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AS.STRACT

Trout tissue homogenates l{ere incubated åp vi!.rlt vrith rad.io-

t\yroxÍne (*+*) at acclimatÍon temperature for up to ) hours.

Ðeiodir¡ation (neasured by the productíon of radioiodid.e uslng

protein-precipÍtation and chromatography) occu¡red in brain,

8a11, stonach, duodenum, intestine, heartr kÍd.ney and muscle but

not in liver. Chroroatography shows that lodÍde is the only

d,etectable radioactÍve deÍod.ination pro<luct. A th$mostable

d.eiodinating systern ís present in brain and heart.
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DIll '' ðiiotlot¡rrosine

ITÍIÍ = frLavin nononucleotfcLe

125tfr a pêrc€ßtagp free radioíoilicl.e

1{IT = nonoiod.ot¡rrosine

MIE = nethyl nercaptolnÍdaøole

rg125r ,= proteÍn-bor¡nd ra'dl.l.ofoclide

RlI, - tevêrse trLfotlott¡Jr¡onine

Etriac æ rêv€tsê triiodothyroacetia aoidl

B.l * toooiodoth¡rtonine

î, - tlíioilotllytonine

lP, - trlÍoclothyronine

TrF * trtåodotlq¡rofonaic acLd.

,r, * trÍiodott$r¡oBropioninc aeicl

T4 - tbYroxiae

*¿* * l25I 
-T4,= racliottr¡rroxLne

lCA = trichloroaeetic aeíd

Eetrac = tetraiodotttyzoacetic acicl

îLC = thin-layer chrouatogtrapW

l{ e erroüot (}-g) of tb¡noxlne d,eiotlinated per ng of ctry tissue

weight
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INTRODUCTÏO¡T

llhe structtue of thSrroxine (TO) ana the occu¡rence of the

d.erfvatives: 5 15 r|r-triiodoth¡rronine (83), 1r7' r5r-trliocto-

thyronine lnnr), 5r5*dLfod.otb¡rronine (]r)-82), Srlr-dliodo-

tlr¡rronioe (1r1'-Tz), 1' ,5t-diiodottrSmonine 71t ,5t-82) t

5-nonol.odottryronin" (3-Tt ), 1t-nonolodotlryronine (1t-r, ) r

suggeet tt¡at T4 Ís probably eatabolizerl, 1n the followl.ng

fashiou to release f¡ee iocllcle and fo:m tb¡¡ronine cterÍvatfves:
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This process is generally believed. to be enzynratic. Tata

(1960) kras studied the purÍfication of thyr:oxine dehalogenase,

and l¡ork has also been done in relation to an enz¡rmer tyrosine

d.eiodinase (Greer & Grim¡n 1968; Kozlæeff .et al 19?0). Ilaibach

(lg7l) reported another possible enzynatic nechanism r+hereby

TO can be deiodinated..

In mannals, deiodinatj.on of TO has been reported by Elock

g! aI 1957¡ Plaskett 1961; llynn & Gibbs 1962; 3énévent ej aL

1963¡ Escobar del Rey & Plorreale de Escobar 1i6!; C,oadman &

Gilman 1965; Pittman & Shinizu 1966; Beichlín et a1 1966i

Bror'¡n-Grant 1967; and Schr+avtz et 'ù1969, T,iver, nuscle and.

kÍdney are the rnain sites of deiodinatÍon. Â number of

deiodination products hå.s been d.iscovered: T, (Sfrott &

t{aclagan 1955¡ flLock et al 1957, Elock gt ql 1961i Reíchlin

et al 1966); diiodot¡rrosine (mn) (wynn & Gibbs 1962)¡

glucuroconjugates (ftocf e! al 1957); and a nr¡mber of unk:owns

(r'tock et al 1957; llynn & Gibbs 1962¡ Pittman & St¡-Írnizu 1966)

Íncluding one suspected to be 5r-hyd.roxy-J:5-ttÍÍodothyronine

(Plaskett 1961). trbom comparison of the d.eiod.ånation activity

of tissues of aninals that do or do not respond to thyroicl

horrnones, Ga1ton & Ingbar &geZ arb) suggested that deiodinatÍon

is a prerequÍsíte for the action of the hörmones. However,

other findings (anbar et al 196r) produced contrary opinions.

The non-d,eiodinated productsn tetra.Íodothyroacetic acid
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(tetrac) and T, gLucuroconjugates vtere found in dogs and rats
4

(flock et aÅ 1957 ¡ trtlock e,t a1 1961; Pittuan & Shimizu 1966) .

l{ynn & Gibbs (geZ) reported a rupture of the d.iphenyl linkage

in their Ín XiEro experimentsr but in Évo find.ings by PÍttnan

& Shiroizu (1966) showed. the opposite result.

DeiodinatÍon of TO has also been demonstrated. in several

species of tadpoles and ad.ults of frogs and toads (rata 1)6oi

Ðowling et al 1964; Elock et a]. 1961¡ Tarnamoto 1)6!i and.

