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"'ABSTRACT

':
. , Radi,oiodine metabolism w4s Ínvestigated followÍng radioíodine

, l. 
', ..

(125r) injectr.on in yearlirrg lroot Ëro1rÈ acelimated to 10 and 16 C.

At 16 c Ëhyroíd accurmrlaËion of t"r, L25, .*"retion,
.. 

- 
.t,

intr'athyroidal,.,cqnversion of radiotyrosines to radiothyronines, and

.' ., 
', 

,'

build up,of radiohormo-u.es in the serum were more rapid'than aË 10 C.
.tj

. ..-ii.

These data .suppqr¡",^prêïio,ts prdliminary data that the thyroid gland of
' '1-:

the þrpok trout Ís more acËive aË higher ËemperaËures.
.;

. i. .'

l.taiÍmum:uptake of radiôiodíde by tËe Ëhyroid was 6.5% at 16 C

L25-
ana i4.8% at' lO¡,C. Release'' of radíohormone as PB"-"I was detecËab1e at

,Ji

,t 10 C. This slow radioíodide turnover10 day's at 16 C and,"at 25"daYs a

both ar f0. and"16 c..may'be due to the hígh serum iodíde 1127r¡ poot
::..

where values over 500 ¡19/100 ml of serum were obtained.

A'.comp4rison of radioiodide metabolism at 10 C between Ë\n7o

gronp" of Ë.rouË of differenË ages, sizes and tested at differejnt seasons

: L2s
revealed many similariËíes in ---I metabolism.

Thin layer radiochromatography of butanol extracËs of serum

sugþested Ëhat T3, T4 and iodotyrosines may be Preserit.

l+>.+;\q
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INTRODUCT]ON

Although temperature has been found Ëo influence Ëhyroid

funcËion in some fish, conflicting evídence exists as to whether a rise

or fall in temperature íncreases or decreases thyroid acËivity. The

Ëype of relationship seems to depend on the species and the meËhod

(histological or radiochemical) used for measuríng the thyroid activiËy

(see li-terattrre review).

In an aËtempt Ëo resolve the discrepancy between histological

and radíochemical meËhods for assessing Ëhyroid function, Drury and

Eales (1968) qompan,ed hístologícal (thyroid epiËhelial ce1l height) and

radiochemical methods (metabolism of ínjected t25Ð of measuring Ëhyroid

activíËy ín brook trouË. Histologically, thyroíd activíty was found Ëo

decrease wíth increasing temperature, buË thyroid upËake (% dose ín

thyroid) ar,rd T/S (Thyroid:Serum) raËio increased wíËh increasing

Ëemperature. The disappearance raËe of administered radíoacLive

thyroxine from the serum I/'7as more rapid at higher temperatures and

therefore tended Ëo support the thyroid upËake data.

Ho,v¡ever, the methods used by Drury and Eales to assess:thyroid

funeËion by following Ëhe metabolism of Ínorganic radioíodide (125r) ¡,

the thyroíd were somewhat lirníted in scope.

thyroid of the brook trouË was found to be extremely slow. The conver-

r. sion of injec,ted L25, ,o proË-ein-bound 125, ír, the serum (pS125f) was so

,.ì

. Ëhyroid activiËy. For similar reasons the rat.e of release of radio-



iodíde from Ëhe thyroid could not be followed. At presenL

compleËe lack of knowledge on the influence of temperaËure

biosynthesis and release of hormones from the thyroid into

Ëhís species.

Secondly, the methods used by Drury and Eales to

uptake of radioiodíde by the Ëhyroid are open Ëo criËicÍsm

did not completely- take ínto accounË the modífying effects

íodide.excretion. via.exËrathyrOidal routes. They did not

2

there Ís a

on Ëhe

the serum in

assess the

since Ëhey

of altered

calculate

i.: .:r::.:

rate conôËanËs for Ëhe thyroid uptake of radíoíodide

Thirdly, Drury and gales ignored the possibility that altera-
i

tíons in Ëhe blood íodide pool at different temperatures mighË influence

the data.

The main objective of this study vTas Ëo deËermine the

influence of temperaËure on iodíde upËake, hormone biosynËhesís and

hormone release of the thyroíd gland of Ëhe brook ËrouË. tr'lhere possible

rate constants for the 3 þhaseä of radíoiodine metabolism have been

calculated.

The ínfluence of temperature !üas assessed by comparing

radíoiodine meËaboli.sm in',fish acclimaËed to 10 C with that in fish

acclimaËed tO 16 C. No attempt was made Ëo follow Ëhyroid activity

during Ëhe process of acclimaËion. These acclimation ËemperaËures \,Jere

chosen since (i) they provided an appreciable temperaËure dífference,

(íi) they !üere ori either side of Ëhe preferred temperature for the

species and (iii) could be mainËained throughout the year by the límíted

facilÍties available.

A preliminary attempË r^ras also made t.o det,ermine the nature of



I

. the iodoamino acids released inËo the serum. There are few daËa

available on Ëhis in fish (see literature review).

t+3: /..:-;r.r:{{
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. LITERATURE REVIEI,J

This revie\^7 has focussed on four aspects of tÍryroid functíon

Ín fish direcËly relaËed Ëo this sËudy. These are:

A. Radíochemical methods for measurir:g thyroid activÍËy,

n. firfluence of ËemperaËure on fish Ëhyroíd actíviËy,

C. Influence.of stable'Íodide levels on radioiodine

metäbolismr'
ì- i D. fodoamÍno aeids ín thyroid and serum.

I,,Ihere possíble informaËion has been reduced to tabular form.

A. Rádiochemíca1 Mgthods for Megsgring Thyroid Activity

Numerous investígaËíons of thyroid funcËion in fish have been

made using radioiodide. From these prevÍous studies it can be inferred

ËhaË Ëhe.biosynthetic pathway of Ëhe Ëhyroid hormones in a físh Ëhyroid

ís sírnilar Ëo ËhaË in a mammal. rnjected radioiodide (L25r, 131r) ís

Ëaken up by the thyroid Ëissue ("íodide pump'r) from the inorganic serum

pool and incorporated.into the thyroglobulin molecule of Ëhe follicular

colloid. Iodíde is oxídized and carbon-iodine bonds are generaËed in

the tyrosine molecules of Ëhyroglobulin Ëo form iodotyrosines. Oxida-

tíve coupling of iodotyrosines within the thyroglobulin molecule results

ín the formation of iodothyronines which are released by proËeolysis Ëo

Ëhe serum. ThyroÍd hormones released ínËo Ëhe serum become bound to

serum prot.eíns, the identity of which is noË positively established in

fish (a globulin and a prealbumin, Leloup, L96I; a prealbumin in brook

trouË on acrylimide gel, Falkner, unpublished daËa) '

l.-

I
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Different rneasuresr,of thyroid acËivity using

been 'deve loped .

5

radioiodine have

(a) Thyroid uptake whích ís the % uptake by the thyroid of

the injeeted dose of radíoiodide (Pickford, L957; Hoar,

, 1959; Berg, Gorbman and Kobayashi, L959; Hoar and Eales,

. L963; Eales, L964). Tlre'greaËer the % uptake the greater

i, Ëhe iódÍde requiremenËs of Ëhe gland are considered to

Qe and,,the more actíVe Ëhe gland

(b)..Thyroid:Serum (T/S) RaËÍo'which ís Ëhe ratio of radio-

iodide in the thyroid Ëo that in the serum. (Hoar and

Ea1es, I963b; Eales, L964, L965).

(c) Thyroíd clearance raËe which is the raËe of clearance of

radioiodide from the thyroid (Híckman, L959; Baggerman,

1960).

_ 131
ThyroÍd clearance = rate of ---I upËake

dtrríng Ë min

' mean blood conc of
1311 ¿n3-1ng t mín

(d). Thyroíd Eeleas,e of radioacËivity (Swíft, 1955, 1959) is

calculatea'Uy *e""uring Ëhe loss of radioíodine from the

,,: thyroid aË varíous times following radioiodide injection.

The regressíon coefficienË for Ëhe slope of iodine loss

from Ëhe Ëhyroid by time is Ëaken as an index of thyroíd

activity. The greater Ëhe slope, Ëhe greaËer the release

of hormonal iodide from Ëhe g1and.

(e) conversion ratio whích is the extent of conversion of the

administered inorganic radíoiodine ínËo protein-bound
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(hormonally incorporated) radioiodine of the serum after

given tirne following radioíodide injectíon (Hickman,

1959, L96L; Eales, 1963; Baggerman, L963; Hoar and Eales,

L963a; Eales, L964, L965). The CR value gives more

díscrimínatory po\iler than the uptake of radioÍodine by

the thyroid gland; sínce the relatíve secretíon raËe is

being measured,. raËher Ëhan merely Ëhe iodíde-trapping

actívity of Ëhe gland (Hickman, 1961).

B.

Cor,rf lícting resulËs have been deËermined for Ëhe inf luence,

of ËemperaËure on thyroid activity in fish (Table I).

