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ABSTRACT

Tbyrofd activlty of brook trout, forcecl to contlnually swin

against a current for seve::al weekg (curr.ent flsh), wae conpatecl to

tbat of flsh 1n etlll water (caln flsh).

Follorvlng radtoloelfde lnJectton, S uptake of railloactlvfty by

tbe thyroliÌ, tbyroltt/senrn ratlor. seru¡n pr.oteln-bouncl r:atllotodicle,

ancl converelon natlo, lnclfcatecl a snall but not slgnlflcant lnc::ease

ln t\yrolcl actlvfty, clue to exerclse. Semm fnorganlc racliofodiile

loss was faster for currrent flsh ln two out of th¡ree ex¡nriments

nafnly because of greater erbrathyrolctal excætlon.

Levels of gen¡m stable lotltde (127f) increased for both groups

clur'lng tbe erperlments, poselbly because the flEh were Etanred.

Current fteh averages nere consfstentLy higher. The slow netabolfsn

of ¡adlfolofllcle tn the brook trout, and the consicler"able varlabltlty

ln radloloillde parnneters between lncllvlilual flsh, r{er€ sho}rn to be

due to the hlgh and verlable sen¡n etable foclfete levels , E/S ancl CR

we¡ne lnversely relatect, whlle 6en¡m lL25t was ¿lf.r€ctly relatecl to

total seru¡m locttde (U?f ). $ thyrora was ofteu clraetlcally tncreased

when total se:r¡n locllcte wag low.

Fo1lo¡cing 125f -t-tUyroxl.ne lnJectlou, rate constante for loss

of se¡arn protel.n-bouncl racllolodide wer¡e faster for curr=nt ffEh. Ftsh

forced to swin for 5 clays <lltl not show thls effect. Faster pTE5f

tu::uo¡er rrates for current fteh wer.e attrlbutecl to lacreasedl blllary

Ioss of thyrold borøone.

lv.
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The level of total serun thyronlnes wa6 always sllghtly hfgher

for current fish.. For both groups lt was extr"emely low.

Thfn layer chromatogr,'aphy of ser¡a fron flsh 25 ht after T¡*

lnJectlon r.evealed substantlal amounts of Tr*, r:adiotrÍlodothyronine,
lDc

ln adctltlon to T¡tr radlothyroxlne, ancl T--rI.

It ls concluilecl that for the brook trout, under the condÍtlons

of thls experlment, there ls no clear"cut relatfonshfp between

¡netabollc stress, due to exerctse, and thyrold functlon. Any changes

ln thyronine turnover could be attrlbuted to alteratione in billary

Ioss.
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INTRODUCÍION

Although tbyrolcl hormoneg are r^elatecl to netabollc functlons

fn honeotberms, thls relatlonshfp Ls less preclfctable ln polkllotherms,

belng ¡nrtlcularly controversial for flsh. There h¿ve been two maln

approaches to the problem ln flsh.

In tbe flrst approacb, nost etudles have lnvolved neasurlng

changes l.n metabolfc rrate (O2 consunptlon) followtng aclnlnlstretfon of

thyroid hotaones, TSHr thyrolcl lnhlbttors, or rracllothyrolclectony.

Unforbunately there has been llttle stan¿tard.tzatlon ln procedures

(Snftn ancl Ever.ett, I9l+3; Eop¡rcr, L959¡ Prttchar.rt aud Gorbnan, I!60;

ancl Mohsen ancl Goctet, L96o'). Thls ls especlally appa¡:ent in the uanner

by whlch thyrotdl hornones have been given (fnJection, in the food, and

acldftlon to tbe water) anct the dose actnlnlste¡:ed.. rn almost arr

lnstances, doses of thyroldl hormones have been trlect, wlthout knoting

tbe no¡taL pbyslological leveL of the clrculatlng honnone ancl lts rate

of turaor¡er for the specleE uncler fnvestl.gatLon. The tnportance of

tbls one variabre aLone, ln the type of response tbat nfght follow,

cannot be ovenenphaslzecl, sl.nce ln mmals lbte (I961+b) fountt conpletely

ctffferent effects followlng the atlntnfstratfon of excesglve or snall

dloses of thyrofcl ho¡f,ones. sfnllar crtticlsns courd appry to the

atlnlalstmtfon of antfthyroicl conpounctE ancl nethocle of thyrofdectony,

boùh of whlch courcl reeult ln slcle effecte. x'ron the varfety of

experf.æntal conilltlons useil, the contrnoversy surrouncllng the re-

Latlonshlp between thyrotcl functlon ancl netabollc rete in flsh ls not
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surprtslng, ancl lt ls often statect that posltlve reeulte reprcsent the

exceptlonal. casee (Gorbnau and Bern, L962). So far ltttle has been

conclud.ed fron the ftrst type of appr.oach.

The seconcl approach le to follor changes ln thyroid actlvity

when the netabollc tlenanclE placecl upon the flsh are Lncreased. Thls

bas been attenptetl 1n a prsllnlnary fasblon by Fontalne and Leloup

(tgfg) anrt Eales (1963) iu Salno eatrdEË!; anil Bonnet (fgZO) tn Mwf_!

g!5. In eaeh caee metabollc ¡ate was increased by forcing flsh to

swf.m agalnet a current and these fish wer.e comlnreil wfth controls,

either ln a reducedl flow, or ln stl}l water. AIthoWh ther.e were

lniticattonE of fnc¡eased thyrolcl activlty, solely basecl on rettlolod,lde

netabolfsm, this was by no Eeans clearly establlshecl. tJfthlu a

partlcular stucly all r"acllolotlfcte ¡nrraneters of thyrotcl actlvlty wer€

not lnfluencecl. For exauple, uptake of radlolodide fnto the thyroid

was not ln all cases elevatecl for the current group. Eales (1963)

obtalned eLtghtly hfgher uptakes for hls control fish,

No attenpt ruas uade to ¡epLfcate results anil the naxlmun

dur..atlon of any of the experlmente was 18 days, wlth the total nu¡ober

of sanple tlnes onLy being ll. No attenpt was made to stuily racllo-

thyroxfne turnover. Eowever, certaln ¡eeults, wblch go far have not

been veriflect by any t€search to ilate, werre found:

(f) goth the level of total stable lodide and total hormonaL

lodlde wene lnc¡¡easecl for flsh ln the current (Fontalne

ancl teloup, L959)

(a) Current flsh were uoted to have an f.ncreased rate of extrs-

thyroldal focllcte excretlon (Eales, L963)
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(3) fntrathyrrcldlaì- (toatae ancl lodotyroslnes) were affectecl by

swfunnlng (Bonnet, 19?O)

In the present study tþrolct functlon ancl lodlne netabollsn have

been comtrnrecl for brook trout, Salvelfnus fontlnalls (uftcUftt) aefa

for prolongecl perlocls fn a contlnuous current, ancl 1n etill water.

Besleles studylng :racllolodide metabollsn, the pertpheral netabollsn of

nctlothyroxlne was f.il¡estfgated to obtafn lnctlcations of ho¡mone turn-

over rates and changee fn excretory ¡nthways, wfth exercise. Also the

lnfluence of exerclse on levels of clr¡culatlng thyroaines and stable

fodlcte (PTr) was folloÌred.

In thts way 1t was hopecl to obtaln a moæ complete pfcturre than

that available f:ron pr.evf ous studies.

Brook trout were usecl because they coulcl be obtainecl ln,large

nunrbers, and because 1t 1s known t!¡at certaln brook trout exhfbit

enailronous qualltfes ancl a deffnlte nigrratory ¡nttern, havlng to swfn

consfderrable cllstances. Sea-run flsh have been obserqect off the

eastern shore of Euclson Bay ancl they tnlrablt st¡eans and ther.efore

aæ natur.ally eubJectecl to cur¡eats (MacCrfnmon and Canpbel1, Lg6g).
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LITERATU¡8 EEVTEVI

Thls ::evieït enconpasses four aepects of t,he stuily.

The fhyroltl Glancl and Metabollc Eate 1n Verbebrates

1. Eomeotherms

The thyrold gLancl of bomeotherms lnflueaces netabolfc rrate.

Accordtng to Tata (1961+), Magnus Leriy 1n 1895 flrst ctlscoverecl tbe

corælatlon betvreen netabolic rate anit th¡rroid. actlvfty, Ín uân.

Sinee that ttme tbyroid horaones have been sbown to affect netabollc

r¡ate ln other bomeothe:ms (fttt-ntver.s ancl Trotter, f96h; Tata, Lg&a).

Metabollc ¡esponse to thyroxine can occur at an early age, a6 b¿e been

sbswn for the rat (flrrf , Pantlo, ancl Tarklconen, L968) antl the plg

(Kacluba-Uscf.lko, Legge ancl Mount, 19?O). The latter authors fountl

a hlgh sensitivlty to thyro:rlne fn the young pig, durtng tts flrst

week after blrtb, when the hormone was not bounrl to plasm protelne

to the sane e:rtent, as 1n tbe olcler anlnal.

A correlatlon between the blological half-llfe of thyroxlne

(Ðr) ana netabollc nate was achievecl 1n the thyrolclectonizecl rabbtt

by Tonoue and Tanamoto (f96?). They conclucled that T4 aecumulatlon

ln per.f.phersl tlssues led to an lncrease Ln metabollc activlty, whtcb

acceleratecl the T4 dleappea¡tance rate by nlslng dlffuslon ancl, ort

degrcclation ¡ratee of T¡.

The nechanlsn of tbyrotct horøone (T¡ and trlloclothyrontne

(T3)) actlon ln nan¡nals (revtewedl ln ctetall by Tata lpd+ arb ana 196?)
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ls sttrr not clear, althougb certaln concepts are energlng. îbe re-
sponse to thyrold horrones ttepentts on the dose. Excesslve or
pbarmacologlcar doses reduce the ratent pertod between hormone

aclnlnlstratlon and' the metabollc response, and also uncouple oxfdatlve
phosphorlylatlon of nftochondrla. thfs uncoupllng 1eads to fncr.eased

oxJrgen consumptlon, by e coatrEnsatorry elevatlon of substrnte oxfclatlon,

to ove¡rore tlecreasett efficlency of nftochonôrlal phosphorylatlon. fn
contraetr ptlysfologfcal d.oses of thyrolcl homones ar€ assocfatett wtth

rong rat'ent perlod,s and. prortuce anaborfc actfons. These actlons

tnclud.e:

(l) aeceteretton of n gNA s¡mtheels ancr turnover;

(2) lncrease ln the lncorlpor:atlon of anlno aclds fnto p¡rotein

by nltochoucÌrla aud microsones;

(3) fncrease fn nltochonttrfal resplnatlon anct phosphorylatlon;

(I+) depfetlon of he¡ntlc gltrrcogen.

Fron theEe and other obsenratlons, Tata concludes tbst tt€
carorlgeuic actloa of thyrofcl horsones at physiorogical revers is
secoaclar'¡r to a genersl stf¡¡ulatlon of cytoplasnic protefn s¡mthetfc

actlvlty. fn}'lbftlon of no:nal protefn s¡mthesls resultecl in falture
of physlologlcal doses to stlnulate basar netaborlsm.

Thyrold. homonee are not the sore hornonal regulators of
netabollc ::ate. For nan and otber anfnals both T3 anct r¡ potentlate

the metabollc effect of catechoramlnee (svectn¡rr, tg66¡ Tanche and

the¡miaarlas, t969). rn adrenalectonlzecl mfce, T¡* falredt to augnent

metabollc late. SnaII closeg of adrenalln aclnfnletered to adrenal-

ectonlzed ¡rLce restôred the effect of r¡ on oxlBen uptake



(Subra¡tenyan and Locketi, L965).

2. Polkflotherus

Tbe metabollc response to tbyrolcl borrnones 1n cold-blootled

vertebrgtes has, so far, been lnconsistent, Severel revlewg (lf-n

ancl Wachowekl, lplI; Plckford ancl /ttz, L957, Do<lct and Matty, 196\;

anct Gorbnan, t969) lncticate a rllvislon on thls subJect. For con-

venience most of the r"eler¡ant lltenatur¡e has been tabulatedl (Tables

I, II, III), In Table I, thyrotil hormonee adnLnlstererl by a varlety

of methods and ln varylng amounts, lecl to Lncreased netaboLlc rate

Ín sone poikllothe:ms but not fn otherE. Even wltbfn a specfes

clfffer"ent responses beve been obtafneil, for e:<anple, 1n Caresslus

aurratus and Lebistee netlculatus. ft can be seen fron thfs table

thÊt anlnal age (weight) could lnfluence tlre rresponse (Sntth aucl

ldatthews f9l+B; Mthler, 1953) as well as the experlnentaL tenpereture

(løUer anit Levedabl, L)J); Icaher, t96ti Maher, t96Si Wtlhoft, t966;

ancl McNabb, L969), dosage of thyrofd borsone (Eopplng, L93L¡ Lewls

aatt Fr{'etten, L959; Tho¡r¡bu¡n aad Matty , L9&) anil the nethoct of

bo¡mone ailninf stratlon.

Anttthyrofd conpountis (faUle II) do not alwaye ttepress o)rygen

consnmptlon (Ctravln and Boesnoore , L956; Prltchard ancl Go¡ùnan, f96O)

anct ln one study actually incr.eased netabolic rate (Ptcoe, Schmldt,

ancl Popovtet, Ig69). Thyroldtectomy, fn general, ôoes not lead to

decreaseô oxygen 
"essunFtion 

(faUte III). However, Maher ancl tevedahl

(tgrg) and Maher (1965) etressed the tmporbance of tenperntur€ 1n
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r0+OB.
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neitlating this respons€. In two sepat€te stuclfes, TSII (taure rrr)
(uütler, L953¡lacreased the oxygen consunption of Carasslus auretug

anct Chavln and Eossnoore, L956) however, no effect wag obse¡red wlth

teblstes retlculatus (Drexler ancl Issekutz, 1935) ancl AnoLis

carollnensls at eOoC (Uaner and Levedahl, L95Ð.

fa the course of evolutlon, nanrnals coulal have developecl e

netabollc response to Tl¡r or a number of factors pecullar to poikllo-

the:rns could be hinclering the solutlou to the problem antl masklng the

response, for ft is knowu tÏ¡at treatnent with 14 brlngs about lncreased

locomotor actlvity ln flsh (Eoar, Keenleyslile and Goocta1l, 1955 and

Sage, 1968). Factors such as the dlfflculty ln obtalnlng a besal

uetabolfc rate, ancl cycllcal behavfor aesoclated with reprocluctlon and

photoperloil, are consLcler:able problems when lnvestlgatlng poikllotherrus.

AIso tenperature could definftely affect rnetabollc t€spon6e, sfnce ag

Idatty (fg:b) pointed out, the tenpenatur.e of poikilothems ts usually

los{er than that of honeotherme, as is the ¡ate of oxiclattve netabollsm.

It has been estlm¿tecl that the tbyrotd secretlon ra.te of trout ls also

Iower (tO to Lp ttnes) tban fouud for honeotherrs (notfert and. Froryn,

L9591.

The level of thyroitl actlvfty ln flsh uay be fmportant fn

clete¡minlng whether or not an lncreaoe or decr:ease fn resplr,atory

rate nlght follow the adnlnlstr:ratfou of T4 (Sege, 1968).

Hoar (f958) refers to a ¡nper by Mansfeld (I9h9) who suggeetecl

that the prlmary effect of thyrolcl hor-none ls one of accelemtfng the

spllttlng of proteln, and that these products leacl secondarily to
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lncr^eaeecl ox)rgen coneumption. rn polklrotherrns be consider.ed the

bulldup of breakdown pz"oducts lnsufficlent to slowly caII fo¡th the

Etlmulatozy effect on oxlôation processes.

It ls posslbLe a partlcular forr of str.ess mfght be requir"ecl to

stlnurete both netabollc ancl thyroldal- actfvlty, as fncH.catect by

Elchnants study on the starry flouncler tn L)JJ, where etrese due to

the fleh belng ln sart water, fncreased both. metaborlc r:ate ancl

thyrof¿ actLvlty.

A slte of actLon for th¡motd homones on flsh netaborisn was

clairned by Eochachka ( Lg62). Both 14 and r, fncreasect the rate of

gruconate oxldatlon by liver honogenates and sll.ces by as much ss

I2r%. Glucose netaboLfsm waÊ thought to proceect by the pentose

L'

phosphate pathway.

nfnlsterecl ln vftro

anil phosphorylatlon

mmls.

to

AIso Ì¡fassey and Snlth (1968) found that T¡* act-

nttochondrle of brown trout uncoupled oxlclatlon

lower concentrationg than those reportecl forat

In sumary, ther.e ls deflnltety srrfficient evldence ln the

llter:aturer so as not to exclucle a posslble role for the tbyroicl gland

on polklrotheru oxygen consumptlon, andl as suggeÊte{ abor¡e, sevenal

factors could be nasklng the r.esponse.
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Exer.cf ee

l. Generral Digcusslon of Exercise and lts Effect on i!þ.e EÞygþlegÏ

of Ffeh

Activlty ts one of the nany factors, consfctereit by B::ett (tg6Z)

whlch lufluences oxygen consu:nptfon ln flsh (Beanlsh anê MooktrerJll,

L96)¡ Brett, f96l+¡ Br.ett ancl Sutherland , L965; and Suit; L965).

MetaboLlc response to lnposed. exercfse ls regulatecl by factors such

as ftsh welght (.lou, L955; Brett, L965¡ Rao, 1!68); temperntur.e (Grrabam,

1949; Glbson and Fry, L95\¡ Job, L955; B:rett, L9&; Brætt, 196?; antt

ÐLckson, I968)i oxygen ancl carbon IeveIE (Gr..aban, fghg; Basu, L959¡

Davls et gI, L963t Kutty, f96B; Dalberg, Shunway antl Doudor.off, L9æ),

ancl çalfnlty (Rao, L96Ei and tr'a:øer and Beanlsh, L96Ð.

Iatense mugcular exerciee taxes aeroblc means of derivlng energy

to the llmft anô wben o¡(¡rgea 1s llmiting flsb must derive more energy

vla tbe anaeroblc metabollsn of glycogen, r.esulting ln the accuuuLatlon

of pyruvic aad lactic aclil and oxygen ctebt. Durfng tÊcovery from this

äebt flsh unclergo deep rresplratfon, whlch alclE the oxltlatfon and

coan¡erslon of accunulatetl lactlc aclcl to glycogen.

Black (t95r, L)Jl arb), Black et al (1960), Black et at (tg66),

ancl Stevens and Btack (tg66) have stuclleit these changee extenslvely,

nonltoring blood pynnrate and lactate, and lLver and muscle glycogen,

for a nt¡mber of fleh specles. Intense muscular exer.clse for 15 nrin

ln aII lnstancee slgnlffcantly lucr"easecl bloocl lactate over the

unexerclsed condftLon. Recover'¡r to control levels rrequtrect 16 hr for

- iL.:"":"r?a¡?7
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yearlfng Kauloops trout (Black, L957a). Moderate erercfse (ll0.?

ft/n1n) for 30 ntn producecl changes, less narkecl, but stfll cliffer-ent

fron the controls. P¡rmvate also incr-eased followf ng l! mln of

st¡enuous exerclser but raodergte exezclse of 2O nfn duratlon, r:esulted

fn a value only sllghtly hlgher than the unexerclsecl state.