Dowling & Razevska 1966) but co'¿l-d. noi be demonstrated in

Nect$4¡s maculo.srê (Catton & ïngbar 1962b). Liver and rm¡scle

are the nost potent sítes but no deiodination product besides

iodid.e vras d.iscovered. In nost casesr a d.ea.nrinated. and.

decarboxylated product, tetracr l{as found. (Catton & fngbar 1)62a;

}ovling et al. 1964¡ and Dov¡Iing & Razevska 1 966),

Little is lc¡rovn: about the deiodination of TO in fÍsh. Tata

(1960) postulated the presence of thyroxine dehalogenase in

uuscLe and liver of plaice (Pleuronectes. plj¡.tesqa) and trout

effects of added. ferrous

(FarRo fa-rig). Ilowever, these findings were probably due to the

ions (Fe++) ana flavin mononucleotide

(f'm¡T) which caused non-enz¡raatic d.eiod.Ínation. 0sborn &

Sinpson (1969), in their ip Iivo experirnents r.rith adult plaice,

recovered rad.ioactivity from ínjectecl 125t-t*tulled thyroxine

1n the forn of 515r1 r-triÍodothyronine, 1r3|r5r-trÍiodothyroninet

anð. j tJt-diiodofty:o¡Íne (products of stepvrise deiod-ination),

together with tetraiodothyrop¡rnrvic acid, tetraiodothyrolactic
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acid and tetraiodottrtrnroacetÍc acid (products of d.eamination),

and sulpho- and glucuro-conJu6ates (products of conjugation).

trþorn in vi]¡o finding Eales (tgZO) shotred that deiodination

does occur in brook trout,

However, prior to any stud.ies on the enzymatÍc nature of

d.eiodination, and. possibly, a determínation of the target sites

of Tr, in brook trout, certain d-ata are necessary. fhese
¿+

ínclude the organs or tíssues Ìesponsible for d.eÍodination of

1I,, the aetlvíty of these orga¡.ls or tissues and. their deiodina¡--
I

tioa products.

this thesi-s presents a study on these questions by i.It vitro

methods. Triehloroacetic acid precipítation and. chromatography

were used to d.eternine:

a) the sÍtes of deiodination

b) extent of d.eiodination in each sfte

c) identification of prod.ucts of deíodination.
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MÂTERIALS At{D I'{¡,.Igop.S

Brook trout (one- or two-year old) fron the Province of

ÌÍanitoba Trout fiatchery, Vest Har+k la.ke were acclimated for

3 weeks to eight months at temperatures between 8.5 and 14.0 C.

The fish were fed" every alternate days r'rith ground liver.

In each experiment, 5 fish weïe sacrificed and the sane

organs were pooled. and. hornogenized.. The horaogenate was incubated.

in TO labelled uith 125t 
^t Jr and 5t posÍtions (Ârnershanf

Searle Corp.). 3y precipitating the th¡rronÍnos wÍth trichloro-

acetj.c acid (TCA), aeioaination $ras measured by eomparing the

a.mounts of rad.ioiodid.e present in the supernatant before and.

after incubation. ChronatograplSr r+as carried, out to shovr the

products of deiodination"

A. heÞ,aratioqp-f .reaction Jgcli.qm .a¿l.d in-cubaJígll

Each of the five trout rvas killed by applying a blov¡ at the

heacl. Indívid.ua1 organs l¡ere rernoved and. suspend.ed in J0-50 ¡rI

of Eickmants saline (conposition in grarns/títre: NaCL 6.42;

KCl 0.1Ji CaCI, A.22i I,fgSO4 0.12; NaHC0, 0.084; t{aHrPOO 0.06).

The same organs fron I fish v¡ere pooled.. The suspensÍon v.as

honogenÍzeð r+ith a Son¡aLl onní¡nixer Ín an ice bath and, 26.[ ml

of honoogenate r,¡as ad.d.ed to 6.6 ml of 0.!l'Í Tris buffer (pH ?.8)

anð. 26.{ rnl d.istÍlled water (lanramoto 1964). This homogenate

med.ir:m røs pipetted into glass tubes in small portions i 4.4 mL

for TCA precipitation and 0.9 nl for chromatography. The tubes
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uere incubated in a covered water bath with shaking at '1500 rpn

for '1 o 2 or J hours. fhe bath was set at a tenrperature conres-

ponding to the acclin¡ation temperature of the tgout usetl. One

set of tut¡es (Control, Boiled. Hornog:enate, and Honogenate) vas

not incubated but v¡as used Ímnediately for analysis. Thís set

represented 0 hour, In the control tube, Hic}rnanrs saline was

used in pLace of homogenate. In the boiLed homogenate tube,

the honogenate rnedÍum vtras boiled for J mlnutes and then chÍlIed

in the refri.gerator.

All the tubes were alLowed to equilibrate in the wa,ter bath

before the int¡oduction of 125f-nO. Tubes for TC¡l. precipitation

received 0"Ol ml of a 1'5r-*" solution made up of 1 ng of sod.Íum
4

sal"t of dehyd.rated I-T4 dissoLved in a ninimum â,moru:¡t of 0.1N

ItaOH, to rçhieh was added approximately !;:.Ci of 1251r. 4n (specifie
+

activity 5O-5O rn0i/mg), and the total voh¡¡ne was mde up to

25.0 nl with dÍstilLed water. Tubes for chronatography receÍved
19q

about o.2 1tCí '"t-n4 Gn 5V" propylene gLycol).