A seasonal correlaËion exists between r^74Ëer ËemperaËure and

thyroid epithelial ce11 height. Variatíon, however, occurs in Ëhe

correlation of temperature and Ëhyroid actívíty dependíng on the species

of fish used and gn Ëhe method used t,o determíne the acËivity. Histo-

1ogÍca1 techr,riques usually show an inverse relationship whereas

radioehemÍcal meËhods show a direct relaËionship with temperature.

C. Influence of Stable Iodide Levels on Radíoíodide Metabolism

H,íckman (L962) states that Ëhe concentraËion of stable iodine

ín .the.body of teleost fish depends on envíronmenËal iodÍne availability.

An interacËion between sËable iodíne in the envÍronmenË and temperature

exists in determining Ëhe serum iodíde level (Hickman, 1962). In the

ee1, Ít has been speculated that the content of stable iodine of the

serum decreases significanËly aË hÍgher temperatures due to Íncreased

loss of the inorganic fractíon at higher Ëemperatures (Leloup and

1,. -'i:....!': :.t:

"-: ' .::: :,



Phoåinus phoxinus 3, L4, 26C

Specie s

Cyprinus carpio
Tinca Ëinca
ÃGãirralãe"in'
Mugí1 auraËus
Scyl-1íum canicula
Salmo gairdnerí

Fundulus diaphanus
Umbra lirni

Anguíl1a anguill¡r
(normal & hypophysecËomized)

Salmo gairdnerí
Yearling
Juveni 1e

TABLE I. Influence of TemperaLure on Fish Thyroid
Activity

Temp.
Range

Effect on Thyroid
AcÈívity (T.4. )

5- 10c
20c

Seasonal correlatíon beË-
T¡7een wat,er ËemPerature and
thyroíd epiËhelial cell
heíghË

No dífference deËected
afËer two months

9.L2C
20c

7 .7 -LsC

15-22C

6.s -
25C

6- 18C

4.L3C

increased T.A. aË lower
temp after 9-10 days

direct correlatÍon bet-
ween T.A. and ËemperaËure
Inverse correlation bet-
ween T.A. and temperature

dírect correlaËion between
T.A. and temperaËure

Inverse correlaËion beËvteen
T.A. and temperature

direcË correlation beËween
T.A. and t,emperature

Method

hístologíca1

hi sËologícal

Barrington and
Matty, L954

Olivereau
1955b, c

I
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Author

hi sto logical,
thyroid ., o.,
upËake ("'r)
thyroid ., 

".,uptake ("'I)

thyroid
uptake

histological

CR, Ty'S

01iverèau,
L955a

Berg, Gorbman and
Kobayâshi, L959

Leloup and
Fontaine,1960
Eales, L964,

L96s



Sal-velinus

Spec ie s

fontinalis

MugÍl auratus
Cyprinus carpio

TABLE I (contínued)

Temp.
Range

5, L2,
15C

Effect on Thyroíd
AcËivíty (T.4. )

Inverse correlation beËween
T.A. and LemperaËure
direct correlation beËween
T.A. and temperature

10- l8c dÍrect, correlatíon beËween
T.A. and ËemperaLure

Method

hÍsËological Drury and Eales,
t968

radiochemical
(CR, Ëhyroid
upLake)
T4 clearance
rate
% thyloid, Leray and Febvre,
cR ('¿Jr) 1968
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Fontaine, 1960).

Stable íodine accumulatíon by the thyroid depends on Ëhe

availabiliËy of environmental iodine (Robertson and Chaney, L953;

Gorbman and Berg, 1955; SrivasËava, 1960). Tn general marine forms

which live in saltwaËer rich in iodine, accumulaËe less sËable iodine

in Ëhe thyroíd (Gorbman et al, L952; Leloup, L952) whereas sËab1e

iodine accgmulaËíon ís high in freshwaËer físh (LaRoche, 1950; FonËaine,

Leloup and Olivereau, 1953; Be:g and Gorbman, 1953). RadÍoiodine excre-

Ëion in. físh aLso depends on the availabiliËy of sËable íodÍne in the
i

environment. In,í,odine'rich \,rater the excretion of iodine is faster

Lhanlthat. Ín iodine-poor I¡74Ëer (SrívasËava, 1960) sÍnce the rich

ouËsíde supply reduces the affinity for what is in the body.

IË musL be emphasized that Lhe inËernal envíronmenË (i.e.

serum stable iodide) is criËical to the level of Lhyroid acËiviLy and

radioíodine meËabo1Ísm. Th,Ís internal leve1 is dependenË on Ëhe fishes

abílíty to bind iodide in Ëh,e serum (Leloup and Fontaine, 1960) as well

as Ëhe environmental iodine availabifity

D. Iodoarníno ecigs i.n Thyroii aï{1- S-eruEI

On the basis of evidence,t,o date Ëhe biosynthesis of Ëhyroíd

hormones in lower vertebraËes seems to follow the same paLhways as in

mammals (Font,aine, Leloup and Olivereau, L953; Leloup, 1958). PitË-

Rivers and Rall (1961) examined Ëhe proportion of Ëhyroid compounds in

the rat Ëhyroíd as well as thaË of Ehe blood. They found, usíng a

meËhod of isoËopic equilibrium, thaË the thyroid conËained 137. iodide of

Èhe total iodine, 207. monoiodot,yrosine (!1IT), 46% diiodotyrosíne (DIT),

'':r":1r:11
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18%T4 and 3% T3. The results for the blood confirmed older views

that T4 made up the majorÍty (807.) of the Ëotal blood iodine, white T,

made up 3.57. and the íodotyrosines \nrere not present in significant

amounËs (o-4%). rnorganic iodide made up the remaining L6.5%. The

daËa suggesË ËhaË abouË 40% of. the total metabolic effect of thyroíd

hormone is due to T3, thaË is, that TO and T3 contribuËe approximat.ely

half each of the total physiological activity of the thyroid hormones

in mammals.

. A considerable amount of data has been pubtished on the iden-

tity and proporËions of iodoamino acíds in the thyroid gland of fish,

but there are few'data on the identíty and proportions of the iodoamino

acíds in the serum. Avaílable information is summarized in Table II.

The first quantítative record of serum íodocompounds was made by Leloup

(1955), in Lampetra qlaneri, who injected 10 uCi 
t31r. 

Serum and

endostyle tissue T^7ere ex.tracted and chromatography of the extracts

carried out on pape:. They\found that To and T, represented 22% of the

serum radioactivíty. The same method was used by, Leloup (L956, l95B)

and Tong, Kerkof , .and Châikoff :(1961).

. .,.Chavin and Bouwman (fp65), Jacoby and Hickman, (1966), and :,::

osborrr and Si¡¡1pson (ig6g) ,used thín-,layer chromatography.,Ëb separate ,

serum'and thyroid' iodoeompounds. osborn"and sÍmpson carried the

method one sËep further by forming derivatives of the thyroid hormones. i:::.-,.iÌ
ii::ll:"ì, I

Traces of iodotyrosines were found in the serum by Leloup

(1958) in PeÈiieÞhËhalnur koelreureri and by,Jacoby and Hickman (L966

in,Salmo gairdneri. ,,

fì.:.,,ì.:;



TABLE IT.

SaLmo salar L.
EGIE satmott

Scyllium Ggy.l-itr-
hínus) cani_cula-
shark

Conge: conger L
conger -eel

Mugil auraËus L.
mul let

Anguilla anguilla
hypophysec-
tomized ee1

Anquilla anquilla
""ttnat 

eet

Xíphophorus maculatus
Þlaryfish

Specie s

*i3,:1,:;'il iål'!i,"or
MIT DIT T, T^ ?43

Summary of Radioiodocorhpounds of Th¡iroíd and
Serum of Fishes¡: Values are Maxímum for
Compound Over Experimental Tíme. Part of
Table Taken from Bergr Gorbman and Kobayashi
(1959) Table I.

+

6L% together

64% together

+

Serum Compounds (% of tot,a1
,ì i- .

Iodo-
T. T- tvrosine.s

4 3!

53

29

33

7L% together

40 45

+ T7

25

15

radioactiviËy in the
Serum)

References

LaRoche,1950

Gorbman eL al,l952

Leloup, 1952

Leloup, L952

Fontaíne, Leloup;
Olivereau, 1953

Fontaine, Leloup,
Olivereau, 1953

Berg, Gorbman, 1953

H
H

il¡
-:,:*



Carassius auratuj
goldfish

Carassius auratus
goldfish

Pelromyzon marinus

LampeËra planerí

Fundulus
EGõii.t,'s
Fundglus
diaphalus

Lgnpetra planeri
lamprey

Periophthalmus
koelreuteri

Spec ies

TABLE II (Continued)

Thyroíd gompounds(% of. "total radío-
activiËy in Ëhe gland)

MIT DIT

+

40

2:4

2I-33

+

60

34

55- 58

T4 t¡ ?

ProtopLerus
annectens lungfísh

Umbra limi
mud minnow

307. together

SeËum Co$pounds (% of. Ëota1 radioactiviËy in the
Iodo- Serum)

1B

L0-22 ?

