concsntratad sulphuric acid rara
addad to both unknowns and standard. Aftar thorough sdxing, tha tubas rara
stopparad with cotton %rool and haatad for 10 nin in a boiling watar bath. lhay

than ranovad and coolsd. Aliquots of 0.10 dJ. wars takan into 12 nl
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tub«» and m blank containing 0.10 bl aulphurlo aold waa alao
praparad. 5.0 al phoaphovanlllIn raagant war« addad to aaoh tuba Inoluding tha
acid blank. Tha tub«« war« than alsad and Incubatad for IS aln in a watar bath
hkal bafora baing allowad to cool. Tha abaorbanca of unknown« and standard,

ralatlva to tha aold blank, was swasurad at 540 na In 1 cb glass cuvattas.
2.2.5.3 Calculation

a. Tha lipid concantration in tha saapla was datarainad as follows!

Abal\
whara
Abm, is tha absorbanca of tha unknown
Abm, is tha absorbanea of tha standard
is tha concantration of lipid in tha raaction aixtura (ag al*"}
C, is tha concantration of tha standard (10 ag al*®).
b. Tha concantration of lipid in plasaa was than calculatad by

corracting for any dilution factor:

C,*C,>o(10xv; )

whara
C, is tha lipid concantration in tha plasaa (aig ad*")
V, is tha original voluaa of plasaa (al)

Pftfn«in«tion of Plasaa cortisol concentration bv radio«— ..no..,.Y

Plasaa cortisol coneantratlons war« datarainad by radlolaninoassay
according to a aodificatlon of tha published aathod of Pickering at «l1,

(19S7a).
2.2.7.1 Natarlala

a. BSA-aalina. 14 bovina sarua albuain (RIA grad« froa Slgaa) and 0.94
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modiua eblorld* in distilled water

b. Dextran-eoated charcoal. 0.St activated charcoal (Merit PM5 froa
BDH), 0.1% dextran (grade C from BOH) and 0.9% sodiua chloride in
distilled water

0. Bthyl acetate. Aristar grade

d. Antiserua (anti-eortisol-3-(0-earboxystethyl)oxisM HSA) . Obtained frost
Sterantl Research Ltd. in lyophilisad fora. Reconstituted with 2.0 al

BSA-saline and stored frozen in tubas containing 0.10 al aliquots. For
the assay the contents of one tube %fare diluted to $.0 al with

BBA-saline.

a. Labelled horaone ([1,2,6,7->H(cortisol). Stock 1 supplied by Aaershaa
International as a preparation with an activity of 9.2S MBq in 0.25 al

toluene-ethanol (9<1). stock 2 was prepared by diluting 0.02 al stock
1 with 2.0 al absol"ita ethanol. For working, 0.10 al of stock 2 were
Bade up to S.0 al with BSA-saline (working solution contained approx.

22 200 dpa in 0.05 ml).

f. Cortisol standards. A 50 ng al“ stock solution was prepared in
ethanol froa cortisol supplied in pre-welghed vials by Sigaa. Two
working solutions «rare prepared i 1) 0.80 al stock plus 9.2 al ethyl

acetate to give 4.0 ng al-“ cortisol solution; 2) 1.00 al 4.0 ng al**
cortisol solution plus 7.0 al ethyl acetate to give 0.5 ng al*“
cortisol solution.

g- Scintillation fluid. Optlphasa Hisafe 11 (Pharuacla)

2.2.7.2 Procedure for the deterainatlon of cortisol concentration in plasaa

saaples

A set of standards was prepared over the range 0-800 pg cortisol tubs™

tjoom the 0.5 ng mlI™ and 4.0 ng ml*™ working solutions. The standards were SMda

in duplicate, in 3.5 nl polypropylene test tubes, as shown in table 2.5. In

1.5 al aicrocantrifuga tubes, 1.0 al ethyl acetate was added to 0.2 al plasaa

and the aixture shaken vigorously. After centrifugation for 5ain at 2500 rpa,

appropriate voluaes of supernatant (usually 0.2 al) were transferred to 3.5

mtl test tubes. Standards and unknowns were then evaporated to dryness in a
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Tabla 2.1. lvaparatiea of ocortlaol ataadatda

Cortisol coocantration wthyl 0.5 ng aP* 4.0 ng BI-*
acetate Standard standard

pg tuba  ng al* i) i) (i)
0 0 200 0 0
50 0.2 100 100 0
100 0.4 0 200 0
200 0.0 10 0 0
400 1.4 100 0 100

1 to 3.2 0 0 200

vacuua ovan at 35*C. To aach tuba %ns addad 0.10 al BSA-aallna and 0.05 al
liballad hotaona. Thaaa wara alxad and 0.10 al antlaarua addad. Tha raaetlon
aolution waa than alxad thoroughly and ineubatad at 4*C for at laast four
hours.

Aftar incubation, tha tubas wara raanvad onto ica and 0.10 al
daxtran-coatad charcoal aaasurad quickly into aach. Tha tuba contants wara
aixsd and laft to stand for axactly 5 ain to allow tha coatsd charcoal to
adsorb tha unbound cortisol. Tha charcoal was than raanvad fron suspsnsion by

cantrlfugatlon at 1200 g for 5 Bin atta tanparatura of 4*C. Aliquots of 0.20

al of tha aupamatant wara tran;lfarrad to scintillation vials and aixad
thoroughly with S.0 al scintillation fluid. A "total counts® vial was also
pi“bparad, consisting of 0.05 al laballad horaona in S.0 . scintillant. A
Packard Tri-Carb 2000CA Scintillation countar was ussd to astlsuito tha

activity (dislntagratlons atin®“ avaragad ovar a pariod of 5 ain) in standards,

unknoms and total counts vials.
2.2.7.3 Calculation
a. Since counting was parforaad on only 0.20 al of tha total 0.35 al

supamatant available aftar separations

whare
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0. tha dpa“a Mwaurad In aaoh vial
Ai *1™ tha dpa“a in oorraapondlng tuba aupamatants
b. linea D, corraaponda to tba fraction of laballad botmona bound to

antiaarua, pareantaga binding oan ba ealoulatad aa follomi

th*-&x100

whara

M ia tha paroantaga of laballad hotauna binding to tha antiaarua

D, ia tha total dpa in 0.05 al tritiatad oortiaol aolution

0. A atandard ourva waa plottad aa 1B varaua ooneantration of eortiaol
par tuba for tha oat of atandarda. Tha eortiaol ooneantration in aaeh
unknown tuba waa than ealeulatad by intarpolation on tbia atandard
ourva.

d. Tha coneantration of eortiaol in tha aaapla of plaaaa wan than

ealoulatad aa followai

wbara 1 J

ia tha eonoantration of eortiaol in plaana (ng »i*)
C. ia tha ooneantration of eortiaol in tha tuba (ng b1*)
V. ia tha original volum of plaaaa (0.2 al)

V. in tha voluaa of axtraet drlad down (uaually 0.2 al)

Polyunaaturatad fatty aeid eoneantratlona in plaaaa and livar aaaplaa
wara datarainad wuaing a emablnation of high-parforaanoa thin-layar
ohroaatography (RPTLC) and gaa-liquid ohroaatography (OLC). Thaaa analyaaa
wara parforaad by o. Ball, Univaraity of Btirling, aeoording to tha aathoda
publiabad by Toehar and Harvia (I*Bt) and Coway at ai. (1ttS). Total lipid

eonoantrations wara aaaaurad during tha eouraa of thasa analyaaa uaing tha
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Mtbod of roloh ot al. (1957).
2.2.8.1 Natorlala

«. Cblorofoimiaothanol (2il v/v) plua 0.05% butylatad hydroxytoluona
(BHD
b. PotaasluB chlorida. 0.88% in aquaoua aolutlon
1* Mathyl aeatata « isopropanol i ohlorofons i swthanol i
0. 25% aquaous potasaiuB ehlorido. 25i25i25i10i9 by rolvmm
Davalopar 2. Haxanaidiathyl athoriaoatie acid. 80i20i2 by volom
a. 3% ooppar acatata in 8% phosphoric acid
f. Lipid class standards, signs Ltd.
g- Sulphuric acid. 1% in anhydrous nathanol
h. 2% Potassiun hydrogen carbonate
1. Bexanaidiethyl ether (lil by volusnm)
J. TLC solvent. Haxanaidiathyl atbariacatic acid. 8Sil5il.5 by volusm
k. Oichloroswthana containing 0.05% BBT
1. Patty acid aathyl ester standards
All solvents used were BPLC.grade.
1 1!
2.2.8.2 Procedure for the detemination of total lipid and polyunsaturated

fatty acid concentrations in fish tissues

Liver and plaana sanples were honogenizad with approximately 10 volumes
2il chlorofominethanol containing 0.05% BBT. The homogenate wae filtered and
the Tfiltrate washed with 0.2 volumes 0.88% potassium chloride. After
centrifugation, the lower chloroform layer was rasMvad into pro-weighed tubes
and the solvent evaporated under nitrogen. The tubes were dried by vacuum
desiccation, for one hour, after which they were reweighed to quantify the
lipid content. The lipid was redissolved in chloroformimothanol to a
conemtration of 50 mg ml*™*. The tubes trere then purged with argon and stored
at -2(nc. The lipid class composition was datarminad with 1-2 pi of »iii-
solution as described by Tocher and Barvie (1988).

1-2 pi of the lipid extracts were spotted onto BPTLC silica gel 60

I
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platM (10 X 10cB X 0.25xb ; Narek, Dxxautadt, FIW) xhleb had baaa pra-run In
diatbyl athar and aoklvatad for 1 hour at 120%. Thay wara run for < am using
Oovolopor 1 to aaparata polar liplda, driad and fully davalopad using
Davalopar 2 to aaparata nautral lipids and eholastarol. Tha lipids wars
visnalisad by spraying with 3t ooppar aoatata In m% j”sphorio acid and
ebarring at 160*C for 20 adn, than idantifiad by comparison with purs
standards. Lipid classas vara quantifiad by dansitoaatry using a Shimadxu
CS-930 dual wavslangth TLC scannar and DR-2 raeording Intagrator.
Polyunaaturatad fatty acid conoantrations wara datarminad using OUC as
daseribad by Couay at ai. (1985). 0.1 ml aliguota of tba original lipid
axtraots wara mathylatad using acid-catalyxad tranamatbylation as dasoribad
by Christia (1982). 2 ml It sulphuric acid in anhydrous mathanol «ora addad
to tha lipid axtract and tha mixtura haatad ovamight at 50*C. 1.0 mlI 2%
potassium hydrogan earbonata solution was addad and tha lipids «ora axtraetad
by shaking twica with 5 ml aliquots of hoxanaidiothyl athar (Itl v/v). After
axtraetion, tba aathyl «stars wara purifiad by praparativa thin-layar
chromatography using silica gal 60 TLC platas (20 x 20 cm x 0.25 ami Marck,
Darmstadt, FRG) and haxanaidiathyl athariacatic acid (85tl5il.5) as tha
davaloping solvant. Tha aatbyl astars wara radisaolvad in dichlorcmatbana
containing B8T, and analyrad using lacirlo Brba 4160 gas chromatograph (Fisona
Ltd., Crawlay, UK), fittad with a fraa fatty acid phasa fusad silica capillary
column (intamal diamatar 0.22 mm, langth 50 am) (SGB Ltd., Milton Xaynos,
UK), and aquippad for splitlass injection. Bydrogon gas was usad as ths
corriar and a tharmal gradiant from ISO to 220% was appliad. Individual
mathyl sstars wara ldantifiad by conparlaon with known standards and a wall
charactarixad fish oil, and also by raforanca to publishad data (Ackman 1980;
Ackman and Baton 1978; Ball at ai. 1983). Fatty acid paaks wsra quantiflad

using a Shimadru CR 3-A racordlng Intagrator.

2.2.8.3 Calculation

a. Tho total lipid concantratlon (C,) was caloulatad from tha changa in
waight of tba rawaighad vial (AM,) and tbs initial voluma (F.) of plasms

or waight of tissuo oxtractad.
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b. Th* paromtaga of total lipid aa fatty aoid (*/a) waa datanUnad froa
tba raaulta of tha lipid elaaa analyaia aa follewa. Total lipida
eoa™rlaad diffarant proportiona of a niaibar of lipid olaaaaa tha
pazoantagaa (la) of whiob wara datandnad by HPTLC. Kaoh olaaa waa
eonaidarad to contain a fixad parcontaga (Ib) of fatty acid aatlaatad
on tba baaia of an avaraga fatty acid anlacular waight of 291.-. Tha
pareantaga of PUFA within oaeh lipid olaaa (le) in tha aaapla waa
oaloulatad aai

tc « la X (tb 47 100)

c. Tha ooneantration of fatty acid (C.) in tba aaapla waai

C. - C, X (Ifa * 100)

d. Froa tha raaulta of CLC analyaaa, tha parcantaga conoantration of
individual polyunaaturatad fatty acida (IX) in tba aaapla waa
dataxad.nad, and tha concentration of individual PUFAa (C,) caloulatad
aal

C. - Ix X C.

Thaaa wara convartad into molarity or molality (C,) by dividing by tha
molacular weight. C/» were than aunnad to give an aatimata of tha total
POFA concentration in tha aanpla (C,)-

a. Tha concentration of PUFA waa axpreaaad in (imol g** or nl*“ plaaaa.
f. An axaapla calculation ia ahown in tabla 2.C.

g- PUFA:vitaadn E molar ration wara calculated by dividing a-toeopharol
concentration (g ml™ or g™ by 430.7 (the molecular weight of a-
tooopherol), than dividing m»1 FUFA by Jueol vitamin B. POFAtlipid
ration ware axpraaaad on a weight baaia. POFA ooncantrationa (Jimol mI*©
or g were multiplied by 291.8 (ta)can to be tha avaraga molaoular
weight of PUFA), divided by 1000 (to convert pg to mg), and than divided

by tha lipid concentration in mg ml*“.
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«mkl*  a_«. msiBBl« of  tk* oaloalatlM <t polyaasataratag fatty aalt
oaMMtrakl Is etk tiani«

<) Total llpld eoBOOBtratloa (C;) S2 ag g

Lipid olass paroaot of porcaot as fatty paroaat of_total aa
total (1a) acid (Ib) fatty acid (o)
froa BPTLC
atarol astsrs 14~ 11.0 0.2
Triaoylglyoarols 1.0 0.2 0.0
Fraa fatty acids 34.5 100 S1.5
Cholaatarol K.f 0 0
Polar lipids 1.2 75.1 13.7
1 Total (tfa) 55.3

0) Total fatty aeld coneantratlon (C.) < 12 x (S5.1 «100) = 17.7 ag g

p*rc«nt in cone, in saiBla Mel . MoUlity (C,)
PUTA enapl« (1) C) (g b vt. (g o>

1nt2(n-1) 2.4 0.42 2t0 1.5

1Si3(n-F)(n-3) 0.4 0.07 270 0.3
1tt4(n-3) 0.2 0.04 27« 0.1
20t2(n-QO 0.4 0.07 sot 0.2
20t3(n-C) 30«

20il(b-1)(b-3) 2.0 0.35 304 1.2
20i5(i1-3) i f 0.31 302 0.0
22i5(n>3) 0.5 0.0f 32t 0.3
22il(n-3) 10.1 1.7* 32« 5.5
Total (Qu) 10.0

a) Thus tba total Iyuntaturatod fatty acid coneantratlon (C.) In tha llvar
aaapla was 10.0 law g‘Yu

2.3 BMBttTOl.OCY

Blood aaaplaa wara aoBatiaoa aubjactad to haaawtoerlt and laueoerit
dataxmlnatlon. Thoaa eollaetad during tha axpariaantal atudlaa datorlbod in
aaction 5.3 wara owaaurad in batchaa ot 10 or 13, ao that blood did not atand
for Boro than two houra.

Baaawteerit (paokad rad call voluaw) waa datarainad aa daaoribad by

Haaaar (1KO). Fraahly oollaetad blood waa drawn into hapariniaad
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mlerobaiBateorlt tubM (lwigth 7.S am, outsid* dlaaatar 1.5 veloaa 75 |tI).
Tha tips war* saalad with plaatloina and tha tubas oantrlfugad for 4 »1« in
a Rawkslay haaaatoorit oantrifuga. Tha haaaatoorit, axpraaaad as a paxoantaga
of tho total tuba eontants, vas than aaaaurad dixaotXy using a
aiorohaaawtoerit raadar. Laucoerit (packad laucocyta-thrcsJaooyta voluaa) was
aaaaurad as daseribad by NeLaay and Cordon (1977). Tho oontrifugod
aiorohaaaatoorit tubas wars viowsd at x 35 aagnifieation undor a binocular
aiorosoopa fittsd with an ocular aicroaotar. Tho hoight of tha buff-oolourad
layar ovorlylng tho paekad rad calls was atsasurad and oxprossod as a

porcantaga of tbo total tuba contents.

2.4 H18TOLOCY

2.4.1 fixation

Tissuoa for histology wara collactad froa frashly killad fish. Tho body
cavity Y%fas opanad as described in section 2.1 and tbo organs carofully
raanvod. Tissuas saaplad included pancroas-caaca, heart, liver, Kidney, gill
spleen, oosophagus, stoswch, hindgut (anterior and posterior), skin and rad
and white skeletal suiscle. These Y%rsra cut into saall cubas and fixed in

phosphate bufforsd 4t fomaldehyde (table 2.7) for a sdnlaua of 7 days.

Table 2.7. thespkata buffarad 4t fesaaldahyda fixatlva

sodluB dihydrogan phosphate, aonohydrsta 49

disodiuB hydrogen orthophosphate, anhydrous « 9
401 fozaaldahyda solution 100 BI
distlllad vetar »00 al

2.4.2 Procassino and sectioning

Koutino procossing and atalning of tissue saaiples for histology was
carried out by M_Bavoridge, L.Sinclair and S_.Millar (Univarsity of Stirling).
In addition a nuabar of saa™>laa wara preparad using facilities available at

tbo Dunstaffnaga Karine Laboratory. In both casas, tha procedures used elossly
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folIMMd thosa daserlbad by Bullock (197S). rixod tisauo waa out to aiao,
plaead into biatolofioal eaaaattoa and loadad into baakota on a Xoichort-Jung
Hiatokinotta 2000 autoawtio tiaauo proeaaaor. Tho tiaauoa waro d”ydratad,
elaarad and ia”ragnatad with paraffin wax according to tha achadula ahown in
tabla 2.a. Thay wara than aat into wax blocka, trliwiirt, and 5 Jui aaotiona cut
uaing a rotary nicrotoaa. Tha aactiona wara than tranafarrad to a watar bath
at 50%, floatad onto aicroacopa alidaa, and allowad to dry at iOX for at

laaat 1 hour.

TaUa 3.a. Bohadalo for ptacasaiag tiaaaas for hlatology

Bath Tims (hrs) |
1. 904 mothylatad splrlta 1
2. 004 aatbylatod spirlta 2
3, 1004 aathylatad apirits 2
4. 1004 aathylatod spirits 2
9 100% Mthylat*d apirits 2
4 absoluta alcohol 2
7, absoluta alcohol 2
t chlorofox« 2
9. chlorofom 2
10. paraffin wax 1
n. paraffin wax 3
12. paraffin wax 2

2.4.3 Staining and obaarvation

Tha aactiona ware atainad with haanatoxylin and aoain, according to the
achadula ahown in tabla 2.9, and than a»untad undar covaralipa with OPX
aountant. Tha praparatlona wara obaarvad at x 40, x 100 and x 400
auignifioation uaing an Olympua CM conpound nicroacopa. Obaarvationa wara
racordad on a atandard form. Photooicrographa wara printad from tranaparmciaa
takan on Xodachroaa film, at x 50 and x 125 magnification, uaing a Laitx
Ortholux Il mloroacopa and Orthowt 35 wn. camara. Saotiona of pancraaa-oaaoa
wara ohaokad individually for avidanoa of axocrina pancraatio daganaration

(DD) aa daacribad by Nunro at ai. (1984). Saart and akalatal muacla aaotiona
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labia 1.(. Sobadola for haaeaterylla aad ooaia ataiaiaf of tiaaao aootloaa

Bath Tlaa (Bins)

1. lylono s
2 Alcohol 1 3
1 Mothylatod spirits 2
4. Running Tap Bator rinaa
5 BaMatoxylin 9
4 Mash in Tap Matar rinsa
7 Aold Alcohol rinaa
I Mash in Tap Matar rinaa
9. Scott"s Tap Matar 3

Chack stainlng aicroscopically at this stage
10. Mash wall in Tap Natar rinse
n. Botin s
13. Oulck wash in Tap Natar rinaa
13. Nathylatad spirits 2
14. Alcohol 11 2
IS. Alcohol 111 2
1c. Xylono 9
17. Xylono 9

«era oxaalnad for aigna of atructural changa as doscribad by Coway at ai.

(1984) and rarguaon at ai. (1986a) (aaa taction 1).

2.5 ObTA AHM.YSIS

Statistical procodures roconnwndad by Solcal and Rolilf (1981) and Conovar

(1980) wara usad for data analysaa.

2.5.1 Coaoutar facilities

The analytes wara parforaad using a DSC Vax 8650/VMS systaai, aitad at
the British Oaologioal Survey, Nottinghaa, and oparatad by NBRC Ccagputar
Services. Tlsm series graphs and bar charts wara gmaratad using SAS/QRAPH

(SAS Institute Inc.) froa susaary statistics produced using Qanstat V

113



(Kothaapstad Bxpariaantal Station). Constat V was also usod to oarty out tssts
and transforaatlons for noraal distribution, analysas of varianoo, aultipla
eoaparisons, contrasts and Pearson®s eorralation tests. Minitab statistical
software (Kinitab Inc.) was usod to perfora Spearaan®s test for railc
oorrslatlon, Xruskal-Nallis and Mann-Nhitney U-tssts, and also to oaloulats

a nuaber of paraaetric statistics using sa™ll data sots.
2.5.2 Descriptive statistics

Bistograas and cuaulative frequency plots were used to test for noraal
distribution. The raw data, aquare root-M and log*fl transforaations ware usad
for those teats. Standard deviations of aMans ars given in the text and

tables, but standard errors wore usad in the preparation of the figures.
2.5.3 Analysis of variance

Analysis of variance was usad to assign probability figures to
differences between various groupings of nomally distributed data. In field
studios this procedure was priauilrily used to coovare bioohaaioal data at
different tiates, although conparlscns of fares, cages and sick and healthy
individuals, nales and faauilea, and aaleon and grilse %Mra also carried out
using single factor analysas of variance. In the axporinantal studies
described in section 5 more complex nodels, involving a conblnation of
treatment and blocking factors and naated and crossed designs, were analysed.
Further details of the andols usod are given in section 5.2. If necessary the
data were subjected to square root"t-1 or log-fl transformation to improve the
hoangeneity of variance. Graphs of residuals against fitted values were used
to indicate any appropriate transformation (Lane et ai. 19B7). Significance
was tested at p-0.0S and p-0.01. significant treatment-time interactions were
further analyzed using the T (for equal sample sises) and CT2 (for unequal
sample sizes) methods of pairwise multiple comparison to indicats which times
differed significantly at p>0.05. Contrasts were usod to test for differences
between sots of sMans. Both pairwise multiple comparisons and contrasts were

calculated using Gabriel"s approximate method (Gabriel 1978; Solcai and Hohlf

I
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1961). Data aats which did not show nonal distribution swan aftar
transfosMtion, but for %ihich similar tosta wars raquirad, wara aaalysod using
tba Nann-Nhitnay U-tost (if k-2) or tha Kruskal-Wallis tast (if )02). Thaso
laathnils wora usad to compara troataants within aaoh lavai of tiaw for soma
axparimantal data, but woro not sufficiantly flaxibla to aoooaaodata tiaa-wisa
variation as in analysis of varianca. Both waro tastod at p-0.05 and p>0.01.
mon-parastotric SMthods of multipla comparison wara not usad sinco tha rolavant
data aots novar roachad tho sdnimum numbar of obsorvatlons (n>6) raquirad for

thosa tasta.

2.5.4 Corralation and Roorassion analysis

Paarson®s product-momant corralation coofficiant was usad to tast for
association batwaan two sots of Indapandant, normally distributod data, aftor
transformation if nacassary. Spaazman®s tast for ranic corralation was tho
non-paramatric altornativa if tha data did not show bivarlata normal
distribution. Tha significance of Pearson”s corralation coafficlant was tastod
at p~0.0S and pa0.0l, and spearman”s at p>0.05, p~0.01 and p~0.001. Spaanmn®s
tost for rank corralation %ns also usad to tast for trends with timo as

suggested by Daniels (1950). Lol
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3.1 HITKODOCTIOW

nutritional status aay bs dsfinad as tbs adsquaoy or othorwiss with
which ths supply of a nutrimt in ths diet Boots tho dsaand for that nutrient
within tho body or tissue. Historically, vitaain B status has boon aasosssd
using histological, biochaadeal and gross indicators of dsfieioney as
<ioseribod in aootion 1.2.5. Nhilst those Bothods provide a useful indication
of vitamin 1 activity, they are secondary and therefore suffer fro« poor
sensitivity and uncertainty of cause. Accurate analytical procedures for tho
direct aeasuraawnt of tissue a-tocopherol conosntrations co”plasMnt, but
cannot yet replace, theae criteria of vitaatin B status. Knowledge of tho
normal range, and of the relative effects of the multitude of factors which
muy influsnea vitaadn B status, is necessary before a judgamant of tbs
adequacy of vitaadn B nutrition, or otherwise, can bo awde with confidence on
tho basis of msasurod tissue concentrations. Navartheless, diroot
dateimination of vitamin B concantratlons has allowed a greater understanding

uf tha function of vitamin B and its role in disease procaasss (Farrell 1980).

3.1.1 TilBUe Yltamin g concentrations in healthy, farmed salmon
I

Tissue vitaadn B concantratlons during normal growth and davelopawnt
have not previously been monitored over an axtandad period for any fish
spociea, yet this information is important in order to datarmina tho normal
range and perhaps to identify periods of vulnerability to daficianoy. In order
to obtain this basic infomation, vitamin B concentrations in plasma and liver
of farmed Atlantic salmon, held under coamercial production conditions, wars
monitored over a 20 month period, from the time of smoltlflcation and transfer

to seawater, through to maturation of grilse after one year in seawater.
3.1.3 Sfi»tri80n of tiBBUS vitamin B in farmed and wild salmon

Factors such as diet, anvlronamtal conditions, feeding regime and
huabandry practicea may be axpectad to influence vitamin B status (see section

1.2). Previous workers found svidance to suggest that farawd salmon have lower
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tlsau* vltaain m oonoaatrations than wild aalann (Poppa at ai. 1ttSe). >Inoa
thia auggaata that tha vitaain | nutrition of faraad atoek ia inadaquata, a
Iladtad atudy of tiaaua vitaain | oonoantratlona in wild-caught aalaon waa

eonduotad to prévida aora data for eoapariaen of farmed and wild fiah.
3.1.3 Kffaet of food Intake on vitMiln a oencantrationa

reading and growth ratea aay affaet vitaain B-aalanlua atatua in othar
vartabrataa (Voa at ai. 1911; Patar at ai. 19S5). High feeding rataa ara alao
oonaidarad to influanca tha axpraaalon of overt paneraaa diaaaaa although tha
aaohaniaa of thia action ia unknown (aaetion 1.1.3.C). Mo groaa indioationa
of vitaain B deficianey ware dataotad In rainbow trout fad vitaain B-daplatad
diata at a rata of 2t body weight day* (Hung at ai. 19H1; Cowey at ai. 19B1,
19B3). In eontraat, Cowey at ai. (19B4) daaoribad aavara aueola daaaga and
othar pathological aigna of vitaadn B deficiency in fiah of a aladlar aiie,
fad aiadlar diata at between 7.5 and 3.0% body weight day“. In order to teat
the hypothaala that high feeding rataa promote tha axpraaaion of vitamin B

ITdeficiency, a atudy of the affaet of feeding rata on plaama vitamin B
concantratlona waa conducted. Tha procaaaea which could mediate auoh a
raaponaa ara entirely apaculativa. Voa at ai. (19Bl) inferred that tha
axpraaaion of nutritional myopathy in duokllnga raaultad from dilution of
vitamin B in tha tiaauaa dua to rapid growth, but the growth rata obtained in
tha atudy by Cowey at ai. (1994) «»a lower than pravioualy (Rung at ai. 1981;
Coway at ai. 1981, 1983). A further poaaibility In aquaculture ia that
impaired water quality, dua to overfeeding, may praclpitata a atraaa raaponae
leading to tha axpreaalon of vitamin B daficiancy. Ralatlonahipa between

~vltaadn B atatua and atraaa raaponaaa are axandnad in detail in ebaptar 5, but
plaama eortiaol concentrationa in fiah undar different feeding ragimea wara
alao amaaurad in the praaant atudy.

Ackamn and Cotmiar (1967) found that a-tocopharol concantrationa wara
raducad by al9ut half in tha auacla of cod. Cedua morhua, atarvad for 3
montha, but there ia no publiahad information on vitamin B concentrationa
during atarvation in faxmad Atlantic aalaon. Atlantic aalaon bacoam anorexic

during maturation and alao whan auffaring from paneraaa diaaaaa. In addition.

I
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on coeBorolal nalaon fanu, hoaltby fish ara oftan starvad for a pariod prior
to harvaat. Slnoa vitaadn B atatua say Influanea tha atoraga atabllity of flab
flaab (aaotlon 1.2.10.3), tbla atarvatlon pariod My affaot product quality.
In ordar to dataraU.no tbo affaot of atarvatlon on tlnnua vitamin B
oonoantrationa in ona aaa-trintar aalann, vitamin B analyaaa vara parformod on

tiaauaa eollaetad at waakly Intarvala during a porlod of 1 month atarvation.
3.2 WTBKIALS AMP HBTHODS

Ittm B wnggntmlona in haalthv. farmed Atlantic aalmon
3.2.1.1 Samplo collaetion

A aariaa of monthly aamplaa waa collaotad to monitor changaa In tlaaua
vitamin B eoncantrationa in haalthy fatmad aalmon undar coMarolal production
conditlona. Tha atudy waa conduotad botwaan February 19BS and Septambar 1919
ualng fiah from Stirling Onivaraity®a flah farm altaa at Rowiatown and Oban.
Sampling began whan the stock was still held in fraahwatar and continued
through tha pariod of aaoltlficatlon and growth in seawater, ending after the
metutotion of one aoa-wlntor fiab.j Samples wars oollaotod at monthly
intervals according to tha procedure daseribad in aaction 2.1.1. The dates,
cages and number of fish sampled ara given in tabla 3.1. An effort was Mde
to collect fish from the same cage population, but this was not always
possible. Material ms eollactad for histology and axaminad for signs of
pancreas dlsaasa by J.Turnbull (Howiatown Fish Farm, Stirlingshire). All fish
collaotad betwaan February and May 1988 wara classified as parr or smolt on
tha basis of axtamal appearance (Roar 1976) and a numbar of individuals
collected between March and Saptamber 1989 ware classified according to sox

and state of Mturity (ie. salmon or grilse) by internal examination.
3.2.1.2 Biochamical analysis

Vitamin B conoantrations wore Masurad in plasM, livor and food sables

as detailed in section 2.2.1. Lipid and polyunsaturated fatty acid
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Tabl* 3.1. laapllag mehadal™ tor »tody of tiasm vitaaia 11 atratioaa
ia haaltby, fanad aalaea

Data Caga(a) Mo.fiah
12.2.St 4 10
11.3.Si IS 10
12.4.1S 1B 10
12.5.S8 1B 1
13.C.SS 1.3 10
12.7.Si 1,3 1
IC.t.BS 1,3 10
12.9.BB 1.3 10
12.10.BB 1,3 10
11.11.BB 1,3 8
13.12.BB 1,3 8
14.1.B9 1,3 8
9.2.B9 1.3 8
13.3.B9 1.3 6
12.4.B9 2,3 6
10.5.B9 1,2 6
14.4.B9 1,2 6
12.7.B9 3 4
11.B.B9 3 4
11.9.B9 3

*

conoantratlQna in a nuad>ar of plaaaa and llvar aaaplaa war# dataralnod aa

daaerlbad in aoetion 2.2.B.

1 3.2.1.3 ttatiatioal analyaia

Spaanan®a rank corralationa warn uaad to dataxaina tba trand ahown by
aaeh of tha bioohaadeal paraaatara with tiaa. Tha data wara traaafoxaad and
taatad for noxaal diatribution and tha aaana at aaoh tiaw coaparad uaing
analyaia of varianea. Significant diffarancaa wara furthar invaatigatad uaing

pairwiaa niltipla ooa™ariaona and oontraata batwaan aalaotad aata of data.
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OlffarwioM batifMii parr and awilta, aaolta in frashwatar and aaawatar, aalas
and faaalaa, and natura and laaatura ona aaa-wintar fiah wara asaalnad using
tba Mann-Mhltnay U-tast. Corralatlon analysas batwaan tba varloua bioehaaloai
naaauraaMnts, fish walght and oonditlon factor wara parfomad using Faamon*s

tast and oorralatlona with «atar tsivaratura wara nada using «paaraan”s tast.

3.3.2 Tttrif YAT- *' * °°"°antrations in aatura. wild sainen

In ordar to gather ooaparativa data froa wild fish, blood and livar
sanplas wara oollaetad froai tan, saxually natura, wild-caught salnon hald in
tanks at Kinnabar on the Rlvar North Bak, near Nontross. Those had born hald
without food for a period of six waaks prior to sanpling on 21st Daoanbar
19ta. Tha fish ware tagged and the age of each ms known. The sax of aaoh fish
was dataminad at the tina of sanpling. Plasna and liver vltanin B
eonoantrations wara detaminad as daseribod in saotion 3.2.1. Tha Nann-Nhitnay
U-taat was usad to tast for diffarancas in tissue vitanin B oonemtrations

batwaen nale and fanala fish and Spaaman®s tast was usad for oorralation

analysis.
3.2.3 Tha affects of ration sisa o" X .nd eortlsal
eoncantrations

In Ootobar and Novanbar 1987, an axparinant was eonduetad to axanina the
«ffsots of food intake on plasna vitaadn B conoentrations. Tbs holding
faoilitlon eonprilsad tbraa 2n“ tanks (1400 1 capacity), each supplied with
seawater at a rata of 10 1 nin"“. One hundred and five post-sa»lt aalnon (nhaan
weight 244t3S g) ware distributed evenly batwaan tha three tanks (39 fish
tank™ )" allowed to recovar for 14 days during which tine they
war« fad at a rata of 2t body weight day* using a diet, fomulatad to
connaroial standards, supplied by BP Nutrition Ltd. At the and of this
raoovary period a baselina sanpla of tan fish tank*" %ns collaotad. Croups of

fish war« than fad as fellowsi
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1D control: fod at 2t body wolgbt day**
2) low: fad at It body woight day"
3) high: fad at 3t body waight day*

Dua to tha lialtad nuaibar of tanJu availabla, it aaa not poaaibla to raplieata
aaoh traataant. Tha axparioant continuad for 6 tfaaka. Katlon also waa
caloolatad aacb day froa pradictad growth rataa and tha fiah wara fad thraa
tliMa daily. Daily ration waa not adjuntad for taaparatura which fall ataadily
frcai 12.0 to 9.5*C during tha oouraa of tha axpariaant. Tan fiah wara saaplad
froa aaoh tank after thraa and aix waaJca aa daaoribad in aaction 2.1.2. Plaaaa
oortiaol conoantrationa «rara aaaaurad in fiah 1-5, and plaaaa viltaadji m in
fiah C-10 aa daaoribad in aaotion 2.2. Plaaaa oortiaol conoantrationa batwaan
traataanta, but within aach tiaa atratua, tmra coaparad uaing tha
Kruakal-Wallia taat. Analyala of variance with traataent and tlaa aa faotora
waa uaad to azaadjta tha plaaaui vitaain B data. Correlation analyaaa wara

oonduotad uaing Paaraon®a or Spaanun®a aathoda aa appropriate.

3.2.4 Tha affect of atarvation on tiaaua
[

During April 1988, a group of one aea-wintar aala»n hold in a cage in
Dunataffnage Bay waa aubjoctad to a period of up to 1 tenth without faading
in a atudy of tha effocta of atarvation on weight gain and body ccaipoaltion
(Okoro 1988). Planea and livar aaeplaa collootad from five fiah at weekly
intarvala by N. Okoro (Stirling Univaraity) ware aaaayad for vitaad.n B aa
deacribad in aaction 2.2.1. Spearman®a toat for rank correlation waa uaad to
daacriba tho trend with time, and tha eadian valuea at each tlea ware coavarad
uaing the Kruakal-Nallla taat. Taata for correlation batwaan variataa wara

aleo porforead uaing Spearmana teat.
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3.3 WBULT» AWD DI»CT8»I10W

3.3.1 TIMU» yitw»In 8 concw>tr>tloo» In h— Ithv. Uimtd AtUntlo »liwn

3.3.1.1 lIMulta

In 19(t, fiah at tha fraahwatar aita undarwant aanltifloation In Naroh
and Aprii and vara tranafarrad to aaawatar in May 19tt. Haturation of ona
aaa-wintar fiah bapan in May 1999 and, in Saptaobar, natura fiah (grilaa) iMra
gradad out of tha atudy eagaa. Ho avidanea of panoraaa diaaaaa waa found,
aithar in hiatologieal aaavlaa or fra« groaa axanination of tha fiah, at any

tiaa doring tha eouraa of tha atudy.

(aaaataa)

Kaan a»nthly plaana vitaaUn B eoneantrationa aaaaurad in thaaa fiah
batwaan Fabruary 1999 and Baptaabar 1999 ara ahown in tabla 3.2 and
illuatratad in fig. 3.1. Batwaan Fabruary and Baptaabar 1999, awan plaaaa
vitaadn B eoneantrationa rangad fra« 7t7 to 33tl7 pg al*" <awaniatandard

doFiation), but in Oetobar thay rota tharply and batwaan Oetobar 1999 and

v
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tauU* S.a. Ha vitaailU = knttaaa la kaaltby, <a

Month o) Plana vitaaia B
(g BI-°(
Pabraazy 1988 10 20117
Much - lini
hpril 10 31117
May - 717
Jana 10 Ift19
July n 1719
August 10 2117
lapfhar 10 1010
Ootobar 10 44117
movaabar - ssm
Daocaabar - 44417
January 1911 - 4om
rabruary - 47127
March < 41112
April - 41111
May c 41117
Juna « 34114
July 4 44130
August 4 42114
Saptaabar 4 111124

Auguat 19t9 thay rangad batman 34114 and C9130 Jigb1"“. At tha final aaapla,
in Saptaabar 1999, eoncantratlons of 111124 pg al™™ wara raeordad. A
significant tandaney to Ineraasa waa found during tba couraa of tha study
(p<0.001 using Spaaraan"s corralatlon tast). Tha data mra noiaalisad using
a sguars root transformation and analysis of varianea shomd significant
diffarsnoss aaong plasaa vitaain 1 oonoantratlons aaasurad aaeh aonth
(p<0.001). Tha raaults of aultipla palnrlsa coavarlsons of tha aaans, using
tha 0T2 SMthod, ara illustratad in fig.3.2. Ho significant dlffarancas could
bo dataetod among plasma vitaain m oonoantratlons aoasurad ovar tha pariod
rabruary to Saptaabar 1988. Moans batman Ootobar 1988 and 8aptaad>ar 1989 mra

also ralativaly hoaogonous although diffarmoos mra dataotod batman tha
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final saapla, in Saptanbar 1989, and saaplaa froat Movaaibar and Daoanbar 1988
and January and Juna 1989 (p<0.0S). Bowavar, of 98 poasibla palxwisa
oaaparinons batwa«i aaana tram tha parlod Fabruary to laptaaUsar 1988 witta
aaana froa tha parlod Oetobar 1988 and 8aptambar 1989, 82 eea”arisona wara
slgnlfloaatly dlffarant (p<0.05). A oontraat batwaan tha data froat Fabruary
to Saptaaibar 1988 with tha data froat Ootobar 1988 to laptaabar 1989 ahowad

ooBoaatratioaa. Ovarlapplag ooafidaaoa iatarvala aaaa po aifalfloaat diffacaaaaa

Livor vltaain B eoncontratlona aoaaurad In thaaa flah aro ahown in tabla
3.3 and illuatratad in flg. 3.3. In ganoral, thaaa wora an ordar of oagnltuda
hlghar than in plaaata. Batwaan Fabruary and Juna 1988, livor vitaatin B
coneantrationa rangod fr» 51164 to 2001182 |ig g~“ wat ifolght. In July, thay
Ineroaaod aharply to 471133 g g*" and raawinad at bat¥raan 2881103 and 7541178
pg g=° until Saptaadiar 1989. Livor vltaadn B eoncontratlona alao ahowad a
aignificant Inoraaaa ovar tha eourao of tho atudy (p<0.001). Tho data waa
aubjoetod to aguara root tranafoxatation and analyala of varianoo again ahowad
aignificant dlffaraneas botwom tha amtna (p<0.001). Maltipla eca™arlaona,

uaing tha T-atathod, ahowad fawor aignificant difforaneoa than for plaaata
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«abla 1.3. Livar vitamla 8 asasaatratiasa ia baaltby =)

Noath n Livar vitaain B
(3 79
Fabruary 1983 S 200112
Naroh 3 164
April 3 «Ct33
Nay 3 R*49
1 Juna 3 [07:4 ] [0}
July 3 471*33
Auguat 3 46**119
SpteBter 3 31114
Ootobar 3 4991139
VownnTimx 3 261*103
Decaabar 3 9901M
January 1919 3 3171230
Fabruary 3 7341174
March 3 4491117
April 3 39131
-y 3 7141377
Jiin« 3 3341202
July 3 4371233
August 3 7071233
Saptaabar 3 24

vitamin B (fig-3.4). No differoncoa war« found among samplas eol lactad batwaan
Fabruary and Juna 1988, and nona wara dataetad batwaan July 1988 and 8aptambar
1989, but 28 of 60 pairwiaa coaparisona awda batwaan tha foinar and lattar
aata of aaavloa vara aignificantly diffarant (p<0.05). Bvan ao, tha eonfidanoa
intarval for a eontraat batwaan data from Fabruary to July 1988 and data fma
Auguat 1988 to Saptaadsar 1989 waa not aignifieant. Paaraon"a taat ahowad a
aignifioant ovarall eorralatlon batwaan plaaaw and livar vitamin B
eoncMitrationa throughout tha atudy (p<0.01).