As expectecl, nuscle gl¡rcogeu clininlsheit rapldfy (80É durlng 5

nln of exerclse) followlng severe exerclse of Ehort clur:atlon fn 1å-

¡rear-ortl r:af.nbow trout (stevens anct Black, L966). t¡Ilth re-exercfse

a further decrease in muscre glycogen levels was brought about, and a

correspondlngly gr:eater lncrease ln muscle ancl blood lactate levels

occurrecl .

The clegree of fnfluence of exer.clse on flsh caròohyilrate

netabollsn depends upon the ex¡rerlnental conclltions. For example,

severe exerclse for 2 mln coupleil wlth etan¡atlon (over a perlott of

th urs) resulted tn a greater decrease in nuscle grycogen than for
feclr exercfsecl minbow trout. Eowever, Iíver glycogen values ctfdt not

cbange slgnfffcantly for elther group ancl there wae overlap for muscle

Iactate changes, between the two groups.(Black, Bosonwotth ancl Docherby,

L966). !,lben a low tern¡erature (O.2oC) was combinecl vllth stan¡atlon

fot 25 tlays, sal¡no sarar exercleed to exhaustf.on, had srightry hlgher

Llver and uuscle glycogen levels when couparecl to the mean values for
fecl, exerclsed flsh. Blood lactate levels ctlct not cllffer (Wendt, L965).

Theræforer temper:atu¡.e courd nodlfy the effect of stanratlon wlth

exercLse.

Dean and Goodnight (fg6l+) showed that ternperratur.e, ltself, can

f.nfluence the effect of exercise on carbohydrate netaboltsn, cle¡:encltng

l': :': /:r,'



upon the specles of flsb under lnvestlgatlon. For exanple, IæBonls

nacrochlms at 5oC wae the only specles, out of h lnveetlgated, not to

e¡rhtblt a rlec¡æase ln nuecle glycogen nfth ererrclse t at 5 anil 2OoC.

ALso, blood glucose lncreased wlth exercfse at 5 anct z}oe, for all
s¡ncl.es except L. nacrochlrus at 5oC.

Metabollc rate changes clurlng the Brocess of rtcoverJr fron oxygen

rtebt have been nonitored by Eeath ancl Prttcbard (1962) for L.

nacrochlnrs antl by Br^ett (fgd+) for the socke¡re, Oncorh]mchuE nerka.

L. nacrochlnrs requlrecl IO to 25 bt to retu¡n lts netabollc late to the

pre-exencise level, whfle B¡ett estfnatecl a tfme of 3.2 hr, lndlepenilent

of acclfnatfon ten¡n¡:ature, for socke¡te to regaln spontaneous actlvlty.

The uenner ln whlch current ls applfecl le nost lnportant rchen

consÍdering physlologlcal cbanges. For example, physfcally training

trout to a curr.ent, or concÌltlonlng then, brlngs about lnterneatlng

rresultE . (Ifocbachira, L96L, ilanmond anct Hlcknan, LJ66). Eoebachka

physfcally conclltlonecl nalnbow trout to a cur:pnt (1 ft/sec) for 6

nontbs at lroC. Conrtltlonecl flsh ¡le¡e founcl to sustaln an oxygen clebt

thr.ee tlnes tbât of uncontlltloned fieh. AIgo the t¡:afnect flsb when

fatlguect were able to utlllze more of the avallabte glycogen ln muocle,

tbsn tbe untrstnecl flsh. The anount of bloocl haerooglobfn wae greater

for tr.alneil rainbow trout. AIso, they batt larger hearbs. Eochacbka

coneide¡e¿t that slnce gneater buffering andl oxygen-carrlylng ca¡ncity

are conseguences of the high haenoglobin concentlstlons, then the

tralnecl flsh coulcl tolerete nore lactlc aclil accr¡mulatlon.

Ralnbow tr.out were condltlonect to velocltfee of 20 cn/sec ancl

l+O cm/sec for 16 ttays by Banmond anct Eicknaa (tg6). The trainetl

r8
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trout rneslste¿l fatigue better tban the controls fron stlll water, when

all 3 groups were tested at a hlgh current velocfty (53 cn/sec).

Slgnlffcantly gr^eater lactate concentr:atlons appeared ln the nuscle of
condltfoned trout, but the rate of renor¡al was fastest for these groupÊ

after cessatlon of actlvlty. Slnllar tnends wer:e rsported for plasna

lactate. P1asma pbosphate followlng exercfse was slgnlficantly higher

for the conclftlonecl ancl control fleh, but the cllffernences between the

thr.ee groups were not slgnfflcant.

It nay be concludecl thet exercise

withln flsh. The extent of these changes

exe¡cise aail on exper.Inental conclftfons.

causes physlological changes

clepencle upon the forn of

2. $xercise anal Thyroi¿l Acttvlty ln Flsþ

There ar:e, to the authorsr kno¡¿Iedge, th¡¡ee ex¡nrfnents desfgnecl

to test the r=latlonshlp bet¡reen thyrotct funetion and exercfse ln fish.
Fontalne and Leloup (1959) conclftfoned r¡alnbow trout for IO dtays

to a curtent of 0.h n./see (11 hr/aay) at ! to llog. The ftsh we¡e

then lnJectect intraperltonealry wtth 5 pc1 or r3rt ancl klrled, z\, 96,
andt LBB hr after lnJectlon. They obtafnecl a gneater thyrbl¿ uptäke of
racllolotllde for the curnent group, at the three samptfng tlnes,
I,ebelletl horroae lodlcle (¡gf ) was 3 tlnes higher for the current ftsh
lBB ur after lnJectlon, but theæ b,as uo fncrease ln converslon ratfo.
Total stabre prasma ioclltìe was greater for the current group a5 was

the stable hormonar lodtde bound to the proteins (z.T nce# versua p ncefi

for the controls). Elevatloa of total lodicle levels ln the current
group v¡ae attrlbuteil fn part to ross fn nlner:al foctlde (lnorgaulc)
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from nuscle to Bêrlr¡u.

When deterüfnfng the lnfluence of exercLse on l3lt netabollsm

of steelhead, Eales (f963) first lnJectect the flsh anct tben placecl

half of then ln a fast curreat and the r.enalnder (controls) tn a slow

cu:rent (Zfit of fast current). Sanpllng was continuecl up to I days,

over a tenper:ature r:ange of I0 to IO.5oC. Increased swinnfng increasecl

the loss of f.norganlc ra.dloacttvlty fron the whole body, slfghtly

clecneased. the per.centage uptake of 13Il lnto the thyroicl, anct sllghtly

lncr.eased the converslon :gtlo.

Mugll auretus were e¡cerclsed at 7 emf eec for up to 15 ttays by

Bonnet (fgfO) and wer.e com¡nr.ed to a control group lu stlll water,

Botb groups receivecl an lnJectlon of LZJ]-. lrS Ur before they wene

kfllecl. Ten¡nr.ature was helcl at lzoC. After J ctays swlmmlng the

percentage of labellecl ldIT (monof.odot¡rroslne) plus ÐIT (dltoctotyroslne)

wlthin the glanct, d.funinlshecl for the current gr.oup, flowever, the

thyrold uptake fector (T..U.F,), ttre plasne proteln-bound hor:nonal lodltle

(pnnu5f), and the percentage of T3 plus T¡ wltbtn the glanct, wete not

cllfferænt, fron the control. At 15 clays the current group'. hail a hlgher

T.U.F. (L2.61.l4 ::ather than ?.?5$) anô, a graeater anounl of rnattloactive

loclotgrostnes (61+.!2$ Lnsteail of 5B,e%) wlthin the glandì Eowever,

loclothyr"onlues rnevealed 1lttle change fron the control, as tlftl the

level of plasrua Pggæ5f .

Lees tllrect evldence for a r"elatlonship between exerclse ancl

thyroltl functlon has beer, sr.rggested by Leloup and Fontalne (f960).

They point out that hlgh vatues of hormonal foillne (12?f ) "*
especfally characterlstlc of dlailronous fieh (salnou, sea trout and
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shad). Also r:ates of ho¡monal secretfon (ncg. horuonal foatne/t0o

grarc body welght/dlay) ar.e higher for fieh engagtng ln upst:ream mfgrntfon.

In aclclltlon, Êecretlon of Th Uy the lungflsh ls greatly decreasecl clurlng

estivatlon. Theee obsetrvatlons wet€ correlated with greater oxygen

consumptÍon. It shoulcl be stressed that the hlgh values of horsonal

locllne obtafned, coulcl be the r.esult of contenf.natlon, slnce the dla-

ilromoue speciee also hail the htghest levels of plasma lnorganlc loitlde

tlQT-t\ ¿/.

Other concluslons have been reacbetl concer-alng the basls for

increesed thyrold actfvfty durlng nlgratlon. Moet of the following

studies cleal wtth downstrean mlgratlon, however, the eonclusfons

reaeheil, ln all llkelfhood, could apply to upstt€an nlgratlon.

Iucreaseil ttryrolct actlvlty (f*stologlcal) ln rnfgratlng Peclflc

salnon was thought by Eoar anil BeJ.l (1950) to be a functfon of the

increasecl metaborlc work of osnotic regulatlon and salt balance.

Baggerman (1960) str"essecl photoperlod, as causlng an incnease in

thyroici acttvltyr at the onset of nlgr"atlon, whlch cllsturbs osmoregu-

Iatlon. she also polnted out tb¿t osnoreguratlon may increase tlre

clenands for thyrrcfdl hornones even further.

The eeasonal factors of tenperaturne and photoperlocl were con-

sitleæcl by Eares (1963) to be the posalbre causes for the lucrease

ln tbyroltl actlvlty observecl for yearrlng sockeye, ancl coho sarmon

at the tlne of nlgrstlon. Both hlstologfcal ancl radlochenlcal crfterfa

shoræd sinllar trende. Besfdes these, the process of snoltlficatton

anct the fuaportance of the anblent level of L27t, eouplecl with tenperetur^e

effects on foctlcle excretlon, were dlscussetl by Eales as posslbllltlee
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that could contrlbute to helghtenecl tbyrolcÌ actlvtty.

In contr:aet to the vlews of Leloup and Fontafne (f960) woodhee¿t

(L959) consl.derect that thyroid actlvity (t¡tstotoglcal) fn the lrnmatur.e

cod Gailus calrarlqs !. tnltlatecl anct sustafneal actl.ve ancl rong

nlgratfons.

0n evaluating the above llteratu¡e ancl taklng lnto account the

clrestlc physforoglcar changes whlch occur wlthln flsh at the tlne of

mlgratlonr lt woultl be a nfstake to assune an effect of erercLce, by

ltself, on th¡rroltl actlvf-ty.

3. Exer.clse and Thyroict Actfvlty tn Eigher Vertebmtes

A response by the thyrofcl ln hfgher vertebrstes to fncreased

exerclee has occurrecl ln Eome fnstances, but not ln others.

A flfghty strain of chickens ehoweal a thyroxfne eecretlon ¡:ate

(T.s.R') (*s. r-t¡*/roo g.b.Ìr./a"ù 6T.6l,lûgher than a ctoctre stratn.

Docfre bfuds, however, had a gneater percentage thyroict uptake of
r31r"(srivastava 

and rurner, Lg67).

An lufluence of exerclse on 6on!s as¡ncts of thyroid functlon 
,

has been clalmeci for the rnat (Escobar del Rey andl Mor¡eale de Escobar, l 
'

Lg56b; Rhodes, Lg6il. ïn the forcr stutty thyroidectonlzed, rets

nalntainecl on L-T4, exerclsed for l-2 hr ta 24 hr, dleuonstratecl a

faster dlsappearance r:ate ro" r3lt labelletl - t-Th than the contrors. '.,':'.,.,i
:.- :,..t: -

Thls contr:asts wlth a prevlous stutly wher-e the TU - disappearanee

rate was unaltered, when r:ate were forced to e¡{in fot 2 hr, and kllleil

I br afber lnJectlon of T¡ (Escobar clel Rey ancl Morreale de Escobar,

tg5&).
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Rhocles (L967) founcl a correlatlon between the amount of exerælse

ancl thyrofdal storage of locllne. Non-exercleing rats had approxinately

twlce ae nuch thyroldal lotllne, as exerclslng rats. He concludecl that

th1ewagcluetoagreaterut11lzat1onoftbyro1dhornoneclurlngexerc1se,

reeultfng ln lese storage of dfetary fodlfne, and more ¡apfd conversfon

to clrculatfng honnonal todl.ne.

X'or parbly- ancl fully-tralneil horsee, Inrlne (t967) obtafnect 
,,

t[yrorine sec¡etfon rates respectlvely 3&# ani- 65(r htgber, than for the

r¡ntrrainecl horses. The conblnatlon of lower values for Eerum IÆL27l,

ancl greatly decreased sen¡n balf-Ltves of labetled T¡ from controls,

T$a-s cfteil as the cauae.

Confltctlng ¡results have been reporaed for nau. Isshof et aI

(fg:b) coulcl not alter tbe perlBeral utlllzatlon of th¡rrolcl horsone

wLth exercise. A decrease in the clrculatlng fr€e-thyr.oxfne level

after exerclge wae found by De Nayer et aI (1968). Thyroclne cte-

grractatlon (secrretfon r.ate) fncr:easect up to 754a for athletes in

nod.enatel-y severe tralning, when compa¡¡etl to thoEe of resttng non- 
i,,

ath1etes.AI8o,rgr27ranilf¡ee.T¡1eve1stl1ctnotcl1ffers1gntf1cant1y

(Intine , L9&). The lncneaseil perlpheral clegractatlon was thought to :

be tlue to lncr.easecl perfpheral tleloclfnatlon of T4.

Fron the d.ata on flsh and htgher vertebrgtes, 1t seens eviclent

tbat exerctse does not accelerrate aII neasu:rable fntllces of thyroict 
i.

activlty, ln a single study. In sone cases tbere ls no effect of

exerclse whatgoever.
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C. Stable lodtde

I. Geggral Consideretlons o3 Stab1e fnorganlc lodll¿le Levels and

Their Effect upon Racllolodlne Metaborisn ln Fish 
;;1,,;.,¡

Blood lodidte levels ln fish are subJect to considerable

fluctu¿tloa whlch can be correlatecl to the followlng:

(1) novement fr"on rtch to poor locttdle envh'onnents , :t

(l,etoup ancl I'ontaine, 196O);

(e) seasonal fluctr¡atlons ln wate¡ toitlcte content ([tckman, , .,:

t9@-).i

(3) elevatett tenpénáiurg resulting ln greater iod.icte

excretion (Letoup and Fontaloe, 1p6O);

(ll) Afet loctldte levele (Ie nocne, Johnson aucl Wooclat]-, 1965);

(5) sexual naturatlon (Roberbeon and Chaney, 1953).

In gener.al Elckqan (i962) fouad that senrn ancl thyrold lnorganlc

lodide concentratlon ln Platlchtye etel.latus cbangecl seasonally,

¡¡arell-eLtng the chenges ln envlronr¡ental lotllne ancl eallnity. Both

Eicknan (W6e) ancl Leloup ancl Fontafne (f96O) aoted ttrat certaln flsh, ', '.. 1.

in a nedlun poor lu loclfner âr€ eapable of a ver'¡r hlgh serun lodlde ':

conceatrat1on.H1ckuanspecu1atedthatact1veabsorpt1onfronthe

water nfght be the necbanlsm. In contrast, Iæloup ancl Fontalne

suggested. that dladronouÊ teleosts have blgb levels of plasne locttd.er 
::;:ì,¡.,

d,ue to thelr calnclty for gr^eater blncllng of lodfcles, subsequently

verffiett by Huang antl Elcknen (fØB).

tlater lodfne levels can clrastlcally affect the thyrolcl glancl

when ln low concentratlon, resultlng tn thyrolct hyperplasla. lÍarlne
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anil Lenhart (fgfO) wer.e able to aLlevlate thls eondftfon by addlng

todine (LWoIe solutlon) to the water for up to 22 clays. By ttatly

feedlng butter floh, Stlg¡nateue trlaganthus, hfgh fn lodlne¡ Marlne

(fgfb) ellmlnatecl and pæventetl rreturn of thyrolcl hlryerlplaela ln brook

trout, prnevlously fect on hogrs llver and hear.t muscle. Roberbson and

Cb,aney (1953) also notLced this conclftlon could be abollshed fn epawning

Lake Superlor trout, which tracl accese to aclclftlonal todlne fn food,

cllschargecl fron the holcllng pontls of a hatchery. Dlets contalnfng

nerlne fleh anô sea weedl HelÉ recorunenclecl by Raclulescu et af (f9@) for

the treatnent of thyrold tunors ln brook trout.

There are a number of etudles showlng tbat the uptake of rstllo-

locline by the thyrofcl, can be noilfffecl through varlous lodlcle levels

ln the water, or ln the cllet (Gorbmn ancl Berg, L955¡ Hfckman, 1959i

Srlnaetava, L96O¡ La Foche, Johneon and tdoodaLL, lr96i2), The gener:al

trencl ls one of g::eater thyroicl uptake ¡lhen flsh at€ nalntained on

lE¡r lotllne cllets, or tn water of low lodiae content. Low envlr.onmental

levels of fodllne according to Elckuar (1959), stlnulate the actlvity
of the thyrofctal foctlcte tr¡apptng nechanfen. tlttle attenpt hae been

mcle to correlate thyrold uptake to blood lodlne levels. ThÍs ls

brlefly consiclered by Leloup and FontaLne (fggO), when conperfng

thyrotd uptake of the norsal eel at 6.5oC, after tr^eatueut wfth TSH,

to control eels. Appar^ently the TSE-treatetl eels hacl a gr.eater level

of plasrna lnorganlc PIt and thls, by decreastng tbe epectfic acttvfty
ì?1of -'-I ln the plasna, contrlbuted to the apparent lnhlbitlon of the

rechanlsm of fodlne flxation. Roberbson anil Chaney (1953) obtalned

an lnverse r=latlonshlp between ce1lular thyrolcl follicle hefght anct
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bloocl loclfne concent:3tfon. Atso rlpe ancl spent sea-run ttalnbow, and

lod.1ne-fed trout denonstretfng no ttryroict hyperplasla, had hlgh bloodi

lodlne concentlatlon, when coulnrecl to spawnlng IB.ke MtchLgan ralnbow

trout ln sfunllar conclltlon, showlng thyrold hy¡¡er¡¡lasla.

Taklng lnto account variables, such as I27I 
"ontent 

1n the

tnterlor antl exterlor environnent, and r:ates of ratllolocllne excretlont

Leloup and Fontalne (1960) nacle the statement tbat low thyrolcl uptake

of radfolocllne ls not necessarlly an lnclex of thyroid hypoectlvtty.