70

50

+

35- 50

T, T^ tyrosines
45

10

+

35-51

20

++
2-4% of whích
1/3 is T

5̂

80-90% together 10% together

+

Berg, Gorbman,
19s4

Berg, Gorbman,
L9s4

Leloup,Berg, L954

Leloup,Berg, L954

Gorbman, Clements,
of BrÍen, 1954

Gorbman, ClemenËs,
O'Brien, 1954

Leloup,1955

Leloup, L956

Leloupr 1958

Berg, Gorbman,
Kobayashi, L959

References

+

22% Eogether

26% (26-s8%
of toËal
being Tr)

27 -6L%

+

1. s (Mrr)

+ + H
t\)

:'i*
:r.l-g

if



Thyroi9 gonipounds (% of. total radio-
activity in the gland)

SpecÍes MIT DI'f T 4 t3 ?

Eptatretus sËoutii
hagf i sh

Carassius auratus
goldfísh

Salmo gaÍrdne_rí
Èainbow trout

Fl-euronecËes
;GÉqgsâ I- plaice

Umb-ra,lími

TABLE II (Continued)

22:47 13-35

+23

4^0-45% toget,her
:

Umb.ra

-

limí

Umbra pygmaeus

Percína caprodes

o.7 -2.2

56-62

50.-55%

'f

40

de 1i'c iosus

<10

+

30-35
Eogether I.2 1.5 1-1.5

30

Serum 9jlmÞounds (%'of toËal
Todo-

. T. T tvrosínes4 3 '-..

+

30

20

20

50

2;

60

30

j..,r;

15

65

-l représents presénce, % unknown

radíoactiïity in the
Serum)

References

37. together

10

r:ìiìii .

,. '.':;:'

Tong, Kerkof,
Ghaikoff, 196L

Chavin,
Bour,'rman, 1965

Jacoby,
Hickman, L966

Osborn,
Simpson, 1969

Berg, Gorbman,
unpub lished

Berg, Gorbman,
unpub 1Í shed

Berg, Gorbman,
unpub 1i shed

Berg, 'Gorbman,

unpub 1i shed

Berg, Gorbman,
unpub 1Í shed
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The mud minnov; (U*b¡g limi) showed some differences not

observed ín other fishes (Berg, Gorbman, and Kobayashi, L959). Varia-

t,ions \¡7ere noËed in the thyroid hormones synËhesized that depended on 
,:,.,: :,.

:.:;-: ì,:.:

the area where the físh were caught. Michigan Umbra synthesized only

Ta, Minnesota Umbra synËhesized both T" and T, and tr'Iisconsin Umbra
J_J+

only Tr at low tempeiatures. The difference seems to be due to the .: : :' 4 
"t.'"'

amounË of stable iodine in the r¡7aEer and the varying ËemperaËure r:::.-'.

(Leloup and ,Lachiver, 1955). i,.i.Ì,,'',.-..:r::,
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MATERIALS AND METHODS
!

A. Living MaËeríal

Brook ËrouË- from a common brood sËock (Ontario Department

of Lands and Forests, Dorion HaËehery brood sËock) were held in a

Large ouËdoor ,tank ai the Provínce of Manítoba Trout Hatchery, !üesË

Hawk Lake, Manitobä. Fish when needed, Trere taken from this

sËock and Ëransported Ëo the laboraËory where they were held in a

560-líter fiberglass Ëank wíËh continuously runníng dechlorínated tap

I47atef .

Seasonal changes in Ëhe waËer Ëemperature of Ëhe holding

tank are shown (Fig 1). PhoËoperiod lvas not control,led but

approximated" that ín nature. At inËervals fish vTere removed

from this laboratory stock to 200-1iter experimenËa1 Ëanks and

acclimaËed to either,l0 or'L6 C. Acelimation.took .place over

a period of at leasË 2 weeks. BreËt (1946.) states thaË up 
"

to 20 days or more are needed for acclímatíon ín the region

of 10 C. For Ëhe iniËial experimenÊs (May, 1968) the físh

ranged in size from 5.5 to 25.2 g and by the concluding experí-

menËs (March to Aprí1, 1969) ranged in sLze from 7L.0 to

211. 0 g.

Feeding of Ëhe sËock físh \i7as n9t rigorously controlled.

It is esËímaËed that each fish received approxímaEely 2 g of
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food/week, wiËh total iodide conËent of 6.6 Ve/ 100 g of food.

The food consísËed of a ftozen homogenate of beef líver and

ocean perch fillets (10:1 by weighË) to which gelaËin was added

to hold the mixËure together in Ëhe water.

Periodic outbreaks of fungus rrere cured by addíng

malachiÉe green (1:15,000) each day to Ëhe Ëãnk:,and leËting

it slowly disperse with the turnover of water in the Ëank.

Earlíer aËËempts vlere made to elíminate fungus with methylene

blue (1:1r0OO). Daíly ËreaËmenË checked, but did noË eliminate,

the fungus. Daíly díppíng of Ëhe físh for 5 mínutes Ín 3% NaCl

r^7as also parËially successful.

B. lnjection ol 1251

l

Radioíodide, I25 
- (Atornic Energy of Canada Limited,

Commercial'ProducËs, 0tta\,ù4, Canada) was diluted wíth distilled 
il,

r¡rater and 0.1ml ínjected. Íntraperitoneally. The físh were netted 
l

i'i: -ì 'from Ëhe holding tank, ínjecËed through the fine-cloth mesh and 
'':rì.,r,:.,:-.'

rt.t ,,i,,released'.ínto the experimental tank. 
i., j-,,

Standards were prepared by injecting ÍnËo a 100 ml flask

a dose indenËical to that ínjected ínto físh, and then diluting

it to 100 ml with dístílled \¡Iater. Four ml of this represented

4% of the injected dose.

C. Colleqqion of Blood and Thyr

Físh were anaesËhetLzed w|th MS-222 (trícaine methane
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sulphonate); weighed to the nearest 0. I g, and measured to the nearest.

0.1cm. The caudal artery \^ras severed by cuËting off the taí1. The

small fish used in the early studies were bled into heparLnízed

hemaËocriË capillary tubes and the blood centrifuged t.o separaËe Ëhe

serum (International Microcapillary Centrifuge, Model MB) at 10,000 X. g.

The larger fish were bled inËo heparLnLzed glass dishes, the blood

pipetËed inËo l-ml plastic centrifuge tubes and centrifuged. The

serum was used immediately or flozen for later use.

The thyroid region, between the firsË and third gí11 arches

of the lower jawr as mapped by Drury (L967), was cut out, counted and

frozen aE -20 C for analysis at a later time.

D. SeparaËÍon o.f ProËeín-bound nadigíodide !på135Ð and

separatíon of pg125t fro* tL25l in the serum was achieved by

trichloroaceËic acÍd (TCA) 'precipitation (Fig 2). In certain êxperi-

ments listed below, varíations of this method were used. They are not

believed to have altered Ëhe estimates of psl25r 
"rrd 

t1251 signifi-

cant ly

1. One instead of two washes with 4 mL 2.5% TCA was used

(experimenËs from July Ëo September, 1968 carried out on

l.

fish held at 10 and 16 C).

2. Serum was added to 0.5 ml

centrifuge tube, cenËrifuged

once with 0.5 rnl of. 2.57. TCA.

ín 1 ml of 4 N NaoH. pe125r

diluted to 4 ml volume with 3

L2.5% TCA in a 1-m1 plastÍc

(10,000 x g, 10 min) and washed

The precípÍtate was dissolved

"od 
11251 fracËions were

ml distilled waËer and counÈed
t--."-.-.-
l:i::..i-:
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FIGIIRE 2. Flow chart of

and pn125t of

TCA separaËion

the serum.

of. tL25t
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(experimenÈ from February Ëo April, L969 carried out on fish

held aË 10 C).

Some íodide cont.amínation of the pg125r fraction occurred

due Ëo imperfecL washing of the precipitate. This was correcËed in

this study where ouËpuË of radiohormone \¡7as so slow, by consideríng Ëhe

CR on Ëhe earliesË day of sampling (day 2 or 5) as the level of

conËamination and subtracËing this from all laËer values. In the

experíment (February Ëo Apri1, L969) where the firsË samples were

taken at 15 days, iodide contamination was evaluaËed by performing a

separaËíon on serum from an uninjected físh to which ínorganic iodide

(r25t)' had been added.

E. serum ._L25-_ and serum ps125r

serum tl25t and serum ps125r represenË the inorganic and

organic radioiodide fractíons, respectively, of the serum. They are

calctrlated in Ëhe same manner wiËh Ëhe weighË of the serum used and

the body weight of Ëhe fish taken inËo accounË

% -i"-j"!Ë-l-9r9?"" x body wr(e) where % Lnjec
serum wt(g)

equals t125r or pB125r fraction of-TcA precipitation (cpm)

"4""""t" 
("P*/

ted dose

x 100

F. Hydrolysis_ of Thyroid Tissu_e

In preliminary experimenËs thyroids were hydrolyzed using

pancreaËin (1.5%) Ln tris buffer (pH 8.5), but pronase (Malan, 1968)

v¡as found Ëo provide a beËter hydrolysis (Fig 3). The exËenL of

thyroglobulin digestion was checked by precípitating proËeins from the



"1.i':i¿¿'].