Vitamin B ooneantrationa in faad aamplaa eollaotad during tha fraahwatar
phaaa, batwaan Fabruary and Nay 1988, avaragad 21t6 mg 100 g*“ (n«C), whilat

in aamplaa eollaotad during tha aaawatar phaaa, in Oetobar and Novamhar, tha

I
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1 1
Ala  CCT

rIf.S.4. % eoBddMtaa iatarvals for aultlpl« mrlaca ef aMui llvar vitaala =
iMBtratloas

flgur* was 16i0.3 ag 100 g~ (n-S). Tha Maiin-Nhltnay U-tsst indicatsd that

thasa rasults wara significantly diffarant (pc0.0S).
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* N\ Kk Kkgk- * 1 = -
PR sa’laaMa» ngnl:g\pd54 aad polruMatoratad fatty aoid ocaocaatratiaaa la haaltby

fI** lipid «nd polyunaaturatad fatty acid concantrationa wara only
datarainad in flah eollaotad bat¥aan July 19SS and Saptaabar 1989. Thaaa
auaaariaad in tabla 3.4. Plaaaw lipid concantrationa rangad froa
412 to 1813 ag al-“, but showad no aignificant trand with tiaa ovar thia
pariod (fig.-3.5). Tha data waa aubjactad to aquara root tranaforaation and
analyaia of varianca indicatad that aignificant diffarancaa axiatad batwaan
tha aaana (p<0.05). Howavar, aultipla coapariaona, uaing tha 0T2 aathod,
failad to ahow any aignifieant diffarancaa batwaan individual paira of aaana
at 95% confidanca laval. No olaar groupa appropriata for contraata wara
raeogniaad. A aignifleant correlation batwaan plaaaa lipid and plaaoa vitamin
B ooncantrationa waa found (p<0.01).
Plaaaa polyunaaturatad fatty acid concantrationa ara ahown in fig. 3.6.
*e>eee rangad from 311 to 1215 m<ol al"'“ batwaan July 1988 and Saptaadiar 1989.
Thay incraaaad aignifieantly with tiaM (p<0.05), but cloaaly raflaotad total

lipid ooncantrationa. A aquara root tranaforaation waa applied to tha data and
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OoCT on JUl AUB  OCT

rif.S.f. rianu lipid aeaoMtratiaaa ia haaliky, ianad salaoB

mignlfleant dIffaranoas warn dataotad uaing aaalysla of varianoa (p<0.05).
Onea again, aultipla coaipariaona fallad to ahow any algnlfioant diffaraneaa
bat¥aan Individual paira and no olaar grouplnga auitabla for oontraata wara
raeogniaad. Flaaaw polyunaatUraiad fatty aoid oonoantratlona aho«Md a
aignlfleant eorralatlon (p<0.01) with both plasaui vltaadn B and plaaaa lipid
eonoantratlona.

Plaaaa PUFAtlIpld ratioa (w/v) ara shown in tabla 3.S and Illustratad
in fig. 3.7. Thasa rangad froa 0.1710.01 to 0.1B10.02 in July, August and
Saptaabar 19SB, but than rosa sharply, and, bathiaan October 19SI and Saptaabar
1989, rangad between 0.2010.01 and 0.2410.02. A significant positiva
eorralation with tiaw was found using Spaataan®s teat (p<0.001). Analysis of
varianoa of the untransforaad data showed that significant diffareneas
occurred aaong the naans (p<0.001). Pairwise auiltipla ooaparlsons, using the
0T2 aathod (fig. 3.8), showed that significant differanoas lay between tha
July 1988 and October, January, June and July 1989 sanplas, tha August 1988
and October, Dacanbar, January, Juna and July 1989 aaa™las and the 8aptasibar
1988 and January, June and July 1989 saavlaa (p<0.05). Howavar, tha confidence

interval for a contrast batwaan tha data item July, August and Saptanbar 1988

\
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rti 1 « »1— Wita a— 1» k—itfcy, mmimn

end th* data from Octobar 1958 to Saptaabw 1989 tras not ai9niiicant.
Paaraon®s tast ravaalad a significant corralation bataaan tha plaaaa
PUPA:lipid ratio and tha plasaa vitaitin B concantration (p<0.0S).
ratios of PUFA:vitaain B in plasaa ara also shovn in tabla 3.5
and illustratad in fig.3.9. Thasa rangad batifsan 1741196, in 8aptasd>ar 1988,
and 33119, 1in Saptiabar 1989, and showad a significant, but irregular,
downward trend during tba course of the study (p<0.01). a log transforaation
was applied to tha data, but no significant differencaa betwaan tha Mans aach
month were found using analysis of varianca. A significant corralation was
found batwaan plasM PUFAivitaain B ratios and plasM lipid concantrations
(p<0.01), but not between plasM PUPAivitaain B and plasM PUPAilipid ratios.
Livar lipid and polyunsaturatad fatty acid concentrations ware awasurad
in three fish frea aach nonth bat%iaan February and July 1988 and between
Pabruary and July 1989 (tabla 3.6). Mo saaplas ware analysed froa tba period
August 1988 to January 1989. Livar lipid concentrations ara shown in fig.
3.10. Thasa fall, froa 75137 ag g~ (wet weight) in Pabruary to 2413 ag g-° in
July 1988. Batwaen Pabruary and July 1989 they raaainad low, at between 2513

and 3416 ag g-“. Spaaraan”s tast showed that there was a significant negative
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rolationship botwran Ilvor llpid «nd tiao (p<0.01). Tho data waro aubjoetad

to a log tranafonutlon and analyala o( varlanea ravulad aignlfieant
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diffaranoM aMng tb* aonthly Mans (p<0.01). Multipl« ooivariaoM, using th«

T-asthod, ahowsd that livar lipid eoneantrationa aaaaurad in Pabruary 1988

I
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’EiMa IZ)f Vlaaaa foMal pi< ravkivitVle m retie« la keeltbr fa
Mortth 1 a r\FAi lipid a RAFAlvitanla m
(Wt.ratio) (mla ratio)
July 1988 3 0.1Tt0.00 3 133127
Anguatt 3 0.1710.01 3 80110
8aptabar 4 0.11i0.03 9 1741190
Ootobar 3 0.2310.02 3 112
moveabar 9 0.2110.01 9 103140
Dacadbar 3 0.2310.00 3 49119
January 1989 9 0.3310.02 9 M172
Fabruary 3 0.20t0.00 3 017
March 3 0.2010.01 3 92119
April 9 0.3210.02 9 723
May s 0.2110a03 9 771N
Jua 9 0e24i0.02 9 102191
July 4 0.23t0.02 4 40134
Auguet 3 0,20t0.0i 3 7712
S«ptMjMr 4 0.2210.02 4 33119

ware aignifieantly dlffarant to thoaa Masurad In July of tha aaaa yaar
(p<0.05). Mo oontraata irara parfoxaad on thaaa data. Llvar lipid
concantrationa ahowad no oorralation with aithar livar vitamin | or plaaaa
lipid concantrationa.

Livar polyunaaturatad fatty acid concantrationa ara illuatratad in
fig.3.11. Thaaa fall, from 22tS (laul g-“ in Fabruary 19(8 to 13t3 Ym1l ¢g* in
March, bafora riaing to 19tS )uaol g~° in Juna and 16t3 (Uiol g** in July. Tha
following yaar they ware highar and rangad from 2119 to 2St2 panl g*“ batwaan
Fabruary and July 1989. A aignificant incraaaa with tiata %aa found uaing
Spaanaan®a taat (p<0.001). Tha raw data waa uaad for analyaia of varlanoa and
aignifioant diffarancaa (p<0.05) wara datactad batwaan tha aaana aaoh aonth.
Bowovar, no aignificant diffarancaa wara datactad during pairwlaa ccavarlaona
and a contract batwaan data froai Fabruary to July 1988 and Fabruary to July
1989 waa alao not aignifleant. Mo aignlfleant eorralationa wiara found batwaan

livar polyunaaturatad fatty acid eoneantrationa and livar lipid or vitamin m
\
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or plana poXyuaaaturatad fatty aoid eonoantrations.

Livor VUTAilipid (woight) ratioa ara abovn in tabla 3.7 and fig. 3.12.
Batwaaa Fabruary and May 1»M thl” r#tio rangad froa 0.01i0.03 to 0.11t0.02.
It roaa aharply to 0.lito.01 in Juna, aftar tranafar to aaawatar, and bottiaon
Fabruary and July 191t roaa froa 0.23t0.0g to 0.37t0.03. Again a poaitiva
aaaoeiation with tiao waa oaloulatad (p<0.001). Analyaia of varianoa of tha
untranaforaad data ravaalad aignifieant difforanoaa aaong tho aonthly anana
(p<0.01). Maltipla ooapariaon, uoing tha T-aotbod, ahowod tha following paira
to ba aignifieantly diffaranti Fabruary I*at and March, May and July 191*,
Maroh 1999 and March, April, May and July 1999, April 1999 and May 1999 and
May 1999 and March, May and July 1999 (p<0.0S) (fig.3.13). Rowwvar, uaing a
contraat, tha nana frcai tha poriod Fabruary to May 1999 (in fraahwatar) wara
not aignifioantly diffarant to tbooa aoaaurad batwaan Juna 1999 and 9aptnbar
1999 (during tha aaawatar phaaa). No aignificant oorraUtion waa found batwaan
livar FUFAilipid and livar vitaadn m coneontrationa.

Livar FOFAivitaain | noUr ratios ara also shown in tabla 3.7 and in
fig. 3.14. Noth MaaurMMnts wara nada for only 14 individuals. FOFAivitanin
t ratios fall, froai 100t0 (n*1) in Juno to 12t0 (n>I1) in July, than raeovorad.
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>abl« S.a Uvar IllgU saa f lym atarataa tatty aal4 aoaaaatntiaas ia baaltky

(aaaataé)
Month B Livar lipid Livar POTA
(w8 9-7) (SBOI g-*)
Pabmaxy 1988 3 79127 2211
March 3 4719 1213
April 3 42117 1430
May 3 40310 123S
JmM 3 2017 1933
July 3 2432 1433
Aagnst 0
Saptaabar 0
Ootobar 0
Hnvaabar 0
Oaoaabar 0
January 1989 0
Pabruary 3 3434 2434
March 3 3211 2432
ikprll 3 24312 2139
May 3 27310 2339
Juna 3 3317 2414 1
July 3 1113

to 49144, in aaptaabar 1989. Mo ovorall tr«id with tiaa waa found and no
algnlfieant dlffaraneaa imro datactad by analyaia of varlanea of tha log
transfoxaad data. Ho aignlfleant oorralatlon waa found batwaan livar
PUFAivltaaln > ratios and aithar livar lipid eoneantrations or livar
PUTAtlipid ratios.

In Pabruary and March 1988, all fish eollsotad wars parr and showad
oharactariatie parr aarkings. In April, all but ona of tba fish eollaotad
Bhowad “silvarlng®™ and brown fin fringas and wars tharafora judgad to ba
aaolts. In May, all fish eollaetad wars aaolts. Ho significant diffarancas In
any of tha bloehaaieal paraawtars wara dataetad batwaan tha saaplas froa
P~ruary/Mareh and Aprll/May, according to both Mann-Mhltnay U-tMts and tha
multipls eca™risona dascribad abova. Transfar to saawatar took placa in May,

batwaan tha May and Juna sa”plaa. Again no significant diffaraneas wara
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tiMa LT Xihra kil fi« nraivitM la m ntIM 1b hBBItky fiiaii

dataotad In any of tha bloebaadeal paraaatara batwaan thaaa two mntha.

Data on aax and atata of aaturatlon waa oollaotad fro« a total of 24
flah eaptorad batwaan March and Saptaabar Itit. From thia data, no diffaranoaa
in plasaa or llvar vitamin B eoneantratlona could ba dataotad batwaan aalas
and faawlaa or batwaan aaturinB and non-aaturing salaon, although highar aaan
valuaa wara aaaaurad in aala flab (tabla 3.B). miailarly, no diffaranocaa
batwaan aalaa and faaalaa, or aatura or iaawtura ona aaa-wintar fiah, wara
dataotad in plaaau or livar polyunaaturatad Tfatty acid or lipid
oonoantrationa, or in tha PUTAilipid or PUPAi vitaain B ration, in aithar
tlaaua.

Naan waighta, langtha and condition factora for thaao fiah ara givan in
tabla 2.9. Naight gain ia Illuatratad in fig. 2.1S. Tha aaan walght ineraaaad

Crea 22i2 g in Fabruary 19BB to 3094139« g in Baptaabar 19B9. Naight loaa waa
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rVFkilipi4 (waiflit) ratios

rooordad botwaan Fabruary and March and Juaa and July 1919. Haight data waa

log tcansforaad bafora eorralation analysis. Using Psarson®s tast, plasaa and

13«



TaU* 3.t ria mad llaar vitaaia = kzatlosa la aala aad faaala fa
mmin« (me

B Flaaaa vitaaia B B Uvar vitaala B
@ al-) 0%
Mila 1 <tt13 7 9121311
FCMIa 12 Q27 7 B01204
MONTH

PIf.1.1«. Uaar tumivitaala m (aela) ratioa la baalthy, fanad aaiaoca

livar vitaain B and Ilvar lipid and polyunaaturatad fatty acid concantrationa,
plaaaa and livar PUFA>lipid ratioa (p<0.01), and plaaaw polyunaatnratad fatty
acid eoncmtrationa (p<0.05), wara found to ba poaitivaly eorraUtad with fiah
waight; tha ratio of PUFAivitaain B in plaaaa waa na™ativaly corralatad
(p<0.0S), and plaaaa lipid and livar PUFAtvitaain B ahowad no corralation.
Fiah waighta warn aignificantly lowar in parr eollaotad in Fabruary/Karch than
in aaolta froa April/Nay 19SB (p<0.001) and wara alao aignifieantly lowar in
fiah oollaotad froa fraahwatar in May than in tboaa froa aaawatar in Juna
(p<0.01). Mo aignificant diffaranoaa in fiah waight wara found batwaan aalaa
and faawlaa or batwaan aalaon and grilaa.

Condition factor incraaaad froa 1.2Bt0.15 to 1.3910.09 batwaan Fabruary
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Mbla J.0 Waiflht, laaftb and acaditiea faotor ot baaltky (ai t=d)

Morith n I\ka(lth Lag%;h mfaljit:rl)?'n
Pabmaxy 1911 » 313 12.1*0.0 1.3810.13
March 10 232 13.110.3 1.22%0,03
April 10 C1kivg 13.311.3 1.3910.09
May 1 43C 11.110.1 1.32%0.4
Juaa 10 37*10 11.710.9 1.23*0.03
July 1 =024 19.111.1 1.1910.06
Auguat 10 19131 3B.111.1 1.1910.07
Septeeber 10 20744 27.0<1.3 1.30*0.00
Octobar 10 40071 31.711.1 1.3610.11
movaabar 0 44000 31.111.9 1,3070.04
Dacaabar - 014133 30.771.3 1.3610.03
January 19tF - 10031131 41.071.0 1.1310.06
fabroary - 1171*270 43.32.3 1.42°0.11
March « 1000%333 13.113.1 1.40"0.13
April c 1420*473 47.0°3.4 1.43*0.14
May $ 1422%420 47.3*3.4 1.43°0.21
Jura c 1702304 30.0*3.0 1.33%0.14
July 4 1334*440 17.311.0 1.3310.10
Auguat 4 11111313 19.111.3 1.30"0.14
laptaabar 4 20044204 31.3*3.7 1.6610.69 1

and April 19(8, and than fall, during tha pariod of aa»ltifioation and
aaawator transfar, to 1.18t0.06 in July. During tha lata auatMr and autuiui of
1988 it roaa staadily, raaching 1.59t0.06 in Novaobar 1988. It daoraaaad to
1.2510.10 in July and than roaa to 1.6610.69 in Saptaaibor 1989. Thaaa ehangaa
ara illustratad in fig. 3.16. Ovarall thara waa a aignifieant ia”rovaaMnt in
condition factor with tiaa (p<0.001). Tha raw data %raa auitabla for paraMtrile
Iatatiatlcal analyaia. Plaau vltaal.n B (p<0.01) and plaaaw lipid and
polyunaaturatad fatty aclda (p<0.05) ahowad a poaitiva corralation with
condition faotor, but no aigniflcant correlation waa found batwaan condition
factor and llvar vitaadn 1, lipid or polyunaaturatad fatty acid ooneantratlona

or with plaaaut or Ilvar PUPAtlipid or PUPAivitamin B ration. Condition faetora

\
138



mho«i«d no mignifleant diffaroneaa b«t«M«n parr from Fobruary/Kareh and amolts
from April/May, but in fish colloctod from fraah%fatar in May thay wmra
significantly higher than in those colleoted from seawater in June (p<0.01).
There were no significant differsineeb in condition factor between SMle and
female fish, but state of maturation did have significant effects, grilse
having higher k-factors than salmon (p<0.0S).

Typical smnthly water temperatures during the study period are shorn in
fig. 3.17. These ranged between 4 and 14*C. Only liver lipid concentrations
showed a significant correlation with water temperature (p<0.0$). Higher liver

lipid concentrations were associated with lower water tamperatures.
3.3.1.2 Discussion

During the course of thia study, plasma vitamin B concentrations ranged
from 7 to 68 pg ml*“ and liver concentrations from SI to 754 [Jtg g*“. These
cover a wide range, but both ahowed a tendency to incraase with tlme and also
a correlation with body weight. Xt therefore seams Important that ago and/or

sise should be considorod when one is dasoribing thé noxmal range in healthy

I
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fish. Although no furthor toots of vltaaiB | ststus wsro porfouMd on thsss
fish, tho aeeumlation of storsd a-toeophorol in tho livar suggssts that tho
diotary vitaain 1 oontont, at 1( mg 100 g™*, was adoquato in soawator.
Plasaa witaain B eoneantrations in tha lata parr staga lay batwaan 7 and
23 |ig al* and liwar oonoantrationo rangad froa 33 to 182 pg g*“. Oxiring
axpariaantal studios. Ball, nevicar, niteholl and Coway (unpublishad) aoasurod
eoneantrations of IB ug al"“ in plasaa and 17 tg g"“ in livar of Atlantio
salaon parr fad diots containing 85 ag kg™ vitaain B (0.Ball, parsonal
ooaaunieation 1987). Thasa plasaa ooneantrations ara siailar, but livar
eonoantrations aro lass than thosa aaasurod horo, probably sinea tha diotary
vitaain B eontant was lowar in tha aarliar study. Bung at ai. (1980a) showad
that llvor vitaain B eoneontrations in rainbow trout (OaeorbynebuM aykiss)
tiara eorralatad with diotary vitaain B ovor tho rango 4.3 to 76.9 ag 100 g"“.
Bardio at ai. (1990) aaasurad plasaa vitanda B eonesntrations froa 16 to 277
ug al**, and livar vitaain B conemtrations froa 12 to 3097 ug g*“, in Atlantic
salaon parr fad diots containing botwsan 0.7 and 80.0 ag vitaain B 100 g*“.
Bowovor, at vary high diotary lavala, tissuo a-toeopharol eoneantrations would

bo axpootod to plataau as liaits to tha capacity of absorption aro axeaodad

1

Flg-L.iS. Wsathly variatlos la ooaditioa factor la haalthy, tarasd salapa
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Pif.J.IT. NOBtUr TarlatioB in wntar taapantufi
(Pudalkiawlei and Nary 1969).

In tha praaant study, livar vitamin B eoncantratlons in poat-aaolta in
saavatar Ineraasad significantly batvsan two and six waaks aftar transfar to
saamtar and batwaan two and fiftaaojaonths post-transfar rangad from 26B to
754 |ig g*". Plasma vitasdn B ooncantrations ramainad at lavals olosa to thosa
found in frashwatar until mid-octobar, IS waaks post-tranafar. At this tima
thay Incraasad and batwaan Oetobar 19SS and August 19S9 rangad from 34 to 68
lig Bd~“. As in eoas»n carp (Ndzss 1986), thara tias no avidanea of any cyclic
seasonal variation. Ball at ai. (1987b) maasurad a-tocopharol ooncantrations
of 4318 )ig B1* in plasma and 316166 |ig g in tha livar of haalthy, farmed
salmon, aged ona sea-yaar, fad a coomarclal diet the vitamin B content of
which not atatad. Ferguson at ai. (1986b) found concentrations equivalent to
29 pg mI*™ in plasma and 281 pg g*“ in livar of post-sa»lts, mean weight
approxlamtaly 900 g, fad a coamarcial diet with a maasurad vltaalji B content
of 9.8 mg 100 g~“. Thus the results of tha present study saam to be within a
realistic normal ranga for fish fad diets containing approxImataly 20 mg
vitamin B 100 g"“.

Sharp inereasaa, above tha general rising trend, wara found in a-
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toeopharol conoantratlona in both tho plaaaa and tba livor during the first
saa-ouMor. Thoso glvo risa to two atatlatloally distinct sub-groupings (ssa
figs. 3.1 and 3.3). In livor thoro was a doubling of tho vitaaln =
oonoontration bstwoon tho first and ssoond Months in soawator« but in plasM
a aiallar Inersass did not occur until bstwosn tho fourth and fifth Bontha in
tho soa. Sines diotary vitaain B coneontrations wars slightly lowor in
soawator than in frashwator, thaao ineroasas cannot bo attributod to
dIfforsnoas in tho vitamin B contont of tha food. An Ineroass in fooding rats
aftor transfor to soawstor oould load to tho aoeuaulation of vltaadn B in tho
tissuofl« but it is difficult to explain, on this basis, why those sharp
Inoraasas oeeurrsd at different tltws In plaaaa and livor.

Flasaa total lipid and polyunsaturatad fatty acid concentrations wars
highly variable during ths ssawator phaso. That this was largely a result of
changos in tha total lipid concantration is evident from tha POFAi lipid ratio
%ri>ich raoutinod at batwoon 0.17 and 0.24. Intaroatingly, tha largest shift in
the PUFAilipid ratio occurred between Soptsdaber and October 1988, praoisely
ths tiae of tha jump in plassui vitaad.n B concentrations described above. A
siailar response was observed in the liver where the PUFAilipid ratio rose
sharply between Kay and June, just prior to the increase in liver vitamin B.
Sheridan at ai. (198S) found increases in the proportion of long-chain
polyunsaturated fatty acids in tho tissues of steelhead trout, Oacorbyncbua
mykimm. In anticipation of entry to seawater. Sisiilar differences in the
tissue fatty acid profile In the frashwator and narine stages of migratory
fish species are wall known (Lovem 1938; Lall and Bishop 1979; Halver 1989).
Schuls at ai. (1984) aeasurod higher tocopherol concentrations in tho liver
and spleen of marina fish than in freshwater species and related this to
dlfformoas in lipid composition. HoiMvar, there appear to be no reports of
both tissue PUTAilipid ratios and vitamin B concentrations in sdgratory
salmonids entering seawater, so further studios will be necessary to
substantiate tha apparent correlation described hero.

Liver total lipid concentrations showed a rapid fall between February
and July 1988, coinciding with tho period of smoltification and seawater
transfer. Sheridan at ai. (1983) showed that in steelhead trout such changes

resulted from triacylglycaride catabolism associated with the parr-amolt
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transfozaatlon. Xn th* prraant study, this ooinoidsd with a raduotloa ia
coadltloa factor, typical of tho SMtasorphosis botwssn parr and sa»lt (Boar
1>7C).

Plasaa PUFAivitaada B ratios raagsd bstwsMi 33 aad 174 aad livsr
POrAtTitaain B b«t¥m«n 12 and 100. Tbsao arc wall within ths critical
proportions suggsstad by Coway at si. (1981) for rainbow trout in frashwatar
(taction 1.3.5.3). Tho PUFAilvitaain B ratio in tha livar was consistently
Iokiar than in tha plasaa, possibly raflactlng bapatic storage of vitaain B.
Bigheat ratios ware recorded in both tissues soon after transfer to seawater.
This suggests that the risk of vitaain B dsficlency aay be incroasad at this

tiaw.

3.3.2 Tleeue B «™nrentrations in aature. wild — i-«n

Individual tissue vitaain B concentrations together with the age and sex
of each wild fish exaainad are given in table 3.10. The aean plasaa vitaain
B concentration was 63+20 |ig al*S and the aean liver concentration 84+S4 |ig
g*“. Mo significant differences in plasaa vitaain B or liver vitaain B
concentrations Y%<ere datacted bebween aales and fanales, although the aaan
values were again higher in tha sale than the fasala fish (table 3.11). Mo
significant correlation was detected between plasia and liver vitaain B
concentrations in Individual fish. Ushlkusa at aj. (1987) found that satura
fasale carp had significantly higher gonad a-tocopherol concentrations than
aales. Gonad vltaadn B concentrations were not aaasured in the present study.

Poppa et mi. (1985c) aaasured serua vitaadn B concentrations of 42114
Jig al*“ in wild fish and 22112 (g nl*“ in faxaad fish wsigbing 0.4 to 4.6 kg,
and found these to be significantly different. In the present study wild fish
showed plasaa concentrations of 63120 ~g al-*, tihilst in faraed fish a
coagparable range %ns 34 to 68 ttg al™“. Vitaadn B concentrations aeasured In
the tissues of wild salaan in the present study were therefore siad.lar to the
highest concentrations saasured in faiaad salsan aged 1 sea-winter and over.
Since all wild fish exaaj.ned «are at least this age there ia no evidence to
support the suggestion by Poppa at ai. (1985c) that fanad aalaon have lower

tissue vitaadn B concentrations than their wild counterparts. Bowaver, in tha
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Cakl* J.10 Ag«, ama tia«M Titaala m eeeeeetretlees !m aatan, wtU

Fish no. Aga Plasaa vitaaln B Livar TitaaiB B
(M BI-9) <M g
1 321 N 103 100
2 721 N G 112
3 21 r 41 102
4 21 f a3 43
9 221 N 37 100
c T21 N <e c
7 21 f S »0
S 1 r (63 30
N 311 N <3 130
1 10 321 r aC 2

prasant study ths wild (lah had baan hald without food for alx waaks, so say

hava undargons soaa loss of vltaadn B sines fssding In tha ssa.

Bahia 3.11 Plsiaa aad lltrar vitaais m aesesatratleas Is sala aad fMala, aatars,
wild salaoca (asaatsd)
n Flasna vitasth B Llvar vitaain B
M (M g-)
Hals 5 71324 1073C3
Trmmmim S $4110 C213s

3.3.3 Tha affact of ration sits on plasf» vitaaln B and cortisol

concantratlons

Maan plasaa vitaain B concantrations in aach axparimantal group at O,
3 aad 6 waaks ars shorn in tabla 3.12 and fig.3.1S. Thaso rangsd batwaan 24119
lig al-“ at 3 wasks in fish fad ths low ration and 76121 pg al*“ at 6 waaks in
fish fad tha high ration. Ho transfonsatlon was naeassary prior to analysis
of varianoa and no dlfforancas oould ba dstaotsd battiaan traatSMnts. Bowsvar,
diffarmeas batwsan groups of fish oollaotad at diffarant tIMS wars

I

signifleant (p<0.01).
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%akla J.12 Fisa* vitaaia m ececaatratleaa la flak fa« «Iffaraat rekiaa aiaaa

%)

Tlaa («aaks> Flaaaa Titaala m

(M =
33313

vs)

0

3121
cotto
tctl»
siiti
ettt
37327

—
wmr—xwmr—‘wwr—‘é

w o ar Wwwonaow

fala ].11. Fla ooctlsal osaaaatratieaa la flak fa« «Iffaraak ratlca alsaa
(Gaaatax)

W)

Tlaa (Wedl@) TTMEMDt Flasaa cortiaol

(ng m-*)
0.330.34
0.atto.27
0.0330.30
3.03310.31
2 .oste.Cl
0.75t0.00
1.osto.41
0.0130.10
1.Ict0.C7

0

WNRER WNRWN PR
n N oW WwwWwWwww

froups, but Masurad In dlffarmt flsh, ara sbotm In tabla 3.13. Cortiaol
ooneantratlons rangad batwaan 0.Cito.10 and 2.CSt4.61 ng al*“, axoapt at 3
waalcs in fiah fad tha madlua ratlon «bara a aaan of F.SSil0.Sl «aa aaasurad
(fig.3.19). Tbasa data eould not ba notaalitad by any of tha tranafoxaatlona
daserlbad in «action 2.5. Kruskal-Malli« tasta «howad aignifieant diffaranca«
In plasma cortiaol concantrationa batwaan tba traataants at botb 3 and 6

«aalca. Multipla coavarisona «ara not parformad, but plaaaw cortiaol
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Fif.J.1*. Iffaot ot ratios aii* oa plaiaa vitais | oocaaMtratiea

coneantratioM In aaeb of thasa tiaM atrata «fara highaat in flah fad at 2t
body waight. Maan plaaaa vitaain B and cortisol concantrations abotcad no
significant correlation.

Noigbt and condition factor™ data ara given in tabla 3.14. Ho
tranafotaation waa naeeaaary for any of tbesa aeasuraaanta prior to analysis
of variance. Ho traataant or traatasnt-tiaa diffarencas vara detectad but
significant changas with tiaa in both waigbt (p<0.001) and condition factor
(p<0.01) wars found.

Tba results of correlation analysaa abowod no aignificant asaociation
batwean plasaa vitaain B and waigbt or condition factor using Pearson’s teat,
or batwaan plasaa cortisol and fisb weight or condition factor using
Spaanaan®s test.

Tha different axpariaantal faading rates used in this study had no
effact on plasaa vitaadn B concentrations which stayed within the nomal range
over tba ( «reek espariaantal period. Bighest plaaaw cortisol concentrations
ware aaasurad in fish fad tha control diet (2t body weight day-“). This say
reflect social intaractions aaong fisb in this tank and illustrates the need

for duplication of traataants. Mo significant correlation betwaan vitaain B

\
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THC <««tk])
1« rccMAte ] rtcVAte =«

rlit_t_H. mi o. pi.-, ootti-i

end corti«)l eoncwitrationi %«s d*t«ct«d. *u.tr««g #t «J. (I»t7) not«d th«t
und«rf*«ding aay provok« e rMpons* ee e r«»ulU of aggrossion in
rolatlon to conpotition for foodi tiWlat o»orfooding aar haira alallar affacta

dua to iapalrad watar quality.

Cakla J.1d. Waigfct and acaditiaa faatar ia asa saa-aiatar ldariag a pariad
af atarratiea (caaaiad)
StarvatioB tlaa Q Mig(;;t a)afg(;ttolPB
1 3 107*13%5 1.1710.10
2 5 10511414 1.4110.0%
3 1 11041104 1.4110.12
i S 27421357 1.4510.11

3.3,4 Tha affact of atarvation on tiaaua vitiwin 1 ggntTOW tiOTt-

Kaan plaaaa and livar uitaain |1 eoncantrationa saasurad in ona

eaa-wintar fiah aftar 1,2,3 and * aaaka «4thout food ara ahomi in tabla 3.15
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Lau* %4)-14; Watfkt aM oaaiitlaa (aatar a( (lafc ia ftaljaa rata rlaaat

Vina (eoeka) Traatazat a Naight (@)

o 1 10 200137 1.3010.00
2 14 272130 1.3110.00
3 10 205110 1.3110.00

3 1 10 320141 1.3010.07
2 10 330120 1.4310.04
3 10 344130 1.3310.04

c 1 10 420070 1.3010.10
2 10 40100 1.4010.04
3 10 304074 1.3010.03 n

3*20 and 3.21. Plasaw vitaaln B eoneaatratlona rangad froai I1StIC to
3Ctt )ig«I™, and livar vltaadn B eoneantrationa froai 147130 to 2431214 )ig g~
Baithor ahowod any elaar roduotlon during tha oouraa of tho atudy. Spoaraan-a
rank eorralatlon eoaffiolanta bataaan both plaaaa and livor vltaain B

eoneantrationa and tiiM vara non-aignifioant, and no difformeaa batwoon tho

\
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TMa S.I1 UaM aad4 livvr wittmim B oaMMtratlau ia oaa aaa-wlBta
Bariat a parioB of atarratiaa (aaaataB)

Btarvatioe tlaa n Plaaaa vitaala B Uvar vitaala B
(weeka) (ag w9 M 99
1 S 16*6 199*76
2 9 11*16 261*216
J T 21*20 147*10
4 5 11*22 171*129

aadlan valuas at aach tIM wara dataotad ualng tha Kruakal-Mallla taat. No
algnlfleant eorralation waa found batwaan plaaaa and livar vitaaln B
conoantrationa In thia atudy.

Nalght and condition factor data arc given in table 3.16. In thla atudy,
no aignifieant eorralatlona warn found batman plaaaa and livar vitaad.n B
concantrationa and either might or condition factor uaing Bpaaraan®a taat.
In ona aaa-winter fiah, atarvation for up to four melca had no aignifieant

on plaa«xa or livar a-tocopharol eoneentrationa which raaMinad within

tha normal ranga for I aaa-wintar fiah. Prigg at ai. (1990) reported that tha
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oxidative stability of trout fillata was aarkodly affaotod by tho a-tooopharol
oontant of tho flaab. Providod that «18010 a-tocophorol ooncontratlons bohavo
aiailarly to plaaaa and livor eonoontrationo, thoro is no roaooa to aupposa
that starvation for 1 nonth prior to harvost will lapair tho storago

proportios of tho fish flosh as a rosult of vitaain I delation.

150






4.1 IWTKOPGCTIOLNI

Tha primary purpOM of tho prasaat study vaa to axamioa tha rola of
vltaaia | In po. Boaavar, as ia aaidant from tbo ravlaw prasaatad in saotlon
1.1, thara ara ladloationa that asoorlaa panoraatlo dagaaaratloa in PD may ba
oauaad by an lafaotioos agaat. Oavalopmaat of a tranaaiasioa nodal, as
daseribad la aaotion 1.1.4.3, may show to what axtant thia ayant ia iavolvad
in tha ellaieal axprasslon of PD. suooaasful transadaslon doas not naeassarily
axoluda vitamin B dafloianey as a proximal eauso of BPD, but axparimaatal
atudias bava ao far fallad to damonatrato paneraatio naerosls Induead by
vitamin B and/or any intarralatod nutritional dafloianoy in Atlantic aalmon
(Poston at ai. 197Cj Ball at ai. 19B7a> Lall at ai. 1988; Ball, HeVicar,
Mitohall and Coway, unpublishad). In contrast, muscla daganaration is
cnnonly, though not axolualvaly, a faatura of vitamin B daflolancy in

Atlantic salmon (auction 1.2.5.3).
4.1.1 Vitamin B danlation in oancraaa diaaaaa

A lin)c batwoon vltaadn B nutrition and paneraas disaasa waa Tirst
daa»natratad by Parguaon at ai. (1987). Thaaa workara naasurad a-toeopharol
eoneantrations in tha plasma and livar of fish with clinical signs of PD and
found tham to ba significantly lowar than in apparently haalthy fish. This
obsarvation was confirmad in a second caso by Ball at ai. (1987b) and extended
to include white muscle. Tha first aim of tha present study was to datamine
to what extent vitamin B depletion nay ba regarded as a consistent finding in
PD. To this end, plasma samplas ware collaetad for vitamin B analysia from
affootad fish during 10 naturally occurring outbrealcs of PD. In addition, for
eoagMarativa purposes, vitamin B determinations ware conducted on plasma
samples from fish with axparimantally-induoad BPD.

Tha causa of vitamin B depletion in PD is not lcnowmn. Analysis of food
from an affactad site showed no avidanoa of unusually low lavala of vitamin
8 or selenium (Parguson at ai. 1986b), and although fatty acid analysis showed
that the diet contained 14 to 19% Ulipid, of which mora than 50% was

polyunsaturated (C18i2 and above), peroxide values wsra low. This suggested
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that vitamin m daplation waa net a result ef dietary lipid exidisatien. Liver
fatty aoid prefiles Msre similar In affected and unaffaeted greups suggesting
that high tissue eeneentratiens ef pelyunsaturatad fatty aeids were not
responsible for vitamin B depletion.

Boll et ai. (I>S7h) suggested that vitamin B depletion could be
explained by anorexia in the affooted fish, but Ferguson et ml. (1fB6b)
rojooted this explanation sinoe a group of olinioally nonul, feeding animals,
with histopathologieal signs of FD, had signlfloantly lower mean tissue
vitasda B eonoantrations than a healthy oontrol group. In order to gather
further information on the relationship between food intake, vitamin B and
pancreas disease, records ware kept of the prasanoa or absmca of food In the
guts of individual fish collactad during case studies.

Pancreas degeneration in chicks has bean shown to impair vitamin B
absorption (Thoa”son and Scott 1970) and pancreatic fibroeystis in nan may
also load to reduced tissue a-tocopherol concentrations as a result of
malabsorption (Gordon et ml. 1958; Farrell et ai. 1977). similarly, exocrine
pancreatic degeneration in FD mmy inhibit vltaadn B absorption and lead to,
or exacerbate existing, deficiency states. In the present study, this
hypothesis was tasted by comparing tissue vltaadn B concentrations in fish
with and without BPD, regardlass Of Sny overt FD. Thco”*son and Scott (1970)
suggested that reduced pancreatic lipase production was responsible for
impaired vitamin B uptake. However, Ferguson et ml. (198Sb) reported no clunga
in liver lipids suggesting that lipid digestion was not impaired. In the
present study, plasma lipid concentrations were measured so as to datemina
whether appar«it changes in vitaadn B sii”ly reflected alterations in lipid
status. In the light of these results, possible causes of vitaadn E depletion
ware considered.

From preliminary studies, it became clear that in order to morm fully
understand the nutritional changes associated with FD it would be necessary
to collect material during the early stages of disease. This was difficult
whan samples wsre collected following veterinary diagnosis sinoe at that stage
the outbreak was usually wsll-advancad. Consequently, a detailed study was
conducted on a site with a history of FD, monthly samples being collactad from

the time of transfer to seawater through to recovery from an outbreak of FD.
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Thla aatarlal wma usad to atody tha tiaa oouraa of ohaagaa la tiaaua vitaain
I and plaaaa lipid eoaooatratlona In ralatlon to tha davalopaMBt of aaoorlao

paneraatlo dagaaaratlon and tho onaat of oaart PD.

4.1.2 affaeta of »»o».-1,, ~pplatlon in PD

Pargoaon at ai. (IPtCa) daaoribad dagaaaration of tha eardiae, akalatal
and oaaophagaal auaelaa in aaaooiation with PD, and pointad to a raaaaiblaaoca
with nutritional, toxic and axartional nyopathiaa occurring in other faraad
apaciaa. HeVioar and Honro (19S9) ragardad auacla involvaaiant aa a aacondary
condition. In order to gauge the prawalanca of PD-aaaooiatad ayopathy,
hiatological aactiona froa tha heart and akalatal auaola of fiah collactad
froat each outbreak ware «caninad. Since nuacla degeneration haa been daaoribad
in aspariaantal atudiaa of vitamin B daficiancy in Atlantic aalaon (Poaton at
ai. 1976} lall at ai. 1986} Ball, HeVioar, Mitchell and Coway, unpubliabad)
(aaetion 1.2.5.2), tha role of vitaain B in tha davalopaent of ayopathy
aaaoeiatad with PD ia of intaraat. T.Poppa (paraonal caaaunioation 1991) found
avidanoa of a correlation between tha degree of tiaaue vitaain B depletion and
tha aevarity of cardiomyopathy in faraad Atlantic aalaen in Norway. Bowavar,
Ball at ai. (1987b) obaarvad that tbajtiaaue vitaain B coneantrationa aaaaurad
in fiah with PD, whilat raducad, ware higher than thoaa induced in otharwiaa
healthy aalaonida without the davalotaiant of myopathy due to vitaain B
deficiency. Nhilat it ia difficult to teat categorically whathar or not auaola
daganaration in PD oeeura aa a raault of vitaadn B depletion, an attaapt waa
made in the praaant atudy to correlata the occurrence of eardioatyopathy with

tiaaua vitaain B concantrationa In natural PD outbraaka.

4.1.3 Treatment of pancraaa diaaaaa ua«»« a

Pravioua attaapta to prevent or traat PD by dietary aupplaamtation with
aii-rac-a-tocopharyl acetate have proved inaffactiva in reducing tha incidence
or aevarity of PD in Scotland (NeViear and Nunro 1989). Bowavar, a critical
evaluation of tha affacta of thia practice haa not bean carried out. In

particular, it ia uncertain whathar or not vitaain B aupplaaantation haa any
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«ffaot on tho Inoldoneo of PO-«asoelatod ayopathy or ovon tlsaoo a-toeophorol
eonoantrationa in PD. Thorofora, data waa gatharad froa fiald atudlaa to glva
aoaa indication of tba affaota of hlgb-laaal diatary a-tooopharyl aeatata
aupplaaMntation in PD.

