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An exsmination has been made of the mechaniss by whiech
ssiieylete and related drugs Sepress thyreid funciion.
galicylete zad %l\w-&iai%rmh&ﬂﬁ prefuced s depression in
plasma PBY in pnormsl rats, confirming previous reports,
gsudlem y-ragoreylete in sufficient dosage 3lso signifiesatly
Sopressed the plagms PEY of normal rats, Sodium p=hyé POXF-
penzoate was without affect, Oimilar Pindings were obtained
(n thyroicectomigel rats sasntained oz thyrocxine, indiceting
» peripheral aestion of 4he druge in depresaing Lissms ¥BI.

Bioasssy of TEH in the plasma of nowasl rate revealed
that salicylste, 2,i=dinitrophencl and slse y-resorcylate
significently deprossed circulating TeM; p-hydroxybenzoste
was without effect. ppavieus indirect evidence of &
dopreesion in TaH relesse protuced by salioyliate,

2, hedinitrophsnol end v~pesoreylste was therefors confirmed .

mhia finding of simultanccus depression in ciroulaticg
thyroid hormone ané Tl s contrary te the concept of the
pegative fesdback regulation of the thyroid-pituitery exis.
A Gepreasion in siveulaling thyraid hormone would be expeocted
to stimulste pltuitary 795 pelesss. It hed been posteisted
previovaly that the depressies fn vai {nduced by saiieyisie
and :?,h-ﬂlnﬁtmmmaol was raleted to their metebolic



stimulating properties, b7 an setion at the pypothalamic
sltes controlling g&tuﬁtm Tl pelease, However, sinee
yeresoreylate does not inoresss metsbolie rate, this preposed

mechaniasn for the depression of TSH i» exeluded,

vetnz & dialysie prosedure, it was shewnt $het the
in yitro saé {tion of ssifeylete snd y-regiyeylete o humen
or rat serom insrenstt the rete of éialysis of radtothyroxine
with whioh the serum wes eguilibrated; ﬁwhﬁrﬁﬁ%m;uw
produced 2 emsiler effeet. AR inoressed rate of dialysis
of raCiothyroxine i consistent with an iaorease iB free
thyroxine. cipealating fred {Lhyroxine wes slevated two hours
efter the sdminisiretion of selioylate and vwpescreyiate t0
san, wherses pehyd roxybenscetie Was sneffective, These ja yive
findings were confirmed following WOFS prolongad odming atration
of tha drugs 1O ratsg Q.h-aimﬁtmuonul algo inereased
cirevisting free thyroxine in rais.

Velng peper slecirophoretic separation of human serum
proteins, it wee semonstrsted ip viire and
salieylate snd y=pogoreylate displaced thyroxine fyom

tyg thet

thyroxine binding preslbumin (TBEA), Although & aimplacement
of thyrezine from TBPA wis ¢nduced by p-hydroxybensoste

in. yvitre, this derug ves tneffective in VIVO. The separstion
of pat sorom proieins wag cerried out by gtarch zel
electrophoresis. The additien, 1B V1tro, of ssitieylete

and y-resoreylate %o the electrophoretie puffer produced &



lerge éisplacement of thyroxine pringipally from s fasi-
soving slbumin biadiag site. There wos a spnell éieplacement
of thyroxias by p-hy@roxybeascate {u viipe. Ip Vive,
selieylete and 2.L4-dinitrophenol prodused & Jisplacement

of thyroxine wheress p~hydroxybenszoate and ~~resoreylate
wape ineffective, The inorsease in free thyroxzine prodused
by ssiioylate snd reiated dvoge thercfore resulied firom the
dimplacement of ithyroxins from specifie vinding sites in

the sorum,

The peripheral sction of sslieylate end related drugs
in depressing plasass PBI is compatidle with the Jisplacement
of thyroxine into the free siate, followed by its dissppesrance

fpow the oclreulaticn.

The depression in TSH relesse induced by these drugs
is 2lmo correlisted with the inopease in cireculating free
thypoxine. It is soncluded that ¢he level of cireulating
free thyroxine ssrves éa ihe regulator of the negative
feeiback system controlling thyrolé-pituitary interreilations.
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CHAPTER I

This thesis presents studies on the physiciogiesl
control of the thyrold secretion derived from an examination
of the effect of saliocyliate ané releted drugs on thyroid
funetion. 4 historical review of the developuent of
knowledge relsting to the cantrol of ¢he thyroid searetion
is presented in Part I of this ohapter,

A phearmasological approach te the atuly of ¢the contrel
of the thyrold secreiion was made pospible by the use of
2,u~di nitrophenol and esiioyiate. These drugs inorease
metabilic rate snd oxypen consumption ia enimsle, effects
which they shere with the thyroid hormones, As it doee not
possess the toxio side effecis of 2 L~dinitrephencl, siudies
of the effest of selicyvlste on thyrcid funotion were carried
out in man as well a8 in rats, Previous studies of the
effeots of 2,h~dinitrophencl and salieylaste an thyrold
fonetion heve Leen reviewed in Part 11 of this chenter as
s preliminary to the experimental etudlies which form the
basis of this thesis.
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TART T

THE THYROID-PITUITARY INTERRELATYT ONSHEP

1. The Concepi of the Peodbsok Mechanlism

The posaibility of & funetfonal rsistionshin existing
petweon the pituitary and the ghyroid wes soggested in 4854
py uispes who desoribed enlargement of ihe pitultery in =
pumher of goitrous cretine. Towards thz end of the sentury
Stieda {1890) showed experimentsily that thrroideatonmy caumed
extensive nypertrephy of the santerior lobe of ihe pituitary.

Hovever, the Tirst evidence of the rezulstory influenoe
of ihe suterior hypephysis on ihe siructure snd funciion of
the thyroid gisad sas obtained {row studies on smphibisn
metamorchosis. In 9912 Gudernatsch demoneirated thet
metemerphosis ocould be induced by the feeding of thyradid tissue.
AMler {191k) demonstrated that ablatien of the hypophysie of
tadpoles cauned thyroid atrophy with sobseguent fsllure of
metsmorphosis, Thege results eiimuleted further research, and
by 921 it had been establishied that the growth sné secrelion
of the ssphidisn thyroid were snfluenced by some hormonsl
raotor relesssd from the snterior pituitary (A1len, 1921;
swingle, 1921).

Fupther clucidation of the pltuitary - thyrold
relationship followed from the olsasical studies of Philip
smith. 7The ianjection of wewine saterior pituitary axtract
snte hypophysectomiged ¢sdpoles led %o the regiorstion of
norsal funotion sné secretion of the atrophie thyroid glends
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tndleating thet the action of the thyroid stimuleting
prineiple was not mmecies-specifie (Smith end dmith, 1922,
192%) . Smith subsequently demonrirated for the firet iime
in the mammal thet stronhy of the thyraié followed hynonhy-
sectomy and thet remtoration of fumettion fellowed replacement
therapy with pltuitary extreots { Smith, 1927). ‘ivon (1929,
1930 ghowed the activating property of extracts of beef
pituttary on the puines pig thyrold,

The thyrold stiimulating prineipie wae veferred to by
verious terms sueh ag the “metamorphic principle”, ihe
"$hypeotroplc horFmone” or the "thyreosetivater®, These terms
have been supplantsd by the wore regent thyrotropin,
thysotrophin, and thyroid stimulating hormone (TSHI,

“he results of Ffurther stufitles mnde it spparent that the
role of the thyreld glend wmse not & peceive one. 1Tt wos
demongtrated in several mpecieg that alministraticn of cxoess
thyrold meterisl ¢o the intaet animel led to involution of the
thyroid gland whick wes sssociated with diminiehed 73U content
in the snterior iote of the nituitary (2turm, i13%} THolwey
gnd Junkmann, 1933}, TFurthermore, the studles of sren (1970},
Loeb, (19%2) and Loeser (19%) revesled thet zetivation of the
thyretd with exogensua 753 sould bé partislly inhibited by
the simyltanecus siministration of thyroid hormone.

Theee Findings demonastratedé the opposing effeqts of the
hormones in the eirculation sné led te the concept firet
formulated by Apon in 19% ond upheld by Salter ia 1940, who
stated, thet between the pituitary and the thyreld "there
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exigte & deifcnte state of reociprocal stimulaticn and
inhibition vhich ususlly resulits in very delicate baliance
or homeostasis",

This concept of reginrocity of funotion detween the
thyroid and the pituitary was resteted by Hoskins {41549 in
terme of & servo or fecdback mechanism, & principle commonly
used in enginecering for sutomstioally controiled devices, A
servo aysten is defined aas one in which variations in the
quant ity of output of an spparatus ere minimigzed by "feeiing
bpack" & proportion ¢f the output for the control of the system,

Hoskine stated "The pituitery thyroid axis afforda an
éexamplie par excellence of z thysiologic serve mechanism,

“hen the titer of cireuisting thyroxine prises, the enterior
pituitary ia zelectively inhibited and the discharge of
thyrotropin is theroly decrengsd, Jlontreriwies, enisodic or
persistent thyroxine deficiency, 1f sufficient in degree,
results in augmented thyrotropin production with resuiting
tendency for the preduetion of more thyroié hormone.”

The availebility ¢f radiomctive jodins permitied more
precise invesiigations of the thyroffd-pituitary interrelstion-
ghip to0 be made., Techniguers were developed for ¢ he opiimation
of reatass of Torwmation snd Pxlease of thyreld hormone #us a
refiection of thyrotrophic hormone reguiation {Morion et al,
1942} .

Applicaiion of these teshnigues hez leé to greater
clarificstion of the feedback mechanism contrelling the

pituitarv-thyroid interrelationsi:ip. Hrown Srant et dl {4954}
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utilised the relemse rate of 1'°' Jabvelled thyroid harmone
from the hyreid of the couscious redbit es #n fndex of
thyroid function, A single injectiion &f = large Cose of
l-ihyroxine resuited in compliete inhidition o the Nlnﬂi of
retioiodine Trer: the thyrofd within 2 hours, perstisting for
400 hours, After allowing ¢ime for the sheorption of thyrozime
following injeotion 1t was found that tha pituitery vesetion
to 2 raised blood level of thyroxine was far more rspid then
haé boen previously suspeeted. The fajection of TSH imte
retbits produced an iporesoe in the release of ladelled
thyreid hormone alter & '1:“#! period of about one heur.

Fefinewenta in the acmsay of TSK were regorted whieh
fmnrovel the degree of aensitivity and precteion snsbling
quantitative catimations of the gircoiating bormone %0 be
wede {D'Angelo & Cordon, 4950; Gilliland & Htrodwiek, 1956).
in fnslesguate ouirut of thyroll hormone hes beea shown to¢
stimulete the secpetion @f TSH. The TSH content of ihe blood
4s raised to & level whieh {s detsetablec by many ssasy methoda,
Susntiteiive measurementy indicated clevated levels of 784 in
eretinien, sdult mygosdema and in hypothyroidiem induced by
sergical thyroldestomy,

2lthough the thyrold sativity is rsefuveed Pollowing
hypophyaeotomy, the abeclute smounts of iodine and thyroxine
in the glané remaln within normsl limite for up toc one year,
in8ioeting that the ilow eircuiating levels of {hyrold hormone
per s¢ cannot be the prinoipsl siimuium to relaase of horsmone
from the thyroid gland {Chelkoff and Teuvog, 13909},
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However, the concept of the feedback mechaniasm regulating
the thyrotbé-pitaitary axie 18 probably ez over simplifieatien
of the erents whioh oesur. Aithough TSF fe the major regulator
of thyroid funotion, the thyreid siill has residusl sctivity
in the sbwease of ihe pltultsry, JTodide irmppiag is Feinced
to Jess then 25 per cent of normsl {Vander Lssn & Greer, 1950)

and hormons reieage is alowed followlny hypephyeestomy in
rats {Welff, 1551}, Osgenie binding is also diminishsd bat
thyroxine fermation does ovour (%wndsll end Alwery, 49%94) »

Zeference has heen made vo experiments in which TSR and
thyreid hormone were sdministered simultansousliy to the norwel
rat pesuiting in s degres of aciivetion of the thyrolid lecas
then thet found with ¢he same dose of T9 slene (Aren, 19303
Loeb, 1932}, Otmilar findings were obiained uvsing
hypephysectomised rats (Cortell end Rawson, {SLh) indiosting
&n setion of thyroid hormone on TS¥ not medisted st the
hypophyseal lavel.

The 4% ssppearance rate of eirculiating T5H was showa S0 be
deowed in hypophyseotomigel and thyroidectomiged rels {Loeser,
193h; D'Angelo, 1951). Tn stedies on hypophysectomized rate
#ith metaboiic rate clovated by Shyroxine, ¢riiocfothyronine or
2,L-Btnitrophensl, D' Aagelo (1955 obeerved that the
44 sappesrvance of oxOgENOUS o9 wes increteed by thyroxine
end trilofothyronine, but much less #0 with §.hmf10i trephenol ..

Thue & speoifio type of metadolie sitersticn indfused Ly the
thyroid hormones sppears to be implicsted is this resmonse.

Hevertheless, the ability to respond to changes in the
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lavel of circulating thyroid hormone appears to be an fntrinsic
property of the santerior pitultary gland and meny of ¢ he
obmerved facts can be expleined on the besie of o linple
negative fesdbeek meohanism,

However, certein stimull sush as ¢old exposure and
emotional and physicsl stresses exert effects o8 thyreid
activity which cannot be expleained in terss of the negetive
feelfback mechaniem,

£ lowepred environmental tevperature hag been ghown to
inorease thyrai@ asctivity., in inoressed rate of peripheral
utiligailion of thyraif hormone in <o0lé exposed ratz was
estetlished by Despeey and istwoof (1%43). In 1952, Eondy and
Hagewood showed that s efgnificent £sll 4a the sireulating
thyreid hormone - measured as the serum protetin bound iodine
{PBEY' - oceurred within %% houre 6f 0014 exposure (B intast
Pats, and thet an ¢voen grester fall was obstrved in thyvei-
Gectomized rats malntsined en a constant level of thyrexine.
In 1952 RXand end co-workers demongtrated thet the {nereaasd
rate of uiilixation of horwone in 00ld exposed rats occurred
concurrentily with & deercuss fia the PB! at a time vhen thyrold
setivation wae inoreesed. It was gconcluded that the inoresged
peripheral utilisetion of ilhyrold hormone resulted in a
lovered dlood level whieh wight set, via the feedbesk mechaniam,
to prodvos ineresszd thyroid sotivity ia the colé.

Rowever, more recent stulies of the time relstionshilp of

these responges heve thrown new iight on the resotion to @old,
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Del Conte and Stux (1954) desoribed higtelogicel chaanges in
the thyroié gland of guinea pige indicative of incressad
sotivity within half an Lsur of sxposure 10 oold, identissl
te the response to intravences injection of TSH, ‘n inoressed
rate of relesse of I”‘nﬁ.‘fﬁiiei hormonre occurrsd after 2
1atent peried of four heurs of cold exposurs in ithe rabbit
{Broun Grant et al, 19541,

If the thyroidal response is secondary fo an ineoressed
seoretion of 76, then the Laten? peried ripresents the Lime
token for the oold stimelos to Gause an increased concentration
of TEY in the Dlood pleoz the time for the thyroié giand to
vesponéd to the inorstsed 7TSH econcentPaijon, Using an ip vitrs
asesay for TSH, Bettiari (1957) Cound that the 7S Levels in
the blood of rabbits were inorsased within thirty minutes of
exposure %o ¢old and reached a meaximum at three hours,
AMuinistretion of a large doas of thyroxine 41d aet prevent
the inorezse in TSH or affect the latent period or the siesd
of vesetion, The asoretion of 1 ~'-labeileé hormone frem the
thyroid of the unansesthetiged rat:bit wae shown to heve & lstent
peried of one-half t¢ ¢wo hours following the sdministretion
of purified hovine TEE or oruvle extrases of rabdit saterior
piteitary (Helehlin snd ield, 9935),

Thees findinzgs indicated that the short time interval of
remonse $0 volid stimulus 48 of t(he me order as that of
direst stimulstion of the thypcid gland by TSH. Therefors,
medistion by & mechaniam such ss s rapid nervous reflex most

be osusstive rather than by the feedbaok sysitem in responae
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to the fell in the concentration of thyroid hormone im the
éircuietion,

inetomical conneotion of the pituitary te the centrsl
neryour sysiem has been shown to be nesessary for thtl F3sponse
to s0ld stimmlua., Von “uley snd Holmgren { 15562) Gemonsirated
thet the gauel inorease in the rate of velease of thrroidsl
13" 414 not eccur tn rabhits in which the snterior piltuitary
hed been grefted tc the eye., This Finding was eonfirmed {n
similer studies using hemeters with pituitary grafis in the
cheek pouch (Kajgpe snd “lerman, 1958}, Thus the soute
responne of the thyrold ¢o 20ld 1e dependeant upon ihe vrésence
of a pituitary in normal reimtionship to the hypothslemos.

Stressful stimoli cauvse & redused uptake of 11 by the
thyroid gland, This effeo: Mam dezn prodéveed in the rat by
injection of formalin (Pamschkis et 81, 1950) by anoxis,
starvation, or nmhrectomy (Van ¥iddlesworth & Berry, 19%4)
and tourniquet shoek [Hamolaky ot 8i, 1991}, In the rabdbit
phyaioal or systemic stresses such as laparotomy, haemovrhage
sod Intraperitonesl injection of turpentine prodfuced Iinhibition
of thyroid activity within three hours whioh persimted up ‘o
48 hours, Fmotional or nervous siressez such as eleetric
shock s, restraint and soudéen ohanges ip environmental lighting
profuced similer results (Srown CGreni et «l, 19S5k). These
tindings were confirmed hy Soderbers (1958) snd Campbell ané
eo-workers {1559},

Since the hioliogical halif«life of TSH 4{g from 1 tc 4 hours
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in the reblit, the inhiditery effect of stress on the secretion
of TS by the anterior pituitary wmuet oeccur move repidly then
ean be acsounted For hy e purely hormonal resction. lvown
Orant {19357} ocbeerved that during the period of thyreid gland
inhibiticia produced by the eiress of L2 hour immobiiisatien or
laparotomy, the eamount of rediosotive organiocaily bound iodine
in the plegme Zeil, Therefore, it wss not pogsible thet the
inkibition produced Ly thess stimuiil wae medieted by the feed-
bagk system, beosuse sn incresse in cirsuleting thyroeid hormone
would be requires,

Yowever, ohusrvations made onaly on the thyroilal vesponse
to streas mey bYe mislerding beasuse it hizs been shown that
such stimcii leséd to adrensi cortiocsl activation ! Begorech snd
Timiras, 19813 Inghbar, 195%). The thyrrold response 20 siress
was considersd by Harrim {1955) to b# the result of e decresse
in TS gevretion coineiGent with the inoressed secreition of
sdrenccortioctrophic hormone {ACTH) end probebly consequent
upon $t, Fowever, the thyroidal remponse was not due to
inereased adrensl siercild secretion per se, asince it ocourred
in sdrensleetonized snimele.

The normel anstomfioz) relationshipy between the hypothaiamus
and pituitary {s required for the thyroidal and sirennl responses
to ocour in some stress aitustions. Portier (19%1) showes that
the adrensl responec o some siressful stimuld was sbeiighed by
transpisntatior of the pituitery and euggested that two types
of stress mey coour; neavretropic stresses, the response to

whieh 1e¢ dependent on the normal hypethalamis-pituitary
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coanections, and aystemic siresses which may sot on the
trenaplented pituitary. Thus in vabbits whose pitaitary-
hypothalamic ecansceticrs had been ¢ut, it wmas found that the
adrencl and thyroidal vesponses to sirgical treuma were ot
sffeoted, wheress ithe responses of ihese glands to the
emotionsi siress of enforded fmmobiligzation were aboli shed.

Gonelysiong

Although the thyreid slend maintaing o restdual
sotivity in the mbsence of the pituitary, thyroid funotion
is vegulated prineipelly by thyreid stinuiating hormone.

The elreulaiing ¢hyrcid horizone level in turn profoundly
influences the pituitary relesss of T9H, The intersetion
of reciprocel stimulagtion amé imhibition detwesn shyreid and
anterior pituitery forming a servo meohanism whieh regulsies
thyreid sectivity does not yreeluds other mechent smg which may
nodify thie regulation, Por oxsmpie, excess thyroid hormone
induees metaboiic changes whioh inorsase ¢he diseppearanss
of 781 from the oireuiation so that thyroid stimelation is
probably dinminished,

However, ecortein conditions such as sold exposure and
emotional siress exert s»ffeots on thyrsidal agtivity whieh zre
not medisted by the ssrve mechanism, and mey be acocuntad for
by direct nervous siimalation acting o the pituitery whioh is
in anatomisal conneotion %o the nervous system. The reletionohip
of the thyroid-pituitary axis te the central mervous system
will therefore be 4iscumsed fin the next seetion,



The anatomical connegtictin of the pituitary %o the
hypothalemug heve been the subject of intensive study Top
meny yetrs and the uvadersianding of t!iam interrelations
heve baen grestly clerifted by O,%., Harris sud hig co-workers
{Harris, 1955).

The pituitary glend is subéivided fnto three parta. The
gnterior locte or pers distalins is & gJendclar poriion derived
embryclogicsily from the znterior wall of Rathke's pouch.

“he pesterior lobe comprises hoth the pars intermeédie (derived
from the postericr »sll of Rsthke'’s pouch’, and the neural
lobe whioh is & direot downgrowih of neural tisace [the
infundilular process). The third portion, the hypophysisl
stalk consists of the infundibular stem covered by a sheath
of the paras tuberslis. The pituitary is conneoted o the
hypothalamus by the hypophysisl stalk,

The mediar eminence forms the centrel poriion of the
base of the Iypothalemua and is so-extensive with the pars
tuderalis, an upward extensicn whioch enveiops ihe medlen
eninence and neural stalk ss & highly vescular mantle,

The findinge of Orsen (1951) and Harris (1955) indlcate
thet imnesvation of the snitepioy lobe pleéys no signifieant
role in the ocontrel cof the secretion of thyrotrophic hormone.



Harrie (4955) stated that the dlood suppiy of the
gnterior pituitary may be compared in s penersl way with that
of the iiver. 7oth oprpans heve & gystemic erterial sunply,

& portal Ylood mupply and a myetemic venous drainage. “he
vescular supply of ¢he anterior lcbe 1s separste from ¢hat of
the neyral lohe:s in sectione this 1s ¢learly seen, sinoe
thege two vagsulayr regiong are ssparated by the rolatively
avascular paps intermedia.

v of the anterior lobe

asonsiste of one or more arteries derived from the internal
cerotid grtery 5r ihe posterior communlcating sriery. The
pettern of thege arterial brenches varies from speciss %o
species. 'n come, the vessels are shesnt end the whole bleod
supply to the antericr lcke $o derived from the hroophyeiel
portal system (Vislocki, 1938; Uerris, 1947; Yelonnell, 1953%),

Zhe venoug drainage of ¢ he enterior iobe 1s Ly means of
short wide veing dreining into the venous sinuges of &he
gland cr inferiorly in the gphenoié bone (Hsrris, 1555).

7he hypophysial portel gvetem was first described by Tope
and Tielding (193, 1933 in studies of the human piteitery.
Gpeon end Uarris [1947) seinvestigated 4¢his region and showed
that in memmelig arterial twigs {'rom ihe systemic srteriecs
supply & vasgulap plexce in the pers tuberalis. From this
plexus srige capillery loope whieh peneirste intc ihe medien
eminense of ihe hysothalamus where they make intinste contaot

with the aerve fibres of various nerve traeis, Lot are removed
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from any compaci group of nerve celle such ag the supra-optie
nueleus. These eapillery loops were designsied the primayy
piexus of the portal zrstem, lood from the primery plexus
dreina down leype porta)l trunkes whieh iie on the sirface of
the pitultary wielk. The portal irunks Aistiridbute theilr Wlood
i{nte the ainuscids of the enterior lLobe,

ilthough eariier a sontroversial mstter, the direction
of ihe blood fiow hae been petiied beyond doudbt by direct
miercsaos iz shaeervetion of the flow of bleoed from the primary
nlexus to the sntevior lobe {Nreen and ¥arrie, 1919},

> o B e i

The serlier studies ¢f the aoffect of hypothelanmie lesione
on thyroié function relied on histolozical zné meisbolic
measurensnts for sasessing thyrold activity. fealons in the
infundiduisr region produced histologieal signs of beth
inorengad end decreaped thyroid sctivity (Cehane & “ahane, 1938,
It wae postuletod from Shis study thet ¢here were two venires
in the hypethslamug, one sxeiting T3 secretion and the other
inhibiting seoretion of the hormone.

areer (1554, 1952) studlef the effest of diencephslic
issionas on thyveié funetion in rete evsing direct aeagurement
of thyroidel upiske of radiolodine (7/3 ratic), thyroid weight
ané histologioal responses. 7The effect of chronic ireatment
with propylthicuracil (P71) oa these snimels was Setermined,
7¢ weas found that snimals with hypothalamie lesions responded
te PTU with sifght etrophy of the thyrois fastead of
hyperirophy, end that mieroscopieally the glends appeared inert,
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However, & rise in 773 ratio ocourred, These findings were
sonfirmed by Bopdanove and Halmi (4953%),

Refieniin (4957) siimuleted inesensed secretion of TIRH
in rats by partisl Shyroldectouy. After removal of three-
guarters of the thyrcid from normal rets ihe remant underwent
hyperirophy ané showed an increage in 775 patio. In animals
with effective leaions, complete or partial less of compensatory
hypertzophy efter {hyroideotony ocourred, slthouszh the 7/9
ratio was eleveted. 7These resulle indicated that thyroid sise
and fedife trapping shility may very independentiy. Findings
of thyroied insefivatlion following hypothanlamic lecions has
ole: been observed by Ganong ond co-workers {195k, 9955) and
Greer (1957;. Greer (1957) ales noteé that lesions whieh
interfered with thyroidal iofine metabelism, appeared to be
posterior 4o those whioh inhibited the thyrold growth response,

That the changes in Tunction of {he thyroid glsné edeserved
after hypothaleni¢ lesions src the result of Aisturdanes of
TBH mecretion hams been éirectly contirmed by bioassay of TOH,
D%iagele and Traum [1956) found ihat anterior hypothaismic
Lesiona regulted in ¢ diminighed concentration of THE fia the
blood, Howevrer, sesay of pitultsry 784 content from snimsls
with lesions showed that FTU treatment dié stimulate gome
release i TSE from these animels,

Esrly attempts %o show changes in thyreid funetion dy
tleotprical stimulation were eguivocal owing i¢ the limitations
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¢f the metabolic rete methole ueed to assess changes in
thyroid funetien, Using histologiesl methods Colfer (4949)
and Del Cente, Ravelio ané Stox (1935) olaimed that thyroidel
activation oocurred following eleciriecsl atimuiation of the
hypoihalamus or followins diffuse elestrin shooks applied
through the orsnium &7 smsll laborstory animsis, Mo specifie
site in the hypothalewis was found bdut sliimulation of the
thalamus cr sorpus taillosum proved te be ineffestive,

Refinements of technique were made by Harrls and Woods
(49%8). 7In experiments ci vabbitm, & wire coil oonneeted to
elestrodes in the hypothalamus was implanted beneath the skin,
Stimmistion of oonpoious unrsetreined snimeis was offectad by
induction of an eleotric current from & large primary eoil
surrounding the enimsl)'s cage. Inorease in the rete of Falesse
of thyrsidal I°™ vas produced in sescetation with s rise in
the plagma level of labelled hormone, when the eisotroties were
pleced in ihe supra-opiiec-hyposphysisl trasct ef the anterior
hypothalamus,

When the elecirod:z tip was placed in a posterior position
in the hypcihelamus, in the region wvhere stimulation proiuvees
ACTH velesse, negotive results or even imhidition of 113
relonse were ohteined, /After sdrenslesctomy more than one thiM
ef the anfmals, in whieh the slecirofes wore shown te be in
the posterior posiiion, showed a pesitive thyroid response to
et imulation,

An overliap of aress 1in which stimuiaijon caused an
incretse in TSH sand ACTH searetion wag postuleted, with the
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ACTH responss suppressing the thyroid responee in animsls
with inteot adrenal glande. This w2z confirmed By Harris in
195%. 45 increase in ihyroidel notivity waa obeerved within
30 minutes following stimulstion indlceting ithet the responae
to hypothalamio stimulation is very rapid sné of the seme
order as the intrevenous injeotion of THH,

TS

This procedure may be carried out by section of the
pituitary stalk with precauvtions t0 preveat the rsgeneration
of the portel vesstls, or Ly irsnsplanting the pitultary to a
site iz the body rowots from ithe medlian sminenee sudh a8 the
anterior chamber of the eye or the espsule of the kidnay,.
Afte? sugh operstions the activity of the thyroid gland 1s
reduced, but not o the level ssen followiag hypophyseatomy.
This bas been obmerved after seation of the pitultarr sialk of
the radbit, rat and ferre:; and sfter treusplanietion sf the
pituitary in the rei, rebbit, mouse, guinea pig and hamater
(Brown-Grent ot 81, 1937; Knigge and Biermen, 958),

Theo poasidility that the changes chserved might de dus to
noa~epscifio demsge resulting from lschaemis was shown not %o
be the ease by lLarris and Jecobsohn (1952). When piteitery
tissve was transplanted deneath the medisn sminenase &%
meintesned normal thyreid weight and histology, whereas
sgually well vasouleriged traasplants bencath the {emporal
1obe of the brain feiled to 80 so0.
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Hore vecently, Fikitoviteh=-Winer and Everett {({9%58! have
shown that when the pituitery of the rat wes irensplianied to
the kidney eapsvlie, the oxpected low ACTH end 78R setivity was
foené, bdut on retrensplantetion %e ¢he temporsl lodbe or beneath
the median eminence, only those im (he Istier position ghowed
restoraticn of normsl thyreid end adrenal funation whesn
revegoularised Ly the hypophysisl portal vesssls. Thus ¢he
mouree Of the blood supply sppesrs to be the eritieal faetor
tn sonditioning pituitary funetion,

Thyrold sotivity is thewefore reduced when the normal
vasoular reiationghip of the szterier pituitery to the
nypothelemus is interrupted, although mot to Ine level seen
following hypophyesatomy, indieating that the auvionomous
pituitary reteins a iimited eapaoity for TSH secretion.