2l

FIGURE 3. tr'low chart of the hydrolysis of

thyroid regions.
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thyroid hydrolysaËe of an injected fish with L2.5"L TCA. AfËer L2 hr

of incubaËion 4.0% of Ëhe radioactivity remained in the precipiËate,

presumably as part of the Ëhyroglobulin molecule, and at 24 hr 3.5"/".

After 12 hr hydrolysís \¡7as probably compleËe.

The possibility of deiodination of the thyroid hormones

during the entire procedure \^ras also checked by homogenizing a Ëhyroid

from an uninjected fish and incubating Ít with 125 I - L - thyroxine

(Mallinckrodt Nuclear, St. Louis, Missouri) as above. The amount of

deiodinatíon was insignif icant (radioiodide contenË of ,O-"t, before

incubation 6.3%, afËer incubaËion 4.8%).

Iodocompounds of Ëhyroid extracËs and serum \^7ere separated

by the method of Físher et al. (L964) in which the iodide, iodotyro-

sines and iodoËhyronines are extracted in acid-butanol, and the iodide

and iodoLyrosines are then removed by alkali washes (FÍg 4). Using

this method iodide and tyrosíne contaminaËion of Ëhe buËanol phase

was'found Ëo be 4.5%.

There is a possibility ËhaE some iodotyrosines may adhere

to the iodide precipitaËe. PrecipitaËíon of iodide from the tyrosines

with silver niËrate !üas not checked.

H. InstanË Iþín Layer ChromgËography I(_ITLC) € Serun
ïodoamino acids

Gelman,

use (110

buËano1

The insËant thin layer sheets (prepared silica gel (SG),

Brr x 8rr) were desiccated overnight. and then activated before

C for 2 hr). Three hundred lambda of concentraËed serum

exËract (concentrated in vacuum oven from 8 ml to 1 ml at 37

23

G.

:l
:1

Acid-buËanol ExtracËions of Thyroid Tissue

c)
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!r,r'K:ì*;È¡-rlr'.¡4

1 a::

FIGURE 4. Flow charË of acid-butanol extracËion

Ëhyroid Ëissue and serum.

of
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2 mL IO% H,SOO (or)

LO% H2SO4

* 4 m1 n-butanol, shake 1 min

CenËrifuge, Model N,

to remaíníng aqueous phase add
4 rnl n-butanol * 2 rn1 LO% H.,SOL
(or 0.1 rnl 107" HZSO4 if serüm
extracËion)

I
I shake 1 min
{,

recenËrifuge 120 x g, 10 mín

pip"rt"fo* |

,"::::'1,""" ,""I aqueous
ohase

ur"J"ro

nternatíonal

8 rnl thyroíd ext,ract *

0.5 ml serum f 0.1 ml
I
I

l

I

.1,

centrifuge L20 x g, 10 min (I

fnËernaEíonal Equipment Co. )

pipette off

m]-n
l1 I,JrÍst-
sËand 15

phase

ry funnel
1 4N NaOH

urre
1et

phase

upper butanol

I
60-m1 separaËo
contaíning 8 m

in 5% NarCO,

I

'tshake 5 min (B
ActÍon Shaker)

I

I

t
boËtom aqueous
draíned off

bottom aqueous phase
drained off

t,
add 4 ml 3% AgN01 Ëo
4 rnl aliquot aquéous pha

I
I
It

ppË. represents inorganic iodide
(díluted to 4 rn1 and counted)

in 5% NarCO,

stand 15 rnin

¡.rlanor phase

J'
4-m1 aliquot counted
(represents thyronines )

rnatant represents tyrosines
1 aliquot counted)

addSml4NNaOH
I{rshake-5min,let

se

\
supe
(4m
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r¡7ere slornrly applied along a 2.5-cm line using a \^7arm aír sËream. Five

pg MIT, DIT and the sodium salt of 3, 3t, 5- trÍiodo L-thyronÍne (Tr)

v,7ere spotted in a volume of 5À and 10 Ug of Ëhe sodíum salË oÍ. L - TO

and I (KI) were spotted in volumes of 10 larnbda as standards.

After application, the sheet was desiccaËed for 30 min in

darkness, Ehen put direcËly in the Gelman thin layer chamber and

equilibriaEed for 15 min wíth concenËraËed NH4OH. Solvent (n-buËano1)

was added until it t.ouched Ëhe bott.om of the sheet.. The chamber was

levelled and placed in darkness. After B0 min the sheet was removed,

Ëhe solvenË front marked, and the sheeË allowed to dry in a fume hood.

Ninhydrin spray (Sígma Chemical Co. ) was used to deËect the standard

spots (amino acids mauve, íodide yellow). The Rf values for the

standards are shown below.

Substance Rf

MlT

DIT

T3

,4

I

.43

.39

.Bl

.62

1. 00

r. tstermination ot pg127r. ¡E127r, rotal 127r ag¿-rYr
in Serum and Food

Total "", ,L27 r, pnl27 t 
^nd 

gnl27 r were measured in the

food using the Hycel PBI cuvette systern (Fig 5). The major reactíon

involves the reduction of ceric ammonÍum sulfate by arseníous acid

which is catalyzed by íodine. A colour reaction resulËs and the



27

;

FIGI]RE á. Plow ehart of
L27t 

^nd 
tL27t

serum.

vsl27 t, snL27 t, Total

determinaËions in

::: -::ii
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psr27 l

serum (0.1 ml) diluted 5 times with distilled T¡74Ëer

I
| + Inorganic Iodine Resin (507" by

.1, volume)

shake t hr (Burrel1 I,'IrisË-Action Shaker)

II pípette 0.1 ml of díluËed serum to the
I ¡oËtom of a cuvette (19 x 150 mm).

I gnoid transferring any resin parËicles.
I ¿'fso 0.1 ml of 5 known concentrations
I of potassium iodide.
-t

add 2 ml perchloric acid digestion reagenË, mix
genËly (allow reagenË to flow down inner wall of
cuvette. )t.

| "t 10 sec intervals place cuveLËes in
I pteheaËed block (230+5 C), under fume

I hood, for 6 min
I

,l
at same 10 sec intervals remove cuveËtes from
heaËing block

I

I "oo1 
to room temperature (15 rnin)

.t
add 2 ml ceric reagent (míx well using VorËex mixer)

I
I place in water bath for t hr, 37 C

J
at'Ëimed 30 sec inLervals, add 2 ml arsenious
reagenË to each cuvetËe' mix well (Vortex mixer)

I place in water bath (37 C), 20 rnín
J,

ín same 30 sec inËervals remove cuveËtes from
vraËer bath, mix and read optical densiËy agaínsË
\n7ater.

I orot optical density of standards
I "gainst concentration.

J
obtain samples values

(A.)

|¡ '14,i
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2. uuL27,

to ppt. add
buËanol, mix

centrífuge high

supernatanË to
( cuveLte )

3. Tot^L 
l27t

serum (0.

I
shake t h

I
add 1 rnl

I
/t

BEl
sec )

)d, 5 min

rn1) diluËed 5 Ëimes with distilled v'raËer

* Inorganic lodine Resin (50% bY
volume)

(Burrell lrlrísË-Action Shaker)

pipeËËe 0.1 ml samples to centrifuge
tube also 0.1 ml of 5 known concen-
traËions of potassíum íodíde.

BEI butanol (mix 30 sec)

cenËrifuge hígh sPeed, 5 min

1ml B
(30 s

¿
speed

,Í

to cur?eËte ( 19

block (230 c)
butanol fumes

x 150 mm)

remove
removed.

serum

::i.:::r:l

l:l.r:'_:

(0.

I
PB

Ëo room Lemperature

psL27 I procedure

1 ml) díluted 40 times with distilled waËer

pipeËte 0.1 ml of samPle and 0' 1 m1

of 5 known concenËrations of poËas-
síum iodide to cuvetËes' (19 x 150)

127 _--'I procedure beginning at (4.).

rnaËanË

t,
Ëhermal

and all

fo1low
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is obtained by subtracti ng nnL27 t from Tota t L27 l.

In Ëhe presenË studies this was preferable to the

more usual method of subËracting pn127l fto*

Total L27 I o*írlg Ëo the probable high contamination

ot psI27t h7iËh Éhe high levet of tL27r present.

4. tL27 t

lr.':,:
i:Ìr,1'
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depth of colour ís measured wiEh a specËrophot.omeËer aË 420 m;p. The

rate of caËalysís is dírectly proportional to the iodine concentratÍon

aË standard time and temperature.

J. Methods of M"a"rlirg Thyroíd 4"t

(i) Methods associated with radijriodijle uptake by Ëhe
thyroid

(a) Per cent of Ëhe injecËed dose-(7l thyroii) 
i,..r:t:.,.
':"_:.. . -: :

The percent of Ëhe injected dose of radioiodide in the "
,:ti.'Ì,'l:l.;

Ëhyroid is considered a measure of the iodide pump. It is expressed ,i,,,;,,,,

sÍmply as:

% Ëhyroid =-lfrgoid-( cpn)-
standard (cpm)

The theoretical maximum 
125I r'lpt"k" (U) of the Ëhyroid was determined

by exËrapolating t,he peak of the % Ëhyroid curve Xo zero Ëime (Fíg 6).