Panoraatle, anooaal and intraoallular aataraaaa ara ballavad to ba
raaponaibla for tha eonvaraion of diatary o-tocopharyl aoatata to tha
biologloally aotlva a-toeopharol in tha gut and gut ~ithaliua (aaotion
1.2.9.3). Inauffieiant aataraaa activity aa a raault of panoraaa daganaration
aay raduoa tha rata of hydrolyaia and parhapa laad to tho uptako of vitaain
S aa a-toeopharyl aoatata. Indaad, in MBBala, Hakaaura at ai. (1975) found
that a-tocopharyl aatara could ba abaorbod intact, vhilat Mataurk at ai.
(1975) doBonatratad that tha rata of hydrolyaia of intra-aniaoularly
adalniatarad a-tooopharyl acatata liaitod tha bioavailability of vitaain B.
Unavailability of tha aoatata fora could axplaln tha inability of diata
containing largo aupplaaanta of a-tocophoryl aoatata to pravant appar«>t
vitaidji B daficlancy aigna in fiah with PD, and could alao account for tho
praaanoa of auch aigna in flah with aignificant aaount of vitaadn B in thair
tiaauoa. o-Tocopharyl acotata ia uaad aa a vitaain B aupplaaant in coBMrclal
aalaon dlota alnca it ia aoro atahla than a-tocopharol. Bowavar, a-tocopharol
aay bo axpoctad to ba aoro offoctlvaly utlllaod, provldad it can ba daUvorod
without aubatantlal lota. Two axpariaanta wara eonduetad to atudy tha affaota
of a-tocophorol on fiah with PD. Tha firat involvad injaotlon of affaotad fiah
with a-tocophorol and tho aacond incorporation of high lavala of o-tocopharol
into tho diot of fiah with PD. Tho offaota of thoaa traataanta on plaaaa
vitaain B conoontrationa, plaaaa auacla anayaa actlvltiaa and hiatopathology
waro oxaainad.

In hoaaothaxaui, tha abaorption of lipid-aolublo foraa of vitaain B, in
aaaoolatlon with lipid uptaka, ia dapondont on panoroatic lipaao (aaction
1.2.9.2). Nator-aiaclbla vitaain B proparationa aay ba abaorbad through
dIffaront aachaniaaa and aay corraot vitaain B doplotion in PD. Schaandka and
Schaldt (1965) found that a-tocopharol waa abaorbad twico aa affiolontly froa
aquaoua aa froa oily aolutlona. Watar-aiaoibla vltaadn B coopounda hava boon
ahown to inoroaao tiaauo vltaaln B oonoantrationa, and to roduoa oraatinurla,

in Infanta with aalabaorptlon duo to panoraatio fibrocyatia (Bitowaky at ai.
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1M2; larriM and Hallar 1971). faeh produeta ara now oaaaMrolally avallabla

(or oaa In aalaal faada (Vapaa at oi. 1999).

4.2 mramiAL» ahd mictod»

matwaaa Juna 1997 and Oetobar 1990, t«*alva natural outbraaka of PD «ara
atudiad. Tan of thboaa ooourrad at faraa in tha waat of Sootland and two in
County Oaltiay, Biro. 9aaplaa warn to)can in aoeordonoa with tha procadura
daocerlbad in saotion 2.1.1, with aoaa Minor inoonaiataaoiaa, partieularly
daring 1997 (eaaaa A-D) whan tha aothodology waa baing davalopad. Purthar

dataila ara raoordad balow in chronological order.

4.2.1 Caaa A (Bita 1; Ardnaaurehan, Argyll, Bcotland)

Thia fara waa visitad on 9th Juno, Slat July, 9th Baptoabor and 9th
October 1997. At tha first visit, Tfive grilaa ware aoaplad, togothor with a
total of six post-aaolta, three frea each of cages 6 and 9. At the second
visit, three fish wars collaetod freo caga 6 and four frea cago 9, plus two,
one saa-wintar fish frea a caga which had suffered froa PD tha previous year.
At the third and fourth visits, iiva fish ware oolloctad froa each of eagaa
4 and 9. Material for histological studies was taken at each visit, but fish
Y%«aights ware not datarainad. Blood sas™plas ware oollactad without tha use of
anticoagulant and ware frosan whole. Sarua soaples ware discolourod by savara
hasanlysis. Vitaain B datarainations ware aada on sarua only. Coaparisons
batwoan fooding and non-faadlng fish wara porforsMd using tha Mann-Mhitnay

U-tast.

4.2.2 Casa B (Bita 2; South (list, Scotland)

Para 2 was visitad on 22nd July, I1Bth August, 2Sth Saptsabar and 12th
Bovsabar 1997. In addition, sasiples oollactad by a coapany oavloyoa on 20th
July were also aada availablei these eosiprisad tissues for histology, livers,
and blood oollactad In tubas containing potassiua-BOTA anticoagulant, froa

nino fish free cage D9 and two froa cage B13. At the first visit, 10 fish froa
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oag« Dt and fiva troa eaga 09 vara oollaotad and klllad with an ovardoaa of
anaasthatle. At tha aaeond, fiwa fiah wara oollaetad froa oaga DC, six froa
08 and sawan froa eaga F2 on a aaeond aita (2a), loeatad in a diffarant
aaa-looh aararal alias south, and with no history of PO. At tha third wislt,
six Fish froa 08, flva froa 010, four froa 05 and ona froa 01 wara talcao, and
at tha final visit thrsa fish froa aaeh of oagaa 08 and 010 wars oollaotsd.
Matarlal for histology was taken at aaoh visit and blood was oollootod without
tha usa of antlooagulant and frosm whole. Fish weights wara asasurad only on
18th August, 25th Saptaaber and 12th Movaabar. Again, sarua saaplas wara
dlsoolourad by savara haaaolysls. Vltaaln B dateralnatlons wara aada on sarua
saM)las and also on a nuabar of food saaplas eollaotad on August 18tb. Tha
Mann-Nhltnay O-tast was ussd to ooapara sarua vltaadn B oonoentratlons In fish
with and without axoerlne pancraatle daganeratlon, and in Tfaadlng and
non-faadlng anlaals. Spaaraan®s rank correlation aathod was usad to test for
association betwaan serua vlitaaln B eonoantrations and «lalght and condition

factor data where available.
4.2.3 Casa C (Site 3} Lorn, Argyll, Scotland).

This site was visitad twlca in 1787, on 16th Saptaabar and 14th October,
and on both dates fiva fish froa each of cages 6 and 12 wara oollaotad.
Material for histology was taken and unhaparinlsad blood was eollootad and
frosan whole. Fish weights wara aaasurad only on the second visit. Sarua
saaplas again auffarad haaaolysis. Vltaain B datarainatlons were aada on sarua
and groups of feeding and non-faading fish wara coaparad as described above.
Spearaan”s rank eorralatlon aatbod was again usad to test for a relationship

batwaan sarua vitaain B concentrations and weight and condition factor.
4.2.4 Casa D (Site 4; Lorn, Argyll, Scotland).

This site was visitad only onoa in 1987, on 30th Movaabar. Six fish «
eollaotad frea caga 5 and thraa frea caga 6. Histological saaplas t
oollaetad and, again, unhaparlnisad blood was frosen wbola and serua

discoloured by hasaelysls. Vitaadn B detaralnations were aada only on si
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maapIM. Itatiatloal «utlysM «wt*> e for oaao C.

In I*ee I>e> and IffO tbo uniform aampllng praotiea doaoribod In
aootion 2.1.1 waa adharad to moro atrlotly. Piah maro normally brought aahoro

boforo blood oolloetion and diaaaotlon.

4.2.S Caaa B (aito 3; Lom, Argyll, Scotland).

Zn 1988, a aorioa of aamploa waa oollootad from aito 3 to abow tho timo
oourao of obangoa In tiaauo vitamin B ooneantrationa during tho dovolopmont
of PD, to atudy tho rolationahip botwoon plasma vitamin B and plasma lipid
conoantrations, and to oxamino in a»ro dotail tha rolationsbip batwoon vitamin
B doplotion and paneroatie dogonaration. Sito 3 was solaetod for thaao studios
booauso it bad a provious history of PO uneaogplioatad by othar disoasos.

Saa™plo oollaotion bagan soon aftor tho fish had boon transforrod to
saawator and continuad at monthly intorvals until tbo fish davolopad gross
signs of PD. Tho sita was visitad ton tisms botwoon Nay 1988 and Fabruary
1989t tho prooiso datos, cagas and numbors of fish colloctod aro shown in
tabla 4.1. Plasma and livor vitasdn B ooncantrations woro awasurad according
to tha prooodura doacribod in saotion 2.2.1 and plasma lipid conowitrations
woro amasurad as dsscribod in saction 2.2.6. Histological samplos woro
preparad and axaaUnod as doscribod in section 2.4.

Tho statistical rolationship with tiam for each sot of biochaodcal data
was oxaidnad using Spearman®s rank corrolation motbod. Tasts for norwl
distribution wora conducted, appropriate transformations for parametric
analyses woro solactad and analyses of variance were carried out In ordor to
tost for difforaneos botwomi tha moans for each anntb. Subsaquantly, pair-wise
multiple eomparisons wora made using tho GT2 method. Comparisons botwoen
feeding and non-fooding fish, and individuals with and without panoraatic
necrosis, woro also made using analysis of varianeo. Pearson®s mothod of
correlation was used to test for association batwoon pairs of variables.
Spearman®s correlation tost and analysis of variance and multiple comparison
prooaduras ware used to comparo different cagas on tha affected site and to

comparo affooted and unaffaotad farms. Further details of those procedures are
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tabla 4.1. pilaf aabaéala for atudy 1

Data C«9« So.flsb
31.1.Si 10
13

©

1.7.44 10

11

2.4.44 10

13

1.4.44 10

13

30.».tt 10
13

31.10.44 1
0

11

1.13.M 0
10

1

13

30.12.44 10
13

31.1,1» 10

31.2.M 10
11

© © © © © © VW © © © © O © © © O © ©O© © © ©O Rk

fivaa In aaetion 4.3.5.6.

4.2.6 Caaa F (SIto 5; Argyll, Scotland).

Saaiplas froa this sita war# colloctad by a coapany aaployao at
fortnightly intarvala batwaan 23rd Juna and 9th Daoaabar 19tt. Poolad saaplas
of Ilvar, auiBcla and paneraaa-caaea wara eollaetad froa four groups of fish
fad dlata with and without a oitrio sold supplaawnt, aaoh undar two dlffarmt

faading ragiaas. Mo analysas wara parforaad on thasa tlssuaa alnea no affact
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of troatMnt «na obsorvad, but aocoaa caso datalla war# raeordad.

4.2.7 Caaa O (Sita 6; Co.Oalmy, Iraland).

Thla faxa waa viaitad oa 9tb Augnat 1*St. Fiah wara eollaotad txcm four
oagaail 2 and S oa alta Ca and 3 and C oa alto Cb. rlvo flab «oro aaa™lad froa
oaoh caga aad tlaauoa aaoplaa «aro anbaaquontly prooaaaad for hlatology.
Blood, livor aad paneraaa-eaaca «aro not eollaotad In thla Inatanco dua to tba

dlataneo of tba alto freo tba laboratory.

4.2.8 Caaa H (Sito 7; Lom, Argyll, Scotland).

This sita was visitad six tiaws batwoon August and Oetobar 19SS. All
flab wara eollaotad freo caga A on tba sita. Tho datos and nuobars of fish
collaetad aro glvan In tabla 4.2. Plaaaa saagq™as freo aaeh visit wora analysad
for vitaaln B, lipid and malondialdohydo contmt as daseribad in saotion 2.2.
In addition, plaaaa pyruvata kinaso aetivitias wara dataxadnad in a nuabar of
san6las eollaotad on tha fixst and soeond visits only. Tiaauas waro proeossad
for histology as bafors. Spaaxaan®a ”aat for rank eorralation was uaad to
oxaaino ralatlonahips bat«son plasaa vltaain B, lipid and aolondialdofaydo
eonoontrations, flab «night and condition factor, and tiaa. Tbho data «aro
trannfoxaad and tostad for noxaol distributioni Paarson®s or Spoaraan®s
aatbods «aro uaad to tost for asaooiation batwoan varlablas and analysis of
varianea or tha Mann-Nhitnay U-tost «as usad to ccavAta faading and
non-faodlng fish. Coaparisons batwaan individuals with and without pancraatic

nacrosls wora aada using tha Mann-Nhitnay tost.

4.2.9 Casa | (Sita 8; Lorn, Argyll, Scotland).

This site was visitad flva tiaaa. Datas, cagas and nuabars of fish
oolloetad ara shown in tabla 4.3. Tlssuas oolloetad at oaob visit wars
prooossad for histology and plasaa vitaain B conomtrationa aaasurad in all
fish. In addition, plasaa pyruvato Iclnaso aotlvitloa waro dotaxainad in

saaplaa oollaetad at tho soeond visit only. Statistical analysas wnro siailar
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nu* 4.a. pliat eeh##*U.e (or cuo otatfp m

Data Bo.fisb
31.8.88
T.P.ta
13.8.88
20.8.88
270f.M

~BEBBEBR

to tboao uaod in oaao B.

Takla 4.3. pilaf achodalo (or oazo study Z

1 Data Cag- Bo.fish 1
14.10.00 0 5
10 5
30.10.88 0 10
20.10.00 10 10
4.11.88 10 10
0.12.00 10 10

During tho aorioa o( viaita to thia fata, a flald axporiaant waa
conductod to mxtainm tha offoet of Injaetod vitaadn B on tho couraa o( PO in
individual fiah. A proliainary axporiaont conflxaod that it waa (aaaibla to
adadnlator vitamin B in atoltan coeoa-buttar to hoalthy fiah by parantaral
injoetlon. Tha raaulta of thia trial, ahown in tabla 4.4, indloatad that a
doaa of 1 al, 0.S g ad** aii-rao-o-toeophorol in ooooa buttar provldad an
inoroaao in plaaaa vltaadn B aaaaurabla aftar 1 waak. Thua tha aothod waa
appliod to fiah auffarlng froa PD.

In Oetobar 198S, aoon aftar PD waa auapaetad on alto 8, forty fiva fiah
wara capturad froa an affactad caga (cago 10). Thaao wora anaothoatisod in
2-phanoxyothanol (0.5 al 1**) and individually aarkad with a Panjot and dyo.
Piftaan fiah, aaloetod at randoa, wora glvan 1 al aii-rao-a-tocophorol (Sigaa

Chaadeal Co.) in aolton eocoa-buttar (@5 g al*®) by Intra-paritonaal
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4.4. naoaa vIitMia m neeeeetratloes nsm lItlaf tram batter laplaata
«04t4di»i»t 41t(amt «oaatitlaa «( vitmla m {——*m«) p

~Al*otlon. Furthar group« of fift««n TFish ««rvod shaM (ooeo«-bott«r)
lajaotad and unlInjoctad controls. Th«a« Fish «or« leapt aaparataly in a natali
caga for 15 days and, at tha and of thia period, blood aaaplaa and tiaauaa for
histology wars eollaetad froa aach individual. Plaaaa CPK, PK, protain and
vitamin B concantrations vara datarainad as dascribad in saction 2.2. Matarial
for histology was praparad according to tha awthods deseribad in «action 2.4.
etatlstlcal ooaparisons battiaan tba traataants war« aada using analysis of

variane«. Corralation analyses wsra aada using Pearson®s aathod.
4.2.10 Casa J (Sita 9; Isle of Null, Argyll, Scotland).

Pam 9 was vUitad on 7th and 19th Saptaabar 1989. Pish frost this
outbreak ware used in a study to datamina tha affects of high dietary levels
of a non-asteriflad vitaain B source (a-toeoph«rol) on tha vltaaln B status
and coursa of PD in affaetad fish. 1 kg aii-rac-a-tocopherol (Rocha Ltd.,
Harts.) was stirred into 60 kg stabilised capelin oil and atixad onto 1 tonna
feed to give a final concentration of 100 aty added a-toeopherol 100 g-“ diet.
This diet was offered to fish in caga 10 for the 12 day period batwaan visits
to this sit«. Pish in eaga 9 were fad a standard “high energy” diet. At tha
Ffirst visit, seven fish wars collaotad froa eaga 9 and six froa cage 10, and
at tha second, savan ware taken froa each of cages 9 and 10. On each occasion
tissues ware collaotad for histology and bioohaaical analyses. Vltaadn B
eoneantrations in plasaa and faad, and plaaaa PR activities, ware datarsdnad
as desoribad in section 2.2. Statistical eoaparisons batwsan TrsatasnTs war«
aada using the Nann-Nhitnay U-t«st. Spaarsan®s aethod was used for correlation

analysis.
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A banoh t«at wm oonduotad by J. Roberts (BP nutrition Ltd.) to
dotoraino tho stsbilitp of a-tooophorol uhon ineorporatod into fish food as
dosoribod above. S k« saloon «rower pellets oontaining 20 eg 100 g** vitamin
B as a-tooopheryl aoatate wsra coated with normal fish oil, and a further S
kg were ooated with fish oil containing a-tooophorol at a ooneantratlon
suffiolant to give an additional 50 mg vitamin I 100 g* diet. Vitamin B
determinations were mads on both batchss at 1, 2, 3 and 5 weeks. Changes in

the dietary vitamin B content with time ware examined using Spearman®s test.

4.2.11 Case K (Site 4; Lorn, Argyll, Scotland).

Material was oollsotod at this site on 10th and 23rd August 1990. Fish
from this outbreak were used in a trial to evaluate the use of a
water-miscible vitamin B source to supply vitaadn B to fish with PD. The
vitamin B source (Rovimlx B 20W) was provided by Roche Ltd., Berts and
contained 20 mg g* aii-rae-o-tooopheryl acetate in a polyethyleneglyeol
polypropylene«lyool ether matrix. This supplaawnt was mixed onto BP Mainstream
fish food at 62.5 g 25 kg*“ or 50 mg vitamin B 100 g*“ food. The pellets were
then coated with gelatine to provide «ater stability and tbs diet was offered
to fish suffering from PD for a period of 12 days. Bight and tan Tfish,
respectively, ware collected from a single cage (cage 1) at the beginning and
end of this period. Tissue samples %iera processsd for histology and plasma and
liver vitamin B concentrations were measured as described in section 2.2.1.
The Mann-Nhitnoy U-test was ussd to compare tissue vitamin B concentrations

before and after treatment.

4.2.12 Case L (Site 10; Co. Galway, Ireland).

A number of plasma and liver samples collected on Sth October 1990, from
fish suffering heavy mortalities during a PD outbreak on a farm in lIreland,
warn sent by B. Rodger (University Collsga, Galway) for vitamin B analysis.
These samples were taken from a aingle oage but included fish in different

stages of PD.
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4-2.13 TIttB» yltMin 1 conowitMtlon» in MniTliMiTt«llY-liiduo»d pd

VI**» mmmplM tcom fiab «hieh bad bMn aubjaotad to «sparlMiital
eballan«* witb ro, aa daaoribad in anotlon 1.1.4.3, «wra aadn availabla by It
Kaynard (DAFS, Abardaan). Oroupa of fiab wara givan parantaral iajaotiona of
kidnay aatarial froa fiab witb and witbout PD. Thaaa fiab wara tban uaad in
en azpariaant to asaaina tba affaeta of tba oortiooataroid analogua,
dasaBMtbaaona, on auaoaptibility to panoraatie naoroaia (Kaynard 1989,
unpubliabad).

Tha axpariaantal traatawnta wara aa followai

1) coeoa buttar only
2) daxanatbaaona plua ooeoa buttar
3) daxaaMthaaona plua cocoa buttar/ PD oballangad

4) PD oballangad

Thaaa fiab wara bald in tanka for a pariod of 6 waaka and wara not fad
during tbia tiiM. Groupa of 5 fiab froa traatawnta 1 and 2, and 10 fiab froa
traatwanta 3 and 4 wara aacrificad at waakly intarvala. Hiatologieal aan™laa
wara axaainad froa all fiab by A. HcWipar (OATS, Abardoan), and olaaaifiad aa
PD poaitiva or nagativa according to tba oceurranca of axocrina paneraatic
naoroaia. Vitaain B datarainationa wara awda on a total of 57 plaaaa aaaplaa
ifom traatawnta 1, 3 and 4, eollactad batwaan two and aix waaka aftar
cballanga. Analyaia of varianea «ma uaad to coapara plaaaa vitaain B
eonoantrationa froa fiab witb and witbout aigna of paneraatic daganaration,

and in PD oballangad and ahaa oballangad groupa.

4.3 KB8PLT8 AHD DISCUSSION

4.3.1 (Sita 1)

4.3.1.1 Caaa biatory

Sita 1 bad auffarad an outbraak of PD during 1986. In 1987, aaolta warn
racaivad on 23rd April and 19th-27tb May. Tbay wara fad diata containing 20
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to 40 >9 100 g-* eupplMMBtory Titaain | e ali-rao-a-teoophoryl aeotata.
During tho four a»nth parlod in which thla alto was vlaltad tha flah graw froai
17tl ea to 2013 ea In langth. At tho tino of tbo firat wlait (9.-.<7), thora
wora no aigna of 90 in tha aa»lt atook and, although aoaM fiah wara in poor
condition, tho awjority waro foading. At tho aaoond vlalt (31.7.17), tha atook
waa auffaring aovaraly froa aaa-1loo and furuneuloaia, problaaa which aay hava
boon ralatad to high atooking danaitiaa and osooaaiva handling. Sawaral fiah
axaainad ahowad aueoua gut contenta and dlatandod gall-bladdara which
indioatod lack of fooding (Talbot and Biggina 1902). In addition, many fiah,
including aoaM with food in thair guta, ahowad low lavala of pari-panoraatic
fat. Ono aaa-wintor fiah from tha 1996 PD outbraak wera hold on tha aana alta
and a nuabar atlll appaarad to bo aautciatod. In 1997, PD waa dlagnoaod by
ataff at Stirling Univaraity on 11th Auguat and tha groaa aigna wara ovidant
in both oagaa atudiad at tha ti>a of tha third viait (9.9.97). Bowavar, tha
pathology waa raportad to bo ccag™Micatad by a coneurront outbraak of
furunouloaia. Stocking danaitiaa had boon raduood juat prior to tha ooourronco
of PD and coaipany aavloyaoa fait that handling aay bava praclpitatod tbia
outbreak. At tha tiaa of tha fourth viait (9.10.97), furunculoaia had boon

eliainatad, but PD paraiatad in both cagoa atudiod.

4.3.1.2 Biatopatbology

Biatologieal aaaplaa froa a total of olavon fiah waro exaadnad. Bo
avidmiea of axocrina paneraatic nacroala waa obaarvad in any of thrao aanlta
axaainod froa tha firat viait and two froa tha aacond. Two one aaa-wlntar fiah
araalnad at tha aaoond viait tiaro found to bava pooketa of panoroatio acinar
tiaaua «»Ithln araaa of flbrotic tlaaua. Two fiah axaainad frea the third viait
ahowad exocrine paneraatio degeneration (BPD) and thua tbo dlagnoala of PD waa
confiraod. No aaaploa froa tha fourth viait %«ora axaadnad. No clear evidonca
of cardiac or akolatal ayopathy waa found in any flab frea thla outbraak,

either before or during tha period of overt diaeaao.
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4.3.1.3 Vitaain =

Vitamin B ooneantratloaa naaaurad la aarua aaaplaa from oaaa A ara

~ tabla 4.S. In amoXta from eagaa C and 9 thaaa did not aaoaad

1219 Jg ml-* at any tlma during tha atudy. In addition, low oonoantratlona
(1019 |ig mI-*) wara alao maaaorad In grllaa oolXaotad at tha flrat vlialt. Low
valuaa, paxtloularly In aj”~raatly haalthy flah, may hava baan dua to loaa of
a-toeopharol ao a raault of haimolyala. On tha thraa dataa for which
data la awallablo, flah from eaga C had lowar maan vitamin B
eonoantratlona than flah from eaga 9, but, la both, tha hlghaat ooDoantratlona
moaaurad la aamplaa from tha final vlalt. Sarum vitamin B eoneantratlona
*PPv****N ho ba Idpar In tha two flah with oonflraMd wtocrlna paneraatlc
daganaratloa (212 (g ml-*) than In thraa haalthy amolta for which eomi>aratlvo
data waa available (712 »igml-*), but thaaa data wara laaufflelant to warrant
atatlatloal analyala. No algnlfleant dlffaranoa In aarua vitamin B
eoneaatratlona waa dataetad batwaan flah with and without food partlolaa In

thalr guta.
4.3.2 Caaa B (Site 2) T |
4.3.2.1 Caaa hlatory

Thla alto had auffarad from PD In 1985 whan tha outbreak waa tha aubjaot
of the atudy daacribad by Parguaon at ai. (1986b). Broodatoek were bald on tha
alta In tha Interim period. In 1987, amolta warn received battiaan 24th April
and 5th Nay and wara fad dlata containing up to 40 mg 100 g addad a-
tooopheryl acetate. Throughout the aunmar of 1987 tha atoek auffarad from a
chronic aaa-louaa infaatatlon which naeaaaitatad regular traatmant and which,
in turn, may hava precipitated PD. PD waa firat raeogniaad in a alngla eaga

amolta (cage D8) on 19tb Saptamhar and the dlagnoala waa latar confinMd
by ataff at Btirllng Univaraity. At tha time of the outbreak tha affected eaga
eontainad approrimataly 6000 flab at a danalty of laaa than 10 kg n**. Thaaa
fiah wara "Conon® atrain and the oaga population had pravioualy ahown the beat

growth of all tha oagaa in tha group. During tha atudy period they grew In
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«mU* 4.1. vitaala = stratiVH la IA @

langth froa 22t3 ca to 34t2 ea. At tho first visit (22.7.87), thsss fish
shoasd typical bslisvioral signs of PD (is. hanging listlsssly in tbs comars
of tho oags, refusing food) and, in addition, pori-pancraatic fat doposits
aoro doplotad. In contrast, fish froa cage D9 appeared healthy. At the second
visit (18.8.87), a second cage of saolts (cage DC) was boglnning to show
behaviour typical of PD. Those wore "Pool® strain and also showed reduced
levels of peri-pancreatic fat. Inte):ea«ing husbandry differences were recorded
between site 2 and the nearby site 2a which was operated by the sasM oos™any.
Pish on site 2a were fed alaost entirely by hand and at a relatively low rate
eoepared to other sites. The average growth rate was low and fat reserves were
mtnlesl, but disease problssw wsre less often encountered and PD had never
be«i found. At the tiao of the third visit (2S5.9.87), signs of recovery wore
noted in cage D8, but several other cages (Including DS and DIO) showed signs
of PD. At this stage, healthy fish %oighod approxiaately 500 g, whereas fish
with PD averaged about 300 g. Healthy fish were seen to have orange coloured
livers through feeding on pigaented diets but, although fed the saae diet, the
livers of fish with PD were dar)c brown in colour. At the fourth visit
(12.11.87), all the fish were feeding, but sosm were in poor condition and
signs of haaaorrhage between the pyloric cseca were observed in fish froa both
cages essalned (D8 and DIO). The outbrealc was less severe tlian in previous
years and fasa staff attributed this to the regulation of feeding rates early

in seawater phase.
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4.3.2.2 Bl*top«tholo«y

liatolofioal sa~IM froa a total of tan fiah froa thla outbroak «wa
atudiod. Bxaalnation of four indlviduala eonfitaod that a aouora oaoerino
panoroatie nooroaia uaa alraady apparant In flab oolloetad on 20tb and 22nd
July froa eaga Dd, but thara aaa no auldanea of aladlar pathology in ona flab
anainad froa tba haalthy oaga D» at this tiaa. Cardloayopathy, aiailar to
that dasoribad In asaoelation with PO by Parguaon at ai. (IftCa), waa praa«>t
in fiah froa tha affaotad oaga 0d on 20th and 22nd July 19d7, but not In tba
haalthy fiah froa oaga O». On Idth huguat, tho pancroatio tiaaua of ona fiah
aaaalnad froa eaga D6 and ona froa aita 2b wara both found to ba intact, but
both fiah wara eonaidarad to ahow aigna of eardiocaiyopatby. On 2Sth daptaabar,
ona fiah froa tho pravioualy affaetad eago Od waa oxaainod and found to ba
apparontly haalthy, but fiab froa eagaa 05 and DIO ahowad panoraatio
<PP9*oaration and tho Individual froa eaga DIO alao ahowad cardioayopathy. No
aaetiona froa 12th Novaabar ware oxaalnad. Tha praawica of eardioayopathy in
thia outbraah ia aignificant ainca it daaonatrataa tha oceurrmca of auch
pathology in fiah fad ralativoly high lavola of a-toeopharyl acatata (aaa

bolow). T |
4.3.2.3 Vitamin B

Vitaain B ooncmtrationa in faad aanploa collaotod during thia atudy
woro 37.2tl.S ag 100 g™ at aita 2, and 22.0 ag 100 g at aita 2a. darua
vitaain B concantrationa aaaaurad in fiah froa eaaa B ara ahown in tabla 4.6.
Naan concantrationa of loaa than 5 pg al*® waro found in fiab froa tba
e«eotad cago Dd in all but tha final aaapla whan a concantration of IStld pg

uaa aaaaurad. Concantrationa of dtlO pg al*“ and bolow waro alao aaaaurad
in tho otbor affoctod eagaa (05, D6 and DIO) during tba eourao of tha atudy.
Blghar lavola, iMaaurod in eago DIO at tha final aaapla (21116 pg al®®),
eoincidod with rocovory in thia cago. A concantration of 33 pg al** waa
Baaaurod in a ainglo fiah eollaetod froa tho hoalthy caga DI, but aaaploa froa
othar hoalthy eagaa B13, 09 and P2 on aita 2a did not axeoad 914 pg al™.

Again haaaolyaia of blood prior to raaoving aorua aay hava raaultod in tha
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*abla 4.6. Sav vitaala B oaaaaatvatlaaa ia aaaa m (meeatet)

Dmtm Caga B SaruB vitamin B
(M ml-*)
20.7.67 M f 416
B13 2 814
22.7.87 DF 4 814
Dt 10 44
18.8.87 DC 5 C*t
Dt C 24
P2 (Sita 2a] 7 7
29.9.87 Dt C 4%4
010 5 4%4
05 4 0*10
D1 1 33*0
12.11.87 Dt 3 19119
DIO 3 21114

losa of vltaain B froa tha aaaWwlaa. Statiatieal eonparlaona uaing tha
Mann-Nhltnay U-taat indicataci that thara waa no aignificant diffaranoa in
aaruB vitamin B concantrationa jbattwean fiah with or without axoorina
paneraatio naoroaia or cardioagropathy. Rowavar, tha aaaa taat appliad to
faading and non-faading fiah ahowad aignifioant diffaraneaa, aarua vitamin B
conoantrationa baing highar in fiah with food in thair guta (p<0.05). In
addition, aignificant poaitiva corralationa wara found batwaan aarua vitaadn

B and both waight (p<0.0$) and condition factor (p<0.01).
4.3.3 Caaa C (Sito 3)
4.3.3.1 Caaa hiatory

Thia aita had aufforod froa PD in 1954 and 1985, but not 1986. Bo
broodatock wara praaant on tho aita, but ona and two aoa-wintor fiab wara bold
>>**shy_ In 1987, tho fiah woro tranafarrod to aoa at a woight of approsiaatoly

40 g and fad to appotito (ia. abovo raccaaaiidad foading rataa) during thair

I
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first aiiHiir in aMwatar. Thay «ara bald at «S00 flab eaga*“ at a danaity of
laaa than 10 kg w*. Thay too had a raourraat problaa wltb aaa-lloa ahleb
raquirad approxIMtaly aonthly traataant. PD waa diagaoasd by staff at
mtlrliag Uaivaralty in Auguat and at tbs tlaa of tha first riait (1C.».07)
algna of PD wars praaant in all 14 oagas of aaolta on tbs alta. In aaaplas
eollaetad front oaga nuabars C and 12, aost flab bad food in tbair guts, but
uttla pari-panoroatlo fat aaa obsarvad aran in flab atill aoeapting food.
Signs of haaatorrbaga «ora ooeaalonally aridant bataaan tha pylorio eaaea in
fish froa both oagaa. Naan flab «aigbts aara approxlaataly 140 g at tba first
riait and 31Stl43 g at tha aooond. At tba tlaa of tba saeond riait (14.10.S7),
food «fas praaant in tba gut of all fish asaalnad froa cagas 6 and 12 and all
cagas appoarad to ba aho«fing signs of racorary. Bran sick flab «ara obsarrad

to aat high anargy faad if aprinklad in tha eomars.
4.3.3.2 Blatopatbology

Bistologleal axaalnatlon of t«o flab eollaetad at thbs aaeond riait
confirmad tbs oeeurranco of BPD in both cagas studiad, but a third indiridual
collaotad froa ona of tha affactad cagas (oaga 6) sho«fad intact panoraatlc

tissua. Bo aridanca of auaela dagMoration «as found in any of tbaaa fish.
4.3.3.3 Vitamin B

SaruB ritaain B conoantrationa ifsra again found to bo low, although
again parhaps partly aa a rasult of haaaolysis. On ICth Saptaabar, aaan
concantrations of CtS tg al”“ in caga 6 and 7111 [tg al“ in oaga 12 «foro
aoasurad, and on 14tb Octobor slightly highar valtas, 10110 pg ml*" in caga C
and 1319 pg al'* in caga 12, «faro raoordad. Sorua ritaain B ooneantrations
«ora lo«ior in tha t«o fish with asocrlna panoraatie naorosis than in tbo ono
indirldual with an intact panoraaa, but insuffielont data «aa arallabla to
varrant statistleal eoaparlson. Bo signifieant diffaronea «tas found bat«foan
aarua ritaain B eoneontrations in fish «ith and «flthout food partidlos in
tboir aliaantary traots, but a significant posltlro oorrolatlon «as sbo«m

_bot««a«a sor«ai ritaaln B coneantrations and both flab «aigbt (p<0.01) and

\
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oondition factor (p<0.001).

4.3.4 Caac D (Sito 4

4.3.4.1 Casa history

Tbis Oita had no prasioua history of PD. In 19S7, it raoaivad s»olta in
mid May and thaaa wora fad on oaasMreial diats oontaining 30 ag 100 g** addad
a-tooopharyl aoatata. PD was Ffirst notiead aarly In Novaabar and oonfiraad
Xatar in tha s»nth by staff at Stirling mivarsity. Mo babavioorial signs of
tha condition ware avidant at tha tiaa of tha visit to this farm, on 30th
m«Yembar 19S7, but fish froa tha affaotad caga S waighad S1S+352 g and aany
had littla or no pari-paneraatic fat, whilst haalthy fish ttom caga 6 waighad
S93tl0S g and showad larga aaounts of gut-asscoiatad fat. This outbraak

oceurrad in triploid stock.

4.3.4.2 Bistopatbology

Patches of axocrina pancraatie daganaration wara obvious in tha
histological aaaplas froa two fish collaotad frea cage S, but pancreatic acini
wara still visible in scaa sections. Mo sign of heart auscla involvssMnt was

ssM in aithar fish.

4.3.4.3 Vitaain B

Sarua vitaain B concentrations of 19131 (g al-“ wars SMasurad in sis
fish frea tha affected cage S, and 2710 (g al™ in two fish froa the haalthy
cage 6. Haaaolysis aay again have rasultad in scaa loss of a-tocophsrol frea
tha saaplas. In tha two individuals in which panoraatie degeneration was
oonfiraad, sarua vitaain B concentrations of 0 and 3 (ig al-“ wara aaaaurad
raspaotivaly. Mo significant diffaranca in sarua vitaad.n B was found batwasn
funding and non-faading fish and rank correlation eoafficimts batwaan vitaain

B and fish wsight and condition factor wore both non-significant.
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4.3.5 Cw»« K (Fita 3)
4.3.5.1 Casa history

Diiriag tha first fiva aonthly visita to oasa B, no groas aigns of PD
wars notioad and tha fish appaarsd to ha groiring and fssding sali. Ovart PD
waa First obaarvad on 31st Ootobar IftS in four adjaoant cagas on a raft
containing only azlta. The affooted fiah vare already thin whan PD was first
notioad, but at this stags only about 200 fish in oaeh oaga oxhibitod the
oharaeteriatio liatloss, hanging bobaviour. Of the oagaa studiad at this
visit, only oaga 1 sbowod signs of ovart PO. Internal axaalnation shouod that
fish fron oaga 1 bad little pari-panoraatio fat, fas had any traos of food in
~hair guts, and tha hindgut blood vesaols wars again proadnant. Tha ease waa
confinMd by staff at Stirling Univaraity towards tha and of Movaabar, but
moaa fish ware also idantifiad as suffering fro« "lata transfer syndroas”.
Larger nuabora of fish showed listless, banging behaviour at the tiaa of tha
visit on 1st Daoaaibar, and alaost all cagas showed aigns of PD, but to varying
dagraas. Of the cages studiad on this data, t and 10 had ralativaly few fish
hanging at tha surface, whilst, I], and 13 had larga nuadsars of such
individuals. Traces of food ware prelsent in the guts of all but one of tha
fish eollactad, however, a nuaibar of fish free aaeh caga were saMciatad and
had no visible pari-panereatie fat. Patai workers eonfitaad that they had
noticed a recant iaiprovaaent in feeding activity and suggested that recovery
may have bean assisted by continuing to offer saall pallets rather than
increasing feed sisa as planned. The colour of tha plasaa collected during
this visit shewed a correlation with tha gross indications of POi healthy fish
had bright orange plasaa whilst that of sick individuals was pale in colour.
A further iaprovasMnt in feeding rasponea waa recorded on 30th Daeaaiber, but
many cagas still contained large nuabars of fish hanging close to tha surface
and caga to cage diffarencas ware still vary obvious. In particular, throe out
of four fish oollaotad froa oaga 13 wore aaaoiatod and had no pori-paneraatio
fat, whilst three out of four froa oaga 10 ware in good condition and had
large fat raaervaa. Bisa-wiso grading was oarrlad out In January due to the

largo variation in fish weights within indi\//idual cagas. On 3lat January and
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28th February, food was obsocvad In tbs guta of all fish sxaaiasd. Banging
bshaviour was not notsd in tho populations rsgularly saaplod, but tha two

affootsd oagss eontainsd «any sawll fish thought unliksly to raoovar.

Sabls 4.7. Msight and sasiitios fastor of flab tram eaaa m (BasaSad)

4.3.5.2 Changaa in waight and condition factor

During tha courss of tha study, fish on this sits grow fron 47tll to
7474262 g. Ovor this pariod waight mmm positivaly oorralatad with tiaw
(p<0.001). Kaan wsights aach aonth aro ahown in tablo 4.7 and fig. 4.1.
Batwaon May and Saptaadssr, asan fish waight inoraasad by a factor of 10 froa
47tll to 46St9S g, but in October a weight loss, to 4201138 g. was racordad.
Between October and Daeaabar, during tha pariod of overt PO, the aaan weight
rose to only 5151325 g, hut larger aonthly increases to 7211262 g in January,
and 7671262 g in February, were aaaaurad during recovery.

Changes in condition factor are also shown in table 4.7 and illustrated
io iig. 4.2. Again a significant positive correlation with tins was found
(p<0.05). In May, after transfer to seawater, a condition factor of 1.2810.08
was recorded. Bijailar values were found during June and July. Between July and
Septaober this figure increased froa 1.2610.07 to 1.7410.1», but it than fall
sharply, to 1.3210.17 in Ootober, coinciding with tha first signs of overt PO.
metween October and Decaafaer, during tha period of overt disease, condition

factors ranged fron 1.3210.17 to 1.3610.13. There was little avidanea of any

I
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IncrMsa during January and Fabruary. Both «Might and condition factor

Food particles «Mrs found in ths intsstinal tracts of sighty-fivs of tbs

ninaty-aight fish oollsotsd during tha oouraa of this study. The nuabers and
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proportion* of fooding and non-foodlag flah aaeb aontb ar* abotm in tabl* 4.S
and fig 4.3. No diffaronoa in waight ma found batwaan fiab which w«ra or wara
not foading, but a aignifieant diffarane* in eonditlon factor waa datoetad

(p<0.05), faading fiab baing in battar condition.

«alUa 4.g. NwdUri of aaa-foadlag fiah, and ara af flab with riaa
paaaraatia dagaaaratlaa, fiaa aaaa ®
Data 1 Total No. faadiag Total Ho. with iro
JI.S.M 10 0 10 0
1.7.M 10 10 10 0
2.F.M 10 10 10 0
1.ttl 10 10 10 0
10.F.M 10 0 tt 4
IS 11 IS 11
1.12.M 13 1 12 7
20.12.M 0 7 0 t
11.1.1» 7 7 7 t
1 2».2.»» < ft t 4

rig.-4.3. Paapaatiaa af fiab faadlag aaab aaatb, fiaa aaaa atadg 1 "

174



4.3.5.3 Hiatopatbology

mistologloal autarlal waa aaaalnad tram alaaty-four fiah oollaetad
durlag thia aarlaa oi aaaplaa. Ho avldaitea of aaoerlna paaeraatle daganaratlon
waa obaarvsd in aay of tha forty flah oollaetad batwam 3lat May and lat
maptaataar. Kowavar, froa aatarial takan durlag tha parlod 30th SaptMbar to
21th Fabruary, it waa olaar that batwaan 50 and 75% of Tfiah aach
Mnth did ahow a ganaraliaad paneraatic naoroaia. Thaaa raaulta ara atanurisad
in tabla 4.0 and in fig. 4.4. Thay aupport tha auggaation of Munro at ai.
(1*t4) that axoorina paneraatio daganaration in PD dawalopa rapidly. Mo
avidanoa of eardionyopathy waa found in any of tha hiatologioal aatarial
axaainad during tha oouraa of thia atudy. Fiah with panoraatie naoroaia had
aignifioantly diffarant aaan waighta to thoaa without (p<0.001).
Intaraatingly, fiah with panoraatie daganaration wara on avaraga haaviar. Hora
rapidly growing fiah bava pravioualy baan auggaatad to ba Bora vulnarabla to
PO (aaotion 1.1.3.4). Thara waa no difforanea in oondition faetor batwaan
thoaa groupa.