The mesns hy whish ths nervous system exerts its contrel
over the asterior pituitery glesé must de considorsd. PFrom
the above indlestions it £z spperent that the hypophyeial

portal syctem has s speeifie effset in astiveting the anterior
iebe., Harris ($93%) has reviewsd the evidense relating %o a
portal vessel effest o & Sirest nervous effect. NHe conciuvded
that there was ao evidenve $o support s direet nervous
regulstion of 4he snterior piiuitary gland. He stated “The
rescltsn are best expisined on the view that nerve fihres of
the hgpothaiamus Jidesaiec some hormonsl sudstance infte the
primapy plexus of the hypophysiali portal vassels end that
these vessela trenamit the substance to the adenchypophysis



19.

vhere it exerts an setivating effeet on the gland esiis”.
ividence supporting the gonaspi of the neurohumcral
control of the hypothsismss over the pituitary wes ouiained
by Guiliemin and Qosenbers in 19%%5. Tt was demonsirsted that
hormone gynthesis Seciined when pituitary tissue wvas prown in
tissue culture. This 7aflure ceuid be attriduted e insdequacy
of ¢he nuiriente in the synthetic meiin, howsver, 1t wea shown
that addition of exiraots of ¢ he hypethaiames %o such tiasne
culturas enpbled the oxplants to sustain ADTE synthesis and
reiease inic the medium whereas similar extracts fwyom oiher
pertz of 2he brain lsockef this effect,

Identifieation of & thyretrephin releasing factor (THP)
in dog hypeihaiemic exirects has heen eluimed by hibusawa etsal,
(1959) but this could not be zonfirmed (Reichiin et al, 1963),
The most convinoing svidence for ¢ TRF has deen obisined by
Guillemin and eo-workers who hove sepersted hypothalamic
extraets by Sephaden gel filtration sné isclated a compopent
which sotiveted the Qhyrois giand of normel But not Rypophyw
sectomized rete (Guillemin et al, 1962). T“nheneed TSN pelsmse
from rabbit pitultery {issue hos been shown when incubated in
the presence of rabdit hypothalamue (Odell, 4963),

A substentisl bedy of evidence hes accumuwisted $n support
of the concept of the newrohumorel control by ihe hypothalsmues
of the anterior pitultary, but there is ag yet 1ittle knowiedge
of the manner in which these neurohumors exert their effects.



Thyreid aotivity is reduced when the normal veseuisy
connection of the anterior pituitery to the hypothalamue is

tnterrupied, aithough nct %o the ievel seen following
hypephyseciomy, inflesting that the autciomous pituitary
potalns & 1imited capseity for T5H seoreilom.

However, slthough thyreid astivity 1s reduced under
these oiroumstances ihe pituitary fn 611l responsive to
chenges 4B the consentretion of thyroid hormone in the blood.
Khagin end Reichiin (1964) in experiments uasing hypophy-
seetonmized rata desring iatrescoular pituitery trsnsplents,
showed that hemithyroldaeltouy was followed by ineressed TIH
relonss Sndicsted by ineressed relesss end upteke of 17°' and
thyroid enlargement., Thyroxine tnjection led to thyroid
tnhidition fa both pituitary graft dearing hypophy sectoniged
and normel snimals but not in ungrafted hypophyseetomiged
snimsls. Siuilar results were odteained fa rels with
hypothaleamic Lesions showing reduced thyroid activity (Averill
ot 81, 1964}, Zoesl injection of thyroxime snto the pituitary
in guentities ineffective vhen injested systemically ceused
aimost immediste reduction in TSH secretion rete, showing thet
the pitodtary Se iteelf sensitive to smell loesl incresses in
thyvroxine consentration. (Ven Zuler end Holmgren i556;
Yenads and Greer, 19%59).

Therefore sistemtosl oonneotion of the piteitary to the
hypothalamus is not necesssry for the ustal feedback response
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vetween pituttary and thyroid gland. These studies indionte
that the rate of TS geevetion is divectly regulated by the
eireuleting thyroxine over e wide range of thyroid activity,
ghether normsi or lowered due %o piteitary transpiantaiion.

Thee the pitaitary, whether sutonomeus oF iniaot,

. possesses intringic cupeciiy io slter the 768 seeretion rate
in response to chenges in dlood {hyroxine concentration,
Howsver, 1% 1s spparsat thai the “eekding” of thyroid setivity
is quite different in theas situations. T the normal siste
the hypothalamus sppears o maintein 2 stimuieting offect on
the pitottery to maintein "nopmal® base Lise pitultary-
thyroid fumetion, upon which the response to elevated or
Saprensed Lovels of thyroid hormene is superimposed.

However, ihe normsl feeldach control of shyrotrophie
‘hermone seareticn ean be everridden by peural faetors.
E1ectrionl stimslstien of the hypothalamus inoreases Shyrcid
sotivity. Physiclegieal stresses such is 0014 exposure whieh
regult in thyroid sciivation, and smoiional stresses such As
foresd immoviligstien shiesh produee inyroid inhidition, heve
been shown %o have & time course in8ieative of a Airect neursl
effect on THH pelease.

Thus integratisn of the Swo ma jor homeostatic mechenisms
of the bedy, the nervoss sysiem sné the endoorine aysten
gopesrs to be effected &t the hypothslamic sentres of the
brain, enadling the orgsnise to =4just to tha coustantly
chenging environment doth fnternsl and external.
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PART 1%

PHABMACOLOGYCAL STUDIRS OF THE CORTROL OF THYROID PUNCTIOR

Introdgetion

2,4=Dinitrophencl (DNP) hes been uged for many years s
sn intermefiate in the manufecture of cruﬁfr: and explesives.
The compound iz highly toxie sad during the first Yeorlé #ap
deaths among workmen exposed 14 dust O veussrs of the ohsniesl
were reported. {(Barral end Nertia, 19163 varthem, 1918).
The toxisology of she ﬁuﬁﬂﬁi wan stodied, dut 11ttle
significsnce was attached to ithe fever reporied to socompany
the clintesl symptoms of poisoning. {(Lutz & Bawme, $917).

Subscguently, Tainter end Cutiing (419%53) »ssevted thet
the edministration of DNP to both men and siimals osused &
rapid incresse in mEstabolie rate. Tte potentis) therspeutie
velue as a drug t¢ sepluce thyroxine and adrenalin in the
treatment of dissase states such as hypothyroidism, obesity
and esthms was realised, Tho pharasscliogy of 2. L-éinitrophensl
wes thorefore examined,

I¢ wig demonstrated that aithough INF inerecged the
metabolie rate, it 414 not relieve ithe manifesistions of
myxoslems (Cutting et al, 1934), nor 44¢ it promote
metamorchosis in the tadpoie {Cwiting and Tainter, 4933),
However,; 9% was observed that the calorigenic vesponss of
snimals to the dinitronhencles was influoenced by the siate of
thyroid aetivity., The metakelio remponge of the ret fo DRP
was increased when hyperthyroldiam wes indueed by the
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sininistration of thyrexine, and diminished in goitrogen
induoed hypothyroldism (Bamker, 9346). Pharmacologiesl
studies of The effeot of UNF on thyreid function were
therefore supgegted,

Because of the similarity of salieylate %0 DNP in its
ebility to inorsase metabolic reate snd oxygen consumption,
the sffect of salioyiete on thyroid function was also studied.
Thees atudies of the affect of 2,l--8initrophenci snd asleyiste
on thypoié function will now be seviewed as & preliminary to
the sxperimental stofies whioh form the basis of this thesis.

The ripst report of the effect of 2 hedinitrophencl oa
thyroié funotion was that of Selff, %ubdin sed Chaikef? in
1950, The sdministiation of DN Ro rate for periods of one to
Swenty-nine days onused 2 decrenss in the concentretica of
plasma protein bound 1odine (PBI) to half that of eontre)
nmm-. This depression of PHl in rats by UNF wag confirmed
by Suldderg and Ohalkoff (195¢) and Geldbderg and co-workers
(499%). &~ Gecresse in the PBI follewing the sdministration of
DEP to man was demonstraied by Castor and Belerwaites in 19%6.

Although earlier studieg revealsd ns effeot of DEF on the
histology or funotiom of the thyroid gisnd of the ret {tolff,
Robin =and Chalkoff, 79503 Ooldberg end Chajkeff, 1551) it was
subsecuently demonstrated that when the drug was giver for
longer peviodn, a depression of thyreld gisné funetion was
produced (Ooldberg et sl, 1955). There was @ deorease in
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thyroldsl fodine centent; o decrease in the thyroifdal iodide
conoentreting ceapsoity; e depression of the conversion rate
of the gland; end s siowing of the reiesse of the hormons
inte the eirenlation of rats treated with DX", These Findings
indtosted a diminished ctimmleiion of the thyreid gland by TSH,
Hovever, ihe Seovense ia lodide conemntrating capacity of the
thyrold was not as great ms that prodvesd by hypophysectony,
sugaesting that T8 suiput was not ecompletely suppressed.

fvidenae of peripheral fastors alee opersting to produce
the deprecsion in PII was obisined. Studiss were made of the
rate of dissppesrante of 1'3'.2aue11e4 thyrexine from the
plesue foliowing DEF administyation to rets in which thyrold
fenotion had baen dlooked Ly treatment with propylthiourestl.
One group of vate was loft Nopothyrold eand the other maintsined
suthyroid by dmily injeetion of thyroxine, The haif-iime for
éissppearange of rediothyroxine was spproximately haived by
DEP ¢n both groups. Vhether this inoreased peripheral
éigposal of thyroxine was ssused by incrosased periphepal
metabolism or uitlisation or incressel rute of exoretion wese
not determined (Goldberg, Wolff ané Guresp, 195%),

Thess fisdings of simulteneously depreesed cireulating
thyroid hormone and TSE output were contrary to the gconcept
of the nagative Tesdback mesheniasm controlling the thyrotde
pltuisery axis. Jin inoressed T3H output would de expactes
in respinee 0 the Zowered cirsulating thyretid howmons.,

The results of & further study of the sé¢tion of DNP on
the thyroid-pituitary systes wore published by Goldberg,
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%elff and Oreep in 1557. The histology of the thyroid and
pituitery glends of the rat was stuodied feollowing ¢restmont
with DRV, with ihe entithyroié drug propylthiouracil (PFu)
and with DHT gné 77U given simultsnecusly.

Follawing trestment with LT glone, the thyreids were
emell and insctive, wheress following PIU they were enlerged
with tell colwmnar cells, increaesd ¢olicid end highly
vescular. Ghea the druge were given simulianeously, the
thyroide were small and histologiesiiy similar to ihose
following DIP trestment or fcllowing hypophyseetomy.

The eytologienl ehenges indlestive of sugmented 7sH
croduotion by ihe anterier pituitary bete cells fa ITU trested
rats were inhibited by DHP, Uhen DMP was given sione, the
pituitaries sppeared normel althougk the keta oells were small
and resembled ihose seen in roats treeted with thyroxine. These
findings sugpested thet DIP depreased the release of T&H from
the pituitary,

It wag coasidered uglikolg thet the TSH Imhibiting
effecta of DNP were the resuit of a nonspecific interference
with the ayiheeis of trophic hormone sines, Ffirstly, normeily
mranulated bets cells were found end, secondly., normsl responses
coourred in other cells of the antericr pitultary follewing
trestiment with DNF, sa shown by adrensl hypertrophy end the
normal responce of the gonadotrophic ceils t¢ the stimulus of
orehiectomy.

The administration of DNP te man or animels causes an
incresse in the bassl metabolic rete (Cetting et al, 93y



Simking, 1937). Tissue oxygen oanufpttea ies stimulated in
tismse slices (G6libery et ai, 1957) and oxidative |
phosphorylation is unesupled fn ipolated mitochondrisl
preparations (Lavdy and welimem, 19%52),

Goldbery and collesgues aiso demonstrated that othey

agenia whieh possess pyrogenic and metadolie rate stimblating
activity in sommon wiih DNP snd thyrsid hoymones alae depressed
Plamme PBI with evidenos of = depression in TSH relesse,

It wan consicded thepefore thet it wes possidle that
inhidition of THH pelenze was an effect of agents which mimic
the thyrold horsione in certain respecis. Huoh effesis might
be iransmittod to ithe pitultary vis the sentral nervous aystem,
However, 1t wes not ciear at which poine in the homeostatia
mechanism this inhidition wes effected, Under eertainm
eonditions, & iow level of eiroulstiag thyreid hormone need _
- mot atiwelste TSH output and Sndoed TaN output oan be bLlocked
by ageuts which msintain tﬁ body tempersture snd metasbolie
rate st supernormel levels. Thevefore, rather then the actusl
ievel of oireciating thyrold hormone, it may be one or movs of
its peripheral szetiona whish {s the fmpertent facior in
reguiaiion of pituitary T8H sutput,

Reiohlin (1960) exemined the effect of DNF on rats with
hypethalanic lesions to determine whether the hypothelamws is
essentliel for tie meshantiem by whish INP Gepresses T5% secretion
from the pituitary. DNP was found te {mhibit thyreid g
setivity in a1l oontral animmls. Thiz chevesteristic remonse
was signifieantly reduced by hypothslsmic lesions, which veried
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from localiged lesions to aimost complete hypothalamie
destresiion, In contrest to thvroxine adminietration which
wae equally effeciive in normel sné drsin dsmaged reats, DEP
“euged & smaller mesn change in thyrcid funettion ia %1 out of
56 rets with hypothalamie lesions. Fo sorrelstion was spparent
Letween the uite or extent of éamage amé the depree of
inhikition profused by INP,

Reiohlin considered that a possible explanation of this
fiodiny of modified DN effests in rets with ienionsg, waa that
baseline thyroid funetion was sbnermeily low, so thet even
with mexisum inhibiticn, the properiionsl ohenge ia p13
release might be less thes in coatroim. However, this was not
8¢, because (n one of the experiments eight opareted Pais had
1'3 peloase retes 1a the norwsl renge, and in thess saisels
fnhibition wae signifieantly Zess than nermel. Thyroxine
efninistration sist prodused an inhibitiea in thyroidsl
reileass rate in animsls which hed s signifiecsntly reduced
respons: Lo DEP,

It waz conoludad therefore thet UIP peinees thyroid
sotivity in pard; at least, ihrough sn potion on @ hypothalamie
mechanism vhieh influenees pituitary thyrotropie funotfon sad
in pert through en sotion zt the pilteitary ievel. Hefehitn
consifered thas the finfing of an eotiem of NP at both
hypotheiamio and pituisary sitea could be fntegrated with the
estatlished facts of msuril-piteitery-thyroid interreleticas.

The pituitary is avtonomoualy razpoasive to ohanges in

ioeal thyrold hormsne concentration regerdlens of the level
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of astivity at whieh 1% is operating. The hypothalamus, on
the other hand, is imortant in estadlishing the daseline
iovel of thyrotroplc funotion. DFetehlin (1960 o) demonstreted
thet hypothzismie lesionz, in sress whieh overiep the asite
sontrolling thyroid function, disrupt the normai heat
roguistion of ihe boldy, snd pestulated thet in the normal
animal, hest regoleting and thyroié regulating function may
be integrated at the hypathalemic level,

It was itherefore ccngifered possible that the hypoihalamio
gontrol of pitsvitary-ihyreid zctivity 1s responsive to ochanges
in overail body heat cor oxygen consumpiion. UEF inereases
metebelic rate and oxygan soasumpliion. Thus DINF may exert its
effects on thyrold function by acting at hypothaismis and
pituitary sites vie intryaselluloer effects shared by thyrozine.

The influence of DHF on the peripheral metabslism eof
thyroxine has been studled by Horveals & fsobsr snd Ssoobar
del ey (4960, 1561 a), They invesiigstes the effect of DNP
on 2he 1! distrivetion in rets whioh haé reached isotopiec
equilidration with fodtde 117" apter about 20 fays. The
gnimels were sacrificed at different time intervais up to four
deys following DNP ¢yestment and I'>' distriduiion determined,
The animels were thoproughly perfused at necropay to remove
vlood from the tissues, The tpichiorcssetic asid (TCA)
precipitadble 117 (& meseurs of orgenieally wound iedine) of
the serum was significantly leower 1 sll treated groups than
in eontrol animele,
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It was demonstrated Yhat the peripheral tissue
coneentretions of TUA presipitadle 773! folloving DmP
traatmont 414 not €iffer fros the controls, Thus following
DE? administration 10 rats, the peripheral tissve levels of
thyroid hormons remsined snehenged while the serem thyroid
hormone levels fell.

The deeresse in ithe serunt level of fodinaied compounés
was shown (Ksochar dsi Rey ani Norreale ds Essobar, 1958 a, b)
to be acooonted for by the simultenetus inerespe of thelr
biliary secretion and, uliimstely, their faecal exopretion.

It was aleo shown that the radicsetiviiy ia the rod Biood
oeils was incressed shove the sontrel values for some hours
in DRV trested rets in mpite of the deoreased serem lovel)
thie finding wes confivmed in An witpo studien. Inoresssd
uptake of radiothyroxine by the disphregms of DEP irested
rate was Al so obssrved and eonfirmsd fn stvdies of the
AB. 3lipg sddition of the drug 20 the aystem (¥orresle de
Zsocbar and Fscobar d6l Rey, 9961 b). Tt wer considered
itkely, theratore, that the meintsnance of norsmal
consentrations ' {edine conteining compounds in most
periyhoral tisscen resuited from ihe siteretion inlucod by
DEP in the normal pamtidion of thyroid hormons betwesn plsmme
and tissves in Tavour of ¢he latter.

Theet findinga indfcated that foiiowing NP treatment ¢he
cireulating Shyrold hormone ne jonger refleots the tissue levels.
If $he siraulating thyrcid hormene is alone considered to Lie
the veguiaior of the thyroid-pituitary axis, the altuetion
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would be one of appsrent disruptien of the thyreif-pituitary
sorve mechaniem, The “scobars have interpreted ihe findings
of Goldberg and co-workers (1955, 1957) tc mesn thai ihere wes
no increass in TSHE relesse from the pitultary following DIP
sdninistretion to rate, They concluled {hat the behaviour of
$he pisuitary, in not increasing TEH output was batter
correlatel with some iatra-csllular psremetasr related 1o the
coneentration of thyrold hormeme in the tissves rather thes
the level of ¢ ireulatiang {hyroid hermeons,
However, this conclusion &= not velié simce evidancs of

a depression in TSH prelease foilowing DEP administraiion wae
obtained By Geldberg end his collesgues (1953, 1957).

T 4946 Denip snd Hesns first obesrved that salieylate
admintatroiion inoreasel oxygen congumpilon in man. This
finting has been eonfirmeé Both in man {Coohran, 19%2, 193%;
Hetgel et al, 1959) ant in experimental enimalas (Meade, 1954
Reid, 1957}, OUxygen consumpiion was alse inorsssed in tissces
removed from saiieylote treated snimsis (Brody, 1956) and
oxidative phosphoryiation cneospled in imclated mitechondriel
preparatione { Saith ead Jefivey, ¢956; Oharneok, et al §962) .

Recauge of these similarities o DBP @nd She fact that
the toxisity of ONF precluded a thorough study of ite sffect
in man, Ausien o% al (4358) studied the effest of salioylate
on thyroid funetior in man,

Following ehronis sslicylate therapy %o nermal humsa
gubjects oxygen consumption was inoreesed and the serum FBI
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was significently depressed.

Ko change in the peripheral utilisgstion of thyroid
hormone during saligylate treaiment was cheerved. The half-
iife of redlothyroxine Toll during salioyliate i{resiment and
peturned to normal after withdrawsl of the druc. Ag a
consequence, the turnover rate rose., 3ince the PBI
econcentration feil, the extrathyroidal organie iedine pool
(EOI pool) was reduged. The degradstion rate being the
product of the smalier EOI pool end the faster turnover rate,
was foundé to bhe the same during sslioylate sdministration aa
dering the contrcl period. Inereassd peripheral utilisstion
could not therefore be inveked sp en explanation ¢o ssoount
for the fall in FBI,

The majer portion of thyrcxine 1g normally bouné in the
plasms 0 @pecific thyroxine binding émtum (Robbins and
Rall, 1957). A decrease in the smount of these proteins, s
change in the association constant for thyroxine, or
competition by salloyiate for dinding Mtnl would reéuge the
quantity of thyroxine bound and poseidly change thyroxine
metabolien,

However, there was no demonstmmble effeot of szilcylate
on the soncentration of thyroxine binding sites usiag the
reverse flow parer sleetrophoretic method of Robdins (19%6)
in veronal buffer,

It wae conoluded therefore that s chsnge in the binding
of thyroxine to the specifie thyrozine-binding proteins wes
not the explsnstion for the increased fmactional rate of
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éisappearance of thyrexine profusel by salicylate.

Teoressed production of thyroid hormons wee indicated by
the reduced thyroidsl upiske of redioiofide (11%) guptns
ssiieylate trestment. Increesed rensl eleerance of 1'>' could
produce en apparent depression of thyreilal i upteke but
renal elearence was shown t0 be unchanged by salioyiate.
Thyrold clesrance of I > was alec reduced by salioyiate.
Redustion ia uptake and oiesracce of A eouid ®esuit from
either inhibition of the thyroidsl foéide concentreting
mechanisn or interference with the uiilizetion of iodide for
hormone eynthesis. liowever, there was no effect of ssifeyiste
oo the ability of the »at ikyroid to sonsentrate lodids, it
high levele of salfoyiate there was no interference with the
organifisation of iodide by et ithyreid slices. I¢ was
concluded therefore that there was a¢ direct effeet of
salicyiste on the thyroid gland dut that the setion of selfoylate
in dspressing thyrefd fusetion resulted from deepessed TSH
stimuiation «f the ihyrold,

Wolff and Augten (1958) doesrided a significant slowing,
by ssifoylate, of the secrotion rete of hormone from “he
thyroid in normal subjeets. Reduvotion in uptake beesme obvious
36 hours after commencing the salioylete treatment.,

This fnhivition of secretiion rate was reedily overcome
by sxogenous TiH sdministmation during sslieylate trestmeat,
Koreover, the ecceleration ¢f I'7 volease by exogencus Tom
wes not prevented by salicyleste. If the TN available to the
thyrold wae diminighed by salisylate, this drug woulé Ye
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oxpeated to interfere with goltre formation im MU tpeated
rets. Tt was shown that although sslicylate cauged a
reduction in gofitre formstion in PTU Sreated rets, goitre
pravention was not complete and Cherefore the sappression of
TSH was only pertiel.

& comparieon of the affeot of releass of 1! fron the
rat thyrolé dy seileyiate with some of its congeners was wale
in an attempi €6 wtudy the mechenism of inhivition. dentiais
#eid (2,%-dihyéroxybensolc seid), c-resoreylic seid { 2,50
dikydvoxyvenszoic acid)! and y-pesoroylie soid (2,8=21hyd oxy~
benzofo sc1d) depreastd the relesse of thyroidel 7'7'., The
Athydroxytenszoic 80138 were lens sotive on s weipht basis
than selleriaste sz G100 levele were 44ffiault to maintain.
Nets~ end pere~hyiroxy bengoates caused no ohange in pelesse
rate. The chelation preperties of the orthophenolic beasote
seids could not be favoked as en expisnstion beonuse 515
dibydroxybensoic seid (a-resoreylio moid) whieh laoke ke
ability to chelate slso causes inhibition of release.

Whereas DNP and salicylste inerease oxygen consumption
end uncousle cxidativs phosphcrylation neither a=y yeresoreylic
nor gentisic aciés exert these effecis. PYever production
oauses thyroid ishibition bat eould not scoount for the sotica
of sslieyliate, as body temperstore was not elevated by
salisylate. The possidility of adrensl medisticn was not
iixely s massive Qoses of eortisons, 50 mg. per day, are
required to depress the 1131 o14a0e rate.
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Welff and his co-workers @oncluded that the imhidition
of thyroid function esused by sslicyiete resulted from a
reduction in elirenimting TSH but the mechenism by which 7oH
was aifecied wam not rasoived. 4

In 4259 Chelistengen, using e disiysise technigue for the
determination of €ree thyroxine, demonstrated thet doth
salloylste and Z2,i-dinitrophencl when edded ig vitro %o $he
eérum cauvsed a signifiesnt {noresse in the amount of rafic-
sotive thyroxine passing through the Zlalysis membrene. The
inorease in the amount of radiothyroxine pacsing through the
nenbrane woulé Pesult from sn inoresse in free thyroxine.

{4 detniled Gigouesion of the fHisiysis techrnique of
Ohristengen gppesrs in Chepier IV),

Christensen considersd that the thyvoxine-releasing
effest of saliecylate end 2,k~dinitweplicnol was probebdly s
result of the bindiny of these druge to seme of the thyroxine
binding sitee of the piasme proteins, sithough the perticuler
thyroxine-dinding srotein affected couid not be determined by
this stuy, It was further postulated that the inereseed
iovel of free ihyroxine following the edministretiicn of these
¢rugs %o man end animsls might aceocunt Por their rapié
aslorigenic action, sithough & direct effect of these drugs
on the uncoupling of cxzidetive phosphorylation couid not be
éexeivded. It was ocontiuded that the imoresse in free
thyroxine would explein the inerssssé fvsetionsl rate of
disappearanas of injeoted radioc-thyrexine and the fall in PRY
following salicylate administretion.



»B.

As was mentioned earlier Austen end co-workers {958}
demonstrated that saifcyisie A1d not affect the binding of
thyroxine to the sorur proteins when exsmined dy paper
elestrophoresis in veronsl huffer,

However Ingbar (1560 ) uaing paper electrophorssie in
trimmaleate duffer demonstreied s seleciive effect by
salieylate, whon added te the buffer, of displecement of
thyroxine frem the thyroxime=-binding preslbumin frsetion.
(The phyeiologies) velie of the thyroxine-diniing proteins i
reviewed in Chepter 1V), This finding confirmsd the in viice
evidenoe of Christensen of a thyroxine relessing effest of
salioyliate. ,

It may be guestioned whether the effect of salieyiats on
TSHE ontput {¢ a direct one, or secondary %o the peripheral
effeots of the drugs It iw possible thet the inhidbition eof
pituitapy T8H pelesss ropuita from 2 direol pharmasclogioal
vlockaée aof the giand, iltematively, the central effect of
selicylate may result indirectly from the inorsased peripheral
metabolism indoced by the drog, medisted via ihe hypothalamus
es was suggested for DNP by Raiehlin (1960). .

The third possibility 1s thel the Ap vitre effeet of
saifcylate in displacing thyrozine into the free state may
alec ceeur ig yive following ihe aednfnistration of the drug.
& phkysicicgieal role of free thyrexine rather then the bosnd
or total thyroxine hap been postulieied By Rebbins end Rell
{1960)., It is posesibie that free thyroxine rether then the
bound thyroxine is the comtrolling festor in t¢he feedback
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regulation of the pitzitary-thyroid exis. I this were the
osss, an eioveted free thyroxine level following the
sfministreiion of ssiicyiate would te expected to inhibit
the releass of TSH rrem the pituitery. '

in summary, sslieylete cmiuses s fell im pleasms FHT level
in man. This fall hes hLeen shown to have & peripheral ané o
esntral component, The mechenies eoting to profuce thess
component effests is not understood, Lzt may be related to 8
direct aotion of saifeylate on the pitaitery, to the metadelie
stimleting property of the drug, or t¢ = dispiacement of
thyroid hormone into the free state from the specifie
thyroxine-binding proteins.

Studies have therefore been carried out on hoth the
peripharal end central components of the effect of salicylate
on thyreid funetien. |

"hese investigailons have besn msde in experiments using
rate and whersver poesibleo in expariment; on humen subjests in
sn attempt to gein further understending of the mechanism of
astion of salieylate, The resulte of these studies are
presented in the following chuéhn of this thesis.
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THE EFRPSOT OPF SALICYLATE AND @m;gayg RELATZED
RRUGSH OF TUE PLASKA PROTRIN BOURD ICDIEE

PARY 1 The Effes’ of Balioylate aid Kelated

Upuge on the Flassa PBT in Rels.