Ttso ur1 of llicknants salíne and.2.o ml of homogenate roedium

were dried in the oven (BO C) to constant weight in separate

aluninum d.ishes. nrxr tissue weÍght was caleulated by substract-

ing the dry weight of the Hictr¡nanrs saline from the dq¡ weÍght

of the homogenate med.ium.

Bò nefodinatiqn by % lree radio4ctivity__after TCA precipitation

.l ::: ,: : - -:: 
.:f i ;ï. 

j,::l

Prel-Íminary tests (fi$LTe 1) showed tyøtr 2.5 rn1 of '1y'" a.queous
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solution of Sovine .â'Ibunrin (Siæ" Chem:ica1 Co.) was sufficient

to bÍnd with the TO fn the reaction medium within 1$ hours of
4õtr

ref.Ìígeration. Protein-bound radlothyroxine (Its'"T) was

preoipitated by 5"0 rnl 5U/o TjC/-, contaÍnÍn g 2x1O-1m ff and a

trace of aseorbic acid. After centrif\rgation,.for' 15:ûrinutes

at 1050 x G, the residue was vrashed by 1.9 nl of J@" TCA.

The volune of tre.supernatant was then taken as 12.0 ml and an

aliquot of 4.0 ml was counted Ín a glass vial in a ruell-type

connter r¿ith a 2¿L inch bV 2t inch crystal (Nuclear Chicago,

DS-202), [he resÍdue r.¡as broken up in 2.0 al distí]1ed water,

dissoLved by adcting 2,0 r¡1 1If NaOII Ín a glass vial and. íts

radioactívity was cowrted.

Percentage of free inorganic :radioiodÍa" (125r/") *^,

calculated as

0 rnL su tant x x 100
cprn for 4.0 ml supernatant x )) + cpn for residue

flhe extent of

mg dry ueight,

deiodination, weight

was calculated as

(W) in Fs of TO deioclinat'eð'/

since 0.04 ;uS is the amount of TO in 0.01 rnl of

solutÍon used for TCA precipítation analysis.

C. Chrornajogap_hi_c;Ana3J'sis

1 . Paper Chro..naLopaphu

/IpproximateLy 2JÀ of the sample, containing

t125rct^\ , t125,a¡\ ?lronogpna$e - ! t7olcontrol 
= 0.14 ¡3Dry Tissue l'/eight

tn" 12't-'t 
o

to-lu methyl
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mercaptoirnÍd.azole (mff ) to prevent iodination tlue to formation

of fociine, wä,s applied on a 10,0 crn line on Whatman Paper ;f1.

The eamplê v¡as dried by a stream of cool air, Àuthentic

substances (T,, T, ancl tz5Ð were sp,otted on both sid.es. The'4', t
chromatogram was developed ín a descending systen (1-butanol :

glacial acetÍc acid : water, 4t1t1 v/v; 3AW) for 1{-16 hours.

Each chromatogram was cut into strips 1,0 cn wÍd.e which rvere

rolLed up and cor:nted Ín indfvidual glass vials.

Tbe cor¡nts were plotted, on a g?aph to make up the rad.ío-

cbromatogram. The position of the peaks ltas compared with that

of the authentic substances,

Percentage of free inorganic rad.ioíod.i¿u (1251/") *^,

calcula.ted. as

Total cpn for 125¡. peak x 100Total cpm for the chrona.togran

Thirteen authentic substances r L-thyroxíne, tetrai-od.othyro-

propÍonic acid., tetraiodothyroacetic acidr l 15 ri r-tríiodothyron-

ínen sodir¡¡o salt of 5¡5r1r-trÍiodoth¡æoninet 5rlxt 5r-triiodo-

thyronine, 1 15r5r-trÍiodothlrropropionic acid r 1 15 r|t -ltilodo-

thyroacetfc acid, lrjt r!r-triiodothyroacetic acid, 315s\t-

triiod othy¡oforrnic acid, 5 
| -monoiodo thyronine, di iod o t¡rcosÍne

(¡fr), and nonoiodotyrosine (¡Ur)¡ wêre spotted on Saker silica

ge1 F (tUictaress 0"25 run) vith spots not ¡nore than 5 rnm wide and.

not less th¿n 5 mrn apart. Chromatograrns were d-eveloped in p

Ç"
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solvent systems (Appendix) among rvhich two systems, BEA (t-butanoL

: ethanol : 6N aramonia, Jz2t1) a¡rd Birß (1-Uutanol : methabol :

6N arunonia, J*21), were most satisfactory as seen from tracings

nnd.er v/v (zSq n)r) iLlunination (rigæe 2).

There were a few moclÍfícations for TLC analysis experiments.

Sanples of tr+o fish were used and the fish were bled before

their organs were :removed. Al-so the tubes were incubated. for two

hours Only except for short time-sequence analysis d.one on g:il]

and. intestine.

An approxinately 10À aliquot of extract in to-llnt MIvü was

applied on a 2 inch line and developed. in an ascending chromato-

graphic tank. Each chronatogm,m was cut into stríps of t/B inch

wÍde and not longer tlør. 1 inch' The strips were counted in

glass vÍaLs. The counts L¡eÍe plotted on a Sraph to rnake up the

rad.iochromatogram and the position of the peaks were contrnfed

with ttrat of the authentic substanoes and 125I 
"potted 

on the

sides of the chronatogra,n.