Of 34 individuala with BPD, only 9 had no food partiolaa in thair gut
and 5 of thaaa wara oollaetad in Oetobar whan tha firat ovart aigna of PD wara
obaarvod. Thua, in agraaaont with Hunn at ai. (1944), inappatanoa appoara to
ba an oarly faaturo of tha aeuta phaaa of tha oondition. Pour fiah, throa of
whieh wara oollaetad at tha firat aaaipla, wara not foading, but wara
oonaidarad to bava intaot panoraatie tiaaua. Although auoh fiah aay bava baan
affaetad to aoMo dagraa, thay did not ahow total axoerina panoraatie

daganaration.
4.3.5.4 Vitaain B i tiao eouraa atudy

Naan plaaaa vitaain B oonoantrationa aaaaurad in fiah oollaetad aaeh
aontb during thia atudy aro ahown in tablo 4.9 and illuatratad in fig. 4.5.
Plaaaa vitaain B eonoantrationa inoroaaad froa 30t29 pg al*" in Nay 19BB to
65123 Jigal-© in Fabruary 19S9. spaaraan®a taat indioatad that ovor tha eouraa
of tba atudy thay ahowad a aignifieant poaitiva eorralation with tlaa

(p<0.001). In Nay and Juna, plaaaa vitaain B eonoMitrationa wara 20129 and
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14114 |ig BI"™ r«spw3tiv«ly. In July thay Incraasad to 37121 Jig b1*, but
botwoon Auguat and Docaadior thay atayad ralativaly eonatant, ranging batwaan
2919 and 35121 |ig al“>. Tha largaat Ineraaaa, iron 34127 to 65123 ~g ml-*,
oeeurrad batuam Daeaad>ar and Ja~uafy, during raeovary froa PD. Thla «na
followad by a alight fall, to 52129 )tgal.=*, in Pabruary. Analyala of varlanea
of tha aguara root tranafonaad data conflnMd that algnifieant diffarancoa
exiatad batwaan tha ataana at dIffarant tlaMa (p<0.001). Maltipla pairwiaa
coiaparlaona, uaing tha 6T2 awtbod, Indleatad that plaaaa vltaain B
ooncantrationa In Nay wara algnifieantly dlffarant froa thoaa in January, and
that thoaa in Juna diffarad from thoaa In both January and Fabruary (p<0.05).
Llvar vitaadn B eoneantrationa ara alao ahom In tabla 4.9 and in fig.
4.6. Ovarall, Illvar vitaaln B eoneantrationa ahouad a raduotlon, froa 2941128
Mg g-“ In May to 1801119 )Y g-“ In Pabruary. A aignifloant nagativa
ralationahip batwaan Ilvar vitaain B conoantratlona and tlaw «ma found ovar
tha couraa of tha atudy parlod (p<0.001). Maan Ilvar vltaaln B concantratlona
of 2841128 and 218194 |ig g“* ware raoordad in Nay and Juna raapaotlvaly. A
maaiava of 400166 Mg g* waa recordad in July, but tha aaan fall aharply

tharaaftar, raaehing 1181155 m9 9™ In Oetobar. Subaaquantly, llvar vitaadn 8
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ﬁ%a*a‘i')" rii ema lIWr vitaaia = kaattaaa ia (lah t*

—rt

Data B riasaa vitaala = 8 Uvar vitenla =
(M ni-% g
SI.S.M c 20%2« 4 224*122
1.7.11 - 14*14 4 212*24
2.a.Sl1 10 2r21 4 420*44
i.a.M t 't 4 217*%24
JO.fM 10 22*21 4 121*21
» 21*27 f 112*124
1.13.M 12 22522 12 122*172
JO.13.M 1t 24*27 4 14**212
Jltt v 7 42%22 4 144*22
ata2 .tf 1 < 22522 c 1*0*11*

ooiMMtrationa ranalnad lew, inoraaaln« fres 1ItilSS te enly 19 «>

during the peried of evert PO betwaen Ootebar and Deoaaber« and sbewing no
aigna ef a abarp Inerease upen reeevary. The data «laa aubjaetad te aguare reet
tranafexMtien and analyala ef varianea abowad that algnifieant dlffaranoaa

enlatad batuaan tha aaana at diffarwtt tlana (p<0.01). Tha 012 Mthed ef
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wiltipl« oe”pariaoB Indieatad that algnlfieant diffaraoeaa oeourrad batwsan
Uvar vitaadB m oonoantratloaa in July lt«t and thoaa in Oetebar and NovaadMr
(p<0.05). raaraoB"a taat for oorralatlon ravaalad a algnifleant poaltlva
raUtlenabip batwawt plaaaa and liver vitamin B eenoantratiena in thia atudy
(p<0.0l). The timing of the onaat of vitamin B daplatien ia diffioult to
datexmlna. Miltipla eompariaena indioata that vitamin B daplatien began
aomatlma batuaan July and Ootobar and wumination of fig. 4.C auggaata that
there waa a ataady loaa of hapatio a-toeopharol from July (ia. prior to the
onaat of evert PD). Bowevar, thia iatarpratatien van not aupportod
s~ tlatieally aineo aignifioant diffarenoaa ware not found batwaon the July,

Auguat and taptambar aamplaa.

Paaraon®a eorralation taat alao revealed a aignifioant rolationahlp
between plaama vitamin B conoantration and both fiah weight and eondition
faotor (p<0.01), but liver vitamin B oonoantration ahowad no aaaooiatien with
aithar. Mo diffaranea in plaama vitamin B eonoantratlon waa found batwaon
feeding and non-faading flab, but aignifioant diffaraneaa in liver vitamin B
ooneantrationa ware dataetod (p<0.05), thaao being lower on avaraga in
non-foading flah. Mo dlfforaneo in plaama vitamin B oonoantration wea datootad

between Individuala with and without paneraatio aeinar tiaaua, but onoa again
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livwr Titaaia | eeneaatratloaa wara algaifieantly dlffarant (p<0.001), baiag

lottar ia fiah with aigaa of paaoraatlo aaoroala thaa ia thoaa without.
4.3.9.9 Vlaaaw lipid eoaeantratiooa

Vlaaauk lipid ooaeaatratioaa iaoraaaad, froai 9t4 ag al*“ in May to 20t(
ag al-“ ia Fobruary, and ahowod a poaitiva oorraUtioa with tiaa ovar tbia
pariod (p<0.001). Botwaoa Nay and faptaabar, tha aaaa ooaoantratioa iaeraaaad
ataadily froa 9t4 to Ittd ag al=. It fall to 13t4 ag al-“ in oetobor and
atayad oloaa to thia latrai during tba pariod of otrort PD, but inoraaaad during
rooovary, froa 12t4 ag al-“ in Daocaabar to 20t3 ag al"“ in January. Thaoo
roaulta ara aunaaritad in tabla 4.10 and illuatratad in fig. 4.7. Mo
tranaforaation waa naoaaaary prior to analyaia of varianea which ahowad that
aignifieant diffarancaa axiatad batwaan tba naan planu lipid eoneantrationa
at diffarant tiaaa (p<0.001). Multipla pairwiaa ooapariaona abowad diffaranoaa
batwaaa plaaaa lipid oonoantrationa ia Nay and thoaa in Auguat, M7anbar,
Vovaabar, January and Fabruary (p<0.09). Faaraon"a taat for oorralation abowad
a poaitiva aaaooUtion batwaan pUaaa lipid and vitaain m eonoantrationa
(p<0.01). Although plaaaa lipid eoneoptrationa appaarad to ahow a a»ra atarkad
Ineraaaa than vitaain | during tha pra-aouta phaaa, and a aora obvioua fall
during tha aeuta ataga of tho outbraak, both ahowad aigna of raoovory batwaan
Dooanbar and January. A aignifioant poaitiva oorraUtion waa alao dataetad
batwaan plaaaa lipid oonoantration and both fiah waight and condition factor
(p<0.01). Mo aignifieant diffaronea in naan plaaaa lipid eoneantration wan
found botwaon groupa of faoding and non-fooding fiah or batwaon individuala

with and without axoerina paneroatie doganaration.
4.3.9.4 Caga diffaranoaa

Of tha two oagaa, 10 and 13, for whieh aoat data ia avaiUbla, groaa
aigna of FO aaaaad fora pravalant in oaga 13. Zn hiatologieal aa”laa,
oollootad batwaM Maptanbar and Fabruary, anoorina paneraaa dagaaaration «ma
obaarvad ia <« out of 14 fiah (90«) fren oaga 10 and 11 out of 14 (7M) fren

oaga 13. Xa ordar to iavaatigata tha natura of cago to cago diffaraaooa in
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TaU* 4.10 na loU tralla la flak ttmm aaaa m (aiaata0)

Dnrtm a riana lipid
(Bf al-")
n.s.oa s St4
1.7.M 4 lots
a.a.M f 13*1
4 13*1
10.0.-11 4 14*4
ii.ie.M t 11*4
1.12.e- © 1474
4 12*4
c 20*1
aa.2.0* c 24%4

bioehoadoal data, waight, and condition factor, further atatlatloal analyaoa
woro oonduotad. fpoataan®a ooafflciants of rank oorrolatlon war* calculated
to deaorlbe the relationehip, within each cage, of each variate with tiae. In

addition, the data ante were aubjected to a neatad analyala of variance, with
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caga and eaga-tiaa aa traataant (aotora, la ordar to taat for dlffaraooaa
««i«* oaaraH and at aaob aontb. Toots for aoraal diatributlon abowod
that tbo tranaforaationa oarrlad ont abova irara also approprlato for tba data
N eagao 10 and 13. Bignlfioaat caga-tlaa offaota aaro axaadaad for
dIffaronoaa botwooa tba cagas at aaob aontb using tbo OT3 aathnrl of aultipla
coagpariaon.
altaain B coneantrations aaaaurad In oaeb cago at oaeb tiaa aro
aboun In tabla 4.11 and fig. 4.8. In caga 10« plaaaa vltaain B eoncantratlona
Ineroasad froa 0 |igal-“ in May to 60t3( pg al™ in robruary. In caga 13, tbay
atayod rolativaly constant batwaan May and Doooabor 1988, ranging botwaon
17tll and 32+27 |ig al*“, but incrsasad to 57117 pg al*» In January. Bpoaraan®s
taat sbo«iod a significant positiva corrolation bat«Mon plasaa vltaain B
conoantration and tiao in caga 10 (p<0.01), but no corralation in caga 13.
Using analysis of varianca, significant dlffaroncos wars found botwaon tba
aaans in difforant cagas at diffarant tlass (p<0.01), but aultlpla pairwiso
coapariaons fallad to dataot any significant diffaroneaa batwoon tba asana in

diffsront cagas in any particular aontb.

U-var vitamin B concontrations in aacb of tba two cagas aro abom in
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Tabla «.11. Ma aad4 llvar aitaala = atratloaa
(maaatad)

4.11 and fig. 4.9. In caga 10, liver vitamin B coneantrationa varied

greatly, ranging betvean 116163 and 399135 ~g g-“, but aho«ed no clear trend
during the eouraa of the atudy. In caga 13, they roae from 34S1125 Jig g*“ in
May to 400199 |ig g-“ in July, then fall to 21115 Hg g-° in Doeambar before
recovering alightly to 125126 [tg g-" in January. A significant negative
correlation betwe«i liver vitamin B concentrations and time was found in caga
13 (p<0.01), but in caga 10 there was no significant relationship. Analysis
of variance indicated that significant differences existed between the SMans
in each cage at each tIsM(p>0.05), but again no significant differences were
found between the cagaa in any particular month.

Changes in plasma lipid concentrations in each cage are shown in table
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4.12 and fig. 4.10. In oaga 10, plaana lipid eoncantrations roaa froa 313 og
al “ in May to 2316 ag al*® in Fabruary. in eago 13 thoy iroea froa 816 mg b1«
in Nay to a aaxiaua of 1814 ag al-“ in Saptaabar, fall to 1113 ag al-* in

Novaabar, and roaa again to 2I316] ag al-° in Fabruary. Plaaaa Mpld

eonoratrations aboaad a significant positiva oorralation with tiaa in eaga 10
(p<0.001), but no correlation with tiaa in caga 13. Significant diffarancas

wara again found by analysis of variance (p-0.0l), but no significant

diffarancas wara datoctad between the aaans in any ona aonth.

Fish weights and condition factors are shown in tables 4.13 and 4.14,
and figs 4.11 and 4.12. In caga 10, fish weight increased froa 45111 g in May
to 449141 g in Saptanbar, fall slightly to 4191244 g in Hovaabar, than rose
to 9341653 g in Fabruary. Over tha first seven aonths of the study, a siailar
pattern was seen in caga 13. Bére, tha naan fish weight increased frea 49112
g in May to 5041179 g in Kovaabar, but in Parsaber it fall to 2871111 g, than
racovarad to 637183 g in January. The average condition factor of fish in both

FSBTsd froa 1.23 to 1.30 between Nay and July, incraasad to nora than
1.69 in Saptaabar, fall sharply, to 1.2810.22 in caga 10 in BovaidMr and

1.2110.14 in oaga 13 in Daeaabar, and stayed lew for tha raaaindar of the
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study pariod. A significant correlation botwosn weight and tine was found in
both cages (p<0.001), but condition factor showed a significant relationship
with tiae only in cage 10 (p<0.01). Analysis of variance showed significant
cage-tiae effects in both %ieight and condition factor (p<0.001). Multiple
coapariaons showed that the aean weights Y%are significantly different in
D«c«*“ber (p<0.0S), being higher in cage 10 than cage 13, but no differences

in condition factor were detected between the two cages in any one aonth.
4.3.5.7 Coaparisons between fataa with and without PD

The data collected between June and February fvtm this site was coapared
with data, collected over the saae tiae period, froa the fara with no PD
described in section 3.3.1. Statistical tests were as for the cage
coaparisons. Spaaiaan®s coefficients of rank correlation were calculated
between the data froa each fara and tiae. The data sets were then subjected
to nested analysis of variance with fata and faxa-tiae as the treataant
factors and significant differences ware further analysed using the 8T2

aathod. Tests of noraal distribution showed that the transfoxaations used
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Smkl« 4.1a. riMM UpU kntIMM — f <t tn ==

1 abov« war* again aultabla for tha ooaibinad data aata.
vitaain B eoneantratlons aaaaurad on aaeh tana bataaan Juna 1*8t
and Fabruary 191» ara ahown in tablaa 3.2 and 4.9 and ilg. 4.13. On tha
unaffaotad fan, plasaa vitaain B oonoantratlona cangad fron 1749 to 2147 )ig

ml-“ batwaan Juna and Saptaabar, roaato «417 (ig m!-* in Ootobar, fall

graduali/ to 41411 )Y al*“ in January, than ineraaaad to 67427 pg al-* in
Fabruary. On tha affaotad sita, plasaa vitaain B oonoantrations inersasad froa
14414 ug al'™ in Juna to 37421 pg al™ in July, than stayad ralativaly
oonstant, ranging froa 2949 to 37421 pg al'™ bataaan July and Oaoaabar. In
January thay inoraasad to 69423 pg al'*and in Fabruary thay fall back to

92429 pg al'*. Bignifieant positiva rank eorralations batwaan plasaa vitaain
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B conemtrationa and t IM war* dataetad on both tha farm with PD (p<0.01) and
tha faxm without (p<0.001). Analysia of varlanca sbowad that aignlfieant

diffaraneaa could ba dataetad batwaan tha waana on dlffarmt altaa at
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«iM« «.1S. ItoifM aM » fitti— fa—e» aafa-wif > = (a tai)

Data Caga Q l\hl(ft;Tt Coadltlaa (eetor
Si.S.M 10 L 40011 1.3000.11
IS 0 40012 1.2000.00
1.7.11 10 0 70037 1.2400.00
B 0 - -
a.a.ti 10 s 101022 1.3200.04
B 0 142014 1.3000.07
ittt 10 9 344034 1.4700.00
13 1 204040 1.4700.00
JOoaf.M 10 s 440041 1.7000.10
B 9 4000114 1.7000.23
31.10.1 10 0 -
3 0 - -
1.12.00 10 3 4100244 1.2000.22
n 1 0040170 1.4300.13
30.12.00 10 4 7430309 1.4700.07
n 4 2070111 1.2100.14
11.1.00 10 3 0120404 1.3700.11
13 4 417002 1»3010.03
20.3.00 10 3 «140003 1.1000.21
B 0 - -

diffarant tiM» (p<0.001). Multipla paitwlaa ooivariaon» aboaad that
mlpnifioant diffaraneaa batwaan tha alta» wara ilaiiid in oetobar (p<0.05), wlth
plaaaa vitaain m oonoantrationa balng hlghar on tha unaffaetad aita.

Livar vitaain m oonoantrationa on aaoh faiM ara ahown in tabla» 3.3 and
4.« and in fig. 4.14. On tha unaffaotad fam, livar vitamin m oonoantrationa
rota froM li4tlll g g~ In Juna to 471133 Hg g-" in July and, although ranging
a» low aa 2Mtl03 pg g** in Movaabar, aubaaquantly ahowad a ganaral inoraaaa,
raaohing 7S4U71 pg g in Fabruary. In oontraat, on tha affaotad aita aaan
livar vitaain 1 oonoantrationa inoroaaad froai 31ttt4 to 400i*i pg g"“ batwaan
Juna and July, but fall to ISItfl pg g™ in iaptaad- r and raawinad low,

ranging frea 11iilSS to liomi pg r* batwaan Ootobar and Fabruary. On both
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=
mit«a a significant ralationahip batwaan Ilvar vitaatia B ooaoantratlon and
tiaa «aa dataetad (p<0.01), but «faaraaa on tha fan %rithout PD thia
corralatlon «ma positiva, on tha fan with PD it %*as nagativa. Livar vitanin
B ooneantrations tiara signifieantljr diffarant batwaan sitas at diffsrant tinas
(p<0.001), and also diffarad signifieantly ovarall (p<0.001). Kultipla
cos”parisons abonad signifieant diffaraneas batwaan fans in tha aontbs of
Oetobar, Daeanbar and Pabruary whan livar vitanin B ooneantrations wara lowar
on tha affaetad sita (p<0.0S). This coineidad with tha pariod of ovart PD on
tha affaetad sita. Thara wara no signifieant diffaraneas prior to this tins.

Plasna lipid ooneantrations ara shown in tablas 3.4 and 4.10 and in fig.
4.15. On tha unaffaetad sita, thasa fall fron 12tl ng ni*" in July to 644 ng
nl*“ in Saptanbar, rosa to 1747 ng &.™ in Movanbar, fall to 442 ng ni™ in
Daeanbar, and rosa onea again to 1144 ng <si.* in Pabruary. On tha affaetad
sita, plasna lipid ooneantrations rosa fron 1043 ng ni'* in Juna to 1B46 ng
ni'* in Saptanbar, fall to 1344 ng nl*“ in Ootobar and 1244 ng ni'* in Daeanbar,
than rosa te 2044 ng ni'* in January and 2046 ng ni'* in P~ruary. Bo

eorralation batwsan plasna lipid oonoantration and tisw was found on tha sita



(meeetee)

without PD, but on tha affootad fata a poaitlwa eorralatlon waa dataetad
(p<0.05). Maan plaaaa lipid conoantrationa diffarad aignifioantly batwaan
aitaa and tiaaa (p<0.001), and alaa b~waan aitaa ovarall (p<0.001). Hultipla
ooa™arisona raaaalad aignifioant di<ffalranoaa in Baptaabar and January (p<0.05)
and in both caaaa plaana lipid eoneantrationa wara highar on tha affaotad
<ara.

Haight and condition factor data for thaaa farsa ara ahown in tablas 3.9
and 4.7, and in figs 4.16 and 4.17. On tba unaffsotad fara, ths atsan fish
waight inoraaasd fron 57t8 g in Juna to 300t44 g in Saptaabsr and 11711379 g
in Pabruary, whilst on tha affactsd aits it ineraasad froa S413B g to 468195
g batwaM Juna and Baptaabar, but thm fall to 4301138 g in Ootobar, and
incraaaad to only 7671465 g in Fabruary. Biailarly, on tha unaffsctsd fara,
ths naan condition factor inoraasad froa lass than 1.35, in Juna, July and
August, to 1.5910.06 in Movaabar. It than fall gradually to 1.4310.11 in
Fabruary. On tha affsctad fara it inoraasad froa 1.3310.09 in Juna and
1.3610.07 in July to 1.7410.19 in Saptaabar, fall sharply to 1.3310.17 in
Octobar, and rangad froa 1.3310.17 to 1.3710.13 batwaan Oetobar and Fabruary.
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A mlfnifleant ralatlonahip b«twa«n Fish waight and tiiM waa found on both
altaa (p<0.001), but whilat oondltion faotor iaprovod with tlaa on tha
uoaffaetad fan (p<0.001), no ajLgn*fleant oorralation waa found on tha
«ffaotad aita. Signifioant fan-tlIM Intaraotlona wara dataetad in both eaaaa
(p<0.001). riah waighta diffarad (p<0.05) in July, Auguat and laptanUtar prior
to tha VD outbraak whan fiah on tha affaotad fan waighad a»ra than on tha
unaffaotad aita, and alao in Daeaabar and Fabruary whan fiah on tha unaffaotad
fan waighad aora. SliaiUrly, tha naan condition faotor of fiah on tha alto
davaloplng FD waa highar in Auguat and faptaaibar, but lowor in Ootobar,
Kovaaibar and Dooaabar. Thia obaarvation glvoa aocM aupport to tha auggoation

that fiah in battar oondition a«y ba aora wulnarabla to FD.

4.3. f Caaa F (Sita S)

4.3. d.l Caaa hiatory

No vlaita wara aado to thia fan aita, but aigna of FO wora raportad to
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CaaparlMa <( waifhk fsla ib fraa bMitky Wi4 fanM

bava ooeurrad at tha and of iaptihar IMI. Tha alta had pravioualy auffarad
annual outbraaka. Faading rata waa raduoad iaaadlataly aitar aigna «ara
notiead and tha atook ahowad tigna of raoovary, but tha dlaaaaa raeurrad two

ajaaka latar «han nonul faading ratta «Mra raauaaad.

4.3.7 Caaa G (Sita *»

4.3.7.1 Caaa hlatory

Annual outbraaka of FD had baan raoordad on tbla fata alnea IFfS. In
1fM, tha flrat algn of FO waa a raduotion in faading raaponaa In tha aaolt
atook, notod on 2tth Hay, aoon aitar tranafar to aaawatar. koutina
hlatologloal aonitorlng waa unaueoaaaful in dataoting aarliar avldanoa. Tbla
oaaa waa oharaotarlaad by a high mortallty rata In tha affaotad populatloni
daatba bagan to oeeur on 17th Juna and paakad In aud-July. At tha tlaa of tha
vialt In Auguat loaaaa of SOt and 304 had ooeurrad on altea <a and Cb
raapaetlvelyi thla aaountad to a total of ovar SO 000 flah. Nortalltlaa, of

uneartaln ocoauaa, but probably a raault of aaeondary Infaetlon or tha praaanea
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of eevoro boart laoions, ooourrad bafora aMolatlon baeaaa aavara and wara
partloularXy haavy following tba atraaa of dalouslag traatavMnt. All oagaa of
aaolta wara affaotad, but tha tijiing and aavarlty of dlaaaaa and aortallty
ahooad eaga to oaga variation. Cagaa on tha and of rafta appaarad to ba «orat
affaotad. Cagaa of flab on aita fa davalopad aigna of diaaaaa in aoeordanea
with tba aaquanoa in whieb thay imra atookad during tranafar to tha aaa aita,
but fish on aita fb all davalopad aigna aiauiltanacualy and aligbtly latar than
on aita fa. Slok flab had vhita, gaping aoutha and ahowad no ragular awiaaing
activity. Itrong eurranta affaotad tha aita, but watar flow through oagaa auy
hava baan raduoad by tha ragular aoouaulation of largo aanunta of drifting
aaawoad. Thara wara no aigna of dlffaranoaa In auacoptlbllity dua to atook
origin. Tha aoan waight of fiah eollaetad waa 7t g and tha oonditlon faotor
0.97. Proeaduraa for diaaaaa awnagaaant inoludad faading to half tba uaual
rata, uaing high anargy dicta and food ooatad with pra-digaatad flab produota
to aoeouraga feeding, and antibiotioa to oountaraot aaoondary infaotion.

Howavar, thoaa appaarad to have little affaet.



4.3.7.2 Bistopatbology

Eiatolofleal Metlona wara «Mainad froa a total of alavoa fiah froa
tiiia ootbraak. Bsoeriaa paaoraatlo doganaration «aa racogalaod la aight
Indlvldoala, throa fra« oaga 2 aad ono Crea caga S oo aita <a, and tao aaeh
froai oagaa 3 and C on aita 6b. Paneraaa aaotiona frani tha raouilnlag thraa
ladlalduala aaro not auffloiantly olaar to rooognlao osoorlna paneraatie
tiaauo if it dld oeeur. Saaara oardioayopathy «ma avidaat In t&iD flah froa
oaga 2 and oaa froa oaga 5 both on aito fa. Tha raaainlng aight haart

praparatlona «mra too poor for olaar rooognltion of auoh ohangaa.
4.3.S Cana H (Sita 7)
4.3.S.1 Caaa hiatory

PO «ma diagnoaad on aito 7 at tho and of Auguat 19SS. Tho outbraak «ma
daaoribad aa an aouto oaaa on tho baaia of hiatopathologioal obnorvatlona
inoluding algna of haaaorrhago in tha porl-paneraatio fot. At tha tino of tha
firat vlait, on 3lat Auguat, fiah oollaotad froai ona affaotod oaga «mra atlll
in good oonditlon, although thairI atloaaoha and hindguta oontainod no food.
Pari-panoraatio fat «ma praaant but appaarad pink. Saallar (7 ») oagaa of
aaolta appaarad to bo unaffootod, but largo nualsara of fiah of tha oaaa ago
and atook «mra lying at tha aurfaoo, along tha odgoa of thraa 1Sa* oagaa. All
thraa oagaa bad bagun to aho«r aigna of PD togothar in aid Auguat and,
aubaaquantly, dalouaing troataant had acaowd to oauaa an ineraaao in soaarity.
Tho fiah «mra fod B«ioa faod «ith a vary high oonoontration of vltaaln B (200
mg 100 g** aa a-toeophoryl aoatata).

Thora «ma no pravioua hiatory of PD on tho fora, no It «ma Intaraating
to noto that gro«mra on tha oaaa raft «mra apparantly unaffootod. Intarourrant
fnnineuloala oausad aortalitioo in onoraalc PD fiahj thoaa that «mra faading
«mra troatad «ith antibiotloo. A alailar pletura «ma ovidant at tho tiao of
tho aaoond visit on 7th Soptaabar, but by 13th Saptonbor, only 3 «moka aftar
tho oaaa «ma firat diagnoaad, ocow algna of raoovary «mra notod. At thla vialt

thara «mra faimr fiah at tha aurfaoo and thaaa appaarad to ba aora aetiva,
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partienlarly In rMponaa to food. Voat-aortaa e»mmtnation oenflxaad tha
praaanoa of food in thba guta of approximataly half of tha flah axamiiiod at
thla tlaa and thia proportion aubaaquantly Ineraaaad. By tha ttth Ootofaar all
flab abowad a vlgoroua faadiag raaponaa wltb tba aaeaption of a faw aaaaraly
aauMlatad ruata In tba eaga ooraara. Boaayar, flab waigbta aara «era varlabla

than waa noaul for tbla tiaa of yaar.

4.3.B.2 rlab might and oondition faotor

riab migbta and eondition faetora ara aboan in tabla 4.14 and flga 4.1S
and 4.19. riab migbta rangad froa 134137 to 1SS143 g and aboaad littla obanga
during tba flrat fiva viaita, but ineraaaad to 2S3199 by IStb Oetobar.
Condition faotora fall fraa 1.1St0.Of on tba firat to 0.7910.09 on tba fifth
vlalt, but roeovarad to 1.3310.09 at tha final viait. Condition faotor
(p<0.05), but not flah might, ahomd a aignifloant nagativa oorralation with
tl«a. Naight data waa aubjactad to log tranaforaatlon, no tranafonution ma
raquirad for oondition faotor. Slgnifioant diffaranoaa in oondition faetor,
but not might, mra dataotad batman faadlng and non-faading fiab (p<0.0S).

Condition faotor ma hlghar In non-faading fiab.

9ala 4.14. Walfbt aad ooadltloa faatar of fiab fim oaaa m (aaaalai)

1 corkg n aoight (Q) Condition faotor
si.s.sa n 140030 1.1040.04
7.9.95 10 155443 1.1740.11
13.9.99 19 152434 1.1210.19
20.9.99 10 114137 1.0919.99
27.9.99 10 103435 0.7040.09

c 291199 1.3340.09

4.3.S.3 Hiatopathology

A total of tan flab wara axaadnad for avidanea of paneraatie naeroaia
and auaola daganaratlon, tm at aaoh viait aseapt tram that of 20th Saptaabar.

On 3lat Auguat, 7tb Saptaaibar and 13th Saptaabar, both flab atudiad ahowad
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affaotad and tha othar had intact paneraatic tisana, and on ISth Oetobar both
appaarad haalthy. Haart auisola involvaawnt waa notad in ali but ona of tha

fish with paneraatic daganaration, but nona of tha fish with noraal paneraatic
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tlsau«. Clgnlfloant diffaranoM in waight (p<0.0S), but not condition factor,
i<ara dataotad batwaan flab with and without panoraatio naoroaia. Tha naan
might ma lowar in flah with BPD. In thia outbraak, aa in oaaa B, auacla
daganaration ma daaorlbad in aaaooiatlon with asoorlna paneraatio
daganaration in fiah fad high lawala of a-tooopharyl aoatato. Furtharmra, aa

daaerlbad balow, thaaa fiah had vary low tiaaua vitaadn B oonoantratlona.

4.3.B.4 Vitaadn B

Naan plaaaa vitaain B ooncantrationa at aach vlalt ara ahown in tabla
4_.15 and fig. 4.20. Plaaaa vitaadn B oonoantrationa wara vary low at tha atart
of tha atudy, avaraging 3t2 [tg al*“ at tha firat viait and Oil pg ad*“ at tha
aacond. Thay roaa to 10tl4 pg al*“ aftar thraa waaka and 7t9 pg nl** aftar four
waaka, and on ISth Octobar, aavan maka aftar tha firat viait, thay raachad
21tl7 pg b1™. It ia iaportant to aag>haaizo that auch low concmtrationa wara
BMaaurad in fiah pravioualy fad a diat containing aa auch aa 100 mg a-
tooopharyl aocatata 100 g*“. Thla data had a akawad fraquanoy diatribution avan
aftar tranaforaation, ao non-paraaatric aathoda of atatiatical analyaia mra
uaad. Spaaraan®a taat for rank corralation ahowad a aignlfleant inoraaaa in
plaaaui vitaain B ooncmtrationa during tha couraa of tha atudy (p<0.01). Alao
uaing Spaaraan®a taat, a aignifleant ralationahip waa found batwaan plaaaa
vitaadn B eoncantrationa and might (p<0.0S), but not condition factor. Ho
diffaranea in plaaaa vitaain B eoncantrationa ma dataetad batwaan faading and
non-faadlng fiah, uaing tha Mann-Mbitnay U-taat, but algnificant diffaraneaa
mra dataetad batwaan fiah with and without panoraatie daganaration and
eardioayopathy (p<0.0S). Blghar naan vitamin B eoneantrationa mra awaaurad

in fiah with no avidanca of hiatologleal ebanga.

4_.3.a.5 Plaa lipid

Plaam lipid concantrationa aaaaurad ovar tha couraa of tbia atudy ara
praaantad in tabla 4.16 and fig. 4.21. Thaaa fall allghtly from 1014 mg ml**
at tha firat viait to 7i5 mg ml*" on tha fifth viait, but by tha final vlait

had inoraaaad to 1514 mg ad*“. No aignlflcant eorralation with tliM ma

196



dataetad ualng epaanuut™a taat but, aa In oaaa 1, a algaifleant poaltiva

aaaoeiation batwaan plaaa« lipid and plaaaa vitamin B eonoantrationa wan found

*abla «.1l. n* vitamin B tcatiaaa la flab (r @ &)
Data n riaaaa vitaala B
<a« ml-7)
ii.a.M 1 312
T.f.aa 0 o*1
13.«. 11 10 fit
20«11 10 1011«
27.».00 10 710
10.10.00 < 30*17
PIf.l.ia. Ha atgatioaa la fiat tram aaa« B (asaataa)

(p<0.001). Tha data warn aubjaotad to aquara root tranafoxmatlon prior to
paramatrle analyaaa. Paaraon"a taat abowad that plaama lipid eoneantrationa
warn poaitivaly corralatad with waight (p<0.01) and condition factor (p<0.01).
An for vitaadn B, analyaia of varianca ahowad no diffaranoa in plaama lipid
oonoantrationa batwann fnading and non-faading fiah. Mowavar, in contraat to

vitamin B, tha Mann-Nhitnay taat dataotad no aignlfioant dlffaranoo in plaama

v
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lipid eoBCMtrations b«i«

la «.IS.

Data

31.S.M
7*0 _ oo
13*9_ ==
20.9.as
27.9.0«

Pl

lipid
B

10
7
10
10
10
0

individuals with and without paneraatie nooxosis.

atsatiaas is Siah Staa aaaa | (@

Plaaas I'Eid
(ag BI-9)
1004
004
703
«44
449
1944

4.3.5.6 Plasaa awlondialdahyda

Tabla 4.17 and fig.

4.23 show plaaaa aalondialdahyda eonoantrationa

msasurad during tha oouraa of this outbraak. Thasa fall fxoa a aaai»ua of

53439 laaol 1** at tha first visit, to 747 paol 1** at tha fourth and 1149 Maul

1* at tha fifth visits,

but inersassd to 21410 paul 1** at tha final visit.

v
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Thaa« ara low in eca™ariaon to thoaa Masurad in haalthy axpariaantal flab
(aaetlon 5.3). A algaifleant nagatlva oorralation with tlaa (p<0.001), but no
algnifloant oorralatlon with plaaaut vitaaln 1 eoneantratien waa found ualng
Spaaxaan®a taat. A log tranaforaatlon waa appliad to the data and a
slgnifieant poaitlva aasoeiation waa found batwaan plaaaa aalondialdabyda and
lipid ooneantrationa (p<0.01), and batwam plaaaa aalondialdabyda
oonoantration and both waigbt (p<0.01) and condition factor (p<0.05) ualng
Paaraon®a teat. Analyaia of varianea ahowad a aignifioant diffaranea in plaaaa
aalondialdahyda oonoantrationa batwaan faadlng and non-faadlng flab (p<0.01),
tha aaan eoneantration balng hlgbar in non-faadlng flab. Dutbla at ai. (1985)
uaad plaaaa aalondialdahyda oonoantratlona as an indax of tha dagraa of tiaaua
paroxidatlon. In the praaant atudy, tbara waa no algaifleant oorralation
batwaan plaaaut vitaadn B and awlondialdahyda coneantrationa and tbara ia no
auggaation that plaaaut auilondialdahyda eoneantratlona ara Ineraaaad
eoneaaad.tantly with a raduetion in plaaaa vitaadn B during outbraaka of PO.

Pablo 4.1T. Plaaaa aaloadialdakyda Btvaktoaa la flab (a
aaoa m (Baaatsd)

Dmtm n Pla's m Mlondi«l<tohy<to |
(Haul 1-°)

Jl.8.88 1 53030
7.9.88 10 44040
13.9.88 10 1005
20a»att 10 707

37.9.88 10 1100
la.ioM < 21010

4.3.8.7 Plaaaa pyruvate Icinasa

Plaaaut PK aaaauraatanta aada on plaaaM aaaplaa eollaotad during the firat
two vlaita avaragad 1881104 mU al*™* at tha firat and 818 au al*“ at tha aaeond.
Tha foraer la high, whilat the latter ia within tha noraal range iMaaurad in
baalthy mperiatantal flah (aaetion 5.3). Ball at ai. (1987b) daaonatratad that
plaaaw PK activity waa Inoraaaad in fiah with po. A aignifieant poaitlva ranic

oorralation batwaan plaaaa PK activity and vltaain B oonoantration (p<0.05)

I
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was datsetad uain« Spaataan®a taat, but eorralationa batwaan PK aetlvlty and
plaaaa lipid and «alondialdatayda ooneantrationa, Tfiab waight and condition
factor, ware not significant. llavatad plaaaa PK activity was ragardsd as an
indicator of incipient Busola d"gagaration and was found to Incraasa in

vitanin l-salaniun dafieiant rainbow trout (Ball at ai. 19BS, 1PB6).

4.3.P Casa I (Bits 8)

4.3.9.1 Casa history

On sita 8, PD was suspactad at tha and of tha first wash in Octobar
1988, after two cages of sawlts on a raft of tan eahibitad a poor faading
response. A third oaga subsequently also showed signs of PD. This ease ahowad
tha pattern of prograsaion typical of a chronic outbreak of PD. At tha first
visit on 14th October, tha affected fish were seen hanging in a group deep in
one comer of the oaga. Tha depth and position of theaa fish appeared to be
related to wind strength and ourrant diraetion. This hanging behaviour was
notioad intaxadttantly during tha first visit, but tharaaftar appeared to ba

oontinuous exoapt at aaal tines whan the group was disturbed by aotiva.
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feeding fiah in the saaa cage. PD ms oonflzmd by staff at DkPS, Aberdeen on
a.l1.Bt, and the r~ort Indicated that both early and late stages of PD mre
rapresanted in the saaple ehioh had bean oollaoted in early October. This
suggested that the oonditlon had been present for sosis tisM before overt signs
mra noticed and that it developed Intermittently or slowly in the population.
In this respect it differed from case m. These aaolts were stocked at 28 000
fish cage™ in IS galvanised steel cages. Two of the cages containing tha
affected stock had small mash nets and tha raft had recently been the target
of a seal attack. As elsewhere, salmon lice posed a continual problaat and
doloualng traatmants ware used regularly. Tha farm had suffered an outbreak
of PD in 1987 at a différait site two hundred metres south of tha nolt raft.
Tha affected population, now gromra, had been moved to a site north of the
sa»lt raft, but these fish showed no overt signs of PD in 1983. In tha first
samples of affectsd smolts, perl-pancreatic fat ms present but pink, most
fish showed no signs of food in the gut, and the hindgut blood vessels mra
oftMi proadnant. At tha second visit (20.10.88), gut-asaoolatod adipose tissue
ms present in soma fish, but not in others. The affected population ms
utilised in the experimental study described below. During the course of this
experiment it ms observed that side"fish appeared to have low rosistanco to
handling and anaesthesia. On 28th October tha affected fish appeared to be
more active, but the presence in the sample of a large fish with early signs
of PD suggested that tha outbreak ms continuing. Tha sample of 4th Rovambar
showed no further improvaswnt. By 6th Oacamber the fish in the comers of the
cages were more active and difficult to catch, indicating tha onset of
recovery. This ms supported by tha observation of food in the guts of even
tha most amaciated fiah. However, at that time three other cages showed a
decrease in feeding response and began to exhibit tha charactarlstio listless,

hanging behaviour typical of PD.

4.3.9.2 Pish might and condition factor

The mights and condition factors of fish collected during this study
are shorn in table 4.18. Over tha course of the study, the mean might ranged

from 2291107 to 318190 g and the condition factor from 1.1210.09 to 1.2410.07.
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Mitbar fish «wight nor oooditlon factor aho«iad any aignifloant trand with
tiaa. A log traaaforaatlon ims appllad to flah «wight, bat no transforaation
«wa naoaaoary for eonditioa factor. Kaithar aho«wd any diffaranca batiwan

faading and non-faading fiah.

la « It. «ad mmaiitioa (aotar of fish ftaa aosa Z (Baaatad)

4.3.9.3 Hiatopatbology

Saotiona praparad froa 12 fiah «wra asaainad to ooafira tha oeeurraaca
of axocrina pancraaa dagwiaration. Sxaaination of t«w heart aactiona frea
aatarial collaotad on 20th Ootobar ravaalad avidanea of aavara cardiag”pathy

in thia outbreak. 3
4.3.9.4 Vitaain B

Pinaaa vitoain B conemtrationa aeaaurad in thaaa fish ara aho«m in
tabla 4.19 and illuatratad in fig. 4.23. Thay fall frea 49141 pg al~“ on 14th
Ootobar to 8t6 pg al*“ on 28th Octobar, than racovarad slightly to 1617 |igal-*
on 4th Hovasdior and 1317 ~g al~“on 6th Dacanbar. Over the course of tha study
thay sho«wd a significant negative rank correlation «rith tiiw (p<0.01). Plasma
vitamin B data «wra subjaotad to a log transformation prior to parametric
analyses. Analysis of variance sho«wd that there «ws no significant diffaranca
in plasma vitamin B concentrations bat«wm faading and non-faading fish.
VI-nnan vitamin B concentrations «wre significantly oorralatad «rith fish «wight

(p<0.01), but not «ilth condition factor.
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Tabi* «.It. Ma vita® = tiatlaaa la «iah fr * @

Data B tlaaaa vitaaia |
CH al)
1«.10.M 1« 4ftal
20.ie.«i 10 1«i0
at.ie.i« 10 Oli
«.11.1« 10 1017
«.12.M 10 1347

«.3.9.5 Plaaaa pyruvata kinaaa

P1“*“ « PX activity waa dataradnad in aa”plaa collaotad on 20th Oetobar
only. A high BMan value of 1121170 mu >1*° «ma Maaurad. Thara «ma no
aignifioant aaaooiation batwaan plaau PK activity and «might, but a
aignifioant negativa correlation «ith condition factor «ma found. Thua plaaaa
PK elevation in po aay ba indicativa of a generai loaa In auaola bulk aa

auggaatad by Ball et ai. (19B7b).
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4.3.».« Mttmet ot HTU frally-idM Inittwd TIfMla 1 on W)

Tabi* 4.20 and figa 4.24 and 4.25 tbow tha raaulta ef plaaaa altaala |
and probaia dataninatioiia on fiah« froai oaaa I, uaad In tha axpariaaatal
atudy of tha affaota of parantarally-adalaiatarad vltaadB S on PD. Aitar a
traataant parlod of 15 daya, plaaaui vitaadn | ooneoatratiena «ara 2117 pg ad**
in tha eontxol group. igi4 |tgad*™ in tha ahaat injaetad group, and 24115 Pg
al*" in tha gtoap givan aitaain | in eoeoa buttar. Tha data «ara aubjaotad to
a log tranafoiaation, and analyaia of varianoa indioatad that no aignifieant
diffarmeaa aaiatad batwaan tha traataanta, daapita tha raaulta of a
praliainary atudy oonduotod ualng haaltby fiah in «hioh a aiailar doaa
produoad a aignifieant rito in plaaaa vitaain | oonoantrationa. Plaaaa protain
eeneantrationa «rara 4115, 44111 and 46110 ag ad*", rnapaotiaaly. Ho
tranaforauktion «raa naadad prior to analyaia of varianoa and again no
diffaranooa «rara found bat«raan tha traataanta. Conaaqumtly anayaa aotivitiaa

baaad on plaaaa «roluaa, rathar than protain oonomtratioa, «rara ooaparad.

