
TEE

ÁND

RELÀTIONSIÍIP BETIÙEEI{ THYROTD fl'NCTTON

SKIN PURINE LEVEI,S IN THE BROOK TROIIT,

sÂrvnl,rrus FoNTrñArrs (¡nrcurll)

A Thesís

Presented to

Faculty of Graduate Studies and

University of Manitoba

Research

In Partial Fulfllluent

of the Requirenents for the Degree

I{aster of Science

by

Dixie Tee-Fun Fung

Septenber 1970
ffi. \\f.ii!¡rÀ\""q$c Ltt\¡ucrid.¿h. ,rÞ

a

O;j i,,iÁ. i,J¡ l ú BA



.å3S'IRACT

The thyroid, funetion and skln puríne (guanlne and hypoxanthine)

Levels of brook trouto SalvelÍnus fontinalis were investigated. under four

treatnents¡ (i) thiourea, (ri) thyroxlne, (iir) thyrofd. powdero ana (iv)

tbyrotropic hornone (tSg). The methode used were chromatographic, spectro-

photonetric and radiochenicaL. $he nain obJectlve of the sùrcly was to find.

out the relationship between thyrold function and skin purine levels of

brook trout.

The skin purine was extracted. and. thén analysed. qualltatlvely antl

quantitatively using descendfng paper chronatography and uLtraviolet spect-

rophotonetry. No alteration 1n guanine and hypoxanthine levels was observed

after thiourea and thyroxine treatnents at 10o C for 2L days. But the purine

levels r+ere increased after thyrold powder and tSH treatments at l-5o C for

55 days. thyrotropie hormone was found. to be nore effective tJran thyroid.

powder in increasing purine deposition.

lolhen rad.ioioclide (Na125I) was inJected intraperi-tonea1ly, it wag

taken up into the blood and then absorbed. by the tbyroid tissue. The radlo-

activity in the tùyroid relative to the inorganÍ.c raclioactivfty in the

seru¡n ( ttryroid s serun = f/s) and the y'o of nd.Loiotlid.e uptake (Ø tuyroiA)

were used as indices of thyroid activity. The conversion ratio was also

tested in the thyroicl powder-treated group and the TSE-treated. group. 0n

the basis of these methods, thyroid activity was found to be suppressed

after thiourea, thyroxine and thyroid powder treatnents but stimulated

after TSE treatment.

"An anbient concentratlon of thiourea solution as 1o¡r ag O.OOOL 16



was found to inhibit the thyroid as effectively as a 0.01 f thiourea

solution.
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INfRODUCTION

The presence of guanine in the silvery rayers of fish skin

lras accepted by Peschen (lglg), sunner (rg+¿), Hitchiags and Falco

(tg++), and Robertson (rg+e), but due to the lack of discrininating

qualítatÍve analytical nethods, the id.entlflcation of guanine and the

presence of other purínes in the fish skix were by no neans certal.a.

However, ziegler-Gunaer (1956 a, b), using chronatographlc and spectro-

photonetrÍc methods found., besldes ¿¡uanine, small amounts of hypoxanthine

present in the skin of European chub, Squalius cephalus and. tJre bleak,

Alburnus .&'!l!¡9. Guanine and signiflcant levels of hyporanthine have

slnce beea d.enonstrated. in the skin layers of several fish lnclud.ing the

brook trout, Salvelinug fontinalis (Ea1es, fg69).

During the parr-s¡oolt transformation prior to narine life in
juvenile oalnon, there iso in attditfon to Ínereased. sirvering due to

cle:enal purine deposition, an increase in actj.viW of the thyroid. grand

as observed by uoar (1919)n Robertson (1948), and Bagge:man (rgeo).

Silverlness in certain saLnonids can al-so be lnd.ucecl by the ad.ninistration

of tbyroid or pituitary ertracts to the fÍsh (hnagrebe, t94l; Robertson,

L949; Hoar g!4., 1951; Smith, L956; Massey and Snith, 1968). Since

silveriness and. increased. thyrold activity rvere frequently foun¿ acco¡a-

paayíng each other ln the salnonid speci.es (Robertson, r94B) it is

possible that the thyroid hormones are in part responsible for this colour

transformation. However, earlier ¡*orkers usually judged the degree of

silverixess subjectively by the optical appearanee of the fish or by his-

tological neUrods using a microscope, Discrlninati¡g qualitative and



quantitatíve methods of measuring the purines in the ski¡ objectively

have usually not been used. in these stud.ies.

The lnfluence of thyrold hornones on the deposition of purines

in the skix of brook trout, Salvellnus fontinalig has not been mentioned

in the lÍterature.

'Ihe nain objectives of the present shrdy were to attenpt to

establlsh the relationship between thyroid function and ski¡ purine

leve1s (guanine and hypoxanthine) in the brook trout using obJeetive

nethods to measure both thyroid activity and skin purine levels. The

experineatal approaches were to (f) infriUit thyroid activity with

thiourea, (ii) sttuÊulate thyroid activity with ttryroid stimulating

hornone (tSU) an¿ (iii) to increase circulating tàyroid. hor¡none levels

by aclnlnistration of exogenous hormones. Following such prolonged

treatnents d.ernal purine leveLs were conpared to those of controls

using qualitatlve and guantftative nethods adopted fron Johnston and

Eales (fg0Z). Conclusions were drawn concerning the influence of thyroid

function on skin purine levelg.



I,IîERATIAE REVIEI{

â.o EistorÍeal baekeround of silverv col.oration in fish

SilverÍness in flsh skin has usually been attributed to depo-

sition of guanine crystals, Peschen (rg¡g) and sunne" (rg¿+) are some

of tJre early works who lsolatetì silvery substance, whieh they eLaJ-med

to be ttre purine guanine, from the skin extract of fish, peschen (lglg)

also reported that the percentages of purine for the scales of cliffer-

ent species of fish are tlifferent and that therr: is nore purine in the

skin than in the scales" Eitchings and !'alco (fg++) used guanase to iclen-

tify guanine. Robertson (fg+g) preparecl purine erystals r¿hich he clained.

to be guanine from the skin strips of rainbow trout und.er a dissecting

microseope. However, Ziegler-Gunde¡: (tg5ø 
^, b)u using more discrinfnating

chronatographic and. specirophotonetric nethods, nanaged. to identify not

only guanine but also hypoxanthine in the skin of European chubo Squalius

eephalus and the bleak, åLburnus &I4E, Markert and vanstone (t966)o in

adèition to guanine and. hypoxanthine, found. guanyllc acid ln the belly -

skin of parr and snolt salnon (0ncorhynchus kisutch). Johnston and Eales

(fg6Z) found guanine and apprecíable anounts of hypoxanthlne in the skin

and scales of parr and smolt of Atlantic salnon (S"tmo salar). Massey and.

Snith (fgeA) estinated the guanine content of the skin of trout (g, t",rtt

fario L.) fron the level of Folin-CiocaLteau positive naterÍaL which on

the basis of chromatographlc separation they believed to be largely

guanine, Eayashi and Saito (fg6g), using anion-exchange chromatography,

found. acid.-soluble nucleotid.es and related eompounds, hypoxanthine aad

snall amounts of uridylic aeido cytld.ylic acid and Ínosinic acid, in the



skin of carp, rainbow trout and chu¡o sal,non. Eales (rg69) from a study

on channel catfish (Ictalurus punctatus), burbot (mt¿ lota), brook

stickleback @raea inconstans), pike (nsox ruelus), walleye (s.tizosted-

ion vitreun), sauger (8. canadense), gotdffsh (carassius auratus), trout

perch (Percopsis onisconayus) and brook trout (Salve1inus fontinalis)

concludecl that both guanine and hypoxanthine probably contrlbuted to the

silverlness of the skin of fish generally.

B. Evidence for thyroi4 !¡rflrrence on fish silverine

(f) Observations d.urins snoltification

Sone specfes of teLeost fish undergo a striking exterrral trans-

fo:mation at a certain stage in thelr life cycle. This transfornationo

smoltification, comprises a distinct loss of clark skin pignents and.

replacenent with a brill,ant silveríness.

Landgrebe (fg+f), Robertso" (fg+g), and laRoche and Leblond

(fg¡e) report that the phenonenon of silverlness ln the skin of salnonid.

fish is due to the increased deposition of guanine crystars in the

guanophores (lrid.ophores or leucophores). 'rhis heavy ).ayer of guanine

obscures tÌ¡e neLanophores in the skin (Robertson, 1948) thus naklng the

flsh look ¡aore sÍlvery th^au 1n the parr stage.