Ð. Tissues Exaninetl

Honogenates from brain, g:i1l (nid-ventral tbyroÍd-containing

tissues removed), stomachr duodenum (inclutì.ing pyloric caecae)t

intestine, heart, kidney, liver (eail bladder exeluded), and

muscLe v¡ere examined with all tbree method,s. TCA precipitation

rsas also done on blood.r ekin and. spleen.
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RESULTS

A. heliminary- sqlyef, gf tÍssues.

Honogenates of 12 tissues were íncubated- lor J hours at
'.'. .:

ternperatUres CorrespOnding tO the aCclimatiOn temperatUres Of 
",;,'¡1.:,,':,:

the fish (4.5-tt c) (taule r). 3rain, gill, stomach, duodenum,

intestine, heart and kidney homogenates showed. more free rad.fo-

iodide than their controle suggesting cteiodlnatlon. I{uscLe ' ,, 
"'

showed very s1íght d.eiodinationn Liverr slcin and sBleen honogen- :::.:,.
ates gave no evidence of d.eiod.Ínation, and. neither did whole 

:' ) ::::

b1ood, elinrinatíng the possibility of deiodination by blood

itself ín any of tle tissues.

trbctors suspected. to affect d.eÍodination r¡ere exarLined.. The

possibilities of homogenization or temperature ir'hÍbiting

d.eiodination in the non-deiodinating tissues were partly mled

out by experiments rr:n rvith the above procedure but using tissue

slices and intact g:iL1 filaments instead of ìrornogenates ('laUte tt) t

and incubating homogenates at d"ifferent tenperatures (Table IfI). ,.,,
'.:.. .1,'.

KÍd.ney, liver and. muscle slíces all failed. to shoi^¡ dej.od..ination. 
,,. 

,,, 
, -

Even ín the case of g:ill- filarnents, d.eiod,inatÍon was extremely :' : :

slow as compared with its hoinogenate" Variation in incubation

temperatu:re did not induce deiod.ina.tion in liver or spleen. llhen

mquse liver hOmogenate vas incubated. at 57 C uncler the same pro- t.''i't'

cedtrre, 16-45% d.eiodinatj.on of T* was me¿sürêd¡ su6igesting ttøt

lack of delodination in trout liver r.¡as not due to a fault in
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Table Ir Extent of thyroxine deiodinatíon in trout tissue
homogenates incubated at acclimation teniper.'atures (gn5-t1.0 C)
for 72 hours. Ðeiodination is ind-icated by the pereentage of free
ioclide in the honogenate r'¡hich is not precipitated by TCA. Each
experiment consists of 5 replÍcates.

Tissue IÍo. of
ErperÍ-
ments

Dry Tissue
l,leight (mg)

isE
Control

isE
Homogenate

isE

t25t{,

I^lhole blood

Brain

GilI "

Stomach

Ðuodenum

Intestl-ne

Ïleart
*

KI0.ney

Liver

I'Iuscle

Skin

Spleen

7.1o

5,45 .88

5,Bi .84

?.10 2,27

28,50 5"54

15.17 7,O5

4.+' ,19

12"68 2.42

14,28 9.89

1B.O' 8.06

5.90

2.00 .10

4.79

5.50 .75

4.81 .55

5.22 .11

5,22 .31

5.22 .11

5.25 .51

F At /^

).V) oQl

,.51 ,67

5,19 1,00

4.97

,.o4 .06

5.78

10.60 1,14

14.24 4.7O

11.7, 2.6,

4r,73 5.22

^^A^r/^4Jt1t7 )rOU

6.80 ,91

10.01 ,84

5,08 .60

6.01 .gj

5,21

5,39 .1j

1

1

6

,

,

,

5

5

4

,

1

¿

* One experinent consistecL of 10 tubes of each sample.
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TabLe ff: Ðrtent of thyroxine deioriination in trout tissue
slices Íncuba'bed at acclimation temperatures (9.5-9.1 C) for
J hours. Deiodination ¡üs indicated. by the percentage of free
Íodide in the reaction med.ium r'rhich is not precipitated by TCA.
Uach value is the mean of 5 replicates.

Tissue Dry Tissue
!Ieight

('e)

| ¿)-.¿
L-/c

Control Slices
SETSE

Gil1 fila¡nents

Kíd.ney

L,iver

lÏtrscle

27.j

5.1

2r'4

5.6

,.98

4.11

4.57

4.19

.17

.24

.26

.51

4"BB ,r2

5.15 ,15

4.70 .25

4,66 .17
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Tab1e III: Effects of temperature on defod.ination of th¡rroxÍne
by trout tissue homogenates Íncubated. for ] hours. Fish were
acclimated at temperatures between 9-10 C" Deiod,ination is indi-
cated. by the percentag'e of free iod.ide ín the horncgenate which
is not precipitated by TCA, and amou¡rt ef thyroxine deiodinated
per mg of dry tissue vreight. Each v¿ílue Ís the mean of 5
replicates,

Tissue , 125g"ïneubation Dry
Temp. Tissue

(c) weÍsht
('g)