>1g.4.34. Plaana «rltMia m caaaantratlo«« ia iapiaat aiyarlaaat

Plaaaa PK and CPX aotivitiaa in aacb axpariaantal group ara givan in

tabla 4.21 and figa. 4.26 and 4.27. Plaaaa PR aetivity «aa 3241252 wU al*" in

I
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H»n pr»t»im cpae— tr«tlo- i» layl- t «pari- t

tba unbraatad group, 239t383 aD al*™* in tha ahaa traatad, and only 92162 aU
al™ In tha group traatad with vltaain B. Plaaaa CPX activity abowad a aiailar
pattam, aaasuring 16116 XU ml™* ir‘1 tha uninjactad group, 14119 XU al™ in tbha
abaa, and 1219 XU al™* in tba vitaain B traatad group. Both nata of data «are
log tranaforaad. Analyaia of varlanoa abowad algnificant traataant diffarancaa
in PB (p<0.05), but not CPX activity. Kultipla coapariaona, uaing tba 0T2
Btatbod, failad to dataot aignificant diffarancaa batwaan any of tba tbraa
paira at 9St confidonea lavai. Hovortbalooa, tba data abow that plaaaa PX
activltiaa vara anieb loaar in tbo vitaain B-troatod group than aitbor tbo
abaa-traatad or uninjactad control groups. Both PX and CPX aetivltioa «ara
slightly lowar in fiab givon eoeoa-buttar than in untroatad fiab. Tbo vitaadn
B eontwnt of tbo cocoa buttar laiplant «ma not quantifiod, but aay bava
eontainod suffioiant to oauao a aligbt raduction in onsyao activity.

A significant positiva corralation batwaan plasaa vitaadn B
eoneantrations and CPX activity was found in tboao aaavlos (p<0.05), but no
aignifioant association was found batwaan plaaaa PX activity and aitbor
vitaain B or CPX. Plaaaa protain eoneantrationa abowad a significant positivo

eorralation with CPK activity (p<0.01), but no eorralation with plasaw vitanda
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lakla 4.30. Iffaat of vitoala m larlaatatloo oa ylooBO olMaastzy ia flok fx
1 CopotoJd)

Troataant a Plaaaa vitaaia B a Plaaaa pxotala
(M BI-9) (ag al-")
Oatraatad n 21tT 14 4.1*0.*
Shaa 12 14%4 1n 4.4%1.1
VitaalB B n 34*13 12 4.4%1.0

Tabla 4.21. Bffaat of vitMla m iaploatatioa oa plaaaa ohoaiatxy la flak ft
oaao 1 (Boaaxad)

Troataont a Plaaaa CPK n PlaaM PR

(U BI-9) @ al-9)

OatTMtad IS ICIK IS 124*233
Bhaa 1S 14«1 14 239+3t3
vitaaia B 13 13*s 12 *2x42

B eoneantration or PK activity. Plaaaa vitaain B eoncantrationa ahoirad a

aignifioant poaitiva eorralation with waigbt (p<0.0S), but not with condition

I
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rif.4.a®. rlana cm aotivitIM ia i~lut aavariBaat”

factor. Plaaaa protain eonoontratlona ware oorralatad with nalthar. Both
plaaaa CPK and PK actlvitia# wara positlvaly eorralatad with weight (p<0.01
and p<0.05 raapaetivaly), but ahowad no aaaooiation with condition factor. Ho
axocrina pancreatic tiaaua waa> ohaarvad in aaotiona Tfro« any of the
y~t1>* fiah raaMining in thia atudy at tha ooagaiation of traataant.
However, eleven of the forty-three fiah ware found to be feeding; aix of theaa
had been given no treatamit, three had been ahaai-treatad and two given vitamin
B by injection.

Maaa and Vddaaa (19B4) auccaaafully uaad vitamin B injection to
increaaa tiaaue a-tocopherol conoantrationa in coaMn carp, and Salta at ai.
(19SSa) could detect no affect of vitamin B-aalenium injection on aurvival in
Atlantic aalmon affected by Hltra diaaaae, but ahowad that tiaaua
conoentratlona of both thaae nutrlanta ware Incroaaad by thia treatment. In
contraat to theaa, and tha raaulta of a praliadnary atudy, no aignifioant
incraaaa in plaama vitamin B waa detected in fiah with PD given aii-rao-a-
toeopherol by Intra-parltonaal injection. Thia may be interpreted to Indicate
that the rate of vitamin B metaboliam is increased in fish with PD, or that

the doaa used was inaufficiMit to oauae a elgnificant rise. Hevarthalaas, this

I
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trMtMat «fFfaetlv* in raduelng plan» PX aetlvity and tharafora auggaata

that aniaola daganaration In PD aay raapond to traataant with Titaain I.

4.3.10 Caaa J (lita 9

4.3.10.1 Caaa hiatory

Tbla alta had had a good raeerd of growth in IPti which waa ita firat
yaac of oparation. At tha tiiM of tho initial wiait to thia outbcaak, flah in
eaga 9 wara alraady aahiblting tha oharaetariatlo hanging bahavlouc typieal
of PD, but aoat appoarod to bo faading, and thia waa oonflmad by tho praaanoo
of food in tho gut in all fiah axaadnad. In eontraat, in eaga 10 nany flah
waro hanging liatlaaaly, a poor faoding raaponao waa obaarvad, and intomal
aaaaination Indioatad that fiah in thia eago had llttlo pari-paneraatio fat.
At tba aaeond viait, both groupa wora faading wall and thalr guta eontainad
food although gut-aaaoolatod fat dapoalta waro atill doplotad in accw
individuala. Muaola laaiona wara ldantlflod by pathologiata, froat Stirling
Univaraity, in flab both with and without paneraatic loaiona. Tha atoan walght
of tba fiah collaetod %iaa 140tfl | ai” tha condition factor 1.1510.19.

4.3.10.2 Tha affact of a non-aatarlfiad diatarv vif-«" « —w»rg«

Vltaad.n X eoncantratlona In food aaaiplaa aMaaurad in duplicate wara
124.416.m mg 100 g*“ in tha a-toeopharol aupploMntad diat and 1S.512.1 mg 100
g*“ in tha "high onargy® diat. In caga 10, fad tha aupplaaantad diat, plaaau
vitaadn X eoncantratlona at tho baginning of tha trial waro found to ba 513
lig al*“. Aftor faoding tha taat diat for a pariod of 12 daya thoy waro
unohangod at 516 figm!™*. In tha aasM caga, plaaaa PX aetivitiea roaa fren 716
mU al** on tho firat viait to 7101753 au al"“ at tha and of tho trial. Tha
Mann-Nhltnoy U-taat indieatad that plaaau PX aotlvitiaa (p<0.01), but not
vltaain X eoncantratlona, ahowad aignlfleant diffaronoaa bafora and aftor tho
atudy. Por eoag™rlaon, in caga 9 fad tba T"high anorgy” diat, plaaaut vitaain
X eoncantratlona fall frea 19115 to 51S pg ad*” batwaan vlalta, and plaaaa PX
aetivlty ahowad llttla changa, falling frga 2021131 to 1241136 aU al™. In
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this ea««< plaiM vltaain | oenorntratioB (p<0.0S)> bat net plaaaa FX
aetlvity, waa alpnlfleantly changad. Tbara waa no aigaifioaat eorralatlon
bat««m plaaaa vltaain | and pynnrata klaaaa aatlvlty during tha eouraa of
thia atudy, but both plaaaa vitanln | and FK ahowad a peaitiva oorralatlon
with fiah might (p<0.01 in both oaaaa), and aloe with condition faoter
(p<0.05 and p<0.01 raapaotivaiy). Xiatologioal aaotiona tram all 27 fiah wara
asaainad. Bomm anoorina tlaaua waa obaarvad in ona fiah item oaga 10 froai the
aaoond viait, but in tha raMlning 20, including tha othar aix fiah which wara
fad tha taat diat, thara wan no panoroatio aoinar tiaaua. llight to aavara
atruotural ehangaa wara notad in aaetiona of haart fro« thraa fiah including

two whioh had raocaivad tha a-tooopharol aupplaawntad diat.

4.3.10.1 OtabilitY of g-tocoDharol in fiah faad

Tha raaulta of tho banoh atudy on tha atability of o-tooophorol in fiah
food ara ahown in tabla 4.21 and fig. 4.24. Tha vitaadn |I oontont of tha diat
ooatod with a-tooopharol in fiah oil fall aharply fro« an initial
oonoantration aaaunad to ba 71.S ng 100 g*“, to 34.3 ng 100 g™ aftar ona wook,
and than noro gradually, to 29.S mg 100 g*° aftar 9 woaka. In oontraat,
oonoontrationa in tha control diat, containing only tha uaual a-tooophoryl
aoatata aupplaawnt, wora ralatlvaly oonatant and rangad froa 21.9 to 22.7 ng
100 g™*. Thora waa a aignifioant nagativo rank oorralation batwaan ritanin |
oonoantration and tlaw in tha taat diat (p<0.01), and a aignifioant poaitiva

corralation (p<0.09) in tha control diat.

Tabla 4.23. atability af a-tooapkarol la flab faad

Tina (watita) 0 1 2 J 4 9
Total vitanln | aoatata 719* 141 131 114 299
“m alcohol
(mg kg-I
maaal vitaailn X aootata 111 319 319 321 237
on
(at kg—‘)
“aaauaad
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4.3.11 Caw» K (lita 4)

4.3.11.1 Caaa history L.
(I
An outbroak of PD at aito 4 had boon studiod in IPST. but in !eee and
1ttP tboro waa no aign of tha condition doapita oxtonaivo aeraaning. In 19P0,
sanits «ara raeoivad in Nay and tho first aigna of PD wars notiead during tha
firat «ask of August, following an outbroak of furunculosis. At this tino tba
fish «ara fad a diat containing 17.9 ag 100 g™ addad a-tocophoryl aoatata.
Pish oollaotad had a amn «sight of 112134 g and an avaraga condition factor
of 1.1010.10. All fish axaainod had littla gut-assoolatod fat. On tha first
visit all but ona of tha fish had no food in thoir guta, but on tho aaoond all

but two «oro faading.
4.3.11.2 Histopatbology

Panoraaa and auscla aoctiona «ara oxaainad freai thraa fiah oollootad at
tha first viait. Panoraatic acinar tisaua «sa cbsarvad in two of tbaaa, but

\
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mll tbraa %Mra aoDsld*r«d to mbow mild eardiae obangaa.
4.3.11.3 iMiarljwiiti tha affart of a ai fr~aclbU yitaaln 1 imirgt

Plaasa vitaBIn 1 eonoantratiena on tba firat vlait avaragad ISIIt tg
ml*1l. Aftar a parlod of 13 daya faading a diat containing a watar-aiaoibla
font of vitaadn m thaaa bad riaan to 33t37 tig al"i. Hoaaaor, ovar tba aaaa
pariod, livar vitaain m oonoantrationa fall from 4tCt3(4 to 3411332 tig al*“.
Uaing tba Nann-Nbitnay O-taat, no aignlfieant diffaraneaa in aitbar plaaaa or
livar vitaadn | ooneantrationa vara found bafera and aftar tba trial« and
migna of oardiovyopatby waro obaarvad in fiab fad tba taat diat on both
oeoaaiona. Rowavar« tba aligbt ineraaaa in plaaaa vitamin m oeneantrationa
obaarvad following ahort-taia aupplaaMntation with thin watar-miaoibla font
muggaata that tbia vitaadn 1 aouroa aay ba uaaful if adainiatarad ovar a

longar pariod.
4.3.12 Caaa L (lita 10)
4.3.12.1 Caaa biatory j j

FD waa raoogniaad at aita 10 aarly in Saptaabar 1tSO and prograaaad mm
uaual for a period of about fiva waaka. At tbia tiaa bigb aortalitiaa began
to ba axparianead in tba offacted oagaa. Nortalitiaa occurred aaong fiab in
raaaonably good condition. Niorobiologioal atudiaa ravaalad no avidmea of an
infactioua agent, but hiatopatbology ahowad tba praaanoa of eardioayopatby,

and alao livar nacroaia, in affaotad fiah.
4.3.12.2 Vitaain B

Flaaaa vitamin B conoantrationa maaaurad in moribund, liatlaaa, and
apparently baaltby groupa of flab from tbia outbreak avaragad 12114, ISIf and

40117 t>g >1"" raapaetivaly. In tha livar, group valuaa wara 3441104, 3101175
and 433174 tig g*.
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4.3.13 ,la——«» « 4. — »miw-iodne~d fP

Two woako aftor oballanga, axocriiio paaoraatle daganaratioa waa found
in 65% of tho fiah injoctad with kidnay aatarial froai flab with PD, but tha
axoeriaa tiaaua of all sbaa lajootad flab was iataot. Howawar, in aubaaquant
waaka tbla proportion waa raduoad ao that by aiai waaka poat-ehallanga only 27%
of fiab ohallwigad with aotiva aatarial ahowad IFD. Mo aignifioant diffaraaea
in auaoaptibility to BPD waa found batwaan group 3 fiab traatad with
daxaaatbaaona, and group 4 oontrela (R. Raynard, paraonal ooaaunieation 19S5).

Rvaragad ovar tba «diola axpariaantal pariod, tba aaan plaaaw vitaain m
oonoantration in fiab eballangad with aatarial froa fiah with PD waa 21tl3 pg
al"“, and in abaa injaetad fish tma 37tlS pg al*“. In fiah found to hava SPD,
tha aaan plaaaa vitaadn E eoncantration waa 14111 pg al*“, whilat in fiah with
intaot panoraatio tiaaua, coneantrationa of 27115 pg al*“ wara aaaaurad. Tha
data waa log tranafonaad and analyaia of varianea ravaalad aignifioant
diffaraneaa batwaan fiah with and without EPD (p<0.01), but not batwaan fiah
aubjaotad to aotiva ehallanga, and ahaa-injaetad controla. Thia auggaata that
vitaadn B daplation is aaaoeiatad with paneraatie daganaration rathar than tba

ehallanga itaalf. i
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S.1 UTOOOOCTIOW

S.1.1 «!e eifet of «tr— m on

Whilst factors Inducing stress in fish suty lead to iaaunosnpprassion and
iaersasad suseaptibillty to Infaetioaa disoaso, nen-spoeifie strossors also
provoke a variety of aetabolio offseta, inoludiag ohsnges in nutritional
status (revieued by Masaaud et ai. 1977 and love 1990, chapter 4). Nitohell
and Beffron (1992) doaoribad various fons of stress syndroaa in pigs, vhiob
were obaraotorisod by ausole degeneration induoad by routine husbandry
prooodures, such as transportation, high taaporaturos, axeroise and fighting.
Other stress-induced myopathiaa have been desoribad in nan (Thoauon and
Robinson 1990), birds (Bonsohel and Louw 1979), Ilwrses (RaasMl and Raker
1972), sobra (Hofneyer et ai. 1973), antelope (Barthoom et ai. 1974; Garieke
and Bofswyr 1976) and deer (Parts and Sundberg 1979; Ullray et ai. 1995).
Duthie et ai. (1999) presented evidence to indioato that the porcine stress
syndrosM say result froa inoroased porosidation of oell — “—— lipids due
to an antioxidant disorder, and Duthie and Arthur (1999) daaonstrated that the
condition will respond to dietary vitamin B supplasMotation. DvorAk (1979)
deserlbad Inveatigations into the UFfMts of streas on the vltasdn B status
of pigs. Including studies which dsannstratod a relationship between
adrenocortical activity and plasaa vitasdn B concentrations. Dvorik at ai.
(1976) showed that the davelopsMnt of myopathy due to experlstantal vitamin B
deficiency was stiinilatad by the application of varioua atrossors. Similarly,
severe myopathy in vitamin B-selanium deficient yearling cattle can be
precipitated by axareisa, transportation, and other non-specific stressors
(Allen et ai. 1975] Anderson et ai. 1977; Van Vlaet at ai. 1977; Roller and
Bxon 1996) .

Inconsistencies in the results of oxparlaMntal studies of vltasdn B
deficiency in rainbow trout (Bung et ai. 1990b, 1991; Cowey et ai. 1991, 1993,
1994) and channel catfish (Mural and Andrews 1974; Lovell et ai. 1994; Wilson
et ai. 1994) may be partly wcplainad by variations in husbandry prooaduras,
such as stocking density and frequency of handling. The affect of stocking

density on vitamin B status in channel catfish (lIctaiurus punctatus) was
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exaelned by Oatlin mt ai. (IfWb). Xb tbla study, groups of flagorllBg oatflsh
wars hold st four diffarant stooklag doasitiaa. laeh of tboso groupo was fad
a viltaalB | froo basal diat, or a diat supplsMatad with S.0 mg MIJ-rmo-a-
tooophoryl aootato 100 g*“, for a pariod of It waahs. iBoraaaad atooking
daoslty signifioaBtly raduoad growth and food eoBvaraloa affiolaaey, but did
Bot affaet plasaa eortisol ooBeaBtratloas. Thara was ao Blgaifieaat dlffaranoa
in in ritro paroxidatioB la hapatie aierosoMO, or othar slgaa of vitaada m
dafielaaey, aaoag groups of fish hold at dlffaraat stookiag daasltias.
aowBTor, alorosaswl paroaidatioa ratos wars sigaifloantly higbor In fiah fad
tho vitaala m doplatod diot. Tiaaua vltaada m eoneantratioaa wars not
aaasurad. llaeo apaoiss diffaraaeaa ia atrasa-auaeoptibility ara known to
occur (tiokaring Ittl), aiadlar atudios with diffsront fish spacias ara
daairablo.

Factors inducing strass in fish havo rapaatadly baan shown to praoada
tho occurranco of ovort PO (MeVicar 1917). la aaarohiag for tha causa of
vitaain B daplation in fish with PD, tha hypothaoas that factors causing non-
spaoific stross rosponsas in fataad salaon rasultad in tissua witaadn B
daplation and/or In tha oxprossion of signs of vitaada B dafioiancy wars
dovolopad. Btudiaa aiaad at tastin_g tt\asa idaas aro dascribad in Baparlawnts

1, 2 and 3 balow. J J
5.1.2 vifwin a status and

In aguacultura, nanipulation of tha dlot aay prévida a aaans for ths
rogulation of tho affacts of stross. Barton at si. (ItBt), woricing with
Juvaaila Chinook salann, found that tha diotary lipid coagposition affootad tho
Butgnituda of sana aatabolio rosponsos to handling and confinaaMnt. Masik st
si. (19B7) found diatary vitaadn C supplasMntation to laprova tolaranco of
channol catfish to high ana»nia and low disaolvod oxygm oonoantrations.
Baeontly, coabinod vitaain C and B diatary supplsaanta havo boon suggaatad to
roduea loaaaa of faxaad salann following handling (J.lobarta, paraonal
cnsamnication 1990). Thn offsets of vitaain B aupplsaantation on tha eortiaol
rasponao to handling and on rasponsos to crowding wars studiad In Bspariawnts

4 and 5.
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In both s«tn of enperinoote, plnaan and Illvor Tltaeln m eoneontratioaa
«*TO datoxHinod, and pXaaaa Balendialdaliydo eoaeantrationa« baaawtoerit,
plaaaa pyruvate kXnaao aotivitioa and wiaela hiatolopy warn varloualy uvaad aa
indioatora of vitaadn m atatua. Vlasata eortiaol eoneantrationa i«ara uaad to
quantify tha raaponaa to aouta atraaaora and lauooorit and growtb rata wara

uaad aa indieaa of tbo dagroo of ohronle atraaa.

S.2 MATTOIALI MIP MWIWDa

Thaaa atudiaa wara oonduotad orar a parled of !e Montba uaing Atlantic
aalawn obtained aa tl enolta froa Howiotown riab Fana, ttirlingahira. Tha
bolding faoilitiaa uaad for tha axpariaanta are daaeribad in appendix 1. Fiab
wara tranafarrad from fraabwatar directly into tha axpariaMntal tanka in Nay
I1tSS. They wara fad a cooMrcial diet at a rata of 1-3t body weight par day
according to body aiia and water taa™aratura, end wara fad twice daily Nenday
to Friday and once daily (half ration) at waakanda. Aaeorda of feeding ragiaa,
aortalitiaa, and water taa™‘ratura wara kept throughout the ti«M tha fiah wara

raaident in the axparlaantal unit.

S.2.1

In Auguat a total of 1158 fiah (BMan waigbt 12C g) warn pooled and
counted at randoai, 183 par tank, into each of tha alx axparlaental tanka. Thay
wara than allowed to raoovor for 8 wooka during which tliM tbay wara fad the
uaual coaBMroial diet, containing 18.4 mg 100 ¢g* vitaain B, at 2.St body
weight day*“. Thaaa wara uaad in an axparlaant to atudy the offacta of
abort-tana crowding and handling on tiaaua vitaain B conoantrationa.

On day 0, nix finh wara captured frea each tank aa a baaallna aaapla.
Tha follcwing traataMnta wara than allocated at randca, tws tanka par
traatxMnti

1) unhandlad control
2) crowding only

3) crowding and netting
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Th* trMtaants war* applied as follows. Fish in ths control tanks wars
Isft undisturbed. Those subjected to crowding only were snpoaod to a lowering
of tha water lanrel, to about 20 ca depth, and refilling owor a period of about
15 Min. Those subjected to crowding and handling were expoaed to a reduction
in water depth as above; they were then netted into a 2 m diaweter, aerated
tank and, after a period of approxIMately 10 min, returned to their original
tank.

Six Fish froa each tank wers saapled after 4 hrs, 1 day, 2 days, 3 days
and 4 days as described in section 2.1.2. Mo food was offered for the duration
of the experiment. The water taag”ature during this experiment ranged from
11.0 to 12.2*C. Plasma a-toeopherol, malondlaldahyds and cortisol
concantrations were measured as described In section 2.2. The resulting data
eats were tested for normal distribution and transformed if necessary.
Analysis of variance was iissd to sxaadns the affects of treatawnt, time and
fish number. For clarity, ths analysis was restricted to data from either
groups 1 and 2 or groups 1 and 3. A partially nested, partially crossed design
wan utilised, with tank as a blocking factor and treatment, time and fish
number and their interactions as treatment factors in ths analysis. Tha
T-msthod of multipla pairwise comparison was used to further investigate
significant treatmsnt-tims effects. "Altamatlvely, if the data were not
normally distributed, the non-parametric Nann-Nhitney U-test was usad to
oosgMire group moans at each time. Tests for correlation between the various

data sets Y%rere made using Pearson’s or Spoaiman®s tests as appropriate.

S.2.2 Bxperiment 2

Fish rsauiining from Experiment 1 wore pooled and distributed at random,
155 fish per tank, into the six experimental tanks. They wers held for five
weeks to recover, and fed the same commercial diet at 1.54 body weight day-“.
An experiment was then conducted to examine the effect of chronic crowding on
tissue vitamin B concentrations. Since crowding is known to affect food
intake, an unfed control group was also used (Pickering 15S1).

On day 0O, a baseline sa™le of 6 fish per tank was collected. The

following treatmmts were then applied to duplicate tanks, again assignsd at
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Takl* >.1. StookiBf daultIM Im liparUnat 2

rande
1) control
2) unfad
3) orowdad

Stocking dansltlaa throughout tha axpariaant ara shown in tabla S.I.

Fish in groups 1 and 2 wars hald in tanks with a watar dapth of 80 ca, volubm
~ approxiaataly 7 a’, whilst group 3 fish wars hald in watar dapth 20 ea, giving
a voluaa of 2.5 s™ for tha duration™ of tha axpariaant. Fish subjaotad to
traataants 1 and 3 wara offarad food at a rats of 1.25« body waight dar®*
Fish in group 2 wars daprivad of food for ths duration of tha axpsrisMnt, but
wars disturbad at faading tiaa by lifting tha tank lid. Tha diat uasd was ths
I usual coaaareial diat with a naasurad vitamin B contant of 16.4 mg 100 g-~

During tha study parlod ths ssawatar taevaratura fall from 10.7 to 9.8*C.

Tabla 5.2. Vitaala B ooataat of diats osad la Bsparlmaat 3

Six fish par tank wara samplad at 3 days, 1 wsak, 2 waaks, 3 waaks and
4 wsaks aeeording to tha proesdura datailad in saotion 2.1.2. Plasma and Ilvar

vitaadji B and plaasM malondlaldahyda coneantrations wars msasurad using tha
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ewthode glvaa in saotlon 2.2, and baaauttoorlt and Xaueoerlt warn Baaaurad as
daserlbad In ssetlon 2.3. Ths rssults wars subjsotsd to statistical analysis
as above, and analyses of variance were again restricted to groups 1 and 2 and
groups 1 and 3. In addition, teats for correlation with water taaperature were

porfotBod using Spearaan®s teat and data frea the control group 1.

5.2.3 gxperlaent 3

The raaaining fish %iera pooled and redistributed at randoa aaong the six
tanks, 11IS per tank. These mre allotied to recover for three weeks before the
third experiatsnt began, and during this period were fed the coasMTcial diet
at 1.25 t body might day*“. These fish were used to study the effect of
crowding on tissue vitaadn B concentrations and indicators of anisele

degeneration in fish fad a diet lacking supplaawntary vitanin B.

Table S.3. Staekiag deasities la Bapariaaet 3

Tlaa (aonths) Stoeking dMisity (kq
Rgqular di*t Lov vitamin B Low vitaaln B
Uncrowdqd Unerowdad Crowdad
0 S.7 9.9 23.3
1 f.l 0.4 22.0
2 t.S 10.4 24.S
3 10.~ 10.4 21.S
4 t.7 10.9 27.4
5 14.0 14.4 32.9
< 14,C 13.7 33.7

The low vitanin B diet was of a eaosMreial-typa supplied by BP Nutrition
Ltd. with no supplaewntary vitasdn B. The regular diet was to a standard
foraulatlon. The results of vltaadn B detatainations on the esperiiiental diets
are shown in table 5.2. On day O, a baseline sanpla of five fish per tank was
collected and the fish subjected to the following treataants assigned to

duplicate tanks at randoa.
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1) regular diet; unerowdad
2) low vitaaln B dlot; unorowdad

3) low vitaain B dlatj erowdad

A faading rata of 1.2SB body weight day* waa aavloyad ucoapt duriag the
first aonth wbMi 1.t waa usad. Stooking denaitiea throughout the arparlaant
are shown in table 5.3. As in Bxpariaent 2, unerowdad fish (groups 1 and 2)
wars held in water depth BO ea, voluaa 7 a* and crowded fish (group 3) in
water depth 20 ea, veluaa 2.5 a*. The seawater taaparatura ranged between B.O
and 14.0% during the course of this study.

Five fish par tank ware sai”lad, as described in section 2.1.2, every
4 wseks between 1 and 6 aonths after the experiaent began. Plaaaa and liver
vitaain B concentrations, plasaa aalondialdehyda and protein concentrations
and plaaaui pyruvate kinase activities ware SMasured as described in section
2.2. Saaples for the datemination of haaawtocrit and leuooorlt ware collected
as described in section 2.3. Baaples for histology were collected and
processed as detailed in section 2.4. These results ware statistically
analysed aa daaerlbad previously, although in this case the analyses of
variance ware restricted to groups 1 and 2, and 2 and 3. In addition,
differences batwa«i m Iss and faawles>were tested using analysis of variance

with sax as a treatawnt factor.

5.2.4 BUTStiaTnLJ.

Fish subjected to traatSMnts 1 and 2 in Bxpariawnt 3 ware utilised in
a further experiaMnt without ro-randoaisation. These groups had been reared
for six a»nths on diets with and without supplasMntary vitaain B respoctivaly.
In BxporisMnt 4, the affects of these treatawnts on reaponses to acuta atraes
were exaainad.

Bighty-two fish in each of the four tanks continued to be fad the
expariaental diets for a five day period after the ooaplation of Bxperiaant
3. On day 0, a baseline saapla of five fish par tank was eollaotad and both
groups were subjected to a short period of crowding and handling. The

treataents here wore as followsi
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1) regular dlati oroudlng and netting

3) low vitaMIn | diet; erowding and netting

rive flah per tank were aaivlad at four heura, 1 day, 3 daye and 9 days
as daseribad In saotlen 2.1.2. The fish were not fad for the duration of this
esparlsMat. riassuk vitsMIn I, Bslondialdafayde and oortlsol oonoantratlons were
detenalnad as deeerlbad In seetion 3.2. Baasuitoerit and leuooorlt wore
aeasurad an desorlbad In saotion 3.3. The results wore oooparad using analysis
of varlanee and correlation tests as described above, wtomft that during
analysla of varianoa of the bioohaaloal data only trestoent and tlaa were
aoployad as treataant factors. In the ease of non-nonully distributed data,
the Mann-Nhitnay U-test was again used the to ooapara traataent iMans at each
tlaa. Differences due to ses or state of aaturlty wore tested using a

single-faotor analysis of variance.

5.2.5 Kxoeriasnt 5

The raaalning fish (384 in total) wore pooled and distributed at randca,
64 par tank, into the six esperiasntal tanks. They wore left to recover for
three weeks and fed at a rate"of 0.5% body weight day*“ on the usual
ocaaarcial diet, fubsequantly, they ware used to axaadna the affaots of graded

dietary vitaain |I supplaamits on responses to chronic crowding stress.

Table 8.4. Srsparatlea e( diets is Isperinset 8
VitaalB B Measured dietary
TTMUMUT suppleaent oil Fmd n vitaais B
) & (eg kg™
©)] (eg k)

1 0 0 1.9 29 2 o1tl
2 25 N0 1.9 29 4 107020
10 200 1.9 29 % 217*12

The basal diets were again of coBSMroial type, supplied by BF Nutrition
without supplasMntary vitaadn m or carotenoid pigsMnt, and were not pro-ooatad

with fish oil. Three experiaental diets ware prepared to contain 0, 5.0 and
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20.0 mg Addad vlituda = 100 g-“ dl«t mhoim In tabla S.4. HoviBin 1S0
adsorbatn (Rocha Ltd., Barts.) was uaad as tba vltaaia 1 soorea. This
praparation oonsiata of aii-rae-a-toeopharyl aoatata adsorbad onto silioio
acid and contains 500 mg kg™ a-tocopharyl aoatata. Tha appsoprlata quantity
of Rovisdjc 1SO adsorbata was nlxad Into fish oil using a Bobart food nlxar,
and than ooatad onto tha faad, at ft oil by wolght, using a cssisnt alzsr. Tha
aaasurad vltaadn B oontants of aaob of tba asparlnantal dlats ara also shown

In tabla 5.4.

«abls 1.B. SkookIBB faasltlss is

stocking density Ckg 3")

Thae (neeks) Crotfdsd Crowded Crowded
0 mg kg-* 50 ng kg- 200 ag kg™

0 21.3 2«el 20.4
1 23.1 25.< 20,3
3 23.1 2.2 20.4
< ICO 17.3 10.2
> IS.. 20.3 17.3

12.7 20.0 17.1

On day 0, flva fish par tank w4ra collactad as a basallna saapla. Tha
following traataants wara than allocatad at randca to duplicata tankst
1) crowdad; O mg 100 g"“ added vltaain B
2) crowdad; 5.0 ag 100 g**
3) erowdad; 20.0 mg 100 g™*

All thraa groups of fish wars bald In water dapth 20 ca, volum 2.50b,
for tba duration of tha axparlaant. Stocking dansltlas arc shown In table 5.5.
Tha dlats wera fad at a rata of 0.4% body weight day*. Water taaperatura
during this axparisMnt fall froa 11.4 to S.9*C.

Five fish par tank wara saaplad at 1 weak, 3 «lasks, T weeks, 9 wsa)cs and
12 weeks as described in section 2.1.2. Plasaa and llvar vitaad.n B and plaaaw
aalondlaldahyda concentrations wara dataralnad as described In section 2.2,
haaaatoorlt and laucocrlt ware aaasurad as In section 2.3, and tissues ware

procassad for histology as datallad in section 2.4. Statistical analysis was
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«* bafora, axeapt that all thraa traataaat greups wara eoaiparad in ona
aaalysla of varlanoa« and taata for oorralation with watar taapaxatura wara
pai”ooad uaing antlra data aata rathar than any control group aa pravloualy.

S.3 KMPLT8 AMD DISCOSIIOW

S.3.1 Bnoarlaant 1

tahla i.a. Ua g-toaophaial atratloBa in Iwpariaaat 1 (aaaatad)
Tlas Traataant a Plaaaa a-toeopharol
M ml-*)

0 hrs Unhandlad C 113154
Crowdsd < CSilJS
Mattad 4 107141

4 hrs Unhandlad < 54114
Crowdad < 44125
Hattad < 75124

1 day Unhandlsd « 5%tl4
Crowded c U tl7
Hattad < «1117

2 days Unhandlsd < 44115
CromM if 34113
Hattsd c 45114

3 days Unhandlad 4 43114
Crowdsd ( 2511«
Hattad c 33115

4 days Unhandlad c 51114
CroHdsd < 47120
Hattad < 210 i

Naan plaaaa a-tocopharol eoneantrations for aaoh traataMnt at aaeh tlaa
in Expariaant 1 ara shown in tabla S.C. Figa 5.1 and 5.2 ahow pUsM a-
toeopharol ooncantrationa in groups of fish subjaetad to crowding and crowding
and handling in relation to controls. In tha unhandlad control group 1, plasaw
vitaain | oonoantratlons fall froa a aaxiaua of 113154 pg al** at 0 hrs, to

54114 Kg al-“ at 4 hrs and tharaaftar stayed fairly constant, falling to only
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SItK Jigb1* at 4 days. Lowar Initial la~la wara aaaattrad in group 2 ahieh
waa aubjaetad to ahort-toxB oxouding only. Zn thla group, plaaaa vitaain |
oonoantrationa of 65t3S, «+25 and «+17 |igm!*" warn aaaaurad at O bra, 4 hra
and 1 day raapaotivaly. Thbaaa than fall aligbtly and batuaan 2 and 4 daya
rangad batwaan 2StIt and 47+21 pg mI*. In group 3, aubjaotad to both oroading
and handling, plaaaa oonoantrationa of 107+41 pg ml*" wara maaaurad at O bra.
Tbaaa fall to 79+24 pg ad™ at 4 bra and 41+17 pg al*“ at 1 day, and batwaan
daya 2 and 4 rangad froa 33+15 to S3+15 pg al*™~. Tha data froa both groupa 1
and 2 and 1 and 3 wara aubjaotad to aquaro root tranafoiaation prior to
analyaia of varianea. Signifioant affaota of tiaa (p<0.001) aara found within
tbha data team groupa 1 and 2 and 1 and 3 and, in addition,
traataant-tiaa-nunbar intaraotiona (pt0.0l) wara dataotad in tba eoapariaon

of groupa 1 and 3.

aalondialdabyda oonoantrationa ara auaaariaad in tabla 5.7. In
y roaa froa 2+2 paol 1** at O hra, to a aaxiaua of 17+13 paol 1°*

. In tha orowdad group 2, thay rangad aora widaly, but alao ahowad
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eakla 1.T. Via maloadlaldakrda atratloaa la 16 tad)

Tlao Traataaot n Plaaan aaloodlaldahyda
(paol 1**)

0 hrs Onhandlad 4 2+1
Crowdad S 442
Vsttsd < 442

4 hrs Onbandlad S 412
Crowdad 4 442
Mttsd 9 442

1 day Unhandlad 4 1315
Croirdsd 4 140
Nattad 4 1345

2 daya Unhandlad 4 412
Croirdsd 5 341
Itattsd 4 241

3 daya Unbsndlsd 4 743
Croirdsd 4 1444
Eattod 4 1044

4 daya Unhsndlsd 4 1345
Croirdsd 4 1044
hsttsd 4 442

an ovarall Incraaaa, froa 816 Jibol 1*“ at O hrs to 913 at 2 and 27114 |Juaol 1**
at 3 days, and to 22110 (uol 1* at 4 daya. In group 3, thay Ineraaaad froi
614 |ia»l at 0 hra to 22110 at 3, and 1414 Maul 1*“ at 4, daya. Thaaa data
wara aubjactad to aquara root tranaforaation bafora analyala of varianca and,
in coaparlaona of both groupa 1 and 2 and 1 and 3, aignlfleant offacta of tiao
(p<0.001), but no troataont affacta woro found. Paaraon®"a toat ahowod that
plaaaa vitamin E and aalondialdahyda concantratlona wara nagativaly corralatod
(p<0.01).

Plaaaa cortiaol coneantratlona aro glvan In tabla S.8 and Illuatratad
in figa. 5.3 and 5.4. Throughout tha atudy, moan oortlaol eoneantratlona
raaalnad bolow 5 ng ad™“ in all groupa. In tha control group, thay aaaaurad
2.412.2 ng &.™ at 0 hra and 2.612.8 ng aa*“ at 4 hra, fall to 0.310.2 ng al™
at 1 day, and roaa to 1.412.7 aftor 4 daya. In tha orowdad group thay
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groups froa Kxporlaoat 1 (— intuo)
doerMUod froa 3.0+3.8 ng b1"“at O bra to 0.6t0.6 at 4 bra and, batvman 1 and
4 days, rangod froa OtO.l to 1.5=1.8 ng Bd*“. In group 3, subjootad to
crowding and handling, tbay roso froa a 0 br aocan of 3.112.7 to 4.812.3 ng
al*™ at 4 bra, than fall to balow 0.1 ng al** on daya 2 and 3 and 0.710.5 ng
al*“ on day 4. Tbasa data could not ba noraalixad by aitbor aguaro root or log
tranaforaation and %fora tborofora analyxad using non-paraaatric aatbods.
Hann-Nhitnoy U-taats carried out on tba data froa groups 1 and 2 and 1 and 3
at aach tiaa rovaalad significant diffarancos only batwaan groups 1 and 3 at
1 day (p<0.05). Spaaraan®a corralation taat abowod a aignificant positiva
association batwaan plaaaui cortisol and vitaain B concantrations and a
significant nagativa association battraan plaaaa cortisol and aalondialdabyda
concentrations (p<0.001).