(b) Thyroid:Sergm (T/S) index

As used in thís study T/S was measured as:

T/s = 7. Ëhvroig_

serum lL25t

Thís index has been used to provide a measure of thyroid uptake. Since

it assesses the thyroid uptake of L25I relative Ëo th" l25l 1evel in

the serum iË was consÍdered by Eales (1964) to be superior to % thyroid.

The laËËer measuremenË might be considerably influenced by changes in

Ëhe serum 125t pool available for thyroid uptake as a result of loss

of iodíde Ëhrough extra-thyroidal routes. The T/S index is only

considered, however, to províde an approximate correcËion for changes , .

in exËraËhyroídal 125t 
"*.retíon. :,

,,:_l:,.:,1 ,..'
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(c) nate constant for thvroid-l25r-ugta]<e (Kr)
1?q

This is the preferred method of measuring thyroid ---I

uptake as iË makes a theoretically exact allowance for alteration in

Ëhyroíd uptake due Ëo change in the exseËion raEe of 125I fro* th" 
",' 

.,

serum. It has not been used to measure thyroíd actívity in fish

before, beíng adapted from Robertson and Falconer (i961) where it is

used in mammals. IË does, however, requÍre a considerable series of ,',1:l

dterminat.ions in t.ime. 
ì:t

'J- J,,

The rate constanË f or thyro ia L25t uptake (Kr) ana the rate ':,rìi

_ L25constant for ---I excreËíon via all other rouËes (Kr) maV be obtaíned

as foll-ows. The decrease in serum tL25t with time is exponential

and becomes a linear relaLionship when plotËed semilogarithmically.

From the slope of the exponenL, the biologícal half life (tl) can be

calculaËed. This represents the time for the inorganic radioíodide

in the serum Ëo decrease by exact Ly 50% (FÍg 7). From t| \^7e can

then calculate Ëhe fractional rate of loss (rate constant, K) of .

radioiodide from the serum accordíng to the equation:
.,,,,:,,.:. ra:

ELø = Ln 2 = 0.693 ,,.1:,

rate constanË (K) rate constant (K) 
',;,',:

Since the decrease in serum inorganíc t25, ,. determined both by the

rate consËant for 125, 
"*.retion by all extrathyroidal rouËes (Kr) and

also by Ëhe rate constanË fot L25l uptake by the thyroid (K1), then,

Kl*KZ=K.

serum tL25t"4 = 0.693
ffi 

equation (1)
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However, K1 * K, can be related in another way where

K.UI
100 Kl +'K2 equaËion (2)

lf the maximum % uptake by the Ëhyroid (U) is known, Kl + K2 can be

calculaËed símulËaneously from equatíon (1) and (2) (Robertson and

r:,i...:t:r;jFalconer ' l96L) ' 
t't':lr: 

"t.i'K" may be considered a useful index of thyroid activiËy as ::.,:',:'.::',:
L'

12\ l

iË assesses Ëhyroid uptake of ---I taking extrathyroidal excreËion of 
i:,f,,fij,r,iil
'ìt_ -. t ':

radioiodide into account. K2 ís not an index of thyroíd activity but

provides a measure of extraEhyroidal excreËion of iodide through all

oËher routes (i.e. gil1s, skin, kídney, uptake by Ëissues, loss to

gastrointestinal Lract). More detailed Ëheory has been gíven by

RoberËson and Falconer (1961)

(iÍ )

l,
ì(a) Rate const-agt for thvroid-l25l 5elease lKr) :'

The method used to deËermine Ëhe rate constant for the ,.,. ,.
l¡::i¡.1: ¡,¡;1 i

- - L25- ^. L7- .:.:) .: :.:::
release of --"I from the thyroid, K3, involves Ëhe measuremenL of t.he l::r:': r: :i'

.: -. . -... : .. .

Lj.,...ì.j:_. .i..:

clining 125, 
"orraenL 

of the thyroid. Fírst of all an ,,,'',,,'..:'

apparent rîate const.ant (Kt:) is calculaËed from equatíon (3) (Robertson

and Falconer, 196f)

35

ELe = o -693
tt'3 equatíon (3)

where tl is Ëhe half life of Elne % thyroid curve, which decreases

línearly wiËh time. The true rate constanË for thyroia'!251release

,:.:a_...:.j,:-
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(K:) is calculaËed from equaËion (4) (Robertson and Falconer, 1961),

K3= Kl
-̂l equatíon (4)

(1 _u)
100

where K', and U are already known. The apparent rate constant (K':) ís

less t.han the true rate constant (K¡) since it takes ínto account the

reutLlLzation of iodide resulËing from Ëhe hormone (Browne11, 1951).

(b) Convelsion ratio (CR)

The CR is a measure of radiohþrmone: release. It is a

useful index but noË an absoluËe measure of thyroid actívity. Hickman

(1961) applied Ëhe CR to studies of thyroid activity in fish as

follows:

K. Ana!¡sis of Linear Regreesioqe

StraíghË line regressions were fitted by the meËhod of

least.squares. An analysis of covariance program (trSimple Covariancerr,

/É15, Cornputer Centre, UnÍversiËy of Manitoba) was applied to the

straíght line regressions (sertrm t125r) of 10 and 16 C experíments

(Snedecor, 1956). The program Ëested the sígnífícance between

adjusted group y means (slopes), and between adjusted group means

(inËercepËs), as well as certain covariance assumptions:

1. homogeneity of residual variances--Bartlettrs chi-

square tesË.



2. homogeneíty of group regression coeffÍcienEs (F-test).

3. pooled within-group regressíon coefficient, and its

t-test of signifícance.

If BartleËtrs chi-square is significant Ëhe varÍances of Ëhe

' data do not show homogeneity. The departure from homogeneity causes

a loss of efficiency and distorËion of the treatment estimates 
...,j,.,,.,

(Cochran, Lg47). The amourit, of disËortion depends on Ëhe extent of t,.li"'.-.''',
. i-l .- ') 

t_:_-'

error in the. variances. If the error ís large, the losses may be far .., ,.,, .

:.ì.....:: :

from Ëhe Ërue Values. Therefore, if BartleËtts chi-square vras :;:::::':::t':':'::

sígnifiÇant, the test of significance values of Ëhe,covariance program

were not used, since the amount of distorËíon \¡ias not known.

37
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RESULTS

A. Preliminary Experirnents gr_B¿dioiodine MeËaboligm at l0 C

A prelímínary experÍment was conducted Ëo det,ermine Ëhe

Ëime-course of radioíodine metabolism in the brook trout. Knowledge

of Ëhe length of Ëime to maxrlmum uptake of radioiodide by the Ëhyroid,

the rate of radíoiodine exeretion, and the Ëime for maximum radio-

hormone productíon \^7ere needed for 1aËer sËudies.

From May 31 ro July lO, 196B, 60 fish (range l.L g to

35.6 g; average 'L4.5 g). acelímated to 10 t I C were injected with
L25r (O.3pci). Eighr fish were ki[led aË each of 10, L4,18, 22, 26,

30 and 40 days and serum lL251 % thyroid, T/S, serum psI25t and CR

values measured (Fíg 8, 9).

Serum lL25t decreased exponentially wiËh time. The 7.

thyroid reached a peak value between 10 and 15 days and began to fall

after 25 days, probably due to loss of radíohormone to the serum

(th = 36.3 days). The T/S rose wiËh time and did not level off, which

was due t.o the fact that ll25twas being continually lost from Ëhe

serum, as hras evídenL from the lL25l curve. The CR values for the

experímenË were. calculated.

Time
davs

_cR'x + s.e.
No. of

samples

10

L4

1B

22

9 .67

0

0

25.6!LI. 5

B

8

8

B
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l!:xi..'--:'tJ

i ::ì_i:i r:.;t:

FIGURE 8. Preliminary experimenË on radioiodine

metabolism at 10 C: Relationship bet\^7een

log serum -L25t (A)1og T/s(o)and tíme (days).

Each point is Ëhe average of 6-8 fish. The

standard error (s.e.) of the point is shown.
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FIGI]RE 9. Prelimínary experimenË on radioiodine

metabolism at 10 C: Relationship beËween

% thyroid(o), serum psL?St (l)'and time

(days). Each point is the average of

6-8 fish unless shown otherwise. The

standard error of Ëhe point ís shown.

irril:,.:r :::.: J,
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9 .7 !4.2

L.zl-I.o

9.0!2.4

The value on day 22 was the highest, and indicated an output of

radíohormone to Ëhe serum at thís time. The serum pI'L25t fluctuated

greatly but did demonstraËe outpuË of radiohormone to the serum as the

% thyroid curve decreased. There were peaks at both 10 (18 .6%) and

22 days (34.2"/") with zero values between Ëhe peaks. The great

variabilíty in tte p¡125I values, as well as CR values, was probably

due to iodide conËamination from imperfecË washing of the proËein

precipiËate.

It can be concluded from Ëhís prelíminary experímenË thaË

the brook ËrouË used have a very low thyroid upËake of radioiodine as

well as a very 1ow outpuË of radiohormone.