Control
fsE

Homogenate

lSE

ÌrI

ue rO/
nng dry
tissue

Stain

Gi11

Stomach

Duodenum

Intestine

Heart

Kidney

Liver

.09

.17
,20

.52

.25

.19

,21
.24
,24

cv2
.17
.20

,tz
.25
,19

,t2
,25
,19

.09
,17
.20

5
15
20

5
15
20

5
15
20

5
15
20

5
15
20

5
1'
20

5
t)
20

5
15
20

,
15
20

2.6
10,0
12.9

7,'
12.7
6rt

Q¡1

5.5
7.1

,o,9
27.'
17.1

9.6
B.B
9.o

,.7
11.O

'l ,1

9.9
11.9
t)o4

46.O
51,4
11.8

1,8
Q.l

11 .5

4.42
7.42
6.82

6,21
6.95
7.77

OcO I

6"81
7.21

6.61
6.81
7,21

6.25
6.95
7.77

.oroo

.0250

.0450

.0560

.021 0

.091 0

.021 0

.0210
,ozto

.0410
,o57Q
.0840

.01 10

.01 50
,o27O

.0050

.01 20

.o140

.01 50

"0120
.0140

.0002

.0005

.0051
n01 20
,001 5

6.21
6.95
7,77

6,61
6.91
7,21

4,42 .21
7.42 .24
6.Bz .24

4.42 .21
7.42 .24
6.82 .24

8.15 .21
12.74 ,31
22.10 ,71

16,87 1,52
13,14 ,79
21.47 "93

7.75 .')O
10.51 "rg10,95 .gg

,5.95 ,61
46.11 .g2
42.87 ,14

7.17 .26
10.27 ,r2
12,80 .51

6.gz ,48
1Q.1O .52
10,22 .35

9,59 .75
10.88 .18
12.57 .40

6.81 .22
6,42 ,jo
7.rg .22

6.46 .11
B,BB .26
B" 1 g .1r)

Spleen
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the rnethod,

Trout, liver homogenate d.id not deiodÍnate TO when sucrose

was used in place of HiclcrranrÉ saLine Ín the reaction rredium.

Tl¡-is disagreerl.with Yamanotots (1964) clafun that liver homogenate

sho!¡ed a higher d.eioclínase aetivity when prepared with sucrose

solutÍon and incubated with add.ition of tris buffer than when

saline solution and. phosBhate buffer were used. Other cond.itions:

buffer at pH 7.4 and Tnt solutÍon wíthout the r:nLabel1ed TO

substrate were tried without success in bringing about deÍod.Ína-

tion in Iíver,

ArtifieiaL deiodination as d.escribecl by Morreale de Escobar

et aI (1962), Reinwein & Ra1I (1966), and Reinwein, RaII anci

Durrer (tgge) was avoided by incubatÍng the tubes in darkness

wÍthout the addition of tr}ÏN, H202, F"**, or chel-ated Íons.

B. T,iJLe Series alrd.. Do_Íling

The progress of deiodination wltb tirne was follot¡ed for each

tissue homogenate by arresting deiodination of thyroxíne at

0 (actually ! minutes aftor introductÍon of 12't-lO),11 2 anð.

] hours of incubation at acclimation temperatures (lZ-14 C), The

proportion of free rad.ioj.odide v¡as assessed both by preeipitation
12qof Ïts'')T anð. by trnper chromatograpt'ry (lable IV).

Gill and- heart homogenates shorqed a rapid rise Ín free iod.ide

with timeo Brainn stomach, duod.enum and intestine shoned a

gradual 1evelIing off of deiodination v¿ithin the tluee hours.



Table IV¡ Effect of incubation tfne on delod.ination of ttryroxine by trout tLesue honogenates incubatcd
at aecliraatLon ten¡mratures ( 12 - 14 C).
Dslodiuation fs indicated by the percentage of free loillde fn tbe honogenates whlch is not
preclpltated by lCA and ¡rhich app€ars as the radioùodide peak ln paper raclfochronatograms.
Solvent¡ BAH. G = control; B = bol,Letl honogenate; E = bonsgenate.

lissue

Brain 8.81

Dry
Tùssuc
Heisbt
('s)

Incuba-
tion

(uour)

G11L 14.7

Sto¡oach 16.2

o
{
¡

2
3

o
1

2
3

Dustlenun 77 "7

t25y6

7 "65
7.05
5.25
4.8'

4.41
5.24
4.59
4"27

4.gg
5,57
5.81
5.66

16.44
10,81

7 "758.92

IICÂ PrecinLtation

21,56 B,gg
67.42 16"15
67.12 21.51
70.56 21.40

4.49 5.5'
4,05 21,86
5.15 34.52
4"5' 45.46

4.52 6.31
6.79 2r.r2
6"52 24.W
6,39 25"66

o
I
2
5

0
I
2
3

.H
BE

-o6to .0060
.2740 .0410
.28?O "0740.2gBO .O?5O

.ooo2 .æ24
"0450

"0o15.081O.ooo9 .1120

.oofi
.0051 .o44O
.00,|t .o4?o
.ootg .o4go

.ooÍo .0040

.0016 .0060

Paper Chro¡natosraphv
125-¿

I79_

9,64
7.85
9.61

15.99

10.?o
10.64
74.97
21.51

5"O5
4.67
5."16
5.16

9.@
3.55
4.58
7.5,

9.64
9.22
5.17
4.98

5,O5
4.67
5.16
5.56

'l 
"4715.16

40.1 6
44,82

16.26
5.62
4.tt
7184

5.55
4.26
1.At
4.54

5.77
4.71
5.16
5.82

5.49
?.68

| 1"49
16.96

| 1,17
14.O3
27.20
t4.40

I5.gl
25.O2
27.40
29.60

7,88
10.98
13.75
l7.l l

i:.

l.r
ìì.