1. Stulies iz normal rats,

2. Stoufiles (B thyroiiestemiged rats
mainizined on thyroxine.

PART 11} Conelusions.
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INTRODUOTION

As 8 congequence of the report of Austen and co-wérkers
(4958) ¢hat the edminietretion of seifoviste te normsl humen
subjeots produced a depression im thyroid function, s
syetematic invesiigation of the efTeat of salicylate on
the plasma FBI wee carried out in man in verious states
of thyroid function. "These resuits have been publi shed
(Hetuel et 8l, 1962),

Balicylste was sdministersd in e dosege of € g. fnily
for four dsys as the oaloiom asetyi salt, Iz a group of six
- norsal subjeats salieylate produced s depression in plasms
PRI from a mean level of 6.0 ug, T por 900 wl. (ug. I%) %o
boS mze IT after four days. Howsver, the fail reached
statistionl signifiesnce (P <.001) after ? Says. 'The mesn
level of plemme ssiicylaie was 2% mg. por 400 ml. (mg, <) on
the fourth day.

Salieyiate was aleo given in the seme Gosage, to a greup
of six suhjeots maintained on dszicoated thyroid extract in
whom myxoedema had developed following thyroldectomy., There
was & fall {a plasma PBI 4n this group from s mean of 5.5 te
5.1 uge IX aftor Pour days. The fall reached sististieal
signifiosnce on the third day (P< 0,05}, The mean level of
rlasms sslioyiate on the fourth day was 24 mg, %). Comparison
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of the PBI values observed in the norma! group and the
group mainteined on dssioccated thyroié revesled a significant
diffeorence after two days (P <0.05),

The depression in pissme 73] is the normal grevp was
significantly greater than that cbeerved in the grown
meintained an desiecated ihyroid, However, the sensistent
£all produced by salioylate in the subjeots in the ilatter
group indiected the ¢pevation of peripheral facters, that ls,
sffects ok periphersl meisbolism or distribution of thyreid
hormone, ceausing the fsll in pisems PEI, Int¢ial plasms
levels of PBI were similsr in doth {he normel grouwp snd
the group meintained on dasiceated thyrsid. The thyvoxine
turnover rate would have retumed %o nopmsi in the maintained
group in view of the leagth of time replacemsnt therepy had
besn given (Ingdbar, 1960a). Nense the greater £sll in plawms
PBI obeerved in the normal group vould not be expected to
result from 4ifferences in turmover rate.

It woulé sppear therefore that the 4ifference detwesn
the peveantage fell in PBI ia the two growns (24% in he
normel group compered to 4% ia the maintained group) resulted
from s depression of thyroid seeretion in the noPmesl group.
Taken in conjunction with the abeence of any direct effect en
hormone synthesis (Auszien et el, 1958), thie Aifference
indicated that eslieyiets profuced o decpresss o THY owlput
in the normel grour. It was conolufed therciore, thai
salicylate exerts bVoth & ewntral effect {2y inhibiting the
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pituitary rvelesse of TH{) and a peripheral effect in
yrodusing ¢he depression in plasma PBY {n man,

I asothar siudy, the sffect of selisylata on the
plassa P8I of thyroidoctonised rats meintained on thyrexine
wag deiarmined {(0ooad, Wetsel and Opit, 1960). It wes
demonstveted that sslicyiste 8 & toisl donege of 0 mg./
100 g. body weight/0sy caused e fell tn the plseme PRI from
s mean level of 3.0 ugs IS hefore treatment %o 4.bh ug. I¥
after 24 hours, to 1.{ pg. 1% after L8 Rours and to 0.9 ug.
1% aftor 72 hours. .

*hese Tindings indieated & greater peripheral effect
of sslicylete in ¢he yat, tham that csesrrine in previosely
hypothyroid human subjeotes meintained on desiccated ihyroid
extract.

It was decided thevsfore 0 Gayry oul en iavestigation
of the effset of salicyiste sad reisted druges on rlamms 7BY
in the rFat & 8 first step in more detalicd studies of the
mechanioma invelved in the depreassion of thyroeid fonotion,
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¥ule black snd white rate from the Univergity colony

ware uaed in these experimentn. They were fef on b diet of
comaersiel rat cubes gd libitus end weighed daily, The
animal s were of ¢ he seme age end approximetely 35¢ g. fa
wolght. They were numbered ard divided into groups by rendom
soleation, Prior ¢o trvestment spproxiwmetely L.0 ml, of bloeod
wag @9llected by cardise puncture froz eseh rat while under
light ather anaesthesis. ¢ period of seven Zayes wes allowed
for ihe senimals to racorer from the effests of the inftiad
blond asimpling before the troaiments were fnitisted,

The treaiments wery néminisiercd Dy gestric gavage twice
8eily., Sodium ssifeyiste wes aéministered in n dosege of
30 mp/100 g. body welght per day.

‘s & eontrol for the sodium jon and t he experimental
manipulation, aciium lectete was sdminisiered { 2L mg/100 g.
boly welght/day] to give ¢he same sodium $en coneentretion as
thet iz the dose of eodlum melioylate. Sodiem pehydroxy-
bengoate, the para~isomer of sodium salicyiste, wes administered
to another grov; as & contrel for the sali¢ylate ion in o
dossge of X mg/100 . bedy welght/Qey.
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L fourth group was trested with sodium v-pesoroylate
(wodtom 2,€ dihydroxy teasonts) in » similar dossge (% wvg/
100 g. body weight/day}. voiff ané Austen (19%8) had shown
thet Ghyroidal secreiion rate was decresped following
sudoutansous sdministration of y-resoreylate to rata, It was
decided, therefore, to examine the possible effect of this
drug on the plasama ¥BY.

*he drugs were given For 48 hours (3 doees). Pour hours
after the lzstdose the rats were sgairn anazsthetisged and dlood
samplez cbtained by cardiae uonoture. Biood was oolleated in
heparinized fodine-free¢ syringes, irsngferred <o iodins-Tree
tubez snd 2eatrifuged (o separate the plagme, 7The plamse
ssiples wers stored in the fromen state at -20°C uatil required.

Haemaiogrit determinations woere cerried ocul om the bloeod
eamples BOLh before and after treatment wsaing & micro-method
(Hioks 9963},

Saliexiste and y-regorgylsie estimstions were mede uaing
the method of Trinder (1954)., The method é14 noi give &
coloor seastion with p-hyrdroxybensests, &tandard curves were
preparel with esch dateh of detemminationa and were shown io
be highly reprodueible.

The 3erm "protein bound iodine™ (PEI} has been defined us
"that frsction of ths blood f1edine whieh 1s non-dialyssdle and
preoipitadle with the serum or piasma proteins”. (Treverrow,
1939). In the normsl human subject sprroximetely 85 to 90%
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6f the serum PEI consists of l-thyroxine, the remainder
belng 3,5,3"' tritofothyronine and smell goantities of monoe
and 4i-iodotyresines (Pitt-Bivers and Tots, 19%59). Siaflar
findings have been reported for the ret (Pitt-Tivers and
Kall, 1961).

Plasme PEI may be estimated by ¢wo methods, Both of whieh
vtilize the same celorimetric resction for the eotimation of
loéine. Besaves of the minvie quaatity of jodine in normal
plagss (B0 €6 8,0 ug. I per 00 ml.) uee 1s Eade of the
nisro~method of Sendeil sud Kolthef? (193} for the estimeiion
of 1odine. %hig method is based on the astalysis by microgrem
guantities of lodine, of ihe relusileon of ¢erie fona o cerous
fons by arsonite, the rate of reduction being followel by the
rate of decolopipation ¢f the ysllow serie ssli.

PEI methods 4iffer in the menner in whi¢h the hormonal
iodine 1s converted to the inerganic state for zubsequent
estimation. The first method, developad by Chensy, (15L4O) wes
s £0atilistion (eahnigue which depended upon the sold digestion
of the precipitated protein, followed by distilietion into
osustio sode of the clemental fodine relessed, This technique
ig &irfieult becsuse of the teehnioal predliems invelved fn
controlling the éistillation to prevent the loss of fodiae.

Yor this reason sn slikaline ineinerstion m:ihod was
developed by Salter end Hekey (19uh) in whieh the preteins
precipitatel with triohlorescetic seid (7CA) were mized with
strong elkelii, dried, znd ashed in & mufile furnsce to convert

the organie 1odine into the incrganic state, Tubseguently
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Barkey, Huphrey and Soley (1951} subetituted the Somsgyi
(1930) sinc Wydroxide method instesd of POA for proeipitation
of the proteins. Iecauss of controversy over ihe afficioney
of sertain stéeps in the teghnigue, “oland (41987 made a
comprehenaive frnvestigation of the anglyais,

toland Eemonetrated ihet %he results cbtsined using TCA
presipltation =ere erratic unfer all coniitions of inclueraticn
time aud tempersture, NHowever, sine hydroxile preeipitation
ani imeinerstion for 3} hours st 6007C pevesaled nc significent
fifference detveoen hetahzg of determinstions.

Then added sodium-l-thyroxine was precipiteted with the
sorum proteine caing zine hylipoxide, the recovery of fodisze
in & series of 5 experiments was 92.9% (83,1 %o 96.67). Thege
regultn compared moras then fsvoursily with those of other
workers using either the acid-Aletilletion or sikaline-
incineration methods.

b eritios] sxemination of iolan?'y procelure hos bdeoen
mede 85 1% seemed hest gulted for the determination of pilamm
¥BI,.

A pool of normal plamme was cbtained 2nd i every dateh
of analyses ecarrieé cut, duplicaie zimples of this poel were
saslyeed, This previded sn intercal chesk For conitsminstion
or loos of jofine. O%tatisileal znalysis of & series of 24
dupijeate pool plasma sampler revesied s atanfapd error of
the mean of two durlientes of H.,92 ug. 17,

Yegovery of if8ed Thyroxine:

Sodium-iethyroxine was sdéeé at levels respectively of
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2.5, § and 10 ug. I% por 1.0 ml, plasme and incubated st
27°0 for 2 hours before precipitetion of the proteins.

in » sorice of experiments mede over & perioé of eix
mofiths, 22 additions ¢l 4hyroxine wére mnfde ¢oc wamplies of the
same plasne in 40 betohes of B determinations. The mesn
thyroxine resovery was

047 with a range of 1,87 2o 95,87,

Recovery of /dded Hadloeetive Thyroxine:

3 ul of 117 .1abel10¢ thyroxine (Abbotts: spprox. 200
mierocuries/nl.; was added S¢ 8.0 wl, of normel humen pissma
and ingubeied at W% for 2 hours. 4.0 mi, aliquots af $his
serunm were messured into couniing tubes und 2,2 ml. water
added end atirred. The priloactivity in ceoh sample wae
messured in & weil-type scintillstior eounter (Keke Type ¥%97),
A11 mamples (exeept one which wis kept 2s & reference standerd
for x”" decay rate! wore precipiteted and sliowed te stend
for ¢ hour {esm:les t, 2 and 3) er three hoors ( samples % and
6)e The supernetents were decanted, thm precipitete made wp
teo % mil. with water {to stendsrdisze on the geometry for
gounting), mixed, and counted. The protein yresipitaies were
washed three iimes by the usval procedure, made vp 4o % o,
mixed and sgein counted. The precipitetes were made alkeline,
dried snd amhed, The redionctivity cresent i the seheé
material was mespured, Finally afier sluiion, 3 mi, wliiguote
of the esivates were counted and the total rodiosstivity ia the
saxple was caloulated.

The resuite, shown in Tsble ¢, oexpressed as the percentage
of the total rafiosetiivity remaining, were caleulated by



TARCE 4

RECOVERY OF RADYOPHYROXINE AT VARIOUS STEPS IN
5% QPIMATION OF PROTEIN ROUND ICDINE

% Total Reftomotivity Zemaining in
Time of 4 ‘
sample gtmﬂ!nu Sample ifter
ollowing Initisl | Threz |Inciner- | Elution
Precipltation | & o ontpe | Z“ashes|ation
itation
1 4 houpe 97“ 960& 9006 94,2
2 1 houp 57 L 98,2 84¢.1 89,6
] 1 hour 373 8.2 94.7 9.4
N % hours 9€. 4L 96,7 | 89.6 a8.4
) 3 hours 96,7 98,7 | 90,0 89.14
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comparing the count rete of the sampie with that of the
standaré counted a% the same time,

4 moen valus of 97.0% of the 7' uiavelles thyroxine
waa recoversd following the initial preeipitation, As the
radiothyroxine was one week 0ld when used, there was & gmsll
percentage of lodtde 1797 pogeant Gue to Getedtnstion of the
thyrozine. There was no ehange from this resovery afier
thres waghes.

90.2% of ihe sddes I'Huinyroxine was recovered rolloming
the ineinereiion of the sammies, sand no significsnt lecs
ossurred during zlutien. Thus, sssuming that z11 the pi3
iabellsd thyroxine present in the samyles was precipitated,
the zzen percentage reocovery after nll steps of the
detemmination would bs 52,78, ‘This value is in gool
agreement with the recoveries using stadble thyroxine.

There was B¢ apparsnt difference in the resulite due to
the time of standing I'slloring the f{nitis]l precipitetion of
the plssme proieins. These resuits indioate thet a fezree of
asonreoy was obiained with the method comparable wiih that
schieved by Aclend (1957),

Zesulie

Effeot on Hoematoorit

The values are shown ia Table 2. The mesa hasmatoorit
vaive For the pretreatmont blood samples wa: Li%. Zfter
ireatment (10 deys later) the mean haematoorit was 407,
There was no significant change in any of the groups
following tresiment,



JABLE 2

EFFECT OF EYPERTNENTAL PROCEBURR ON MAWM ATOCRIT
IE FOWIAL FaTS

Pt ' Reematoorit s
Da Prestment fefore | 10 days | comoared ic
Treatment Followizg | Control
?rantmgnt Vhluq
24 |Seflem leotate L2 L4
o8 |2 wg./10C g/ LG Lo
7 |sey 38 33
8 i3 h6
10 | 59 40
= — . | _ .
gean » &41 | t#(% u- &e »
2 | 4ofium p-hydroxy L2 A
6 |benzoste 52 44
1% 30 ngo/1°° Kt/ LO 35
14 |day L3 Lo
18 L
Oroup 5
Hean L4 i1e] .8,
L Bodiuom adltcylatﬁ 5 25
8 |0 mg,/100 8./ 19 3
20 |(day Ly 49
16 L2 39
17 38 b2
@N“R W, 8
¥ean Lo §$ He 8,
19 | sodtium h2 1
22 |yeresorcylste hi h2
3 go miz, /100 2./ k4 L4
S ay 46 43
17 40 41 _ |
Group L3 L2 B
Yean w—
Yesn 44 Lo
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Effeet on Plagma PBI

The results are given in Table 3. There was no
signiricent offect of sodium lseiste or sodium pehyidrexy-
bensoats on the plesms PRI 4o the normal rets in this
experimeat.

A depression in plaams 7Bl wae obésined following sodium
salioyiste. The PHEI level fell %0 1.3 pg. 1% from a pre-
treatment levei af L0 ug. 1%, This Dall wes signifisant
(P<0O1}s There was a slight fall in plesms PBI following
sodium ywprezorcylate from a mean ievel of 3.2 ug. I% Dafore
trestment to 2.8 ug. I% after 52 hours treatment. Howewer,
thie f2ll wea not aignifiesnt. The mean pleasme level of
yerosoraylate was only 5.3 ng.S compareé 0 a mean plasme
lovel of L4.7 mg.¥ Tollowing salieylate,

Effect on Body Velght

Thers was no Jeoreses 1 body weight foliowing trestment
with either lactate, p-hyiroxybensoste or y-vesoreylete. The
body weight decreased Dy a mean of 5 g, in the animel s tpeated
with sslieyiste {Tadle 3).

Riseuasion

The signifieant depression in plamms P'EI produced By
sod fum salloyiste in nommal rats in this experiment coafirms
the similar Finding cbiained {n previcus studies uaing
thyroidectomized rats mainteined on thyroxine (Good et al,
1960) .,

4e there was no olgnificent change in plasms FBI

following sodium laetate and zodium p-hydroxybenzonte it is



iag PRI ug.l "e ?‘* % Wetght () :
k0. t=fore [Treated dec- |Befors| "rested ?“?L
Treatment Trest- (52 hrs, resst Treat-|52 hrs. “%
ment in ment Wg. »
e PRY
2k |Sodtum 3.5 3.7 364 366
7 2h np, 3%3 3.7 335 586
g 100 g, 3.2 %5 292 292
10 |desy 3.0 2.8 280 | 284
lean 5 19 3.6 |N.83. 250 362
2 sodium Lie? La.7 Lén L6é
6 |[pe=hyivoxy| 5.8 %9 440 1oL
7l 4 | 2 2 |
mee . .
18 100 g./Cey 2 g 5.7 232 236
Yean %O lsof |H.S, 332 382
19 | cSodium 34 2.7 oo | 0o 2
22 |yeresor- | 1,3 2.3 420 4 6.8
3 eylate B9 ho2 Bo b} 5.0
9 m uzn/ 3; 205 2” 2” 33«8
1 | 100 g /Eny 2.2 2.5 270 | 274 oS
Yean ‘ T2 2.8 ﬁTc- 8. | 129 b 335 % 23
b Sodiom 4.0 1.3 ﬁ?s ?3‘7 49.2
5 |sslioylete &,7 1.0 Lot L9 54.0
20 |30 ws./ Iy o4 0.7 406 Lol 4%,.0
46 |100 g/ x4 1.6 276 270 uc.c
Yesn 1500 1.3 <03 o014 _ (Y.} 53 3&8 LH-h?
X,

- compared to control data by "t test,
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coneleded that the sodium ion conceniration and the
experinantal manipulation were without effest on the results.

The light depreusion ie plamma PRI ppdluced by sodion
ve-regoreylate wvas not aignificant. However, the level of
y-regoroyiate in the pleasma wes low when compared with that
following sslicylate. Volff snd Austen (1958) have referred
2 the diffievity in meinteinicg s1evated 2100l levels of the
dihydroxy bengoie a0idn, It wag decided, therefore, %o
examine the effett «f & higher doee of yerestrayiste in an
attempt Yo indues a higher concentraeiion of the drug in the
piasma, BSuoh sn inoreanse in plasme level might cause a
sigaificent dcpression iz <the plasme PET,

Stnee thore wis ne significant &ifference in hasmetoarit
between the initisl dlcod semples and those obtained after
treatuent it g coneluded thet the oseven day recovery perioéd
was sfegquate for ithe restorstion of the hiood somposgition to
the protreatwent state, This procedure heas heen followed in
8il sudbsequent experimentas.

The loss in body weight following salicylate is
consisient with the inoreased wmatabolie rate and unconpling
of oxidative phosphoryintion profucted by this drug.

EZxperiment 2

Using the ssme experimentsl nrosedure as desoridbed in
Experinent 1, the offecty of sodium yereporeyiste at a higher
2ose level and aiso 7,h-dinitrophencl wirs cesessed in norsal
Pate, Sofium lastiate was sgain ured e the contral for the
experimeniasl procedore.



L8,

2,u~éinitrophencl vas sdministered in e dosage of
2.5 mg 100 g. body weight/éey, a dose level whioch was shown
by Velff e% ai {1950) to depress the FBI lavel in rate
without causing severe toxieity.

The Sope level Of ssdium y-resorsylicte was inereased
thres=fold from the previcvs experisent, 90 mg/i00 g. bedy
weighi/day bdeing siminigtered in two divided doses.

Sesulita

The resulis are show: ian Table i.

4 depreseion in "B was observed following y-resoroylste
ot a dose level of 90 mg/10G g. body weight/¢ey., The Bl was
depreaned Trom L.2 t0 4.6 pg. I% which was highly significant
(P< 01}, ‘The wesn plagms level of y-pesoreylate wae
22.2 Bg.5. There zas eiso a fall in PEI from san initial level
of 3.8 ug. I% to 1.6 pg. 1% following irestment with
2, k~6initrephencl. This decrease was signifiesnt (F<0.01),
in thie ecxperiment there was & depression in the P3I level
following sodiom lactate, This fall wes siguificant at the
54 Level,

Diggussion

The finding of s signifiosnt fepression in the level of
Bl in rats following 2,L-diaitrephencl in this expsriment
confirms the siwiler findinge of others (Wolff et al, 9950;
fecobar del ley sné Yorreale de Esoodar, 1958).

It was demonstreied by Welff mné Augten (4958} Shat the
release rete of 1137 from the thyroid wes depressed when »
meximum biood level of 18 mg.” ve-resorcylate was ettained,



EFFECT OF y=RESORCYLATE AND 2.4 DINITROPHENOL ON

PLASHA PBI TH NORMAL BATS

%at PEL gme I % ,;' Fetght (g.)
¥e T . Frented |  Lo8ma
. Refore| Treat ¥ dece |3efore|Treated
Treatment Trest-|32 ngﬂ rease (Treat- |82 wrs. ;:vc%
ment in mant e §
() §
4 [Sodium L8 %ed 322 514
5 |lactate 3.5 3.5 267 274
7 |24 mg,/ 2,0 3.0 g 298
g 1100 x»g.f 305 301 ?60 254
19 |day 3.6 2.9 2% 237
ean 3,9 3.0 <0.0%| 44 276 275
1 |Sodium 4,8 1.5 25X 258 20,6
11 |voresor- | L.,2 1.5 20 318 23,8
12 [eylate L.2 1.7 204 217 24 .5
16 90 ‘?0/ ht} 1.4 29 349 25.%5
48 400 ﬂo/ ’936 4 o7 L0 25% i7.0
day
3 |2«l Ainde| k.7 1.8 M2 C
5 |trophenol | L.4 4.9 32 M7
3 (2.5 mEe/ | Lo 1.0 %09 02
13 (400 2./ 5.; 1.7 280 270
17 |Gey 2. 1.6 260 263
Yean 3.8 1.5 <0.,04| 88 796 292
&,

- compared to contrel day by "t" test,
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The finding of a highly signifioant depression of the
eireuiating PBI at a bdlood leval of 22.2 mg.” is similer ie
that cdtained fsllowing seileylate., Thig finding indiastes
that at elevated iond levels both drugs heve & similer sation
on thyroid function im both deoressing the I'Y' salease rate
from the thyroid, saé depressing the sirsulating thyreid
hormons. Unlike salicylste, y-rzsoreyiate Coes not sroduee
inoreasdd oxygen consumption in pets {Xeade 1954) nor wndouple
oxidative phosphoryistion in isolated wmitechondrisl
preparstions {Psoker, 19%8; Opit, 1964}, Thls finfing of &
dissocistion of metadbelic aotivity fraex the effest on thyreid
function of these drugs has been studled Turther,

Previous stofles had revesled thet eslieylste depreceed
the plame FBI in thyroldectomised thyrozine-meintained rets
after 48 hours' trestment with sslieylate (Good et a1, 1960),
Cwing ¢ the éimvuption of the thyrofd-pituitary system in
these animale, the effeot of sslioyleie on "B wus dee
entirely to its porizhorel setion. &imilar Pindiags have
been documented for Z2,i=dinitrophenel (Egsohar del Zey and
Horreale d¢ Epoohar, 1958). Yt was decifed therefore to
compare the effects of suiioylete =nd weleted éruge on PMY
in thyroxine-maintained thyroidectomiged ratae.
Enterials end Fethodg

Young mele rate of the same age snd weighing spproximately
175 5. wore surgienily thyroidectomized under ether ansesthesin,
Heplucement therapy with sodfsm-l-thyrosine (2.0 up. 100 g.
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body weight/¢sy; was started on the foilowing day. There wes
& coneistent loes in bedy weight following surgery, but this
ioss was siowly regained over the asuecesding ten fays. Three
weeks clfier thyroidestomy dlocd samplies were collected Dy
cardiae puncture. Beven doys later ihe tresimente were
commenged. The drugs ware sdministered by gastric gavege.

Sodiem p-hydpoxybengonte, sodium salicylate snd solium
y=resoroylate were administered ot I mg. /105 g./dsy ia two
eguel doses. OSodlum yeprssoreylate wes alise sdminigtered to
another grous st the higher dose rate used previcusly
{Bxperiment 2] 90 wg./{00 g. body weizht/day fn two equal
dosss. 2,L-dinitraphencl was given ot the rate of 2.5 mg./
400 g./day in the seme menner,

The mesintensnce dosepe of thyroxine wes injected at the
same time eaoh wovrning. In order to pracerve the snme
eirouiating hormone Zevel, “he seme { ime intorval Between
thyroxine siministraifion aisé removal of Blood ssmples won
maintained on both ceemgions, defore and followiag trsatsent,

Pogt mortem examinationa were darried out %o apsess the
sfteciivensss of thyroldectomy and the possibiliily of thyreid
rezoneration., Plasms FBI and mlilsyiate determinstions were
carried o0t by the desaribed procednrves.

Reavits

THese are given in Tadble 3.

The mesn pre~trestment il valve for all rets wae
7+2 ugs I%. Thie value wes muoh highar then the value
fecad for normsl rats which was spproximstely 3.5 ug. I4.
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Nevertheless, falls ia plasms PBI of the pseme order occerved
following selfcyleie mnéd yepsgorsylate { ét the higher donme
level of 90 my./900 g. body welight/day) whieh were both
signifiosnt (< 0.02),

Thers wes no signiricant cheage in plasss PRI followlag
p~hydroxybengoate or y-regsrsyinte (8l the lover fcae level
of 3 #z./100 2. body weight/fay). The mean bloed lavels of
yeresorcylate verc only 5.7 ag.% following the smailer dose
whereas 16.9 ms.X was sohieved when 90 mg./8ay ware given.
There waa 8 significent fall s P¥I (P< G.05) when the pate
vers trested with 2,h-8initrophencl. Becsnse amall numbers
of animals were used in eseh group, the levels of signifiesnse
were not sa high &s achieved in previcus sxperiments.

Diseussion

Although these snimals were maintained with thyrexine
at & higher han normal PRI level, the reeults indlcate a
similar depression of PRI fellewing esl joylate,
2,4~ 1nitrophencl and slee y-resorcylete when the dlood
levels spprosched 20 mg.i. Fost morten examination rsvealed
that there was no thyreidsl regenersiion or residenl thyrofd
tissue following ithyvolfeciomy, henoe the depression in
plamms PBY in these animals reprosents the periphersl eoffeot
of the druge on thyroxine metabolign,



EFFECT OF SALICYLATY

TABLE §

AND RELATED HRUOS ON PLASMA PRI

IN TEYROID SCTOMIZED THYROXINEYATHTAINED RATS

et FBI uee T 1 g welght (g,) pm-n[
Y0, Before|Trested »%* |aco. |Before|Treated Level
Tpeatment |[Trest-|%52 hrs, reage (Trest=|52 hre, mg, %
ment in ment
_ PBL . |
14 | fodium 8ol 7.9 165 197
21 |p-hyéroxy | 7.2 | 8,2 200 | 202
1% | benzoate 5 o5 7.8 202 218
"?Mgo/100go
any : :
¥éan 7.0 | 8.0 [5.S. 196 | 206 |
2 |sedtum | 8.2 | 2.8 249 | 207 |29.0
16 | saltoylate | L.9 1.3 - 268 | 262 28,
i | 0mg./1008.] 7.9 2,3 148 | 458 28,0
/oay
Yean 7.0 2% <Q.02 70 215 2n9 28.5
25 | sodium 7¢3 | 644 | 20% | 199 6.0
7 | y=r2eorsy= | 1,8 5.7 167 182 £,0
1% [late 6.8 7.0 488 419k &0
Wmg. /1008,
/aay | |
Hean 6.2 {M‘J K.8. » 186 492 5.7
8 |Bodium 8,2 L 15) ‘36‘6 159 1he3
il |y=-remoroy- | .8 %40 200 199 19.6
g |late D5 %3 180 176 16.8
90“80/‘0030
/faay . , o
Yean o2 5.3 |<0.02] 60 | 184 178 16,9
10 | 2=l ddnte | 7.5 | 45 177 | 488 |
26 | troghenol 7.2 3.6 204 208
42 12,9 mz o . T 1498 1$9
100 ./day
Mean 7.7 3.8  <0.08 =4 192 197
%p - compared to control day by "t" test.,



52.

FART 11

QONGLUSIONS

The Ademonstration of 8 simnificent gepression in plagms
pE] ia normal rets following ipestment with woth Zpb=
ainitrcphenol and eelloyleie gonfirmg the gimiiep Tindings
peported in MER {cawior 8nd Reieravliosy 19563 susten ot al,
q988; Hetsel ot 81, 1962). sowever, the gagnitude of this
gepression was grester if rate than in man. 1B normsl Pate
¢he poraentage deoresse 4p plages PEI from sna pre-tpestment
value ¥BE 68% {Tasie 3)» whereas in pormal %:;m”mw“tn this
sag only 247 (netee) ot 8lg 1962}, The depresaion of pay (70¥)
in mmwm»xm. %me%—%imnimd rats follovwing
gal ioylistie wos of the pame order 88 in normgl TS {Good et a1,
4960) . Altheugh the pHEI wslue for the pretreatment gamples
from ihe tnmm@mmmumm “aw@mw%mtwﬁ pat experiment,
gdesoribsd in thia ehepier, wae mmiﬁl‘%ﬁlﬁ‘ ¢wice the pnorasl
jevel, the peraentage deorenss following selieylate wae agein
ghown to be 70% (Teble 5).