Both they, antl Elcknar (1959) go furbher and questlon the valfd.tty of

thyrold uptake measures when these factors are not consldered.

2. Effect of Stable loctide Levels on_Thyroicl Functlon ln Otber

Vertebratee

For the marine lguana, whlch feecls on algae rfch fn loilldet

thyrolctal toittde uptake was extr.enely slow (2fi tn 2f daye). Lowensteln

antt Stebbfns (f969) auggestecl high plasna todlne levels wer.e ln ¡nrb

the cause. Feeillng an loclÍr¡e-deflclent clfet to chtcke resulted 1n

r"eplct uptake of lnJectea I31r (W.tEft at 2 hr) as comparect to the

control nraxlmu¡l (r+.54 at I hr) (Featherston, Boehm ancl Roglet, 1966).

Slnllar t:rends ro 13\ uptake by the thyroltt followlng ait-

nlnlstrratlon of low- and high-lodlne cllets to cocker.els anil r^ats were

reported by Rosenberg, Goldmgn, Ia Roche and Dtnlck (1961+)- Tlrese

authors statetl tbat higb thyrolctal I3Il ,rpttkes fn rats on low loctlde

cllet vrene, clue partly to the high speciffc actlvltles of cl.rculattng
1?l

tocllde after -'-I lnJectlon.
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Varlous dosee of stable locltde aclnlnlsterecl to hurnau subJects

were found to alter the ¡nttern of thyrold. ¡:atllolodttle uptake to the

poiat where the gland coulcl be blocked (nansaen, Passant, Peabocly, anil

Spefght, 1967)

A nr¡¡ùer of studles on nnn andl other nannals Ìrave consicler.ed

the effects of loctfile other tÏ¡an those due to alter^ations in the spectfic

actlvlty of adnfnlsterecl racltolodltde as an artefact fn radloloclltte

retabollsm. Iodllde lnhlbltfon of th¡rrold functlon coulcl concelvably

occur at tbe pltultary, thyroidi or peripheral levels (ocUt and DeGroot,

Lg6g).

Inhfbltlon at the pitultary level coulcl not be denonstratecÌ by

Abbassf and Mckenzle ( L967). Both DeGroot Gtee¡ anct Galton ancl Ingbar

(1967, we:re unable to flnd any effect of excese todicte on the perlpheral

netabolfsm of Tr.. Tbls leads to a cllrect actfoa of locllde on the
.+

th¡¡rotdl. Buhler ancl DeGroot (f96g) denonstr:atetl a clecræase of horsone

¡rel-ease after KI adntnlstratlon, due to ctlninlshecl thyroltl degredatton

of tbyroglobulln 1n the tortc hunan glancl. Excess lorlldle was found 
,,,,1,]

to cllrectLy block the release of thyr.oict holsone caused by TSfi or T"ATS, , ,.

when aclnlnlsteæcl 2l¡ hr prlor to thelr lnJectlon (OcUf ancl DeGroot, L969). ':

Flnally Burke (fgZO) was able to show thst lodlcte lnhtbttlon of

thyrolct secretlon occurred at one or no::e steps ln glanclular hormo-

nogenesfs, prfor to ad,enyl cyclase actlvatlon and colloltt dr"oplet ..,,,

fo¡¡atlon. G¡reen (fg66) actrle supporting evÍdence for Burkets r.eeults.

He noted that lnorganlc locllde (concentratlon 50 nl't) notllflecl thyroldat

lntermecllary netabollsn 1n vitro both by lnhtbltlng glucose metabollsn,

lnvolvlng both the he¡cosemonophosphate shunt and aeroblc glycol)rs16,



ancl lnhlbltlng Krebs-cycle oxlclatfons.

Iodlcle cleficiency results ln functlonal changes of the thyrolcl.

Ðurlng sustalned perlocls of dietary fodtite cleflcfency, Greer, Grlum, ancl

Studer (f968) concluded. that rrate prefer.entially syntheslze and secrete,

T3 over T¡r because of the greeter needl to conserve lodide ancl the

greater potency of T3. Kaïmarlcar et al (L969) found, that goats from an

a:rea of loctlcle cleffciency aLeo hacl hfgher tr/f4 rratlos ln thefr thyr.oids,

as well as hfgher ¡frf/blÎ ratl.os, wben conpar.edl to the cont¡'ol anea.

the T3Æ4 ratlo ¡:ather then belng consfderecl an aclaptlve mechanlsn was

thoqht to be a dfrect consequence of lodtcle cleftclency, based on the

MIT/bIT r:atlo antl the stnrcture of thyroglobulfn.

Sor¡e E_ffects of Stanratfon on {lsh Pbysfology

Brett GgeZ) definect stancÌar{ Eetabollsm for fish ae the leaet

r"ate of uetabollem commensur¡ate wlth approprlate experlnental technlgues,

while routlne uetabollsm exp¡¡esses the avet€ge oxygen consumptlon of

flsh, whlch are mod,erately actlve. It hae been shown that both stanctard

anct routlne uetaboLl-en can be clepresseit wlth starvatlon (Utcfnar'¡ L959i

Beamfsh, LgO+, Panrathesvrararao, L965, lg67; tlaes, t)6,8i and Dickson,

1968).

Accorrllng to Beanlsh (f961+) tbls t¡enct wfth stan¡atlon, can

reflect both a reductlon ln the oxygen regulrement for food asslnllatlon,

ancl a gubsidence of spontaneous activlty.

Actlve netabolfsn (tfre maxlmum rete conelstent wlth the hlgbest

contlnued level of acttvlty (nr.ett , L9&)) tor rrainbow trout was found

28
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by Dickson (fg68) to be lntlepenclent of stan¡atlon durlng a !-clay perlocl.

As outllned by Dfckson (1968) there woultl appea¡ to be llttle evldence

to suggest thst active rnetabolfsn 1s fnfluencecl by stanratlon.

Starvatlon also can lead to gone of the foltowlng physlologlcal

changes:

(f) an fncr"ease ln the leve1 of plasna free fatty acicle

(Blllnskl and GarrÈlner, 1968).

Tbls was obeerved for ralnbow trout after 5 and th days without

feedlng, but fron then on levels of frnee fatty aclcls remafned r.elatlvely

coastant up to fO datræ.

(a) " clecr.ease tn llver glycogen ancl plasna glucose, an

lacrease ln plasma pE antl hemotocrl.t (after 30 days)

for the Atlantlc cod (Kanr:a , Lg66)

(3) a rlse ln the level of tlssue water ancl a reductlon

1n the level of serum protelns for the car¡r, wlth

prolonged stan¡atLon. Serum pr"otelns decreasedl by

about a half wfth four to six months of stan¡atlon

(Creach ancl Bouche , L969).

Íbe latter autbors founcl t}¡at hemtocrtt ln the carp progres-:

sively decrneased at a glow rate after 15 tlays star¡/ation in comparlson

to fecl fÍsh.

The effects of starrratlon comblned wfth exerclse, on 6ome aspects

of carbohydr:ate netabollsn, have been consfderecl under the genereL

tlLscussl.on of exerclse 1n tbls llterature revlew.



MAÍERIALS AND ¡{ETHODS

A. Llvlng Materfal

I. Malntenance of Stoek Flsh

Brook trout wer.e obtaLned fron the Provlnce of l,fanitoba Trout

Eatcbery, West Hawk Lake, Manftoba, Canacla. Most flsh were from a

conmon stock, t'rhlch origlnated fron the Oatarlo Departuent of Lands

and. Forests, Dorlon Hatchery brood stock. Mlxtng on an extrenely

mtnor scale rotght have occurr.ecl wtth brook trout fron t'Iashfngton

State, U.S.A. anct Gocls Rfver, Manltoba.

The Eatchery ffsh werc held elther ln large outdoor clrcular

cenent tanks, or fn ¡ectangular cement troughs, and, weæ subJected to

a sllgttt current. They.were feil Glencoe Mfnneapolls pellets, et least

once, and sonetlnes twlce a day. Its coroposltion confo¡secl to the

U.S, Flshact l¡lflctllfe speclflcatlons.

As r.equlrecl ftsb welÊ trîaasported frou the hatcherl¡ to the

laboratory at the Unlve¡slty of Manltoba. Here they were elther heltt

tn a 560-I fibreglass tank, or traneferred. ctfr.ectly to the experlnental

tankr botb having continuously runnlng, aerrated, dechlortnated water.

An almost natur€l outdoor photoperlod was experlencett by ffsh

ln the holcllng tank, slnce thls tank was sltuatecl ln a room wlth

sevenal r¿lnclows and had a top perrnlttlng ltght penetr:ratlon. Super-

lnposecl on thls llluntnatlon we::e the room fluoreecent llghts, and a

small a¡nount of llgtlt from an adJacent bullcllng at nfght. An attempù

was ¡nade to regulate the roon llghtlng frora B:00-B:30 a.n. to
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5:O0-5:3O p,n., approxlnately t hr/ctay. l¡Jater temper:ratur.e ln the

holcllng tank varietl wlth tbe tlre of year (faUfe fV).

The holtllng etock wer^e fecl, so that on the avererge, each flsh
(basecl on a IJ-cn. flsh) recefved a total, over three feetllngs oî 4.7

grans of footl (wet welght) per week. Slze dtlfferences wer:e taken lnto

account, slnce both one- anil two-year-old flsb were used durlng the

course of ttæ experirnents. The foocl consisted of a frozen homoggnate

of beef llver, ocean perch ffllets (fO:f w/w) and a snall anount of

gelatln, the latter two eonstltuents being elinfnatecl fron the tttet

after the end of Novenbet, IÇ6),

2. Maintenance of Extr¡erimental Flsh

Stock trout, followlng transportatLon fro¡¡ the hatcher.¡r, were

accllmated for a least J weeks prlor to lnJectfon, at a temper.atune

between 9.5-f3oC. This tenpenature r€nge was the most practlcal to

malntaln on e seasonal basls, ancl ls not far renovecl fron the optfnun

for the speclee. At tlnes of ¡æar when the temper:ature of the holcllng

tank fell wlthln, or !¡46 ver.¡r close to thls range, the accllnatfôn:.-

period ln the experlnental tank was approprlately reducerl, wlth the

total tlne of accllnatton stlll nalntalnecl at not lese than J weeks.

Brett (L9r6) statecl that sone specles requf::e up to 20 clays to gafn

reslstanee to low tenper:aturse. Slnce the experiæntal tank vras ln

the same roon aclJacent to the holtllng tank, condlttons of lllunfnatfon

were sLnllar. Eowever, the experfmental tank was eloser to a wlndow

and eufflclent arblflclal low fntenslty Ìight (fron a nearby bulldlne)

3I
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pas6ecl through the clear fibreglass top to perolt the flsh fn the cument

to maintaln posftlon.

Feecllng of fleh, totatly accllmatecl ln the experf-mental apparetus,

$ras on the same baeis as for those flsh ln the bolcllng tank. fn all

experlnents, feedllng was cllscontinueil for the experlrental duratioa once

the curent was started, usually 1O-Il$ days before racllochemlcal tn-

Jectfon.

Stan¡atfon $ras feLt to be necessarg because excess fooil was not

easily elinínatecl frou the experlmental tank, ther"eby lncr"easing the

rlsk of fungus lnfectlon, Also, as the cllet contalnecl thyrolcl hornones,

lt coulcl not be aeswrcd tbat each flsh woulcl consume the sate quanttty

of fooit, ancl hence a sfnllar amount of thyrolcl hormone. For ftsb ln

the current, appetfte ¡rtght h¿ve been influenced to a greater extent,

as nlght bs.ve been the ctoninance behavtor fn feecllng associatetl with

slze cltfferenceÊ.

Onty ln 2 out of 7 experfnents was lt necessary to control fungust

thle being acconpllshect through the adtdltlon of rnalachite ereen (IÉ

eolutlon; 6 nt aA¿ea/eW I EAO) to tbe water. The condltlone of current

and stanratlon provecl to be verly efficlent tn checklng fungus lnfectlon,

ancl, never dfcl flsb Ï¡ave to be treatecl after the curr¡ent was con¡tenced.

Oxygen content of the water was kept above B ppto and for the

nost prar4 vras 85$ seturtstecl. This was well above the nialnuu safe con-

centratlons for brook trout (l+ to 5 ppm) ancl above fJ$ satuzøtlon,

below whlch scope for actlvfty ts reôuced (Gr:atørn, I9l+9).

irlhen nonltored the plf rnnged from 6.9 to J.2 ln the experlnental

apparatus.
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3. Experlmental Tank

A lOO-gallon flbregLass tank, 6 feet ln ctlaneter, was modlflett

to provlcle a cent::al calm wate¡ comparbnent and a perlpbe:ral contrnrtment

(ffr¡ne) 1n which a cument could be cr.eatecl by means of subnerrslble punps

(f.tttfe Glant Pump Co.) tn a thfni con¡nrtment (ffs. f). AII com¡nrtments

wefe lntereonnected. to ensurre unlforø ternperaturne, blr a narron gpace at

the botton of the cÍr'cular flbregtaee hoop, ancl through a number of snall

holes. A sfmLlar ap¡nætus bas been clescrfbecl recently by Bonnet ( 1920) .

trlater was forced'counte¡clockr¿lse around the fLunre out of a seriee of

holes drtrlecl fn two paælIer prastlc pfpes extenclfng frora the pumps,

and set horlzontell-y at 9od to the clfu^ectlon of òurrrent frovr. The

ilo¡unetr"eaü screen (upstrean of the plpesr but downstraean of the ffsh)

conslsted of a nr¡mber of vertlcal st¡ranils of stainless Eteel wfrc (#f6

gauge) epacect È to 3/Ats'a¡nrt, ln a flbrregrass fr:ame. Every arternate

wfuæ was posltlvery chargecl, so tbat lf a fish touchecl tbe gricl, ft
would conplete the cfrcutt and rÉcelve a shock (3.5 to 6.5 volts o.g.).

A varlable auto trransfor.ser conneeted to a D,C. power supply regulatett

the voLtage.

lhe nonelectrlfled scr€en was posltfonecl sufflciently tlownstrean

of the plpes to prevent ffsh frqn restlng fn the varlabre cur.rent

recorded. tn that vlclnity,

Tlæ current proflle qtas falrly unlfor:¡n vertfcally, but clitl varl¡

horizontarly. The aver:age veloclty neasurnect at tbree ctiffer.ent

posltlons, r{as J2 cnfsee (f.O: ftfsec) closest to the hoop, and hB

cn/sec (f.:B ft/sec) on the outsltle. The mtnlmun and naximun currenra
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Flgure I. Experfmental tank conelstlng of thr.ee compartments:

calm water (A), current (g) ana pump (C). The positlons

of the central drain (ln), punps (f), etectrlffed screen

(fS) ana nonelectrified screen (t¡S) are shown. Arrows

lndÍcate the dlr"ectlon of water flow, r.¡hile the space

enclose¿l by broken llnes repr.esents one sectlon of the

flbreglass cover.
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we¡É 26 cm/sec (o.85 ft/sec) and 56 cn/eec (t.81+ tt/sec). These Ìrer€

aeasu:led. untler lcleal contlltlons, wlth no flsh in the flune, and were

probably sllght1y hlgher than uncler experlmental conclltions, when s¡nall

anounte of fecal naterlal atlhened to tbe punp flltera. These weæ

cleaneil perfod,lcally cturlng an experfnent. In practlce, tbe ffsh sta¡ecl.

1n the niclclle to lnslile of the curr€nt proflle anct probably swan close

to r ft/sec. Thte was the cursent neloclty usect to traln trout by

Eocbecl¡ka (f96I).

For convenlence ln sanpllng, tbe clear fibreglass cover, for the

ap¡xaretus, ÎJas subdivldlecl lnto four sectfone .

Artbowh the deslgn of the apparatus hacl cerbaln faults, f,or

exampler non r¡nlfomfty ln cur:ent nerocfty, lt provlited a good reans

for exerclslng large nunbers of ftsh at a tlre ancl con¡nring sanpres

of tbeee wlth ftsh kept slnulteueously urder lclentlcal conclitlons, but

ln calm water. Frresh tlechlorlnated water at the appropriate tenlreretu¡e

was led Lnto tb.e aptrnrratus (e.Bl+ f/,nfn) and eventually Left through the

center dnain, thereby reclucing the lfkellhood of excrpted rradlloactlvity

belng absorùecl fnto the flsh.

InJectlon of_Raclloactive Materlals

fnnedlately prlor to lnJectlon all acclfnateil flsh weæ r:emoved

fro¡o the calm water con¡nrtnent ancl herdt ln a 200-l tank at the

accllnatfon tenperature. Materfals to be lnJected wer"e eltherLZSL-

t-thyroxtne (Tb'*) purchased fron Nuclear Consultants ttct. and Anerehan/

\::?:,::
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B.

searle or carrler-free l¡rP5t (Rtøtc Energy of canacla Linltett,
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Comer"clal Products, Ottawa, Canada). Th* was ctlluted ln !@ aqueous

propylene glycor and r"angecl ln spectfic activfty from jr.o-L35,0 rncl/¡ne.,

whlle radlolodlde was d.lluted ln dlstllleil water. The fish wer^e flrst
anaesthetfzect (lvfs 22., trtcalne nethane sulphonate, r:2oroo0) and then

tnJected lntr"aperftoneally wlth O.I nI of rraclloactivlty, fron a I.O n1

tuber"culln s¡ælnge (27-gauge neectle). rnJectl.on was berow the left
laterral l1ne tttrectly beneath, or Juet ln froat of the clorsal fln, wlth

the neeclle slanted at a h5o angle, At flrst, flsh v¡ere lnJected through

flne-mesh nettlng, however, ln later experluents they were brottecl at

the slte of lnJectlon wfth absorùent paperr tnjectecl, anct fnspectecl for
Leakage of the inJected dose. Thls occaslonally happened ancl the fish
ln questfon wês ellmlnatecl. Followlng lnJectlon the flsh were neturned.

to thelr experlrental conpartment, fhe Ea¡¡te procedure was repeateil for
flsh fn the current con¡nrbment, wlth tfu¡e allowances befng naôe for
the total proced^ur.e, eo that each group was treatecl fn a sinllar
¡naEner.

Pfeparatlon of Tb* standards tlependecl on the close. t{herne 1 ¡Cl
was lnjected tnto flsb, lctentlcal doses were tnJectecl fnto IOO-n1 flasks

contaialng 2I{ NaOE antl tbe volu¡ne wag uade up to the IOO nI narìr, ancl

the flasks well uixed. Four-nl allquots fron these fLasks-wefe counted

ancl tÏæ1r rsclloactlvity (cpn corrected for bactrgroundl ¡¡atttation)

nultiplted by 21.

Lower tloses ( .a to .zJ yct) were lnJected dtrectly into glass

countlng tubes, ancl cllluted to l+ nr wlth 2N NaoH. This represented

1OØ of the lnJectecl dose.



i ' l'-l'ri:

39

rn arl raclfolocltde experfnents the close (a to 2.5 yeL) vras pre-

pared as for h.igh closes of r4*, except the clilutlons were uad,e up to

10O nL with dlsttlled water.