Besides the changes in the skin colour, another physiological

change in the fish that frequently accompanÍes the parr-sno1t trans-

formation is the increase in tåe activity of the thyroitt g1and.. Some workers

tike Hoar (fg¡g) nade significant investlgations ln this fielit and found

tha.t at the tine of transformation from the parr to the snort stage in

the .å'tlantic salnon, there is a great increase in the thyroid. activlty
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judged. histologically. Baggerroan (fg6O) found. that the Íncrease of

thyroid actÍvfty actually occurs before the loss of the parr narks and

the other characteristies of snolt phase in tÌ¡e Pacific sa1non. Robert-

son (1949) foun¿ that the changes occurring in tåe traasfornation of

rainbon trout parr to snolt are closely relatetl to tire i.ncreased thyroÍd

actlvity. Pickford and Àtz (fgfZ) reported, that duri-ng the perlod. of

snoltification, íncreased thyroid activity was cotrelated with degranu-

lation of tåe basophÍl cells of tåe adenohypophysls, indicating hyper-

secretion of tùyrotropln.

(ii) Tbyroid and suanine deposition

Numerous authors have observed tÌ¡e silvering in the skino

especially Ín salnonids, that resuLts fro¡n thyrorine treatnent. f,and.grebe

(fg+f) ind.uced silvering in parr of &þg salar either with thyrold or

pituitary extraets of mannals. Robertson (f949) aLso lnduced silvering

in pam of .g. sairdnerii by the administration of tiryroid or pitultary

extracts. LaRoche, f,eblond and Prefontaine (fglO), LaRoehe and. Leblond

(tgSZ), and LaRoche (tg¡il have shown that treatuent wlth thyroid hornone

elicite changes resenbling those of snoltification, such as pallor d.ue to

a mod.erate decrease in number of pigment cells, increased gpacity of

skin eatl pronounced thickenlng of the epiclernis. Snith has been success-

ful in Índ.ucing sllvering in å. trutta with purified TSH though Landgrebe

(fg+r) failed to d.o so but the faílure of the pituitary preparation can

probably be attrlbutetl to an insuffícient dose.

BalI gþ g!. (tg6l) whil.e studying pih.ritary transplants in the

tereostr Molllenesia fornosa found that in the hypophysectouized group

wlth reduced thyroid activity due to lack of TSE, the skin was duLl and
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poorly reflecting, d.ue presunâbly to loss of guanine, and that the

d.ull skin was restored to the nornal silvery state by treatnent with

thyroxine. It seems clear that thyroxine nay taerefore affect inte-

gumentary guanine ¡netabolism, and eome evidence to this effect was

furnished. recently by Matty ard Sheltawy (fS6Z) who report that

prolonged thyroxine treatnent increases tbe guanine oontent of teleost

skin and. aleo increases lncorporation of t4r-r.O"t1ed, glycine lnto

newly s¡mtheslzed guaniæ. Ho¡rever in nost cages the estimations of

guanine were done subjectively by the optieal appearance of the fish

skj-n or by histological nethods using a microscope.

'Ihe effect of thyroxine on skin silvering is a good ind.icat-

ion of a direct relatÍonship between thÍs hormone and guanine deposit-

ion in the skÍn of soxre salnonids aud in eels (Landgreber l94l; Robert-

son, L94B). Although observations show that thyroid hormone uay

stlnulate guanine production, it d.oes not specifically control this

phase of fish metabolisrn (Hoar and BelJ., I95O; Hoar et g!., 1951)

because Landgrebe (rg+f) was unable to prod.uce a premature silvering

in the yellow ee1 (¡,nzuitta vulearis), whlch und.er natural condÍtions

becones silvery before returning to sea, and chun sal¡non (Oncorhvnchus

keta) which becones silvery before nigration wittrout the evidence of

thyroid. byperactivity (Hoar and BeIl, 1950).

(iii) Thyroid and gitrosen netaboLisn

The origi-n of the intracellular guanine crystals in the

fish is not yet clearly known (Prendas, 1967, unpublishe¿) uut guanine

Ís liberated as one of the prod.ucts in the natural degrad.ation of
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uucleÍc acid (Keilin, L959). therefore, there is tt¡e possibility that

the fish thyroid controls some aspect of nitrogen metabolisni probably

involving nucleic acid turnover, The netabolisn of the purines is

shown in Figure I.

ttoar (1958) clained tl¡at increased. a'umoni.a excretion by

goldfísh is another netabolic function of thyroxine, ancl he observed

a LAUÁ increase in an¡ronia excretion iD goldfish within one ¡çeek of

irnmersion in thyroxine. Thornburn and l{atty (tg6l) have shown that

thyrorine affects nitrogen netabolisn in the brown trout as well as in

goldfish and. lt stimulates ineorporation of 140-t"be11ed. leucine into

protein. They also found. an increase in amÍno acid nitrogen in the

nruscle a¡d liver of ttrese fish.

There is anple evidence to shon that the growth and develop-

ment of the teleosts arê closely related to the activity of the thyroid

gland. (Hoar et al., I95f). The effects of thyroidal treatnent on

growth (pictfor¿ ancl Atz, l-957) are soÍ¡e of the observations to

ind.icate a direct relationship of hornorp anð nitrogen netabolisn.

noar (1958) conclucled that tho thyrold hornone stlmulates soÌûe aspect

of protein netabolism fron the anino acid level upwards and the aetion

of the hormone is paralleled in nanmals and the goLdfish.

C. Influence of thiourea on fish thvroid activitv

In nost teleosts, tåe thyroid gJ.and consists of nunerous

ieolated. u,nitsn the follicles which are scattered dÍffusely over a

conparati.vely wide region (Hoar, L919). Therefore surgical thyroidectorny

is inpossible anct 'chenícal thyroid.ectonyt is often used to study tbe
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FIçURE 1. Metabolisn of purines
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effects on thyroid insufficiency. a conmonly used drug is thlourea.

Adninistration o f thiourea to htgher vertebrates ind.ucea sone netabolic

changes and also externaL symptons sfnilar to those attending the

renoval of tåe thyroid gj.and. (crraripper and Gordon, Lg4ü. I{ost of tåe

thiourea conpounds are nore active when adnlnistered orally than when

inJected i¡ the ¡namnals (Astwood, fg44-5) and their effectiveness also

depenês on the individuals. charipper and Gordo" (rg+r) found tbat

older rats had better tolerance to the toxic effects of thiourea than

younger ones and also that eompounds ¿tiffering even sllghtly in their
che¡oical- conposition vrill operate in different ways to produce their
antithyroid actlon" scott (tgSl), in a study ueing zebra fish, found

that t'hiourea has I rrore pronounced. effect on the younger fish which

were six r*eeks old than on the older ones.

Astnood (rg¡¡) suggestecr that the action of thiourea on

thyroid. is the preventlon of iodinatioa of tyrosine possÍbry due to

iaterference wlth the enzyrnatic oxidation of iodicle to iodine and üre

enzyme responsi.ble for thÍs oxid.atíon is the peroxidase. chanbers(Lglr)

found that treatnent of nornal nales of tr'und.ulus heteroclittrs wÍth

thiourea Ínjections at a subtoxic dose had. a profound. effect on the

liver besides hypertrophy and hyperplasia of tþroid., charipper and

Gordon (tg+l). Pickford and Atz (lg57), and. Gooènan and Gitman (fgl6)

also stete thet thiourea can affect tissues other than the thyroid gland,

itself. Massey and Snith (igeA) in a study of mitochondrial respiration

in the trout reported that thlourea or other antithyroid drugs are known

to produce side-effects which night affect metabolisn. The histology
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of the thiourea-treated group indicates that the pÍtuitary-thyroid aris

was being altered and. that the coneentration (o.1.Á) used by Massey and

Smith (fg6g) was very high.. Therefore the extrathyroid.al effect nust

be taken into consideration in experi¡nents using high doses of thiourea.

Concentratlons fron O.O$ to O. Oú of thiourea in solution are enough to

cause hypertrophy and hyperplasia in the @yroid of Lebistes reticulatus

(LeverS al., 1949) and Ga¡nbusia affinis (Buoer-lahaye, Lgii).

The thiourea coneentration Baggernan (rgeo and 1963) used. for
her experinents on salmon was O.O3 /o and. after five days of treatnent at

this concentration she was able to observe suppression of thyroid. activiþ.
The wid.ely used effective dose of thiourea by research ¡rorke¡s ís O.Oj %

or o.oo33%. Kinnear (rg0o) perforned. erperinents to find out the

ninÍnun dose of thiourea affecting starry flounder thyroxine s¡rÀth-

esis and. he found that the range between O.OOZ5 % anù O.OY" effectively

inhÍbits thyroid hornone s¡rnthesis though there was sorre productlon of

nonoiodotSrrosine and tiiiod.otyroqine. He also found. that concentratj-ons

from 0.00t % to O.OOOI % dtd not inhibit thyroid hornone biosynthesis

in flound.er. Dhis is the only case where a lovrer li-mit has been

es tablished..