& the depression ot PHI %8 ‘tmammﬂmunc thyroxine-
meintained pate wos dué sntirely 0 8 ‘@scrmﬁnm soiion of
snl loylate, g¢ is spparent shat ihe sffect on PEI &m pornal
rats 18 ©ls0 sue largely to & goﬂpheﬂi affess of ¢he EPVE .
4 similar sonclusion is instesi ol foilowing ppoatment with
s,wlnittwhmol sad almo yoposoreviete st a dose lovel of
o0 mg./1008. boAY wsight/@sy. Famite slihough She pre=

¢pontment vaines for »py for the ﬁw%mtuﬁxaﬂ thyroxiae~
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maintained reats were twice the normal level, the fail
fellowing 2 he-dinitrophencl wes 587 which 1s similar to the
peracitege decrosse cocurring in normel wets (%04}, The
percentage fell following vyeresoreylate was 60% im doth
normsl end {hyroxine-meintained thyvoldeciomized reis.

Mihough seiicyiate has been shown %o exert a perFiphersl
effect ir depressing the plasma PRI, a central compouent
modiated via a suppression ¢f TSY peiease was also evident
from studies in man (Hetwel ot al, 9962}, In seoretics rate
studies In men Volff end Austen (1958) have demsnsirated a
depreseion of T3 pelesse following salfoylate sdministration.

However, in prets the peripheral effsct of salioyista,
yeresoreyiate and 2, L-dinitrophencl appears tc agccount almeost
satirely for the ection of the drugs in Aepreseing ihe plsgma
PEI. HNevertheless there is slss evilence from studiss on rets
that selleylate ané y-resoreylate fnhinit 75H pelease in this
cpecies sleo. In seeretion rate stulies Golff and Austen
(1958) demonsiratod that both salicylate and aleo y-resoresiate
at sdequate hlood ooncsniration ocmuse a slowing of releas? of
hormons frem the rat thyreid. Similer findinge were reported
for 2,4~-dinitrophencl, as well s histoiogical evidence of
depressed pituitary THN eynthesis (Goaldbarg et al, 1985),

I2 has Goen postalaied that the metsdolie stimalating
sotion of both selioylate mmd 2,k-éinitrephencl profuses the
Gepression ¢ THE releass from the pituitary, elther by &
gireet effeot on the hypothalomus or by a sceondary sfiect
meéiated viae chenges in the periphersl cellolsr metabolfmm.
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(Goldberg et al, 9957; Reiehlin, 91960). Thie poesidility
may now be questioned since similer changes in PBI by
y-pegoroyilate have heen demonstrated in thes: siuvdies.
Sodium =pesoreylate dves not produce inoressed oxygen
consumption fn rets (Eeade 1954} neor doea it unooupie
cxidetive phosphorylstion in fselatsd mitochondrisl
proparations (Paoker, 1958; Oplit, 196k). The effest of
this drug in depressing the eiroulsiing thyreid hormone
therefors sppears net 10 bo agsoeistod with metadolie
stimpleting pocperties.

Although the studiss with thewse drugs indicate a
depreasion of TSH output, they are however only indirset
asspucments of pituvitary TOH statuc. It wes therefore
resolved; prior ¢ & Turther examinstion of their mecheniem
of netion, to determine the effecis of these drugs on
céireviating T8H level b divoet Bloassay.

The results of these studies eppear in the sext chapter,
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CHAPTER III

INTRODUCTION

In previous studies from this lsboratory (Hctial et al,
1962), 1t was demonstrated that the depression in plasme PBEI
produced by saliocylste in normel human subjects comprieed bdoth
s centrel componeni, produced by a depresseion in the release
of TeH from the pituitary, anf a peripheral component, This
finding of = central component in the dopression in plssma "BI
aonfirmed the esrlier evidence, odisined from secretion rate
studies in wen, thet salioylate depressed the relesase of TiH
from the pltultary (¥olff and ‘usten, 1958},

Studies of the depression of plasms "AY in rate produced
by salioyleste, veresororlete and 2,L-~dinitrophenol, reporied
in Chepter 71, revealed that there was no difference in the
percentsge fall in either normal or thyrocidectomiged rate
meintained on thyroxine, indiceting oniy a periphersl action of
the drugs. WNevertheless, a slowing of the thyroidal sssretion
rate has been obmerved ipn rats following treasiment with
salicylate, v~resoroylete and 2,ii-dinitrephenol, These findings
suggested a depression of TSH relesse (Wolff ené Austen, 1958).

1t was decifed that confirmation of this svidence of &
Gepression of TIE pelesse from the piteitary following the
adminisiration of these druge should La sought by dirsot essay
of cireulating TSH in controlled experiments. Because the
'pm,oia strvoture of TSH has not been sharacterigped, bicmesay
methods mest be uped for the estimetion of this hormone,
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It 1is genérally agreed that 7S¢ stimwlstes two phases of
the metabolism of jodine by the thyroid glasd independentiiy,
Tn the first of these, the effeat of TOH in the release of
prafornnﬁ thyroid hormcne etored in the form of eolloeid i
1ma_&iuu 2o that, in s2all enimals, an elevation of the
thyroxine content of the dleod fa ervident within D winutes,
reachiing & waximum zfter sbout 3 hours.

In the second phase, the aotion of TiH in lacreasing the
tofide trapping sotivity of the thyrold is sudbjesi to a dlstinet
leg by comparison with its prompt agtion in accelersting the
rate of 4ischarge of the hormone, The ifrepping of 1o8ide in
the rat thyrolid 4s inoreased Dy 8 sitgle injestion of T8H,
with 2 latent pericd of about 6 hours resching s meximum
betweon 24 and L2 hours.

Dontinuous or repested stimulation by TsH resulta in e
progresaive dapletion of the cciloléd comtent of the gland whioh
1s evident on histelcgical exsminstion. Trolonged atimulastion
slso cpuses hypertrophy of the cells, suoh thet the normel flat-
celled epithelium sseumesn 2 cuboidsl or columnar confitien,
with wild stimulation the imeoresse 1m the pmes of ¢olla is
balsnced by the loes of coilotd vesulting {n & small met {ncreass
in the weight of the thyrsid, ‘Fewever, sirongsr stimulation
produces an inereasge in the number of cells by miteile Svison
ard the condined sffects of hyperpiasia and eellular hypertrophy

regvit in increased woight,
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The sensitivitieg of the carlier sastys of 77 were
expressed in Loyma of animal vnite. The Junkwmann-fohosllier
anlt (JEU wan defined in 4932 as "ihat ameunt o) thyrotrophin
extrect required %o produce definite signs of himiologteal
stimuletion in cone sot of Ywo guinea pige sfter three daily
fnjectione” {Junkmenn end “choeller, 1932}, ‘However, this
assesement of potency 1s highly subjleotivs, end varisiions
from labiirstory 0 lshoratory were inevitadle heeosume of
4 rferences in *ﬁeehnﬁéua end in the straing of snimels uveed.

The ITnterasiional Standasd for Thyroirephin was estadlished
in 4954 {Fussett and “erry, 1955). The Ynternsticnsl Tatt
{1.U,) im 135 mg. of the standerd eubstsnce snd was sn Gefined
te make it equipotent with the nited States "harmsconeie
{U,57.,) Unit which 4& 20 mg. of fhe Us® ""hyretrovin Reference
tubstence’, Both preparatiocne consiet of a wixture of one part
of ox anterior lobe extraot end 49 zarts of lactose.

Tn the following seetions the poteney of 794 in Bleod has
heen expressel in terme of Taternationsi milliuvnits {(Imd) per
2$11114tre.

Asoccording to Borth (1952} there are four such criteris -
precieion, peeifieity, sensitivity and socursey whieh are of
equal importance in assessing the value of & given asssy

procedure.
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Eresigion

The estimete of preeision of a chemicsl assay oen be
cbteined by carrying out multiple determinstions of the same
spedimen, rrecisicn is expressed as the stanfard fevistion of
repilcate determminstions., Tn hHiclioglicel essars the lakour
invelved in condueting resliioste Seterminations would de
eonaideravie so this method $e not practiesble,

One ¢f the most gonvenlient methods for bieoesssys 1s to
express the errors of the verious tests in terms of 2he index
of precision (A}, Thie 'tem was introdueed by Cadlum (1933
and iz an setimate of the siandend Seviatiocn of the infdividusl
effective doses. Tn biosessys daged on messured effeets ( suoh
ss those for T2H' the index is celeslated by dividing ihe.
standsré deviation (s) By the glope of the regression line of
response on the logarithm of the dore (b}, f.6. )\ = :g .

Loraine {1958) concluded that asseys im whiech the index
of precisgicn s £.2 or less, are very nrecise and sufitadle
for guentitative work, thet seshye with indices hotween 0.2
and 3,5 ere lees precise but may otill be vsef with ressonadble
confidence and thet indicee grester then 0,3 infloste mssaye
of lew preciclon unsuiteble for guantitative work,

ia bloessaye the term "greoificity” refers to the
Geterminetion of one phyelologieal sotivity to the exolusion
6f others. Yaevelly the epecifieity of the method depends sn
Sumulative evidence that the technique measures what it ig

supposeld to measure and ncthing else. One fmportant Ceet of



specificity &n bioassays 1a the paralleliiom of the dose
responee lives for ¢he siandaré material and equelly graded
foeen of the test material,
Senaitivity

This term may be defined na the minimem amount of a
gubstence whieh ean de detected by 8 partioculsr methed.
Asgurasy

The accuresy of a guentitative ohemissl method can be
gtudied by meane of "recovery cxperiments” in which the ssmple
is analysed before and alier the cdfition of & kanown amovnt of
the substanee undey investigation, FResults are expresced in
terms of the pereontage of the added compeound regovered.
Fowever, in hormone sassyve depending on diologleal methode
gueh recovery experiments are usvelly very leborious end
esnnot resdily be carried ocug.

Oaddue {(4953) previewed the varicus expsrimental deeigns
uged in bioassey methods end conclefed that the most relisdle
mothofds ars poesidbly those using either a Shree point or a

four point design.

T™his is the aimplest design which is asgeptable for
routine cse, Three groups of animals are used; two grouvps
receive doses of ¢he standard and ore the saknown preparetion,
The fose of the unknown ghould have an ¢ffeot intermediate
hetween the two fosus of standard, This design provides ne
informaiion reganing either giope difference (paralleiies) or



60.

curvature, Becauge of their simpliisity, three point assaye
ere comuonly saed {n routine mtulies., Acoordéing (o Loraine
{1958) this is justiftiadle, if &% az eerly stege in the
inveptigstion more complex fesigns have Leen uveed %o

establish that the eassey in guestion setisi’les the recognisged
eriteris of wvalidity,

Pour groups of enimsls sre employed; Rtwc groups receive
graded doses 5T the standard materiai while the ather twe
fgroups receive equally greded doses of the unknown preparation.
fuch 8 design enables the investigaior to caloulate wheiler
fthe dose remponse 1ines of the plandard and unknown preparstions
difrfer siznifioantly in slope. If lack of paralleitiem ie
demonszirated {he asesy 1 tnvalid,

5. Hathodg of Blosggsy of TOH

The 70 or more bdiossssy methols for the sstimetion of TaH
reported sinee 1990 have been reviewed Ly Srown (1959). Urior
to thz ase of redicsotive ipotopes by biochemists, diocasery
methede were dependent upen zither histelegioal or gravimeirie
remoneen of the thyreid o TEE, Some methods were based on
the ineresse in metabelic rate produced Ly the inereased
thyroid hupmons discharged by TSI, These were useful for the
estimetion &f TEE &n pitultery extrects, Dut with a few
exceptions {Pupves and Grelabesh, 15L9; 5"ingeie ani Gerden,

195G) they were not sensitive enough for the detestion of TSH
in body filuida.
Cutsianding among the histometric methods is that ef
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D'Angelo and Gordenr (1950)., This is bDased on the faot that
starvaiion induce: meismorphic etasie and thyroid atrophy in
the lspvs of ¢he frog (Zans pipieng) st an esriy hiand-1limd
staze, prior ¢o the srustion of the fore-limbs, The eriteris
gasel for eptimation ¢f THE ere fnoresss in thyrold aciney gell
height snd i hind-2imd leagih. Tn mpite of iis dependence on
subjeotive interpretation, the method has proved rslisile,
with 2 Jower iimit of sensitivity of 0.1 YmU, |

Retimstes of t¢he level of TSH in normal hueman serum were
mede ueing this method (D'Angelo et al, 195¢). T could be
detectsd Iin some of the sars testsd and s renge from sere to
G.1 Tmi/ml, wes reported for normel humsn subjecis. In a
series of 10 hypethyroid cubjeets levels were higher snd
renged from gero to 0.5 Inl/ml.

The iptrsduction of padicisotopes of phogphorus and
1ofine nevmitted the development of seversl new technicues
for sosaying TEH,
Methods Utilising P>

Fellowing es¥lier reports that inereased thyroid setivity
was assoeinted with inoressed phoephoras conteat, Bopell (1945)
demongtrated that TSH inoressed the phosphorue sontent ¢f the
thyroid glends of guinea pigs. Subsequently, Dorell and
Folmgren {{940) deveicped an assay for TIHH based on thyreidal
uptske of 1?*"-33. This method was improved end s degree of
senst tivity achieved which enebled the zssay to be ussd for the
estimation of TSH in Blec! and urine (Greenspen et el, 19%6).
However, further investigation revesled that an extra-pituttary
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factor 1n urine stimulated the thyroidal uptske of P2
(OGreenmpan znd Lew, $999). Fhis lack of specifieity
severely limited the ugefulness of the method.
Eethods Utilistey 113

These methode are dased on the stimulation by 758 of
either the Shyrolda) upiske of 1131, op the digeherge of pedio-
active hormone from the thyroid lakelled with radfioiodide.

The methods using the uptake of i3 have net proved
sufficiontly ceneitive to enable messurements of the level of
T to be made in “lood or urine unless these fiuids have
firet Heen concairsted,

Honry {4951) in 2 wethod weing guinea pigs, demonstrated
a vesponse in thyroidsl upteke of 713! to 28 1wU of ToH after
injestions twice cally for 3 daye.

4 method uming the mouse wes desorilied by Suerido end
co~-workers (19%%) in whish the lowest dose of TSH detectsd
was 20 ImU, Subsejeently Cueride snd Lameijer (19%56) improved
the sengitivity of this method to E.0 Iml! and afier sppropriate
congentretion of normal haman ssrum, levals of TSH in the
renge £rom §.0 to 2.0 In/mi. were obtained,

2. jssaye pssed on the I'iseharge of Rediolodide

Tiseharse of rediosetive hormone from the 1177 lanelles
thyroid has proved t¢ he a much more senasitive méasure of TSH

than sny of the other pavametiers ysed,

Twe groupa of workers heve developed an 1b vive techaique

1 .
for measuring the discharge of 1 3 from the thyroid of
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day~cid ehicks. The first group (G(l11lend and Strudwick,

1o%6) used groups of chicks pretreatesd i’ﬁh $hyroxine Tor
three fays to suppress endogenous e petivity, Determinsiion
af the pediocsetivity in the thyreid; by direet sowniiag over
she thyveié region, was tarvied sut immediately hefore and
68 houps after the injeatica of the teat substanse, The
percentage Sintharse of riM was used as & measure of "IN
sotivity. The Liwit of pensitivity of the method was 0,15 Tl
put ¢he precision was unsatisfestory. The Lleve:l of 788 in the
serum of several suthypoid sabjeots wae reporied o be
sporeximately .15 ImU/m.

Bates snd Copnfisld [1957) found ihat & iinesr
relationship existed hotween the logarithm &f foses of TSH
and the degree of thyroifel radiolodids deplotion over a rangeé
from 1.5 to 9%.0 Tull, TUsing this method Bates ond co-workers
(4959) astimated a level of 0.5 Im%/ml, 1n soncentrated
norsal human soPeN.

sesayvs using the ssme function of discharge of radio~
todide Ly thyvoirophin, but messuring the response Bs Ah
thorenss (n raitesctive iofine compounde fn the dlood, heve
proved even more sensitive,

ipplieation of thie principle Se the hicassay of THH was
five: made by Adams and Fuives (495% 49%5) using guinea pige.
ohe aniwals wers infjested with radiojodife to lshel the thyroid
glends, ‘ndogencus T seoretion was suppressed by Lreatment
with thyroxine. A Dlocd sasplie wes taken prior o the ‘ntra-

venous injeetion of TSH or fest materisgl and e second sample
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sfter on interval of three hours, et which time the irorease
in conceniration of released rafiocsctive compounte fn the
blocd was shown to be waximel., The response was expressed s
%he percentage inorease in dlood radiosetivity,

The design of ihe assay wes such thet emch snimal acted
es its own conirol. Injection of TAE and messuresment of the
response could be repested in eusk enimel on st least six
onnsequtive days. A Latin square areangemcnt of treatments
given to six snimels 50 elx congecutive days enabied animel
veristion ic be eliminsled during stetistical eveluatiom of
the resuits. The fose remponse was linesr over the vange 0.4
10 13,0 ITel. The lower 1¢mit of sensitivity was gueh that
sstisaiione of TN could U made on unconcentrated serum,
Howevar, idems snd Purves (1957 &, b) were unable to detect
T tn the serum of evthyreid subjects. The T Levels in
four ¢asea of hypothyroidism renged from 1.2 $o 2,5 Ial/md.

HoXenzie {4958 ) dumarided & modifiostion of the method
of Adams mnd Turves using mise instend of guines pigs. The
resporise to sn intravencus injection of ©.5 ml. of standard
thyrotrephin or isst substance wap messuved as the percentage
tnarease in biood 1T, The method het & sensitivity of
0.05 imil/mi, ¥eXensle (1958) én;otd TER in the serum of gix
petienis with myxoedems with a range from 0,42 to 0,65 Tmi/mi.
Prog & row point assay of eeneentrated normal Dumsz serum &
figure of spproximeiely 0.2 Iml/ml. of TS was Peverted.

Using this diocasssy teohnigue Yamasgsii sné coeworkers
(1961) reported & similar sensitivity of 0.0k Imi/ml.
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THH detected in the sera of 16 out of 20 suthyrold subjeets
ranged from 0,08 te 0,18 Tni/mi,

The most sensitive of sil the T'7' gipcharge methods 1s
that of Sottari end Tonovan (19%8) who cerried out messurements
with sa in vitre preparation of ihyroid slices from guines pise
&nd obtained linenr regponse te the logspithm of the Scse over
8 very wide recge, from 0,501 to 10 Ia”, The czesy haé e
senedtivity of 0,01 Im” for the zssay of serum. 7The mess level
of TSH in ihe serum of 420 euthyroid men was found 2o be 0,35
Ini/ml. Tn womsn during reproductive iife, the ievel wes
higher, & mesn vealue of €,37 Twi/mi, heling obtained, Purther
irprovements in the design of the sssey were reporied by
¥1 Eabir in 1962,

“n 1. vitic method withoui an obvious in vive counterpsrt
wag Jeveloped by Pakke sad c:llesgues (1957, In this procedure
beef thyroid sifces, inoubsted in Xpeds-Ringer phospheie
buffer, remonded to the zdditien of thyrotrophin by an insresse
in weight. Thie welght inoresse was not refiected in an
incresse of ths dry welght of the pland and was thought to be
due %o & protaolytis process lesding to imhidition of weter by
the alices. Although the method had a senaitivity of 0.04 Tml!
it wis unsetisfaelory for the assay of whole serum. fowever,
extracie of serum have bLeen snalysed success®ully with the
technique (Bakke et a1, 1964). iy this msthod ¢he poiency of
normal vat serum wis found ¢o he 5,02 ImU/ml. and that af
normal humen ssrum only G.002 ImU/ml. In hynothyrold rsts
ead patiente the TSH levels were cleveted,
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#ith the exoeption of the stasis tadpole method of
D'Angelc, caly those methods hased on the discharge of 1' >
by TSH have sufficient sansitivity to deieci the TEH setivity
of nommal human serum, without prier ceneeniraiion of the
sevum, These mathods (I''ingelo et #), 9954; ©4111lsnd snd
Stpudwiok, (9563 Yamapeki ot a3, 1961 -~ wsing the method of
VoKengie, 1958 - snd Bettari, 1938) all give estimates of TH
in normsl husan serum withia o renge of exproximaiely 0.4 o
Ok InU/6l, T a review of the subject XeKenzie (4960}
eoncluded {hat the average sonsenirmtion of ¥3H in normel
human adults e Of the order of 0.2 Tml/ml,

However, both Purves 8sd Ademe {1960) end Bekke and
co-vorkers (1961) hevs conolufed, usn the desis of indirect
evidence, that the jlevel of THi in nerme)l human serum is much
lower. SHeike and so-workers ¢ited the svidence of Greer and
£hell {1987) end “inkorm &nd Larseon (49%9) that the humas
pituitary seoretes betweon 200 and 600 Imll of TR pav dey.

By sombiniag this value with the estimaie of 35 minetes Jor
the helif«life of THH in the blood of uormal humen subjeots
{Bakke ot &1, 1560}, 1t was calouleted that the level of TsSH
fn ¢the plesmm oFf normal human sebjectzs was from 0,003 <o
0.008 Ta'/ml, The value of 0,012 ImU/ml, derived by Purves end
Adams {1960} by similar reasoning, was of the save order.

Reither 2fems and “urves (1957 8, b} mor MeXensie {19%8)
using the methods they hal developed whieh Lad esnsitivities
of 0,10 ané ©,0%5 Tml/ml, respectively, could deteot TSH in
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nermal humen serum, Bekke snd esc-workers (1961} stated that
severel laboratories in the U.35.A,, using the ickensie op
Bot tart methoda, have falled to detest thyrotrephic setivity
in nermal humen serum,

It ¢@ prodedle, therefore, that the level of ToH in
normel humsn serum is less then 0,10 ImU/ml,. ané mey de as
low as 0,01 Twi/ud.

£k Am f the Level of TS8H in $he Serum of Rat

There have been few saiimntes of the level of TaH in the
serum of normal reis end these vary coasiderably. Del Conte
and Stux (1955) using their sssuy based on eytologioai changes
in the guiaes piz thyrold reporied velues renging from 0,004
te 0,612 Imi/mi., Hewsver, I'Angelio, using the staasis tedpole
method, claimed eonoentsstione of 0.6 to 1.0 Imi/ml. (D°Asgelo,
1955, 1960; L'ingsls ené Travm, 1958). This wes rererded ae
being too high by Oranner, Ueriis ané Falmi (1964) who
demongirated that the 7/85 ratio of hyponhyeestomised rets wes
not tnoressed by the injectior of 3 mi. of noMmaal ret pleems,
whereas it €14 respond %0 the injeetion of 1.5 Iml &f TUH;
%tgit amount of TOH should be present in 3 ml, of normal »at
plasma if 'Angeio's value was eorrect,

Neither Adams and Purves {19%%) nor Jegieile and MeKensie
{19560) wers abdle te slioit s response to €.5 =1, of ret serusm
fn their sesays vhioh vore sensitive to 0,1 snd 0,05 Tall TSH
respeciively, In several deterainstions of frectionated pooled
pormal rat serum Bakke and co-workera {1961) derived an average
potenay of .02 Ywl per mi, Therefore it would appear that
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the level of T5H in normal rat eerus 1s less than 0.1 Iml/ml,

Latimates of the level of TEH in the serum of rats made
hypothyroid, c¢ither by & ilow fodine diet or by propyithiourssil
treatment have been reported by several workers. Idems and
rarves (1955) reporied & velue of Cu.b Tni/mi. for normal rets
maintained on a low iodine diet for six months., Valces of
spproximstely 1.3 t¢ 2.4 Inl/mi, have becn reported iFdilowing
propylthiourasil trestment (D'Angele, 193%, 1960). Similar
levels were reported by Bakke et ai (1961).

Levels of T8H az high as 5.7 Inl/ml, in ihe eercm of
thyroldeetoniged rats have been reperted by Adams and Purves
(419%5) and Adems {1958),

In erder So confirm the indirect evidenoce of the depression
in otroulating TSH produced by the sdministiration of salloylete
and relsted drugs, it was neosssary 10 choose a gonsitive snd
preciszs Diosssny method, capable of egtimeting TSH in normsl
humen cor rat plessza, It ig apparvens from the preceding
descriziion of the many methols svailedle, that fow of them
met these ariteris. Yoreover, the level of TSH in normal man
sné rets is atill = controversial metter,

However, ceortain of the assayes wers ¢apeobie of estimeting
the elevatei levelas of TEH in 4he plesme of thsroidectoniged
rets. The mothod of Mekensie (1958) wes suitable for this
purpcse sinoe 1t was ssnsitive 10 0,05 ImU/ml. and had o
degree of precision sufficient for its use in guantitstive
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work, The methed hsd the further adventages of bdeing
relotively simplie and repid,

It was Secided therefore to investigate the biosssay
method of icKenste (1955) as & preliminasry ¢o ustng it in the
examination of the effect of suilcviate and roeleted dpups on
cireolating T in thyroldectomined rats.



Froparation of the Wige,

Aibine mice were bref in the ladorsiory mpecifissily for
uge in the sssay. After weaninz at four weeks of sge they
were f5d on & diet of commereiel €og biszeeis of lov lodine
eontent {100 ug. I per Kg.) uniii they were uses axperimentally
et epproximately ten weeks Of age st & waight of 18 %o 2k g.

Radiosciive fodide (nwﬁ}. 3 %o 6 microsuries per meuse,
was injected intraperitoneaily. This guantity of 1'3' wes
found {o produce a maxii=l speeifie sotivity withinm the
thyreid glaad without esveing redietion damege withim the
period of the assay.

Enfogencus seoretion of thyrotrophin was suppressed by
the subcetancous injestion of 10 ug. of leihyroxine immediately
sfter the radioiodide injeotion, ané Yy the addition of
tosiocated thyroid exirset (0.7 %/V) te the drinking weter
for the period of the samay.

The mice wore sumbered and distributed by rendom selecttion
inte groups. These groups were them ellotied the chosen
trestmonts at rendom,.

The animols were used 1o the ssssy procedure four days
later by whioh iime they hed resahed equilidrium with the
fnjected rudiolodide, by i{hyroidai uptske snd exorstien of
the extess.
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Stenderd TSH Solutions.

The atandard goiviions of TSN were freshiy prepared
{mmedintely bafore use each 2ay. The requisite welight of
Taternstionsl ftanéard Thyretriphin was dissolved in a (¥
golution of huasn serum in normal saiine. The sppropriate
diletions were made with 1% humen serum in normal saline.
™e denaturation of the dilute polutions of Tl by surface
zotivation of the glessware was prevented by tha prasence of
the serum proteins. 411 glacaware ugsd for preparing the
standard solutiong was Xepi separate from the laborsiory
storke and washed thopoughly before use.

Injection of the Test Hateriale iInto the Wice.

The doges of sisndapd TSH and test sumples wers injested
inte the tail veins ¢ilated by hesting the mice at 30 ror
0 minstes.

Removal of Ulocd Ssaples from the ¥ios.

TR the preiiminary experiments dloed was removed by
punciere of the dileted tall veins with ¢ 25 gesuge hypodermiec
neefle. The blood which welled out ento the skin surfsce wes
gollevtad with 2 mmall pipestte,

In the lster experiments blood teking was greatly
aiwplificé by applieation @f (he teshnique of eye puncture,

# Pesteur pipette dravn cut 1nte a fine capillary was {noerted
tate the retro-orhital venoue sinus. On puneture of the
sinus, Plood flowed rapidiy into the pipeite and wes
transferred 10 & smell ocontainer.
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Pleting of the Blood Samples.

0.1C ml, samples of whole dlood were plated onte
sluminium pisncheties for counting. Uniform distribution of
the %1008 semple wae achieved by the vse of a lens paparr dise
eut to it the planchetie accurately, ané a surface aoiive
zzent, sonéium leuryl sulphate, .05 wi, of which wes used to
saturaie the paper isc. 7The Dlood sample, pipeited on to the
lene peper, spread vapldly snd evenly over the surface; 1{his
was then dried ciowiy under nn infra reé lamp.

Counting of the Ilood Bemples.

The rediocactivity eonteat of the samples was measured
using en opea window gae-rlow counter (Fuolear Chicego Hodel
Deli7) with autometic sample changer cnd printing-timer
attached and the time tc¢ regord 1000 counts was meecsured for
each sample, ensuring & constani probdable error of counting
of I%.

In the prelininary experiments dloed was obtained dy
punoture of the tall veling, This procedure was tefions end
po time consuming that 1% restrioted the number of animals
whioh oould be trested in each irial. is the tail veinz ware
uscd for the injeotion of the test sutetance and slso for tha
removal of the bleod sempiss both before and after trestment,
they often became Jamaged and oonstrisied making it €ifficuls
to usge the miees or mores than one day. LZesponases were
iherefore oitalined from single day trisls using greups of
five mice for essh treatamt,
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The dose responee line was obtained by piottiag the
porcentage inovesse in ihe count rate afier % hours f¢r sash
treatmant sgainst th2 logarithm of the domse. In & series of
such trinis weing e renge of dosage Crom 0,10 to 1.0 Iwll T&EH,
the dose response lines were show: {¢ be highly variadle,

The stanfard srrors of the individoel doses were large and
overlapped oonsiferably, due %o the variestion in responsivencss
from animai 0 anisal, making & precise setimate of TEH
ispossible, Other than by vsing large numbers of snimais ¢0
schieve suffieiest aocuresy it becamd BICESHEFy 10 NOASEFa &
sueoeseion of respotses £roR essh animal on econsecutive days
in order to eliminate the snimsl varietiosn.