C. Bloocl Co1lectlon anÈ Renoval of fhyroid anct Entexihepatfc Organe

A btgh dose of tas-?2.a (r:hrooo) wae used to krlr the flsh
(appror- l m1n). They wer.e then wetghêê to the nearest o.r g. and

oeasured for totar length (aeareet o.r cn), The caudlar artery was

severed by removing the ta1I auct the blood. was allowecl to flow fr^eely,

flrst of all f.nto a he¡nrlnlzect henatocrtt eaplll¿r:y tube, whlch was

seaLed at one encl v¡lth seal-ease, and then fnto a heparlnizecl alunfnun

dLsh. r'ron thts lt was plpetted fato l-rnl prastic eentrlfuge tubes

end centrlfwect (rnte:reational Micro captrrary Centrlfuge, Moiter ìdB

wlth a slant heacl for I-Er centrtfuge tubes), at Lor@o to r5ro0o xg

for 3 mLnutes. ÍIhe serum obtained was then storecl lnnedtately at -ZAoC

tn 2-n1 cllsposabl.e plasttc beakers, seared wltb paraffln. Forloolng

centrlfugatlon uniler ttre sare conclitlons as the blooil, except a hema-

tocrit head was used, the heuatocrft was cletermtned (Btscltotat) ror
each flsh.

îhe carrasses He¡:e raberrect, packagecl, and stored at ( -¿eoc)

untiL o€an remonal, usually several weeks later.
The thyrold reglon was conslder.ecl to be between the flrst and

fourbh glll archee of the rower Jaw, incrucling the tongue, as

lllustrlated by Ðnrr.}r (fg6f). Most of the tþrolct tlssue, accorrtlng

to Drury, ls conffned between the first anct thfrd gllr arches. At
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flrst aLl ventr:ql muscle was taken off, however, sorne rre¡noval of thyroid

tiesue occurred, and ther.efor.e this muscle was left on. A correctlon

factor for tlssue remor¡al was applled, to those glancls affected, based on

tbe aver€ge percentage loss of nadloactlvlty.

Renoval of the enterohetrntlc orgaas (Iiver, gall bladiler, for^egut

(esophagus and stomach) and post pylorlc caecal tntestine) bas ¡een

d.eserlbecl by Eales (fçrfO). Tbese organs r"e:îe renoved along wlth the

thyroid, when the carca66es were partlally thawed, Each fr.ozen ol€an

was r€movect ln total and placect lnto an fnillvlctual countlng tube, whose

volune was then nacle up to l+ nt wtth btt Na0l. Both fornegut ancl post

pylorlc caecal lntestlne (str.aight lntestlne after area of pyloric

caeeae) vrete Beasured., conplete ¡rftb contents, anct the tubes we¡re

ccrunteil, wfthin 2\ b;r, allsrllng for ¡nrtlal tlssue br.eakup.

The reciloactlvlty of eacb enterohepatic organ, or th¡rroid, was

exprressecl as a percentage of tbe lnJected close as detemlned from the

r.aôf oactfve standands .

$ of fnJected dose =

ot€an (c.p.m., corrrected for backgrouncl)* 
,OO

rlaJecteil d,oset (c.p.r. corrected for backgroturd)

D. Deterrufnatfon of PBP5I (Protefn-nouncl Radloloditte) ana IP5l (lnorganlc

Radloloctf@

Serum proteins, to which thyrottl ho¡nones bfnd fn brook trout

(Falkner, 19?O) we¡re pr€clpltatetl by trlchloroacetatlc acid (rcA).

Tbe nethod was as follows. Serun (O.f mf) was pipettect fron a O.I- ml
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dlsposable plpet (¿fSpo nicroplpet callbnatect to contaln ? {$ accuracy)

into 2 u-l of L2.5% 1CA, ln a I2-n1 thtck rrya1lect centrlfuge tube¡ resultlng

ln the fomtlon of a whlte preclpltate. By stfr"rtng wlth a glass rocl,

the præcipltate was br.oken up weIl, uakLng sure to r:emove any ad.herf,ng

to the slcles. A furtÏrer 2 nl of 12.5# ftA wae adderl ancl the resulting

h nI shaken gently nlth a vorbex stlrrer (Oelr:xe tllxer Sclentffic Products)

andl centrifqecl for 20 nfn (2900 to 3@O :.,S) tn a Sonrall clÆ-l centrl-

fuge. The supernatant (b rf) was Bourecl off Lnto a test tube.

Resuspenslon of the pr"ecfpftate wag d.one by aclcltng 2 nL of 2.J$

TCA, ancl stlrrlng wlth a glass rod. Another 2 nl was then acltlecl, ancl

after gentle mfxtng, ttre l+ ml was centrlfugecl for 2O ¡aln. This washlng

procedlur= was perforæcl to reduce protein contamination by lnorganlc

ractioloilfcle. Foll-owing centrifugatlon the seconcl superraataat (l+ nf)

was aild,ed to the ftrst, tbe resulttng B nI thoroughly nlxecl, and a

h-mt altquot tze.nsferred to a counting tube. The r"adloactivtty (cBg)

1n the allquot was d,oubLecl to pr.ovlde the total lnorganlc loclicle or

nonhormonal iodlde ln tbe sêrun.

To the pr.eclpltate 1.9 ml of dlstilleil water was atlcleil, and

follovrlng lresuspenslon by a glass stlrrlng :rocl, 2 nl of l+N NaOE was

adcled, whlch instantly dll-ssolvecl the preclpltate. The contents of

the centrlfuge tube r.epr^esentlng the proteln-bound or hormonal

raclloactlve fractlon ln the senrn, wer€ t¡ransferretl to a countfng

tube and counted. AII raclioactivlty wae counted usfng a well-type

scintlllatfon counter with a tbelllun-actlvatetl sodiultr todide crystal,

af x af" (Nuclear Chlcago DS2O2). Potassfun lodlde ancÌ L-ascorblc

acld were added to all TtA solutlong to pr.ovlcle final concentratlons

i11j]::.il
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appror(inlately I.e x tO-31¡' This reclucecl

organic ratlfolodlde. Thls rcas also clone

proteln contanination by ln-

by lamanoto ( fg6l+) .

::,: ,
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The resultlng serum fr:actlons pg125f 
"o¿ 

11251 were e)q)ressed as

lon X bodv weleht
nl of serum X

VJhere $ tn¡ected dose

= rP5t or rn125l
ttfn¡ected" close (c.p.*' corrected

sample

ecl for bac

for backgrouncl
countett)

100
when

E, Chenlcal Dete rmf.natlons

1.@
The Hycell Cuvette P.B.I. nethod was use¿l to iletelsine the

total lotlfcte of the serum.

The najor cbenicaL reactfons lnvolved were as follows¡

(L) refease of proteln-bound iocilne by perchlorlc destnrction

of protein;

(2) oxtdation of loctlne to lottate by the adilitlon of cerie

rea8ent;

(3) conversfon of lodate to lodfëte by atlditlon of arsenioug

reagent;

(tr) ¡e¿uctlon of ceric a¡¡moniun sulphate by arsenious acld

catalyzetl by lodide, wtth the rate of catalysis befng

proporbional to the lodlde concentratlon at standard

tlme anil tenperatur^e.
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A color reactfon r.esultecl ancl the cuvettes were measur.ecl photo-

netrlcally with a B and L Spectronlc '20" (h20 n/t) fn terms of optlcal

clenslty.

Owtng to tbe nucb hlgher lodlde levels 1n brook trout serun, than

ln hu¡mn 6enrn, lt was necessar¡r to illlute the flsh serul fron 20 to l+0

tlnes (for exaupte l+Ox = 0.1 ml sen¡m to 3.9 nr cllstirled, delonlzect

water). One tenth of an ml of eacn of flve standarris of potasslun iodide

1n dlstlIled water (or 51 10, 15 and 2o ncg todlne/roo mr) was plpettecl

lnto ffve se¡nrete cuvettes (f9 X 150 mn HÏCEL cert,tfletl cuvettes (pBI))

ancl 0.1 mI of the dllutecl serr:m for analysls vras tteliver.edl lnto cuvettes.

To each of these tubee 2 mJ- of ctlgeetion r^eagent (O.A25% vanaclfc acld

la'lÚp trprcbloric acld) was ad.d.ed in consecutlve orrler, eo tbat it
slowly flowecl down the inner wall of the cuvette. The resultf.ng 2.1 ¡01

was nlxed geatry wlth a vortex mlxer, so that no undlssorved senju[

reuaf.ned on the wall. Ehese cuvettes were then placeil, 1a proper order,

at tfned l0 sec lntervars lnto a Eycerr cuvette Tber-mar Brock, pr.e-

treated under a fune hoocl to Z3Oo ! 51,, The cuvettes were removect from

the heatlng block exactly 6 nln after plaelng the first one in the block,

anil ín the sane tlned LO-seconcl lnten¡als. These we¡.e allowed to cool

at room temperature for 15 to 2O mtnutes, Then 2.O nI of cerfc reagent

(o.eþ cerfc a'¡r4onium surfate tn zfr surfurlc acld) was acrded ln con-

secutive ordsr and each tube was vlgorously shaken, with a vortex nixer

to assure complete mixing, because of the large dlfference in speclfic

gravfties between the cerlc and dtgestlon reagents. AII tutres wer^e left
at rooul tem¡rerature for 15 to 2o rnlnutes, to ensure tennper;"atur€ un-

lfotmÍtyr as ceric acldltlon ::esults ln a sllght exothermlc reactlon.
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The additÍon of 2 nI of arsenfous r.eagent (O.!fi arsenic trloxlde tn B.S

sulfurlc actd) was then done Ln tlned seqìrence (30 sec fnter.vals) to eactr

tube fn or','iler. ft was aticlecl 10-12 sec befor.e tbe JO sec nark, providlng

sufficlent tirue for vfgorous mlxing (vortex mlxer) ancl placlng the cuvette

ln a water bath at 3?oC. Exactly 20 nlnutes after the actdltion of arsenlous

r.eagent to the flrst cuvette, and ln the sane 3O sec lnten¡als, each

cuvette was renovecl from the water bath, slfghtly mfxecl, andl clried ancl

then placetl fnto a B antl L slnctronic t'20" (l+eO n¡¡; wlth a sultable

adaptor) and tbe optlcat d.enslty was read agalnst water (converted $

transmlssion ¡eacllng to optical- denslty). On graph paperr the optlcal

ôensity of eacb standard was plottecl on the y-axis agalnst lts respective

concentration on the x-axls. Erom the standartl cunre so obtalned,, the

r¡a1ues of the unknowns coulcl be cllrnectly detemlnecl, which were then

nulttplled by tbe dllutfon.

2. Total Thyrontne Levels (fh + Tq)

By kllllng 20 flsh, I! nI of serum was obtafned, whlch was pooled,

well nlxed, ancl cllvlded into tbr"ee 5 nl altquots. Thfs vras done for
each conôftion (current and, ealn) at J dÍfferent sanpling times afber

tb.e curr¡ent was lnltlated. The resultlng 6 vlars (3 vrars/condltlon)

for each sampllng tirue were packagetl and sent to the Blo-science

taboratortes (eallfornla), They usually a:rlved wfthln 2-3 clays after

nalllng and were analyzed by the T¡-by-colunn test as outllned by the

Eandbook of Speclallzecl Dlagnostlc taborratorA Tests BtU e¿., L969,

publlshecl by the Blo-Sclence Labor:atorfes.
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The test employetl an anfon-exchange resln to rnenove T¡r T, ancl

other lodoamlno aclds if prresent. Senrm tnorganlc lodlde v¡as also renroved

by the resln colunn and. renalned on the r.esln. Protelns, lncludlng

iod.oprotelns lf present, passed through the colunn antl were dlscar.cled.

Mono- alrc .dltodotyros,ines- ff present were r€moved througb subsequent

colu¡rn wasb.es, by eolutlons of d.ecreaslng pE. i{hen the pH was lovlered

to I.h thls caused T4 ancl T3 to be eluted from the colurn. Three

separate frractlone ¡sere collectecl, the flrst two containlng the total

thyronlnes present, wLth the content of each f¡ractlon tletenntned by a

non-lnclnere,tf.ve technique. Tbe thirt fr.actlon servecl as a blank.

fhe metbocl has several advantages. Ffrst of all serun lnorganic

fotline levels, to úleaet a 1000 t¿&, clld not f.nterferre. Nefther ttttl

abnorrmel lodoprotef.ns, or lncr.eases ln the levels of nono- ancl cllÍoilo-

tbyronfnes. AIso tt¡.Ís test could have been ¡rerforrnecl on serum, whlch

t¡acl been at room tenperature for mor"e than a week (ln p::actfce the test

was ¡rerfor.¡xed appro:<lmately 3-l+ days after sanplfng) slnce thfs latter
acivantage nlght only be applicable to hùman serunr.

¡t. Chromatographlc Proce$ure

AII- new shlpnents of Th* rvere checked routfnely for purfty, by

elther d.escendlng paper chromatographyr or thln-layer chromatograpby.

For paper chrormtographyr LO-25 rul of the stock solutlon of

Th* 1r, lS aqueous propylene glycol, was applled on !'Ihatnan #1 ftlter
paper. Chronatogrann were rrun descenttfng ln darkness (f8 hr) wÍth

butanol : acetlc acld : ancl water (h : I: L v/v). RoIIed |-fncn

sectfons of the drierl paper were countecl ln the bottor¿ of countlng
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tubes, and the radfoactfvlty occurrlng ln peaks correspondlng to T¡ and

iodld.e, expreosed as pereentages of the total on the chromatogram.

In thln-la¡rer chromatogr:aphy p3"astic sheets (20 X 2O cn) pr.ecoatetl

with siltca geI, 0.1 rnn thlck (fAV-fotygran S11 S-fiR/uv25l+, Macherney-Ilage1

ancl Co. Dtlren Gerrrany) were used. Tbrnee to ffve nlcrolltr"es of Th*

ditutect fn ¡+É aqueous propylene glycol (trtgner concentratlons of propylene

gl-ycol causecl degr:adatfon of tþronines ou the cb.ronatogram) werne spottetl

and, clrled in a r¡atfl afr stream. f3 an! T¡ (sl8tra) stantlarrte dlssolvecl

in ¡nethanollc anmonla ( 994ø uretlnanol to I$ concentratecl amonia) were

ran on eltber slile. The sheet was run ln butanol : ethanol anil 6 N

anmonfa (: , l+ : I v/v) for 2! hr, drled, and the thyroxtne stand,ards

locallzed und,er IJV. A protectlve coatfng was sprra}¡ect on (tetraset

protectf.ve coatfng) anct the cbronatograrn sections (I/8" wlde) counted

ln the bottom of glass couatfng tubes, ancl tbe raclloactivity occurlng

1n peaks cor.::espondlng to T4 and lod.ide, ex¡rressed as percentage of the

total on the chronatogran. Thls proeedurne was noalifled for the th.in-

Iayer analysls of serun radloloilo compouncls. Twenty-flve nlcrolltres

of eenrm were spotted ln a llne (f3 cm) in the rnittille of a chronatognan

sheet and !3r T¡r MITI DIT, antl loctttte standa¡ds spottecl ln ¡nths on

efther slde. Sanples of the senxn for analysLs r,afe spottecl on top of

the stanilarrls ln the saue tlenslty per unlt length of origln, to ensure

that any seruln constituents lnfluencing nlg::atlon of the standarrls,

would not lnterfer.e with ldentlflcatlon.

'; r,::,:l
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Methods for Assesslng Tþ)rroiil Actlvlty

1. Radlotodtde Metabolfena

a) É ftVfe¿d (pçr"ç¡!ege of the fnjectecl dose ln the thyrold) -

The extent to which the t$roict glancl concentratee an lnJecterl tracer

dose of radlolodttte wlthln the folllcles, throWh actlve trransport

provldes a measure of thyrold actlvlty. It is expreesed as follows:

$ thyrolct : tbyroid (c.p.n. coræc )" ,*
"lnJected doseo (c.p.n. correctecl for background.)

It ls geaerøIly a poor fndicatlon of thyroLd activity lf:
(r) tire level of stable lodtde (E?t) does not r.e¡nain constant

ln the external and Lnternal envlronment (ffsir) over the

sanpllng pertocl, or between fish belng comparecl;

(e) t¡e extratbyroldal, rate of ¡adlolodfde clearance fron the

blood Ls not the same uncler differ^ent experiuental cond^1tlons.

To obtaln the theoretical roaxlmun uptake of radfoloillde (UÉ) ¡y

the tþr.otdt, whlch is later rrequfu.ect for the calculatlon of the ¡:ate

constant for thyr.okl uptake of nillolotllde krr two procedurnes were

followecl. Efther the llne of best fit, ln the stage of r:aclloactlve

loss fron the tbyrold. was extr:apolatedl back to zero tfne (ffg. 2)

(Dorey, I9?0), or an aver€ge was calculateit for the three hlghest S

thyroids, at the tiue y{ber€ tbyroldal f125f accunculatlon had reached a

plateau, The latter proceclur€ was necesselX¡ becauge of the vartabfllty

genenally encountered. u¡lth thls roeaeurement, durlng thls study ancl also

because of the elo$, Ioss of rad.loactlvity fron the gland, r"esulttng ln

fnsufflclent sanple points for extrapolatton back to zero tlne.
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b) Rate constant for Tryrolcl I"/I Uptake (kr) - gv uslng the

maxÍnum thyrotd uptake (UÉ) an¿ by rneasurlng the r:ate constant of radlo-

lodLcle loss fro¡o the serum (f), ft ls possfble to calculate the rate

constants for thyrora 1125t uptake, kI, and for tP5t excretlon by aII

extratbyroldlal pathwaysr b.
These rate-constants have been deter.nLned. ln ftsh by Dorey (lE|O),

who aclaptecl the proceclurÉ of Roberbson anti Falconer (fg6f), for namals.

By taking lnto aecount the serutû racllofodicle excretlon rate the

ète¡rufnatlon of (t1) nrovfules a euperlor method to S thyroict anit T/S

(dfscussedt below).