Higher doses of tbiourea in solution such as O.IO it (Lever

et al., L949; Olivereau, L952a and 1954; Barington and Matty, L95Z;

Fortune , t956; Massey and. s¡nità, 1968) , o.77 % (seott, r95t), oJ6 y'o

(Hoar and 8e11, 195O; Eoar et aI., t95t) and O.6O /" (Lever g!{., f949)

have also been used., but Lever et al. (rg+g) reported. that 0.60 "/" ot

thiourea 1n solution is toxic to Lebistes reticulatr¡s. Forh¡ne (tg5j,

1955, and 1956) in her sù¡dies on Phoxinus phoxinus and. T.,ebistes
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reticulatus found. that using O.O5 Ø solution the histological responses

of thyroid gIand. takes prace more rapidty at higher tenperature (zjo c

to too c) tha¡ at lower tenperatur" (t5o c to 20o c).

Table 1, gives a summary of some of the work done on fish

using thiourea as the antithyroid agent.

D. Influence of thvroid hormone_g on ,fj.sh tbvroid aetivity

lreatment witlt thyroid. hormone results in an inhÍbÍtÍon of

autogenous thyroid function (Pictfora and Atz, Ig|T). This effect ís
med.iated prinarily through an inhibitlon of the release of pituitary

thyrotropin, the weLr-known honeostatic nechanisn of Äron et ar. (rg¡r).

However, ln the absence of the pituitary there appears to be a residual

reguJ-ation depending upon an inhibition of the iodíde-coneentrating

mechaaisn of the thyrold gland itserf (vander Laan, rg55). rn mamnals

the relationship bet¡veen thyroitt hormone production and. thyrotropin

activity has been extenslvely investigated, a nornar or high level of

thyrotrophic activity seens to depend. on stinulatlon fro¡n the hypotha-

lamus and requires an intact hypothalamo-pituitary link (SzentagotJrai

et al., L962). A reduction of thyrotropic activity can largely be

attributed to the lnhibitory action of thyroxine aeti¡g both on the

hypothalanus and. also directry at ttre pituitary rever (von Euler and

Holmgren, 1956 a, b; Tanada and Greer, L9j9; Bogd.anove and crabilr, 1961).

Normal reguration of thyroid function is eontrorled by the pituitary

which responds to changlng reveÌs of cireurating thyroxine in sorne

nechanisn which ís yet inperfectly understood (li.ctrora and" Atz, rgg7).
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In the teleost the circulating levels of thyroid hornones

undoubted.ly influence thyrotropin release fro¡o the hypotharamus by a

feed.bac$echanism as 1n the higher vertebrates (Batl et at,, L961;

Fontalne and- Leloup, 1964i). Treatnent with thyroxlne or thyroid.

preparation causes a d.ecrease in thyroid function, as reflected. 1n the

histnlogieal picture (Rasquin, 1949; Robertson, L94gi Hoar et al. o l95l;
Fontaine and Wurtz-.Ar1et, L952; GaÍser, L952¡ llopper, L95Z¡ Honna and.

Murakawa, t955; Maseey and sraith, 1968) and in the dÍnÍniehed ability

to flx rad.i-oactive iod.ine (LaRoche, r95o; vivien and Gaiser, r95zi

Berg anc Gorbnan, 1955; M. Fontaine, Baradue and y. .å,. Fontaine, r95ii
Baggernan' 1960). Studies by Chavin (fg¡6)on the goldfish and studies

by Baggerman (1960) on 0. kisutch suggest that thyroxine has a direct

inhibitory actlon on thyroidal iodíne metabolism.

Balcer (tgA¡ and 1969) stud.iett !. sairdnerii and Ansuilla

Egl4lg,, and. Sage (f9e?) studied Poecilla reticulata; both conclud.ed

that thyroxine acts directly on the pituitary, inhiblting both rsH

rel-ease antl 'ISH synthesis rather than an inereased storage of TSH in

the pituitary. Gorbnan gE aI. (fg6+) reported that artificial adminis-

tratlon of thyroid hornone to gold.fish nodifíes cerebral electrogenesis

acting not on1-y on the hypothalarus but also on higher gtn¡cturaL levels

of the gentral nervous system.

Taþle fI gives a sruanary of some of the work done on flsh

using thyroid hornones.

E. Influence of TSII on thvrgld activity in fish

In all cLasses of vertebrates the ttryrotropic hormone causes
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growth and h¡¡perplasia of thyroid tissue. Thyroid. functions such as

iodide accunulation, hormonal synthesis and release are stimulated. by

TSH (Gorbnan and Bern, 1962). For the tereost fish, there is an abun-

dance of evidence r¡hich indicates tJrat the pars distalis contains a

thyroid stimulating h.o:mone aad that surgical renoval of this gland.

Leads to involutional changes 1n the thyroid. and red.uction of Íts func-
tions (Fontalne et al., lrg-:1; pickford, 1959).

In manmals the rate at which the thyroid. cLears iodide fron
the blood' is under some circumstances depend.ent on TSH an¿o under the

influence of the latter there is a rise in protein-bound.-iodide in
blood following discharge of iodine fron the thyroid. (Condliffe and,

Robbinsu L967). Eickman (fgOf) in a stud.y of the flounder conctuded

that in the btood.o the most sensitive indicator of TSE aetion eppears

to be t'he ratio of protein-bound.-iodlde to iodinen or the ' conversÍon

ratior which can easily indicate the state of the thyroid. in fish.
rnjection of nannallan anterior robe pltuitary extract to

conser conser (Leroup, Lg|.z), carassius aurah¡s (nerg and. corbnan, L954;

chavin, L956; Hoar and Eales, Lg6r), salno gairdnerli (Olivereau , LgiS),

PlatÍchth¡ts sterratus (Hicknan, r96t), and o. kisutch (Baggernan, Lg6t)

increases the radioiodine uptake and. secretion of radioactive hormones.

the íncrease in activity of the tJryroid gland. is also shown by the

alterations in the histological pióture of the gland after pituitary
extract injection in carassius auratus (Gorbnanu r94o and 1946;

0livereau, rg54), Fundurus hetero-clitus (atuert, Lg45i pickford, rg,|,4),

salmo sairdnerii (Robertson, rg4g), salmo salar (ttoar et al. , rgSr),

Xiphophorus. variatus (nerg et aI. , Ig54) r and SaLmo trutta (Sraittr, l9|¡6).
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As yet, no action of 'rsH peripheral to the thyroid gland has been

d.emonstrated (Eoar and Eales , i-git).

Crud.e extracts of teleost pitu-1i,tary capable of stinulating
iatensely the thyroid of teleosts have no aetion on the thyroid. of nannals

in the range of doees which was studied, but the teleost thyroid is
responsive to marnmalian TSH, (Gorbnan, 1g40; ortroan and Billigr 1966).

One reason for the apparently greater responsiveness to various pltui-
tar"¡r preparations by the fish thyroid thau by the mamnalian t¡yroicl is
that fish t'hyroid may not discriniaâte cLosely among pituitary hormones

(T.¿. Fontaine, 1967). This zoorogical specificity suggests the exis-
tance of physico-chenicaL differences between TSH of various o rfgins
(f .¿" Fontaine aad Cond.Iiffeu 196Ð.

Experlnents of Olivereau (fgf5) and M. Fontaine, Barad.uc and

T.å.. Fontaine (1955) have shown that co1d. temperatures profound.ly

decrease the histological response of the teleost thyroiil to erogenous

thyrotropin and- actually reverse the nornal, stinulating action of this
hormone on the s¡mthesis of organically-bound. thyroidal iodine. It was

suggested that at Iou tenperatr¡res thyrotropin prornotes a pronpt

release of thyroid. hornone but that the subsequent synthesis of newly

iotlinated amino acid was retard.ed. Det-sol and Flatin (rgra) in a study

of golclfish thyroid response to TSH at d.ifferent tenperatr¡res confirued

the observation of Olivereau and concluded that more TSH must be 1iberated

by the poikilothern pituitary to nalntain the same level of thyroid
activity at low than at high temperarure,

Table rrr gives & summary of sone of the work done on ffsh
using TSH as thyrold stinulator.
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MATERfALS AI,ID METHODS

A. Livine naterial

One-year-old or two-year-old. brook trout, Salvelinus fontinalis
(t'iitehilt) f"on the Province of Manitoba Trout Hatchery, West Eawk Lake,

we¡e held in the laborator$ in ¡¡rnning freshwater and fed. ground ox liver
on aLternate d.ays. Fish were acclimated. for at least two v¡eeks to the

experiroental temperature before use.