By eapleyisg iths teehnigus of eye punsture for bBlood
eampling it becams poesidle to use the mice on three
gongecutive days. the tail velns then belng ueed only Tor
¢the injection of the test meterisie. Thies permitted & latin
square arrangement of trasiments.

Gaoh groop of aix mics veoeived dally éomes of three
concentyations of standswd thyrotrophin on three sonseeniive
éays. It was found that the response of th¢ mice on ihe
second and third deys to 2 given doee was affected by the
magnitude of the dose given on 4he previous day & days; the
larger the 2ose on the firet day, the ssaller wes the responne
on the second day to the same dose. Thus removal of the
enimal varietion reveaied the presense of s resifusl effect to
previcus treaiment, which modified the remponass, Howevsr, the
latin square design was incomplete for all the possidle
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corbinatione of the residual effect sné se could not de
anslye2é for ithie component.

“ithough reasonadle pesulte covld be obtained from ¢his
design 1t wis coneidered that {f the fmetors of anima}
verietion and restfunl effect could Se fully eliminated in
a Gesign 2 more precise sesey would result,

A design balanced for residual effgets was therefore

gsed.,

residual effectes was uned,

Yay 1« & ireatmenis were applied to n enimais divided at
ranfom into n proups with n animels in aack, The
responaén wWere measured, '

Dey 2. The n animals which received {he same treatment,
sny Treatment 4, on day 1 received the n dirferent
treatments ailotted et random, on flay . Jee
Tadble & foar a mpecifieo example of the fenign,

Let

m be the mean remponss
t, be the deviation from the mesn due to the 1°" tpeatment

i % 1,2 eeee 2, Pgg = D

8y be the devistion from the mean due to the §'" soimm,
J 2 1,2 seee nﬁg. Lhg = 0

dy e the devimtion from the mean due to the k°D &y,
kK @ 1,2, I, = 0

2y be the deviation from the meen due to the ¥osidus)

ef'fect of the i th treatment
n

121 Pe = 0 ané thie spplies to dey 2 only.



So the model for the firet day, t, sppiled to 840 ir
zhere the errors eei“ are noraally and indepeadently

atstriduted (0,09,
and for the gecond day, tﬂﬂ applied to 840 is

ylzznlo‘iiéi,ﬂt‘ Qiac-img
and the 4ifference ia

Dyy = (¥ggq = Fyg9) = 8y = 8 =1y 48, =4, ¢ 0y

Summing over the r animals whieh had i* on day 1

if“%ﬁ

;)

Summing over the n snimais whish had ‘1 on day 2

B

--ntlc-zn%oi’:e uuad!-ala

whenoe may ba obtsined unbiased estimetes of ¢ he treatment
effects froe of residusl effesis. Sea Tadle 7.



TABLE 6

BIOASSAY DESIGN BALANCED FOR
RESIDUAL EFFECTS OF TREATMENTS

Day 1 Day 2

Mouse No. Treatment Treatment

ImU of TSH ImU of TSH
14 0,10 0.10
15 0.10 0.20
2 0,10 0.40
9 0.10 0.8
3 0.20 0.10
11 0.20 0.20
16 0.20 0.40
13 0.20 0.80
8 0.40 0,10
12 0440 0420
5 0.40 0.40
L 0.40 0.80
10 0.8 0.10
1 0.8 0.20
7 0.80 0.40
6 0.80 0.80




ARE 7

MODEL OF EXPERIMENTAL DESICN

The response of a mouse on Day 1 to treatment (1) is compounded
of the following fsectors:

m+ a3+t1'+ d1 + 9,131

The response of the ssme mouse on Day 2 to trestment (1) is
compounded of the following fasctors:

m+aj+t1+ri,+dg + e

1j2

Thus if the difference of a mouse's responses on Dgy 1 and
Day 2 1s denoted by Dil then:

D11 = ti-tl- Ty o+ 2d1 + eﬂ

Row
Totals
Dy4 Doy D3y Dy4 ~lit,+8a,
Dyo Doo Do D)o =lit,+84,
Dy s D,y Dys D, 5 ~lyt 5483,
Py Pay P3 Puy S
Column
Totals
ut1-hr1+8¢i1 ht2~hr2+861 htsnhr3+861 hth-hrh+8&1 3261

Hence after removal of the day effect, unbiasel estimates of
the treatment effects are ohitalned from the row totals.



76.
Regults

The analysis of the data obtained from &a assay ieo whieh
five doses of 738 (0,05 0 0.80 Iml') were used and frem whish
8 dose-vemponne curve was éerived will now be pressnted as &
typisel exewple of the sppiicstion of ¢ he model.

On the first day 25 wmioce, prepared ss desoribed in the
methode séction, were distridbuted at random inie % grovps
whish werd alletied treatments of N.0%, 0,10, 2,20, O.40 end
0.00 Tui’ TSH gt rendom. The time was recorded when the T2
was fnjected into these snimaias and three hours later, diood
semplos were removed by eye-puneturs, '

On the second day the wiwe from each grovp were sllotted
the five t{restmente at random snd Poilowing injection of the
standaré dopes, dlood samples were agzin removed st {hree
hours. The radiocective 10d1de content of the diood ssmpies
was measured,

The three-hscr bHleod ocunt rates obtained are set out in
Table 8, The logaritimic {ransformstion of the count rate wag
madé end the differences in the logarithms of the three-hour
soont rates (Day ¢ - Day 2} for sach mouge ﬂoté:mﬁuﬂ.

The £iffersntcs between the jogarithms of the three-hour
blood sount rates for emeh group were tabulated as presented
in Table 2 and She snslysis of variancs in Table 0. The
veriation due o {restments, cnadjusted resiéual cfiects
{oonfounded with trestment effects) and error was deterained.
The snslyasis revesled that the treatment effsets were highly
significant (< 004},



APPLICATION OF ASSAY DESIGN TO THE DETERMINATICON OF A

STANDARD DOSE RESPONSE CURVE OVER THE RANGE

0.05 TO 0,80 ImU TSH

¥ DAY 1 DAY 2 Log
§gse Treat=| 3 Hour Tog Treat-| 3 Hour Log Diff er=
* {ment |[Count 3 Hour|ment Count 3 Hour| ence
ImU Rate Count |ImU Rate Count |Day 1=
TSH c/3%00sec/ Rate |TSH C/300sec/ Rate |Day 2
0,4 ml, 0.1 ml,
Group
1 A
17 0.05 1840 3.26482| .05 1160 3406446 .20036
b1 0,05 1100 304139 .10 41000 3,00000| .0L1 39
32 .05 1950 3¢29003| 420 2560 34082} | =,11821
7 »05 980 2499123 L0 2180 3.338L46|=.34723
16 .05 2120 3,32634 .80 3840 3.58433| =.25799
Group
2 0,10 1470 3.,06819| .05 660 2.81954 924865
2 0,10 1470 3.16732| 410 1160 3,06L46| ,10286
L 0.10 2500 3,39794] .20 3400 3.,53148| = 413350
12 |0.10 1970 3.29447 o4O 2730 2;6& -.13& ;
10 +10 24,60 3439094 .80 4760 761 6
Group
1? 0.20 1320 312057 05 670 2,826Q7| +29450
19 0.20 1650 3.,21748] .10 1100 3.04139| 517609
37 0.20 2080 3,31806| .20 2010 3.30320| 01486
3 [0.20 1460 3.16435| UO 1530 3418469 - ,0203Y
27 0.20 1850 3426717 80 2670 .h2651 ~o1593L
Group
L
25 |0.4O 2320 3.36549! 05 1120 3«0L4922| 31627
3 0.40 3560 355145 410 2030 330750 24395
38 0,40 2410 3.38202| +20 1870 3,27184| +11018
8 0.40 1880 3.27416| 40 | 1800 3,25527! 01889
36 |0..U40 2700 3.43136| .80 3520 3454654 |=411518
Group
% 0.80 3730 357171 «05 2140 3«33041| 24130
39 0.8 3030 3.4810L4 | .10 1900 3.27875 220269
30 |0.80 4020 3,6ou23 «20 2700 3.43136| 17287
2L 0.80 3790 3.5786L| 4O 3060 3:48572| 409292
29 0.80 1990 3.29885| .80 1630 3.21219| +08666
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ASSESSMENT OF TREATMENT EFFECTS FRM THE DATA

OBTAINED FROM TABLE 8

Differences in Log 3 hr. Count Rates

¥ Row Totals = Dgy Varliation

Row Totals

Group 4 Group 2| Group 3 Group L|Group 5

«20036 | +24865 | 229450 | »31627 | .24130 1.30108= -5t1+106

+OLU139 | 10286 | .17609 | +24395 20269 +76698= -5t2+106
'011821 --133514 0011486 111018 017287 QOLIS“ 6-‘-“ "51531‘106
=-o3U723 |=u1l4469 =,02034 | 01889 |,09292 =+397L45= '5th+1°d
"¢25799 -«28667 "'01593,4 Pn11518 008666 'i73252= ‘-51554'105
- 48168 |=.21039 | +30577 | 57411 | .796LL »98L425 50d

since Tt=0
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ANALYSI S OF THE SET OF DATA PRESENTED IN TABLE 9

Analysis of Variance

CF = 0.,038750
e - |Variance
Variation due to: d.f. 8. S. M, 3, Ratio P
Treatment s L | 0.556800[0,.139200] 25.80 [<.001
%Regresaion 1 | 0.,543639{0.543639|4100.77 <.oo1;
Deviations 3 | 0,013161|0,004387( £1.0 N.S.
Residusel s (unadjusted)] L4 | 0.,227989{0,056997| 10.56 [<.001
Error 16 | 0.086315{0.005395
Total s 24 | 0.871104
8 = 0;073&5
Data from row totals Estimate‘aftex- EBstimate from
removal of day regression
variation
ImU TSH ImU TSH :
5151“-10(31: =4 .30108 0.05 = t1 ==0,22085 [ 0,05 = t1 = =0.20926
5t2-1061= =0,76698 0.10 = t2= =0.11403 | 0,10 = t2= =0 ,10463
5t3-10c‘i1= =0,04616 0.20=+.3= 0.03201M 0.20=1;5= 0
sth-1oa1= 0,397L45 0.L40 = th= C.11886 | 040 = t), = G.10463
5t5-1061= 0.73252 0.80 = t5= 0.,18587 | 0.80 = t5= 0.20926
Total = =0,98425
Zince Lt=0
Row total=day variation

b1y (slope in terms of log dose interval)

A, Index of precision A = %(-I) - ".%ﬁ%%

= 0.34758
= 0211
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In ¢the deseription of the model it was shown 2het
eseh row total comprised both treetment effect and day effeet.
However, esinoe I ¢ = £, the grand total wae equivalont to the
suz of the day effeets. The data odtained from the row totals
were therefora corrected dy removal of the day verietion anéd
unbiesed rvalues for the treatments were chtained (Tadle 40),

A regression snalysis was sarried out and estimates of
the tresiment sffects wore fhue derived, (Table 70}

The dose responst curve wes obtained by plotting the
treatizent regponse exprogesd as the lozerithe of the
projortional chauge in count sgainat the logarithm ¢f the
dose in Intermations) nilllunlts (Is') of T5H, (Figere 1)

Anaiyeis of variance reveslesd that there was no
eignificant devistion from Llinezrity over the range 0,08 to
0.60 ImU of TaH,

An infex of precision A = 5(';} =

= +2491 was obtained,

In order 0 aesess the effsctiveness of the iogarithmio
transformation of the three~hour count rete descrived, a
further assay was performed in whioh Both conirei and three-
hour biocod samples wers solleseted. The responses from this
assay of T3 over the pange 0,05 %0 0.40 IR were expressed
in four woye:

1. #as the difference (Day i-Day 2) in the percentage incresse
of the three-hour blood count rate cvompared to the conirel
dlood count rateg

2. &s the éifference (Day 4-Day 2! in the three-hour count
rates;
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3. 88 the difference (Tay (=lay 2! in the sguare root
tranaformation of the three-hour Blood count rates;
e =za the éifference (lay 1«Day 2) tn the logsrithmie
transformation of the three-hour Blood count vetes,

Anlyses of verisnce werc earried osut on the results
from eseh of these meihods of sxpression of the responses.
{Tavle 94}

The snaiyaes revesled that the highost signifioance
(P<.001) for the trestmsnt effect was obtained with
tranaformetions of the raw count rate Sets. The vwiwﬁt‘
ratic was greater with the iogarithale trensformstion. The
treatwment effect using the waw threc-hour bieod count rates
was signifisent (P < .61) whareas thet shtained wigh the
percentage izoresse was less significant (P< .05}, It was
proposed therefore; to obtain enly three-hour bloed sempies
{n 21} subsequent assayu snd 46 express the responses as the
dirrorence (Day { -« Day 2} in the logarithm of the (hree-hour
biood sount rates.

Gince 8 high degree of presision was cbtained over the
range .05 to O,80 Tall of U T, it was docided to acsess the
precision of the assay over & lowor dose range (0.0425 ¢
5,20 Inll})e The same assay procedurs wes foliowed in which
tive groups of mice werg trested with 0.0125, 0,025, 0.05,
040 ané 0,20 IwlU of T8N,

The differencea deiween the leogarithme of the three-hour
blood count retes obitalined from the assay are set out in

Table 12, Ansiysis of verisnee (Table 13) revealed s high
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~ANALYSES OF VARIANCE OF THE DATA FROM A TRIAL
USING DIFFERENT TRAN SFORMATI ONS

Anslysls of:| Variation due | d.f. 2.8. M. 8, Vap- | P
to: iance
Ratid,

Day 41-Day 2 |Treatments L | 150563.36 640 . 4 .29« .05

Percentage |Residuals L4 | 282101.36 %g5gg,;‘ﬁ 3.03:.001

Increase (uned justed) |

Error 16 | 1boL88.2L | 8780.52
Totals 2l | 573152.96

Day 1-Day 2 | Treatments L | 168661 .4l | 42165,36] 6.64k.01
3 Hour Residual s 4 | L650L43.8L 1116260,96 18.31H<4001
Count rates| (unad justed) 101572.16 | 6348,26

Error 16 | 735277.Lb
Totals 2l

Dey 1-Day 2 |Trestments Ly | 196.7312 49,4828 13,0400
(3 hour Residuals 4 | 427.5293 | 106,8823| 28, 3<.001
Count rates| (unad justed) .

Error 6 943359 « 7710
Totals ;l: 68l ,596L .

Day 1-1);;; 2 gre?dtm:ixts N 047776 04194l 16,9000
log 3 hour |Residuals - 0 20| 29 . Th 001
Goant. metes| .uhae jastes)| 123681 Sl &

Error 16 0.1847 0.0115
Totals 2l 2.3304
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THE DETERMINATION OF A STANDARD DOSE RESPONSE CURVE

OVER_THE RANGE 0,0125 TO 0.20 ImU TSH

Dif ferences in Log 3 hr. Count Rates B

Treatment To?:zl
Group 1| Group 2| Group 3| Group L| Group 5 s
«0125 mU | =.03386 +20856 «2588L 145092 +66560 | 1.55006
025 mU| =,05303 06695 28235 140627 oD 3737 | 1423991
,05 mU| =,25062 | ,00256 | «221L4O | .27719 «29969 | 55022
«10 mU | =-,37891 | -.00496 +02501 | =-.00621 «22640 | =.13867
+20 mU| =o43739 | =417328 [=,10421 |=.02110 «18074 | =.55524
1415384 | ,09983 | .68339 [1.10707 |1.90980 | 2.6L4628




ANALYSIS OF THE

SET OF DATA PRESENTED IN TAWLE 12

Analysis of Variance

row totals

effect after removal

of dey variatimm

ImU TSH

Variation due to: defe 2.8, Variance T
Ratio

Trestments L 633953 ,158&88 27,32 < 0014
ﬁRegression 1 624779 | 624779 | 1L7.1 .0013
Deviations 3 009174 .003058 < 4.0 N.S.

Regidusls 4 |1.0564129 .26L032 62.17 < 001
(unadjusted)

Error 16 JN6T9LT 2004247

Totals ol | 1758029

Data frofn ugtimate of Trestment wet imate of treat-

‘ment effect from
regresslon

| _ImU TSH

5%, = 1oa1=~1530C6
5ty = 1Od1=-123991
5tz = 1oa1=-o.93022
%), = 104 & 0473867
Stg = 10&1;»0.59321

Total = -2,64628
gince Tt=0

0125=1,= - 4201416
025 =t2z -4,44093
+05 =t3= - 00419
+10 atu= +¢13359
«20 =t5= +421690

Row Total = Day yariation

o0125=~.'t1== - 422357
W025 =ty= -.14178
+05 =t3= o

«10 atuz +e14178
«20. at5= +e22%7

bey) = .374 3L

5§ = 06517

/\ = 0176
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significance for the effesis of treatment (P < ,001),

The data from the row totels were correcied by removal
of the day effect and unbissed velues for the ireatments
obtained; regression snaiysis provided esmtimates of ¢ he
treatment effects (Table 13). Analysis of varisnce ghowed
that there wos nc significant deviation from linearity ever
the range 0,0125 to 0,20 Tmtl,

The {cse response curve derived from these data is
presented in Figure 2.

/n index of preoision ) = gﬂ- = 3% = +176 was ovtained,
(1) *

These results indicate that the sssay design wse
effective over a wide range of doses with sonsidersbie
precision and a sensitivity of .042% Imt ( 0,025 Tmi/ml.).
Standard dcss response curves were obiained st regulaw
iatervals throughout the period the ssney was used, An
sverage index of precision, )\ = .221, was obtained from nine
standard done responass Qurves over s renge of doses of TEH
from 0,0125 to 0.80 Iml of TSH, The indloss of precision of
these assaye are listed in Tedle 1k,

Application of the Hethod to the “atimation of TSH in Rat ?%!.!!.‘

In order to assess the specificity of t he sesay in
ostimating T5H in rat plasme compered to Iniernationsl Stendurd
T8H (derived from bovine piltuitaries) it was necessary to carry
out & four point sssey & & ¢hegk oa the paralleliss of the
dose response lines to standard TSH and rat TSH,

A sampie of plesma wes obtained from a ret thyroidectomiged
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PERFORMANCE OF THE ASSAY OVER A RANGE OF DOSES OF S$TANDARD TSH
FROM 0.0125 TO 0,80 ImU DURING A PERIOD OF 48 MONTHS

Assay No. 8 b(I) 8 "
b(1)

1 0.0850 4513 .188

2 0.1072 +3513 « 305

3 0.0746 «2971 «2h4

L 0,1199 +» 3230 - 371

5 0.0735 +3476 « 211

6 0.053 5278 «101

7 0.0924 Ll 82 «206

8 0,0922 L1896 .188

9 0.,0652 3713 «176
Mean 221

Average Ind ex of Precision for 9 Standard Dose
Responge Curves = ,221
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eight weeks previously and then left uantrested po that the
eircuisting T4H would be incressed.

Two sliguots of plesma (A snd B) were diluted with seline
in the retios 1135 (A) snéd 9315 (B) sueh that the ratio of the
oonasntration of THH in A:B = Li1. Stendard TSH doses of
0.0375 and C.4% Iml! (4:4) wsre chosen to span the range of
e pxpected in the diluted »at plasms.

The presuits of the assay are presented in Teble 45 in
whieh the effests of the treaiments wepe shown to be highly
glgnificsat (F¢ 004) by ansiysis of variance., 7There was no
significant difference between the siopes of the response
iinee for stendesrd TSH mnd rat plam@ that is, there was no
significent deviation from persilelism,

The index of preciaion for the cssay was 0.1L7.

Estimates of TSH in the two samples were obtained from
the results as described in Tadle 16,

Sample A sontained 0.19 ImU TSH, and

Sempie E oontained 0.06 ImU TSH, giving & retio of
A1D of 3.2:1 whieh is in good egreement with the expecied
ratie of 4.

singe 0.5 ml. diluted plasme samples were injeoted into
the mice correction fauiors were spplied to cenvert the
esiimate into Tml/mi,

The concentration of 790 in the whols serum in the
estimete from semple A = 49x2xh = 1.52 Im0/uml.

and from sample B = 06x2x16 = 1,92 Tel/mi,



FOUR POINT AgSAY OF TSH IN THE PLASMA OF A
THYROIDECTOMI ZED RAT DILUTED WITH SALINE

SAMPLE A Ret plasma:saline

=1:3
SAMPLE B Rat plasma:saline = 1

15

Ratio of concentration of plasma A:B = L:1
Ratio of concentration of standard doses TSH
+153 .0375 = ’4:1

a0 o

DATA DERIVED FROM DIFFERENCES (DAY 1 - DAY 2) in 1L0OG_3 HOUR
COUNT RATES

+0375 ImU | .30L75 .06521 « 39425 +10679 «871C0

«15 ImU «1 30’42 =+15415 «12L24 -.0’4588 ¢05Ll63
A 211963 | =.219714 12421 | ~ 410750 -.08337
B 24265 04806 | .19304| ,08715 «57090

«797U5 | =.26059 | .8357L| .OLO56 1.41316

Anglysis of Variance

Variation due to:| d.f« S. S. M. S. Varlance P
' Ratio
Treatments 3 +1488188 |,04960396 2L .67 <001
Resgiduals 3 22261721 |.075 39040 37 50 [<.001
(unsad justed)
Error 9 201 809386 |,00201043
15 | 439307695
Variation due to: | d.f, 3.8. M.s, | ‘verlance o
Ratio
Average slope 1 +13517387
Means 1 +01199573
Slopes 1 00164228 < 1.0 N. s.
3 | «1488488
b(I) = 3054 S = »0u48 A = «1l47

No significant difference between slopes.



TABLE 1 g

DETERMINATIN OF LEVEL OF TSH IN RAT PLASMA

Log proportional
Sarpl.e change in count
x, +0375 -.87100 4
X, +15 -.05463 Yo
Xu B -457090 yh
Since b = X2 = %
y2 = y1
X2 = X1 + b(yz"y.')

and x3 = X, + b(.v3- Y1)
XL‘ = x.‘ + b(yu"y.')
For Sample A
_log O.15=10g 0375 _ 60206 _
b= -«05463 + ,87100 . W = 73748

1og(.0375x 1000)+ .737.8(.08337 + .87100)
1.57’404-1-737’48 X 095'437
2.2778
teke antilog
190.0 micro units
+»19 milliunits TSH

Sample A = 0,419 ImU TSH
By substitution for X,

Sample B = 0,06 ImU TSH

Ratio of A:B observed =3.2:1
Ratio of A:B expected = L:1
Since in jection volume = 0.5 ml. and
A = 1/4 original plasme concentration
B = 1/46 original p lasma concentrat ion
Concentration of TSH in whole plasma
A= ,19x2xk4 =1,52 ImU/ml.,
B=.062x16 = 1,92 ImU/ml,

X3
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Thie ssesay indicstes that the method cen be usged for the
estimation of TSH in rat piassa with high precision sné
upecifietity.

Fetimations of *SH in the plasms of three rats
thyroideciomiged efght wnig previcusiy were also carried out.
Since from the yrevious result s vaiuve of 2.0 Iml of TH
could be expooted the piasma was 8iluted with seline in the
retio of 112, The three d{luted plasms ssmpies were asssyoed
in the same dalsnoed trisl with doses of TSH of 0,3 and 0,60
ImU which were eipecied to spen that in the plaems semples.

The results are presented ia Tsble 17,

The snaiysis of variance revesied that there was no
signifieant effect of treaiment. Howiver, as the levels of
T8 in the plasme sanples were similar to the sisndard dones
this resuit was %o de ezpected,

The index of preeision { )\ = .334) for the assuy was
high and i% was therefore connidered undssiredble to sstismste
sny more than iwo unknowne with twe standard doses in fuiure
- assays. Nevertheiess ostimsies of T3 were obitsined and
the correction factors applied for injestion volume snd
éilution.

Thyroideotomizged Rat 4 = 51 x 6 = 3,04 InU/ml.

Thyroldeciominsd Rat 2 = 42 x 6 = 2,52 Im0/mi,

Thyroldectomiged Ret 3 » 42 z 6 = 2.52 Tol/ml,



TARLE 47

ESTIMATION OF TSH IN PLASMA OF THYROIDECTOMIZED RATS

Pmrstment Differences in log 3 hour Count Rates Row
Group 1 | Group 2| Group 3| Group 4| Group 5| Totals
0.30 mU 05497 | .27927 | .32943 | .01208 | ,20891 | .88L466
0.60 mU .12478 | 06989 O0L363 | ,06u18 | .18350 | .38298
Rat 1 «1”259 ¢2739’4 i0957’4 "@05679 @11885 057'433
Rat 2 226549 | .19569 | -,02770 | 04773 | .20228 | 68349
Rat 3 63l | (14982 | =.026L49 | .29463 | .10L7L4 | 6861l
74827 | .96861 JL1L64 +36183 | 81828 |3.31160
Analysis of Variance
Veriation due to: | d.f. 3. 3. M.g, | Tepisdes| p
Treatments L 0180714 0045418 <1.0 N.8.
Residuals L ,055436 | ,013859 1,09 ([N.S.
(unad justed)
Error 16 «202833 | .012677
Total 2L
by) = +3373 S = 1126 A ce3

Estimate of TSH in Rat Plesma

Injection volume 0,5 ml.,
2,0 ml. plasma diluted with saline to 6,0 ml.

Thyroidect omi zed Rat 1
Thyroldectomized Rat 2
Thyroidectomized Rat 3

H1x 6 =
,a\h2x 6 =
9.)42 X 6 =

3,01 ImU/M1,
2.52 ImU/ml.
2,52 ImU/ml,
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Conoluss

Applicsticn of these wodifications %o the design of
the aszay has resulted fn increased precistion and gensitivity
compared to the method of NokKsasie (19%8),

MoKenzie (1958) reported s sensitivity of .025 with an
index of precision of .2h. The modified method resulted ¢n
e aensitivity of 0.0125 Isl with sn index of precision of
221,

Studies of the TSH in the plasme of & emsll series of
rets thyroidestomized ofght weeks previously, inficsted vslues
of 1.5 to 3.0 Iml/ul; these confirmed the findings of
D'hagelo (1955, 1960) snd Adema snd Purves (1955) thet TSH
ie raised in thyroldectomiszed rate.

It was considered therefore that the assay was
sufficiently precise and sensitivs to asgsess the effect of
sailoyiate 2nd pelated drugs on the sivevisting level of
thyroirophin in thyroidectomiszed rata,
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1.

Three cxperinenis were performed to assesa the effect of
sodium gilioylate on the oirculating TSH fn thyroidoctomiged
rate. Two grovps oFf rats wore used in eseh experiment. "ne
group received sodfum selicylete; <he other was {reated with

sodiom p~hyéroxybensoste as & conirol for the experimental
prosedure,

The thyroiés were exoieced from male »rets weiphing
spproximetely 175 g. which were then left without thyroid
roplacoment therepy to allow eirculeiing TSR 40 rise. The
experiments wors carried out two months later; by whioh time
the TE in ths plasms was expeoted t0 be elevated to sdout
2.0 Imi/mi. |

8inee 12.0 mi, of whole bleod would be required to
determine both piesma PBI snd THH levels, it wes necessary
to carry out the experiments oz Blood peoled Trom groups of
L vets to obtaln gurfiotent nlood. Control blood samples of
3,0 ml, were obtained from the rats by éardise ponetore,

The treatments were given aseven dayns aftor sawpling,
when the animals had recovered from the effects of the
initial dleeding.

In each experiment, one group of four rats was trested
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with sodium selioylate and t he other with godium pehydrvoxy-
bengoate. The ireatments were administered by gastric gavese
twice deily with 2 totel of 30 mg./100 g. body weight/dey for
tvo days. The rats were exsanguinated four hours after the
last dose was given,

Plasms #BI was determined by ths methed of Aecland (1958)
enéd plasma sslicylste by the method of Teinder (1954).

Plasmn PBI estimations were meds on ¢the individus) ssmples
from each rat. Because of the larger volume of plaams reguired
for TEH sssay the determinations were msde on pocled samples
obdtained by mixing equal voiumes of piasma frowm each of the
rate 1o the group. “oolod gawples were prepared rom the
conirol plasma end alac {'rom the pisewa cbtained following
treatmont with esch of the drugs.

Plasma T8 was estimetod zeing the biosspey method
deserided in the previcus section, Beseuse of ¢the high T&H
content expéoted ths pooied samples were dfileted with an egual
voiume of normal salire. The samples releiing 0 each group,
both before and after ireatwont, were assayed together with
two stendard doses of 0.15 sad 0.60 Inl TSH, It wes expected
thet the TSH ¢ontent of the plasma savples would ife Detween
that of tho two standerd doses. This design was, in effeet,

a modiried three point aasssy, with {wo unknown semples ingtosd
of the usual one. The oontrel snd treated samsles were
apsayed together in this way so that en snelysis of variance
ecouid be uWade to aseess whether the estimates of TSH were

signifticently different.
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Besulis

The results of the three experiments are pregented in
Yable 18, 4Aes & rosult of thyroideciomy without replacement
therspy the mesn PEI value of 4.8 ug. I% for all eontrol
semplee wae lower tham the mesn value of 3.5 ug. 1% for
normal rats obtsined in the experiments reported in Thapter I.