Weight and condition factor data are given in table 5.9. Mean Tfish
weights In each traataant group at aach tiaa, ranged froi 204148 to 260132 g
and condition factors varied between 1.3410.07 and 1.7210.12. Thba

untransforaad weight data was ussd for analyses of varianca. In both analyses.
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«mbla S.t. ria oertiaol oob Btratiems ia 1 <a tad)

Tima TrMtMRt n Plasma cortisol 1
(ng ml-*)
0 hrs Unhandlad € 2.4*2.2
CrowM 6 3.0*S.S
Mattad c 3.1*%2.7
4 hrs OBh«ndl«d « 2sCt2.1
CrowM < 0.6*0.*
N«tt«l < 4.0*%2.3
1 day Unbandlad c 0.320.2
Crowded 4 0.220.2
Matted « 1.3*1.0
2 days UnbandlAd c 0.021,3
Crovdud $ 1.521,0
Hattad € 0.020.0
3 days Unhandlad C 0.721.2
Crowded c 0.020.1
N«tted < 0.020.1
1 4 days Unhandled c 1.422.7
Crowded 0.7*1.4
1 Nattad < 0,720.5

aifnifleant affects of «Might (p<0.05), but no troatawnt effacts «rara
datactad. Similarly condition factor, again untransforaad, shotfod significant
~ina-iflsa diffaraneas (p<0.001) whan tha data was rastrictad to traatmants 1
and 2 and 1 and 3. Traatmant-tima intaractions wara also datactad (p<0.0S)
within tha data rastrictad to groups 1 and 3, but palrwlsa multiple
comparisons failed to detect any significant diffarancas battiaan these
treatments at any time. Using Paarson”s tast, significant positlva oorralation
eoafficlants «lara ealeulatad bat««aan plasma vitasdn B coneantratlons and fish
«Might (p<0.01) and condition factor (p<0.001), and significant negative
associations «Mrs found bat«Man plasaui malondialdahyda concantratlons and
«Might (p<0.0S) and condition factor (p<0.001). Spaanun®s tast sho«Md that
plaama cortisol concentrations «Mrs also positively correlated with «Might

(p>0.05) and condition factor (p<0.05).
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Cabla 9.t. Walgbt aad ooodltioa factor of flab feos 1 < tad)

Tina Traataant n Naight Cmdltlon
<Q) factor
0 hra Onhaadlad 12 219199 1.4110.11
Crowded 12 249248 lac1*0.21
mattad 12 23C143 1.72*0.12
4 hra Unhandlad 12 2C0i32 1.34*0.05
Crowded 12 258154 1.5010.12
mattod 12 24tt4l 1.5210.10
1 day Unhandlad 12 252*31 1.5210.07
Crowdad 12 221*30 1.50*0.05
Hattad 12 224*5« 1.43%0.05
2 days Unhandlad 12 241*50 1.4«*0.0C
Crowded 12 225%*52 1.44%0.11
Mottad 12 211141 1.4410.05
3 daya Unhandled 12 239139 1.44%0.05
Crowdad 12 213*44 1.42*0.10
Nattad 12 223*37 1.41%0.11
4 daya Unhandlad 12 205*33 1.33%0.05
Crowdad 12 222%42 1.43*0.10
Hattad 12 204*4* 1.34*%0.07

In BxpariaMnt 1, eortlaol concontrationa of botwaon 0 and 3 ng al.* worn
aMaaucad in unbandlad and crotidod groupa of flah. Thoao aaaa to bo within tha
nomai mating rango for Atlantic aalaon (Plckoring at ai. 1987b). A
tranaiant plaaaui cortiaol olavation waa notad at four houra poat-troataant in
fiah aubjacted to crowding and handling, but nomai lavala tiara raeovarad by
1 day. Plaaaa cortiaol alavation la a wall racognlaad raaponaa to acuta atraaa
(Donaldaon 1981) and waa uaad in tha praaant atudy to giva acM Indication of
tha aavarity of tha axpariaantal procaduroa. In thla raapaot it ia intaraating
that tha orowding procadura, whilat claarly cauaing incraaaad activity in tha
flah, did not load to any datactablo eortiaol olavation.

Ho ehangaa in plaaaa a-tocopharol concontrationa aa a raault of aithar
orowding or crowding and handling warn diaeamiblo in tha currant atudy. In

addition, higher cortiaol eoncantrationa wara not aaaoelatad with lower
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vitaain B concentrations, rathar a positiva corralation %ias dataetad. Dvorik
(1979) found that atrasa in pigs causad aithar an inersasa or a dacraaaa in
plassM vitaadn B concantrations depending upon its duration. In the prasant
study, changes in plasaut vltaiain E concantrations, in all groups during tha
course of tha axpsrilsant, raflactad diffarencas in tha weight and condition
factor of fish saavlad.

Hayashi and Takagi (1977) reportad high thio)>arbituric acid values in
tissue lipids of Sardiaopm MJanostica affaetad by the savers stress of gill-
nat capture. These aay have resulted fren increased oxygen consuaptlon and
tissue lipid peroxidation. In the present study, them was no incraasa in tha
degree of peroxidation, aa assassad by plasma malondialdahyda concentrations,
following either acuta stress. However, plasma vitamin B and malondialdahyda
concentrations showed a significant negative corralation, suggesting that
malondialdahyde production is suppressed in fish with higher tissue vitamin
B eonemtrations. Muscle thiobarblturic acid values ware found by Natanabe at

ml. (1970b) to be elevated in vitamin B-daficiant carp.
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Vif_L.i. IH»» «OcilMl mtratleaa la ( atrel < laad baadlad gveapa fr
mspariaaat 1 (esaatse)

5.3.2 gXDTIn*nt 2

Plaaaw a-tooopbarol eoneantrationa aaaaurad In saaplas froa Bxparljaant
2 ara auaaariaad in tabla S.i0. Tha data froa groups 1 and 2 ara eoaiparad in
fig. 5.5 and froa groups 1 and 3 in fig. 5.6. In tha control group 1, plasaa
vitasdji B coneantrations fall froa 53tl4 pg al*“ on day 0, to 46t9 pg ath* at
1 waok, than rosa to 58+8 g b1** at 4 waaks. In tha unfad group 2, thay fall
froa 51tl2 figal™  on day O to 36t22 ~g al™ at 1 waak, rosa to 51119 tg ad.**
at 2 waaks, than droppad to 17112 pg al*“ at 3, and 1618 at 4 uaaks. In group
3, subjaetad to chronic crowding, thay fall froa 5016 pg al** on day O, to a
alnlaua of 38115 pg al*™ at 2 %rasks, than incraasad to 4615 g al*“ aftar 4
waaks. Thasa wara lowar than controls throughout ths axpariaant. Ho
transforaation of tha data, prior to analysis of varianca, was nsoassary for
aithar traatsMnt coaparison. Significant traataant (p<0.05) and traataant-tiaa
(p<0.01) affacts ware dataotad by analysis of varianoa of tha data frea

traataants 1 and 2. Pairwisa aultipla ccaparisons ahowad that plasaa vitaain
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TaU* 1.10. Mana a-tooopbarel ooacaataatloaa la Bsparlaaat 3 (aaaatad)

Tim TTMEMFEL a Blaaan vitaala B
(pg BI=)
0 daya Control 4 53114
Oafad 6 91112
Crowdad 6 9014
3 daya Control S 4ti22
Onfad 4 49114
Crondttd c 45*1t
1 WMk Control ( 44tf
Unfad c 34132
Crowdad < 40114
2 waaka Control 4 4919
Onfad < 91119
CroiftM < stels
3 WMks Control c 94133
Unfad < 17tl2
Crowdad $ 44t1C
4 waoka Control c Sttt
Unfad c litt
Crowdad 4 4<t9 1

B coneontratiooa wora slonifioantly lowar in tho unfad group than In controla
at 3 and 4 woaka (p<0.05). No aignlfieant troatamit affaeta vara dataotad
bat¥raan groupa 1 and 3 and no tiaM affaeta vara found in althar ooaipariaon.
Livor vitaadn B concantratlona ara ahown in tabla S_.11 and figa. S.7 and
5.8. In tha control group thaaa fall gradually, froa 3551183 |(@ g*“ on day O
to 231191 pg g* at 3 waaka, than Incroaaod to 4531131 pg g*“ at 4 waoka. In
tha unfad group thay fall a»ra atooply, froa 354167 pg g*“ on day O, to 57136
pg g at 3 waaka and 98140 pg g*" at 4 woaka. In tha crowdad group thay alao
ahowad an initial raduetion, froa 3461153 pg g*“ on day O to 2101131 at 1
waok, but than roeovorad to 4091144 pg g™ at 3 waoka and 3301119 pg g™ at 4
waoka. Again no tranaforaation of tha data waa noooaaary prior to analyaia of
varianea for oithar traataant ooapariaon. Significant traataant-tiaa

intaraotiona (p<0.01), and affaeta of tiaa (p<0.01), wara dotoctad by analyaia

\
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Vakla 1.11. Uvar e-teaeafceiel i
(ii t!\}[) 1 tnkiaaa la layarIMat 3

of variane# of the data froal traatawnt 1 and 2. Palxwiaa aniltipla eoa®arlaona
ahowad that the Mana in tha eontr and unfad groupa of fiab diffarad
aignifieantly at 4 waaka (p<0.05). No ajgnlfleant affaota wara dataotad by
analyala of varlanoa ualng data froa oupa 1 and 3. Paaraon"a taat ahowad a
poaitlva corralation batwaan plaawt and livar viltaain B eoneantratlona in
atudy (p<0.01).

Tha raaulta of plaaaut aalondialdahyda datarainationa ara ahoan in tabla
S.13. In group 1, plaaaa aalondialdahyda ooneantrations of 301P pael 1*" aara
aaaaurad on day O; thaaa fall to 1U« paol 1* at 2 aaaka, than inoraaaad to
HIP pael 1*by 4 aaaka. In groupa 2 and 3 a aiailar pattam aaa obaarvad. In
tha unfad fish, thay fall froa 2314 pbm1l 1* on day 0, to 112 towl I- at 2
aaaka, than roaa to 1P17 M«el ! at 3 and 1113 at 4 aaaka, ahilat in tha

eroadad group thay fall froa 23113 paol I-on day 0, to «IS paol I-“ at 2
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WMka, than incraaaad to 18t9 taol 1" at 4 waaka. Squara root tranafoxaatlona
vara uaad prior to atatlatlcal anélydia. In both eaaaa analyaia of varlanca
ravaalad algnlfieant ehangaa with tloa (p<0.001), but no traataant or
traataant-tiaM affacta. In addltion, algnlfieant affacta of flah nuabar «ara
dataetad (p<0.0S) In tha coaparlaon of groupa 1 and 3. Tha untranaforaad data
waa uaad for oorraXatlon analyaaa. In thla atudy no algnlfieant eorralatlon
bathiaan plaaaa vltaaln B and aalondlaldahyda eoneantratlona waa found.
Baaaatoorlt and laueocerlt data ara glvan In tabla 5.13. Cbangaa In
haaaatoerlt In tha axparlaantal groupa aro ahown In figa 5.9 and 5.10. In tha
eontrol group, haaaMtoerlta fall froa 43t3t on day O to 3943t at 3 daya and
3013% aftar 1 waok, than raeovarad to 4313% at 3 waoka and 4115% at 4 waaka.
In tha unfod group, thay fall freni (013% on day O to 3914% on day 3, Inoroaaad
to 4317% at 1 and 4313% at 3 «moka, than droppod to 3714% at 4 waaka. In tha
erowdad group, thay aoaaurod 4113% on day O and 4113% on day 3, roaa to 4315%
at 1 woak, fall to 3714% at 3 waoka, and than Inoroaaad to 4014% at waok 4.

Analyaia of varlanoo of tha untranaforaad data froa groupa 1 and 3 and 1 and
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rifl>S<¢ Vlaaaa a-t«aepkurol~ Dtrol amd ocowMi
Uperlwet 1 (meectee)

3 r«vMl«d eignificant affaots of fish nuabar (p<0.001), with hlgbar
baaautoorits baing aaasurad In fisk bliid latar rathar than aoonar. Significant
affaots of tias vara dataetad in tha coaparison batifaan groups 1 and 3, but
not batwsan groups 1 and 3. Significant traatsMnt-tiaM intaraotions vara found
(pcO0.00I) in both casas, but aultipla coaparisons dataotad significant
diffarancas only batuaan traataants 1 and 3 at 3 tiasks (p<0.05). Thara was no
oorralation batwaan haaaatoerita and aithar plasiw or livar vitaain B
conoantrationa, but a significant positiva association was dataotad batwaan
hasaatoorits and plassui suilondialdahyda conoantrations (p<0.01).

Lauooorit SMasursaMnts ara shown in figs S.Il1 and 5.13. In tha control
group, lauoocerits of 1.19t0.33t, 1.31t0.19t and 1.19i0.30t wsra racordad at
day O, 1 day and 1waak raspactivaly, but thasa fall sharply and batwaan 3 and
4 waaks rangad from 1.0310.09 to 1.0310.14%. In tha unfad group thay fall
irragularly, froai a aaxiaua of 1.1510.11% on day O to a adnlsuat of 1.0310.15%
at 4 waaks, and in tha crowdad group thay showed an initial fall, fro«

1.1410.15% on day O to 1.0510.33% at 1 weak, but than racovarad to 1.1910.04%

I
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Cakla t.I13. ria maloadial«akr«a kratioas la mayariaaak a (@

Tim traatmat B Plaam mlnniHalilakyda
(ami 1)
0 days Control 4 3033
OBfad 4 2334
Croudad € 23313
3 days Control C 1334
Dnfad 4 12310
Crowdad < 12i<
1 mok Control 4 1134
Unfad 4 0310
Crowdad c 14t<
2 mailt Control 4 430
Onfad c 132
Crowdad < CIS
3 mats Control « ms
Onfad < 1037
Crowdad < -ts
4 maka Control < 1030
Onfad < 1133
Crowdad ICif

on waak 4. Again thara waa no naad for tranaforaatloa prior to analyaia of
varianoa for aithar traatawnt pair. Signifleant affaota of tlaa (p<0.0i) vara
dataetad by analyais of varianca of tba data froci groups 1 and 2. Analysis of
varianea of tha data frati groups 1 and 3 ravaalad significant traataant-tiaa
intaraetions (p<0.05), but no significant diffaranoas wara dataetad batwam
tha BMans at any tiaa using Miltipla pairwisa oetipariaona. Thara ma no
significant oorralation batman loucoerita and hacauitoarita, nor batm an
laucoerits and plasaa or livar vitoain B or plasaa aalondiald”™yda
eoneantrations.

Naight and condition factor data ara givon in tabla S.14. Condition
factors in groups 1 and 2 ara illuatratad in fig.5.13, and in groups 1 and 3
in fig. 5.14. During tha ooursa of this study, fish in tha oontsol group grow

froa 3431BS g on day 0, to 352tM g at 4 maks, fish in tha unfad group lost

I
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a

walght, froa 357143 g at day 0, to 393163 g at 4 woolca and, in tba erowdod
group, aoan aaaplo woighta ataya”™ fjalrly oonatant, tho flab growing froa
356143 g on day 0, to only 3601108 g at 4 woa)cs. Condition factor daoraaaod
In all groupa, but to dlffarant dagraaa. In tba control group. It fall froa
1.5410.06 at day O, to 1.4010.06 at 4 waaka, la tba unfad group It abowad tbha
largoat drop, froa 1.4710.07 to 1.3710.04 ovar tba aaaa parlod, and In tbo
erowdod group It fall froa 1.4610.07 to 1.3610.06. No transforaatlon of walgbt
or condition factor was naeasaary prior to analyals of varlanea. dignlflcant
traataant-tlaa Intaraotlona (p<0.05) wara found by analyala of varlanoa of tbho
walght data froa groupa 1 and 3, but aultlpla eoaparlaona dataotod no palrwlaa
dIffaroacaa at any tiaa. Cooparlaon of traataMta 1 and 3 abowad only
algnlfleant affacta of tlaw (p<0.05). Analyala of variance of condition factor
data froa groupa 1 and 3 abowad algnlfloant tlaa (p<0.001) and traataant-tlaa
(p<0.001) offacta, aa wall aa ovarall traataant dlfforancoa (p<0.05). Nultlplo
palrwlae ooaparlaona abowad that condition faotora In tbo unfad group dlffarod

algnlfloantly froa tboao of tba oontrola at 1,3,3 and 4 waaka (p<0.05).

I
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Conditlon faeton in groups 1 and 3 showad aignifloant tima (p<0.001) and
ovarall traatasnt dlffaraneas (p<b.Ol), but no traatMnt-tIM affaets.

Vaaraon®a tast showad that fish waight was aignlfioantly eorralatad with
nona of tha abova bloohaadoal and haaaatologloal paraaatars. Conditlon faotor
showad a positiva oorralation with plasaa and llvar vitaaln B and plaaaa
swlondlaldafayda oonoantrations (p<0.01), but not with althar haasuiteorit or
laueoerlt.

A aignifloant eerrolation was dataotad batwsan water taa”aratura and
laueoerlt la group 1 during tha eoursa of this axpariaant (p<0.01), but nona
of tha ethar bloohsaioal or haaawtologloal paraMtars showad any ralatloashlp
with water tssipsratura.

Vlasaa oortisol oonoantrations ara unsultabla for usa as Indleators of
ehronlo stress sinos thay My show eoavansatlon (Thoauis IMO). NolLaay and
Oordon (1*77) usad laueocerlt te detaet a stress raspense In oohe salaen
esposad te IcraftHidll affluant for long perioda. In tha prasant study, thls
tast was usad In an attaa”t te quantlfy tha degras et ehrenle stress Induead

\
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«mU* 1.1J. etoarl* mmt la rit ka U a(m

Tina Traataaat B maanntecrlt Lanooorit
Q] @

0 daya Control 2 43tS 1.1¥*.33

Onfad 13 40%2 1.13*.11

Crowded 13 21*3 1.34**_1S

J daya Control 12 2**3 1.21%*_1*

Onfad 12 34 1.*7**.1S

Crowded 12 41*2 1.7 1*

1 waak Control 13 32 1,15 3*

Oafad 12 43*7 1.14%*.1*

Crowded 13 42*3 1.*S*.22

3 waaka Control 13 33 | Warisiaiiaed

Unfad 13 43*7 1.*S**.14

Crowded © 2f*4 1.*7**.24

1 waaka Cmtrol 2 «2*2 1.02*%0*1«

Dnfad © 43*3 1.1S**.2*

Crowded © 374 1.14%*_1S

4 waaka Control 12 41*S 1.*3**.13

Onfad 12 37*4 1.02*0.15

Crowded 40*4 1.1>%*_2*

by orowdinf. Th* pattern of laueoerlt sapprasalen folloifad by raeevary in flab
aubjaetad to tbia proeadura la typical of tba lauooeyta raapenaa to ebroaie
atraaa obaarvad, for axaapla, by Plokford at ai. (1*71) (Plekaring latl).
Howavar/ no atatiatieally algnifioant dlffaranea waa dataotad batwaan erowdad
and control groupa in tha praaant atudy. Tha control group ahoaad a abarp
reduction in laueoorit batwaan waaka 1 and 2 whan tba mtar taavaratura alao
fall aharply. Maigbt gain alao providad aooM indication of tbo dagraa of
obronie atroao. Naan waigbta wara bigbar In tba control group, particularly
at ifaska 2 and 3, whilat crowded fiab abowad little waigbt gain during tba
couraa of tba atudy.

Ovordk at ai. found that Ilong-tarn atlaulation of tha
bypothalnaw -pituitary-adranal ania raaultad in raducad tiaaua a-tooopbarol

ooneantrationa and tba axpraaaion of aigna of vitanin 1 daficiaoey la piga.

\
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In th* praannt atody, plaaaw vlI“«at|n B oonoantrations sbhowad a gradual
daplatlen la orowdad fiah whan ooag”rad to oontrola, but thaaa dlffaranoaa
warn not atatiatloally aignlfleant. Livor vitaBIn B oonoontrationa ahowod a
ml>ilar raaponao axoapt at 3 waaka whan unaxpaotadly high eonoantrationa %*ara
maaaurad In otowdad flah and unuaually low coneantration in controla. Longar
parloda of crowding may load to tha dovolopaont of atatlatlcally algnlfloant
dlffaroneaa la tlaaua vltaaln B eoneontratlona. In Bxparlamit 2, plaaaa
malondlaldahyda eonewitratlona ahowad no affaot of traataant and no
oorralatlon with plaaaa vltaadn B conoratratlon.

BaaMtoerlta ahowod an Initial Ineroaaa In tha orowdod group, parhapa
In raaponaa to Ineraaaad oxygon daautnd, but warn than radueod, though not to
lavala aaaoolatod with vltaaln B daflolonoy. Baaauitoerlta ahowad no
oorralatloa with vitaadn B ooneantratlon. rlah nuabor offaota on haaaatoorlt
probably rafloot tho raloaaa of orythrooytM frea atoraga In tha aploan.
mplonle oontraotlon. In roaponao to oataeholaalnaa, allowa a rapid Ineraaao

in nuabora of eireulatlng arythroeytaa (Taapaoto at ai. 1960).
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starvation of axpariaMntal jfia® oauaad Irrogular ehangas in plaaaa
vitamin | eonomtrationa batwoon wmoks O and 2, and a abatp drop at wmoks 3
and 4 vhan thaso vara significantly lowar than in controls. Similarly in tha
livar, a alight drop occurrad aftar 2 waaka, but at 3 and 4 waaka thara waa
a markad fall. Thaaa raaulta ara in contrast to tbosa obtained with ona saa-
wintar fiah in aaa-cagas, dascribad in naotion 3.3.4. Diffarancas in tha
affaota of starvation batwaan tbasa atudias auty ba dua to tha smallar aisa of
tha tank-hald fish, or may reflact thair higher initial tlssua a-tocopherol
oonoantrations. In mammals, tha liver contains rapidly and slowly mobiliaad
pools of a-tocopharol (Oallo-Torras 19S0). In this axperimont, tha loaa of
vitamin B dua to starvation may ba due to mobilisation of tha raadily-
availabla exeasa a-tocopharol in tha tissues.

Haamatocrit increased and laucocrit showed no change as a result cf
starvation. Leva (19S0) noted that tha short-term affects of starvation on tha

;cellular components of blood ara highly variable.
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5.3.3 |XBfEAGRQE 2,

Vlanut a-toeoph«rol eoncantratlons aaaaurad In aaaplaa froai Bxparlaant

3 »a auaawrisad in tabla S.15. Diffaranoaa batwaan groupa 1 and 2 ara
Illuatratad in fig 5.15 and batwaan groupa 2 and 3 in fig. 5.K. In group 1,
tha noraal diat and hald at low atooking danaity, plaaaa vitaain |
ooncantrationa ineraaaad froa 40t( pg bI™ on day 0, to «tl4 |ig b1* at 2
aontha, fall to 42125 [g b1*“at 4 aontha, and inoraaaad to 51124 [tg al-* at (
aontha. In group 2, fad tha low vitaain m diat and hald at low atooking
danaity« eonoantratlona of 3*112 and 331* [tg mI*" wara aaaaurad on day O and
at 1 Bonth, thaaa inoraaaad to 7011« pg b1l"“ at 4 aontha, and than fall to
42115 |tg al-“ at * aontha. In group 3 fiah, fad tha low vitaain S diat and

hald in orowdad oonditiona, plaaaa vitaain m oonoantrationa fall froa 41113

I
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lig ni** on day O to 26tH iigal™ at 1 aontb, and atayad low, Maaiiring 2ttS
mr ml** nt 2 and 33tIC |ig m!™> at i anatba. At 4 aontha an incroaaa ta (5i4C
lig al*“ «aa roeordad, but a furtbar drop ooeurrad, to 37il4 Jig al** at S and
44tl1 Jignl*© at 4 aontba. Data froa groupa 1 and 2 vara aubjaetad to analyaia
of varianea irltbout tranafomatlon. Signlfleant traatauMit-tiaa Intaraetiona
(p<0.05) «ara datactad, and tina affaeta wara aloo found (p<0.01). Bowavar,
aultipla pairwlaa eoapariaona of tha traataMnt-tiao aaana dataotad no
troataant dlfforancoa at any particular tina. Data froa groupa 2 and 3 wara
aubjaotad to aquara root tranafomatlon and in thia oaaa analyaia of varianea
abowad aignifioant affaeta only of tiaa (p<0.01). Tha cooplata data wara
aubjaotad to aquara root tranafomatlon bafora furtbar analyaia.

Livar a-toeopborol eoneontrationa ara abown In tabla S.16 and group
eoapariaona illuatratad in figa. 5.17 and S.11. In group 1 tbaao abowad an
ovorall fall during tba eouraa of tba axpariownt, dropping froa 242192 pg g**
on day O to a adnlaun of 1441104 pg g*“ at 6 aontba, altbougb ranging aa bigb
aa 3161119 pg g*“ at 3 aontba. In group 2, tbay fall ataadily froa 199154 to

\
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7230 g 0 and 6 aonths, and In group 3 thay fall aoro ataaply
during tho first S tfosks of tha aacpatlawnt, froai 211144 pg g*“ at day O to
ee142 pg g*“ at 1 and 70120 at 2 aontha, than rangad froa 40147 to 115122 pg
9™ batwaan 3 and 6 aonths. This data waa subjsotad to aquara root
tranaforaatlon bafora statlatloal analysis. Analysis of varianos of tha data
froa groups 1 and 2 sbowad significant offsets of tlaa (p<0.01) and ovarall
affacts of traatamt (p<0.0S), lower eonoantratlons being asasurad In the
Ilvars of fish fad tho unaupplaaantod diet. Tha data froa groups 2 and 3
sbowad significant affects only of tlaa (pt0.00l). Pearson®s test showed a
significant correlation batwaon plasaa and Ilvar vitaaln B oonemtratlons In
this study (pcO.0l).

Vlasaa aalondlaldahyda concontratlons are given In table 5.17. In group
1, thasa rose frea 171» paol 1>on day 0, to 2915 paol I-“at 2 aonths, fall
sharply to 1115 paol 1™ at 3 aonths, than Inoraasad to 241» and 231» paol I1-*
at 5 and < aonths raapaotlvoly. In group 2, they dropped frea 24114 paol 1**

on day O to 2017 paol I-“at 2 aonths. Low concentrations (71C paol 1**) ware
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>«ain Masurad at 3 Months, thay Ineraaaad to 17tS Juwl 1I* at « aontha, than
fall to 1013 m>bl I* at C Months.j Zhjgroup 3, tbsy mora ralatlvaly low and
stabla, ranging trem 1116 [kmdl 1* on day 0 to 17111 |uwl I-° at 6 Months.
Otatlstieal analysas wara parforaad using tha untransforaad data. Analysis of
varianca of tha data frost groups 1 and 2 showad significant affaots only of
tiaa (p<0.001). Significant traatMant-tiaa intaractions (p<0.05) and fish
nuMbar affaets (p<0.01) wara found in groups 3 and 3. Multiplo eoMparisons
could datact no pairwisa diffarancas batwaan tha traatiMnt staans at any tiMa.
Tha nuMbar affaots indiocatad a tandaney for highar Malondlaldahyda
eonoantrationa to ba Maasurad in fish ssMplad latar. Paarson®s tast showad
that thara was no significant correlation batwoan plasata vitasdn 1 and
autlondialdahyda concentrations in this study.

Plasma protein concentrations are shown in table S.1S. In group 1,
plasMa protain concentrations ranged from 4.513.0 to 7.513.7 mg m1**, batwaan
0 and 5 Months, ineraasing to 10.316.1 mg at 6 Months. In group 3, they
ranged between 4.711.9 and 7.513.0 Mg m1"¢, and in group 3 thay fall from
7.311.6 mg ml™ on day 0, to a miniana of ~.711.3 ag al-> at 1 Month, than
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graduali/ raeovarad to S.St0.S «9 al*“ at 5 and «.St4.t mg «I-“ at * aontha.
Thaaa data uara log tranaforaad for*atatiatioal analyaia. Aaalyala of varianoa
ot tha data froai groupa 1 and 3 ahWMd aignlfleant affaota only of tlaa
(p<0.001), but in tha data fra« groupa 2 and 3« tijM (p<0.001), nuabar
(p<0.05) and traataant-tiaa affaota (p<0.0S) «ara dataotad. Thara uaa a
tandaney ter plaa«a protaln oonowitrationa to Inoraaaa wlth fiah nuabar, and
Multipla ooavariaona ravaalad aignlfleant traataMnt diffaranocaa at 1 aonth
(p<0.09). Vaaraon"a oorralation taat aho«Md that plaaaa protain oonoantratlona
«ara poaitivaly oorralatad witb both plasaui and livar vitaain =
oonoantratlona, and wlth plaaaw «alondlaldahyda oonoantratlona (p<0.01 In aaoch
oaaa) .

rlasaa pyruvata klnaaa aotlvltlaa ara ahown In tabla 9.19. Thaaa «ara
ralatlwaly low and oloaa to tha lialta of dataetlon of tha aaaay preeadura.
In via« of tha traataMnt affaota en plaaaa protaln daaorlbad abova, PR
aotlvltlaa «ara axpraaaad par mg protaln. In greup 1, plaaaM 9X aotlvitlaa
rangad froa 0*0 to 2.1*3.( mU aig®™. In group 3, a aiadlar ranga «aa found

aseapt at 1 aonth whan aotlvltlaa of 9.0*9.0 all ag*™ «ara aaaaurad, and greup
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rif.l.H. H— a-to »»l oooctr»>tlo— Im rfl»r — d litylt»i« 1 ©— p«i»
mipmriant > @»>mme—

3 showad a almllar pattarn to 9roup 2, with actlvitaa aa high aa «.Stl0.1 all
mg™* Boaaurad at 1 annth. Naithar aquara root nor log tranaforaationa eraatad
noraally diatributad data. Tha I”4ifllhitnay O-taat ahoirad no dlfforaaocaa
bataaan tha thraa groupa at any tiaa, but Spaaraaa®a taat Indieatad that
plaaaa PK aotivitlaa wara nagatlvaly eorralatad with plaaaw vltaain B
ooncantrationa (pcO.0l).

Haaautoerit and laueoorit aaaauraaanta ara auaautriaad in tabla 5.20.
Haaaatoorlta ineraaaad in all traataMnt groupa during tha eouraa of tha
axparlawnt. In group 1, thay roaa froa 4214t at day O to 44i4t at 6 aontha,
but rangad aa high aa 4714% at 4 aontha. In group 2, thay roaa ataadily, from
4114 to 4615% batwaan 0 and 6 aontha, and in group 3 thay wara mozm variabla,
riaing froa 4014% on day O to 4614% at 6 aontha, hut ranging aa low aa 3616%
at 1 aonth and aa high aa 4915% at 4 aontha. Ho data tranafoxauttion waa
naoaaaaxy prior to atatiatieal analyala. JUtalyaaa of varianoo ravaalad affaeta
of tlaa (p<0.01 In tha eoaparlaon of groupa 1 and 2, and po0.00l in tha
coogparlaon of groupa 2 and 3), and fiah nuabar affaota (p<0.001 In both

oaaaa). Lewar baaaatoorlta wara again aaaaurad in fiah aaaplad aoonar aftar
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oroii<»< fxwpa la Kapariaaat 1 (aaaataa)

captar*.

In group 1, louooorits rangadlbotlwaan 1.41t0.2St on day 0 and 0.99t0.20t
at 2 aaintba; In group 2 th*y fall fro« 1.17t0.36 to 1.00t0.19t b*tiwan O and
5 aonths, thMi ros* to 1.49t0.17t at 6 nontha, and in group 3 th*y ineraaaod
fra* 1.2040.19 to 1.3940.24%. but dlppod to 1.0040.144 at 3 aontha. Th*a* data
:war* log tronafozaad. Analyaia of variane* of data front group* 1 and 2 abowad
aignifioont affaota of tiaa (p<0.001) and nuabar (p<0.0S). and both
straataant-tla* and traataMit-nunbar intaraetiona (p<0.01). Bowavar. anltipl*
spairwia* ocaparioona ahowad no traataant diffaraneaa at any tlaa. Ho furthor
,analyaia waa appliad to th* nuabar or traataant-nnabar aaana. Analyaia of
variane* of th* data froa group* 2 and 3 ahowad aignifieont affaota only of
tla* (p<0.001). Thar* waa no aignifleant eorralatlon batwaon haoaatoerlta and
. laueeorlta, but poaltlv* eorralationa wara found batwaan haaoMtoerlts and
;plaaaa vitoaln B (p<0.01), plasaa aalondialdahyd* (p<0.09) and plaaaa protain
:(p<0.01) eoneantrationa. and a nagatlva eorralation waa dataetad batwaan
;haoouttoerita and plaaaa PK oetivitiaa (p<0.01). Laueoorita ahowad a poaitlva

eorralatlon only with piai vitamin m ooneéntrationa (p<0.05).
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Datails of tb* ««ight and condition factor of fiah oollaetad during thia
axparlaant axa ahown in tabla 5.21”" Filab in group 1 grair froai S21tl24 g on day
0, to 1173t3tl g aftar 6 aontbs. Group 2 abowad a aiadlar walgbt gain, froa
S92tl147 g to 1100t233 g, but group 3 parfoxmad laas Wall, growing froa 516il19t
to only 99ttl7< g ovar tha 6 nnntb pariod. Tba data was aubjaotad to log
tranaforaation bafora statiatioal analysia. Analysis of varianea of group 1
and 2 data rauvaalad signifioant affaots of tiaa (p<0.001) and Ffisb nuabar
(p<0.05). Witbin tba data frca groupa 2 and 3 thara «ara signlficant affaets
of tiaa (p<0.001) and also ovarall traataant affaets (p<0.05), fisb subjaotsd
to erowdlng walgblng lass on acaraga than tbosa bald at low stoeking
daasitias. Condition factor variad graatly in group 1, Inoraasing froa
1.32t0.04 at day 0, to 1.47t0.30 at 1 aontb, falllng to 1.3010.31 at 4 aontbs,
tbM inoraasing to 1.4510.12 at 6 aontba. In groupa 2 and 3 it «as lass
varlabls. Xn group 2 it rosa froai 1.3(10.05 to just 1.3910.12 batsaan O and
1 SMntb, fall to 1.3310.11 at 3 aontbs and ineraasad to 1.4910.10 at ( nontba.
In group 3, it fall froa 1.3610.10 at day O, to 1.3010.04 at 1 aontb, tban

ineraasad to 1.4010.10 at 6 aontbs. Tba untransfoxaad data «as usad for
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statistical analysis. Significant affscts of tisM (p<0.001) but no trsatawnt
offsets wore datactod within tho 4*t*] froa both groups 1 and 2 and groups 2
and 3. Fish «might showod posltlvo eorrolatlons with plasaw vitamin m (p<0.01)
and protaln (p<0.01) concantratlons and haaamtocrlts (p<0.01), and a nagatlva
corralatlon with plasma PK activity (p<0.05). Condition factor showsd positive
associations with plasma vitaadn B (p<0.05) and protain (p<0.01)
coneantratlona and haamatocrlts (p<0.01), and a nagatlva association with
plasma PK activity (p<0.05).

Sax was daterminad in 168 individuals colloctad from all but tho day O
saaploi 79 malaa and 89 fimalas wars counted. Analysis of variance showed that
there ware significant differences In haasmtoorlt (p<0.05), weight (p<0.001)
and condition factor (p<0.01) between males and fasmlos. The means in each
case were greater in amiss than In fasmles. In addition, liver vitaadn B
concentrations showed significant dlffarencoa between the sexes (p<0.05), but
these were higher in females than in males.

A significant negative correlation (p<0.0S) was found between water
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Sabia t.ai. Wai«bt aad eoedltiee faotar ia Sijirlaiat S (Baaalad)

Tiaa Ttaataaat B «Blght CoadltloB
(moatha) «© factor
magular 10 9210124 1.3200.04
Uaeroatlad
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ho~ vitaain B 10 9990174 1.4000.10
CrowM
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teepersturee and livar vltaadn B ooncantratlons, but non* oi tha othar
bioehaaieal and haaawtologioal paraawtara wara eerralatad with watar
tTaratura.

Hlatologieal praparatlons of haart, akalatal auaela and paneraaa wara
axaadnad tram two fish par tank at 3 aontha, and 2, 3 or 4 fish par tank at
C Bontba. At 3 aontha thara was no indication of any histopathologieal ehanga
in any of tha aamplam, bat at < a»nths aild changas in tba eardiao ausola wara
obsarwad in 9 of tha 20 saaplas axaadnad. Thasa ohangas ooaprisad an ineraaaa
in oallularity dua to loocoeyta infiltration of tha tissua, and ahrinkaga of
ausola fibras. In addition, yallow, fatty daposits within tha “ieardiua wara
commoa, Thasa ehangas wara aild in coaparison to thosa daseribad in saction
4, and wara obaarvad in fish froa all tanka and traataants.

Plasaa vitaadn B eoncantrations in fiah fad a diat without vitaadn B
aupplaaantation wara no diffarant to thosa in fish fad diats containing
supplaaantary a-tocopharyl acatata. Rowavar, livar vitaain B concantrations
wara significantly lowar. In contrast, Hardia at ai. (1990) and Bung and
Slingar (1992) found that both livar and plasaw vitaain B concantrations
raflactad diatary vitaain B concantrations. In tha praaant atudy, diats wars
not forsnilatad to ba vitaain B dafiei”nt, but wara rathar aora aarginal with
raspaet to vitaain B than thosa usad ooMaroially. In fish fad tha low vitaain
B diat, plasaa vitaal.n B conoantrations showad an initial riaa and than
daoraasad, whilst livar oonoantrations fall throughout tha oouraa of tha
axpariaant. Thus thsra wars Indications of a prafarantial loss frca tha livar,
whilst plasaa Isvsls wars aaintalnad.

Thsra was no consistant avidanca of vitaain B daficiancy (as daseribsd
in ssotlon 1.2.5) in fish fad tha unsupplaasntsd dist. Tha diatary vitaain B
contant liad no affact on plasaa aalondialdahyda ooncantrations. Plasaa
aalondlaldahyda concantrations wars in fact slightly (though not
significantly) lowar in fish fad tha low vitaain B diat, and ovarall thay
showsd no significant ccrralatlon with plassM vitaadjt B eonoantraticns.
Haaaatocrits also sisowsd no significant traataant sffacts, indicating no
aarkad raduotion as a rasult of vitaain B dofloiancy (saetion 1.2.5).
H allarly, no diffaranoas in lauooorlt wars dstaotsd and, histologically,

thara was no sign of traataant-ralatad ausola or panoraas pathology. Plaaaa
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pyruvat* kliiaaa activity In tba flab fad low vitaaln 1 dlats abowad a aligbt
Inecaaaa at 1 aoath but raoovarad to vary low lavala by 2 aontba. Storaga of
plaaaa aaaplaa aay bava raaultad in loaa of activity, and ttaa aaaay
taa®aratura may bava baaa aob-optlaal, but no dlffarancaa wara dataotad
batwaaa tba traataMata. Flab fad tba vltaadn K-aupplaaiantad and uaanpplaaMntad
dlata also abowad no dIffaranoaa In waigbt gain or condition factor.

LIvar vitaadn 1 oonoantratlona wara found to ba algnlfloantly blgbar in
awturlng, faaala flab. Thia awy indieata that viltaadji B la aoounulatad in tbha
Ilvar prior to dapoaitlon In tba davaloping ovary. In addition, a aignifloant
nagativa oorralation with watar taa™aratura waa dataotad. Thla nay raflaot a
bighar vitaain m daaand at lowar watar tiparaturaa (aaetlon 1.2.7.5).

Anong groupa of fiah fad tha unaupplawantad diat, plaaaa and livar
vitaad.n B eoneantratlona wara ganarally lowar in thoaa aubjaotad to crowding

Ithan in tha unerowdad groupa but, aa in Bicporlaant 2, tbaaa diffaranooa waro
not atatiatloally aignifioant, daapito tha long duration of Bapariaant 3.
Sinoa atarvation waa danonatratad to roault in a aarkad raduotion in both
plaaaa and livar a-tocopharol eoncantrationa, tba affacta of crowding on food
intaka aay axplain any alight affact of chronic atroaa on tiaaua vitaain B
concontrationa. Again thara waa |no avldanco of inoraaaod plaaaa
aalondlaldahyda concontrationa aa a raault of vitaain B dafieincy. Tbia
auggaata that crowdod fiah %ara not worm prono to lipid paroaidatlon in vivo.
In tba crowdad group, haaaatocrita wara lowar at 1 and 2 a»ntba but than
inoraaaad abova tboaa of tha uncrowdad-unaupplaaantad group. Tbia pattam waa
alallar to tba aaaaurad changaa in plaaaa vitaain B concantration but thora
ia no othar avidonca that haaaatocrlt can ba diroctly rolatad to plaaaa
vitaain B concantrationa. Thara waa no aign of any biatologioal changa In
crowdad fiah fad tha unaupplaaantad diat, but plaaaa pyruvato kinaao activity
.abowod a aaall peak at 1 aonth which waa alightly higher than that aaan in tba
,unerowdad group. Flab weight and condition factor waro radueod to a leaaar
dogroo in Tfiah fad the unaupplaaantad diet, auggaating that vitaain B
aupplaaantation aay be of aoaa benefit in fiah under chronle atreaa. Tbia
Ihypotbeaia waa further axaainod in Bxporiaant 5. Bowavar, in agraaaant with
iGatlin at ai. (IfiCb), there waa littlo ovldanca froa tho praaant atudy to

lindioato that atroaaful huabandry conditi,ona oan praolpltata vitaain B
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dafioianoy In fish.

Tabla S.33. Plaaee a>tooopharel ooaeaatratloaa la Bspariaaat 4 (maantad)

Tlas Trsatasnt n Plaaaa a-tooopharol
(pg al-%)
Bagolar < 45134
0 hra Battad
Low vitaain 8 6 5<13<
mattad
Bagolar 6 34131
4 bra Mattad
Low vitaain B < 37133
Mattad
Bagolar < 37131
1 day Nsttad
Low vitaain B 6 35119
Nottad
Bagolar < <3139
3 days Mattsd
Low vitaain B 6 37117
Mattad
Bsgular < 31117
5 days Mattad
Low vitaain B 6 ISIS
Mattad

5.3.4 Bxnarliwnt 4

Plasoa a-toeopharol coneantratlons saasurad In Bxpariawnt 4 ara shown
In tabla 5.33. In group 1, raarad on tha vitanin B-aupplawantad diat prior to
handling, plaaaa a-tocopharol eoneantrationa droppad froa 43134 pg nl™“ to
34131 Jig b1** at 4 hra and 37131 at 1 day, inersaaad to <3133 pg al"“ at 3
days, and fall onea morm to 31117 pg al*“ at 5 days. In group 3, fad tha low
‘vitanln B dlat prior to handling, thay fall froa 5<13< pg al™™ at O hra to
37133 pg ml*™* at 4hrs, raeovarad to 38119 pg b1** at 1 day and fall again to
cISIS pg al™ at 5 days. A log tranaforaation %ns appliad to tha data bsfora
atatiatieal analysia. Significant affaeta of tiao only (p<0.05), wara found

:during tha coursa of tha study.
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Tabi* 1.a3. Ma maleedlaldehyde BtratIMs la Uparlaast 4
(mawum)

Tina Traatnant n riaama malondialdabydo
(lawl 1-7)
0 bra lagular 4 1949
gattad
Low vitaadn = 4 21410
Rattad
4 bra Ragular 4 1949
Mattad
Low vitanin 1 4 24414
Mattad
1 day Ragular 4 1149
Rattod
Low vitaaiin R 4 1449
Rottad
3 daya Ragular 4 1242
Rottad
Low vitamin B 6 1043
Rattad
9 daya Rogular 4 1449
Mattad
Low vitamin B 4 449
Rottad

Flaaaa aalondialdabytl« eoneantratlona laaaaurad in thaas fiah ara
aiwarliad in tabla 5.23. In group 1, plaaaa aalondialdahyda oonoantrationa
fall fre« 15t> iia»! 1** *t O hra, to IUS luaol 1** at 1 day, than inoraaaad
aligbtly, to 14t9 pani 1* at 5 daya. In group 2 thay abowad a aiadlar
raaponaa, falling froa 21il10 and 24tl4 pool 1"* at 0 and 4 bra, to 4t5 paol I*
at 5 daya. A aquara reot tranaforaation waa appliod to tba data and, onea
agaln, aignlfieant affaeta of tiiM (p<0.001), but no aignifioant traataVnt
affaota, vara notad. Paaraon®a taat abowad a aignifioant poaitiva oorralation
batwaan plaaaa vitaal.n 1 and aalondialdabyda oonoantrationa (p<0.09).