-l



lable fV

Inteetlne

eontinued

10.22

Eeart

Kidney 12.6'

o
I
2
5

o
I
2
t
o
I
2
t
o
I
2
5

0
I
2
5

6.5

Liver 11.7

5.61
5.25
4.62
5.67

4.60
4.45
4.O9
4,76

4.82
5.96
6"o2
5.22

4.96
4.88
5.r7
5.11

4"76
4"90
5.05
4.BO

MusoIe

6.90 9.57
8.29 t4.60
6.62 43.51
6.16 47.63

6.15 8,85
66.15 75.52
69.25 7r.6'
69.17 16.55

5,O9 4.89
4"64 '8,55
4"69 g"?B
5"56 10,17

4"89 4"gg
6"17 5.47
5.82 5.68
5"91 5.36

5.O7 8.60
6"12 8"40
7"12 11.24
8"30 lo"g4

t OO tissue neight for lCA ppt. was 8,8 ng; a¡rd that for ¡aper chronatograph¡r was 16.5 ng.

2 D4y tissue welght forfCA ppt. was 10.2 ng; and that for paper ehronnatograpbywas 11.5 ng.

' Averaged d.ry ttosue weÍgbt fron othor experinente.

9nI

"0050 .o120
.0120 .1150
.@go .1550

"0220 .149O

,ollo .0260
,3BOO "4170.4010.42æ
.5980 "4420

"0009 .0002
.ooo8
.oo88

.o011 .ot 60

"oo16 .ooo7
,0006 ,0004
,0006 .cool

.0012 .o1?o

.oo54 .0150

"C091 .O27O
.o150 .0270

7.89
5.89
4.52
4.Ol

lo.4l
4.18
7.88
8"67

10.08
4"r5
2.76
7"25

6"47
5.71
4.57
2"51

9.45
4.26
5.6t
5.83

6.00 11. tg
5.60 21.8'
5.58 27.44
?.oB 29,58

14.62 18.?l
52.51 58.59
44.17 57.15
J8.BO 59.16

16.09 8.21
7.6' 8.6'
,"69 g.g1
1.57 t4.O4

.2"86 4.88
2.28 5,O4
2.5'.1 2.79
2"ro ?.47

5.48 l I,80
2.82 6"49
1"71 6"55
4.r5 7.71

@
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Kidney and rnusbl-e showed slight deiodÍnation only after the

third hour of incubation. LÍver did not deiodinate.

Paper chrornatogra.¡ns revealed that Ín all cases two peaks

'l2q
were obtained: a sharp peak at Rf .10 corresponding to '-'T-¡

and an extended peak at Rf .65-.85 representing rad.ioiodo-

thyronines (Figures J-11). Percentage free radioiodide

obtained by this nethod. showed. Íncreases with tine for brain,

gill, stonach, duodentrm, Íntestine, heart and. kídney corres-

pond"ing to those obtained from TCA precipitation.

Soth TCA precipitation and chron'atograplqr showed. tllat brain

and heart homogenates delodinate even after bofling. For

braín, deiodination is nore vigorous in boiled homogenate.

3oiIed. honogenates of g¡11, stornach, duodenum, intestine, kÍd.ney,

]iver and. m:scl-e díd not Ëhor+ deiodination,

C. ïd.entificjrtion bJr_.!!9

To further characterize the products, TLC was used.. ïn BEA,

besides the two laberled peaks fo= 1e5r (Rr .l[) and "tr-no
(nf, .e5)e a peak was found at the origin (rigure 12)" The

height of ttris peak varied with that for 125t, and was probably

lodide bound to protein. ¡lnother possibility was l25l.-l¿

glucuronide conjugates r¿hieh occur at this lor¡ rf in this solvent

system, Another solvent system, Bl.L4,, r,ras used to check for

glucuronides beeause these eonjugates migraie fronr the origin

in this systen and are producecl in brook trout (naIes 197Or 71)"
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Con¡nreit with the ractiochronatograns obtainetl for bÍler there

were no glucuronides in the sanples and the peak at the origin

disappeared (f:ieure 1r). This suggests that it was radioiodÍdet

antl elininated the probabf-ltty of lotlinated...protel¡ae as suggestecl

by rata (1960).

llhere uas suspicion that some Ínte:mediate compountls of

tleiodinatÍon night be detected within a shorter perlod of

incubation. TLC in 3EA and. 3l¡ü. were done for giIl and ÍntestÍne

honogenates at 10, ,O, 60 and 90 minutes of incubatLon. Only

trr" 1251 and 125t-g, peaks were fou¡ld i.n ÍntestÍnar honogenate4'
ín both systéms (nigr¡re 1{). Gill homogenate gave an additÍonal

snall peak at Rf .25 in BMA (trùíeure 15). This substance does not

resenble any of the authentfc tlr¡rroxÍne analog¡res or glucuronÍd'e

conjugates in migration and rernains r:nidéntifiecl.
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DISCUSSION

A number of tissues wete shown to be calnble of d.eiotlinating

I"i a few, including liver, ciid aot shor* deiodinatíon' Thouglt
+

each tissue deiodinates to a d.ífferent extent, it seens that Ín

trout, deioctinatÍon of ÍIO is conplete at Ïeast at the 1t and 5r

positions'

å,. Sites and. protlucts of T, deiodÍnation
.T

1. Brain

Trout b¡aÍn honogenate is rather moderate in deÍodÍnating TO.