Thers wie no change in the mesn PHI following solium
p-hyd roxybsazcste administration wheress irestment with sodium
salicylete depressed the plasme PEI from a mesn control value
of 1.7 0 40 uge I%,

The TS sgtimates from the pooled semplies for esch
experiment are siso presentsd in Table 14, There was s slight
fall in T8E fyom a mean value for the three experiments of
1,63 te 1.4 InU/ml, following sodium p-hydroxybdansoste.
However, 8 much greater depression in TSH resuited from sodium
salicylate administration, the mesn control value for the three
experiments of 2.1% ImU per ml. was depressed to 1.07 Ial per
ml. when the mesn piasme salicylate was 51.% mg. per 100 mi.

Anaiysis of varisnce revealed no signifieant éifforence
setween sontrol snd treated sampleg with either sodium
pehyéroxybengzoate or sodium seiieyiste, aired "t" tests
on the Fesults of the three experiments using ¢ach drug elso
failed o show significant depreseion in TEH following
sslicylete. This result was not surprising in view of the

smnll number of experiments.



Expt. | Treatment "M . LK TR Iﬂ/ M. | » |Infex seite-
Seforz Trested h‘“‘ wwmﬂ of Wm%
Trest«| 52 hrs.| Treat- |52 hes, Prec- mg.%
ment unent 1gion
of
Bl o
| L 4
1 mi;:n 24 2.0 | 1.68 | 4.46 n3® | .26
p~hydroxy |
2 »nm}a 1.7 16 | 1.80 | 4.68 [Ns¥®| .m0
Y mx
3 |i00g./aey | 1.7 | 1.7 | 1.0 | 1.0 mS®| .29
Yaan $.8 18 | 1.6%3 4q.4¢ |¥s®
Sod{ um 17 | 0.8 | 2.00 o0,8¢ Ne* .29 58,0
zalioyiate
2 |3 mg,/ 4.8 0.9 | 2.80| 1.3 we® .36 |u8.0
1@01 @ way
. B0 48 | 103 | .76 a.0n WeR| .58 | u8.8
Ween 4.7 1.0, | 2419 4,07 |H8*| | 84.6

% rrodability of d1fferance using enslysis of verience

* Probabdility of difference using paired "§" test
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Digcussion

Although statistical significance was not attained,
it seems likely that the oirculating TSH in thyroidectomized
rats was depressed following sudium galicyiete administration,
whereas escéium pmhyﬁroxw%ungauhq hed practioally no offect.
This interpretetion would be consistent with the findinga
of Wolff and ‘usten {1958) who demonasirated thet although
salicylate caused & reduction in goitre formation ¢(n PTV
troated #ais, goitre provention was not complete and
therefore TEH depression was only partial,

However, since the pltuitaries of the rats had been
maximally stimulated to proiuce TSU for two monthe following
thyrolideciony, another possidbility was thet pitultary T8H
mirht be more Pesistant to depression in these 4han in
nermel rets. As the aseay, with a sengitivity of 60,0128 Im¥
(0,025 InU/ml), wes probabiy capable of detesting T3H im
normel rat plasme it was deemed more profitakle to assees
the effect of salicylate on eirculsting TSH 4in normal pats
rather than proceed with further experiments on
thyroidectomized rats.
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An experiment was carried oot to assees the effect in
normel rate of a single dose of sodtum l-thyroxine whioh
would be expected to completely supnress vituitery reicase
of TSH, |

Zloassay of the plasma of normal rate both before and
after treatment with sodium l-thyroxine would indicate,
firetly, whsther the dioassay method was capebie of deteating
TGH in normal rat plasma, and secondly, whether statistieal
slgnificence could be sohieved by snalysis of variange foar
the difference in the estimatee of the plasme levels of TSH,
before and after treatment,

A group of eight normal reats weighing spproeximetely
200 go was used. Control bl0od semples of 2.0 mi. wers
cbtained from the rats by cardinc punoture ané seven days
later, the animals were injected intraperitonesliy with e
single dose of sodium l-thyroxine (10 ug./100 g. bedy waight).
Twenty-four hours iater the animals were exsanguinaied,
V38 determinations were mado on pooled plasms samples, both
before and after trestment, ohtained by mixing squal volumes
of plesma from eash rat in the group. The pooled plasms
samples, before and after treatment, were assayed with two
siandapd doses of 0.0125 and 6,05 Iml of ToM,



8s.
Beeults snd Discussion

The resulte are preasented in Table 19, A TSH level of
0,07 ImU/mi. was obtained for the contrel sample. The
injection of svdium l-thyroxine {10 ug/100 g. body weight'
depressed this level %0 0.02 Imli/ml. Analysis of veriance
revealed that the difference beiween the semples wis
statistically significant (P< .05}, Ag & result of these
findings i1t was decided %o procesd with an exsminetion of the
effect «f sslioyiste snd related druge on girouleting TSH in

normel Mats.

An experiment was cerried cut ¢o determine whether s

depreesion in circulating T5H could be detected in normal rets
following the administration of sodium sslioyiate. Two groups
of rate were sslected, one to receive sodivm smijoylate snd
the other scdium p-hyd roxybengoate ss & control for the
experimentsl procefurs.

Hele rats of the same age end weight (spproximately
20C g.) were numbered and distributed st rendem into two
groups of nine rats each. Uontrol blood samples of 2.0 ml,
wore cbtained from each of the reats by oardisc puncture. The
treatments were commenced nmeven days later when the rets had
recovered from the initisl bdlocd sampling., Sedium p-hyspoxy-
bengonte was adminisiered in the ueual dosage of 30 mg/100 g
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T xine P, re |
- -+11201 | (55642 | J37637| 02378 | .GW426 T,
| «48501 | 1.39429 | 76005 |4 .05366 | .94567
Anslyele of Varianoce
' g g s w « | Varenae :
Varistion Cue to! ,d % 2 e Be ¥efo | “petio
Trestments 3 1552 | 00547 | L.84 | <05
Residurlis 3 6&1 W | 288048 | 4 3-3% <04
Errow 9 7 .,wmo 020734
Total 15 4 .3}§ 2&;&5
8 = 1hlyd A = om‘l

:tuﬁwuoa wlmm 0.5 nl.

Before treatment = 0B x2 = 07 Im{!/m.
Thyrozine treated = 010x2 = .02 In0/ml,
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body weight/day to one group ané the other received godium
gslicylate in the same éopspe. The druga were given by
gagtiriec gavage twice daily for two dayes end the rats were
saorificed to obtaln blood samples four hours after the last
fiose, Tlasma PBY end plasma sslicyiaie levels were detormined
on the pooled samples from sach prouvp by the ususl methods,
TH was assayed in the uvsusl menner on the pool samles, doth
before and aftar treatment for sech group, with two stenderd
doses of TSH of 0.0125 and 0,09 ImU,

The resulis of the bioassay of TSH in the samples from
the group rsceiving sodium p-hyd roxybensdate are presented in
Table 20 pnéd ¢hose from the sodiom galicyiete trested proup
in Tahle 24.

Sodium p-hydroxybengoate had no mignifieant effeoct on
the level of circulating TSH, A value of 0,06 Imi/mi. was
cbtained following the drug compared (o a sontrol value of
0.07 Iml/sl. The index of precision of the sssay (\) wae
n.48, There was a highly significant (P 0.001) depression
in 7S¢ following sodium salieylate; the control level of
0,08 Ymi'/ml . was depreased ¢o 0,01 Imll/ml. The index of
precision of the sssay (\) waas 0.27.

These results indicate that the pltultary relesse of
T wes mope readily depressed in normal rats Dy saiifoylate
then in thyroidectomised ruﬁg. Sodium p-hydroxybengoate
whieh sotad as & control for the experimental procedure was
again without at‘twt.
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Further exneriments of the effect of salicylate on
circulating "8 in normal retc were therefore sarried cut and
in addition the effect of sodium yeregoreylste and 2sbi=
@initrophencl was examined,

As gontrol bleod zamples were obtained before treatment,
cach group acted as its own control and the effect of each
drug couid be studied as & separete experiment. This
simplified the collsotion of the deta eince it wes dosirsdle
to assay the mampies se soon s possible sfter the completion
of the experiments, but because of the time involved, only
twe biosssays oould be performed $in one week.

The ssme experimentsl procedure ss deseribed for the
preliminary experiment, was followeé. Sodiam salioylate end
ecd fum pehydroxybengzoste were given in a dosage of 30 mg./
100 z. body welght/dey; sodium y-pesoreylsie st the rate of
90 WE./100 3. body weight/day, (the level which was shown to
deprees the PBI sipnificently) ené 2,4~dinitrophencl in a
dosage of 2.5 mp./100 g. body welight/dey.

Estimations of plages i, salicylate and TSH were
c#wmﬂ out by the vsual procedures on pool semples,

The comdbined yesults of all exneriments earried out
using the four drups are presented in Table 22 and the results
from esch treatmeni heve been discussed separately
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of soéilum pehydroxyvhenroate., The drug produced no significant
change in sirculating T5H; mesn values of 7.06 snd 0,08
imi/ml. were obtained hefore snd after trestmsnt, resmectively.

There waas no effect of the drug on the plasma PRI,

There was 2 atalistically significant denression in
eireulating TS following emlicylete sdminietration in esch
of the three axperiments zarrieé cut in which the mean velue
of 014 Imi/ml. for the control semples was reduced to
0.0 Iml/mi. following treatment,

The usual veduction in PHI was produced by sodium
salioviate, the mean control level of %4 up. 1% being
depressel %0 1.3 pre I%, The mean plasme sulisyiste for
the three experimente was i/ mg. por 106 ml,

rhie drug profiuced a statisitoally significant denvession
in T3H 4in each of the three experimentas, the mean conirol
value being refuced from 0,08 %o 0.0% 'mU/sl, when the mean
y-psgoraylste level in the plasma was 25 my,%., loreover, the
PBEI was depressed to {.41 pug. I% from a control vaiue of 3.2 ug.
1%, The reasuits of sxperiment 1, as 8 typlocal example, are

presented in Tabdle 23,

only iwe experiments were carried out on the effeet of

2i~dinitrophenol but in each csse s statistiocally signifiecant
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depression in THH pesulted. The meanr contrel value of
0,08 Tmi/mi. fell to 0,03 fml/mi. The sxpesied reduction
tn PBY with this drug was found to oceur, the mess control
PEI of 2.7 uge. I¥ deing doprepssod to 1.4 ug. 1%, The
repults of the firat experiment with 2, ,b-dinitrophenol are
presented in Tabis 2h.

The aversge index of preelsion for the 10 biomssavs
in this series of experiments was .20, indlestinz that the
ASSRY R wWere very as—uin.' The mean ievel of "SH in the
control samples of ail experiments was 0.C8 Tell/ml,

Disousgion

These experiments demonstrated that scdiom splicylate,
sodium y-presorcylate snd 2 Ledinitrophencl eignificantly
depresas the oirculsting TSH in norkel »ate. The findings
confirm the indireet evidence of Walff ané Lusten (49%8)
(obtained from searetion rate studies im raie), of 2
dopression in pituitary relesse of "5 by these druge.
However, the possibility remeined that the depression in
eirculating THSH observed with the druge fn doth bloaseay
and peoretion rate siudies could he expleined by a direct
chemioal sotion of the drugs induoins s chauge in the proteia
sitrugture of the T8H wmolecuie, thus inkiditing ite motion on
the thyrolds of Loth the assay mice or the rats vased in the
gecretion rate stuiies. Thim possibility was tesied in the
experimente reported in the next gection,
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The possihility remmined that the Aepression in
cireulating TGH in normel rete following the sdwinistration
of nlxaﬁuta, y=pomoreylate ané 2 L-dinitrophenol was
produced bty direct ohemiecal interactiion of the drugs with
TSH pesulting in sn inhibition of the release of labellied
hormone from the thyrolds of the sesey mice,

Thie wng tested in a four point 2sesy in which twe
standard Gomes of T were sssayed with two standard doses
of the pave level of TS immedietely followed by the injestion
of the drug at the wsual plasma level detected in rats.

A four point asssay design was mnﬁa. Twe standard doses
of 0.,0125 and 0,05 ImlU TER in the usual volume of 0,5 ml.
were injected intc two groups of mice, The same doses of TSH,
but in a velume of 0.25 ml., were injected inio the othar twe
aroupa and followed immedistely by the injeotion of {he drug
digeclved in normal eseline fn & volume of .25 ml.

The level of salicylste ar verescroylate attained in
the plasma of rets treated with the drugs did not normelly
axceed 50 mg. per 00 mi, Hince only G.5 mi. of suoh pleswma
was injected inte the assay mice, the smount of drug injeoted
was of the wéw of 0.25 ma, Scdiom salioyiate and
sodium yeresororiste were dimssolved in normal saline st o
concentration of 400 mg./100 m1,



9%.
0.25 ml, of the solution of drug (.25 mg.) was injected,
The level of 2,4~-8initrophencl in the plasma of rets wes not
determined. 7Tt wam considered that the doge of 2, 4w
é4nitrophenci (2.5 mg./900 g, body weight/day) would not
produce a Level higher ¢han % mg. per 400 ml. in the plasme
which would be squivalent %0 0.02% mg., in sn injection volume
of 5.5 ml. of plasme. 0.25 ml., of a sclution of 2,4
d¢nitrophenol in saltne (10 mg./400C ml,.) wap injected into
the miae ¢¢ amsspe the effect of the dreg.

The results of the four point essays are presented in
Teblies 25, 26 and 27. Anglyais of varisnce of the treaiment
effects wae carried out for ecoh aseay to teat for
significance &iffersnces botween the mesns snd between the
siopes of the dope Tesponse lines, The resulits indiceted
that zodium salioylate, sodius y-resoreyiste and 2,4
dinitrophenol were without effect on the response to
atandard T8I,

These resulte therefore negate the poesidility that
deprassion in cireuisting TSH preduced by eelicyinte,
yv-poaoreyiate and 2o dinitrophenol resulted from an
inhibition &f the physicloezieal sctivity of circulating
TSH by & chemjosi action of the @rugs,.

It wae logloal te sonolude, thevefors, that the
| depression in TSH profuced by these drups resulted from the
inhibition of the relesse of T from the pituitaries of the

rat .
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In order to confirm the depression in eirculating TaH
induced by salicyiate in men it was necessary to overcome the
eans difficulties whioh were encountaped in the studies in
rate. %ince ¢he »slease of pituitary THH in thyroidectomiged
rate was shown t6 bhe more resistsnt to depression hy
salioyiate then in normal rats, it was éecifed not to assess
the effect of palicyiaie on untreated myxoedema patients,
Yereover, the onset of myxoedema foilowing thyrolé failure in
the few subjectsn svaiisble was not readily determined, hence
the pitoitary in these sobjedte would pr biy be more
resistant to inhibition by salioylete than ¢he pituiteries of
rats In the controlleé period of two months following
thyercsideotomy,

It was decided, therefors, to alvdy rormsl subjeets
providing the hicesssy wes sufficiently sensitive to estimate
the level of TSH 4in normel huiman plasms. T3 was sstimsted
in the plasms of & smell series of normal humen subjecis.

faoh plasma semple was assayed separately with three
standerd doses of 0.0925, 0.05 sad 0.20 Int TSH, This renge
of doses was chosen %o span the reange of TSH concentrations
estinated by various workers snd discusged in Fart I of this
chapter. |

The results obtained from the four assays oaryied out

wore as follows:
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A 0,026

B 0.0%

o 0.03h
D 0.0%
Yean 0.0%

Since an infection volume of C.5 wl. was used for
the assey, the astual estimater ranged from 0.013 to 0.048
ImU which was closs to the senaitivity of ¢ he asszay
(0.0125 ImU)., T¢ is scknowledgel that this series of
ostimates is Yoo amall e enzdle any confifent statement
to %n mede concerning the jlevel of TSH in normal human
plsema. However, for the purposes 6f ¢the wvﬁnt
investigetion these estimetes permitted the conelusion
that the level of TIH 4in normal human plosma wos ciose to
the 1imite detaotable by the &sssy, so that it would be
impossible tc detect, with ncourasy, any depression in ihis
level resulting from the sdministration of salioaylaie or
related éruge.
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PART V

A aritics]l examineiion of the bioassay of TSH By the
method of MeKenszie (1958) has been carried ont. Wodiftcetions
in the aasay design were applied with consequent improvenmsant
in hoth precision and sensitivity of t he methed. The methoé
woas shown to be specific for T9H fir the plasia of rats.

The elevated level of TSH in the pisgma of
thyrolidectoniged rets was resfily detected by the diossany
method. A preliminary exsmination of the effect of sulicylate
on the elevaied level of T3H in rats, thyroidectomized iwo
months previously, was thersfore underisken, Sodium
ssiiocylate was sfiminigtered in e dosspe which had bdeen shown
previcusly to produes a sigaificent depression in piamms PRI,
Althoush salfeyiste profused an spparent depression in 73H tn
the plasse of theae rate, statistiosnl significance wae not
resshed.

It was subsegquently demonstrated that the hicassay
method was sufficiently eenpitive o estimate TSH in normal
rat plasmn. The atudy was therefore extended to an
examination of the sffeet of seiioylate and related &rugs
on ¢ireulsting TSH in normal rets. 7The sédminigiretion of
godiom selieviate, sodium yeremoreyiste and 2 4-8initrophencl
proéuced a significant Sepreseion in ciroulating TSH in novmel
rets. 4 simmlteneous depresaien in piasme P5I was demonstrated,
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Sodium p-hydroxybenzoate was without effset on the levels
of TSH oy PEI in normal reta.

The posaibility that the depreseion in T% was caused
by & 4irect ochemical action of the drugs on TSH, inhidbiting
its physioclogiosl activity, wae also tested. However, when
administered to the messy mice in the same concentretions
as thoae obtained in vet plasma, the Zpugs 444 net affect
the response to standsrd doses of TS, It was concliuded

therefore, that the depression in oirculating T produged
by the druge resuited from an inhidition of the relesse of
TSH from the pitulitary.

The level of TH in the piasme of normal human subjeots
was shown to bhe lower than that in the piasma of normal rats.
Ag the level of TSH was slose to the sengitivity of the
sssay, it wes concluded that it would not be possidble to
detect, with accuracy, sny depression inm TSH pesuiting frem
the sdministretion of sslioylate or related drugs %o normal
man .

This demonstratien of a significant depression im the
Sevel of circulating TH in normal rats, following the
adminigtretion of either sodium, ssiicylate, sodium
y-pegoreylaie or 2,4-dinitrophencl therefore confirms,
conclusively the indiseot evidence of Welff snd Austen (1938)
that the 8ruge depress the peloese of TSH from the pituitary,
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INFRODUCTION

It was demonsiyated in Chapter II of this thesis that
the edministration of salicylste and 2i=8initrophensi %o
rats produced & depression in plasms °BI. This finding
confirmed earlier repurts of suoh sn effect of the drugs in
men and rets. (Castor snd Belerwsltes, 1956 Goldberg et el,

19573 Avsten et 81, 91558). In these earlier studies,
indirect evidence was obtaited that a depression in pituitery
releaze of TS ocourred simultsnecusiy with the dapression in
piesma PBI produced Ly these drugs. It has been conclusively
demonetrated (Chapier IX1), by Airect bloassay of TSH in the
placues of normal rats, that both sslieyiate end Qolg-
éinitrophenol produced a significant depression in éinuxntlug
TaH, ‘

This finding of simuitaneous depression of oircuisting
thyroid hormone and TSH ig contrary to the concept f the
negative feedback aystenm regulatiaz the thyroid-pituitary
axis. A depression im cireulating thyroid hormone would be
expeotad to produce an increamse in TIH output. However, the
feedack regulation of TS seoretion may be overridden by
neural factors afi'seting the hypothalamus.

Becouse of the similarity of the metadoliec stimulating
properties of 2,4-dinitrophenol and thyroxine, Coldberg and
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co-workers (1957) proposed a thyromimetic setion of
2,i-8initrophenol to acocunt for its sction in depressing
pituitary TSH release, by an effect cn the hypothaiemus,
mediated via the incressed periphersl metenoiism, ZRvidenoce
that suveoh s mechanism proftuced the denroseion in pituitsey
TSR pelease by 2, L-dinitrophenol wes cbtefined by Reiohiin
(1960), 2Z,4=Dinitrephencl was signifieenily xinn effeotive
in osusing thyroid imhibition in rete with hypothalamic
lesionas than in normel rets.

7t hes besn demonstrated in the previcss chepters of
this thesia that sedium yerzsoreylate aliso produces a
simul taneous depression in PRI end TS in normal rate similay
to that which follows aslicylate and 2 L-dinitrophenol
adnmimn%im. However, sodium yeresoreviate docg not
etimulate meizhoiie rate or inoresce oxyasn consumption in
rets {Mamde 1954). The porsibility ¢het the sotion of
selicylate and 2,L-dinitrophencl in depressins pituitery TSN
releage i dependent upom their metebolic siimulating
properties may therefore be excluded,

It is spperent that, of the verious supgrestions made
80 fer %o expiain the mechanism of action of salicylete and
2,L~ dinitrophenocl $n disrupting the negstive feedback
regulation of the thymeid-pituitery axis, none has been
confirmed experimentally, The validity of the hypothesis
thai 1t 4s the level of the total oirculating “hyroid hormone
whioh sontrole the negetive feedback vegulstion of thyroide
pituitary sotivity may therefore be questioned.
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Oonsiderable attention has been given to the mor
in which interaction with the serum proteins might influence
the physiolopieal activity of the thyroid hormones,

In & comprehensive review of the literature relating to
the binding of the thyrold hormones ‘e the sepum proteins,
Robbins snd Rall (1960 concluded it wae moet 1ikely that
the eirgulating free thyroxine was the physiologioally aotivae
molety of the total oirculeting thyroxine end that the bound
thyroxine ascted ns an insoctive giorage Torm, It wes alno
postulated that ¢he circulating level of free thyroxine might
act &8 the reguletor of the negative feeddack system
eontralling thyroid-pituiltary intervelations.

% method for the determination of Iy¥ee thyroxine in
gepum was developed by Christenaen in 1958, Redloastive
thyroxine was alded in a irager guantity to serum on one side
of 8 8iglysis nembrangé. The rate of transfer of radio-
thyroxine scroegs t{he nembrane wea shown to be dependent upon
the level af {ree thyroxine in the serum,

Te 1989, using this #1lalysis teohnicue, Christensen
demonsirated thet the sdditien ip yitro of elther sslicylate
or 2. hedinitrophencl to the serom saused a signifiesnt
inorease in the pate of {rsnsfer of radiothyroxine soross the
seni-pepmecble membrens. Christensen soneluded that the
thyroxine~-reiesning effest of snileylate and 2,u~dinitrcphencl
probably resulted From the dinding of the drugs ic one of the
spseific thyroxine-binding proteing, thue displacing hound
thyroxine into the free siate. It was postulsted, therefore,

ADE\ L~
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thet ip vivo an increses in free thyroxine would secount
for the inoreased frectional rete of 'u seppearance of
injeoted radiothyroxine, and the {all ia PBI following
salicylete administration. The depression in THH resulting
from the sdwminigtration of these droge micht slpo be

- explained by the incresse in fre¢ ihyroxine, if it is the
level of f'ree thyrexine whioch sontrols the negative feedback
regulation of the ¢hyrold«pituitary svstem,

ei'fect of seifcylste und Z,i=dinitrophencl in the dislyeis
gystem of Christensen, fﬂwww of the simiisr depression in
PBI and T3¥ produced by sodium '~resoreylate, the gludies
were extended to sn examination of the in yitro effest of
vepegoroyiate,

Becsuse of changes in the equilivrium resulting from the
depression of the cireulating thysoid hommone following
sdministretion of salioyliate, it is not possible te
extrapcliste the {n yitro results to the in vive situation.
The effest of salioylate snd relsied drugs on eireulating
free thyroxine wse therefore siudied foilowing their
aéniniatration te both man and rats.

An investigstion of the Christensen dialysis method for
estimating free thyroxine in gerum was carried out before ite
spplioation to these studies, |
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L

it has been recogniged for many yesrs thet the thyreid
hormone ie carried in the bioed in & non-dialysable, but
chemically disocaiabie Iinkege with the plasma proteins
(Trevorrow 1939). The mpecifiaity of the intersotion Getween
the thyroid hormone and plagma proteine wes revesied in 41952
when it was demonstroted {following tleckrophoresis of human
serum on filter paper in veronal buffer at p¥ 8.6 that
x‘ﬁ-ubum ¢hyroxine migrated prineipally with the
a‘-nglﬂbéﬁfiiﬁi in the zone belween 4 and &ewgzebui in. & smell
proportion, about 40 per cent, migrsied with slbumin (Gordon
gt 41, 99523 Learson et sl, 1952; Winsler snd Notpies, 1952).
The moiety in the inter c-globulin region with whioh the
thyroxine was associated ceme %o be known as thyroxine
binding giobulin (THa),

Thyroxine bosnd %o sny one of the sites on the perum
proteins has been shown to be resdily exchengesble with
thyroxine on the other sites or with thyroxine {either stable
or radioasctive) added to the serum (Teise ot al, 1953;
Robhing ot al, 495h). In thie type of reversible resction,
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the thyroxine bound to the proteins must be in eguilidrium
with {ree or unbound thyroxine. The distridution of
thyroxzine between bound snd free forms is dependent wpon
the total concentration of thyroxine, the concentreiion of
sach of the binding sites aad the assooistion constant for
sash of these sites.

T% is possidble ¢¢ derive genersl equatiocas for the
equilinpium internction hetween thyroxine snd s mixture of
differont types of binding sites. This sibject has Been
reviewed by lobbins snd Rall (9960}, In the mathematiosl
treatment it has been asaumed that there ie no intersotion
hatween sucoessively bound thyroxine moleculies when a protein
containeg multizle dinding sites. In applying these equations
%0 the situation in serum, the additional assumpiion hes deen
msde thet sach olass of ihyroxine-%inding pratein has s asite
with a single agaceiation constant, sithough the equations
are applicable to the more complicated situstion of multiple
typees of sitea for asch protein. JIg wive, ¢he aiditional
possibility thet eguilidrium mey not always be attained must
also he congidered,

Let ( ) = molar concentration
k
P = unoccupied binding sites
»% « total binding altes
TP = ocoupied binding sites = dound thyroxine
free (undoond’ thyroxine
r* » totsl thyrextne.

the intrimsie associntion constent

g

#

4
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Sebanript 1,2 eeon™ individual olasses of binding sites
subsoript g » apy oelass of binding sites.

From the law of mapss sction

”P‘“’ ' Ky = (%)

wm ; b @ s00 Ky @ M;}. ()

wfhigv
Singe only one concantration of free thyroxine eun exist in

ky =

the mixture, end (P,) = (F{) « (TP,)

Then " = . ;”%’ (2}
kg [(Pg)=CTPy)]
On rearranging
(%) = (12,) (P*)

tii” (§§ J ?-‘)‘ A (3}

from equation (2)

)"'{w ¢ ..-0('!‘? ) L(W ) . f.,(?? )
kié 2’ ...&:CP“) 'm'*x L(p )..(oyp )1

(h)

ot
) = LHQ {
By
and () = ﬂ;{%‘}'ﬁ (6)
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From equation 2 it may be seen that the concentration
of free ihyroxine could be celoulated from a knowliedge of the
conoentraiion of bound thyroxine (TP), the concentration of
totel binding eitee (PY), and the sssocistion constent k, for
any one of the hinding sites in the mixture,

Robbine snd Rail (1960) cslouleted the association
constant for TBO waing dale obtained from sxperiments vselog
eleotrophoresis in veronsl burfer. The mass law squstions
goverming the interaction Latween thyroxine and s single type
of site on each of two proteins -~ “5¢ and sibamin - wepe
‘employsd (the importence of thyroxine hinfing presibumin
(THPA) as a third binding site of thyroxine was nog
appreciated et the time of this siudy). The theoreticsl
trsatment sppeared 4o be Justified by the fit of oalculeted
curves to the sxperimentsl data but the abaolute value ws
based on a nuxber of sgaumpiione. The velue obtained 7.9 x
10% was very large but {s sonsistent with the experimental
rinding that the amall quantity of 757 in serum competes
effectively with the much larger amcunt of slbumin for the
svailable thyroxine. Tein (1992) dertived & value of 7.9 x
16" for the mssocistion constsnt of bovine serum albumin.

The intersction of thyroxive with the serum nroteins
ia of suoch intengity thet the equilidriom concentration of
free thyroxine is extremely low. Robbine snd Rall (1957)
caleculated the free thyroxine level when 1t wap thought that
thyroxzine wagz bound to only two typee of sites on the serum
proteins. This 41@ not affeot the result as the concentration
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of free thyroxine may be calenleted from the dste for only

cne of the binding sites, irrespective of the number of other
binding sites intersoting with thyroxine {equation 2). It was
agsumed by Tothins end a1l thst the distpivetion of thyroxine
among the binding proteins fetermined electyephoretioally
pepresented the sciusi diatribution in wive.