Racltolodfcle r"emoval from the serum ls e:çonential with tfne,

beconing linear v¡fth a semllogarltkrnfc trransfonoatton. It ts posslble

fron the trensforsetl clata to calculate the tine taken for serlm ln-

organf.c rattlolocttcle to decrease by 5Ø, this belng exptæssed as the

bfologfcal hatf lffe (tå) (ffe. S). I(nowtng t|, trre fractlonat rate

of loss of sen¡m rntlfolocllde by aII routes (K) can be calculatedl by

the equatlon:

t|=rn2 =0.69gKK

The rste constant (f) rep¡esents the conblned total of the rate

constants concerned, wlth sen¡n racllolodlde r.enoval, namely, kr, the

:ete constant for thyrolct r"acliolodkle uptake antl krr the rate constant

for all extrrathyrolclal routes of excr:etlon (gills, kid.neys, skln, þut

etc.). Hence K = k1 + kZ and

senrm tL25t t$ = o.693kr*b

(r)

(2)



,L

Flgur.e 3. Method of determlnlng the biological half lffe (tå)

for serum inorganÍc radlolodide.
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Fron this equatton the total contrfbutlon of kI + kA can be

deterninecl, and by uslng tbe value obtalned for naxlnun thyroltl uptake

(UÉ), the contrlbutlon of each rrate constant can be derlvecl.

lJ6 - k-ffi Ei +E, (3)

Thls eqr.latlon etates that lf the maxlmum uptake fs l00dp then

kr
: I and. tberefor.e there hae been no contrlbutlon Uy ke.kf*ke

Thls ln r.eallty cloes not occur.

c) rnyroi{/sq-4rq Þtfo (g/g) - Thts measure has been dlscussecl

byEales (I96t+). Lfke k1 the f/S ratro fs consldered to be superlor

to the neasurenent of $ thyroia. It conpensates to some degree for
12C

cbanges in f--lI excr"etlon, whfch woulcl lnfluenee the anorx¡t of ::at11o-

lodicle avallable for thyrottt uptake. Eales (fg6h) stated, thât lt

reEts on the aseunptlon that both tbyroitl ¡¡arllotocllde uptake and senrn

radlolodlde renor¡al ¡atee d.o not alter between fnJeetlon ancl sampllng.

The r.atlo ln thls study s,as neasulsd as:

r/s = 6 thvrolct 4t##þ!
AIthoWh Lnferlor to k1r whlch has a mathenatlcal basis, l-t has

the advantage ttrat a tlme eerles of measur€nents fs not requlred.

' ct) Converslo¡-þtJq - Thls provldes a ne&sure of the r."acllohormone

output by the thyrold gland, taklng lnto account the mdlolotlide pool.

It has been dlscussecl ancl applled to flsh studJ.es by, for example,

Hicknan (rg6r), Hoar and Eales (rg6¡), Eales (1963) anct wlsgs (1963).

ft ls expr.eesed as:
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!2C
CR = 6enrm eg fOO

cted for backsrouncl); ;;;t rr25r
(".p.*. correctecl for backgrounct)

Its veltcllty depencls, accordlng to Hoar and Eales (fg6S), on T4*

ancl Tr* belng preclpliated wlth the plasna protefns by TCA (establlshed

by Falkner (f9rc) for brook trout), and also on neglfglble pe¡Lpheral

l-oss of radloholsone over the experlmental perfocl. In adtlttlon both

Eoar and Eales (1963) ancl tJlggs (1963) refer to the possibllfty of

radlolodtcte blniling ctlrectly to the plasma protelns, tber.eby fnfluenclng

the protefn-bouncl locltde deterrfnatlon. In thts work thls error ü,as

ellnlnated by the acttlitlon of K,I to aLl lCA solutl'ons.

2. Racliothyroxlne Metabollsn (clearance of se1qm-Fdi5l-)

Following lntr."aperltoneal lnJectlon of T¡x a cha¡,'acterlstlc
i

i pattern of pg125f decrease wfth tlrne, luvolvlng up to I+ phases nay be

obtalnecl for brook trout (Drury, L967¡ Ðrur'¡r and Eales, L968). Phase

I lnvolved the absorptlon of 1L*, and poselble derlvatlves fron the

i coelo¡n lnto tbe blooct stræam where blnrtfng to protelns occuffed.

: lnJectlon, followfng whlch ther.e le a decrease (Phase II) d.ue to

distributfon of T4*r throughout the tiesues. Together phase I and

phase II constltute the equlllbætlon perlocl-

r Assumfng T¡* ls clearecl frorn the blood. at a constant rate, the

rgl25r serum loss ln pb¿se III ls exponentf.at (rrs. ti). over thls

phase blologlcal half-Ilves (tå) can be cleterslnecl, and also the

frectlonal rate of serr:n PBI turnover (r:adloactlve or stable) by the



.:.::,i-- .::.:.'..:-l::'.:.-.,1-..:-.::..-.1..-.:1..-,.,.,..,..,-.,i .

. Flgure l+. Graph shgwlng a charscterlstfc pattern tor p¡I25r decr"ease

with ttne following lntr.aperltoneal injectlon of Tt,rÉ fn
i-+

fish. Phase r and rr together constltute tbe equilÍbratlon

perlod, whlle the¡æ is an exponential loss of serum
ltËPB-")I over phase fII. Tå ls the blologfcal half-life

of senrn pgl25r.
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forrula k . 0.693. From thfs value the thyroxfne secr^etlon/degractatlon
=-v2

rate can be estinated, knowlng the total quantity of stable T¡ ln the

seru¡n (volume of T¡ conpartment x serum stable T4 concentratlon) ancl

nelatlng tble to the bodY welght.

In phase rv a seconcl peak in serum rgr25r sonetimes occurs.

Drur:y ancl Ea1es (fg68) consiclerett tbls to be a result of tbyrolcl uptake

of raitiolodlcte, producecl. fron the perlpÏ¡eral ttetodinatlon of radlo- ,,'

thyroxine,ltssynthesfsl'ntohorruone,anèthen¡:e1eageinthefo:rn : .:r1:

of endoger,o,r" rts125l- 
: :';

Uslng thfn La¡ær cbronetogr:aphy lt was shown that ft woulcl be

nore correct to r.efer to sen¡n radlothyroxlne clearance, fotlowing

Th* fnJectlon as ractlothyronlne clearence, because througb deloctinatl'on

the proportion of T3* lncr"eases. *3* bas been shown by Ealesr !'lelsbt

and Chan (fg?O) (tn prness) to nave a ctffferent senrn clea¡:ance rnte-

Dnrry ancl Eales (fggg) consider.ed fr:actlonal rnates of turnover

to be a valld tndex of serum PBI degrrad.atlon rate and tbyrold functlon¡

if ft can be assumeal th¿t e steady state exlsts, and the extrrathyroldal 
;:,,-,:,:

thyronlne pool does not dtffer uarkedly between conclltlons compared. 
:

A sumary of the ¡rarameters for measurlng thyrolct functlon ls :'::

glven ln Table V.
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[abLe V. Parameterg for Meaeurlng Thyroid Functlon

in¡ectton Par:aneter Deflnltlon and Comments

Larr $ Tbyrolô

1/s

w

$ of tbe lnJected dose taken up by the thyroltl. Inferlor to
T/S aud k1 provlcllng no fndicatlon--of thyrold hormone output.

Thyrold/semm ratto. Inferlor to k1 elnce lt has no nathe-
uatfcal bas1e. Doee uot requlre tlne serlee of ¡neagu¡enents.

Maxlmun thyrold uptake extrapolatett to zero tfne or average of
th¡ec htgbest $ ttr¡"rolas.

Sate constant for lose of 6e¡:um ¡:adllolodlde vla all routee.

Sate constaaü for loss of serun ::adlolodlde to tÞthyroltt.
Best rattlofodide measure of ttryroldl actlvlty.

Sate constant for loes of se::um ratllototltcle vta aLl extr¡a-
thyroltlal routes

Converaloa ¡gt1o. Provldes a uteagute of the ¡:adlohorsone
output by the tbyrold gland.

K

kI

%

CR

T¡r* tå

k

Blologlcal balf-Ilfe of se¡¡rm mt25l measured over Phase III.

Fracttonal rste of eerum PBI turnover elther ¡:adloactive or
gtable.

$ of the fnJected dose taken up by elther the llver, gaII
bladder, for.egut (esophagus antl stomach) antl poet pylorlc
caecal lnteetlne. Provtdes aome lndtlcatfon of tbe periPhe¡¡al
netabollsn of T¡* along wlth k.

$ dose fn
entero-
hepatlc
organs

Total
Thyrontue

Total ch.cuLatlng thyrold ho:sone (stable T4 * stable Tj ln
the eenua). When used witb k and. an eetleate for the vóIrrme
of the T¡ ancl T" comparbrnent can obtaln the tbyrofd hortone
secratlo¡i ::ate.J To a llnlteô extent pr.ovldes solne lndfcatlou
of thyronetabollc etetus. -

Tota1 6erum
Iodlde

Reprneaents the total etable lodlde 1n the
ancl bormonal). Tt¡fe r¡ust be known wben S
an lnôex of tbyrolcl actfvlty.

senrn (uotu fnorgaalc
tbyroid le ueeô ae
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A.

¡ESULTS

Seven exp,erf.nents, three deallng wlth exercise and. lodlne

metabollsn ancl the renalncler wlth exerclse anil thyronine ¡retabollsnt

are pl€sented tn thls eectlon.

Iocllne loletabollsn

1. Racllolotltne Metabollsm

Tbe lnfluence of erposure to a v¡ater current on Lndlces of thyrold

functlon foJ-lowlng ratllotodlcle inJectfon wae assessecl ln three se¡nr:ate

experlments (I, II and III). (Sunnary, Table VIi Begresslon Equatlons

Table VII.)

a) Expertnent r (.luty-auguet 1969¡ F1g. 5, A, B, C, D) - From the

stocktank,72 ftsh (ave. weigbt 22L.57 g t 38.83 (S.o.)) were assfgned

at rrandom to the current chamber, while ?2 ffsb (ave. weight ?29.09 e!
\t.97 (S.D.)) were asslgnecl to the caln cbamber of tbe appa::ratus. tlater

tempeleture was 13oC, Current flsh swan contlnuously for 1l ctays andl

tben alL flsh werne lnJeetetl wlth 2 ¡Cl of raitloloctfcle antl B ttet¡ fron

each condltlon kllled at L, 31 61 9, L2, 15, 18,21 andl 2l+ days poet

lnJectlon (p.1.).

The na:cfuur:n S tfryrofa r*as Ll+.Ø tor both groups althougb, thle value

was attafned at 12 clays p.1. by current flsh ancl at 15 clays p.1. by caln

flsb. Both groups then lost radloactlvlty, elther as organic or lnorganic

radlolodtae (ffe. 58). ,& was ZQ.S for curr.ent ffsh and 2I.S for caln

ff.sh.



Table VI. Surmary of Radlolodlne l'1etabo116B

Tenp 
oc 13 13

Length of ex1.
(dats p.1.) 2\ 27

Average flsh
'.¡eGui 

(ã)tr ..a. 22t.5rl.38.83 7o.96!L9.62

LensÈh (cm)t1 
".u. 

26.1+3!L.53 18.081r.6?

rs 20.6 L7-à

t! (serun rP5r) dayslo.BO 12.00

K o.od+ 0.058

k, 0.013 0.olo

ke O-O51 o.d+8

tqax ?.01(15d-) 11.50(18d.)
r/s ¡¡atto at

2l+ days \.59 ,.3,

Ibx É 1.20(24¿.) l+.oo(l8d.)
CR at 2l+ -

atays 1'20 3.31t

¡{sx 0.o19(21+d.) o.o?6(21+d-)

s¡r25r at 2t+ days o.or9 0.0?6

Experlnent I E4rerlnent II Experlnent fII
(¡ury-ewu"t (oct. -ltov. (r'rarch-Aprl1

L969) t969) L97o)

Cur¡ent

t1

30

,s6.6bzzL.TP

2L.92!r.69

il$.tr*

L\.25

o.0l+9

o.osl

o.0l+2

9.1+2(28d. )

7.o7

r.?2(2hd. )

L.72

0.o35(21{d. )

0.035

Experlnent I
(Ju1y-August

1969)

* Uf, (ave.)

r3

2l[

229.o¡t+r.97

26.rTtL.r9

21..0

10.80

O.Od¡

o.or3

0.051

?.09(21+d. )

7.O9

1.14(24d. )

1.41t

o.s2o(2hd. )

o.020

Caln

Erperiraent II ErPerlnent fII
(oct.-Nov. (Ua¡cb-Aprll

L96Ð r9?o)

13

27

67.j\tt?.¿9

If.81t1.55

Lg.ù

L7.25

0.d+O

0.008

o.032

IO. 59( 2?d . )

6.82

5.o3(2?d.)

t.75

0.112(2?d. )

o.o52

1l-

3O

1s$.97:22.\3

ar.86:r.l+7

L7.5x

L5.75

0.044

0.008

0.036

8.u(30a.)

7.11

2.5h(30d. )

0.88

o.ot?(30d. )

o.æ1

o\o



Table VII. Egr:atlons for strafght lfne regrçqpfons usefl ln flgures.
(nad.folodine ¡retabollsn, Serum I")I)

Date

July-!,ugpst
L969

October-November
tÑ9

l*fa::cb-Aprf I
Lg70

No, of Figure

*IogY=a*bX

5

6

Cu¡eent

Toc

r3

Equatlon of the I1ne*

r3

logy=0.8233-(o.oan)x

losy : o.7y2g - (o.oel+B)x

Ìogy = 0.71+6 - (o.oarO)x11

No. of Ffgu¡e

5

6

Caln

10C

r3

13

1I

Equatfon of the l1ne

losy : O.9L55 - (0.02?B)X

losy : 0.78lr - (0.01?¡)x

logy.o.8*l-(o.or9r)x

Hrj
:.

t;l

:í;:.
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Ftgure 5. sustained swlmming and radlolod.lne metebolism (current

flsh c, caln fish o) d.urlng JuIy to Âugust Lg6g. The

lndices of thyrolcl f-,nctlon, nanely serun lL25l, %

thyrofd., T/S, serum pg125l, end CR are plotted agalnst

tfune (days). Polnts are means of elght fish. Each

mean for serum tl25t ls ptottecl as the antflogarfthrn

of tbe logarlthn aver:age for the sample, slnce the

stralght llnes were fttted by the method of least

squat€s. Standard errors of the Eeans are indicated

except for sertm tl25t.
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Both groups lost serum ractlolotlld.e exponentlally et an lclentlcal

rete (tå = IO.BO days, K = 0.0611) ancl hence k, or kA did not cllffer

between the caln or current conclltlons. However, the dtfference ln

lntercept on the senÍIogarltbnlc plot of serun ratlfolodlde, with tlme,

lndfcated a cllffeænce ln raclloloclicle ttlstributlon str)ace between the two

grouBs (rte. 5a). The T/s CR ancl. possfbly seruts concentratlon of pgr25t

teadecl to be sltghtly hígher for the cur*ent ffsh (Flg. 5Cr D). The

naximr:¡a f/S was ?,O1 (1þ itays B.t.) for current flsh enct J.Op (21+ days

p,1.) for cal¡¡ flsh. ![¡xinum CR of L.Zq (current) ancl 1.1+l+É (cafro)

were attalnetl at 2h days p.1.

In concluslon, sustalneô swimmlng prottuced ltttte alteretion ln

longtem redlotodicle metabollsn of brook trout. Where tllfferences.ilfcl

appear they suggesteil that ftsh fn a cur:ænt ntght bave a sllgbtly

gr.eater thryoict acttvlty.

b) E$¡erinent II (october-uovenber L969¡ Flg.6, A, B, C, D) - In

tbis ex¡nrir¡ent snaller flsh ¡ryere usedÌ fn ordler to cleterslne lf increasecl

swlunlng by eaeh fish (number of lenetbs/seconct) hadl any effect on

thyrold actlvlty. Fron the süock tank, 99 flsh (ave. welght 70.96 g t

Lg.62 (S.D,)) were asslgneil at :¡andom to the current chamber, whlle 99

flsh (ave. weigbt 67.5\ I t L7.2g (S,p.)) were assignecl to the calnr

ch,amber of the aptrnratus. I'Jater tenperature was 13oC. Curtent flsh

swan continuously for 11 clays antl then all flsh were lnJectetl with

2 ¡t1t of racllolodide ancl 9-10 fish fron each conclltton kfllecl at,2, 6,

9, 12, Lll, L6, LB, zLr 24, anct 2J days p.1.



Figure 6. Sustained swlmmfng and rgdlolottfne metabolfsm (curent

flsh r, catm flsh o) ¿urfng October to November 1969.

Tbe lndlces of tbyrold function narnely, serurn tL25t,

% tbyrolct, T/S, serum rr125r and CR ar.e plotted against

tlne (clays). Polnts are means of nlne to ten fish.

Each mean for serum }l25t is plotted as the antilogarithm

of the logarithm average for the sample, slnce the

straf$ht llnes were fltted by the nethod of least sguat€Ê.

Standa¡d errors of the nean6 are lndlcated., except for

6erum tL25t.

--" -- 'i*?:-:,+l
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Caln flsh hact a htgher per.centage uptake of radlolodlcle lnto the

thyroltl (ffe. 6e). For the cal¡a ffsh US was L9.4, whlle for current

flsh thls was J.7.4. Loss of thyroltlal r.aclloactlvlty was slow for both

grouBs, although for flsh 1n the current, this appea¡^eil to be slightly

faster. There was fucreasecl senrn racllolocllde removal for cu¡rent flsh

(tå = 12 dlaysí K 'O.O5B) than for the calm fish (tå = irJ,ZJ days;

K . 0.OlrO).

Thls resuttect ln a ctifferænce ln the rrate of thyroictal uptake

of radlolodltle for curtent flsh (kt = O.01O ::ather than k, ; O.008 for

caLm ffsh) and also ln the rate of extrstbyroiclal removal of senrm

rectlofodid" (Þ = O.OhB lnsteacl of 0.012 for caln fish). No alteratlon

1a the racllotoctlcle ctfstrlbutLon space was observed (Ffg. 6A).

Mean T,/S ratlos anct CR for the current flsh wer= hlgher at J

sample ti¡¡es out of fO (ffe. &, Ð). Although the mxfmu¡o f/S and CR

r^esBectf.veJ.y II.l0 anct ,+.Oø both occur¡ecl at I8 ilays p.1. for curreat

fish, fnstead of 10.59 antl 5.03F at 2J ctays p.1. for caln flsh, standar.rl

errors of the Eeans often overlappecl antl there !Ías no clear separ:ratton

of sample means accordfng to condltlon. Thls was also the case for
.I âE

Eerum PB-')r (Frg. 6c).

Fron tbis experinent ft was concluded that serum lnorganic

¡:atllolodtde r.emoval was acceler:atecl fn ftsh subJected to a continuous

cun:ent, prtmarlly tbrough extrathyroidal pathways, whlch contrlbuted

ln ¡nrt to a reducecl uaxlnun thyroicl uptake, slnce less radloLodicle was

avallable, A sLlght but very lnconcluslve lncr.ease 1n tl¡yrold ho¡mone

prod.uctlon probably occuÍred. for ftsh ln the current.

.;r:;:.1': iì:i;.-.. - ""3:.:":
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c) Experlgent III (March-Aprfl I9?0; Flg. ?4, B, C, D) - A lower

accllmation tenperatur"e was teeted ln thfs thlrd experfnent. From the

stock tank 80 flsh (ave. welght 106.64 g t21.72 (S.D.)) were randomly

assfgned. to the curz.ent chamber, whlle BO ftsfr (ave. wetght LO6.97 g*

22.43 (S.O.)) wer.e asstgned to the caln chanber of the experimental

apparatus. l{ater temper:ature r,¡as IIoC. Curr.ent fish sl,¡arn contlnously

for 13 days, after an lnftial perlod where both groups had been helcl

at the accliinatton tenpereture for 12 ilays antl then all fish were lnJecteil

with 2.5 y1f of raôiofodicle ancl killed lr, B, L2, L6, 2Or 2\r 28 and

J0 ilays p.1.