B. Killins of fish

The flsh were sacrificed. by means of a bloiy to the head region

or immersion in a lethal dose of trícaine methanesulfonate (rqS-eZa),

1:61000 in the nater. The chenicar, MS-222 ac!,s on the ne¡.vous system

of the fish and causes their death. the fish ¡yere then weighècl antl

their fork lengths recorded.. the tairs were cut off using a sharp

scalpel blade and. individual blood sarnples ¡rere collected in heparinized.

capillary tubes from the d.orsal aorta at the caud.ar reglon.

The qualtitative and quantitative methods vrere sinilar to

those used by Johnston and Eales (rg6z). The fish were praced in the

freezer for severar hours until they were frozen and- then the skin

nas renoved.. A measured area of skÍn directly below the dorsal fin
of each fish, r cn above and I cn berow the Lateral line and. 4 cn in
length, was removed from both sittes of the fish making a totat of 16 cm2

of skin for purlne anaÌysis. (See I'ieure 2.)

The skin wag cut into snall pieces and. praced in a stendor
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FIGUIì.E 2. Drawing of a brook trout

area of skin renoved for

t¡ith tlesignated

purine analysÍs.
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dish. Four mI of IS, HCI were add.ed. to each sample as extraction

solution, and the pai-r of seissors was rj-nsed. with a portion of this

volume. The solution was agitated for approximately 50 nln r,rith a

nagnetic stirrer to extract the purines. UsualLy the skin suspensions

were left r,overnight for effective extraction. PrelinÍnary erperiments

were d.one to test the completeness of extraction of purines fron the

skin with this volune (4 nf) of extraction solution. The results showed

that 4 mI of

(guaníne and

The

lE HCl were eufficient for extracting al1 the purines

\.hypoxanthine) in this ¡nount of skin.

skin and extract lrere poured. lnto a t2-n1 plastic centri-

fuge tube antl the Stendor dish rvas washed out twice ¡vith I nl of 1}tr

HCl each tine, naking a total of approximately 6 mr of solution. The

skin and extract ¡rere centrÍfuged. at 51500 x g for 15 nin and tb.e su¡r

ernatant was d.ecanted. into a 1o-nl grad.uated cylinder. The skin was

resuspend.etl tvrlce in lm1 1g HCI each tíne. After centrifugingo the two

washings were added to the volune i¡ the cylind.er. îhe finaL volume of

the extract ¡*as recorded for calculations 1ater on.

The skin lras placed in a pre-weighed tirying dish antt 1eft in
the oven at 70-800 C overnlght to d.ry. The dish was uncovered ¡+hen it
was in the oven and covered ¡'¡hile weighing agaín the next day in ord,er

to avold any moisture fron comlng into contact ¡v1th the dry skin.

D. Chromatographic nethoLof separation

The concentration of purines in the skin of fish is usually
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extrenely low. It is therefore practically impossible to obtain tissue

extracts which, in the few microlitres used for spotting in thin-layer
chronatography, would contain a sufficient anount of the substances

necessaly for quantitative deterninatlon of nicrogram amounts of purines

usÍng the spectrophotoneter. 0n the other hand, paper chromatography

allows applÍcation of rnuch larger volumes of solutions an¿ hence, also

larger anounts of exanÍned substance (Nleoierko anð, Krzyzanowska, Lg67).

The chromatographic developnent was performed in a reetangular

glass jar (50 x 20 x 54 cm hish) with pollshed surfâces eovered ¡+ith a

well-fitting ground-gJ.ass cover (lO 
" 20 cm). Since the soLvent systen

used (metlranol-cone.ECI-wateî, 7A:20:10 v/v, Klrby, ].g5ù was very

colrosive and caused metal instrunents in the laboratory to tarnish, the

grass tank was placed in the fu¡nehood throughout the experinent.

Experinents showed that equilibration did not inprove the

resolution of the purines and 1t was therefore omj-tted (Nienierko and

Krzyzanowska, 1967). rn order to keep the atnosphere insid.e the jar as

constant as possible, a beaker of solvent was placed at the bottom of
the jar throughout the chronatographic development.

The sorution of the samples to be separated ¡¡as spotted as a
band, 5 cn in length, on the paper at a distance 9.5 cm fron the edge

anci 4 cm fron each other by gently expelllng a fer¿ nicrol-itres of the

Iigttid fron a lOO-la¡nbda d.isposible nicropipette. ïlhatman No. I filter
paper 1Ûas used fo¡ arl the separatl0ns in descending ehronatography.

Duplicate samples were nade and the band,s were d.ried. by a brast of
¡sarn air from a ladyts ordinary haÍr d-rier,
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After developnent the purines lrere vÍewed. under a short-wave

ultravioret lanp (Mineraranp uvs.lr, 257.57 ryú., The <tark b)-ue spors

of guanine and the arnost black spots of hypoxanthine were outÌined

under u.v. witti a soft pencír and aften*ard.s they were cut out as

rectangles, 5 cn and 1-5 c¡r nide. Each of then was cut into smalLer

pieces which were placed in a l2-nl plastic centrifuge tube for elution.
The samples with a reference blank (au area equal in size and. correspond-

ing to the same Rf value as the sanples on the sane chromatogram) were

cut fron the chronatograms and. separately eluteC in plastic centrifuge

tubes for 12 hr in 4 nl lN ÌICl.

At the start and end. of the elution the tubes were agitated

with a Vorte¡ shaker and followlng agitation the pleces of filter paper

were renoved. The renaining solution was centrifuged. at J'OO0 x g for
10 nin to renove paper flbers i¡ the solution. îhe supernatant was

poured carefully lnto a clean tube and. the aliquots placed in the euvette

were anarysed against their blanks on a sp Bo0 spectrophotoneter

(UrufCeU fnstru¡aents Limited) Uetween 7ZO and 22O qp.

The concentration of guanine or hypoxanthine in each extract
vras d.etermined by substituting the absorbance value at .24g 4¡r in the

fôIlowing equation;

Concentration (øoles/titre)= Xg x sample vol
x lo5If. wt. x Extraction x

vor (mr)

= Absorbance

Elution
vol(al)

üolar Ex tinction Coefficient
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x Extractlon x Elution
vol(mI) vol(nr)

Where Xg = wei€;ht of purine ln an extract

E = Molar Extinction Coefficient

The extinction eoefficient at 248 ø¡t and. pH I was 111400 for guanine and

1O'B0O for hypoxanthine (Beaven et aI., Ig55). fhe purlne bases extracted.

were expressed, as % of the dry wefght of the tissue and purine:

purine (¡aS) x IOO %
rt purtne extracted = d.ry tissue + guanire + .',hypoxanthine (rng)

The purines were also expressed. in ng/cm? skin whlch is a more useful

ind.ication of the quantities of purines present in the skin, because

this value is not affected by any lncrease in the skin thickness which

might be the result of the treatment using thiourea, thyroxine, thyroid

pouer ancl TSH.

F. Estination of thvroid activitv

After intraperitoneal injectÍon of t8"125 I the thyroid activit¡r

was neaaured in three ways! (t) /" dose in thyroido (ii¡ thyroid/serum

(f/s) ratio, an¿ (iii) conversion ratio (cn¡, The serum radioiodide

levef ¡vas also measured. lhe conversion ratLo end. serum radioiod.id,e

level were only neasured in Experiment (v), after the fish were treated.

wlth ÍSIl.

(i) % dose !q thv¿oid.

The tiryroid. of the fish is usually not an orgaäized. gland.

The follicles are scattered singly or in sr0a11 clusters in the loose

connective tissue und.er the pharynx. they usually follow the course of

![o wto
sanplevolxEx
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the ventraL aorta and the roots of its branches into the gills (Gorbnan

and.Bern, I962,pp 100). In ord.er to remove the entire thyrold. gland,

part of the gi11 arches and gill fi-laments were unavoidably lncLuded..

The radioactivlþ in the thyroid was counted at the sane tine as the

stendards which were prepared by putting o.l mI of 125 ï from the viar

used. for injection into the fish, in a clean counting tube. For¿r

standard.s were usualJ.y prepared. and. the average counts l¡ere taken.

/o ð.ose in thyroid =
total eotrnts in thyroid x IOO %

everage eounts in the standards

(See Fieure J for drawing of the thyroid gIand. of the brook trout,

from Drury, 1967).