B. nelgtionship tretwesl-losg of tn.iected 125lirnd varilous 3I
Parameter s.

From June 4 to L6, 1968,40 fish (range 6.3 e to 19.0 g;

average l2.I g) were acclimated to 10 ! 1 C in a 200-1íter tank and,

4 groups of 10 fish each, injecËed wíth 0.03, 0.3, and 3O.O uci of

radioiodide, províding doses from 0.0017 to 4.29 VCi/g body wt. In

another experimenE, June 21 to July 2, L968r 40 fish (range 9.2 g to

4t

26

30

40

B

I

B

ThÍs experiment was conducted to determine if Ëhe amounË of

radíoíodine injected inËo Ëhe brook trouL affected Ëhe thyroid

actÍvity as measured by various L25, p^torreÈers.

ffn'vtnî;
,4

cËl ¡¿t 1fiioEA

t¡sn¡rn',u9

24.8 g; average 16.8 g),4 groups of 10 fish each, \^lere injected_g
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4.0, 10, 15, 20 1ßr of 125t, providing doses from 0.237 to L.89 11Ci/g

body wt. All fish were killed 10 days posËinjection and CR, T/S,

7. dose in thyroÍd and serum ll25t measured. There \^7as a low correla-

Ëion beEween all of these parameËers and the dose oÍ l25t injected.

The behaviour of írr¡""ted 125i (10 c) after 10 days was independenË

of dose administered up xo 4.29 yCL/e (fable III). In later

experiments doses of. 
I25t were kept well below this leve1 and damage

to the thyroid or modificaËion of thyroid funcËíon \¡7as assumed to be

negligib le.

c. tnf lusgqe of-Ie$peraturggl Longterm MetSÞolislll -of 
125I (10, 16 C).

These experimenËs \,'tere conducted in an aËtempt to Ërace

the effect of temperature on Lhyroid activíÉy and are dívided Ínto

three sections:

tìr:: ti

: l,,l:,,

(i) Radioiodine metabolism

(íi) Stable iodíde levels of serum

(iii) Thyroid hormone biosynthesís

(í) Radioi_odine metabolism

From July l0 to September 8, 1968, B0 fish acclimaËed to 10

t 1 C (range 6.4 e to 56.0 g; average f9.0 g) were injecËed títh 1251

(5 uCi) and 6 fish killed at 5, 10, 15, 18, 2!, 24, 27, 30, 35, 40,

50 and 60 days. From July 15 to SepËember 11, 1968,80 fish acclí-

mated to 16 t I C (range 8.1 e to 58.3 g; averâge 22-7 g) were

injected with a símilar dose. Six fish were killed aE 2, 5, 7, 10,

15, 20,25,30, 35, 39,50 and 58 days and radiochemícal parameters



TABLE III. CoefficíenËs for the correlations between
dose of injecËed 1251 

"116 ""rr.t"l 
125I

parameters. None of trt values l¡iere
signíf,icant (p=.05). Significance deter-
míned with a t-test in correlation analysís.

43

L25Experiment Serum I"--I % thyroid T/S CR

0.26L5 -0.2420 -0.2223 -0.L424

-0.1600 -0.0584 -0.0947 0.0207I]

j

:,I .i: :
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measured (Fig 10).

Tab le IV.

Differences between pararneters are summarized in

The form of the thyroid uptake curves was clearly dependent

on temperature. The % thyroid at L6 C (max 6.5%) was higher Lhan at

10 C (max 4 .8%). The rate constant Îo, l25l uptake (Kr) was probably

the best index for thyroid upËake. Kl for the Ërout at 16 C was

higher than for those at 10 C. This means Ëhat the trouL at L6 C

collecËed more radioiodine. Both curves reached a plateau between

10 and 15 days and then began to decrease. The half-lives of these

curves differed. AË t6 C the half-life was 33.8 daysr¡hereas at 10 C

iË was 63.3 days, suggestíng Ëhat at 16 C Ëhe thyroid produced more

radiohormone than at 10 C, though loss of ínorganíc 125I fto* th"

thyroid cannot be excluded. The rate consËant for thyrota L25l release

(K^) was however hígher at L6 C.
J

Serum pn125r values for fish at L6 C reached a maximum

(13.5%) aË l0 days whereas at 10 C a maxímum of 9.8% occurred at 25

days. The plots of CR and T/S by time (Fig 10) both suggest that aË

16 C the thyroÍd turned radioiodíde over faster than at 10 C. Examina-

t.ion of the serum lL25l graph allowed us Lo conclude ËhaË trout at

16 C lose serum tL25l fasËer than at 10 c.

It was concluded that trout at L6 C have (1) a greater

uptake of radioíodide by the thyroid (2) a greaËer release of radio-

iodide from the thyroid and (3) a more rapid build up of radiohormone

in the serum than trouË at 10 C.

Stable iodijþ levels of gelum

vsL27t, nnr27 t, r27t 
^nd 

total L27t d"r"rminaËions \¡7ere

(ii )
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Síze of fish x (g)

lutax % uptake

Max % uptake U at zero time

tÞ, % thyroid (days)
1?5

tN serum I-'"I (days)

T/s (10 days)

Kt

Kz

Kl+K2

Kä

Parameters

TABTE IV. Summary of parameters of
rad ioiodíne metabolísm.
September, 1968 (60 days)

10c

K3

CR

18. 95

4. 80

5. 40

63.25

10. 9

T.L2

.004

.060

.064

.011

.oI2

thyroíd functíon and
(10, 16 G) July ro

max (7")

ps125r (%)Max

16c

20.84

6. s0

8. 60

33.7 5

7.70

2.L4

.008

.o82

.090

.02L

.023

Difference

9. 10

8. 80

+ 1.89

+ L.70

+ 3.20

-29 .50

- 3.20

+ L.02

+ .004

+ .022

+ .026

+ .010

+ .011

+L2.69

+ 4.70

G

G

,l;1

50 days 2L.79 @

25 days 13.50 G

% change

+ 9.07

+26.L5

+37 ,2I

-46.64

-29.36

+47.66

+50.00

+26.83

+28. 89

+47 .62

+47 .83

+58.24

+34. 81

58 days

days10
N

o\

I

I
i
r
I
I
c

: iiii
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carríed ouË on serum samples from brook trout aË 10 and 16 C (Table V).

Unfortunately, Ëhe serum samples used for these determinations r^7ere not

from experimental fish. Large fish (i = LO2.Z7 g) were killed in 
r,,,r,,,,j,,,

Apríl, L969 and serum samples Ëaken. The stable íodide values obËaíned ',:"'¡-,.

from these serum samples r^rere considered to be símilar to Ëhose of the

large físh ín the 10 c experíment--February to April, L969. small 
;,..:.,,.,

físh (* = 22,77 g) were killed ín June, 1969 ànd serum samples obt,ained. .11',''1,;1
:. : 

'':..Stable íodide values obtaÍned from these small fish.:rwere considered 
t¿,,,..,,
; 

",t:'.:,:,
Ëo be similar to t.hose of small fish in the 1968 experiments (May to '::;'

June, and July to September, 1968)

(iii) Thyroid Horrnoge Bíosynthesis

Enzyme hydrolysis followed by butanol exËraction hTere con-

ducted on thyroid tissues from Ërout acclÍmated at 10 and 16 c. This

procedure separaËed iodoamíno acids ínËo a buËanol phase (thyronines

or BEI) and an aqueous phase (iodide and Ëyrosines). Iodide was

then precipiËaËed from the aqueous phase with AgNO, leaving behind

the tyrosínes. However, parË of Ëhe aqueous phase was discarded

during extraeËion so that percentages of thyronÍnes, Ëyrosines

and iodide could not be calculated. However, thyronine:tyrosíne

ratio was calculated (Fig 11). It is concluded that the Ëhyroid

gland of trout at L6 C synËhes ízes a larger arnounË of radiohormone aL

a faster rate Ëhan the Ëhyroid at 10 C.

D. IdenËífication of Serum Iodoamíno acids in Brook Trout aË 10 C.

A preliminary experiment was carried out where serum samples

T¡rere spotËed directly on the ITLC sheets following the rnethod of



I,ür = 102.27 t 15.37 g (April, 1969)

Temp

l_0 c

16C

TABLE V.

ps!27 r

Stab le
Trout

2s.42 r 5-89

2L.46 r 0.84

Wt = 22.77 ! 0.58.e (June, 1969)*

íodine.determinaËions (L27 r) of Brook
serum (ug/100 ml) i r s.e.
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su127t

15.28 t B;24

20.88 t 1.05

2.L4 t 0.43

* índicaËes daÈa from Fung, 1969 (unpublistr-ed)
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508.57 t 45.56 523.85 I s3.80

730.62
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FIGIIRE 11. Acid-buËanol extraction ot 10(O), 16(4ts

thyroids of brook trout:Relationship

beËween BEI(cpm)/tyrosines (cpm) and

tirne (days). PoinËs are means of up

to eight samples. The standard error

is shown.
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Jacoby and Hickm an (Lg66). Owing to the excessive 125t l"rr.ls and very

low iodinated organj-c compounds ín Ëhe serum iË was difficult to

identify Ëhe peaks of radioactivity on the chromaËograms against the

background creaËed by the high leve L of L251.