As lncllcatecl fu tr'lg.fB caln flsh bad notlceably Ìrlgber $ tbyrolds,

wlth both groups showing no slgnlflcant decrease ln thyroid rectloactlvtty

even after 30 clays p.t. U$ for caln flsh was L7.5%, whf.Ie curr"ent flsh

were lower at th.lt$. Fish undergolng sustaLned swimfng hacl faster

removal of ser¡.¡¡¡ radiolodlae (t| = L\.2, ctays; K = O.Ol+9) tfran for caln

ffsh (tå = L5.75 clays; K = O.0l+Il). This was the result of an accelerated

extrrathyrofdal removal of seru¡¡ radlolodlde by current ffsh (þ = O.d+2

ln contrast to 0.036 for caln ftsh). Rate of thyrolcl serum radlolodlcle

removal, was less for cur¡ent flsh (kt = O,0OT) ttr¿n for caln flsh
(kt = O.OOB). Currnent flsh had an alterneit r:acllolodlde d.lstributlon

6pace (rre" ?a).

No ctlfference between groups coulcl be detected 1n tne t/S r:atlo,

CR, or ser,rlm rrP5r concentration (Flg. ?C, D). The maximum values for

tlqcnrand pgP5I for cursent ftsh were g.t+z (zB days p.t.), r.7z (zl+

tlays p.1.)rancl 0.035 (eh aays p.1.), wbfle for caln ftsh these l¡ere

r.espectlvely B.lJ (30 aays p.l.) r 2.51+ (30 aays p.i.), and O.O57



6g

tr'lguze 7. sustained swlmmlng and r:adiolodlne netabollsm (current

flsh r, caln flsh o) during ¡¿arct to Aprll Lg|O. The

lncllces of thyrold functlon, namely, seru¡u tl25t, $

thyroid, T/S, senrn pBÞ5I and CR ar.e plotted agalnst

time (tlays). Polnts ar€ üeans of nlne to ten ffsh wlth

the exception of cu¡rent flsh thlrty days p.t. (n=12).

Each mean for serum tr?51 ls protted, as the antilogarlthn
of the logarlthm avet:age for the sample, slnce the

straight rines wer"e fltted by the uethod of reasr Egual€s.

standard errors of the means are indlcated except for
se¡:um rr25t.
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(J0 days p.t. ).

In conclusion, as ln Experlnent II, contlnuous swlmmlng lncreased

the rate of extrathyroldal r€mova L ot lL25I from the serum, antl reduced,

thyrold uptake. No effect of current on hormoae productlon was found.

Tables VIII, D(, X summarlze the coefflclents of condftion and

hematocrfts for alI radloiodld.e experlments. In general, there was

Ilttle cllfference, elther ln coefffclente of cond.ltlon or hematocrits

between groups of an experfunent.

AII three ractlolodide experfnents together lncllcate that con-

tlnuous swlnulng under these expertrnental conditlons r"esults fn (f)

either ellght fncreage (Experlnent I) or no lncrease (Experfment II antl

III) fn thyrofct activlty,'(a) an increaee ln the rate of serun radlolodld.e

removal nostly through extrathyroldal pathways (Experiment II ancl III)

and, (3) u reductlou ln UÉ (Experinent II and, fII) and an alteratlon 1n

r:attlolotltde clfstribution 6pace (Experlnent I ancl III).

Also these erperlueats lnclfcated that both racliofoilicle uetabollem,

genezally, ancl r"adfohor¡none productlon, 1n partlcular, seemed very slow

in this specles.
.

2. sta¡te lodrne (r2?r Metauotism)(rre. B)

Several workers (see titeratur.e r.eview) have lmplied that serum

stable lodtde leveIs can lnfluence thyrofcl uptake of radiolotllde. Slnce

pr"ellnlnary observatlons on the brook trout r.evealed a hlgh, and ln

nåny cases varlablu DTl level, lt was felt that an investigatlon of

the r.etatfonshlp between 6erun l2?tr l""uls, and varlous r"adfotodlde

parameters, was necessary to lnterpr.et the racllolocllde data.



Table VIII. Coefflclerits of coadLtfon and
Jul-y-Awust 1969 (naatotoatde

Days p.i.

1

3

6

9

T2

ìc

1B

2L

2\

Coefficient of Conditlonx (nean of B ftEn)i f S.U.

Current

1.199È 0.01+0

r.r3?t o.o3o

1,11+ot O.O3g

r.1l+2t O.Vz'

t.og3t o.o3h

r.u?t o.032

r.oh8t o.o1B

1.o?Bt a.o27

r.rort o.ol-5

henatocrlts for
Experfuaent)

* Coefflcient of condltlon = weigbt (e) X l00/fork length 3("r)

Caln

r".rB3 ! 0.03?

L.L26! O.s26

1.12?l 0.038

L.Ogg t 0.0a?

r.1r2t 0.032

1.123t 0.O2ll

1.139t 0.021

1.1h9È'O.V22

r.o8?t o.o37

ilematocrft Bc/rotal (neans of B fish)Èt S.E.

Curr"ent

\z.s# t.t>
l+r.56t r.o5

39.h3t r.29

3?.83t o.l+e

l+O.25! L.25

ba.oot r,83

38.50J 2.16

¡+h. r¡+ t e.3l+

l+r.oo ! 2å6

Calm

hr.l+l+t r.68

l+r.56t r.r?
l+o.r9t 1.64

39.13t 1.33

39.63! r.Y¿

3h.o6t r.Z9

38.¡+l+t 2.19

36.36t r.81

37.oot r.97

':.

r ll
:tù i.

}:

r,jl

'tjl
j l":.
:l1l
iJ i'

. :1.::.:

t-f:.
' ,ìì;,:



Tab1e D(. Coefflcfents of conctltlon antl hematocrlts ior
October-Novenber 1969 (RadlolotHde Expertnent)

Days p.1.

2

6

L2

1l+

L6

18

¿^L

A'l+

27

Coefflcient of Conctitlon (rnean of I0 flsh)! I S.E.

Cur*ent

o.9E¿ 1O.O1B

t-.018 r 0.018

o.g8? t o.olg

o.ggl t0.016

1.003 r 0.016

L.V¿61O.0A5

r-.020 J0.030

o.g5B t0.0a?

o.95t+ t 0.009

o.g5g to.023

Calm

r.ooo 10.org

r.o3b t o.0a3

I.0t+1 t 0.0A8

1.O81 10.025

o.9861o.or5

o.936 t 0.020

1.CIr2 r0.032

o.gg] t 0.o13

o.gr3 J 0.013

0.953 J 0.0a3

Ileuatocrlt mc/tota1 (raean of B-to fleh) s I s.E.

Currnent

33.61 11.b3

33.70 !L.n
36.7o lr.69

33.55 !r.39

3r.69 1r.51

3h.¡o lz.Tl

33.5O lL.26

3L.67 lr.65

3h.83 rr..l+o

31.7r tl.6r

Cal¡r

3r+.39 !r.r7

32.67 !2.r9

3l+.38 tr.jll
35.3O t?.O',r

3O.OO r 0,73

29.00 lo.67

33.00 rr.5r

3\.25 É2.o0

32.88 !L.69

32.30 !o.79

-¡(,



TabLe X. Coefflclents
l'larreh-APz'íl

Days p.1.

of contlltlon ancl
1970 (nadlolod.tcle

t
I

t2

L6

20

24

28

3o

Coefficient of Condftlon (nean of )-L2 flsh)t I S.E.

Current

hematocrlts for
Experlment)

1.060t 0.019

o.9y2 t 0.033

l.OrB t O.CAÌ

1.OO7t o.æ0

o.gg0t 0.023

1.o¿lst O.0Al+

o.g6rt 0.017

o.gd+t o.o15

.*n-7

Caln

L.VIztO.s29

L.926 r 0.æo

r.060 t 0.019

I.æ2x. O.Ç22

o.g83 r o.or7

o.yl3 ù 0.041$

0.968 t 0.org

o,gg0 t o.016

Eematocrft BC/total (nean of 9-11 rish)! 1 S.E.

Curr"ent

38.20t o.8r

37.28! O.72

37.78! L.36

37.6LL L.56

3?.33 ! t.z9

38.60r 1.32

37.55! o.7'

3ll.f]6J r.18

Caln

39.2or 1.31

36.hlt r.r9

36.bot r.16

38.gor 1.b?

38.35! r.62

38.5d r.16

36-75t 0-6?

33.88! r.35

É
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Figure B. Total serun stable lodine (L27t) Ievels for eet:a from

experiment II (cument o, calm o) and experfnent III
(currentÁ, calna). Arrows lndlcate t1¡ne at which

flsh wer.e lnjected. in October (CC) and March (M) after

the lnltlatlon of the experinent. polnts ln experlnent

II, are neans of elght to ten flsh, wblle those ln

experinrent Iff ar^e means of ten to twelve fish,

Standard errors of the neans are shown.
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A tlmlted number of determlnatlone were perforrned on the tnttfvidual

sera of eome flsh frora Experfnent I. A sanple of IO flsh, ktlled before

the start of the experlment, hatl a mean total lotllde concentratLon of

L26.8 ncg$ t r:.h (s.u.). After swf.mmfng for 26 clays total serum locllde

lncr"easecl to a nean (n=B) of r?8.7 ncel, ! zo.6 (s.9.). The carn fish

also lncr€asecl, but to a lesser extent (ave. Il+3.I ncgþ ! 2?.6 (S.8.);

n=B). Swi¡nnlng for 32 ctays resultect fn total loctfde fncreaslng further

to an aveïage of 273.5 mc& t 3f .2 (S.8.) wlth n=8.

Based on these ctata lt seened that serun I2?l ¿lA not remaln

constant throughout an experlment and wae also lnfluenced by exposur.e

to curnent. To verlfy these concluslons mor€ extensive deternlnations

wer.e perfonned on the sera from Experlnent II ancl III.

For Experfrnent II, apart fronat fnltlal declfne from an avet:age

of 2:.''l.O ecgø t f?.0 (S.8.), n=f, at the beglnning of the experÍment,

both groups sharply lncr.easeil thelr ave?age serum total lodlcles,

reachfng maxinum values of 337,3 mcgS r I8.9 (S.8.) for current fish

antt 325.9 rreút ry.6 (S.U.) for caln flsh. At all sample tlnes

eurrent averages wer.e higher.

'For Experlment III an even greater separatlon of currnent fish,

averages from caln ftsh occurrecl, except at 29 days where the ttlfference

was enaller. Thle was caused by 3 flsh out of lO, whlch hacl sub-

stantlally lower total serum locltcle. Current ffsh fncreased from

388,6 ncefi ! 3¡+.r (s.u.) at IJ days to \g5.8 øceí t 3e.6 (s.s.) at l+3

days, whlle the level for the cal¡n flsh lncr.eased frcm 2JJ.5 nc&

t ag.j (s.8.) to 3g>.8 ncs$ t 38.ll (s.n.).
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Since tbe lnt'etnal serum foctltte envlronment had not r"erualned

constant, but lncreased, lt was declded to see whether or not the changes

mentloned above ln stable I2h coutd. lnfluence radlolotlide indlces of

thyroltl activlty- The two sanple tlnes wlth the hfghest staadatd. errors

of the mean for stable lotllde levels, ancl therefore havlng the gr=atest

potentlal scope for change tn r25t paraneters, urere chosen for both

Experluent rr ancl rrr. The t/s rratfo, c.R., ancl serum lL25t for each

fish wer"e plottecl agalnst the correspondfng totar se:r¡m iodide for
that sane flsh.

An lnveree ¡elatlonshlp ¡¡as found ln atl cases for the t/S ¡:atto

ancl the converslon ratfo (rrgs. 9, Lo, lr, ra) wlth the exceptfon of one

sanple froro Experlment III (I'ig. 12) wher.e ther"e was no relatlonshlp

whatsoever between total serun fodfd.e and C.R. A dlr.ect nelatitonship

was found. between serun lL25t and senrm stable fodiile, suggestlng that
greater renovar or 127t ls accompanted by a corr.esponcling greater

removal of radf olodlcle. rn the four sanoples examfned S thyrotct was

not noticeabry affectect by totar ioclide levers, however, in one

extrene ease of ro* 12?l 
S thyrotd was dr."astfcalty lnc:reasedr prne-

sunably because of lncreasetl s¡æclffc actlvity of the lnJectecl r:ad.io-

foctlcle. this obeerr¡atlon was particularly evlilent at other sample

times.

sever:al concrusions werc r^eached. Flrst of all serum stable

lodid'e clftl not nenaln constant under theee experirnental condltions.

Second, current flsh seened capable of accumulatlng greater levels of

Een¡m stable fotllde, although thls tllffer.ence mlght not have continued

with a longer ex¡rerlment. Thie was lndlcatecl ln e later experlment,



T9

, "tgure.9. 
Relationship between r.adiolodlde lndlces of thyrolcl

actlvlty (serun tP5t, T/s, ancl CR) antl total serum

1D.7"rf for current flsh from experirnent II (9 days p.i.).

Each X repr^esents an lndfvldual fish.
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Flgure I0. Relatlonshlp between ::adlolodide Lndices of thyroid

activity (senrn tl25t, T/Sr.and CR) and. total serum

I27t to" caln ffsh fron experirnent ïI (g days p.i.).
Each X repr"esents an lnclividual flsh.

Br
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Ftgur.e r1. Relatlonshfp between radlolodlde indices of thyl.otd

actlvlty (eemrn r125f , T/s, and Cg) arld total serum

PTt fo. current fish from experlment Iïf ( t6 aays

p.1.). Each X represente an indlviduat flsh.
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Flgur.e 12. Relatlonshlp between radlolodlde lndlces of thyrofd

actlvlty (serum tl"5t, r/5, ancl CR) and total serum

87, ,o, calm fish frou experiment III (J0 days p.i.).
Each X reprneeents an lntllvldual flsh.

B:



a!_

f,
ú.
l¡J
.n

MCG. o/o MCG. O,/O



t : -,:- _:-:;

8Z

wbere a eerun saople, taken frnour a serum pool fr"on 20 flsh, whfch had been

subJected to a current for 53 days, hacl a value of 39b.8 ßc&t whercas

the calm fish were stightly higher, having l+ff .6 Bc&. Flnally, seru¡n

stabl-e lodlde levels $¡ere capable of lnfluencing, uarkedlly, rectfolodlde

paremeters of thyrold actlvlty.

Thyronlne Metabollsn

I. Radlothyroxlne Metabolfsm

To provltle lusight lnto the posstble effect of current on the

perlpherar netaborlsn of thyrolct horøones, thr^ee experfunents (rv, v,

and VI) were concluctecl from June Lg6g fo Febmar¡r I9?O. (Sunmary,

Tab1e XI; RegressLou equatlons, Table XII.)

a) Eperlne$._Iy. (.rune-July Lg6gt Flgs. 13, ft+) - From tbe stock

tank, 67 fl'øn (ave. welght l?0,68gt 3r.66 (S.O.)) wer.e assigned, at

ranclon to the current chanber, whlle 67 ftsfr (ave. welght I5l+.?O g +

aB.Bf (s.o.)) were asslgned to the carn cha¡nber of the experimentar

apparetus. Water temperrature vras 13.)oC. Current fleh sv¡an con-

ttnucusly for r0 days, ancl then all ftsh were lnJectect wlth 0.2 ¡ci
of Th*, speclflc activfty h3.6 mCf/¡ne an¿ B-9 ffsh killect at 3,6, LZ,

2I+, \8, 72, 96 and, 120 hr p.t.

The patterns of chenge wlth tlue for serrum pgu5r , tL25¡ ancl the

S of total sen¡m radloact,lvlty that fs pe125l ar:e shown in Fig. t3A, B.

Three hourg after fnJectlon aerun rn125r was hlghest as the resurt of

absorptlon of T¡* frorn the coelom lnto the blooit etream.



Tâble XI . Sumarry of Ratllothyroxlne Metabolls¡r

Tenp oc 13.5

Days etarrrecl IO
before luJectlon

Averase fisb L7O.æ35.66
ueisht (g)t
I S.D.

Lensth.(cn) 25.312r.65
! 1 S.D.

Speclflc actlvlty 1T3.6

(i¡*) (ætlrus)

tå (sen¡n rsu5r) 3o.l¡
(uoure)

k o.æ3

rnax. $ tlver 18.b (3hr)

nax. É ga1l btailder 19.? (12hr)

øax. $ fnteetine 1?.2 (l+8h¡)

uax. $ totat 39.2 (12hr)
enterohepatlc

Experlnent IV
Juaeduly 1969

Current

Erperlneat V
Decenber 1969

t2

16

Experlnent Vl*
February ltJO

92.75t2L.28

20.61rr.51

r35.O

67."

o.olo

9.0 (6hr)

2O.2 (72:n'.)

Io.2 (96h¡)

3I.3 (2llb¡)

9.'
t2

98.88!22.1+9

20.96!1.¡¡8

35.o

* Cur::ent tur:aeil on tO hr p.1.

Experlnent fV Experfnent V Erperl¡nent VI
June-July 1959 Decenber 1969 Sebruary 1pl0

t3.,

10

Llt+.7æ28.87

2b.?8cr.53

b3.6

37.6

o.018

16.6 (6hr)

rz.¡+ (?zhr)

rb.6 (24hr)

3t¡.b (72hr)

99.6

o.0o7o

5.7 @Jnt)

20.8 (?3hr)

8.: (gn 
")

29.7 þ7w)

12

t6

90.6FL9.r2

20.3¿!L.59

135.0

t

.:

l:

t,

i

ll

'..

9.5

T2

101r.52! 21.10

2I.43t1.1+9

35.o

82.8

O.oo8t+

1o.2 (6hr)

22.t+ ftzlr'î)

g.tz (Ta]nr)

:À.: (zau')

c2.r+

0.0075

5.0 (25br)

25.1+ (9?h¡)

9.0 (?3hr)

38.b (9?hr)

@
@



Table XII. Equatlons for straLght )-ine regresslg4g used ln flgur.es
(naatotiryroxÍne metabollsm, Serlm rerz)f )

Date

Juue-July
r-969

Decernber
L969

Febnrar.¡r
L970

No. of Ffgur.e

13a.

l5a.

17a-

*1ogy = a*bX

Currrent

Toc

13.5

L2

9.5

Equatlon of the llnex

losy = 
-r.BSZZ-(o.oo99)x

logy : r.¡gi8-(o.ool+l)x

logy : -r.5166-(o.oo3o)x

No. of Figure

r3a.

r5a -

r?a -

Caln

Toc

13.5

L2

9.5

Equatlon of the line

rosy = Ï.B6gr-(o.oo8o)x

logy - ì..lll+93-( o.oo36)x

losy = t.SzSl-@.0o33)x

@\o



9o

Flgure t3a. Influence of sustained sr.¡lmqlng (current fish (.r)

calm flsh (o a ))irn the dlsappearance of pg125l an¿

tL?5lr fron the serum rotrowrng lntraperitoneal

lnJectlon of Tb*, Each polnt ls plotted as the

antllogarithn of the logartthn aver:age for the

sample, wb.lch wa6 coüposed of elght to nlne flsh.