After centrÍfugation of the -*hole bÀood at L3r500ï I for J nin

to separate the serum and. corpuscles in the capirrary tube, the seruu

was weighed and put into a counti.ng tube with 4 mI 4E NaOE. The

radi.oactivity of the measured. portion of Eerum was counted.

the uptake of radioiodine by the thyrofd can be approxiroately

assessed by the following ratj.o:

cpn/e thyroid.
r/s= cpn/e senrn

( ii)

(:.f i) Conversion ratio

To a I2-nI centrifuge tube with 2

aci¿ (fC¡.), O.1 nl sorum Ì,ras added, a white

was formed imnediately and another Z nI IZ.5

atl the precipitate str¡ek on the edge of the

nl 12. 5oÁ tricntoroacetic

precipitate of protein

y'" fC* r*as added to wash down

tube. the precipitate was



1t

FIGIJRE 5. DrawÍng of the thyroid gland of

brook trout (Drnry, Lg67)
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broken up wlth a glass rod, anc centrifuged dcwn for 20 nin at lr5oo r g.

the supernatant rvhich contained inorganic iod.íde (r125r) ,"""

poured. iato a clean test tube. The precipitate ¡sas r*'ashed twice with

2 mr 2.¡ % tcn each tine and recentrifuged for l0 ¡nin. The washings

were ad,deti to ttre supernatant to nake up a total of B nI an¿ 4 nI of this
TCA wash were used for counting the radioactive inorganic iod.ide presentn

The total inorganic lod.ide count r*as obtained by multiplying this vaLue

by 2.

The precípitate was broken up by using 1.9 m] distirled wa.ter

and. then dissolved ln 2 ml 4{ NaOE which gave å 4 nl_solution containi_¡g

the proteÍn-bound-iod1d,e (rn125r¡.

The toial counts in the seru& = pBl25I * :tl25f.

The conversion ratio is one of r,he best nethod.s to determine

thyroid activit¡r due to the fact that it expresses the extent of converslon

of adminlstered radioiod,lne into protein-bound-iottlae (Baggernair., 1961) and

the changes in tb.e output of hormones is detected rad.ioactively.

Conversion ratio =
pglz5t x too

ps125t * Tr25t

Serun radloiodid.e levels

The level of sel:ua ¡aclioiodide was expressed ea a percentage

of the injected dose per unit nass of selr¡mo This expression ras corrected.

for each fish to a standard weight of lOO g. this was done to alLow for
alterations in radÍoioditle tlist¡ibution space resulti-ng from a unlform

dose of r25r being injected into fish of different sizes.
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The correction was nade as follo¡,rs:

Serum
rad.ioiodide - % ot in¡ectea r25I in serum x body wt of fish(S)

wt of serum (g) x 100

shere

G. Thin-taver chromatoer.aphy (TLC)

After TSì{ treatment, an attenpt was made using fLC to detect

the radiohornones synthesized from inject"a 125I and secreüed Ínto the

bl-ooil of the fish rvith the highest CR. The solvent system used Hras

butanol-ethanol-6E a^mmonia (50,+Orl:O, vfv). About 25 lanbd.a of the

serum sanple were appried. in a l-ine 12 cm long on o.1 mmo M{ silica

gel S-HR/W 25+ (starch as binder) on plastic sheets (eO x 2O cm).

Standards of triÍodothyronine ('tr), thyroxin" (tO), and radio-
,1)q .aetlve iodlde (---r), lrere applied on the sane sheet as the serum but

on either side of the sennn band (see Figure 4). Methyl mereapto

inid.azole was added to the serum to prevent the oxid.ation of iod.ide to

iodine. After deveropment in a glass jar for z* nr the positions of

the hornone standard.s ¡¡ere located under U.V. and the spots outlined

by a soft pencil. a protective coating nas sprayed on the TLC before

cutting it into strips of 4 nn in t¡idth for counting. the strips ¡rere

placed. in clean counting tubes and counted for j0 nin for each stripn

since the radioactlvity on each strip was very 1ovr.

H. Exoeriments

Five experinents were perfor¡oed between I$ay 1969 and. t{ay 1970

% of inject"d. 125r
- injected rad. when sample rlas counted



14

FICURE 4. [hin-layer Chro¡ratography.
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to deternine the infl-uence of thiourea, thyroxineu thyroicl ponder and

TsH ( thyrotropic hornone) on skin purine ( guanine and Eypoxanthine)

deposition and thyroid. activity.

(i) Influence of d.ifferent qoncentrations of thiourea

Forty fish previously accliüated at r0o c ¡,rere divided. lnto

four equal groups. Each group (av. wt. * 2I.67 - 24,06 g; av. length+*

I2.1O-L1.95 em) was held at lOt O.5o c in identical nhite plastic con-

tainers holding 17.4 L of aerated. water or thiourea solution. The

four conditions rrere:

(") Control (dechlorinated Uinnipeg City Water)

(¡) o"ol % thiourea ( in ¿ectrlorinated tlinnipeg City Water)

(c) .0.05 f ttriourea ( in dechtorinated Winnipeg City i{ater)

(¿) O"LO % thiourea ( tn ¿ecfrlorinated lüinnipeg City ÌIater)

These four conditions ¡cere maintained from May 20 to June g,

L969 Ql d.ays). rhe fish in each tank nere fed 8 g of chopped. ox river

on arternate days. Four to five hours follovring feedlng, the water or

thi,ourea solutions were changed. Seventy-two hours before the fish

ï{exe saerificed, O.25 ¡,tCí or N"I251 in O.l mI of distilled water was

injecteci intraperitoneally into each fisb. The activity of the thyroid

!ùas expressed as the thyroid to se]:lxn (r/s) ratio and. % uptake of an

injected dose of ractioiodfde by the thyroid.

(ii¡ Influenee of d.ifferent eoncentrations of thvroxine

powder

* av. wt. of fj.sh in each group.
flr av. length of fish in each group.
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Forty fish previously acclinateci at 10o C were divided. into

four equal groups. Each group (av. wt. L7.12-25.29 g; av. length IL.92

-lt|.tl cn) was held at 10 + O.5o C in id.entical white plastic containers

hold"ing I7.4 1of aerated running rn¡ater. The fish were injected on

alternate tlays with a total of 10 Ínjections for each group. The

four conditions vrere:

(") Control (0.1 unt 50 % aqueous propylene gIycol/injection)

(¡) 1¡rg L-thyroxine powder (in O.l ml dissolved Ln 5A %

propJflene glycot).

(") 10,,ug L-thyroxlne powd.er (in 0.1 mI ttissolved in 50'fr

propylene glycol).

(¿) Io0¡rg !-thyroxine powder (in o"I nl dissolved in 50 y'"

propylene elycor).

The L-thyroxine powd.erused was the sodiun salt Grade Iï

supplíed by Signa Conpany, These four conditions were maintalned fron

J:une 22 to July 12, 1969 (21 ctays). The fish ín each tank were fed

B g of chopped ox liver on alternate days. The containers were thoroughly

cleaned out every four days. The L-thyroxine solution rùas Ínjected.

intraperitoneally on alternate days prior to the feeciing. Seventy-two

hours before the fish were sacrificed, 0"25 ÂCÍ of N"l25I in 0.1 ¡01 of

distilled. water was inJected. intraperitoneally into each fish. The

aetivity of the thyroid. n'as deternined as in Experiment (f).

(iii) ilnfluence of lon eoncentrations of thiourea

This experj-nent consisted of 4 groups of flsh, each treated

t+ith different concentrations of thiourea which v¡ere lo¡Eer than those

used in the first experinent. The objective of this experiment was to
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test the lowest dose of thiourea ¡rhieh would cause thyroid lnhibition

and to d.eternine arso lf tbere trere any influence on purine levels.

Sixty físh previously accllnated. for two weeks at LOoC were

d.ivÍded into four equal groups . Each group (av. wt. 64.10-75.20g; av.

length 19.23 - 19.B1cm) was held at 10 a 0.5oC fn identical white plastic

containers holding l-7,4 L of aerated water or thiour.ea soLutions. The

four cond.ltions serel

(r) Control (dechlorinated l.Iinnipeg City i'Iater)

(U) O.0OO1 f thfourea ( in dechlo¡inated l,linnipeg City I'Iater)

(") O.OOI fi tníourea ( in dechl.orÍnatetl Winnipeg City i,Iater)

(¿) O.OI /" thiourea ( in aecdorinated Winnipeg City Water)

These four cond.itions ruere naÍntained fron Oct 18 to Nov J,

L96g (2r days). The fish in each tank were fed I g of chopped ox live¡
on älternate days. Four to five hours following feecllng the water or

thiourea solutions were changed.. Seventy-f,so hours before the fish were

sacrificed, 0.25 ¡tCí ot lv"125l in 0.1 ml of d.istilled water was injected

intraperitonaally into each fish. The activity of the thyroid was

expressed. as in Experinent (l).