The concentiration of 8% pinding sitse end ¢he proportion
o® the total thyroxins sound to THO were Setermined, The
value previcusly obtained for the assosistion conatant of TREG
wag used, Using this method, the mean valve tor frée
¢hyroxine in & gPoup of normal &dulits wes .62 x ‘éo"’ml.
Tuis value for frse thyroxine {s eguivaient %o n,06% of the

total thyroxine concentration.

oo » sretica)
A method for the determinstion of free thyrexine in seres,

besed on the yate of trensfer of ithyroxzine scrose o d1elysis
menbrane, vas developed by Ohristengon in 9959, A Tull
dessription of this method iz presented in rapt 11 of thia
ehapter. In this procedurd, 1dentieal conseatrations of stable
thyroxine snd serum were placed on both sides of a semi-
permeable membrene in iGenties) chambers A sni B in @ speolslly
congiructed dislysls ocell provided with sdeguate stirring.

5 tpase of psdiothyroxine in pnifer wes added ic chamber A and
puffer slone tc chamber B, Egusl volumes of serum were
pemoved from both chembers after 6, 48 end Zh hours dlalysin.
The radiocective protein bound {odine (?nﬁ”) gcontent of the
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semple in chamber A wae fetermined snd also the var’3!
eontent of the semples from ohamder B after &, 18 and 2
hours. From these resuits, the pereentage of radiothyroxine
transforred acrcre the dimiysis membrane at the stated times
was doternined., The experimentally determined rats of
trensfer of raéiothyroxine gave a iinear funetion of &ime
over a 24 heur period,

If & tracer dome of radiothyroxine (¥7) ga added to o
eample of merum, the following wrelat!onshipe will be valid
after equilibriom (e seiablished:

(vt (%t

if % ie sseumed that &ll of the organic iodine in ihe
serum ig in the form of thyroxine and is estimated as Bl
{whioh is only spproximately true) then:

2. . ",".ri S
(prr)  (pax' ) .8

)
(rprt3

o« {PBEY)Y (9)

| o'. (T) =

)
Prom the law of mass setion (equetion 1)

(r°

(T) = 1 . ! ) : {490)
£ T

Agsuming the bound thyroxine .(Tpi) = Bl then:

(T) = k. 1%%3 (11)
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A comparison of equations 9 and 11 shows that the ratio
of free radiothyroxine tc total radiothyroxine is inversely
proportional tc the residusl binding capseity of the serum.
This reletionship is however oniy of relative validity since
gqua%ion 91 presupposcs that all binding sites have the same
affinity for thyroxine, which ie an spproximation.
 Determination of the ratio of free rediothyroxine to
total radiothyroxine weuld yield a measure of the residual
binding oepacity of the gerum under study and thus permit
caloulation of the fyee thyroxine level in the serum,
providing the level of PuI is known.

Since it would bhe difficult io éetermine the absolute
value of tha ratic of free redisthyroxine to total radio-
thyroxine and sinee enly reélative values are necessary, “his
magnitude will be expressed Ly a guantity that e preportionsl
%o 1t, namely, the pepeentage of the totsl amount of rsdio-
thyroxine sdded, that has passed the memdrane in 24 hours,
The produot of thie ilntiar vslue and the PBY valve is an
expresaion f free thyroxine in arhitrary units, An sbesolute |
value cannot be obtained hy this methof,

Robbing and Kall (1960) have muthemeiically analysed
eguch 8 avstem of kinetic dialyais. The dlalysis method used
by Christensen may be schematically desoribed as folleows:

e el

(TP )——= (P ) o (M) Chamber &
' seni-permondl e
J \ e menbLrane

(TP ) —=(»g) & (T) Chamber 3
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It wes assumeé thet the t{ranafer of thyroxine seross the
mezibrane is a first order process, and thet when s ¢race
quantity of rediothyroxine (*7) 18 added to chemder A, the
interchenge betweon *7 gné T is very Faet compered to the
other rates invoived, Since the rediothyroxine whieh pasides
through the membrane fis bound te the serum proteins, there is
ne back diffuesion, and@ ohamber B can be treated se on {afinite
sink. Therefore the fall in Goncentration of ™ {n ehamber A
will Ybe expressed dy

(*1) = (*1), o~K*

vhere t = 3ime
(*r), = molar concentration of T gt two

X = proportionslity constant (t™°)
The value of ¥ %ill depend on varioum charecteristics of the
system such ag the nature of the membrane - pore size and
charge, the dimensione of the membrasne, the velume of the
shambars, the temperature, vnd the pH of the serum. These
factors were kepi eonstant,
Thyroxine transfer aise éepends on the intervslstion of
the various rate processes:
(1} the rete of mixing in the chambors,
(2) the rate of interchenge between steble mnd
radf oastive thyroxine,
{3) the rates of association and dlssooistion of
thyroxine from its binding sites, snd
(4) the sate of transfer sorcss the membrane.
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fistes 1 and 2 would not appessr to bde limiting rates.

Tt is assumed that the rate of dissociation is fast relative
to the rete of dialyats, dut it is conceivable that the
former could de rate limiting,

Equation 12 osn he vewritten in the form

Moae = XV (M) (13)

where ﬁ?@“ = the moles of rediothyroxzine lesving
shember A per unit time
V = the volume of chamaber A,
Rearranging equetion 13

X a;_(% {14)

f#noe lebelled thyroxine is expeoted to be indietinguishadlie
from stadle thyroxine, the same relationship must hold for
the stable molecule

Tout = V(T | {48)

It cen be sesn that X defined the rate of transfer of
the free thyroxine posl V(7). However, the experimental deta
w@s oxpressed 23 the fraction of the tctal $hyroxine posl

V('rt) ¢+ tranaferred per unit Wme. This value is obviouwsly
ot the same as '« This will be designated the "frasetionsl”
transfer rate.

9ince the labelled maierial is !dentical with the stabdle
moleoule, on substituting the value of X from equation 14 inte
equation 95 -
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#n g | |
_QPQ « V(T°) = Toue (16)
T

This is essentially the celoulstion emplsysé by Christensen
(equation 9) for pelating the "fractionsl” transfer of redio-

thyroxzine to the free thyroxine concentration.
By substituting equation 6 into equation 15 -

T A
e ol , - (47)
v(Th)  ukg(P,) ¢4

T¢ 18 evident Trom this equation thet the tranafer of Toat °F
chawber A, when expresstd as 8 fraoction of the totsl thyroxine
in shember A, fe an inverse function of t he residual binding
espaoity of the serum (P, ).

As previously mentioned the dieiyelis wethod of
Christensen Joes not pive an absolute veive for free thyroxine,
but permits only relative sssessment of levels of free
thyroexine.

Using this method, Christensen (1960) exsmined the level
of fres thyroxine in the serum of normal subjects, patients
with thyrcid éisease, and alec pregnant women, The mesn value
of frea thyvexine in a aeries of I normel sudbjects was 3.2
snits, with a renge from 2.4 to 4.% units. The mesn velue in
the thyrotoxie group wes 5.4 units whereas that from s empil
séries of myxoedsma patients was 0,6 units, The values of
free thyroxice fop pregnant women fell within ¢he normsl range,
in spite of inorocsed PBI levels.

In order to determine absolute levele of free thyroxine
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by a dialysis procedure, it would be necesssry to determine
sccurately ithe mianaie amount of thyroxine pressat in the
d1alynate that was oonsidersi tc represent the unbound op
diffusidle fragtion of hormone in seprum. Such s progcedure
hes Deen reported hy Sterling mnd Hegedus {1962).

Using this method they obtsined s value of 1.3 x 10~ Oy
free thyroxine for normel serum, This wag twice that
{0.6 % 10" %) computed by Redbins snd Reil (1957)!. A value
of 6.6 x 10°'% fpee thyrozxine was siso ecalouvisted by
Sterling, Romer sné Tabeehniek (1962} from equilidrium
#1alysls studioes veing human perum slbumin,

These results, derived by severel Aifferent spprosches,
all give values for free thyroxine of the same order of
magnituds whiok 1%t the theoreticsl oconsiderationg dsrived
from the mass laws.

3.

Cther generalizations may Le mede from the eguations
derived from the law of mass setion.

I 4t is agsumed that t¢he thyroxine-binding cepacity of
one of the proteine in the serua (P}) sises but the
concentration of free thyroxine, (T), is kept constant,
squations X and § prefiict thet the concentration of thyroxine
bouné t6 thie site {TP,) will inecrease. The coneentration of
thyroxine bound to the sites (TF,) other than 1, will pemain
unchasnged and the thyvoxine bound ¢t all the hindins sites
}:('F?t). will rise, as will the totel Zhyroxine (T%).
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The ratioc -T%; for sites other than = will £ali.
el )
L{®r,) {(rp. )
“ince (Tz 5 ;3@ = 4, the ratio - 2 will rige.
(T") (r*) {r*)

Sinoe (TP,) rises, (Fg) will rise but (Py) ees (P,) will net

ohango.

A mpeolal came of thie is found in human pregnency end
oestrogen adminigtration to men or non-pregnant femeles. In -
normal pregnancy the FBI piges in the sbhsence of othep signs
of hyperthyrcidiem (Danowski et s, 9950: Prsedberg vt al,
1957). The thyroxine binding ospseity of TEG incveases carly
in pregnsncy and remesins slevated for severasi weoks post-
partum (Dowling ot al, 19%6a; Rodbina and Nelson, $958).
Both Christensen (1260 and Sterling snd Hegedus { ¢962)
demonstrated that the level of free thyroxine in pregnant
women wag gimilar % that in normel esudjects. Thus premant
women remsin sothyrold presumably hecsuse free thyroxine
levels are within the neormal range.

If on the other hand the thyroxine Rinding eapeeity of
one of ihe proteins in the mixtare, (P}), falls, but the
toiel thyroxine congentration, (T'), ia kept constant,
equation & prediects thet ths concentration of free thyroxine,
{7} must rige. Fqoation 2 then iniiemtes that the
censentration of t¢hyrexine bound %o the other sites, (‘?‘?g) cuse
('ﬁ?nn will rise and ¢hat the concentrstion cf unoocupied

binding sites for these proteins é;’;?g} sse & Pa) W11l fall,
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1% frollows from the initial confitione thet the concentrations
of boith cecupled and wnoccuples hWinding sites for this protein

(Te,) and (P,) will fall and the ratic ‘'3) fop sites other

ot
than 4 will pise. '

This would be expected to be the oase if a drug which
inhibits the binding of thyroxine %o cne of the serum proteins
were added §p vitge %o normal humsa ssrum. Christensen (1960)
postuiated thet sslicylete snd 2,L-dinitprophencl exerted such
en effect on one of the binfing proteins in the hloeod,

The in yive effect of such & drug is not easily predicted
hecause Of the poseible decreanme in the totel thyrexine

circulating, cauveed by exorstion of thyroxine relessed from
the specific thyroxine hinding proteins,.
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Twe dislysis ceils were constructed® using a modificstion
of the design of Christengen (19392}, Yaoh cell consisted of
twe ehromium-pleted brass plates cut cut to form stesight-
sided chambers msasuring % mm, x 32 mn, x 9% mm, Rubbep
gaskats were inserted around aueh‘shambcr.v A dlaiveis
nembrane was pleced between the ¢wo helves which were tightly
screwed together 20 form two identical =mesied ohambewrs

separated by the dielysis memdrene, The volume of esch
chiomber wes 42 mi. ¥ixing of the contente of the chember to
which the radiothyroxine wes edded (chamber 4i; was effected by
means of an impellor sealed through the wall of the chamber,
é¢riven a:ttrnaliy by & belt drive. The ceila were suspended
in & water beth meinteined at w tempersture of 37.5 £ 0.5%.
The gerum gemples were admitted through a small hole ir the
top of each chamber from & pipette with & fine bore plestic
tube attached. After fnesrtion of the semple, the hole was
seaied, Camples were removed in the same manney,

Redio-i-thyroxine wees obtained from Abboits T.aborstories
(Cek Ridpe, Tennessee). The specific setivity of the varicus
batohes used was obout 30 ®mc./mg. The preperation, purified

* Paton Tndustries, ‘8eiside.



117.

by the manufacturers, was supplied in selution of 50%
propylene glysol, There was a slow relesse of inorgsnic
tod¢de 173! £rom the matertal. The redtothyroxine solution
was stored st L°C to inhibit the delodinstion end desmination
reastions caused by suto-ionigation (Tata, 1959). The
solution efter one, two anf three weeks storage st 4°C was
subjected to peper chromatography in tertiary amyl sleohol
gaturated with 2§ ammwonia, Only two avrems of rediocectivity
were reverled which were identified ss inorgenic iodide and
thyroxine. The miu'%h:freune was never ueed fopr mere than

three weeks after its preparation,

Phogphate buffer (pH 7.4 was prepared w.ﬁximz 90 mwle.
of 0,51 Kﬁg‘?t}“ and L0 sill. of DM n.zm—wm .

The diglysis membranes were prepared from 15 em, lengths
of Visking dialyeis tubing whioh were cut open on cne side
snd unfolded tc form membranes 6 oms, wide,

iilood samplee were goliecteé by venipunoture. The serum
was separsted and stored in the frogen etate until just before
ust.
Lrogedure

A volume of 35 pl. of radiocthyroxine solution wae diluted
with phosphate buffer to a concentration of 0.4 uge. Shyroxine
per ml, 1 mi, of this solution wes pipeited into a test
tebe, Inte sunother test tube wap pipetted 41 mi., of the
phosphate buffer sione. To each tube was added 0.4 ml, of 5%
sodius thicsulphate end then 40 ml, of the gerum to de
snalysed. The vontents of eaéh tube were mixed and incubated
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st 37°C for 90 minutes. After sssembly, the cells were
attached %0 the supporting reck snd suspended in the water
bath at 37.5%C. On completion of the incubation, 90 ml. of
the serum mixture conteining the radiothyroxine was pipetted
into chember & end 10 ml. of the non-vadicactive serum
mizture was pineited into chamber B, The stirrer wos sterted
ané the time noted, £t 6, 18 and 2L hours sampies of 3 ml.
vore withdrewn from chambers A mné 2,

etermination of FPree Thyroxing in the Sampls

mhe P17 gas Getermined in ¢he samples removed from
chamber 5 by the following procedure. The 3 ml. samples were

originelly pipesied inte test tubes mweasuring (.5 x 6.0 inches
which £itted the welletype orvstal used for subsequent vadic-
sotivity messurement, & ml, of 207 trichlovossetic acid (TCA)
wore adéed with stirpins ¢o precipitate the serum proieins.
ifter standing for meveral minotes, the tubes were eentpifuged
for 20 minvtes 8% %00 v.pome After dimcarding the super-
natants the sampies were washed with 0% TCA, Carrier jodide
(0,57 solution of X1} was added to assist 9n the vremovel of
$norgerto 104ide 773! present in the radiothyroxine selution.
T™hie affectivetisss of this prosedure, which was deseribed by
Christengen, was vérified exverimentally. The samples were
vigerously stirred twice snd sentrifuged for 20 minutes at
1500 r.p.i. After washing the protein precipitates three
times in this maoner, the finel supernstents were Siscaried
gné the ssmpies were well drained,

The rediocsctive content of the protein precipiiates were
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measured using a welletype seintillation erystal (Zeke
Type N397). Tn order to standardise the counting erver et
2 low level, the time for 3,000 counts wes recorded for
essh asmpie. Prom the values chtained the count rate fopr
10 sl, of sample was doiormines,

he PBI'3 gontent 2z the serum saded to chemder A prior
ic the commengement of the dislyels was determined in a 100 yi.
siiguot to which inactive serum was sddeé to a volume of 3 ml,
This semple was ireated in the seme way a#s the smwpies from
champer . From the radicectivity measurement, the ocount rete
for 40 ml, of the sample was calotlated.

For celoulation of the percentage of ithe total radice
thyroxine dialysed in 6, 95 and 2i; hours, the sppropriate
Fadionotive deoay factor was applied ¢o the count retes from
the chamber I smmpies. The guantity of radiosctive thyroxine
thet haf passed the membrane (the BY'™ content of ohemder B)
in o given time, wae expressed as o percentage of the total
amount of radfeactive thyroxine sdded (the *BI'™ gontent of
chamber A) at the commsncement of the dlalysim. "hem the
percentage of the totel radiothyroxine 4islysed was piotted
against time & linear relationship resslted.

As stated above the serun samples were dilvted with
1 el. of phosphate buffer. No correction wae introduecd for
this dflution ae the resultis were axpressed ir srbitrary
units which depended on the #imensions of the spparstus.
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To ensble the presision and reprofucidility of the
method tc be sasensed, six determinetiems of the pame normal
serum sasple were made. The values sbieined panged from 0,96
fe13 per cent of the totsl rediothyroxine dinlysed in 24 hours.
The mesn value was 1.01 per sent with s stendaps deviaticn
from the mean of 0.0% per ¢ent.
~ Daring the eourse of the investigations reported in this
chepter & series of mesults from norms} subfects, end untreated
thyrotoxic and myxoefems patients wee ooilectod,
Ustimates of free thyroxine were made on the serum from
20 norwmal eubjecte, The pesults spe shown in Tadls 28, The
values for ih¢ percentage of the total radiothyroxine dfalysed
in 24 hours varisd Trom 0.77 40 1.28 with a mean of .08, The
PBI values renged from 4.3 %0 7.8 up. 1%, The meen valoe for
fre¢ thyroxine oniculated from these velues wes 5.9 wnite,
The lowest value of free thyroxine in the series was 3.9 unite
Aum highest was 8.7 units,

As shown in Table 23, the level of free thyroxine was
found to be high in each of the oight patients axamined; a
mean value of 39.0 units free thyrexine was obtained. The
percentage of the total rafiothyroxine dlalysed in 24 hours
for all thyrotoxic subjeots was grester than ¢that found in
aormal subjects, ranging from 1.82 to L.55 per cent.




PRI 4

ruu;cm qv FRE® mqmwmr Ix ng

Subieot % Total Rediothyroxine| PBY Free Thyroxine
ek Dislysed in 24 hours | ug I % (uni ts)
1 0.98 5.2 54
5 1.42 b 5.5
L 1.07 .6 4.9
5 147 5.0 5.8
6 1.0“ 5.6 5.
7 1.00 é.g 6.3
a 1.94 e 8.7
g 1.09 of 7.3
10 1.22 ks 6.0
11 .28 4.6 59
42 1.23% 3.0 6.2
i3 4,04 6.4 6.5
117 0.98 4.6 4.5
15 1.10 5.2 5.7
1? ;.?? Z.g 6.;
@ ‘e 49 [P
48 0,98 6.7 g.é
20 1.20 5.0 6.0
¥een 1.08 5.5 549
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¥yxoedeme Sublects

Only three pstients with untrested myxnedema were
eveileble during ¢the period of these studies. The free
thyroxine vaivas were low; 8 wean jlevel of 1.1 units of
free thyroxine was odtained. (Table 29)

he limenr relationship resslting from the plot of the
pereentage of the totel radiothyroxine dislysed sgainst time
in hotre for typlesl examples of & normai, a thyrotoxic and
& myxoedema subjieot are shown in Fipure 3.
Diegusaton of the |

T™e estimates of free thyroxine in normal, thyrotoxie
and mymoosdema subjects fall inte three well separsted sroups,
Although ¢the number of sudjeots in these series is smnll,
these findincs confirm the similer resulits of Christensen
(4960}, The valoes for the normal vange of 3.9 %0 8.7 unite
are spproximateiy wwice those reported Ly Chitstenmen for hie
norma) series (2.1 ¢o 4.5 uafts), but ¢his disorepsncy is
soocounted for by the modified desimn of the cells.
Christonmen peinted ovt that altersations {n ¢the {imensions
of %he sppavatus would yvield veiuves 4ifforent Trom those
whioh he obtuined, The oconditions &f tsuperzture und pH were

the same sx those uned by Unristensen, All Rigivees were
performed using membranes derived Trom the same baich of
dialyais tudbing, identical to that used hy Christensen,

It was conoluded from ‘heee results thal the method was
presise snéd reproducible, and oould be used for further
studies of ike effects of salieylate and related druge on

siveulating free thyroxine.



'i Totel Raﬁlothyroﬁne vm Freo ’rhyroxini
Subjeat Pielyesed in 24 hours TS {Units)
Thypotoxzic
1 1.96 3.7 26,9
# 2.03 12.4 24, 6
3 1.85 6.7 30.9
2,82 12.3 e T
5 4.55 18,7 85.4
6 302’4 ‘5‘ ha.g
7 1.82 10,9 19 .8
3 3.5% 1.7 b4.5
¥enn 2.73 13.9 .0
4 074 1.9 1.3
2 0.57 1.9 1.4
3 0,08 1.4 1.0
Vean 0,69 ‘1..6 1.4
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13 VITRO STUBIRS

Studies of the {p yigrg affect of salicylate on the
dimlyais rete of rediothyroxine were reneated using
p-~hyéroxybenscate as & control for the sslicyiate fom,

It has been demonstrated in the pravious shepters of
this thesis that the uamniatmisxoﬁ of vepegoreyiate €0 rats
produced Aepressions in hoth PRI and T9H simiier to 2hose
produced by salioylete ané 2,h-dinitrophenoi., 'The effect of
the in vitpso afdition of y-pesorcviate to human serum, on
the diaiyeis of reflothyroxine was sleo stofled t¢ determine
vhether this drug produced an inorease similar %o that
produced by moliayiate,

fateriais and Fethod

A large pool of nermal humen serum was cbhiained for these
studies. The druge, p-hyiroxybenzole aeid, salileyile scid ané
y=regorcylic aold ware 1 a?wive@ in the phomphaie buffer in
quantities such that when the serum was sided, finel
congcentrationg of 40, I0 and 50 mg. af the Aruge/i00 ml.serum
were cbtained, The pll of the phosphate buffer was sdjusted
te pHl 7.4 following the sddition of the &ruge. The drugs
were added %o the serum in hoth chambers of the #isiysis cell.

The results of the §p viipo effssts of the dArugs are
presented in Table ¥. Then salioylate wes added st a level
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of 50 mg./100 ml,, the value for the percentage of the
total radiothyroxine dlalyesed in 24 hours was 2.9 compared
te the control level of 1.17. The effeot was lees marked at
0 mg./100 pi. end sithough smeller at 10 mg./100 ml. was
e#t111 spparent. The results of the in vitro additien of
pelyd poxybonzoate on the &iziyvalis of humen serum are aleo
shown in Teble . Although imeffective st 10 mp./100 ml.,
p~hyd roxybensoate d1é profuce & slight inereese in the
rercentage of the totel rediothyroxine disiysed in 24 hours
&t both ¥ and 50 mz./900 mly et the highest concentrstion
the level wes of the ssme order as thet produced by 10 mg./
400 ml, saiievlaie,

hen vereacroylate was added to normal human serum ot
¥ me,/400 #l. the vercentage of the total vadioastivity
dialysed in 2); hours was greatly increased., The valsse of
2,80 per cent for the addition of % mg./1N" ml, veresoreylate
was intermediate betwean the values obiained with salieylste
at ¥ mg. and %50 mp./q00 mi,

The in vitpo offecte of the three drugs in the dialysis
rate of radiothyroxine ape compared in Figure L,

Lisgugsion

The ineressed rate of Jlalyeis of radicthyroxine obhserved
roilowing the ip vitro eddition of eslicylate to normel human
serum confirme the seport ¢f Chrisiensen (1959),

There wee no incresse {n the rate of #1aiysie of redio-
thyroxine when pehydroxybenzoste was afded g¢i the lowest
concentration of 40 mg./400 ml., However, there was & alight



< Total isdiothyroxine /islysed
in 2L hours st concentrestion of

fample
0. 110 mg, %
a0l Semam 1.17
+ salieylate 1.58
+ pehydroxy-bengoate 14l

+ vepagoreviste

2.00 2.9%
2.60
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inerease when the higher coneentrations were used. It was
considered iikely, therefore, that the fnereasc in Sislysis
rete produced by sslisylate was probadly dependent wpon its
thyroxine relemsing sffect and not reisted to nonwspecifie
eff eate such as ionie size. _

The in vitro addition of ywresoroylate at ¥ mg, per
100 mll . profuced an inoress? in the dialysis rete of radio-
thyroxize greater than ithat produced dy sn eguivalent
conceniration of salicyiate,

Howsver, aes mentionsd previously it is net possidle to
predict from these i vitpo finfings whether the eirculating
free thyroxine would de eleveted foilowing the siministration
of the dvugn to men or animele since i he equilidbrium state is
eltered by the depression in siprevlaiing thyroid hormone,

An investigaiion of the effect of sslicylate sné rslated druge
on oireulating free thyroxine following their sdmintstration
to homan subjects wag thervefore carvrief out,

of the @rugs on airevlating free thyrozine. Only sodium
p-hydrexybengoete snd godiom selioyiate were used in the first
exporiment, In the second, the effect of y-resorevisie waas
also piodied,
Exerissat §

Three heslthy normal volunteers in the post-sbaordtive
state attended the laboratory on two occasions three weeks
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spart. A blood sample of 60 ml., was obtained from sach
subjsot before the administration of the druge. The drugs,
either podium saiieviate or sodium p-Mydroxybensoate, were
given arally in & dome of 5 g. The drugs were administered
in rendom order on the first dey. TFeoh subject received the
alternative treatment on the second day. Blood samples of
60 =i, wers odtained ¢ hour and 3 hours after im drugs
were givea.

Free thyroxine, PBI snd sslioyliate levels were estinated
by the degsaribed methods.

Resylts

The results of the administretion of sodium p-hydroxy-
benszoate and sodium salioylate on cirevlating free thyroxine
én the individual subjeots are shown in Talle 35i. The meen
veluea for the three subjects are given in Tebie 32,

Although there was some varietion in ihe PEI welues
rolicwing p-hydroxybenzoate in the individual subjects, the
mesn valves roveal that there wes no consiastent effect of the
dsug on the PBI, The percentage of the total radiothyroiine
dislysed in 24 hours was within the renge for aommal sudjects
poth before ané following pehydroxybenzoate. The mean values
for free thyroxine were unchenged following the admninistration
of 5 g. of sodium p-hydroxybensoate.

Fellowing sodiium aslicylate there was ¢ m:i-ﬁmt fall
fn the PBI n eagh subject over the 3 hour period {Teble ).
The mean pre~treatmeat vaiue of §.4 ug. I¥ was vefuced to
5. uge I%. The mean serum ssifioylate resched 33.h wg.%
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EFFEQT OP ADMINI STRATION OF SODIUM m«t_,_w

DIV pHYDROXYaBENZOLTE ON ”mr ATING ¥
| % Total Pree
Sube| Uay| Treaiment fample Salie | I'BI | Redio0=~ Thy #0x=
jeot eyl i%ap ug.l thyroxine |ine
mg, % | Pinlysed |(unite)
A 2 | Godium Bafore é‘o‘l 0083 5:%
p~hyd roxy- | ireatment
bengnate fifter 1 hr 6.0 0,88 53
(5 &) LPter 5 hEs 5.5 0.94 5.2
¢ 2 Safore S5 4 .06 .8
treatrent
After 4 hr hie 8 1.99 3T
o) 4 Before it,3 f.22 6.2
treatment
tfter dhr 5 et 1.0 6.6
A 4 | Seftum Aafope 0 | &.2 1.00 %
salicylate| ireatment
(% o, ifter he| 28,49 6.2 §.9% 1%
sfter S hre ML) 6.0 1.67 10,0
treatment
After 1 hr '33.(3‘ fhvﬁ : | 092 40 08
sfter 3hre 27.8| S.u 1.72 T3
D | 2 Safore 0| 5.3 0.96 5 o
treatment
ifter {hr | 9.0 hed 1.8 G o
fft'l'j hrs b@.? uag 2.05 40 .2

Keen velues pregented in Table 32
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{¥ean of %

subjects from Teable 31)

Sepum | PRI | € Total “ree
Trestuent Samnle Salioye| ug.I % | Radlow Thyroxine
lste thyroxine | (units)
M. Tinlyseé
e in 24 hro
Sedium Sefore S 1.0% 5.7
nehyl roxy- | tresiment
hengonte |After ¢ hr 52 9.42 5.8
(% go) After 3 hre 5.5 4.,0% 5.7
sod { om Balore 0 6.1 §.,02 Ge2
selievlate|treatment ,
p After 4 hpy 35.“ 50 ﬂ* 4 076 9.9
{5 gal |trter X hre| 33.0 | 5.4 4,82

9.8
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after 1 hour, and remained simost unchanged at 33.0 mg.%
at the $hisd hour, The percentage of the total radiothyroxine
dislyesd iz 24 hours inoressed Trom a mean pre-trestment lovsi
of 1.02 %o 1.76 one hour after sodium m&icy&ato. There was
‘only 8 slight increass to 1.82 per cent et '3 hours. Prom
Table 32 it may be seen $hat the free thyroxine rose to o
maxingm of 9.9 units after 4 hour following sslicylate and
remained practically unaitered at ihis level at the Ghird houp,
 The vetes of dfalysis of rsdiothyrexine for the sentrel

and three hour samplies following the administeasion of the
drugs (the mean values for the three subieots) are 11lustpated
graphically ia Figure 5,

| Diseugaion

Tt was demonstreted in this experiment thet, in spite of
the fall ia PEI following the aiministretion of salisylate,
the oirselating free ithyroxine is considerably elevited. The
free thyroxine level ie the profuct of {he percentuge of the
total radiothyroxine dielysed in 24 hours and the #3BI,
Therefore, sven to maintain sn unchenged free thyroxine level
ia the presence of a fall 1a PBY, 1t iz necessary that the
percentage of the totel radiothyrozine éialysed in 24 hours
should rise. Tt was not possible o predict from the
o yisrg studies ¢he level to which this value would gise
rolloving the in vivo administration of saiicylate.