I3b. Graph sbowing the per cent of totat serun rad.lo-

actlvtty tbat 1s pgl25f ln r"elation to tfne (hours).

Standard eruora of the neans are lndlcatect.
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Figure rl+. Per cent of the injected dose founcl in enterohepatlc

tlssues of curent ftsh ¡ and, calm flsh o at certafn

tlmes (bours) fottowtng intrraperitoneal inJection of

T¡*-. Each polnt repr.eeenta a nean of B-9 fish.
Staaclard errors of the üeans are lnitfcated.
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A r:aptil phaee of ml25l recluctloa then followecl at the eane rate

for both groups, whlch occurred up to 2l+ hr p.1. Thfs has been attrfbuted

in the past to a tllstributlon of tbe r:ailloactlvity into one or more

ertrravascular conpartments. After 2l+ hours there was an exponentlal

phase belng slower for caln (tå=S2.6 hr, k ; O.OIB) than for current flsh

(tå = Jo.l+ hr, k = 0.023). A sright lncrease 1n serum pgr25r was noted

for curtent fleh at 120 hr p.f., posslbly the result of reabsorptfon of

ho¡mone from excr.etory pathways back lnto the blood etrean.

Se*r 11251 levels lncr.eased rraptdly 3-6 nr p.t. anit the quantlty

wae naLntalnecl at nearly a constant level over the perlocl of sanrpllng.

Nearly 'l$ for caln fisb and about B@ tor current ffsh of serua

r:aclloactlvlty was m125r 3 hr p.1. (r're. I3B). Thls dec¡eased at a

slnllar rrate for both groups r.eachlng q bountl l2O hr p.i.

Accumulatlon of radloactlvtty by enterohelntic organs 1s shown

1n Flgure Ih. AIl enterobe¡ntlc tfssueg (Uver, galt blaclder and post

pyloric caecal fntesttne conblnect) accumulatecl up to 39.2# of the

lnJectecl dose at 12 hr for current flsh, whfle naxlnum enterohe¡ratic

accumulatlon was 3r+.1+fi at 72 hr for cal¡r flsh. However, at 12 hr calm

ftsh hatt taken ,rp 3l+.4 anrl the llne connecting all sanple neans in-

tlicatecl peak uptake of raclloactlvfty should have been seen at this

tlme. No cllfference was tletected ln the total enterohepatic loss

between the two groups. The ltver ancl gall blacldler ¡ntterns lndfcatecl

sllght tllfferences and perhaps the lntestlne. Maxinun llver up*,ake

was 18.1+S 3 hr p.1. for current fish, whlle that for calm flsh wae

L6.q at 6 hr p.1. Both groups Ceclfned r:apldly until 2l+ hr when
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they enter^ed. an exponentfal phase slmllar to senrm pgl25f wlth curr.ent

flsh lndlcating a sllghtly faeter clearance.

Maxfmun garl bladd.er rad.foactlve accumulatLoa was L9.7% 12 hr
p.l. for current ffsh, wlth carn ffsh requfring 72 hr to r.each their
r¡axlmum of L7.\%, after whlch radloactlve ross was faster than for
cur¡ent ftsh- Maxlmum inteetinal rsclloactfve accwnulatlon was at ¡+B t¡r

for current flsh (L7.4) foltowlng whlch therne Ha6 a decline.

ålthough maxlur¡¡¡ :¡adloacttve uptake was at 2h nr (Ll+.Ø, for calm

flsh, ther"e was llttle loss of racltoactlvlty from this naxf.rnun over the

Frtoil of sarnplfng (Fig. 1l+). I'oregut ratltoactivfty reached a maxfuum

of l+fi at 3 hr anil cleclinect reptdry to ress than Lft at 2l+ nr ancl con-

tfnuecl to tlecrease exponentlally to 120 hr at the same rate for both

groups (rre. rl+). Total gut (foregut ancl intestfne) was of elnlrar
pattern to tbe tnteetine (ffe. fh).

rt was conclucled that exer:cfse coulcl increase the r4x degr.adatlon

rate, posslbly as the result of lncr.eased removal of thyroid hormone

fron the cirnculatton by the llver anct galt blaclder.

b) Expertment v (Deceuber L969¡ Ftgs. 15, t6) - This experlnent

was performecl at a rower accrfunatlon tenper:ature (raoc). Fron the

stock tank t) fléh (ave. wetght gz.Ij g I ar.ag (s.o.)) were randonry

asslgned to the cur¡ent chanber, whfle 95 tLeln (ave. weight 90.67 e t
]9'r2 (s.o.)) wene assfgned to tbe cahn chamber of the experimental

apparatus. Currnent flsh swam contlnuously for Il+ days out of 16 ctays

ancl then all fish were lnJecteci wlth o.zJ ycL T¡*r specfflc actlvity
I35 nCl/ng aatt !-10 fish kiltect at 6, )e, tg, Al+, t+Br 7A, 96, 1¡AO, L,t+t+,
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I X'igure I5a' fnfluence of sustalned. exerclse (current fish (.¡ )

calru flsh (o ¿)) on tbe dtsappeazence of pgt25l anA

fl25f fron the serun followlng intr-aperltoneal

lnJectlon of TU*. Each pof-nt ls plottetl as the

antllogarftbn of the Logarlthm aver.age for the

sample, whicb Trras conposecl of nine to ten flsb.

15b. Gzeph showing the per ceat of totat senrm ::acllo-

activlty that ls wl25l ln relatton to tlme (hours).

Standard errors ar"e lndlcated.
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I'teuæ 16. Per cent of the lnJected dose founcl Ín enterohepatlc

tiseues of current fish . 
"na 

caln flsh o at cerlaln

tlnes (nours) following lntraperltoneal lnJectlon of

T,.*. Each polnt t€pl.'esents a nean of 9-10 ftsb.
+

Standard. errors of the nean6 are indlcated.
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an¿l 168 hr p.i.

Flgur.e l5A, B, lllustrates serun tI25t, pgLa5t and. fi bound at the

above sample tines. Serun yg125r decreased repictly to lr8 hr, at which

t1rue both Sroups entered lnto an exponential loss which was slower for
tt¡e caln flsrr (t! = 82.8 hr, k = o.oo8¡+) than for the current flsh
(tå = 67.2 nr, k : O.OIO), There was sone lndlcatfon at 168 hr p.1.,

that mlzl ,or" beglnnlng to inc¡=age.

serr¡n tl25t rose up to lr8 hr, after whlch theæ was a slow declfne

for both groups. Tbe per cent of the raclloactlvtty that ,r." 1ts125l was

about 5Ø for caln fleh and 3hÉ gor curr=nt flsh 6 hr p.1, antt ilecr.eased

rapittly untfl h8 frr when both grûups hacl approximately 6.J$ uounri. An

r exponentlal decrease of slnllar patte¡.¡r to serutr fg125f theu followed..

current fleh total enterohe¡ntfc orgaas accunulated roaxlnun

ratlloactive uptake of 3I.3% al 2l+ hr p.f . ancl then declineil, whlle caln

ffsh naxlmum accurulation vlas 3l+.5É at 72 hr and then the¡:e was a

decrease (rre. 16).

crearsnce of radloacttvlty taken:.up by the rfver was faster for
current flsh (Flg. 16) wlth both groups havfng attalnetl a naximum

uptake of raclloacttvlty of bet¡ueen 9-10É at 6 hr p.f. Current flsh
aleo demonstmtecl nore rapld, accumulatlon and loss of :¡adloacttvlty ln

the gett bladder (¡.fe. f6).

rnteetine and totar gut ttld, not ctlffer between grcups, steacllry

fncreagfng over the perlod of sanpllng.

Maxlmum foregut radloactive uptake occurred at L2 hr p.l. for
both groups, reachlng an aver:age of 5.\% for cur¡ent ftsh and l.&fi for
cel¡n flsh, with a Eor"e rapfcl declLne after this for the former group.
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The concluslons fron tbts experlment were the same as those fron

Experinrent IV. Thyroid. ho¡rnone d.egractatlon rate wag elevatecl 1n exerclsed

flsh probably as the reeult of tncreasecl loss or excretfon of homone

prarblcularly fron the lfver to the gall bladder.

c) Expertnent VI (¡'eunrafy 1970; Ffgs. 1?, 18) - To lnvestfgate the

effect on radlothyroxlne netaboltsm, of suddenly forcfng flsh to swlm,

a thhd. experf.uent was carrlecl out,

Fron tlre stock tank 68 flsh (ave. welght 98.98 gt 22.h9 (s.n.))

were assignecl at ranilom to the current ehamber, whlle 68 ffsn (ave.

welght l0t+.52 g t 21.10 (S.D.)) were assfgned to the calm chanber of

ttre experlnental apparztus. Water tenper.aturË was g.5oC. All flsh were

fnJected after 23 days wtth I pCi Tb*, speclflc actlvity 35.0 n0i/mg

anð uer.e sanpled 25, \9r 73t 97r II?, Ihz, ancl 16?.5 hr p.f . At 5O hr

p.l. the current was tumeil on"

The ho:yoonal anct lnorganlc serur frractlons as weII as S bouncl are

fllustr"atetl ln Flgure I7A, B. Eapici loes of serun f5Þil contlnued. untll
l+9 nr, after r.rhlch there was an exponentlal decrease. No effect of

exe::cise was obsen¡ed for current flsh whlch hâd a clecreasecl r^ate of

rgu5t renoval (tå = )).6 nr, k -- O,OO70) ttran for calm ffsb (t$ = g2.\

hr, k = O.OO?5). Sen¡¡a lrl25l {.ncr.easecl up to ?3 hr for both groups

then slonly decllned..

At h9 hr p.1. botb groups hacl about Il$ bounct fro¡n whlch tlne

there was an exponentlal ttecllne to between 3 and ll$ at, L67.5 hr p.i.
(¡'tg. r?B).
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Ffgure lJa. Gr"aph showfng the tllsappearance of serun pgl25t ana

fl25t befor.e and after sudclen exposur€ to a water

current at ftfty hours after lntraperltoneal lnjectlon

of Tb* (current chamber flsh t, caln chanber fish o).

Each polnt ls plotted as tbe antllogarithm of the

Iogarlthn average for the sanple, whlch was composed

of nlne to ten flsh.

I?b. Gmph showlng the per cent of total 6erum ratlloactlvity

that ls I3Eit 1n r"elatlon to ttme (hours) befor.e and

after exposu¡e to an fmpooed current. Standald errors

of the neans are lndicatect.
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Ffgur"e 18. Per cent of the lnJected dose founcl in enterohepatlc

tissues of current chamber flsh ¡ anct caln chanber flsh
o before and after exposu¡:e to a water current at fifty
hours after lntrraperltoneal inJectlon of Th*. Each

pofnt represents a n¡ean of ten flsh. standard eruors

of the means a¡re lndicated.
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Generarryr no dlffer€nces wer.e noted ln the enterohepatfc

accumulatlon and ross of radloactlvity between groups, except poeelbly

fn the gall bladder wherc current flsh r.eached a maxinum accu¡uulatfon

of 20.U¡o at 73 hr, whlch subseguently declined. Catn flsh contlnually

accumurated r:aclLoactivlty tn thelr galr bradcler up to 120 nr (nrg. tB).

(t) Thtn Laf'er Chrouatograplfy - Since conslder¡able

clelodinatf.on was notfcecl throughout all the T4x ex¡nrlments (nfgn levels

of sertrm r125r), ft was declded to ldentify the serun raclioactlve

rnaterlals at 25 hr p.1. by thln J-ayer chrouatography.

Most of the serum reclfoactlvlty was lctentlfledt elther as, iodfðe,

T¡r or nost probablv r, or a T, lfke substance, sf.nce the mlgratfon

distance was equar to the apprfed. T, standard. For the ffsh in the

calm water cbanber, the ratto of T, to T4 (rr/t¡) was, on tbe aver..age

of 6 rtsn, o.5@ or ther^e was twlce as mtrch rO as Tr. Fleh r:anclonry

I swfmlng fn the current chanber had a tr/f¡ rratfo of 0.901+ (mean of I
I ffsh) or there were almost equal amounts of T, to T¡. A predtctable

relatlonshlp was obtalned between total radlothyronlues detemine¿ by ,,',,'....;¡,..,,,',,',.",

chronatogmphy anct the lo of rad.toactrvrty as }tsl25l (teute xrrr).
Tables XIVI XV, and XVI sumnarlze the coefflclents of condltlon

ancl henatocrits, for all T¡ experlnents. Generarly, coefflcients of

conditlon dld not dlffer wlthtn experfunents, to any extent, between

groups- In Experlnent rV average henatocrfts slor{ly declined. tlurint

the experlment.
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Table XIII. Chronratography of the sera fron fleh 2l hr
after 3¡+* lnJectlon

Conclltlon

Flsh ln Cal¡n

No.

Water CÌ¡anber

3

tl

5

6

T

I

Meaut I s.E.

53.9

3Þ.r

28.6

B¿.7

6+.j

4l'.2

18.?

33.7

36.3

3.7

6.o

22.6

-\.

Ffsh ln Current

Chair¡ber Wtthout

Curr.eut at Thts

T1¡ne

51.e3r 6.15 20.r7! 5.r5 8.15t 1.51 0-502x o.Ù'15

^B.r
]3.o

10,4

'2.6

.t+.5

-10.3

T

2

3

¡s

5

6

7

B

35.11

\6.9

&.2

2l+.2

t+8.2

¡+:.8

?3.8

27.\

MeanI I S.E.

o.l+33

0,386

o.286

o.703

o-750

o.l+:6

-*Sfnl}ar nlgrratlon as Tt staadald

20.3

26.3

h.r

22.2

ll¡.9

ll+.2

?.0

3r.o

26.8

\6.7

\6.t
6.1

10.5

32.9

11.9

1?.1

6.8

L2.2

15.8

9.1+

15.1

6.8

TtA Preclpltatfon
$ Bound

b6.3Ot 6.28 20.0Ot 3.82 12.11¡ t t.55 0.gOl+t O.2t+2

o.586

o.726

L:659

o-5ro

1.060

o.275

2.L57

o.2t9

25.r

t+[.r

\7.\

,.5

5.2

26.6

28.32t- 7.o7

32.2

b¡.b

10.9

3lt.lt

30.?

\3.6

22.I

3?.8

25.65t 7.39

31.2

37.3

3.6

\3.7

2l+.8

35.6

L9.9

42.L

3e.rl+t 4.or 29.78! \.72 Ho
-¡



Table XfV. Coefflclents of
June-JuLy 1969

Hr p.1.

3

6

L2

2\

4B

72

96

120

Coefficlent of Contlltlon (rnean of B-9 fish)È I S.E.

condltfon ancl henatocrfts for
(r¡x nxperiment)

Curr"ent

L.007 ! O.e29

r.o3h I 0.0a1+

r.016l0.03tr

1.008 r o.o3r

1.O3O ! O.Ù¿T

r.o27 t 0.0e8

r,o32 r 0.017

1.061t O.0A3

CaIn

L.t25t 0.018

1.003r 0.01h

I.013 ! o.Ù26

o.gg8r o.0lr

r.063 t o.o3o

I.043* 0.028

O.9l+I t O.9¡22

o.99tlt 0.016

Eenatocrlt sC/totat (uean or 8-9 frsh)t I s.E.

Current

\5.63! t.76

I+5.38t r.6l+

l+l+.38 t t.l+5

38.59f r.35

llo.gll ! L.29

37.721 r.89

3l+.Br ! L.6z

39.251 r.aB

Caln

bl.88r 2.01

\>.tor r.?3

t+:.oo t 2.76

t+¡.88 ! z.7T

l+r.13 + 0.8¡+

39.¡+l+ ! L.62

38.83 f 0.86

36.75 t 2.13

:llìt. ,l::".:t.ì.
l',ì .:j':':
:,ì:" 1,:::ì;,.:..:lill

Ho
@



Table XV. Coefflclents of contlltlon and henratocrits for
December p6) (tlrx Exirerfnent)

Er p.1.

6

12

18

zl+

l+8

72

96

L20

1l+lr

168

Coefflclent of Conclltlon (mean of p-10 ftsh)É I S.E.

Curr.ent

r.0l+5 t 0.01?

L.065 r 0.O35

1.01+21 0.0a2

L.Og21 o.035

r.031t 0.036

I.013 J 0.030

r.0361o.o1g

1.Ol+l+t 0.016

r.oll'J o.o1B

1.01+B ! o.u22

Caln

1.009t 0.015

1.ob7t 0.040

r.olg* o.oao

1.03310.010

1.0211 O.02O

r.o31 f 0.0ao

1.023 t 0.022

r..o35* 0.015

r.030f 0.oog

I.O10È O.O22

flenatocrit mC/rotal (nean of l-10 fish)1 I S.E.

Current

36.821 1.?3

39.37 I L.92

36.751 o.97

35.z]-t 2.1+0

35.72t 1.63

33.o?+ o.5lt

37.06* r.8¡

35.3t+ t r.13

31.?5 t 1.38

35 -oo t r.¿B

,ì

CaIn

36.r9t r.13

36.22! T.r+O

35.791 r.4t

3h.63t r.5r

3l+.5?! r.BB

35.9o! o.75

33.901 1.79

36.33! t.97

3h.0?t r.B?

Ho\o



lable xvr. coefffclents of condltion ancl hematocrits forgebruary f9f0 (fhx Experinent)

Er p.1 .

2'

,+9

73

97

117

1l+2

].67.5

CoeffÍclent of ConcHtfon (nean of p-)_O flsh)t I S.E.

Currneat

r.106t 0.05r

r.o2B* 0.o19

r.07r t o.g2'

L.O52t O.0A1

L.O52! 0.020

t.o65f o.otB

1.039t 0.021$

Caln

1.0¡+ht O.Oll+

I.0¡12 Ë 0.0I1+

L.Or7 f 0.021|.

r.033 *o.oar

r.060 to.oae

r.0l+6 to.oar

1.081 t0.02?

ilenatocrtt mc/rota1 (nean or B-to fish)t I s.E.

Cur¡ent

ho.¡¡f r.3B

l+l+.28f 1.65

t+6.gt+t r.2t
ho.36f r.l+r

ù4.r> ! o.yz

39.28t o.B9

39.28! t.79

CaIn

l+4.06 tL.zj
\\.65 r r.89

h3.ho r r.69

l+r.gb t r..3a

l+Z.Ze ù1.O?

r+þ"rf !L.r,
l+S.BB !t.e6

't

¡,

H
Ho
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2. Tota1 Serun Thyronlnes

a) Erygrlnen!_Ul (l'{av-,luty L97o; Tabl-e xvrr) - This experineent

was conducted to determlne tf current resulted ln any changes ln the

stable quantftles of thyronlnes (rU and tr) rn the serum. Ftsh were

accllmatea at t3oC and 20 flsh frou each condttlon lrere sampled and J

artquots (each 5 nr) of pooled. serã compared to J ariquots of poolett

caln flsh sere at L4, 26t anct 53 da1æ after exposul€ to current. Current

flsh (ave. welght rú.97 g t a3.?T (s.D.)) 
"t rl+ days avereged r.Jo mcgfi

as comparecl to 1.oJ mcgflo for calm flsh (ave. weight 12r.16 gt 2\,32 (s.o.)),
an lncrease of zL.j%.