(i") Influence of thiourea and thvroEine

The objective of this experi¡oent was to confirn the findings

of Experiments (i) an¿ (ii). the procedures of treatment were essent-

ially the same as in those two previous experimentg.

sixty fish previorrsry accli-mated. for two weeks at looc were

divided into four equal groups. Each group (av. wt. 117.9L-r4ï.5j gi

av. lengttL 24.O3-25.15cm) was held at 10 10.5o C in identical ¡rhite
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plastio containers holding 1?.4 L of aerated running ¡rater or thiourea

solution" The four cond.itions wele;

(") I-thyroxine powder control (O.t mt 50 % aqueous propylene

g1ycol/injec tion)

(t) 5.5¡e L-thyrorfne powd.er (to O"l nI dissolved rn 50 1ó

propylene elycol)
(c) îhiourea contror (d.echlorinated rflnnipeg city r,Iater)

(a) o.o5 % thlourea (in aecntorinated Winnipeg city lgater)

These four cond.itions were naintained, fron Nov 15 to Dee 5o

1969 (2r days). The fish in each tank were fed g g of chopped ox llver
ou arternate d.ays. The L-thyrorine powder solution was inJected on

alternste days aud the O.O5 /o t]nLourea solution was changed on alternate

days. Due to the large size of these fishu each time before thyroxine

lnJectlono tÀe fish were anaesthetizett by lmms¡siotr in a dllute sol_ution

of !15-222 (O.1 e/ø f ) for a few minutes.

seventy-two hours before the fish ¡rere sacrificedu o.zj lñt
of w"125I Ín 0.1 nl of distilted water was inJected intraperitoaeally

fnto each fish. îhe activity of the thyroid was expressed. as fn ExperÍ-

nent (i).

(") Influence of thyroid powder and TSH

Fifty-eight fÍsh, accrinated for two weeks at 1oo c a,,d

another two weeks at 15o C, were divlded into four groups. Each group

(av. wt" 98.?B - L2'1.58 g; av. Iength 2r.64 - 22.'lB cn) was hetd at 15 ¡!
o"5o c ín identicar white styroforn coorers hordÍng ]Jo.j L of aerated

runaing watero The fish were inJected on alternate days wlth a total of
17 injections for each group. The four conditions were3
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(") I ng thyroid powd.er suspended. in O.1 nl 50 Ø aqueous

propylene glycol

(U) Tþrr''oid powder control (0.1 nI 50 y'o aqueous propylene

elycol)

(") 5 JSII (o.l ru) TSIÍ suspended in 0.1 nr sotvent (ro mr

solution containing 0.05 g phenol and. O.O5 g dextrose)

(a) tSH control (o.I ¡nt soLvent/injection)

These four cond.itions were maÍntained fron April 14 to l,lay 18,

I97O ß5 d.ays). îhe fish in each tank were fed 25 I of chopped. ox liver

every day to ensure an ample source of dietary nitrogen. The fish Here

inJected on alternate d.ays, after being anaesthetized by imms¡sion in

solution of l{S-222 (O"l e/A f) for a ferry rninutes. the activity of the

thyroiti was expressed. as in Experi.nent (i) and the conve¡sion ratj.o also

dete:mined" rn order to obtain a higher conversion ratio (cn), ind.ex of

radiothyroxine production, o.25 ltcí or n"125r in 0.1 rnr of distil-lecl

water was injeeted. intraperitoneally lnto each fish 6 d.ays before the

fish was sacrificed.

The 'ISE (Bovine Pitr-ritary Sterile Powder) and the thyroid

povrder (Gra¿e I) were supplied by the Sigma Chenical Company.
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RESUTTS

Åo Vsrification of zuanine and hvpoxanthine

The ultraviolet absorption spectra for tlre extracts wêre con-

pared. with that of the standard solutions of guanine and hypoxanthine.

The results (Fieu¡e 5) showed tùrat the purlnes €xtracteil fron the skin

consisteal nainly of guanine and hypoxanthine.

Bn Experinental results

(i) Thiourea treat¡nent (taure rv)

(") thvroitt activitY

lhyroid actÍvity was groatly suppressed by treat¡aent with

thiourea at a concentration as low as 0.Ol lê in the watero In the eon-

trol group t¡e T/S ratlo was 6'JB å O,?I" This ¡ras ten times the f/S

for the group treeted with 0.O1 % +}'íouret (t/S = 0.61 + O'01). Hfgher

levelg of thiourea (o,o5 and O" rc fr) ditl not substantfally decrease

thyroitl activity anY further.

(t) Ski-n purine d.eposition

The effects of thiourea on skin purine tleposition were less

obvious than those on the thyroid though there w&s a slight decrease in

guaniae or hypoxanthi¡e Ø in skin. Tbe weight of purine (ne)/area of
Ò

skin (cmt) decreased. too. However, there was no difference between the

treatnents at 0.05 % Ievel-, by analysls of variance.

The weight of skin /" 2 ,r"u (an lndex of skin thickness) and

e/H were not significantly changed, and these had been testetl at A.O5 %

Ievels, by analysis of variance.
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x,I0tRE 5. The ultravlolet absorptÍon speetra for

the extract and standard solutions of

guani¡re and hypoxanthine in O.ltr ECl.
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(lr) Thrrrorine treatment (taure v)

(") Thvroitl activity

Due to the fact that the fish in this experiment were kept in

running water and the excreted 125I fr"¿ less chance to be reebsorbed

into the blood. systen than for those fish of the first experinent, the

T/S anci Ø tJryroid. i¡ the control group of this experinent (t/S = 1.68 ¿

0.14; % +hyyoíd. = 6,6'l a L.11) ¡rere three tines lower tåan those of the

control group of the first experiment (f/S - 6"18 + 0.?I¡ Ø thyroid =

20.95 + 2.65).

The thyroitl activity was suppressetl by the presence of exeess

thyroxine in the blootl system which presumably actecl on the hypothalamo-

h¡rophyseal- axis and inhibited the secretÍon of TSH from the pltuÍtary

g3.and. Therefore the aetivity of the tbyroicl gland was red.uced..

Doses as low as 1¡g thyrof lne /tisn/l-rtiectioa every two days

reduced the thyroid. activlty to more than half of the control group. The

f/S ratio r¿as red.uced fron 1.68 1O.14. to O.77 ! O.OB and Ø tt¡yrolct was

reduced from 6.67 ¡L.11 to 1.98 a O"34. It seened that further increase

in thyroxine doses to 10 times (rO¡e) and 1OO times (fOO¡g) ditt not

reduce these two y-alues to any considerable extent, in fact they were

slightty higher.

(¡) Skin puríne d.eposition

The purlne levels in the skin were negligibly lncreased. and

statistieally insignificant. The skin thickness anð. G/E were not

signlficantly changed, these had been testetl at 0.05 ft Level, by aualysis

of variance"
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(i:-f) Tbiourea treatmeLt at low coneentrations (ratfe Vf)

(") Thvroilt actÍvity

Further lnvestigations on the effects of thiourea on thyroid

gland. were perfon¡ned in Erperiment (ffi). The sample size was increased.

fron 1O to 15 and fish in this exporinent were three ti-nes as big as

those in Experinent (i). The doses were red.uced to O.O0OI %, O.OOL %,

and O,QI %. The purpose of this experiment ¡.ras to find out tlre lowest

level of thiourea which wou1d. affect the activity of the tåyroitl glantl

in thÍs species (Satvel:LlUs fontinalig) n and aLso to determi¡e if there

!úere any effect on skin purine levels.

ftre f/S ratio and. % thyroÍtl were reduced 1n the treated groups"

Conpering tl¡e results of the control group in this experiment with tbose

of the control group obtained in Experiment (i)n it r,ras found that the

f/S and Ø thyroi.a in thls group were about 40 /" lower than those in the

first experlmento this could be due to the increase in bod.y size of these

fish, However the results for O.OI /" thiourea treatment in both groups

ca¡oe out quite close to eaeh other (t/S: 0.61 and Q,57¡ /" thyroíð.: 2.80

and 2.56)"

At a Level as lor* as 0"0001 y'" of tkLourea Ín tåe ambient water,

the Í/S and. fr thyroid were reduced to about 40 % of the eontrol groupn

and. 0.000t /o tniourea tras alnost as effective ae 0.O1 fi thíourea.

(¡) Skin pl¡rine deposition

0nly the skin purines of the control group and the O.OI %

thiourea group *¡ere tested. and. the results showed. that both the guanine

and. hypoxanthine levels were not changed. the e/E ratio was slightly

but not significantLy clecreased, also the skin thickness dicl not seen to
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be altered..