No intermediate products wele ídentifieê¡ However, Sprott and

Maclagan (lg>>) had! shown that T4 l'Ias converted into T, in rat

brain. Reichlin, VoJ.pert anct Weiner (1966) and Srown-Grant (gel)

retrnrtecl ¡ronocleÍoclination of 1I4 by pituitary of rn¡nma1s.

2. GilL

tike the brain, trout gi}] bomogenate snoïe¿ a steady íncrease

in deioctÍnatÍon wlth tirne. Intact giII filanents Sihoçecl a lower

percentage cteioclinatíon than homogÊnate. Since ln these experi-

ments tþroid tLssqes Ìrere Ienoved from the g:illr cleioäination

couLcl not bave been due to such tissues thoug'h lì'faa¡ran and

Rosenberg (1161) had reported. tleiodÍnation by rat thyroid.

Gill Ís the only stnrcture which has no cor:nterpart in

na^mals antl adult a.mphibians, its role in d.eiodination of TO

will be of n'mch interest.
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U. . Tlrp elut -. stomach. cluodenun and .ÍI-tgstige

lfhe gut seens to play an inportant role sÍnce it was shown

to carry out up to 4Ø" of cteÍodinatÍon of TO in ttrree hours.

The process is Iikely to be Íntracellu1ar sÍnce the gut ,'-.'

hacl been rinsed thoroughly of its contents before honogenizatÍon.

Labelling T, with 14C *rorrld enable cl.etection of a^ny nrpturing
+

of the ctiphenyL linkage, or tleanination. ì i

The tÍ¡ae-series experiments on iLuod.enal honogenrates nay not ,, l
:':,: l: :

be eonpl-etely representative because of tre hish daT tÍssue weight :

ancl the abnormally high free radioÍodide percentage Ín the

controls.

DeÍodination levels off after one to two hours of incubation

ln the gut. ThÍs is probably due to the actíon of proteolytÍc

enøJmes in the gut tissue åestroyÍng the deiotLinase ênzper

No specific nention in the literature coul-d be for¡nd for

i vftro delodínation by the rat gut. Elock et aI (1g56) worked

wÍth rd.ehepatizeclt dogs and. found a d.ecrease in TO d.eiodination. 
,,...,,.,,' '- :

fheir dogs were in fact eviscerated ancl. Ít was very probable 
:

tbat other than the l-iver, the gut played an important role in

narurnlÍan deiodination of TO.

4. Heart

Results obtained in the preJ.im:inary tests showed less

deiodination by trout heart hoqqgBriatee than in l-ater experiments.

The reason for this is not certain, but the fact that the Later
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fish were kept at a more constant anct slfghtly higher temperature

(lZ-15 e) niet¡t have centiibutetl to such d.iscrepancies.

Previous experiments on d.eiod.ination by heart are few. C¿,Iton 
:. ..:,:

and Ingbar (ge¿V) reported. tbe conplete absence of d.eiodinating ',,'.:':".,'

ability ln tlssue honogenates of Necturus naculosus which

incLucletl heart honogenate. 
:

5. Ei.d.r¡eY ,,.,,,',,,,,¡ .

lProut kÍdney honogenate d.eiodinates TO rather slow1y over the 
,,,;,;;,,,:,

three hours of incubation. The uee of sIÍces díd. not enha¡ce the l

processo But these findings are very far fron the potent

cteiodinatlng kÍdneyimannafs. Elock et a1 (lgtl) cited the ' ' :

conversion of T* to T, by rat kidne¡¡ slices against the

cleanination product, tetraÍodoth¡ncoacetic acid, forurd in kidney

homogenate.

In vivo stucty on'r¡ariation in 125I- 
"*"=etion 

in brook trout

might reveal how well this in vitro fÍnd.ing represents the

t:ctre state. ',.:,r.,;':lrl:1,,,:

6' tiver ,'t 
' -"'

Trout Llver hornogenate did not d.eiodinate TOr nor was any

product fro¡n other processês¡ €rgo deanination, cleearborylation

or conjugation' found' 
.:. ,

The use of slices did. not leact to deioclinatÍon though ' i :r,:'.,

Plaskett (1961) obtained diffegent results when l-iver slices

were used. lnstea.d. of extracts. Also Gal-ton and. Ingbar (1166)
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tr¡4pothesizect the co-exÍstence of a heat-stable and a heat-labÍle

ðefodlnating system ín rat liver, and the fo:mer cou1d. be destroyed.

by leaching of the slÍces. Neither of the systems rlas proved. to

exist in trout liver.