Plaaaw eortiaol oonoantrationa aro ahown in tabla 9.24 and fig. 9.19.
In betb groupa tbaaa abowad an inoraaao at 4 bra ratumlng to baaal lavala by
1day. In group 1, piamo oortiaol oonoantrationa roaa freni 1.741.4 ng ni*" at
"0 bra te 9.042.7 ng ni** at 4 bra tbm dreppad baek, ranging trem 0.440.4 to

0.740.3 ng al*", batwaan daya 1 and 9. In group 2 tba initial inoraaaa waa
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PIf.1.1». n — Beaoiatratl- 1» r— pon»» to i» fgaap» fd rflar
amé lott vitaala m diata (Maalaa).

largar, froat 1.5tl.2 ng al"“at O hra to 12.3t3.7 ng =!"* at 4 brs, but batuaon
1 and 5 days thay raeovarad to batw”an 10.640.3 and 1.7t2.0 ng ad*“> Thasa data
«ara

not normally dlstributad ovan aftar transformation, so non-paramatrie mathods
of analysis «ara usad. No dlffaranoos batwoan tha traatmants «ara dataotad at
any tisM using tha Mann-Nhltnay U-tast. Spaarawn®s tast sbo«ad a significant
rank eorralatlon bat«aan plasma cortisol and malondlaldahyds (p<0.0S), but not
batwaan plasma cortisol and vitamin B concantratlons.

Baasmtoorlt and laucocrlt msasursmonts ara suasutrlsad In tabla S.25. In
group 1, baamatoorlts of batwsan 4416 and 4614% vara maasurad throughout tha
study, asoapt at 3 days whan vallas as low as 4216% «ara found. In group 2,
thay showad a slight Initial drop from 4613 to 4416%, but than rosa to 4616%
on day 5. Analysis of varlanea of tha untransfomwd data showad significant
fish numbar affacts (p<0.001), but no traatmant or tima affaots.

In group 1, lauoocrlts fall, sharply, from 1.3210.32% at O hrs to
0.%910.16% at 4 hra, raeovarad to 1.1S10.27% aftar 1 day, and fall slightly
:to 0.9510.30 and 1.0210.22% at 3 and 5 days.. In group 2 tha Initial fall was
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«abl* s.a«. Ma oortlael eeBOMtnitloDS la Isperlecat 4 (@ kad)

Tiaa Traatasnt n riaaaa eertiaol

(ng al-*)

0 hrs Regular - 1.711.4
Ratted

Low vitaadn R 4 1.511.2
Ratted

4 hrs Regular 4 R.012.7
Rotted

Low vitaain R 4 12.313.7
Ratted

1 day Regular 4 0.710.3
Ratted

Low vitaain R 4 0.R10.4
Rettad

3 days Regular 4 0.410.4
Rattod

Low vitaadn R 4 0.410.3
Rattod

5 days Regular 4 0.410.4
Retted

Low vitaain R 4 1.712.0
Ratted

iMS Barkad, froa 1.4010.31 to 1.0710.07% at 4 hrs, but thoroaftar tha
raaponaa «aa aiailar to «roup 1, ranging Croa 1.0010.31 to 1.2010.3»%, batwaan
1 and S daya. A aguara root tranaforaation uaa appllad to tha data and
algnifieant affaets of tiaa (p<0.001), but not of traataant, tfara datactad.
Thara was no significant association batifaon haaoatocrit and laucocrit and no
significant corralations bathiaan althar haaaatological paraaatar and any of
tha biochaaioal data dasoribad abova.

Waight and condition factor ara givan In tabla S.24. In Kxpariaant 4,
saa”™la waigbts rangad froa 9351304 to 12251324 g. Analysis of varianos of
aguara root transforsMd waight data rsvaalad significant traataant-tiaa
e«eets (p<0.05) and traataant-tlas-nuabar affects (p<0.05). Mualtipla
:coavarison of the traatiunt-tiaa aaans sbowad no differanoas batwsan tha
Itraataants at any tiaa. Traataant-tiaa nuabar intaraotions wara net auainad.

1
Condition faotor appearad to bo oonslstmtly higher in group 1 than in group
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Xabla B.2S. Isssistnnrlt and louoocerit maasuraasats la Bxporlmsat 4
(msamlsd)

Tims Treatment n laaauitoerit Louceerit
@) (@)

0 hrs Regular 10 4ASt6 1.3210.32
Ratted

Lew vitasdn B 10 4613 1.4010.31
lattad

4 hrs Regular 10 4416 0.«910.16
Rotted

Low vitamin B 10 4416 1.0710.07
Ratted

1 day Regular 10 4614 1.1510.27
Ratted

Low vitamin B 10 4514 1.2010.39
Hattad

3 days Regular 10 4215 0.9510.30
Hatted

Low vitamin B 10 4614 1.0010.31
Hattad

S days Regular 10 4614 1.0210.22
Hattad

Low vitaadn B 10 4616 1.1710.30
Hattad

2. Il group 1 a marlwia of 1.4St0.09 was Boasurad at O hrs and a alnlauB of
1.42t0.10 at S days, whilst in group 2 tha ranga was batwsan 1.S1t0.0t and
1.44t0.14. Howavar, analysis of varianeo of tha raw data dataetad no
significant ovarall traatSMnt offset. Thara was a significant positive
correlation batwaan fish weight and haaoatoerit (p<0.01) and batwoon condition
factor and plasaa vitaad.n B concentration (p<0.0S), but no other correlations
ware found.

The sax and stata of maturity of 99 fish was datarainadi tha nuabers of
malas to famalas was 52i47, and of salmon to grilse was 43iSC. 3< malos and
20 famalas ware sexually suitura. Significant diffareneas batwsan tha sexas in
weight (p<0.01) and haamatoerit (p-0.001) wars found. In both oasos these ware
greater In males than in famalss. Oiffaraneas in weight (p<0.001) and
condition factor (p<0.01) wars found batwean mature and non-mature fish, and

hare grilse had higher averages than “salmon. In addition, plasma

262



XaU* S.3C. Naight aad eeadltloa factor la Baparlaaat « (@ tad)

Tima traatiaant a Maight Condition
©) factor

0 hra Kagular 10 10111204 1.4810.09
Hattad

Low vitamin B 10 10941356 1.4410.14
Mattad

4 bra Xagular 10 9351304 1.4310.12
Mattad

Low vitaadn B 10 10511323 1.4210.10
Mattad

1 day Xagular 10 11651285 1.4610.08
Mattad

Low vitaadn B 10 9351162 1.3910.12
Matted

3 daya Regular 10 9741264 1.4210.10
Matted

Low vitaadn B 10 10701159 1.3810.08
Hattad

5 daya Regular 10 9701194 1.4210.10
Matted

Low vitaadn B 10 12251324 1.4310.08
Mettad

malondiaUahydo coneantratlons varo found to ba algnifleaatly graatar in
sala»n than In grllaa (p<0.05).

Aa in BxparlsMnt 1, handling and crowding had no affaot on plaaaa
vitaaln B or aalondlaldahyda eoncantrationa. Plaaaw cortiaol eoncantrationa
roaa to 8 ng bX** in tha vitaadn B aupplanantad group and 12 ng al*" in fiah
fad tha unaupplaaMntad dlat. Thaaa Incraaaaa ara graatar than thoaa aaaaurad
in Bxparlaant 1, daaplta tha aiadlaritiaa of tha traataant, but again eortiaol
coneantrationa raeovarad baaalina lavala «dtbin ona day. Mo dlffaraneaa in tba
affacta of acuta atraaa on haaaatocrit and laucocrltf in ralatlon to vitamin
B atatna, vara found in thia atudy. Thara was thua no avidanoa to indicata
that vitamin B atatua affaetad tha magnituda of any raaponaa to crotiding and

handling.
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Tabl* S.21. Plaaaa a-tooopharel eeamatratloBa la Baparlaaat % (saaBaad)

TiaM Traataant n Plaaaa a-toeopharol
(«=aka) dig al-*)
Croadad 6 41tlS
0 mg kg
0 Croadad 6 35115
90 ag kg-*
Croadad 6 44131
200 mg kg™
Croadad 6 40120
0 ag kg--
L Croadad 6 40114
50 ag kg-©
Croadad 6 43123
200 ag kg™
Croadad 6 45126
0 ag kg™
3
Croadad 6 41119
SO ag kg™
Croadad 6 35114
200 ag kg™
Croadad 6 31113
0 ag kg™
6
Crowdad™ 1 6 32113
SO ag kgt !
Croadad 6 40117
200 ag kg™
Croadad 6 32115
0 ag kg™
9
Croadad 6 42129
SO ag kg*
Croadad 6 28123
200 ag kg™
Croadad 6 21112
0 ag kg™
12
Croadad 6 22128
50 ag ko~
Croadad 6 23119
200 ag kg™
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s.3.sKwriBUt 5

Plassa vitaadn | eeneantrations Masorad la Baparlaant S ara giran In
tabla S.27. ThMa fall in ail groupa durlng tba oouraa of tba otody. la group
1, fad ao oddad vitaadn I> plaasn eoneantratiena fall froa 4111S pg al*" on
day 0, to a minlnuai of 21112 |ig al*" at 12 woaka, but raoobad 4St2< pg al*“ at
3 waaka. la group 2, fod tba S wg 100 g* aupploaant, plassa vitoaia 1
eoneaatratioas fall froa 35115 to 22121 pg al*“ at 12 vaaka» but raoehad 42125
pg al*" at 5 waoka. la group 3, fad tba 20 sg 100 ¢g** vitaadn m auppla at.
tbay fall froa 44135 pg ad*“ on day O, to 23115 pg al*™ at 12 waaka. Tba
untranaforaad data waa subjactad to analysia of varionoa, but no aignifieant
offaota of traatiMnt or tlaM wara dataetod.

tdvar vitaadn B ooneantrationa in tbasa fisb ara givan ia tabla 5.25.
In group 1, tbay fall froa 1471110 pg ¢g* on day 0, to 53152 pg ¢g*" at 1 weafc,
and 53137 pg g at 12 «ooks. In group 2, tbay roaa froa 74170 pg ¢g*" on day
0 to 177154 pg g at 12 waaks. In group 3 tbay wara aora variobla. In this
group tbay fall froa 105151 pg g*“ on day O, to 54134 pg ¢g* at 1 tmak, roaa
to 115152 pg g~ at 4 waoka, fall sgain to 52143 pg ¢g* st 5 waoka and tban
rosa to 175157 pg ¢ at 12 vyao¥'s. Tha data wora aubjaotod to Ilog
tronsforaation bafora statistioal analysis. Analysia of variénos rovaalad no
aignifieant affaots of troataant or tiaa, but plsoaa and livor vitoain B
ooneantrationa wsra positivaly eorralatad (p<0.01).

Plasas aalondialdabyda eonoontrations ara abown in tabla 5.25. riab in
ail groupa sbowod an ineraasa in plasaw aalondialdabyda ooneantrationa batwaon
0 and 3 waaks followod by a ratum to low lavais botwaan 4 and 12 waaks. In
group 1, pissas aalondialdabyda ooneantrationa ineroaaad froa 010 paol 1** on
day O, to 4.514.4 paol I* at 3 «isaks, tban fall to 0.210.4 paol I* at 5
woaka. In group 2, thbay ineraasad froa 1.311.5 to 5.413.7 pa»l 1* batwaan 0
and 3 woaka, tbm fall 1.012.4 paol 1** at 4 woaka. In group 3, tbay ineraasad
froa 010 to 5.012.5 pa»l I** at 3 waoka, droppod to 010 paol 1** again at 4
waoka, and raaobod 2.211.5 paol 1* at 12 woaka. Mono of tbo usual
tronofoiaatlons yialdad noraally diatributad data, so non-psraaatrio tasto
wora utiliaod. Tbo Kruskal-Mallia tant dataetad no traatOMnt diffarwieaa at

ony tiao, and Spsaman®a tant sbowod no oorrolation batwaan plaaas
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Tabi* 1.2t. Llvar a-tooeph«rol oeaoratntieu la Isparlaaat = (@ »ad)

THIM
(waaka)

12

TraataMiit a
Croadad 6
0 mt kg*“

Crowdad 6
SO mq k«—*

Croadad 6
200 aig kg*“

Croadad 6
0 mg kg-*
readad 6

36 ag kg-©

Crowdad 6
200 aig kg*©

Croadad 6
0 Big kg-*

Croadad 6
SO aq kg**

Croadad 6
200 ag kg™

Croadad 6
0 ag kg™

Croadad 6
SO ag kor*

Croadad 6
200 Big kg*©

Croadad 6
0 ag kg-*

Croadad 6
SO ag kg-*

Croadad 6
200 mt kg™

Croadad 6
0 ag kg-*

Croadad 6
SO ag kg-*

Croadad 6
200 ag kg-*
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Liaar a-toeopiiarol
=)
1471110
74170
10s1tl
93182
89143
86136
901s4
841S8
89147
10314S
108143
118182
89119
12117S
92143
83137
177194

1751197



XiAl« 1.3». M m mm Mleadialdahyd*
(mMUsd)

Tim TraatMot
(WMkS)
CroMdad

» »>

0 Crowdad
50 mg kg*©

CroMdad
300 mg kg™*

Creadad
0 mg kg™*

Crowdad
50 mg kg™*

Crowdad
200 ag kg™

Crowdad
3 e
crowdad
50 ag kg™*

Crowdad
300 ag kg™*
Crowdad

6 _____0xg .
Crowdad -
50 ag kg™*

Crowdad
200 ag kg™

Crowdad
0 ag kg™

Crowdad
50 ag kg™*

Crowdad
200 ag kg™

Crowdad
0 ag kg™

Crowdad
50 ag kg™*

Crowdad
200 ag kg™

Vi
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ooaoaatratloaa la bpaclaaat 5

B Vlaaaa ?mﬂolndll&)l dahyda
6 0to
6 ofo
6 0fo
6 12
6 12
6 2tl
6 5t5
6 6t4
6 -t3
6 3t2
6 12
6 ofo
6 ofo
6 1t2
6 2t4
6 212
6 1tl
6 3t2



Tabla S.30.
(maaa*ad)

Tlaa
(waaka)

12

atoorit aad

Traataant

CroMdad
0 mt k«r*

Croadad

so mq kg-"

Croadad
200 ag kg-*

Croadad

0 »9

Croadad
SO ag kg-

Croadad
200 ag kg-¢

croadad
0 ag kg-*

Croadad
SO ag kg*©

Croadad
200 ag kg-*

Croadad

Croadad “
SO ag kg*“

Croadad
200 ag kg™

Croadad
0 ag kg-*

Croadad
SO ag kog-*

Croadad
200 ag kg-"

Croadad

0 ag kg-*

Croadad
SO ag kg-*

Croadad
200 ag kg-"
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laaceorlt

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

ata ia UparlBaat S

laaaatoorlt
©
47t7
4216
4817
4S14
4414
4417
4619
4717
4919
4619
4416
9019
4616
4818
4617
4818
481S

48110

Laneoerit
™
0.7210.19
0.8810.16
0.8810.17
0.8310.16
1.0010.21
0.7610.17
0.8510.20
1.0010.SS
0.8010.23
0.7910.20
0.6710.1S
0.6910.26
0.7510.24
0.8810.18
0.6910.22
0.7610.23
0.6410.17

0.6810.19



maXondlaldahyda and plaaaa vitaain B oonoantrationa. Baamateorlt and
Imooorit BMasoraaMnta fro« thla axpariamit ara sbotm in table S.30. In «roup
1 they ntayad fairly oonatant, falling froa 47t7t on day O to 49t4t at 1 «oak,
than rising to 4BiS% at 13 waaks. In group 2, thay rosa irragnlarly tram 42tCt
on day O to 4Bt9t at 12 waaka, and in group 3 thay ineraaaad frea 4Si4 on day
0 and 44t4% at 1 aoak, to 4949 at 3 and 5019 at C waaks, fall to 44174 at 9
waeks and roaa again to 491104 at 12 «oaks. Tba data waa aubjaetad to aquare
root tranafomation. Analyaia of varianea ravaalad only aignlfleant offoots
of fish nuabar (p<0.001). Baaaatoerit was positivaly oorralatad with livar
vitaadn B (p<0.01) and plaaiM malondlaldahyda eoneontrations (p<0.0S by
mpaataan”s tost), but not with plasaa vitaaln B eonoMitratlon.

In group 1, lauooorits roao froa 0.7110.19 on day 0, to 0.9310.14 at 1
woak, and 0.9510.20 at 3 waaks, than fall to 0.7510.30 at 4, 0.7510.24 at 9
and 0.7410.234 at 12 tiaaks. In group 2, thay ware Initially higher, rising
froa 0.9910.14 to 1.0010.21 at 1 weak and 1.0010.55 at 3 waaks, but than fall
to 0.4710.15 at 4, 0.9910.19 at 9 and 0.4410.174 at 13 weeks. In group 3 thay
showed a slight fall over the course of the axpariaMnt, frost 0.9910.17 on day
0, to 0.4910.194 at 12 weeks. The data was log transforead before statistical
analysis. Analysis of varianoa sbcjwedl overall affaets of traataant (p<0.05)
and of tiaa (p<0.01), but no significant traatSMnt-tiaa intaraetion. Multiple
coeparisons indicated that the traataent naans in groups 2 and 3 were
significantly diffsrant (p<0.0S), being greater in group 2. A significant
»e9>4iva corrolatlon was found batween haaauttocrit and lauooerlt (p<0.01).
Lpaucoerit was positivaly correlated with plasaa vitasdn B and nagatlvaly
corralatad with livar vitaadn B concentrations (p<0.01 in each test).

Weight and condition factor data are sunaarlsad in table 5.31. Fish
weights did not show tba expaotad regular increase during tha eoursa of this
study. A net Ineraasa free 9411213 to 12941721 g and 10441520 to 15111749 g
between day 0 and 13 weeks was found in groups 1 and 2 raspaetively, but in
group 3 thara was a alight net dacraaae frost 12591443 g to 12441572 g over
this period. The data wars log transfotaad prior to statistical analysis.
Analysis of varianea showed no significant troatSMnt or tlaa affaets.
iCondition faetors too wera variable. In group 1, thay roaa fxoai 1.3110.15 on

day 0, to 1.3910.13 at 3 weeks, than fall to ~.3410.19 at 9, and 1.2910.27 at
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1.11. Itoifht mmd oMiditiM (aeter

Thim TraatMit
(nEikm)

Crandad

0 ag kg-
0 CroMdad

SO ag kg-*

CroiMlad
200 ag kg*"

Creadad

0 ag kg-"

Crowdad
$0 ag kg*"

Crewdad
200 ag kg*"
Crowdad

0 -9
Crowdad
SO ag kg

Crowdad
200 ag kg*"

Crowdad
0ag ko>

Crowdad*
SO ag kg"

Crowdad
200 ag kg**

Crowdad

0 ag kg**

Crowdad
SO ag kg*"

Crowdad
200 ag kg**

Crowdad

0 ag kg**

Crowdad
SO ag kg**

Crowdad
200 ag kg**
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10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

ia laparlaaat = @

Walglit
Q)
1411213
10441S20
12501443
11401224
12241540
STSIHISI
12111432
114413M
10771341
9231217
10021431
11111212
10141334
13041354
1114131S
12141721

19111741

12441972

tad)
ConditioB
faetor
1.3110.19
1.3110.13
1.3410.19
1.3410.14
1.3410.01
1.3910.14
1.3410.13
1.3410.14
1.3010.17
1.3110.11
1.2210.13
1.2410.19
1.2410.11
1.3410.19
1.3210.19
1.2110.27

1.4910.24

1.2110.12



12, weeks. In group 2, they iMre reduced frca 1.Sft0.13 on day 0, to 1.22i0.13
at < weeks, then Increased to 1.4St0.2S at 12 weeks. In group 3, they dropped
fro« 1.3Ct0.1S to 1.26i0.15 between 0 and C weeks, “"en rose to 1.32t0.15 at
9, and 1.2910.12 at 12, weeks. Analysis of warlanee of tbe sguare root
tranaforaod data again showed no significant treataant or tiae effects.
Pearson®s test showed positive correlations between both weight and condition
factor and plasaa vitaain B ooncontration and leueocrit (p<0.01), but no
correlation with liver vitaain B ooncantration. Bpoaraan®s test showed no
correlation between plaasuk aalondialdahyds concentrations and either weight
or condition factor.

Sex and state of Mturity were determined in all 1BO fish collected
during this study. Of these BS were sale and 92 fssale. SO (91%) of the aalas
and 55 (50%) of the fsaales were sexually nature. Analysis of variance
indicated that condition factor (p<0.001; P>M), weight (p<0.05; P>N),
haeaatocrit (p<0.001> N>P), leuooerit (p<0.001; F>M) and liver vitaain B
concentration (p<0.001; N>F) differed significantly between the saxes.
Differences betwewi grilse and salaton were found in weight (p<0.001; S>0),
condition factor (p<0.001; S>0), haaaatocrit (p<0.05> 8>S), laucocrit
(p<0.001; S>0) and plaaaa and liv*r v~asdn B conc«itration (p<0.001f 8>G in
both cases).

Water tanperature %ias positively correlated with plasaa vitaain B
conemtration and leucocrit (p<0.01) and negatively correlated with liver
vitaain B concentration (p<0.05). Ho correlation with water tasverature was
found for plaaaa aalondialdehyde concentration or haaaatocrit.

Histological sections free three fish par tank were examined from tbe
12 week saapla. Ho pathological signs wore noted consistently, although
fat-laden vacuoles were oecassionally noted within hearts and one fish showed
an unusually high degree of leucocyte infiltration of the perl-pancreatic fat.

Ho effects of treataent ware detected within any of the paraasters
asasured in Bxparlasnt 5. In particular, there was no diffarenca in growth
rate as»ng fish fed any level of vitamin B, despite the suggestion la
Bxpariaant 3 that vitaaia B supplaasntation nay improve weight gain. As a
result of the onset of aaturity, a large proportion of fish Basiled during

Bxperiannt 5 ware found not to be feeding. "Mvartheless, liver a-tocopherol
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C.1 PiUK3«*5 DI8BMK

C.1.1 Cmmm hl»tori-—

Vatboleyloal and apiiootlologioal flndlags In PD wara slnilar to tbosa
daaeribad praviously (ssotion 1.1) and tba atttdlaa prasantad In ehaptar 4 aaat
tha naad <or dooiauntad oaaa historiaa to illustrata tha aora panaral
dasorlptions ptoridad by Nunro ot al. (19D4) and NoVlear (1M7). Thraa «roaa
olinloal faaturM «ara oonaistantly found. Anoraxla eharaetarisad ail of thosa
eutbraaks, and listlass, hanging bahaviour and losa of aalght and oondltion
«ara obsarrad in tha najorlty of tba oasM. Tha easa studlas Inoludad axanplas
of aolt« and ohronio outbraaks of PD and providad sarlal data froa ona
outbraak. Strass faetors «ara connonly ldantifiad as praolpitatlng ovart PD
and posslbla routas for transaission of an infaetlous agant «ara notad in
aocoaa, but not ail, casas. Ho«avar, casa datalls «ara not oollaotad on any
finad basis and thara is a naad for aora objaotiva apisootiologieal atudiaa

in ordar to idantify foaturas pradispoaing faraad salaon to PD.

C.1.2 Histopatholoav LI |

Kacb caso of PD «as eonfiraad by tba raeognition of total oxoerlna
pancraatio nacrosis (sootion 1.2.1.2), in association with gross clinical
signs, «ithin tba affoctad population. At prasant this is tbo aost aoourato
oritarion on which to basa a diagnosis of PD. Boaavar, since thaaa changas ara
balievad to ba sacondary to scan causativo factor, thay cannot ba rogardad to
préovida a definitive diagnosis. Diffarencas bot«a«n individuals in the dograa
of exocrina pancroatlo necrosis, evan «itbin a single caga, «ara notad in all
casos. Roverthalass, as dsannstratad in case B, pancreatic dagonoration

i appeared to occur synchronously (betwoon SKinthly visits) in all affaotad fish.
i This is in agrasMont «ith the results of the patlwlogioal study daserlbad by
I Munro at al. (19B4). Cage to cage diffaroncas in tha proportion of affactod
. fish ware notad in casa B and thoao raflootod diffaronoas in tha pravalanoo
1 of overt PD. Parguson at ai. (19BSb) found that gross signs «are not al«ays

" associated with histological indications Df PD. This is supported in tha
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priM«nt study by ths finding that fish with weeerla« panematia daganaration
oftan ahewad avidanea of faadlng activity, (la. thalc guta eeotalnad food).

* 3 yiMMIM 1 mmiTZOH or ATranarr aar-Ta

Tha prlaary purpoaa of tha prasant study waa to dataxalna tha cola (If
ay) of vitaaln | in tha davalopamnt of PO. Tha atlawlua for thin «ma ths
obaacvatlon, by rsrguson at ai. (Itt<a,b), of signs Indicatlva of vitaatin m
dafloiocaoy In facaad salaon suffaring froal FO. Bo«rnvar, tha ooeucranea of
almllar signs In othoc caeognltad dlsaasa conditions of Atlantis aalasn In
aaaimtar, auggastad that tha vitamin m nutcltlon of tbls apaoiaa, at thla
stage la ita lifa—oyela, ims laadaguats. Thus It «ms nsoaaaary to ooasldar.
In aoca gaaacal toew, tha vitamin B nutrition of Atlantis aalmoa fatmsd la
sasntar .

C.2.1 Tlnaua a-tooopbarol coneantratlona and vit— «' »

A aocmal canga for plasma and llvsr vitamin B oonesatratlona in fatmad
Atlantis salmon «ms auggastsd in action 3.3.1. In tba peasant study tbara «ma
no avldansa to Indlsata that tbls canga «ms lo«mr than In «rlld salmon, but
furtbar studlas aca raqulcad both to verify tba data pcasantad from baaltby,
facmad flab and to oonduet a mors dstallad oempaclsoa bat«waan farmmed and «Fild
salmon.

Zn field and axparimantal studios, a oorralation bat«man tissue vitaailn
B oonsaatration and condition factor «ms fraguantly found. This suggests that
tissue vitamin B oonoantratlons reflect tha overall plana of nutcltlsn of tba
flsb and may tborafora be useful as a Index of general baaltb and «mll-baisg.
In support of this, tha peasant study also damonstratad that starvation oausad
a radiiotion In tissue vitamin B concontcatlons. Parguson and Aloe (Itt0)
maasurad lo«r tissue vitasdn B oonoantratlons in bro«m trout In poor condition.

Conversely, tha use of tissue a-tocopbarol maasurmiants as spaolflo
Indloators of vitamin B dsflcisnoy la rastrlotad by tba limitations dasorlbad
In sootlon 3.1. Zn particular, thsca Is a scarcity of lafecmatlon on which

tlssiM eoneantcatlons should be oonsldarad\adaquata and ««blsb daflelsnt. Zn
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eddltlea, mlno« vltuiia m statua is bslisvsd to bo affaotsd to a larfo dogroo
by intoraotiag nutritional, anvironamtal and busbandry-rslstad faotors, it
would bo diffloult to datoraino if partioular anlaals wars wltaain I-d*loiant
seloly on tho basis of Masurod tissua witaain 1 OMMSstratians. Much asra
work is raquirad to dataraina tko ralatlua iaportanoa of thasa intaraotiag
faotors on tba vitaain | status of salaon.

Is vivo aieroseaal lipid paroxidatien and arytbroeyta haaaolysis tasta
provids funetional indications of vitaadn m status and bava baan usad to
dataraina ainiaua a-toeophorol roquiraaants in axpariaantal studios on
aalaenids (Poston at si. 197C; Cowoy at aJ. 1991, 19t3, 19M). Xn addition,
wall-dafinad patbologieal ohangaa, suoh at ausola daganaration and anasaia,
bava baan vidaly raeognisod as indloators of vitaaiin m dafiolaney in fitbh
(sootioa 1.3.C). In ordor to oonflra tbs offsets of vltaain 1 dafieianey on
btlantio salaon in saawator, it is naeossary to rapoat tbs studios of Pall,
NeViear, Miteball and Coway (unpubllsbod) (sootion 1.2.S.2) and tbasa could
bo axtandad to oxaaino faotors, particularly lavai of axarolsa, wbieb nay
affaet tba davalopaont of ayopatby in vitaain 1 dafioiancy. It is alto
naeossary, whan rolating tho rasglts of ospariaantal studios of vitaaln 1
dafieianey to tba situation on fart:s, }to bava data availablo on noraal rangas
for bloohaaioal and hittologieal paraawtars in baaltby fish. Consaguantiy, it
would bo wortbwhila to randcaay seraan faraad salaon for signs siailar to
tboso obsarvad in aspariawntal vitaain 1 dofieionoy.

In tha studios prosantad in taction 5.3, tbara was no ovidanea that non-
opaeific strass factors had any significant affect on tissua vitaain =
oonoantrations or on tba axprassion of pathological signs of dsfieianey in
fish fad unsupplSBsntad diets. Tissua aalondialdahyda eoncantrations boro no
eonsistont ralatlonshlp to vitaain 1 concentrations. Ssnsitivs bioobaaieal
indicators of vitaadn m status wars not sxaadnad in tha prosant study, but
Oatlin at si. (IttCb) found no diffaranoa in tha dagroa of in viva aieroseaal
lipid peroxidation batwaan strassad and unstrassad obannal catfish. Starvation
rasultad in vitaadn 1 dsplation in one study (saotion 5.3.2), but not la
anetbar (saetion 3.3.4). Daapita this ineonsistaney, tba raauits of tba foraar
daawnstrata that ebangas in feed intake nay affect vitaain | status. Sewavar,

under sxpariiMntal conditions (ssetien 3.J.3), no diffaraneas in plaaaa
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vitaBin | ooneaatratlona wara dataotad in fiak fad at rataa af batipaan It and

3% body waiyht dar “>
«_2.3 Laaal of dlatarr aupp™minTITInn

Tkara waa no aaidanea froa tha atudy praaaatad la aaetien 3.3.1 to
augpaat tkat eurrant laaala of vitamin B aapplaamatatlon ara inadaquata for
koaltky, famad Atlantia aalaon. Balann in aaawatar, fad diata eontaining
appreniaataly 20 ag aii-rao-o-tooopharyl aeatata 100 g™, abeaad an
aeeuvaulation of vitaadn B in tha livar and plaaaa and a prograaaiva raduotion
in tka rarAivitamin B ratio in thaao tiaauaa. Altkougk aora aaaaitiva taata
wara not parforaad, no hiatologioal avidanoa of vitaain B dafioianoy waa
notad. Bowavar, it la iapartant to ba awara tkat vitaadn B raquiraamnta nay
vary during tha oouraa of davalopownt.

Intaraatingly, it appaara that tranafar to aaawatar aay raault In on
ineraaaad raquiraaant for vitamin B aaaooiatod with on inoraaaa in tka
proportion of polyunaaturatad fatty acida in tha tiaauvaa. Tkla auggaatlon
raguiraa axpariaantal eonfitaat.iioni but, in thia light, vitamin B
aupplaaantation of diata for aaolka “~rior to and aftar tranafar to aaaantar
nay bo adviaad.

Ckongaa In vitaain B raguirootanta nay alao ba anpaotad aa a raault of
diffaraneaa in growth rata, aocaaon, aax and atata of naturity. In aoow flak
apaoioa vitamin B traataant haa anhaneod raproduetiva porfotaanoa. rurthar
anamination of tha vltoad.n B ragulroownt of aalann broodatook in ralation to
raproduotion aay ba particularly rewarding, but thara ia aloo a eaaa for the
ra-avaaination of vitaadn B roquiroaonta in Atlantia aalaon at otbar atagaa
in tbalr lifa hiatory and in partiaular during growth in aaawatar.

Thara ia Illttla avidanoo that vitaain B aupplaaantation inoraaaaa
raalatanea to diaaana in Atlantia aalaon (aaotion 1.2.9.S), and in tba praaant
atudy, raaponaaa to atroaa wara unaffaetad by tha loval of dietary vitamin B
aupplonantation. Bowavar, further atudiaa ara required to oonfira that higk-
laval vitonln B aupplaaantation produoan no ooonaalUo advantage in torna of
aurvival and parfornanoa of Atlantio nalaon under fora oonditiona. Studien on

tbo affaota of dietary vitaain B aupploBMntation on preduot quality of famad
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Atlutlo Mljwa My «l*e b* of eoMMreljil m Iu*.

Fraa ttw Iltwratur* raviaw prMantad la Motlaa 1,2, it is olsar that
Butriant iataraotiocas abouUl ba ooaaidarad ia ralatiaa ta vitaaia |
ragairaaaata l1Aaa fotwilatiag aawdiata. la partlaalat, iaotaraabiab iaarasaa
tiaaaa polyuaaataratad fatty aoid eeacaatrations (sueb aa lipid goality aad
quatity), ar tba dagraa of diatary lipid aaidatioa (pro-caidsata), My
iaerMta vitMla I ragairManta. On tha etbar baad« Inorasaaa ia availabla
aalaaiua or vitaada C (for aaaavla by tha uaa of mt, atabla forM of aacorblo
aoid) My set to apara vitaaia |. rurtbar atodiao ea vitaaia l-autriaat
iataraetioaa ia ralatloa to tha feraulatiea of praotioal diata My ba uaaful
ia ordar to eptlaita tho vitaain I nutrition of faraad aalaoca.

d.2.3 rora of q auoplaaant

Altaraativa fonu of vitaain 1 aupplMsnt ara inorMslafly baooaing
aaailabla for usa in anIMl faads (yapas at ml. Ittt). Tbaaa laoluda both
"natural®™ (JUU-) and “syntbatio® (aii-rae-) products, as tba fraa-aloobol or
a variety of astors, and in llpld-solubla, watar-aiaeibla and mtar-solubla
forM. CoaMroially produoad lipi)d-s™ubla fotM iaoluda ataad toeopbarola
@Wl-o, p, 1 aad 6-tooopbarola), mll-rmo- aad WU-a-tooopbsrol aad mll-rm«-
aad JUm-a-toeopharyl aoatata and sueeinata. Natar>aiaoibla forM iaoluda a-
tooopbaryl aoatata (mll-rmc or JIM-) dlaparood witbia a polyatbylana glycol
or galatla Mtria. * watar-solubla fora, JIM-a-toeo”aryl polyatbylaaa glyool
1000 sueeinata, Iiiaa raeantly baeoM availabla. fyntbatie (aii-rae) o-
toeepltaryl aeatate is ar»at often uaad aa tba vitaain m supplaaaat in aalaen
diets, but natural fonu My liava a bigbar apaeifie setivity (Oeott aad Daaai
1004). Wild fisb ara aapaetad to raeaiva Mat vitaaia | aa thba Mturally
ooeurriag Julil-a-toeopberol, wharaaa faraad fisb ara fad diets supplasMatad
with aii-rae-o-toeopliaryl aeatata. Hidireglou at ai. (1tOta) sbowad that sliaap
fad JIM-a-toeopliarel developed bigbar tissue vitaain | eoBeantratloas ttian
tboaa fad larger aaounts of aii-rae-a-toeopharol to provide tba saM
biological activity, and aidlregleu at ai. (Ititb) found that Mtursl fotM
of aitbar tba aleobol or aeatata fora iaeraaaad plasM a-tooopbarol

ooaeaatrations ia eattla at a faster rata than tba syntbatlc fotM.
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In th* prMwit study, no advantage la tba uaa of ail-rao-o-toeepbarol
an oppeaad to a-tooopharyl aeatata ma feuad, daspita tba bypatbaala that tba
asatata lam aay ba abaasbad ia aa uaavatlabla (am. As daaoaatratad ia
aaetlaa 4.1.10.)J., tba (raa alaebal auffarad aaaaidarabla laaa dua ta
aaldatlaa in tha (aad Mhllat tba aaatata aatar was atabla. Upld-aalubla (ama
abaw paar abaarptiaa afdolaney in aaaaala, wbilat watar-«iaeibla (ama ara
abaarbad aora a((aativaly (aebmadka and fabaddt IMS). Za tba praaaat study,
a mtar-Biselbla (am was shown ta inoraaas tissus vitaala f eaneantratlens
in (lab, but (urthar studiaa ara raquirad ta quantity Its a((loaay. Tba watsr-
salubta JUlJI>a>taeapbaryl palyathylaaa glyeal 1000 sueaiaata, baa raeaatly baaa
(aund ta ba abaarbad a((ieiantly by larga laa uagulataa (aXapbants and black
rhiaaaaras), wbaraas (at-salubla ar watar-aiisaibla JUU- aad aii-raa- (araa
shewad pear absarptian (rapas at ai. 1tOt). In raiabaw treat, bung at ai.
(1002) (auad that tbs rata e( uptake a( natural (MM-} a-taeepbareX was
graatar than that a( aii-rao-a-taeepharyl aoatata, but tba aapariaaatal
taehalqua did net allew quantldoatlon e( tha abaarptlen atdelaney.
mxparlaantal oeaparlsena o( tba ralatlva atdosney e( tba varleus (enu My

Indleata aeencatle altamativas (ar usa in dab (aads.

«.3 TM KkOLI or VITAimi m !m sawnaaaa t"aana.
«.3.1 viltadn K cancantratlena in natural eutbraaka e( PP

rargusan at ai. (1S06b) raoordad vitaain m oonoantratlens a( 2 and < |ig
al*“ in plasm, and 21 and «5 Hg g*“ in livar, a( Atlantia salawa abawing avert
and sub-aliniaal signs e( PD raspaetivaly, during ana eutbraak e( ro la tha
Naatam Zslas. Mil at ai. (IM7b) gava valtas of 17 |ig al*™ in plasm, 1If pg
g* in liver and < pg ¢ in white ausala in dab in tba aauta phase e( an
autbrmk in tba Sbatland Zelanda. In tha present study, tba ainiaua man
plasm aeneantratien ranged (roa 0 (ease H) ta 2f pg al*™ (ease m) (table
(.1). law values raeerdad (roa tha 1M7 ease studlm (easm A ta 0) auat ba
trmtad with eautlan ainea bleed aaaplas su((arad savara baaaalyais wblab my
bava raduaad tba vitaadn 1 aentant. Mvartbalms, this range, wbiab

ancoapaa— tba data a( Parguaen at ai. an® Mil at ai., is lawar than tha
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«.1. Nil lagaa flaaca rttila = lotntlaoca, tafatkar witk

IM or aka of BBOolo fofaoorotioo. rlacé fraa ooak oaao atoAr
Casa BO. Plasaa vltuda B Noscla isvelvamaat
M ml-M
A 2 B
- 2 T
(o} 4 M
D It \
B 31 \"
[ ] 0 Y
1 - T
J S T
K IS y
12 Y

ouggostod nonul rango of 34 to Sl [tgbX* doaorlbod in sootion 3.3.1. Vltaaln

1 doplotion nay thoroforo bo rogardod to bo a eonaiatant foatoro of VD.

Tha aolaetion of groupa of fiah for unblasod atatiatieal oaaparlaon waa

dIffloult. Ceavariaona of hoalthy and affoetod farm altoa rovoalod difforanooa
in plaama and livor vitamin B o”no”trationa as wall as in plasma lipid
; eonoantrations. fish voight and condition factor (sootion 4.3.S.7). Bewsvor,

. ths uso of fish from difforont sitos introducas tho possibility of sito-wisa

variability indopandont of tho ocourronco of PD. Coavatisons of caga

populations during caso study B suggostod that plasma and livor vitamin B
coneantrations roflactad tho loval of ovart PD within a cago, although thoso

dIfforaneos wars not statistically significant (saotion 4.3.5.4). slneo

apparootly haalthy cago populations on an affaetod sito may show sub-clInlcal
Indioatloas of PD (Forguson at ai. IPSSb), thoso aro also not ldoaX as

controls. Individual classification on tha basis of histopathology is tlmo-

consuming, but at prosont tho most aocurato mothod of comparing affootod and

unaffaetsd fish during tho acuta and post-aeuta phasos. In caso B, this mothod

daannstratod that livor vltaadn B eoneontrations woro significantly lowar in

| fish with BPD, but no significant diffaronea in plaama vitamin B

eeneantrations was dotoetod. In tho futuro, rapid diagnostic tasts may allow

I
{ usoful eemparisona to bo mado during tha ogrlior stagas of PO.
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Largar nianbara of Tfiah «rara araalnad la tha praaaat atody tbaa
prarionaly, aad aaaplaa «ara collaetad on aararal dataa. tarlai aaavling
dorlag tlia eeuraa of tha acuta eaaa R auggaatad tbat plaaaa Tltaala |
oonoaatratlona wara raduead aarly In tha outbraak, hot la tha ehronle oaaa 1
a graduai raduotloa durlag tha eouraa of tha outbraak ma notad. Za eaaa t,
plaaaM altaaln | eoneantratlona vara aot raduead durlag tha eouraa of tha
outbraak, but fallad to ahow tha iaoraaaa fouad la haalthy flah. Iduar rltaala
| eoneantratlona in flah wlth PD mro naaaurad only In eaaa |I. Thaaa raaehad
a alnlana of Ut |ig g eoavarad to 21 and <5 |ig g*", and 119 pg g**, in atudlaa
daaorlbad by rarguaon aC ai. (19ttb) and Ball at ai. (1997b). Fawar flah
ahowad groaa algna of PD In eaaa B and tha outbraak ma tharafora judgad laaa
aavara than in othar eaaaa atudlad. Thia la raflaotad in tha tlaaua vltaadlLa
B eoneantratlona «ihlch mro raduead to a laaaar dograo than in othar eaaaa
(tablo 4.23). tarlai ehangoa in tha llvar rovaalad a graduai dlalnutlon of
vitaaln B durlag tha eouraa of eaaa B. Intoraatlagly, thla appaarad to bagln
batmaa July and Auguat, prlor to tha onaat of ovart PD in Baptaaibor/Oetobar.
Barly ehangaa in tlaaua vlitaaln B eoneantratlona havo boon obaarvad pravloualy
in fiah davaloplng PD (X.Palnar, paraonal cooaninieation 19tl). Bomvar, in tha
proaont atudy, dIfforaneaa botm~” Illho aaana in july and Auguat «ara not
daaonatratod atatlatleally.