The serum samples were then extracËed with acid-butanol and

chromaËography carried out ori Ëhe butanol phase. Also a higher leve1

- L25- L- :,- - !L^ 1^--^1^ ^c -^Å'ot I !'tas rn¡ected into the fish to increase the levels of radio-

hormone in the serum.

From February 28 to April 19, L969,40 fish (range 7L.2 to

216.2 g; average 118.3 g) acclimated to 10 f 1 C were injected wíËh

10 UCi of. L25t Eight fish were killed at 15, 25, 30 and 40 days,

and ITLC carried out on the butanol phase of the extracted serum

samples. The results of butanol extracËion and subsequent ITLC are

shown in Table VI and examples of thin-layer separatíons are plotted

in Fig 12.

The TLC separatíons (Fig 12) show peaks for T, and Tr. They34

have been ídentifíed by cornparison t.o stable standards. Radioiodo-

tyrosine peaks are not. definite and it can only be suggested that

iodotyrosínes occur ín brook ËrouË serum.

A very high percentage of Lhe thyronine portion of the serum

was shQ$n stíl1 to be iodide (0.4o% at 25 days which is 50.87" of Ëhe

butanol phase). The thyroníne" (T4 and Tr) reached a peak value of

0.16 and O.I5%, respectívely, at 30 days. A sirnilar thyronÍne peak

was shown in the plot of serum pS125f (Fig 10) at 10 C, between 20

and 30 days. A quantitatíve comparison of the Ëhyronine", T4 and T3,

\¡7as made by applyíng a paired Ë-ËesL. The Ë-value \n7as not significant



Time CR
(days) (PBI%),

Prec
TCA

TABLE VI. Results of acid-butanol extracËion of fish serum
and subsequent ITLC separation of Ëhe buËanol
phase (February Ëo AprÍl, L969; 10 C)

trn

2.L

2.7

4.6

6.6

4.0

BET
(%)

Acíd-butanol
extraction

0.7L

0. B0

0. 91

0. B7

0.82

BEI Ëyrosines:k

0,23,.

0.40

0.27

0. 36

0.32

99 .52

99.6L

BEI = thyronine porËion

indicates mínÍmum value of iodide

N.B. All percenËages are calculated
butanol fractíon.

MIT and
Origin DIT

Chromato

0.26

0.L7

99.37

99.49

99. 50

: 
''.:i.:
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0. 10

0. 06

of butanol

0. 18

0.23

0.21

T,
4

0. 05

0.06

0. 16

0.09

0. 09

0.t4

0. 13

0.11

hase

0. 07

0.10

0. 15

0.06

0.10

since some discarded duríng extracLíon.

in terms of Lhe radioactivíty ín the acÍd-

Samples
of

6.8
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H
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(p = .05), Ëhat is, Ëhe mean per cent of TO Ln the serum díd not

significanËly differ from ËhaË of T3 (50:50).

E. Variation in L25l 
Metabolisrn at I0 C.

Certain parameËers of thyroid functÍon of 2 radioiodine

metabolism experíments at 10 C (July to September, L968; February Ëo

April, L969) are compared in FÍg 13 and summarLzed in Table VII. Owíng

to lack of homogeneity of variance, covariance analysis could not be

applied.

The 2 experiments are similar in uptake of. L25l (Kr) and

L25I t.L.ase (Kr). A small difference occurred in the half-lífe of

Ëhe excretion of serum tl25l but iË \^7as noË sËaËisËically signíficanË.

Both the CR and serum pn125f showed considerable variatÍon. Part of

this variation was probably due to inorgarrí. 125I contamination. A

different level of conËamination was subËracËed from each and could

help to accounL for the differenË levels of Ëhe T/S and serum pf125f

plots (Fig 13).
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Size of fish i (g)

Max % uptake

Max % uptake (0) U

tL, "/" thyroLd (days)

t! serum tL25t (days)

T/s (15 days)

Kt

Kz

Kl+K2

Kå

K:

CR 40 da>, (%)

mr* pg125r (2.)

Parameters

TABLE VII. Summary of parameters of
radioiodine metabolism at

July to Sept.,
1968 (60 days)

18.95

4. 80

5. 80

63.25

10. 90

1. 68

.004

.060

.064

.0L1

.ol2

5.77

G 25 days

thyroid function and
10 c.

Feb. to April,
L969 (40 days)

118 . 3l

4. 80

5. 80

63.25

11.00

.98

.004

.059

.063

.011

.otz

6. sB

19.0 @ 16 days

Difference

+99.36

0

0'

0

+ 0.10,

- .70

0

- .001

- .001

0

0

+ 0.81

+10.2B.B

7. change

"l,i l

+524.33

0

0

0

+ 0.91

- 4t.67

0

- t.67

- 1.56

0

0

+ L2.3L

+ 53.68
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DISCUSSION

Using increasing doses of injected radioiodine, a dose effect

vras not determined on the parameËers of thyroíd funct,ion (seru* t125I,

% thyroid, T/S and CR) up to 4.29 ltcL/g body wL, over a 10-day

experimental period. Subsequent'eNperiments \,Jere run for' longer than

10 days and a dose effecË may have developed after this time. However,

Ëhe dose of I25l used was kept well below 4.29 vcí/g Ln Ëhese

experiments.

The dose of injecË"¿ 1251 .has been shown t.o be related Ëo

varíous parameËers of thyroid function. Chavin and Cukrowski (1968)

state that even low dose levels (0.006 uCí/g) reduced thyroid uptake

by 37% after 171 days. This was in goldfish where % thyroíd uptake

was 10.3 t 1.7% for control fish. They also found ËhaË thyroid

epiËheliat height increased and abnormalities in Ëhe thyroid fo11ic1es

evoked. Hoar and Eales (1963a) showed that in goldfish (20'C)and chum

salmon (L2 C) a correlation existed betrnreen 4-day CR and the dose of

13 1_-"-I over a dose range of 1.1 to 8.2vCí/g body mass. Data obtained

from chub (4, 20 C), sËeelhead ËrouL (4 C) and sockeye salmon (4 C)

did not suggest thís correlation. They concluded that CR values

particularly of goldfish can be altered by dose and the effecË of

dose is modified by several factors including temperature and Ëhe

activiËy of the gland iLself

Radíoiodine metabolísm was found to be slow ín Ëhe brook

trouË aË both 10 and L6 C. Thyroid upËake of radioiodide remained low

(max upËake 4.8% at 10 c and 6.5% at !6 c, after 20 days). Up ¡e lJdays
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elapsed before any appreciable release of radiohormone oicurred. The

CR values were low after 20 days, L.6 at 10 C and 5.5 at L6 C, and

reached only 8.6 at 10 C and L3.7 at 16 C af.ter 60 days (Fie 10d).

Thís slow rate of radioiodíde turnover is probably due to the high

iodide 1127f¡ poot (Table V). According to Leloup and Fontaine (f960)

fish havíng high.serum levels '"f l27l take us less radíoiodide into

the thyroid in proportion to físh wiËh low l-evels. Hickman (L962)

also noËes Ëhat a change in the stable iodide level changes Ëhe amounË

of. L25l taken into the thyroid

The high total L27, in the trout serum may be accounted for

by the abílíty of Ëhe serum proËeíns to bínd iodíde. This abilíty ís

noted ¿rmong migratory fishes (Leloup and Fontaine, 1960) to which the

brook Ërout belongs.

The toËal L27 t 
"on"enË 

of the serum at L6 C is sígnificantly

greater Ëhan aË 10 C. ,Thís ís conËrary to the resplts of Leloup and

Fontaíne (1960) in the eel, where the stable iodide of the serum

decreases significantly at hígher Ëemperatures. However, th" I3F,L27l

is not significantly alËered by ËemperaËure in Ëhe brook trouË

determinaËions.

A low leve1 of radioiodine meËabolism has also been noËed

in goldfish (Hoar and Robertson, L959), where thyroid uptake reached

a maxímum of. 2 Ëo 3.5% at 20 C. Drury and Eales (1968) also concluded

ËhaË brook Ërout had a slow turnover of radioiodide at 13 C (% thyroid,

7% in 8 days and had not reached a plateau). A low radiohormone output

was also preserit occurring approximately 1-3 days after radioiodine

injecÈíon. Drury and Eales concluded that Ëhis small peak at 3 days

iìr:: .::ril



i::l;l:.:i

vüas due to contaminaËion. In comparison, Salmo gaírdneri

have a considerably higher rate of radioiodide turnover (Z

9% Ln 6 days and CR reached a value of 20 ín 11 days), as

goldfish used by Hoar and Eales (1963b) which reabhed a CR

19.0 to 26.4 in 10 to 20 days at 18 C.

58

(Eales, L964)

thyroid,

do the

value of

All measured parameters of thyroid funcËion in the brook

Ërout were found to be higher aË the hi$re,r: acc1ímatíon temperature

(Table rv).