(i") Thiourea and thyroxlne treahents(Table VII)

(") Thyroid activitv

In order to confirn the results obtained so farr another

experiment was performed wÍth thiourea and thyroxirre at concentrations

known fron previous experirnents to effectively suppress the actlvity of

the thyroid. glancl. Since the fish used in thls erperinent were 3-4 tines

Iarger than before, the dose of ttiyroxine was also increaeed to coropensate

for the larger dlstrlbution volume"

nUe T/S anð. % dose in the tno control gïoups were nuch lower

than tàe vaLues of the control groups obtained in tbe previous experi-ments,

this night be d.ue to the increase in the size of these fisb, The T/S

value in tùre thyroxlne-treated group decreaseal fron 0.74 I 0,06 to 0.54

å 0.06, and the Ø thyroid decreased fron 2.47 !O"iz to 1"?9 A O.1?,

The T/S val"ue in the thlourea-treated group decreased fron 1.0J ¿ O.I1 to

0,41 1 O.OJr anð y'o thyroid. decreased fron 2.?B ¡ Q.74 to 0.82 + O.08" The

nagniürde of decrease in the thiourea-treated group was greater than j-a

the thyroxine-treated group. The tbyroitÌ dicl not seen to be conpletely

inhiblted. by the {i}ryroxine.

(t) Skin nurine deposltion

the purine levels were not significantly altered as found in

the previous experimeats. the skin thicl:ness i¡ the tiryroxine-treated.

group increased slightly and. ln the thiourea-treated $roup it ¡ras

increased, too. the G/E value increased significantly ( t = 3,59, df = 28r

p40.01) la tJre thyroxlne-treated group but deereased slightly in the

thiourea- trea ted. group,
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(") Thvroid nowder and. TSH (taut. Vrrr)

Tbe fish in this experiment were kept at a higher temperature,
ô

15 3 0"5- C and. for a longer period, 15 days. fnsteacl of plastic con-

tainers the fish were kept in white Styrofoam coolers holding tO"5 l"

(l) Thvroicl por+der

(") Thvroid activity

Tine % thyroid was decreased (from 17.54 a 2.75 to 4.89 a 1.I2)

by thyroid powd.er treatnent as conpared to the propylene gIycol-treated

controls. The T/S ratlo decreased (from 5.42 + 1.10 to I.46 !Or25)
alnos t to 25 % of t}re controÌ groupo

Blood serun was collected for protein and inorganic radiolotlide

analysls. The conversion ratio was deereased. stíghtly (from I.26 + 0.O?

to 1.02 + O.O6) whieh could be ao indlcation of the suppression effect on

thyroid activÍ-ty.

Protein-bound.-iod.ide and inorganic iod.ide corrected for bod.y

weight were not sÍgnificantly altered. when tested statisticalLy.

(¡) Skin purine deposition

The weight of guanine (rae)/area of skin (em2), was signiflcantly

increased from 0.L55 to o.2O2 *g/" 2 (t = 4.36r df = 27t p1o.ol). The

weight of hypoxanthine/cm2 of skin ¡ras also found to be significantly

increased fron 0.07O to 0.086 ng/cn2 (t = r.34r df = Z?, p(O.Ot).

However Ure C/E ratio, the skin thickness, fi hypoxanthine and

% gpaníne were not significantly alterett though slightly increased..

(z) Thvrotropic hornone

(") thyroid activitv
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After TSE treat¡nent the thyroid gland. was greatJ-y stinulatedn

the T/S ratlo increased alnost seven times (fron 4,42 + 1.17 to 29,57 +

8.45) anò. y'o thyroid alnost doubLett that of the eontrol group (from 14.90

tr,68 to 29.tT 2 4"56).

Blootl serun samplee were collected. for protei:l and. inorganic

iotiide analysis and the conversion ratio was greatly increased fro¡o 1,17

A 0,18 to 9.94 !i"oz (t = 2"'1'4¡ df = 2J, p(0.01), Protein-bound-iotllde

corrected for bod.y weight r¿as ctoublect (fron 6.7L ¡ 1,L2 to L2,6t ¿ I.56)

and the inorganic iodide corrected for botly weight (from 5.OB 3 O,49 to

2"65 ! O"52) decreased by 50 %" These changes were tested at O"OI %

level using the;þ test, and found to be statistically significant,

(¡) Skin purine denosition

[he increase in purine content of the skln sas eyen more

noticeable after tSE treaù¡ent than thyroid powder treafuent. Guanine

increased fron 0.164 to o" 232 ne/cn2 of skino (t = 6.!6, df = 27s p(0.01),

Eypoxantlrine i¡creased fron 0.086 ng to 0.L15 
^g/o 

2 of skin, (t = 7"150

df = 27, p(O.OI). Pe¡ceatage guanÍne also increaged signiffcantly at

O"O5 % levelu but % hypoxanthine, GrlE and skia thict<ness nere not altered

signíficantly though Íncreased slightly.

The weight of guaníne/cnz skin and A/enZ skin in the control

group for thyroid powder (with propylene glycol injected) uere lower than

those of the control group for TSE. In fact these values for the thyrold

powd.er-treated group (e/c 2 
= O.2O2¡ g./cn? = 0.086) were quite sinilar to

the values of the control group of TSH (e/.^2 = 0.164i U/cn? = O"086)"

This could be d.ue to the effect of the 50 % Wopylene glyeol treatment.

The H % ín skLn (Z"O+) of the TSH control was in fact hj-gher than Ín the
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thyroid powd.er-treated group (t.7t).

(") Hormone production bv the thvroid Eland.

The sen¡m of the fish with the highest conversion ratio (fish

No. 14) was used for the preliminary lttentification of racliohormones

produced by the fish after TSH treat¡nent. The technique used was thin-

layer chronatography,

Resul-ts fron the graph showed that both T, and. ÎU were probably

produeed by the fish after TSH treat¡nent. (Figure 6.)

(¿) Total ioclide in serun

îotal iodide Ín serum sanples of ten fish were analysed tårough

the help of Miss Lind.a A. lielsho to v¡hon the author is extremely grateful,

îhe results showed that, with the exception of one fish, the

conversion ratio decreased as the pg /" of ioilide in the blood. serun

samples increased.. The great variation in the conversion ratio nay be

explained. by the variation ín the amount of stable iocliäe present ln the

iodlde pool ln the fish before the radioactive iotlicte was lnjected.

(rigure ?. )
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FIGURE 6. thin-layer chromatographic separation of

radioiodinateC amino acids and inorganic

rad-ioiodide on the serr.rn of a brook trout

injected with r25r,

0 = origin
SF = so}¡ent front
BGC = background count

CPtr{ = counts per minute

1= = triiod.othyronine)
rF - fhrrrnvi¡a.4_91¿J¡v^¿¿lv

I- = inorganic iodid.e
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FIGURE 7. The relationship between the

pc % I in the serun of brook

--'r.

conversion ratio and

trnrrt inionted with4¡¡<J v v
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DISCTSSION

A. Thiourea treatnent

Thiourea in a concentration as low as O"00Ol f suppresses the

function of the thyroid gLand. of brook trout (Salvelinus fontinalis),

and a concentration 1000 x higher (O.tO Ø) gives approxlnately the same

degree of suppression as neasurett by the radioactive counts. Apparently

the thyroid was completely inhÍbitedo however contamination of tbe gland

with extratþroidal tissues probabtr¡r:iwas responsible for some radioactfvi-

tY'

Klnnear (fg6O) found that the nininun dose of thiourea effect-

ively inhibiting thyroxine s¡nrthesls in the starry flounder was O.OO25 %

and concentrations of 0.0O1 /0, O.OOO5 %, úd O,OOOI Ø thiourea r+ere not

inhibitory, Bhis clifference 1n results could be due to clifferent species

used and also the period of treat¡nent. -å.nother dlfference was that Kiunear

neasured thyrori-ne s¡mthesis and not thyroid uptake as ia the present

study. Fish 1n the present shrdy were treated for 21 tiays at 10o C whÍl-e

Kfnnear .{.fgSO) only kept his fish for }O tlays in O.OOO1 % thiourea at }0o

i tE fZo C. The low concentration of thiourea forrnd effective in ihis

stntty (O.OO25 %) ¡t not necessarily the ¡nlninu¡n dose for a1l species of

fish.

A high dose of thiourea is knor¡n to produce extrathyroidal

effeets and most of tl:e eoncentrations used in the literatt¡re are quite

high. Hoar and Belf (1950) naintained salnonld.s in a 0.J6 Ø solution of

thÍourea but Massey antl SnÍth (fgeg) had to reduce the concentration to

O"IO % to avoid. excessive nortality. Even O,IO % of thiourea is quite

high conpared with the nininun dose of O.OOOI 16, and, thelr observations,
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suggesting that thiourea also raised the guanine content of the skin

seetions, are therefore tiubiou-sly related to thyroid activity ltself.