Flah froa oaaa B fallad to aho« tha aharp Ineraaao in plaaaa a-
toeopharol eoneontratlon «hieh, in haalthy fiah, ma aaaoolatod wlth a rlaa
in tha proportlon of |llpid aa polyunaaturatad fatty aeid. Plaaaa
polyunaaturatad fatty aeid eoneantratlona mra not amiaurod in aaaplaa froa
oaaa B, but total llpid eoneantrationa «aro ganarally hlghor than thoaa found
in haalthy flah, «hieh auggaata that tha PDFAivltaaln B ratio auiy havo baan
Ineraaaod aubatantlally in thaaa flah. Furthor bloehaadeal analynla muld ba
naoaaaary to eonflxa that plaaaui POTA eoneantratlona «ara net raduead durlag
oaao B, but Forguaon at ai. (198Sb) found no diffaronea in tlaaua POTA
profllaa batmm PD-affootad and unaffootad fiah. In oaaa B, altheugh an
laitlal rlaa in Ilvar vitaaln B eoneantratlona ma avidaat fer tm aoatha
aftar traaafar, a-toeopharol eoneantratlona aubaaquaatly fall. Daplatlon of
hapatle a-toeopharol raaorvaa auggaata that tha vitaaln B aupply la Inadaquata

to aaat,daaand. Binea vitaadn B daplatlon la™a oonalatant fnatura of paneraaa

279



disMB* it !m iapertaat to oonaidor posalblo aaplanatlona for thla offoot.
Zb tbo praaoBt atudy, both haalthy mad affoetod fataod flah wera fad

aiadlar diota oontainlng approxlaataly 30 mg 100 o-toeephotol. A aia™lo

iaadogBaey of dlotary vitaada | ia tharoforo oallkaly to ba tba oauaa of

ritaada | daplation In fiah with PO. Porgoaon at aj. (I1to(h) alao eoaaidarad

that aaaaurad witaaia | and aalaniina oonoantrationa in tha diata of fiah with
PD vara adaquata and. In addition, thay notad that thara waa no awidaoea of
lipid oxidation in tha diata of affaotad fiah. Sinoa faniad aalami ara
aueeaaafully raarad on n— arcial diata oatanaibly tha aaaa aa thoaa fad to
aalaon dawaloping PO, thara ia no avidanoa to auggaat that any aapaot of diat
foxanilation or proparation ia raaponaibla for witaain m daplation in PO.
Although affaeta of atarvation on yitaain | oonoantrationa wara
daaonatratad in aaotion 5.3.2, all fiah in caaa s wara known to ba faading in
July and Auguat and tha aajority of fiah wara appatant throughout tho pariod
of ovart PD. It tharaforo aaaaa unlikoly that anoraxia ia tha aola oauaa of
yitaadn B daplation in PD, although it nay play a largo part during tho acuta
phaaa of diaaaaa. A raduction in food intake ia alao unlikely to bo tha aain
eauaa of vitaain B depletion given tha high condition faotora and the ganoral

Inoroaao in plaaaa lipid oonoMitrkti”na aaaaurod in thoae fiah prior to tha

doyologaant of overt PD.

In oaaa B, pancreatic nacroaia waa flrat obaorvad only whan liver

vitaadn B coneontrationa wara already reduced. Bowovar, it ia difficult to
aacartain whether or not vitaadn B depletion prooadad tha onaat of atruotural
change in tha pancraaa. since plaaaa lipid concantrationa ahowod no aign of
any dacraaaa prior to tha ovart phaao of PD there waa no auggeation that a
gaaaral lipid aalabaorption waa a foatura of pra-acuta PD. Bowaver,
malabaorption due to pancreatic inauffloiancy probably contributed to vitamin
B daplation during tho acuta phaaa. Tha poealbility of a apooifio
1 aalabaorptlon of vitamin B aaama unlikoly, given tha cloaa ralationahip
I batwaan vltaadn B and lipid uptake daaeribod in aoetlon 1.3.9.3.
Altematlvaly, an inoraaaad metabolic daamnd for a-tooopharol may raault
1 from the aotiona of varioua anvironmantal and huabandry related faotora
1 (aaotioB 1.2.7). Tho poaaibility that non-apaeifio atraaa roaponaaa land to

i vitamin B daplation waa oonaiderad in aaoti”n 5, but thara waa no anpport for
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tiM bypethMIB th«t thM« arm diraotly rMpoMIbl* for yltMda | dyplatloii In
VO. Thar* is MM «vldme* that infaetlon aay inerMaa tha yitaaia |
raqulraaMAt or iaduea dafleiaaey in aaMala (NoMiirray and Uoa 1M2).
miatolofloal aifna oC yltaaln | dafieianoy In fiah auffariav froa aiorobial
dlaaaaaa wara raportad by Wood and Yaautaka (1VSd), Varguaen and Rioa (IMO),
rjalatad and bayaraaa (IVIS), aniasako at ai. (19S7) and Veppa at ai. (1e=<).
In tba praaant atudy« aifnifieant dIffarancao In plaaaa yitaaln |
eoneantrationa aara obaarvad In flab witb axparlaantally-Indoead axaerina
paneraatlo daganaration, but dIffaranoaa batwaan oballangad and unoballangad
groupa oyarall wara not aignifieant. Tbaaa diffaronoaa dayalopad daapita tba
faot that thaaa flab vara not fad, and wara tharafora not oaunad by
malabaorption or diffaranocaa in food intaka. Vitaain | daplation nay ooour aa
a diraet raault of tha prooaaa of daganaration of tba paneraatie tiaoua.
Xaaotiya oxygan natabolitaa ara involvad in lauoooyta raaponaaa to tlaaua
daaaga (Vadvay and Xamovaky I*t0) and loan of yitaain = la VO aay ba dua to
tho produotlon of thoao fraa-radleala during tha proeaaaaa of tiaaua rapair.
Cbardayoyna at ai. (IVtt) Indioatad that aiailar aotabolitaa ara inyolyad in
tba pathoganaala of aouta panoraatitia in aaaauia. It would ba intaraatiag to
asaaUno tbo offaota of paneraatiJ da“ganaration fro« othar eauaaa on tiaaua
vitaadn B oonoantrationa in aalawn. In tbia raapaot it ttay ba aignlfioant that
miaola daganaration baa boon found in aaaoeiation witb elinioai outbraaka of

IPB (Bniaaako at ai. 1*57).

«.3.2 Bffacta of daoiation

It daplatlen ia aovara or prolongad, or axaoarbatad by olayatad tiaaua
PUT* eoneantrationa, pathelogioal aigna of vitaadn B dafieianey My ba Induoad
in fiah witb PD. Ball at ai. (Itg7b) Tfound that tiaaua yitaaln B
ooneantrationa in PD wora not raduoad to a loyal ooaparabla to tboaa preduead
axpariaantally whieb raaultad in tha davalopaMnt of dafielaney aigna in
MIantie aalaon. In eontraat, tha roaulta auaaarlaad in tabla i.l daaonatrata
that, in BOOM eaaaa of PD, plaaM vitaain B eenoantratiena My fall to yary
low lay6éla (laaa than S [ignl™“ in aoM eutbraaka). Tbhaaa ara wall within tba

ranga at which nuaela daganaration baa oeeiirrad in axpariaantal atudlaa of
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vitaain | d«floi*noy in Mlaon (meetion 1.1.5.2). rurthataor», m st«tad
prarioaaly, It la difCiouit to ba aura at what lavai tlaaoa vitaala 1
ooneantratioaa in Atlantic aalaen fanMd in aaavaiar aay ba eonaidarad
dafioiant.

Altboufb it raaMina poaaibla that vitanin | dafieianay ia a (aatura et
n, it baa yat to ba daannatratad tbat wiaela daganaratien, in aaaoeiatioa
witb VD, ia a raanlt of vitaain | daplation. In aupport, aaan plaaaa
a-toeopharol eonoantrationa vara feund to ba lowar in oaaaa m and X, «hioh
axhibitad Miaola daganaration, than in oaaa m vbieb did not. ReiMvar, tbara
ma no gaoaral oorralation batman tha ooourcanoa of aniaolo daganaration and
tba dagraa of vitaain m daplation in aaoh outbcaak. Thia obaarvation ia hardly
aurpriaing givan that diffarancaa in tha oouraa and aavarity of M> aaong
individuai fiah aay ba raflaotad in graatar variability of tiaaua vitaad.n =
ooneantrationa in an affaotod population. Coopariaona batman individuai fiah«
with and witbout auaola daganaration, my provida aora oonvinoing data, but
in tha praaant aariaa of atudiaa aueh coi”“riaona mra not oenduotad. >van if
a oorralation batvaan vitaain B daplation and tha ooourranoa (and aavarity)
of auaalo daganaration mra to ba daaonatratad, it io ia”ortant to noto that
thia muld not naocaaaarily iaply iny |oauaal ralationahip.

Tha bypothoaia that auiaola daganaration in PD ia duo to vitaain B
dafioianoy veuld ba furthar aupportod by tha obaarvation of othor vitaain B
dafioianey vigna in fiah with PD. Mhilat aoaa vigno of PO raocaabla tboaa of
vitaain B dafioianoy (tabla (.2), othor apaoifio haaawtolegioal or
hiatologioal vigna of vitaain B dafioianoy havo not baan daaoribad in PD-
affaetad fiah. In particular, no avidanea of anaocoada haa baan ahom
oonaiatontly in PD, but furthar haaawtologioal atudiaa oould ba juatifiad.
Tiaaua aalondialdahyda oonoantrationa mra inoraaaad aa a rooult of ia vivo
lipid paroxidation in vitaaUn B dafioiant earp (Natanaba at ai. IP70b) and rad
aaa braaa (Chrytephrya major) (Murata and Taaiauohi IPBf), but thara ma no
aignifioant ralationahip batman plaaaa vitaaun B and aalondialdahyda
oonoantrationa in oaaa H in tha praaant atudy. Homvar, aalondialdahyda
ooneantrationa mra inltially highar than in vitaain B roplata haaltby,
awpariaantal fiah (aaetion 4.3.B.<). Plaaaa PB aetivitiaa aaaaurad in oaaaa

B and Z mra alvo alovatad in rolation te aai”laa oellaetad froa haaltby fiah
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Sabi* (.3. Cllaioal to TltaalB m <a<ialaaar «la

during wcpsrlawntal studlaa. Th* dagra* of alavatlon in oaaaa H and X was
" similar to that daseribad by Ball at ml. (19B7b) in fish with PD, but lass
than that daaoribad in vitamin B-salanium dafioiant salménida (Ball at ai.
IMS, 1M() saotion 1.2.5.2).

hnothar possibla eonsaquanea of vitudn B daplation in PD ralatas to its
rola in suseaptibility to infaotion. Kaynard at ai. (1990) induead vitaadn B
daplation by faading low vitamin B diats to axparimantal salmon and than
subjaotad thasa fish to ehallanga with kldnay matarlal from fish with PD.
Vitasdn B daplotod fish showad inorlps'fd susoaptibility to asoorina paneraatio
daganaration as a rasult of ehallongs. Bowovar, tha praotieal signifieanea of
this finding is unoartain slnea it is not claar whathar vitaadn B daplation
proeadas or sueeaada paneraatle doganaratlon in PD.

If vitamin B daplatlon praeadas panoraatio naorosis, than tha
association batwaan vitasdn B daplation and pancraatic daganaration as s
rssult of Infaetion in PD may bo undorstood as an inoroasad snscaptlbility to
Infaetlon, but tha procoas of vitamin B daplation raamins a agratary. Tha
auggastad aarly vitamin B doplation, togathar with tho apparant ooourronoo of

; signs of vltaadn B dafiolaney in othar disoasas of salamn support this
" intarpratatien. Altamativoly, if vitamin B doplotion is consldorod to ba a
eonsaqumea of infaction, than tho procossos of vitamin B doplation can ba
asplainad, but any pathological consaquancas mist ba viawad as socondary and
. tha occurranoo of signa of vitamin B doflciancy in assoolatien with othar
1 conditions must ba eonsidarad to ba unralatod and net indicativa of a ganaral

problam in tha vltaadn B nutrition of farsmd salmon. This intorprotation is
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mupportad by tha laek of avidanea of vitaala B daplatlon in baalthy aalaon
(aaetion 3.3.1), tha absanoa of a atatlatieally aipnlfioant raduetlon in
tlaaua vitaaln B oonoaatrationa prior to aouta PD (aaotion 4.3.3.4) and tba
sueoaaa in inducing «marina paneraatio daganaration (albait to a laaaar

dagraa) in vitamin B-adaquata fiah (Xaynard at ai. 1fPO).
4.3.3 mttmatm aP » i f «n a -MDDImwnta on PD

In ooaa H, tbara «aro no aigna that higb-laval vitamin B aupplaawntation
waa aueeaaaful in alovating tiaaua vitamin B oonoantrationa or in pravanting
vitamin B dnplation. Thia nay ba a roault of failure to faad or to obaorb a-
tooopbaryl ooatata from tha diat. Howavar, PudalkiawioB and Mary (IPCP) abowad
that, in obioka fad graded lavala of o-tocopharyl acetato, plaaaw vitoadn B
eoneantrationa plateauad at lavala above 66.7 mg 100 g" diat. Thia anggaata
that there are limitationa to tho uptaka of larga quontitioo of dietary
vitoadn B even in healthy animala. Riatologieal exoadnation oonfirmad the
praaanea of muaola daganaration, parhapa aa a raault of vitamin B dafioianoy,
in fiah with PD fad dieta containing high levala of a-tooophoryl aeatato
(oaaea B and B). Tha banaflcial o~fa“ta of dietary vitando B aupploomnta on
varioua vitamin B-reaponaiva myopathioa of fiab ware daaoribad in aootion
1.2.B, and failure to pravont myopathy aaaooiatad with PD may ba attributed
to tho unavailability of tha vitamin B auppliant for tha roaoona auggaatad
above, rather than to any lack of raaponaa to vitamin B. Indaad, tha raduotion
in plaama PK activity in PD-affaetad fiah treated with vitamin B by injaotion
auggaata that tha myopathy will in fact raapond to vitamin B, although tbara
waa no hiatological avidanoa of any laprovomant. Mitowaky at ai. (1*62) found
that injaetod vitamin B waa affaotiva in pravanting oroatinuria, indicative
of muaola daganaration, in children with oyatio fibroaia.

riah aufforing a natural outbreak of PD fad a diet oontaining 100 mg a-
toeophorol 100 g"“ ahowod no elevation of plana vitaadn B and no roduotlon
in plaama PK activity. Tha majority of fiah collootad ware aotivaly foading

,and, although thara waa conaidarabla loaa, alevatad a-tooopharol lavala «ara
jetili maaaurad in tha faad after 5 waaka atorage. It ia poaaibla that any

aboorbad a-tooopharol waa rapidly awtaboliaqd aa daoeribad above, but, given
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th* eevara dagraa of panoroatio atrophy. It aaaas aora likaly that lapalrad
digaatien and absorption pravantad tha uptaka of aignlfioant aaounts of tha
aapplaaant. Havarthalsas, tha study daaonstratad that tha usa of a-tooepharyl
aoatata as a Tfood supplasMnt, in placa of tha biologieally activa a-
tooopharel, was not rasponslbla for tha fallura to alavata tissua vitaain 1
oonoantrations in fish with PD.

Tha absorption of a-tocopharol and a-tooopharyl acotata ara baliavad to
ba olosaly linkad to tha absorption of lipids and dapandant on panoraatlo and
biliary saorations (saction 1.2.9.2). Thus watar-aisoibla vitaain 1
supplaaants aay ba aora affactivaly absorbad in fish with PD. In saotion
4.3.11.3, plasaa vitaain B eoncantrations in fish fad a watar-itaolbla fora
of o-tooopharyl aoatata wars found to doubla ovar tha 12 day asparlautal
pariod. Although this inoroasa was not statistically significant, and a slight
(although again not significant) daplation was raeordad In tha livar, thasa
rasults proévida soaa indication that watar-nisclblo forms of vitamin B may
elreusnrmt malabsorption of vltasdn B during outbreaks of PD. Bowaver, furthar
studies ara required to verify this conclusion and to study the affects of

this and other vitaain B compounds on myopathy in PD.
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A.1 imODOCTIOM

A tank syntMi wm eeantnietnd for tko purposo of eonduottng tho
onporiaontal wsrk dooorlbod In noetlon S. This systaa was doslgnod to hold up
to SO0 kg AtUntlo sslaon in sis thrso motro disastor fibroglsss and ms
mitsd St tho Diinstaffnago Marino Laboratory (fig. A.l. insot). Duo to
Ilaitationa on tho flow avsilablo freai an osisting puag®, and tho difficulty
of disposing of a largo woluas of offluant via a ooakaway, tho systaa was

built to rooireulato up to SOt of tho wator flowing through tho tanks.

A.2 PITIQM

A.2.1 asnoral dasorintion

riltsrod saawatar was taken froai a bay at a point 250 m to tho
north-wost of tho tank sits, using a shoro-basad puap. Natar waa puMpod into
e snail haadar tank and froai tbora fad by gravity into tho stock tanks. Tha
>Ata of water flow through aacb tank waa approxlawtaly 00 1 nin*". Tank
affluent paasad into a oonerata |ch”al and than to a largo fibreglass
aattling tank wboro solids wore raawvod. A subaMrsibla pus« in one and of tha
sottling tank punpod about half of tho incoming water into an array of
bioflltars where aaaaonia was ramovad. The troatad wator than rejoined tha naln
supply to tho atook tanks. Masts wator flowsd frost tho aattling tank into a
largo, graval>fillad pit or "soakaway®™ fro« whore it poroolatad into tha
surrounding ground, stock tanks and biofiltars wsro supplied with air, and an
"klscM aysta« nonitorad tha notion of both pumps. A diagraaamtio roprosontation

of tha systam is shown in fig. A.L.

A.2.2 Pasion and oonstruotion

Main saawatar pump was a positive displaoament Mono Marlin, audal
no. SAl 12M1RS/S1, with a maslawai flow oapaoity of 317 1 min™*. Zt was powarad
N oa 3-pbaso alaotrio motor oonnootad via a V-bolt coupling to drivo tbha

pump at 720 rpm. Tha rotor and coupling rod ware oonatruotad of typo 31<
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=tainlMS ataal «ad tha atater waa of induatrlal «rada nitrii# rabbar. thia
puaip waa aanafaetarad by Mono puapa Ltd. Manehaatar> and auppliad by Plowplant

[Ltd., Idinburgb.

Tha aain pipalina waa eenatmetad of tO aa diaaatar nadiiaa daaaity
Ipelyathylana (UOPI) pipa. It ran a diatanea of approxljutaly 2SO m and waa
ilaid in a traneb for aoat of ita langth. Tho intako waa protaetad witb tuo
taub-aand filtara dug into tha aaabad balow tha axtraaa low watar aark (sm

Iriltration Ltd., lartbum, HorthuadMrland) (Canadala Itti).
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CaloulAtloB 1. Ispaetad flew fvoH beaeh "oap.

n>e pesitiT* diapIM«Mnt peap bad a aaal— i flew ef 317 1 aia-> at 720
mpai, équivalant te 9.370 1 s-“. The naia plpeliaa had a length ef 290 n, and
a dlaMtar ef 90 m . Feea tabuUted fignree fer NDPI pipework (Opener Ltd.
1997), water flewlag through a 90 mm diaaeter pipeline at a rata ef 9.3 1 s™
indueea a hydraulie gradient ef 0.022. Over a diatanea ef 290 a »i«

eorraapenda to haad ef water (hf) equivalmt toi
ht - 0.022 X 290 - 9.9 a

Zn addition, due to the elevation of the header above the point froa
whleh water waa drawn, there waa an aotual haad of 9.9 a againat which the

puap had to operate. Thua the total bead («) waat
Hm9.§S * 9.9 - 19a or 1.9 bar

Aeeording te thé aanufaoturora apeeifloationa, our puap eeuld previde a flow
ef 300 1 ain-* againat 1.9 bar. lowerar, tbore wera alee aiaer haad loaaea, in
partieuUr due te thé aub-aand filiacy, whleh wera diffieult te oaleuUto. In
praotiea a flow rato of 200-290 1 ain™ waa aaaaurad at thé inlot te the
boader tank, dopending on the atata of the tide.
header and atoek tanka wore of ona-pieoa, glaaa-rainforcod
plaatie (OP) auppliad by ppa Olaaafibra Ltd., Invorurle, Aberdeen. The
aattling tank waa of O U ooatad plywoed and auppliad by Cruaoban Marina Ltd.,
Taynuilt, Argyll. All wera auppliad witb lido. The header tank neaaured 2n x
* M deep. Zt waa aited on aoaffolding at a baigbt ef 2.9 m abevo ground
levai. The outlot pipo waa throo inehaa in dianatar and fittad with a valve
te reguUte flow and tbua naintaln a eonatant head of water.

The naln aupply pipa waa eonatruetod of Teur-Ineh unplaaticlxod
pelyvinylohlerida (uPVC) and reoeivod water fra« header and Tilter <k«
befere deecending to ground levai. Thia pipa auppliad a four Ineh
ring naia. Three ineh dianatar riaara fed water freat thé ring naia lato the

atoek tanka. Theaa riaara ware fittad witb valvea to eentrel thée flow ef water

I
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into --ail tank.
Calculation 2. Fipa diaaotar of aain aupply to atoek tanka.

A flow rata of 500 1 ain*" or 0.3 1 a-“, waa raquirad through tha aain
eupply pipa (e== balow). Tha hand availabla batwaan tha watar aurfaca in tha
tank and tha inlata to tha atook tanka waa 3 a. Tha laagth of plpa
ragnirad batwaan tha haadar/flltar array and tha atook tanka waa aatiaatad to

ba 20 m, thua tha hydraulio grodInt (h) waa oaloulatad aai
h - 2-»20 > 0.1

Froa tabulatad valuaa ralating to uFVC pipoa (Iritiah Flaatioa Fadaration
1900), tha ainiaua pipa diaaatar allowing a flow of 0.3 1 a-*“ againat a
hydraulic gradient of 0.1 waa found to ba thraa inohaa. In addition head
loaaaa dua to albowa, valvaa, ate. ware not quantified, but bad to ba allowad
for. A eoabination of four and thraa inch pipa provad aatiafactory in
praotica.

Tha atook tanka wara circular, t]iraaaatraa in diaaatar and 1.25 a deep,
and haU a aaalaua of 0.0 a> watar. Tha tank inlata ware thraa diaaeter
aporgara and tba outlata, protaotad by a fUt aoraan, aaitad centrally through
tha baaa of aaoh tank. Tha outlet pipaa ware of four inch diaaatar uR/C,

three inch diaaatar “awinging-ara® type atand pipaa which

controlled tha watar lawal within tha atock tanka.
Calculation 3. Tank voluaM roquiraaanta.

A aax laaa atook bioaaaa of 500 kg waa aalaetod aa tha baala for tba
daalgn alnoa fiah waighta of up to 2.5 kg par individual «mra aapwstad and
adaquata nuwbara wara raquirad for aapariaMotatlon. Tha total tank voliaM (V)

ragnirad to hold 500 kg of flab at tha ralativaly low danalty of 10 kg a* iai

V - 500V10 = 50 w*
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This Toluas oould bs astt
s) using thirtssB 2n diaastar tanks (indiTidual volusw>3.9 a*)
b) using six 3a tanks (voluasM.S a*), or
e) using four 4a tanks (15.7 a*).

Six 3a tanks wsro salsotod as allowing tha raquirad stock bioasss and danaity,

whilst giving adaquats raplioation of traataants.
Calculation 4. watar flow raquiraaants.

Tba total aaawatar ragniraaant was oaleulatad under tba assnaption that
1 N uia providM an adaquata supply of oxygon to support 1 kg salaonid fish

(Buguanin and Colt 1589). Thus tha total roquirasMnt (0) was siaplyt
0 “ 500 kg X 1 1 Bin*" kg** “ 500 1 min*"

Natar flowad froa the stock tanks into a oonorota channel which aaasurad
0*7 a X 10.0 a x 0.5 a doap and carriad watar via a six inch drain into the
settling tank. Tha diaansions and obaraotaristics of this tank arc abown in

fig. A.2. non
Calculation 5. Settling tank voluaa.

Muir (19S1) raportad that, in jar settling tests, up to 90% of solids
froa trout culture ware raaovad froa tha watar coluan within 15 Bins, thus tbo
voluaa of tha aettlaaant tank was calculated to give a roaidanoa tiaa of this
duration. At a flow rate of 500 1 ain**, or 0.5 a* ain*“, tha voluaa (V)

Iraquirad to giva a 15 ain rasidanco tlaa 1st
V e« 15 X 0.5 - 7.5 a*

To lacroaso sadlasntatlon affioianey tha sattlasMnt area was aaxiaisad »nd tba
“tank fitted with raaovaabla bafflas to Inoraaso upward water aovaaant.
| Tha second baffla also providad a puaping ehaabar containing rolativaly

“clean water. A suhaersibla Orindex Ninex (type 170720) centrifugal piaip was
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mltuatad vithln tbia ehaaibar. Tbla puap ma auppUad by Rltebi.*, MaeXMaia aDd
Co. Ltd.l alaapow, pouvrad by a I.IKH )-phaaa alaetrlcal actor, and operated
at 3S00 rpa eitb a aaxiaua capacity of *75 X min*™*. It eaa fitted with lino
anodaa to protect apainat corroaloa. Approxiaataly f a of teo ineb diaaater
pipeeork carried water to the three bioflltera which were altuated on

aeaffolding together with the header tank at a height of 2.5 a abowe greoad

lewel .
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Calculation 6. Flow requlreawot (roa suheeralble puap.

A flew of 250 1 Bin*" or 4.2 1 a*“waa roquirod, through a pip« two inohoa
in dlaaatar and > a in langth, to the array of bioflltara. According to
tahlaa, tha hydraulic gradient induced by watar flowing at 4.2 1 a* through
a two inch pipe ia 0.07. Thua tha head (hf) dua to frictional loaaaa within

tha plpa waal

hf - 0.07 X » - 0.63 a

In addition thara wan a vartloal diatanca of 2.5414-1 a, giving a total head

) ofi

Hm 0.63 4 4.5 “ 5.13 a or approxiaataly 0.5 bar

Thua tha punp %ma aalaetad to giva a flow of 250 1 aUr “ at 0.5 bar.

Tha biofiltara aaaaurad la x la x ladaap and containad BMab bagn filled
with blofiltar aadiua. Two inch diaaMtar outlata linkad back into tha aain
aupply. Both inlet and outlet plpga were fitted with valvaa ao that it waa
poaaibla to laolata each tank. Additional pipework waa Inatallad to enable

baokfluahlng.

Calculation 7. Biofilter voluata.

The expected production of aaaonia (BB,-N) froa aalaonid fiah can be
aatiaatad aa 0.0365 x weight of feed auppliad (Uao 1970). For 500 kg atock
bicaaaa, fad at 2t body weight dayS tha total aaaonia production (Mp) waa

calculated to bat

HP - 0.0365 x 10 kg - 0.365 kg m,-M par day

The blofiltar aadiua uaad (Filtarpak CF50; Maaa Tranafar Ltd., Xandal), had
a apaclflc area of approxiaataly 200 a* a* and an MH,-M raaoval afflolmcy of

about 1 g a* day*. Thua the voluae (V) raquirad to raaova 0.365 kg VH,-M par
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day watt

V- 3C5-»(200 X 1) - 1.US a°

In praotloa, tliraa la* filtar tanka wara installad to allow oloaalng and
raeondltloning of tha filtara whan naeaaaary.

Oaarflowa froa tba haadar and filtar tanica wara oonatruetad of four Inch
diaaatar plpa and lad Into tba aattlin« tank. A aix inch dlaaatar drain lad
a diatanea of about 100 m froai tho aattling tank to tha “aoakaway*. Tbia
oonaiatad of a pit about tbrao aatroa wida and 20 a long, axoavatad to a daptb
of about four aatroa and flliad with eobblaa. Naata watar antaring tba
aoakaway drainod balow ground larol into tbo oartb.

Aaration wan auppliad by a BVC blowor (typa TV3 100) drivon by a 0.75
XN, 3-pbaaa oloetrio antor running at 10000 rpat. Thia unit waa auppliad by
0.D.Laaaon PLC, Goaport, Banta. It bad a capacity of 300 ft* ain*“ and waa
connactad to a two inch uPVC ring nain. Ocao diffuaara, ona in aaob biofiltar
and two in aaob atook tank, wora linked to tho ring aain by 3/4 inch Sircoflax
hoaa and uPVC pipa. Tha 3/4 inch pipaa wara fitted with valvaa to ragulato air

flow. i

Calculation 8. Blowor power.

The aatiaatad oxygen roquiraaMnt for 500 kg Atlantic aalaon, aaauadng
a maxiatu» active aatabolio rate of 1 g O, kg™ hr**, ia 500g O, hr*~ (Liao 1971).
A typical tranafer afficiancy (oxygen out/powar in) for a blowar-diffuaar
ayataw ia 1.22 kg-O, par KN-hr (Buguanin and Colt 1989). Aaauaing an ovarall

bloifar afficianoy of <7%, tba adniaua power rating (W) waa calculatad aai

ir> (1/67)x(0.5)"i-1.22 - O.CIKN (Buguanin and Colt 1989)

Tha tank araa waa fancad and a ahad provided for «forking and atorage,
and for Inatallation of tba alactrioal aupply. Tba threa-phaaa aupply «laa
taken, via a buabar connactlon, froai tba aaina aupply in tha laboratory

building to a diatribution board located in tba abed. Frew here, connactiona
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«er* Bad* by uadarground cabling to tho baaoh poap, the antmaraibla pcap and
tba blowar. In addition, a aingla phaaa aupply «ma probidad for eoapound and
abad lighting, powar pointa and tha alarm syataai. Bach elreuit «ma «rirad
through a awin elreuit braakar, and additional pretaetion «ma given by tha
inatallatloB of raaidual eurrant oireuit braakara aa appropriata. In oaaa of
po«mr failura, tba main laboratory ganarator, pravloualy «rirad into tha
buiding, provldad aa amarganoy aupply.

Tha alara ayatai «ma daaigaad and built by O. Nilroy, Univaralty of
atirling. Tha aala puap «ma aonitorad uaing a pair of float a«rltoboa, eituatad
in tha haadar tank, «ibloh «rara aotlvatad in tho avaat that «mtor fall balo«r
a eartain lavai la thia tank. Tha aubaaraibla puap «ma aoaltorod by a
raad-typa vortioal float e«rlteh aituatad in a blind and of tho o inch
blofliter aupply aa daeoribad by Koaa and Muir (1987). Both nota of airitebaa

«raro linkod into an alara panal «ibleb aaittod viaual and audible alaran.

A3 FHogigWMiHgB

A.3.1 riah ero«rth and aurvival

Approxiaatoly t«mlvo hundred Atlantic aalaon aamlta «mra tranaforrad
from fraab«mtor diraotly into tha axpariamntal ayataa in Nay 1988. Tbaao «rare
roared in tho ayataa over a period of about t«o yaara, during «ihich tiaa they
«mro avibjaetad to the axporiamntal atudlaa daaorlbad in aoetion S.

Tha flab grow from a aaan «might of approxiamtoly 40 g in May 1988 to
1145 g in rabr«iary 1990, aquivalent to a apaoifie gro«rth rata (SQR) averaging
0.533t day*. Food eonvoralon affieionoy (FCB) «ma ealeulatad to be 51% over
thio 21 month period. Both 8al and FCB are lo«mr than «rould bo axpoetod on
ooaaMreial faraa (Auatrang at ai. 1987), probably partly dua to tha affoota
of axporiaantal proooduroa, although tha nat«ira of tho holding faoilltiaa and
fcoding praotloaa nay alao have had aoam offact.

A high paremtago of grilaa «rare found aaong flab held for over one year
In tha axpariaantal ayataa. In auaam 1989, approxiaataly 75% of tha flah in
tbo axpar)mental tanlca «mra aaxually aature, «ihilat tha aaaa graatlo atook

hold in aaa«mtor eagaa over tha aaaa period abo«md a auoh lo«mr proportion of
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grlIM. Th* oaus* of soeb a hlgb aaturation rata la oaknoim, but otbar aaall
aaawatar tank aystaaa bava aufCarad alallarly. Xneraaaad aTallabillty of faad
on tbha bottoa of tba tank aay ba raaponaibla ainoa a blgb food intako proantoa
maturatlon (Tborpa 1>b9).

mo aarious dlaaaaa problana wara aj”arlanoad during tha axpariaantal
pariod. Baa lioa wara notably abaant freai all flab in tba tank ayataa and faw
unaxplalnad mortalltlaa ooeurrad. Tha loan of about 30 flab aoon aftar
tranafar into tbo ayataa van attrlbutad to daaaga during tranafor. A ainilar
nuabar fallad to bagin faading aftar tranafar and atarrad aftar 3 or 4 aontba.
In addition, aftar tba ooaplation of tba axpariaantal work, 3( aatura flab

dlad froa a auapaetad fungal Infaction.
A_.3.3 watar Quality

A nuabar of water quality parameters ware aaaaurad at intarvala during
tba t1JM flab wara kapt within tba ayataa. Watar taaparatura waa aaaaurad aaeb
day ualng a aarcury tbamoaatar auapandad In a atock tank. Tha taaparatura
rangad froa 7.S*C In Fabruary 1989 and January 1990, to 14*C In Auguat and
Saptaahar 1988 and 1989. Furtbar gaaujlta ara ahoiin In fig. A.3.

Watar aallnlty waa aaaaurad Iat (approxlaataly aantbly Intarvala during
tba flrat yaar of oparatlon ualng a taaparatura-aallnlty proba (Valaport Ltd.,
Dartmouth, Davon). Thaaa raaulta ara ahown In tabla A.l. Tha aallnlty rangad
freak a mInlmua of 29.1 ppt to a mariaua of 33.6 ppt. Biakllar fluetuatlona
occur locally In Loob LInnha frea wbara tba watar waa drawn and It aaaaa
lIlkaly that thaaa ara brought about by ebangaa In tba fraahwatar Input dua to
rainfall, and tba aplaodle ralaaaa of low salinity %mtar froa Loch Btlva
MIna 1972).

Watar osygan eontant wan aonltorad at approxlaataly akontbly Intarvala
dktring tba first yaar of oparatlon using tba WInklar nathod daaerlbad by
Strickland and Paraona (1972). Tha rasults of thaaa analyaaa ara shown In
tabla A.2. Coneantratlons of 0.714 and 0.683 ag-at O, 1*“ wara aaaaurad In tha
haadar tank during tha flrat thio aonths of oparatlon. Thaao oorraspond to 12S
and 127% aatkiratlon raapaotlvaly. Suparaatkiratlon of water with oxygon and

nltrogon can occur an a rasult of laalcaga in tba suction lino to a puap
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1« &=1. Sslialty i ta la

Data aaliaity (ppt) |
M.i.M 334 1
2»aC.M .
10at.M 31..

29.1
at.ioaM 11.9
12.9
iaia.M
10.3.99
it.«.99 314
-aiaatf 11.9

oauaing air aatralnMnt and diaaolutlon undar praaaura (Klla 1977), and it
--mma likaly that thia aaebaniaa waa raaponaibla for auoh high eoneontrationa
in tho hoador tank aoon aftar atart-up. Thaao wora raduoad to 0.375 ag-at 1*“
(oguivalont to Mt aaturation) in tho third aonth of oparation and

aubaaquontly atayad low, praauaably ainea any laakaga had coaaad. In tha atoek
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tank* th* «ffaeta of thaaa flaetuatioaa «rara «InIMlaad by tha uaa of aaratioa
and osygan oonoaatratioaa, raaglag froM 0.449 ag-at I* (tl%) la Auguat 19M
to 0.979 ag-at P> (100%) la Daeaaibar 1909, «rara laaa varlabla. Thaaa ara
abeaa tha alnlawi oeaeaotratleaa far aalaoaida rannaaianrlad by Nleklaa (1991).
mo aigaa of gaa-b«ibbla dlaaaaa (D"Aouat 1999) «rara obaarvad In aay flab bald

la tha ayatara.

sabla a.a. taat la tha wtal ayataa
Dttt iMreer ttook taaka
m8*at 1** % Bf-at 1-* 8
29.9.ai 0.714 129 0.97t 100
29.4.18 0.403 127 0.941 104
30.a-98 0.349 «4 0.449 -l
2f.8.88 0.375 4 0.449 82
21.10.88 0.342 0.910 0
30.11.88 - . 0.918 0
8.12.88 0.371 . 0.941

| 10.2am 0.471 70 0.420 103
0.441 78 0.932 0
1 8.12.88 0.423 7, 0.975 100

Tha auapandad aolid oontaat of «ratar aa™loa «aa aoaaarod ragularly
diiriag tha flrat four aontha of oparatloa and oooaaalonaly tharaaftar, ualng
tha aatltod daaeribad by atrielclaad and Faracaa (1972). Thaaa data ara abo«m
in tabla A.3. In tha haadar tank, total auapandod aolida «raro loar oa oaeb
ooeaaaloB and avaragad 0.019 g 1*, indloatlag affaotlva oparatloa of tha
aub-aand Tflltara. Tha proportion of orgaaie to Inorganio aukttar «ma
approalaatoly aqual, at about 0.009 g 1* of aaeb. la tha atoek taaka total
auapandad aolida avaragad 0.021 g 1**, of «hleh 0.010 g 1** «rara organic and
0.011 g 1* laorganlo. oueh ooneantratlona ara alightly highar than tha 0.019
g 1" racoanrandad by Hielclna (1991).

pl «raa naaaurad on t«m oooaaalona at aavaral pointa «rltbin tha ayataai,
and rangad fron 7.92 to 7.71. Thia la «rlthia tha noraal ranga for aaairatar

(ftrlekland and faraona 1972).
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la A.S.

Total aa*onla-aeeonluB (ini,-mi/) oonoontrations Mara aaasurad on aavan
occaaalons using a Haeh tost kit (Bach Co., Maaur, Bolgiua). Thosa shoitod
littla Tariation and wsro olosa to tha lowsr limit of dotaotion of tha kit.
In tha hoadar tank oonoantrations wsra always loss than 0.1 ag 1*S but
in tha stock tanks thsy wsra usually slightly highor at 0.2 or 0.3 ag 1*.
Thaso ara within safa lisdts for salaonids at tho pB and tasvaraturo rangos
dasoribad abowo (Woatars and Pratt 1977; Niokins 1901). Matar saaplas takan
at tho inlat and outlat of tha biofill]ars in B~taabar 1991 wara assayad for
MB,-ini,* by N_.Philips, Univorsity of Stirling using ths indo-"anol bluo aathod

<aodifiod for saawatar (Solirsano 19(9). Thaso avaragad 220 and 17S |ig 1**
rospaetivaly and indieato that tha biofiltors raaowod only about 22t of tho
total. Bowavar, at bighar BB,-lia«* ooneontrations tbo affieionoy would ha

oxpaotad to iaprowo (Xaisor and Mhaaton 1993).
A_3.3 Haintananca and running costs

Basidas faoding tbo fish twica aach day, claaning and aaintananca was
raquirod on a regular basis. Tha stock tanks and drainage channel wara cleaned
and sludge punpad frea tha settling tank once aacb weak. Tha biofiltors ware
claanod awory throe aonths on avoraga, and tha header tank siphoned once ovary
six aonths. Over tba two year period, problsas with biefouling ware

significant only in the eoncrata channel which supported growth of groan and

I
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broim alga*, and in tba flsh taaka aiiioch bmeamm ooatad in broim algaa aitar
aavaral aontba. Ho problaaM wara aj”~arlaaead wltb tba anb>aaad flltars aitar
initlal diiileultlas wlitb iaatallation, but tba «aia paav raquirad aarrleiag
and raplaecaaaat ei aeriag parta talea aaeb yaar. Tba antaiaraibla puap «aa
;proaldad witb a baelrap, bot it waa enly naoasaary to osa thia on ena eeeaaaion
orar tba two yaar pariod whan tba iirat puaip raquirad aarrleiag. miallarly tba

blowar raquirad aarrleiag oaly enea erar tha twe yaar pariod.
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