Thls dlffelence was red.uced to J.S above the controle at p6 days,

where cur.rent fleh (ave. wefgbt IIO.BO I t L9.76 (S,p.)) averaged Z.O3

mcgft as opposect to r.93 ncg$ for carm ftsh (ave. wefght tlJ.lO g t
2I+.68 (s.o.)). At 53 days cument ftsh (ave. wetght :rL1.6Z gt Zj.Ag

(s.D.)) avernged r.1? uc#, whfle that for cel¡r flsh (ave. wetght

108.58 g! 23.03 (s.D.)) was 1.03 ¡nceÉra rtse of 13.@ over the contrors,

rt was concluded that exposure to a cur¡"ent under these ex-

perÍnental cond.ltlons could lncrease stable amounts of thyronlnes ae

high as zJ-.r% above the controls.



Table XVII. Total- thyronlnes ì4ay-Ju1y I97O

Dalæ Afber Repllcates Cur¡nent (each eanple pool Caln (each sanple pool
Cu¡¡e.É ]!1!lq!ed No. of 20 ftsþ sera) of 20 flsh sem)

ltl

Mean È 1 s.E.

r trb t.o

2 I.h 1.1

3 1.I r..1

26

Total Tb¡rronfnes mcg./tOO nt

Mean! I S.E.

I
2

3

' Meant I S.E.

53

1..30 t o.10

T

2

3

r.9

r.8

. 2.\

2.01 t e.19

É C¡ange fr.oro Caln Conclltlon

1.0f s a.s3

t.1

o.9

L.'

t.8

1.9

2.L

1.17 t g.1g

r.g3 t o.0g

o.g

L.2

1.r

+ 2L.5

I.oJ t s.P

+ 5.2

+ 13.6

FP
f\)



DISCUSSION

A. Iocltne Metabollsm

L. Sacttolodlne Metabollsm and Exer:cise

Ihe fndlees of thyroid actlvlty used 1n this study fncllcate that 
, ,,,.

ratlloloctine metabollsm in the brook trout ls apparently a slon process, ,.,.,

wÌ¡icb fs ln accordance wlth ¡esults obtalnecl by Drury and Eales (f968) 
,.;,¡,.,;,

and Dorrey (I9TO).

Maxl¡run uptake of nadlolocllde fnto the thyrotct (TJ$) r."ged fro¡n

L\.\fi (curr^ent flsh, Experluent III) to ZL.OS (cah flsh, Expertnent I).
Calm flsh ln dxperlments fI antl III had hlgher S tlyrotae. Eales

(L96ù founil that steelheact Ln a fast currrent had sltghtly lower r"attlo-

todicle uptake than flsh in a slow curr.ent, over the period of sanpllng

(B ¿ays). In eontriast, exerclsedl rafnbow tr"out up to tBB hr p.t. hacl

hlgher S thyroids (Fontatne and Leloup, t959).

fn two experlnents (II ancl III) current fish had a ßot:e r"apicl ,,',.,,
:::t:-¡::.

removal of radfolodicte fron the Êerum by extrathyrold.al pathways. :

.:¡.:..:¡..,

Thls supporte the ¡result obtalnecl by Eales (fg63) where flsh fn the fast 
: '.r:

curr"ent hact faster extrathyroltlaJ- Ioss of raitlofodlde fron the body.

Fontalne antt Leloup (1959) ttid, not obsenre greater extrrathyrolctal 
:..:,:.::

nemor¡al of sen¡n ¡:adlolodlcle for thelr curzent ffsh, which may parbly ,,,ì,,:.,:,

explaln why thelr flsh had hlgher $ thyroltts.

Rate constant values for IosE of serunr æcllolodlde to the

tbyrolcl, kI weæ gener^ally hlgher than those repor.bed by Dorey (f9?O)
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except in her experfnental seriee at I6oC where k, was O.OOB. At 13oC

k, ranged. fron 0.008 to 0.013 tn the present study, however, seasonal
I

factors i.n combÍnatlon wltb experinental condlttons probably lnflueaced

the r.esuIts.

The maxlnuu t/S natlo, C.R. ancl fgu5f for this study were

r.espectlvely 1I.50 (at l8 clays for currænt ffsh, Experlnent II) r 5.Q3

(at 2? days for calm flsh, Experiment II), and 0.112 (at 27 days for

calm flsh, Experlrent II). It can be seen that all of these naxinum

valueE occur¡ecl tlurtng October to Novenber ln ffsh of the lovcest mean

welght" ldaxl¡or.¡m values ln Experlnent I end III were considembly

Iower.

Influence of exer.cise on r/S retro, C.B. anA rgI25I was very

lnconcluslvé. No effect of exercise on C.R. was found by Fontalne and

Leloup (tglg), whlIe Eales (1963) reportedt outy a stight inerease in

C,R. Bonnet (1970) ctfd not obser¡re any alter.atlon in 6erum I5E5f

after lt clays of exerclse (to'tal length. of experlment) ln E, auzratus,

aLthough Fontafne antl Leloup (Lg5ù did ftncÌ rer25r to be thr.ee tfnee

hlgher for cur¡ent flsh lBB lr p.t.

Due to lack of consistent evlclence, f.n prevLous ¡,¡ork ancl ln the

pr.esent stucly, 1t fs dtoubtfuL, basedt on ratltotodine ¡nraneters of

tbyrofd actlvity, ff lncreased metaboltc actlvlty ts accontrnniecl by a

concomLtant rlse ln thyroid, actlvlty for ftsh. This ls in agreenent

wltb a, gooil portlon of th,e work on thyroid functlon and flsh netabollsrn,

wblch fncllcates no effect of thyrold horqnones, T.S.H., antlthyrold

conpountls, or nacllothyroldectomy on o:rygen consurptlon (see lltereturc

review).

IIh
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2. Staute Iodlne (P?I) tteta¡oltsn

Througbout all radloiod.icle experlnents total stable seru¡n lod.lde

clld. not renaln constant, but teniled to lncr^ease over the experirnental

clurratlon, fnflueacfng aII ¡:aillolocÌlcle parørneters. Both the t/S mtto

and C.R. were lnversely r.elated to tbe level of total 6enrn fodide,

while tlrer.e was a illrect relatlonshtp founit with seruw tP5t. ú

thyroid was often hlgh when total serum fotllde was low. lhe varlabtllty

fou¡d ln the raillolod.ltle lntllces of thyrolcl actirrlty was probably

largely caused by the variable leveLs of stable loclltte between fish.

AIso high levels of serum stable lodtrÌe. ln brook trout, ln conparlson

to other species of flsh, coulcl erplain why radlfoloillne retabolfsn ln

thfs specl.es ls a sLon process.

Levels of stable lodtde wer,.e hfgher in cu¡+ent flsh whicU (f)

verlflecl clata repor-bett by Fontafne ancl Leloup (1959) and, 2) explalnecl,

on the basls of speclflc actlvfty (see llteratur.e review), in con-

blnatlon with the faster rate of radlolodide removal fro¡a the serum,

Iower thyrofcl uptake of currsent fish ln Ex¡nrfnent II and III,
The uechanlsm of serun fodttte builcÌ-up for current flsh wee

thought by Fontafne and Leloup (L959) to lnvolve loss of iodlde fr.on

muscle. Otber possfbllftles nlght be (a) gr.eater ext¡ractlon of lottldte

from the water by the gtlls, as tbe æsult of lnczeased water flow

across the glll surface and., (b) greater defodlnatlon of stable ho:ruone,

since label1ed. thyronlnes cllseppeared fron the blood norne rapiclly in

cur.:rent fish. In any case since racltolod,lcle loss fron the serum

lnc¡easecl for flsh tn a current, lt fs appst€nt tbat the rate of

arldltlon of stable lodide to the 6erun was g::eater for current flsh,
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than for caln flsh, although the pthways of adclltton r€mÊfn obscu¡e.

Stanratlon could have contrfbuted to the lncreased Êerum Íodid.e

1n both groups, sl.nce by reduclng b1l1ary excretioa of thyrofd honnone,

it probably 1ed to lncrreased ctelodLnation as the naln elteïnatLve påth-

way for thyrotcl horoone d.egr:adation and excretlon.

Support' for this hypothesls has recently been obtalned by Eales

(fgfO) (unpubllshecl ctata) whe¡e stanred flsh foltowing Tnx fnJectlon

hacl higher level-s of lnorgenlc lottlite, hlgher $ thyrolds and z.ecluced 
:':1,

bfllary lose of Th* tn conparlson to fecl flsh.

Slnce the brook trout belongs to tbe Orrter Clupelformes it fs

catrnble of signfficant binding of lnorganic iodfde by the prasna

protef.ns (g*ng antl Etcknan, rÇ68). Falkner (r9zo)' has provlded

evitlence for this, when he denonstreted that by diarysLs gØe of serum

lodlde was bound to protein ln brook trout.

teloup and Fontatne (1960) prresent naxiu:m values of total
plasna lodlde for sevetsL specles in ncgfii2jT for SaLmo salar, 576 for
saLrno lrutta, and 2JC0 for.aLosa alosa. so far a naxLmum of 75e ncgfi ,1,'

has been recordeil for brook trout, examined in thfs rabor:atory by
,'

Ðoæy (r9?0). fbfs occu¡r¡ect fn Aprtt (tg6g). The highest tevets of

total selrrm lodfde for thls stucty algo occurrned ln Aprlr (r97o),

suggestlng a possible seasonal cbange. 
,,,,:

In concluslon, lt cannot be over"emphastzed. that serum stable -'

lod.tde sbould be iletemlned, durlng any r:adloiodlne experlnent in orrier

to properly assess the clata.
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B. Thyronine Metabolfsm

It ls suggestett tbat exerç1se elevates th¡æonine clegr:adatfon r:ate.

This concluslon ls based on (f) the grreater fr"actional tunrover nates

obEenrecl for current fish (Experlnent IV andt V) , (2) lncreaserl levels

of totaL serun thyronfnes (stabre) (Experruent vrr) ancr, (3) uttre
alterntlon ln the thyronlne dfstrtbutlon s¡nce (Experiruent IV ancl V).

Thyronfne degr."aclatlon rate ls the product of the thyroníne ctistrlbution

space, tbe serum stable thyronine concentratlon ancl the fractlonal

tum.over rater k. In vlew of the r:esults obtainect fron thln layer

chrouatography (Experiurent VI) wher.e T, was present along wlth TU 25 hr

afber T¡x tnJection, the tem th¡rronine clegrraclation rate ls usecl ¡latber

than tþroxine degr:ad.atÍon rate. IÍo effect of exercise was founcl when

flsh werc sudtlenly exposed to a cur:rent. Thus any Ínc¡:ease ln thyrotd

ho¡none clegradatlon rate 1s a r.esponse to prolonged netabollc stress.

Sesu1ts fn thls stucly are s1¡011ar to those reportecl by Inrine

(fg6g) who lnvestlgated the effects of exercÍse on thyroxine clegracletfoa

fn nan. Athletes engaged. ln noderately severe tralnlng hatt the greatest

thyroxtne clegratlatlon rate, whlle nonathletes takfng clally muscular

exercise, had less of an lncr"ease above resting nonathletes. Elevatlon

tn T4 clegradatlon was attributed to fncreased deLod.ination, a more

lnporbant pathway Ín bumans than blliary ross. rt ls posslbre that

tncreased d.eiodlnatlon occumecl fn Experlnent IV and V, for as d.lscuseed

earllerr stable serum locllde levels wer:e always hlgher for current flsh,
studies on the enterohepatlc excr^etory route for T4r ffrst

erucitlated ln brook trout by Eares (rgfo) lndicate an adctltfonal
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posslble explenatlon. It ls known fron the work of Gorran, Flock, Owen,

ancl Paris (1g66) that an equllibrium exists between bloocl anct lfver T4.

For exanple, lu double lsotope experlnents, they showed the sfucultaneous

flow of T4 1n opposite dlrectlons acroÊs the cel-l mernbranes ln the llver.

Also, by lncr.easlng the competltlon for bfndllng sltes ln the blood,

through aildltlon of stable T¡r thev wer"e able to lncrease the net flux

of qf fron the blood to the liver. Fron thls and other maranallan stuclles

(Uyant ancl Osorlo, 196\¡ osorlo ancl ì"í¡rant, t965\ ft te now generally

belleved that only the free T4 1n the plasua is taken up by the llver

cel}s. Rattioactlvlty 1n the enterohepatlc organs, nalnly tn the

Ex¡nriment W ancl V ltvers and galL blad.tlers, suggestecl that ftsh ln

tÌ¡e cursent hatt greater loss of reilloactivfty fron the llver to the

gall blacldler. Posslbly ther"e was a htgher per"centage of frree Tn in

exercÍslng fish, whlch fron the above dLscusslon, led to grsater

accumlatlon of glucuronLcle conJugates of TO fn the bile and hence

causecl zeiluction in serun rg125f . Glucuronlile conJugates of T¡ have

been lclentlfted ln the brook trout by Sfnclafr (fglO) (unpubllshect

data). In¡1ne (1968) fountl that exez"ctsfng athletes hacl a hlgher

percentage of free T¡ ln 6erum.

Several nannallan studfee deallng wltb coltt-acclfmatetl rats

have ehown íncz.eased loss of thyrolcl hornone, above controls at

normal temperrature, to be thè zesult of greater fecal excratlon

(Intoccfa and Van Mittdlesworþin, L959; Kassenaar et aI, L959i Cottle,

L9&i antl Galton and Nlsula, t96)). Galton anil Nfsula coaclud,ed

that ther.e was

pheral tissues

lncr"ease ln the anount of T4 reachlng the perl-

rats exposed to cold, antl they thought that

no

1n
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lncr.easecl thyroicl actlvtty obsen¡ed for these nats was not d.ue to

incneased heat productfon, but to greater loss of 14 throueh the gastro-

lntegtlnal tract. Increased blle flow ln cold-accllmated animals was

related partly to thelr lncreased fooil consunption. It fsr thelefore,

quite posslble that the enterohepatic excr"etory system for thyrolct

ho:øones can be a clelicate eontrol necbanlsm for negulatlng blootl levels

of hornone, ln adclltlon to the central thyrrcldlltultary axls.

The id,ea that blltary fJ.or can be nocltfled by food consunptlon is

lnportant for lnterprreting the galt blad.der trntterns obtalned ln the

study, witb those founct by Eales (fgtO). fn adclltion it ts knor'¡n that

dfetary constltutents can affect Th* excretlon (Van Mid.dleswort]n, L957) '

It folÌows that star¡¡atfon probably r¡a6 the cause of the vez'¡r slow loss

of galI blattder radloactlvity obsen¡eil ln all T¡*x experlnents. In

cont::ast, Eales obse:¡¡ed that eknosl- 2$ of the lnjectett dose was ln

the gall blattder by 2l+ hr, after v¡hlcb theze was a rraptct decllne (less

tllrrn S of the dose renained ln the gaI} blad.der et ?2 hr). The

lmportance of star:vatlon ln r"egulatlng bilta4¡ flow has been verLfied

tn a controllecl experfunent byEales (fgfO) (unpubltshed data).

The lntt.a1 napld phase of eer:un fgu5f loss followlng Tgx

lnjectlon has been explalned by dietributl.on of thyrofd hor:¡¡one

throughout the bodyts erbrathyroldal pool, for man¡ als (Sterline, t96l+)

anct flsh (Drury and Eales, L9ffi and Eales, f9?O). However, Eales (fqfO)r 
....,,.,,

ancl clata from thls study lmplletl, that thls coultl be the r.esult of

ertenslve uptake of raclloactlvlty by enterohepatlc tissuee, rather

than a gener:al tllsperslon throughout the body. Another posslblllty

mentloned by Tata (fg6h) 1s delodlnatfon. In a}t TL* experlnents
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high levels of lnorganlc fodfde occurred shorbly after lnJectlon as well

as hlgt¡ r:atlos of T, and TO (2, Ar p.l.r Experlment VI).

There vras some suggestlon that serum pgl25r began to fnerease

followlng the pbase of exponentlal loss for fish ln the cur¡ent. Thls

was probably causetl by absorption of bilfary-excr.etecl T¡ fron tbe

fntestine, a well docunentecl phenonenon ln narnnals (M¡'antr L957; Cbung

ancl Van Mlddlesworbh, 1961+ t 1967). A more evltlent lncr:ease 1n serum
't tÃ

Æu)T. was r"eportecl ln brook trout by D::.rry antl Eales (1968) although

they thought thls r^epresentecl enclogenously protluced horoone, the

thyrofd using the lnorganic iocllcle producecl by delodlnation. In tbe

present study radloloðlde metabolfsn 1s so slow that this explanatfon

almost certalaly ctlcl not apply.

Conparlson between experinents reveals noticeable dlffe¡€nces

in btological half-Ilves for pgP5I, fn clirect relatlon to the ex-

perlnental terperature. Such a rnelatlonshlp was foundlln the eel by

Leloup (tg6=) and 1n th.e brook trout by Drury ancl Ea1es (1968). In

the eel at 2t+oC tå of lnJeeted Î¡x roas about 1.1+ ctays with thls

lnc¡easlng to 2.J clays at IO.5oC' Brook trout t! values for serum

ml25f , after Th* loJu"tlon, we¡:e IB.O tlays at 5oc, 3.2 days at 12oc

ancl 1.! d.ays at t5oC. Va1ues for control flsh 1n the present stutly

grere 3.p days at g.5o1r 3.5 days at I2oC ancl I.6 daye at I3.5oC.
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c. Gener:al Concluslons on the Effect of Exer"clse gpon Try

(f) nxercÍse does not lncr.ease thyrotd hormone secretion above

controls when assessed by ractloiocilde lndlces of thyrolcl

actlvlty.

(2) naarofoclide ¡:emovar from the serun after w"r25r lnJectlon

can be accelenateel by exerclse.

(3) nxerc!.se causes an lncrease fn the level of senrm stabl.e

tortltte (I27f ) whfcb, ln conblnatton wlth faster radfofottlde

removaL fron the seruts, can lead to r"ecluced $ ttryroids 1n

comparison to control flsh.

(h) fncr.eased syrlÍlrrrlng over a long dunatlon cau6e6 elevatÍon of

th¡rronlne tlegmclatlon rgte prlmarfly through grreater entero-

hepatic uptake of horrnone from the seru¡r. Since raclfofodlcle

ilata Élo not support a concluslon for lncreasedl thyroicl

activity wl.th exerclse, ft ts very doubtful that lncreased

thyronlne clegradatlon, obser:rrecl 1n two T¡*x exPerimentsr le

of metabolle sfgnfflcance.
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