Tlhe negatíve result was probably not due to technique as

ertensÍve cleiodÍnation was achÍeved. by the same method 1n mouse

Iiver at 17 Q.

Data fron in 'v:ivo experÍments shows that in biLe following

1[O inÉectionr T4r TO-elucuronÍde and negligible Íodide were

for¡ncl (gates 1970), This suggests negligible deiodinatfon by

lÍver which agrees with findirgs in the ín vitro experiments.

In vÍew of the extensive cleÍodination by m¡nuølian liver

(flLoct et g¿ 1956i T:ata 196Oi Plaskett 1961; llynn & Gibbs 1962¡

Benevent et aL 1967i Galton & Ingbar 1966i and Koba¡rashi et aI

1966) the absence of cteiodinatíon in trout liver was surprising.

Thís should. be lookecl at in nore detail sinee 1t nay give some

insight into the d.ifference in roles played by the liver of

fish from that Ín higher aninals.

7. Ìfuscle

Trout muscle ttid. not show any deiodination of TO in the for¡n

of slices and very slightl-y in homogenates. ïn theÍr papert

Elock et aI (1961) rnentioned. that Tata in 195? reported active

monodeÍod.inatÍon of f 
O 

Ín na.nnalían nuscle. Data obtained by

Kobayashi et a1 (1966) shorved a more extensive d.etodination
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in rnusele homogenate over ÊIÍces.

8. Skin

Trichloroacetic acid precipitatíon has shown that trout

skin dicl. not tleÍod.inate TO. Br¡t DowLing ard. Razevska (gee)

reported. tetrac'as a d.eamination prod.uct ín frog skin. It is
possfble that though trout skÍn does not deiodinate l,r another

process, deaminatÍon of Tr, takes place fn this tissue.

B. llhemal stability of d.eiodÍlElt-illfi systeng

Erom d.ata shown in llable I,V, there seemed to be two

deÍod.inatÍng systems Ín trout: a the::nolabile and a the:rnostable

system, Homggenates of grIi, stonach, duoclenun, intestine,

kÍd.ney, liver and muscLe showed no deiodination after boiling.

However, deioclination was slightly accelerated in boí1ed brain

and. heart honogærates. Reports on deiodinating activity of

boíIed homogemtes varÍed wÍth investigators. Galton and

Ingbar (gel, O;6Ð re¡nrted boiling destroyed d.eiodinatl-r.g

abilÍty of tadpole, frog and toad liver honogenates while

Dowling and RazevsXa (1964, 66) found that frog and. toad Liver

honogenates cleÍodinated even after boiling. Ffamralian nuscle

(fata 1917, Koba¡rashi et al 1966), J.iver (Kobayasrri et al 1966),

pítuÍtary (Escobar del Rey & l{o:rreale de Escobar 1964)¡ brain

(rata 1917) and frog skin (Iovlins gL a! t)6!) all contaÍn

thernroJ.abile d.eiod'inating systems. Br¡t Galton and. Ingbar (9el)

reported evídence for a thermostable systen Ín mouse Iiver.
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Sprott and l4acLagaî (1955), Utting and Barket (1959) antt Stanbur¡r

et al (tgeO) have cited evidences for thermostable syste'ms.

Very little is lqrown of the tUermosfUle mechanism of

d.eiotlÍnation. One speeulation Bay be d.rawn fron thi.s experinent,

If deiodÍnatíon plays an inportant roLe in the overall rnetabolism

of the tÍssues, and sÍnce brain and heart are the relatÍvely

delicate organs requÍring very stable environrnental conciitions

for functioning, Ít ts probable that in these two organs an

Ínhibitor Ís present to binci wíth the deiodinatfng enz¡rme ar¡d.

energy (probably in the fo:m of ATP oa cel1uIar level) is

required to unlock the enz¡rne at tines of need..

It is also probable that there are two deiodÍnating mechanisms

in trout. One is represented by the the:moÌ.abiIe system in gut

ancl other tissues, and the other represented by that Ín the

brain and. the heart,

O. RoJg ojf deigÈilration in brook trout

As can be seen from the data of thls thesisr TO is deiod.Ínated.

by several tissues in brook trout and there are at least tno t¡rpes

of cleiod.inases present.

Despite the lack of TO derivatives recovered, it is sti1l too

early to say that deiod.ination is the only foute for TO

eatabolism in brook trout. A search for such derivatives in in
vivo experirnents would" be required.

However, it is obvious that the gut rninisters nost of the
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clelodÍnatíon of TO Ín brook trout. hobably thís Ís how TO is

removed fron the body of the flsh.



CONCTTSION

'l. Over the three hours, brain and. gill show a steady increase

of cteiodination of TO with tirne v¡hi1e stomach, duodenumt

intestine and heart clirnb to a naxítm.rm after the first

hour of incubatÍon.

2n Kidney and ¡ruscLe do not shov much effect on TO. Deiodinationt

if present, is very slow.

5. Iiver does not show any effect on TO: deiodinationt

dearnÍnation or cLecarborylation. No conjugation ís fo:mned r+ith

T. after three hours of incuhation.
+

4, Brain ahdL heart deiodinate actively after boilÍng.

5. Deiod.Ínation of TO is complete at at least the ]r and 5l

positions because only 125, ,rð.125r-1, were detectable after
4

Íncubation.

41
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