Olivereau (1955b) and Berg, Gorbman and Kobayashi (L959>

determined a higher Ëhyroid activity at lower Ëemperatures using

Ëhyroid uptake of radioiodide as the measure of thyroid activíty;

rnThereas Leloup and Fontaine (1960), Eales (L964, 1965), Leray and

Febvre (196S), and Drury and Eales (1968) notes increased thyroid

aetivity wiËh increasing Ëemperature using the following radiochemical

parameËers:-CR: T/S and thyroid uptake. The díscrepancy might be

accounted for by facËors influencing íodide uptake. Iodide upËake

inËo the thyroid is the result of--Ëhe conceRtrating abílity of the

g1and, radioiodide excretion 
^od 

l27t contenË of the blood (Leloup

and FonËaíne, 1960). High temperature íncreases the speed of 1251

excreËion from the serum of ggfuqo g,aírdnell (Eales, Lg64) and in the

brook trout of the presenË study. Therefore a gland may take up less

iodine even though iË is more active. This could account for the

fíndings of Olivereau, and Berg, Gorbman and Kobayashi that lower

temperature increases the % uptake of radioiodíde.

I,Jhy rnay thyroíd activity be considered Ëo increase wiËh

temperature? The piËuitary ís the link between the receptor organs
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and Ëhe Ëhyroid g1and. Environmental effects are mediated Ëhrough

Ëhe pituítary to Èhe Ëhyroíd by means of the Ëhyrotropíc hormones.

Seasonal changes in thyroid actívíÈy suggesË ËhaË Ëhyrotropic hormones

are produced in varying amounts aË dífferenË seasons. It is reasonable

to issume that phôËoperiod and temperaÈure act Ëhrough Ëhe piËuíËary

Ëo control productíon of thyrotropín (Hoar, L957). However Eales

(L964) argues ÈhaË temperature direcËly Ínfluences thyroid functíon

withouË the mediaËíon of the píÈuiEary.

An increase in ËemperaËure causes an increase in the meta-

bo1íc raËe of the anímal, which produees increased meËabolíc demands.

Ttre thyroíd itself may be direcËly sËimul-aËed by some p;arËicular

metabolíc denand, or indirecËly through Ëhe action of líght and

Ëemperature on Ëhe piËuiLary-Ëhyroid mechanism.

During temperaËure acclimatíon ín físh cerËain enzyme

changes have been noËed to occur. Ttre mosË notable being a metabolic

shift during low tempeïaËure acclímatíon ín gol-dfish (Ilochachka, L962)fot

(Hoar and Eales, L963), so Ëhat, Ëhe hexose monophosphaËe pathway (Hlæ)

or pentose shunË r^ras more favoured aË low temperatures. LiËtl-e doubl remaíns

Ëhat temperature compensation in goldfish Ís at least partial-ly an

enzyme adjustment. Mamralían TSH was found Ëo increase 1or,r temperature

resisËance of goldfish, however, Ëhe resulËs could noË be related to the

role of the thyroíd (Hoar and Eales, L963).

Owing to large amounts of ínorganic Íodide it was difficul-t

deËermine the iodocompounds in brook trout serum. Chromatography

serum from fish at 10 C Ëentatively suggesËed that T, æd TO nay

present in approxímaËely equal amounLs. IodoËyrosines (MIT' DIT)

to

of

be

i':.l
lìii'i
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may also be present.

The presence of íodoËyrosínes in fish serum has been noted

by Leloup (1g56) Ín períophrhalmu.s-*þg1r."-!gll and by Jacoby and

Hickman (Lg66) Ín salmo gairdne.r:l , They were noË, however, found by

osborn and simpson (1959) who carríed ouË an analysís of the circula-

Ëing Ëhyroid hormones in t,he serum'of plaice. osborn and símpson

indicaËe that the evídence obtained for íodotyrosine presence in fish
serum by Leloup, and Jacoby and Híckman is only sríght. They suggest

that the compounds may be metabolites of thyroxine, but thís does not

argue against Ëhe presence of ídoËyrosines in físh serum.

Radíoiodine metabolism experiments run at 10 c on fish of

different sizes and at different seasons of the year show a greaË

deal of símilarity. The rate constants fot r25l 
upËake and release

from the thyroíd (K1, K3) are equal (Table VII). There Ís a difference

however, in Ëhe *r* PB125r and 4o-day cR values. Higher varues are

presenË in Ëhe larger, mature fish of the February to Apríl experimenL.

The increased maturity of Ëhe larger brook trouË as well as the

seasonal variat,íon could account f,or these differences. Swift (1960)

noËes an increased actívíty of the Ëhyroid gland aË spawníng time,

reflected in a great increase in the productíon of labe11ed thyroxine

in Fundulus heteroclitus

A ËoËa1 survey of Ëhe 2 experimenËs shows more simílarities

Ëhan dífferences. However, before it can be concLuded that thyroid

activity is not significantly altered wiËh seasoïl,when lhe temperature

is kept constant, experiments must be carried out where fish are kept

aË const.ant temperature over all the seasons.
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FurËher experimenËs are neeessary to confirm Ëhe p¡125f

peaks, obtained at both 10 anã'16 C, because of the presence of the

large pool of conËaminaËíng íodide and very low levels of proteín-bound

radioiodíde. The meËhod of radioisotopic equilíbríum (Jacoby and

Hickman, Lg66) makes, it'possíble to' íncrease Ëhe radioíodÍne conËent

of the serum and consequently the pg125I can be measured more accurately.

Further work could then be done t.o ident.ify and quantitate Ëhe radio-

iodoamino acids in the serum. Also a deËermination of the optimal:

dose of radioiodine to be used as a tracer dose for experiments would

be an asseË, or experiments to prove conclusively Ëhat no dose effect

occurred after t0 dpys with Ëhe amount of traioiodine used.

In conclusion, ít was found EhaË an increased temperature

increased radíoiodíne metabolism and thyroíd hormone biosynËhesís ín

Ëhe brook trout. The slow rate of,radíoiodine Lurnover at both 10

and 16 C can be atËríbuted to Ëhe hígh serum íodide (L27t) pool. The

level of Ëhyroid actívity at different seasons of the year díd not

vary signíficanËly when t.he temperature remained consËanË.
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TABLE T

t, ,

TESTS FOR COVÀß.IANCE ASSTÍMPTTONS:

RÀDTOIODTNE METABoLTSM EXPERII,ÍENT,S c10, 16 C)
t-..
,:1, ..:. .

l:l:::lt:'
i,::,:-:ì:: ::

Têst serun,, r1.251 r/s

Bartlettt" X2

(homogeneiËy of
wíthin group
variances)

*?r) = 1'4.703

22

,
x?r) = 0 '067

2
X <Xq

Ilomogeneity
of variances

?xlrl = o '177

22
X <X O

No homogeneity
of variances

X

No

>x ct

homogeneiËy

Ilo¡nogeneity of
withln group
regressîon
coeffÍcienËs

F(1,137)=I7.0I7

F>Fcr

No homogeneÍty

F Cl;137)=13 .5

F>Fo

No homogeneiËy

F (1' 138)=24.9L9

F>Fq,

No homogeneity

Signifieance of
pooled wíthin
group regression
coefficient

t (138) =-1 5 :436

t>to¿

Signi.f ícantly
dÍfferent
from zero

t (138)=11.077

È>Ëo

Significantly
different
from zero

È (13e) =9.237

t>t0

Significantly
dÍ fferent
from zero
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TABIE II

TESTS FOR " COVÀRTANCE ASSIIMPTTONS :

RADIOT0DTNE METABOLTSM EXPERTMENTS :c10 C)
'..

MÀY,TO JirLY; 1968, JULY T.O SEPT 1968,'FEB TO ÀPRrt; 1969

TesË Serum fl25r T/S CR

')212sartlett'" X' *iZ> = 6.981 *iÐ = 42.459 *ir> = s8-452

(homogeneityof Z 2 2 2 Z 2
withingroup X->ct-cÌ X >X cÌ X >X cx

variances)
No homogeneiËy. No homogeneity No homogeneíty
of varíances of variances of variances

Ilomogeneity of r(2,t54¡=1.189: F(2'153)=4.883.. f (2,154)=I.477
within group
regression
coeffícienÈs

F<Fo¿ F>Fo¿ F>Fo

Ilomogeneity No homoge-neity Homogeneity

signíficance of r(156)=-14.7C8 t(155)=9.127 t(156)=3.649
pooled wíËhin
groupregression t>ÈcI È>t0 t>tcl
coefficient

Signífícantly Significantl¡l .SignificanËly
differenË .different .. different
from zero .., . .from zéto, . f,rom zero
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Radíochemical
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TABLE II]

EQUATIONS FOR STRAIGHT LTNE

RTGRESSIONS USED IN FIGURES

10

10

10

13

serum ll25l

T/S

serum tl25l

Serum r125r

serum rL25r

serum _L25t

10

13

l6

10

10

Equatíon of Ëhe line
'y = a * b x (1og)

= 2.928 -

= -Q.050 +

= 2.760 -

= 2.752 -

=. 2.760 -

= 3.136 -

(0. 0342 )x
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(0.0262)x

(0.0396)x
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(0.027 6)x
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