In the present stud.y, O.TO % of thíourea neither altered. the pu*ine Levels

in the skin nor Ure thfekness of the skin'

Untl.oubtedly thyroxine synthesis was inhibÍted. by the treatæent

of thiourea &s shown in the decrease of thyroid activi-ty using radio-

chenical methods, but thyroxine d-oes not specifically control purine

netabolisn in fish though it nay stinulate guanine procluction to sone

extent as Éruggested by Eoar and BeIl (1950) and froargþal.,(t951), Th"="-

fore the withdrawal of thyroxine fron the bloocl for a short period of 2l

days does not seem to affect the guanine and hypox¿nthine level-s alreacty

preeent in tlre skin Fortune (tg5l, rg55r 1956) in a series of studies

on 3@g..ps.@g, showed that tenperature affeets the aetiou of

thiourea on thyroÍct gland. and. at higher tenperatures tåe inerease ln ceII

heÍght and decrease in colloicl took place rnore rapidly than at lower

tempera trtres.

Though sone yrorkers (M"ssey and Snlth, 1968) clai-netl that thiourea

raÍseci the guanine eontent in the skin of fishr the present study sbows

no sueh relationship. This could be due to the insuffícient length of

treaùnent (er'aays) and low tenperatute (too c).

Bo îh¡rrojd hor¡none treafuent

The thyroxine or thyroÍd hormone leve1 in the blootl was raised

by lntraperitoneal injections of I-thyroxfne or manmalian thyroid ertraet.

Administration of thyroxine or thyroid extraet to the flsh presunably

affects the pituitsry-th;rroid axie by depressing the output of TSH fron
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cells in the pars d.ístalis with consequent deerease iu activit¡r of the

thyroid gland.. 'lÍhen conparing the inhibition of thyroxine and thiourea

on ttryroid gland in Experinent (tv) lt is found that the magaitud.e of

decrease in the thiourea-treated group was greater tl¡an in the thyroxine-

treated groupr and the ttryroict did not seem to be conple,tely inhíbited

by the thyroxlne"

lhough thyroxine inhibits the function of thyroid as does the

thyroid extract, the forner probably does not represent the whole consti-

tr¡ent in the nornal thyroid secretion" Robertson (f949) observecl that

when thyrorine alone was inJected into the rainbow trout, there nås no

local pallor and no iucreass in silvering but after thyroid powder inject-
ion he was abLe to produce silvery trout" 'Irtiod.othyronine night be the

actlve principle of the thyrold hornoneo

In the present stutly both thyroxine and thyroíd powder lnhibit
the functlon of the thyroid significantly but only the latter was able

to increase the guanine and byporanthlne level. (^e/e^Z) in the skin of

tbe fish to any aoticeable anount. The thyroid powder-treated. group was

maintained at a higher tenperatur" (t5o C) and a longer period. (35 aays)

than the thyroxine-trea.ted group, these conditions could render the

thyroid powder nore effective in the nltrogen motabollsn 1n the fish than

the thyroxine besides their dlfference in constituents.

The conversion ratio of the thyroÍd powder-treated group was

also measured and. this ls dae of the best ¡aetirods ln d.etermining the act-

ivtty of the thyroid. gland because it expresseg the extent of converslon

of ailninistered radioiodine into protein-bound-(hornone)iodide (Baggerna-no

L9Ø) and thus the changes in the output of hornone from the thyrold glantt
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can be detected radioactively. fn the thyroid powd.er-treated group the

conversion ratio was significantly d.ecreaseil which showe. that the thyroitl

gland was suppressedo

LaRoche and Leblon¿ (fgle) found that after feed.ing thyroid

extract to g" safar there was a thickening of the layers of the integu-

ment due to an enlargemeat of both epidermis and derna" They also inJect-

ed ZOO¡uS sodium thyroxinate into the salnon and. observed si¡oilar regults.

However, the doses of thyrold. extract enployed by laRoche and. Leblond

(tgSZ) were probably greater than the anount of hormone nornally secretocl

by the tàyroid g1and. In the present study the Ínjection of 100¡9 of

L-thyroxine or I mg of thyroicl powder did not alter the thickness of the

skin signifieantly"

Cn Thyrotro¡ic hor¡aone treatment

the adninistration of exogenous thyroid. hornone nay not be as

effectlve as the action of the endogenous thyroid hormone procluced by

the fish themselves. Since the teleost thyroid. ís Less responsive to

e)rogenous TSH at low tenperature than at higher temperature (0Livereau,

L955, M. Fontalne, Barad.uc and T"A. Fontaine, 1955), the fish in the TSE-

treated group in the present stuCy were kept at 15o C instead. of at l0o

Co The period of treatment was inereased too, to ensure a naxinun effect

of the TSE on the thyroid gland of the fish.

The thyroÍd gland was greatly stinulated by the TSH and the

high conversion ratio ind.icates an increase in the tJryroid hormone out-

put. The chronatography results show that probably both t'hyroxine and

trfiotlothyronine were seereted by the thyroid g1and,
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Variation in t}te anount of stable iodide present ln the iodÍde

pool in the flsh before the rad.i-oactive iodide was injected. eaused varia-

tion in the eonversion ratio. The rad.ÍoactÍve iod.itle when inJected. into

the fish vras evenly distributed in the iod.ide pool. If the level of

ståble iodide in the blood is highu the radioactive iodide will be cliluted.

in t}te ioditle pool and the chanee of uptake by the thyroitt glantl r¡iII be

gna1l. The anount of radiohornones seereted denends oa the radioiod.ine

uptake.

The guanine and hypoxanthine levels in the skin are greatly

fncreased though there is no inerease in the skin thichess and G/E ratio,

Sinee there is no report of extrathyroitlal effect of TSH so far (Boar and

Ealeso L9Ø) it is safe to think that the thyroid gland is secreting a

physlological level of hormone in the experiment"
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coNci,usï0ss

Ao Thj.ourea treatnent

llhiourea suppresses the function of the thyroitl gland ln a

concentratioa as Low as O.O0OI. % and, a concentration 1000 x higher (O.tO

Ø) eives approximately the sane degree of inhibition.

lhiourea treatment does not alter guanine and hypoxanthine

Ievels meagured both in ^g/.2 skin and Ø in skinu the G/H ratio and the

thickness of skin (^g/c z).

The concentrations used in the literature are far above the

nininun effective levels for this speeies and may cause extrathyroidaL

effects in fish.

Bn Thvroxine treatnent

Thyroxine inhibits the secretÍon of TSE fron the pituitary glantl

and the activity of the thyroÍd gland ls redueed tJrrougb. a feedback

nechanisn. The thyroid uptake reduction after injection of I 7ug of L-

thyroxine is as great as after an injection of 100719" Thyroxine does

not suppress thyroid function asr much as thiourea.

Guanine and hypoxanthine leveIs anct Gr/E are not altered. in

Experinent (if) wblch was treat¡nents with 1¡g, 1O,¡¡g, and 100 ¡rg of

thyroxine, but e/n i.n Experiment (iv) ¡uhich was treatment ¡¡ith ,"5¡¿C

of thyroxine, fncreases significantly and this result is d.ifficult to

explain; Ihe skin thickness is not altered. after thyroxine treatment"

Cn T.hrroid.powder treatnent

Th¡z¡si¿ powder lnhibits the thyroid function through the hypo-
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thalano-hypophyseal axis. This treatnent was carried out for 5 weeks

and at a higher tenperatrrt" (t5o C) 
"

lhyroi¿ powder is nore effective in producing silvering than

L-thyroxine alone this could be tlue to the presence of other hormones in

the thyroid powder or due to the more prolonged treatnent at the higher

temperaùrreo Both guanine and hypoxanthine levels Eleasute e fn ng/enz

are signiflcantly increased but the purine Ø in skin, ê/H and skin thick-

ness are not aLtered.

D. TSH treatment

l{enmalian ISH is effective in stimulating the activity of the

tbyroid gIand. of the brook trout and this is reflected ln all aspects of

radiodid.e netabolism after lSE treatnent for 5 ¡seeks and at 15o C.

Enclogenous thyroid hormone is nore effective 1n increasing

purine leve1s. Guanine and. hypoxanthine levels (^e/.^2) increase signi-

ficautly at 0.01 % Level, anð, y', G also increases at O.O5 fi J.eve|, btt't /"

E, ç/E and. skin thickness are not altered significantly though ilcreased

sIightly.

Thyroid hormone stimulates the purine netabolisn in tha fish

though the specific point in the biochenlcal cycle of purlne produetion

rvhich the thyroid hormone nay be effective is not clearly known. Endo-

genous thyroid hormone is more effective in producing silvering in the

brook trout than the exogenous thyroid hormone"
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