Heverthelees, in aspite of the fail in PRI, the free
thyroxine level rose from a mean pre-treatment leval of 6.2
units %0 9.9 unite one hour after salioyiate, and remmined
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elevated at this level at the third hour, |

Although p-hydroxybenzoate in vitro produced s olight
increase in the dislysie rete of radiethyrexine, it hed no
effect on free Shyroxine when sdministered to normal humen
subjeots,

In view of the incressed dislysis rate of radicthyroxine
infuceé by y~resoroylete added {p yiire tc the dialysis
system;, {t was decided to deteruine the sffeet of
administration of zoflium yeresoreylete on the eiroulating
free thyrexive in normai humen subjecte.

Zmerviwent 2
Ysteriais snd Wethods

This exporiment was onrried out on five healthy normal
volenteers on {wo occasions three weeks mpart. After control
bloed samples of 60 mi. were obtained, the drugs sodiuvm
p=hydroxybengzoate, sodium sailcylate and sodium yevesorcylaie
were adminisicred.

Sodium p-hydroxy benzcate and sodium sulicylate were
given in & dose of 5 g, 88 in experiment 1, In order %o
atiein ‘a blood leval sompareble o that eohleved following
seldoylste (30 mg./10C ml.), & total dosege of & g. of sodium
y=resoroylate was given. The drug wes administered as two
toses of & g, esch, the sesond dose being sdminisztered
X minuteg after the first,

The treatments were given to the sukjeots on the two days
of the experiment se follows -
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subjeet 5( __Trestuent |
A1 Day 4 | l 7 Day 2
X Sodium p~hyd roxybeasgoete | Jodium yeresoroylate
L dodium yeresoroylate Sod ium p-hyd rexybenzoate
'} Sndive selieylate Sodium yepesoreylate
| Sodium yeresoreylate Sodium salieylate
0 | Sodiium pehydroxydengoate fsdium ssifoylate
i . . o st e

It was shown in experiment {1 thet there was no 4ifference
between the one hour md three hour vaives for free thymoxine
felloving the sdministretion of ssiioylste. As the subjeots
(prisonsrs from the Yatals Ladour Frigon) were net svallsble
for mayre then e &e:?% $ime, 1% was possible to take énly s
single blood sample two hours sfter the administration of the
drugs. In the ocase of godium y-resorcylate the biosd samples
wore taken two hours after the first dose was ingested.

Results
The resuiis of the effects of the druge on the PBEI and

free thyroxine for the inlividual sudjeots are presented in
Table 33 and the mesn values in Table 34,

 Results similar to those in experiment 1 were obtained
foilowing the sdministretion of sodium p~hydroxybensovats and
sodium salieyiste: There was no effect of p-hydrexydbengoste
on the PEI or free thyroxine, Sodium salieylate depressed
the mesn PEI value ef 55 ug. I5 to 8.4 uge IS, The mesa

percentage of the total redisthyroxine diaiysed in 24 hours
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wae 1.69 twe hours after sslicylate, compared to a control
tevel of 1.07. As & result, the free thyroxine was
increased from & mean control level of %.9 units to £.6 units
sfter 2 hours wher the level of selieylate in the serum was
29.0 wmg. %,

Foiiowing the sdministration of sodium v-resorcyiate
s mesn serum level of 37.9 #i.% was obtained. The PBI was
depressed from a contrel velue of 5.5 to 3.6 ug.% after
two hours. This depression w:a mach grester then that
obtained for a similar blood concentration of salicylate.
The percentage of the total rediothyroxine dislysed in 24
hours was also greater thean that following seiieylate. The
level, two hours after voresoraylate, was 2.55 compared to
the control value of 1,09,

The free thyroxine level two hours after y-resoreoyliete
admninistretion was 9.2 units compared to the osnirel level of
6.0 units. This inorease was of the same order as thet
produced by sodium salioylste.

i comparison of the dislysis rates of rediothyroxine
for emoh of the drugs is presented in ¥igure 6.

The depression of the PRI level by sodiom v-rescroylate
in normal human subjeots confirms the similer finding in rets,
Althoush the pereentage of the totel radiothyroxine dislysed
in 24 hours was greater following y-resoroylste than following
salicylete, the ineresse in free thyroxine was of the seme oprder
with both drugs bDessuse of the lower PBI following y~resorcylate.
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B _IN NORMAL MAN

&

§s’:‘3~: Ppentmant Serpie gl §~ | PRT | ¥ Total Free
' eylet 6 ug,.l Radlo- Thyroxe
me.% | % | thyroxine |ine
41elysed |(units)
in 2k hrs
K Yod § e Bafore 5.0 q.2% 6.2
ne=hyd POXY= tvestment
bengoate LtPted 2 hps Re2 1.07 5.5
L Sefors 5.7 0.99 5.6
treatnent
after Z hrs 56 1421 6.8
o Zafore 5.9 1.5 6.2
treatoent
After 2 hre 5.8 1.45 8.7
% 908 { um Eafore o) 5.9 098 8.8
selioyliels trestnent
(5 2o} after 2 nrs | 17.3 | 5.5 1.46 8.0
R fefore 0 & o2 1.40 Be7
¢reatrent
After 2 hrs ! 33,6 be3 1.8 8.1
@ Gefore 0 5 5 1.42 ‘602
treatmentd
ifter 2 hFs 3&0@ Te2 1.8 9.4
Yo PeBOPQ Y- trestment
late | after 2 hirs | k6.5 | 2.9 2454 Te3
(& go)
| L Befora 4] Goly f.04 ﬁqﬁ
treatment
After 2 hre | .8 | k.5 2e5% 1491
H Before G a&wé) 0.98 L%
trentment
trestment ;

Hesn values presented in Table 3L




{Mesn values from Table 3%

PEL

(8 ﬁ-)

. e Vesn li % Total Pree

Trestment Semple Serum | up.Y Sedio- Thyroz-
faliey-= % | thyroxine| ine
iete Tiaiysed | (Unite)

®

Sod 1 um Refore 5 o5 1,06 £.0

p=hyl roxy= tpeatment '

benzaste After 2 hre 5«5 11l 6%

(5 2.)

*

salioylste “reatment

(s Lo After 2 hrs 23,0 Bt "5-@ 8.8

&

Sodium Before 5.5 % .09 &o@

Y= PesOroy= treatrent

inte After 2 hre 37.% E 6 2.5% 9.2

% vean of 3 subiccts

* Meen of I subjects




IN VIVO EFFECT OF SALICYLATE AND RELATED DRUGS

|

ON THE DIALYSIS RATE OF I'31 THYROXINE

IN NORMAL MAN
(MEAN OF 3 SUBJECTS)

25 A 2hrs After 8gm Na YRESORC
% THYROXINE 13!
PASSING MEMBRANE
20}
A
@ 2hrsAfter 5gm Na SAL
15}
o 2hrs After 5gm p-OH B
gom Na p-OH B
Ohr Na SAL
10 / Ohr Na Y-RESORC
A
05
°
0
0 6 18 24

TIME IN HOURS

FIGURE 6,
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PART IV

A large pool of normsl rat serum was obtalned from
a group of 36 normal mmie reis weighing approxineiely 200 g.
"he offect of nehyiroxybenzoste, sslicylate, snd v-resoroylate
on the diaiysis rate of rsdiothyroxine wes examined, The
drugs were added to the gerum in both chambers of the 8ialysis
- eell in the seme manner as for the human studies at

consentratione of T mg./10C mi,

"he results of the in vitro sdditions are given in
Table ¥.

the semirol value of 4.2 per cent of the total radio-
thyroxine dieiysed in 24 hours for ¢he pooled sampie of normal
rat serum weg within the rsnge usual for normal rat serum.
This ievel, although muck higher than for normal man, is
gonaistent with ¢he greater thyroxine turaover and higher
metsbolie rate of rate.
| As in the case of human gerum, the in vitpo addition of
p-hyd roxybengoste to ret serum caused only s small incresss in
the dialysie rate of radioihyroxine compared with the inorease
which followed ihe {p viipo addition of selieyiete end
yeregoroylate. Sslicylate ané yeresorcylate produced
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TABL !'E 5

EPPECT OF IN VITRO ADDITION OF SALICYLAT® AWD RELATED Dnmg

%5 Total Rad mthyroxim
dinlysed in 24 hwors at
congentration of drup added
Samp 1e to sepum , |
Tepol Rat Hepum lie2

+ pe=hwiroxy-benscai e GeT

+ salicylste 43,0

& yepegoroviate 14 .0




IN VITRO EFFECT OF SALICYLATE AND RELATED DRUGS
ON THE DIALYSIS RATE OF 113! THYROXINE

IN NORMAL RAT SERUM

160
% THYROXINE 13! A30mg% Na Y-RESORCYLATE
PASSING MEMBRANE
@30mg % Na SALICYLATE
120}
8o}
A 30 mg % Na pOH BENZOATE
40 A O CONTROL
A
o
0 6 18 24

TIME IN HOURS

FIGURE 7.
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consideradble inoreases in the dislyasis rete, velues of
the percentage of the tots)l refiothyrozine dielysed inm 2L
hours of 17%.0 and $L.8, respectively, being obtained.
Linearity of the dialysis rate over the 2L hour period
wae demongirated when the veluves of the percentsge of the
total rediothyroxine were piotted against the time in hours.
The recults are shown in “igure 7.
Thee: large increases in the @falyele rete of radlo-
thyroxine following the jn viire sddition of zalioviate snd

of vepesorcvlate confirm the qualitatively similas findings
reporied for human serum by Christensen {1959 as weil as in
the previous seotion of this chepter,

Studies on the adminigtration of the dsugs to normsl
rets were mede ¢n two experimente. In the first, the effects
of soféiom p-hydroxyhensoaie, sodium bengoaste and scdium
selicylate on oirculating free thyroxine were invesiicated.
Tn the second, the effects of sodtum v-resoreylate snéd
2=i: dinitrophenol oix Pres thyvoxine were assessed.

A volume of 20 ml. of servm is required for esch
estimetion of Pres thyroxine by the Christensen methed.
RBeoause of the relatively small blood volume of the ret, it
was necessarvy to carry out the experiments on groups of rats.
Determination of free thyrexine was made on a pool of serom
chtained by mixing equel volumes of gerum from esch et in the
group, Control biocod sampies ebtainesd by cardise pencture
were used only for the determinetion of "BI, It was not
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possible to earry out free thyroxine estimations on

gontrol samples, becsuse of the small amount of blood
obtained. Tnstes? sodium iectate was administersd to one
proup 0 serve as s control for the experimental prosedure.
Following treatment with the drugs the rots wers exsenguinated,
suffieient serum for the estimation of fvee thyroxine was

ohtained from five rats,

20 normsl mele rets weighing epproximately 250 g. wore
numbered znd divided at randem inte four sroups of five ratas
ench, Control blood samples of 3§ ml, wore shiained by eardisec
punctureof the rsts while under 1ight ether snaeathesia. ifter
a recovery period of eight daye the itreaiments werse gemmenced,

sodium isetate, in o doge of 24 mg./100 z. body veight/
day wes administered to one arouv. Sod iun nohydroxybdengoste,
sodium bengoste, snd sodiur selioylate were administered in @
dosafe of B mg./100 g. body weight/8ay, the drugs being given
by gestric gevege i equeily divided dosen averyr £2 houore for
L8 hours., The rets were exssnguineted four hours after the

1aet dose was given.

whe effects of the drugs on the PET ere shown in Table 36
There wae no significsant effect on the BT foliowing

treatment with sodium lasotate, modiom p~hydroxydensoats or
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EPVFEOT OF SALTOYLATE AND RELATED DRUGS ON PLASMA PRI

1N NORMAL RATS

Ret | Trestment PEI ug. ¥ % oo salt oy
Ko, . late mg.%
Bef ore Treated .
iy o Pl Treated
Treatment | 52 hra. 52 hra.
44 | Sodiom 28 L 15
27 | laotate 2.0 3.0
10 | 2h me, /400 g/ 304 3.3
13 .0 35
Yean TS 30“ N, 8.
19 | Sodium 3.0 %ol
Eﬂli hengonte ’500 ’}ch
17 | 30 mg./100 g/ 2.9 35,0
15 day 2eT 3&0
26 Bl T2
Kean 2.9 ‘ 502 W, S
2L Soffom Be2 2.9
18 p«-h’d PUR Y- 2.9 2.8
2% | bensoate .3 2.8
29 | day %1 LTS |
Mean Ted 208 K. &
12 | Sedium LIS 14 33,6
25 | gulioylate L 4ok 3.8
4 | 3 mg«/‘mﬂ ga/ LT3 | 1.3 §tt o
21 | day 2.9 1oy h1.2
b 1.0 13 ue .8
Heen 2ot 4.3 < 004 Iﬁq'h

’ ‘ ) | 1" )‘l’?
P «» gompared to control day by i test
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sodius bensoate. However, the usual depression following
sodium galioyiste was obtained., The fall fn PES from the
pre-treatment vaive of 3.1 to 1.3 ug. IT after 52 hours of
selicylate treatment was highly signiffesnt (r<0,001),

Rffect on Free Thyroxine

The results ere set ocut in Table 77,
, ‘mum was Do increase in f2es thyroxine produced by
séministration of either sodium p-hydroxydenzoate or sodium
bensoste. The free thyroxine values were slightly smailer
(40.9 snd 19.5 unite respectively) ihan that odbtained
following the administration of sodium lsctate (12,2 umits)
vhich was used as ths acaitprol, Fowever, there wag a iarge
ineresss in the percentage of the ‘otal rediothyrozine
dislyaed in 24 hours Tollowing seiioyiste treatment, This
value of 11.8 per cant when multiplied by the low PBI value
0f 13 uge I per 900 ml, gave s free thyroxine level of 15.3%
unite, The Alalysis reates of raldlothyroxine following the
adninisiration of the drugs tc rats are {llustrated in
Figure 8,

The same experimental procedure wes followed in this
study which has already been desorited in cmﬁr Iy
(Rxperiment 2},

Sofium laotate (2 mg./100 g. bady welght/day) wae agein
gsed ag = eontrol for the experimentsi procedure., Sodium
y=rescraylate was sdminisicved in a total dose of 90 mg,/100 g,



hei2

EFFECT OP ADNTNI STRATION
FOR 52 HOURS ON “HE

PBI Freoe
Treatment ugel & | Eadtothyrox~| Thyroxine
ine Dielysed | {unite)
in 24 hours
Control
Sodium lectiate .44 3.6 12.2
(24 mg./900 g./8ey)
Sofiiuvm p-hyd roxy-benzoete 2.8 3.9 10 .9
(30 wmg./100 g./day)
Sod fum benroste 3.2 3.6 145
Sod i um ”11“,1.‘0 1.3 14 8 150§
{ 30 mg./100 g ./day)
Experiment 2
Control
Sofium lactate .0 be2 42.6
{24 mz./900 g./dey)
Sodium y-resoroylate 1.6 10.8 17.5%
(90 mg./100 g./dsy)
celj 4initrophenol 1.6 0.8 17.3%

(2.5 mg./100 g./d2y)




IN VIVO EFFECT OF SALICYLATE AND RELATED DRUGS
ON THE DIALYSIS RATE OF 13! THYROXINE

IN THE NORMAL RAT

EXPERIMENT 1
120
e Na SAL

100
%% THYROXINE 13!
PASSING MEMBRANE

o

80t

TREATMENTS 52 hrs on

Na SAL,Na p-OHBENZ, Na BENZ

30mg/100g BW/day
60
40 A Na p-OH BENZ
Na

0 6 | 18 2%
TIME IN HOURS

FIGURE 8.



IN VIVO EFFECT OF YRESORCYLATE AND 24-DINITROPHENOL
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ON THE DIALYSIS RATE OF 1'3' THYROXINE
IN THE NORMAL RAT

EXPERIMENT 2

52 hrs on
A Na ¥RESORC
24-DNP

o/, THYROXINE 131
PASSING MEMBRANE
TREATMENTS

Na -RESORC 30mg/100g BW/day
2.4-DNP 25mg/100gBW/day
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TIME IN HOURS

FIGURE 9,
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body wolight/day.  2,h-Dinitpophenci was given st the
rete of 2.5 mg./900 g. body weight/dey.

Zegults
The PBI results are sot out in Table L (Ohapter 71I),
There wae & alight ©all in PBY following trestment with

sodium lectete. fFignificant depressions in PRY following
sodium yeresoreylate and 2 4-8initrophencl wers reported.

The results are presented in Table %7,

A velue of 12.6 unite of free thyroxine was obtained
following scdium lasstate treetmont. A velue of 10.8 per cent
of the total radiothyroxine dlalyssé in 2L hours was odtained
following both sodium v-resorcylete and 2pi=dinitrophencl,
Gompared to the control level of i.2 per gent. The free
thyroxine level was elevated to 47.3 unite following doth
drugs. The dialysis rates odtained in this experiment ave
ghown 1o FPigure 9,

The demongiration of an inoresse in free thyroxine
foliowing doth salieylate snd verescrayiste sdminisivesion to
normal rate confirms the simiier effeet of the drugs in normal
man. Becauss of its high toxieity, 2,Lwidinitrophenci couléd
not be given Lo humean subjesim; when administored to noraal

rats 2,4-2initrophencl osussd an inorease in free thyroxine.



13%.
This finding 1s ll‘l Becond with the in viteo effect of
the Arag.

Sodium p-hyérezyhenszoste wes without effect on the
ciroulating free thyroxine in rets, 26 wes the case in human
subfects and 414 not produce ¢ depression in PRY following
its sdminiptration to rats. CUodium dengoate was siso withous
effect on the "Bl in normwel rats, nefther 418 it effect the
free thyroxine, ‘
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ORCLUATO

The report of Christensen (1959) that the in vitro
addision of salieylete to human serulm caused an ineoresse in
the dislyeis rate of radiothyroxine has been oonfirmed in
experiments reported in ¢his chapter., These studies were
extended to en examination of the effects of drugs chemically
reisted to salloylate.

The in yitre ad@ition of peohydroxydansoate, iR the same
congentrations as used with salioylate, produced muoch gmsller
inorements in the dialysis rete of refiothyroxine then 41é
salioylate. The drug wee ineffective when adled at a level
of 10 mg. per cent, whercas there was an sprrecietle effeet
with salieviate st thet level. The L5 yi

y=pesoroyiate to humen serum at a concentration of 3 mg. per
100 ®l. profiuced s grester incrpesse in the Afalysis rate of
rediothyroxine thar the same coneentration of sslieylate,
From a oconsideration of the squaitions derived from the
isw of mass action reisting the interastiocn bdetween thyroxine
snd the specifio thyroxine-~binding mites on the sérem proteins,
it was established that sn inoreese in the dielveis vete of
rediothyroxine must depend unon the relcuse inte the fres
gtate of thyroxine bound to the serum nrotetns. A meshanism
for the aoction of sslicviate and y-resoreyiste depending on
the pslease of dound thyroxine inte the free siate, followed

by the rapid metabolism or exoretion of the free thyroxine,
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wey therefore be postulated to account for the depression
in PRI following the sdministretion of the drugs to man.
Howewer, the jn vive effect of sdministration of the drugs
to men cannotl be extrapoiated directly from the in witre
findings baoaune of the siterad sguilibrium consequent upoa
the lowered °51,

“he c¢irculating level of free thyroxine wes shown to be
elevated within two hours of the adminiasiration of a single
orsl dose of both zelicylate and yeresoreyiate to normal
human subjects. Thes, aithough the eguilibrium was altered
by the lowered total ¢hyroid mg Mmuhﬂu. the fres
thyroxine ievel was elevated. The edministration of
p-hydroxybenpoate wae without effect on the level of free
thyrozine.

Large increases in the 8islysis rate of rediothyroxine
wers produced by the in yvitre sfdition of salieylste end
veresoreyiate {0 normel rat serum, wheress a smell incresse
ceeurred following the {n viirg msddition of p~nyiroxybensoste
at the same drug concentrsiion (30 =g, per 400 mi.).

The effect of more nroionped edministration of the drugs
was exsmired in experiments using normal vate. In spite of
- the greatly lowered zirculastizng thyroid horucas level
following treetment for 52 houra with salioylete, v-resoreylste
ené 2,L-4 inttr@phmol, the free thyroxine was elevated zhove
$he oontrol value in eseh Case. There was no significant
change in the FBI lLevel acr was the free thyroxine elevated
following the administrastion of sodium p-hydroxybengoate or
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sodium bengoate to other groupe of normel rate for

52 hours.

acute inorease in free thyroxine within twe hours of the
afministraiion of salicylate and v-rasoreylate 40 man was
therefore #till in operstion T6¢llowing repeated dossge of
the druge over s much longer perioed, providing the bdlood
level of the drugs wae maintained, as was She cace in the
rat experimenie.

I¢ iz sppavent fvrom these studies that only those druge
whioh were ospabie of prodjucing an incraase in the ¢ireulating
free thyroxine, presumably by 2#isplacemont of thyroxine from
the snecific hinding altes on the serum protéins, csuvsed a
simultaneous depresaion in the "BY, This was the case with
salioyiste, v-resoproviate and 2 i-dinitrovhensl. On the other
fhand, p-hydroxybenzoste and bensoate whish 414 not profuee
incr=ages in free thyroxine following their administration
in either scute or chronic experiments, failed to depress
the PBY level.

It was demonstrated in Chsvier ITT thet selicyiate,
2,i=dinitrophencl and y-pesoreyiaite siznifieanily depressed
the ecirculating T9H level of normal rates when sdministered for
52 hours in the same fosage ns that used in the axperiments
on free thyroxine reported in this chepter., Under the same
confitions sodium p-hydroxybensoate 414 not depress the TSH

level in Fats.
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The finding of lowered PBI levels and depresssd THH
release following sdministretion of sslisylate, 2,4-dinikro-
vhenol and y-resoroyliste would sppear %0 be correiated with
the finding of inoreased levels of free thyroxine producesd
by &isplacement of thyroxine from the thyroxine~binding sites
on the serum proteins.

There i on apparvreni disraption of the feedback mechanism
foliowing sslieylste, vepesoroylate ané 2 ,k-dimitrophencl
administration, since the lowered thyrold hormone level would
be expected to stimuiste owtput of THH from the pistuitary.
If, however, ihe level of free thyroxine rather than the totel
thyroid hormons ia considered to be the hiologically effective
regulator of the fesdback mechanism, this spparent disruption
may be expiained, Thus, despite the icwered oirculating
thyroid hormone (measured as PHI), the free thyroxine was
sievated following melicylate, y-resoreylate and 2,L-dinitpo-
phenol treatment. The inoreased ievel of free thyroxine
would suppress THH relesse in its cepacity es regulator of
the thyroid-pituitary axis.

Thas the action of salieyiate, v-resoreylate and
2, k-ginitrophencl in dcpresaing hoth PBI and TEH mey be
relatel to sn ability to &isplace thyroxine from some of the
apecific thyroxine-binding sites on the serum proteins.

Studies of the effect of ssalioylate sné related drugs
on the binding of thyroxine tc the serum proteins are
deseribed in the Foilowing chapter.
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IXTRODUCTION
It was demonstrated by Gomdon and co-workers (4952) that
vhen human serum, eauilibdrated with x"‘.mmnw thyroxine,

was subjectad to sleotrophoresis cn filter paper in veronal
buffer st pH 8,6, the r*”-xm«nu thyroxine migrated
prinoipally wih the o-globulins in the gome between o - snd
nowglobulin. A amall preporiion, sbout 107, migrated with
elbumin, This finding was confipmed by Wingler and Notrioa,
(1952) and by Larson, Deiss end Albright, (1952). The inter
e=globulin protein with whieh the thvroxine was sssoointed

- came to be known se thyroxine binding glodbuiin (TRa),

Teiss, Albright snd Larson (1953) demonstrsted thas 1'3'.
labelled thyroxine could be sdded in yitre to hormal human
serum in amounte up %0 9% ur. per 100 wl. without affecting
the distridution of redtiosetivily loesiired 1n ¢he two binding
sites. F“hen the serum wae enriched with inoressing
consentrations of stablie hormone there wae & displssement of
isbelled hormone from TBG to slbumin, so that an inoressing
perocntage of thyroxine was sssociated with albumin, snd a
ecorrespondingly smaller percentage with TBG, Caloulated values
for the total quantily of thyroxine sssooioted with TEG were
shown 0 inereasgs continuously rs the thyroid horwone
concentvation rose (Robbine and Rmll, 1955), These workers

eporibeéd the fallure to demonstrate a hHinding meximum for TBG
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to the trailing of sibumin carrying with it thyroxine
acrose the TBG gone.

Robbina (1956) therefore deviaes & system of reverse-
flow paper eisetrophoresis in which hydrodynamic flow of the
buffer opposes the eleotrophoretic migration of aibvumin and
therefore prevents the trsiliing uf this component. ZEmploying
this technique with veronsl huffer, Robbina found an average
thyroxine binding caspseity of TR0 in normal serum of 20 ug.
thyroxine per 100 ml. The thyroxine binding cepacity of
albumin appesred to de unlimited,

An inter oe-globulin proiein with a high thyroxine hindd
eapacity was faclated by ITngber fa 19%8. This protein was
homogeneous by elsetrophoretio and ultrascentrifugal oriteris.
During the {isolakion, saother protein fraction was recovered
which siso bound thyroxine evidly during paper eleotrophoresis
in veronal buffer. The rapid snofal mizration of thie
coiponent, {o @ positien shead of aidumin, indiomied thet it
was & pFeaibumine A sgimilar prealbumin with strong thyroxine
binding properties had been imolated in 9956 (ohultsze st al,
19%6). Thie was called thyroxine dinding preaibumin (TBPA),
A mizxture of this ihyroxine binding prealbumin with an eéqual
consontreation of serum zlbumin was svbjeated to slestro-
phoresis in veronal bulfer. It was demongirsted that
thyroxine wes bound predominantly by prealbumin over s wide
renge of concentratione which indicated that the intersetion
between thyrexine and preslbumin was greater than that between
thyroxine and gibumin (Ingdar, 1938). |
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Because 1t permitted good elecirophoretic resclution
of the serum proteins, a buffer containing £ rishyd roxy-
wethylaminomethane (tris) and maleic acid wes used to seperate
normal serum proteins on eelluiose golumns., TBPA sould dbe
consisienily demonsirated in normel serum using this buffer.
“hen peper electrephoresis of normel humsn serum was carriesd
out in triemaleate buffer, TEP: was revealed as 8 normsl
component of human sepuB. Thus TBPA could be repularly
doemonsgtrated Lo humen serum following vaper electrophoresis
in triemeleate buffer but not when veronsl duffer was
eapisyed,

Ingbar considered that veronal might efither interfere
with the binding of thyroxine by TE A, or promote intersction
between TBPA eund other proteins such that the sleotrophoretic
mobility of THPA was altered. On the other hend, TBPA cculd
be an artefact indueed by elecirophoresis in trismeieate
buffar,

Tats (1959) demonsirated that during elecirophoresis of
serum which wes enriched with s presibumin {(TE"A)prepared by
Sohultwe, thet the TEFA gppeared to ohange modbility and
migrate with the a~globulins. By the use of elestircphorstie
end immunological technigues, Tats claimed thet TBG resulted
from an intersction between THPA and another serum protein.
He sugpested that the grestest portion of TP, in the
eiroulation n# in thise @oabincﬂ form, However, it was
subsequently shown that the finfings were sriefactusl owing
to the contaminstion of the 'purified' THPA with THO,
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TEPA has been demonstrated in humen serum by
electrophoresis not oaly iz ¢rimmsleate bdut aleo in borate,
phosphate and alanine buffers (Ingber, 1960 ), and also in
smmonium carbonste buffer (Belerwaites and iedbins, 1959).

The thyroxiane binding capseity of TBG was shown t¢ be
identieal in botk the veronal and trismelents beffers (20 pg.
thyroxine per 400 ml.).

These Tindinzs indfcated thai veronal fone inhibit the
binding of thyroxine to TEBPA., Subeeguently this was oonfirmed
by Tete, “idnell and Gretser, (1964) who Semonsirated that the
binéing of thyroxine to THF: was prevented by the addition of
veronsl to buffers sush as trismuleate and phosphate using
peper, osllulose~acetate sirip ané column cleotrophoresis.

Tate snd ao-workers (1961 also shoved that TRG end TBPA
exhibited differences in their ¢apacity %o bind sudsiances
releted to thyroxine. THI interseted most intensely with
thyzoxine but hardiyv at gil with tetralodothyreseetic seid,
wvhereas the affinity of THPA for the acetic seid analogue was
greater by a hundredfolé. I¢{ was conoluded that eseh molecule
of TRG has a single thyroxine dinding site, one of wxiuh
interpote with thyroxine end ts veronsl sengitive; the other
site which 1s not affected Ly veronal does nat interact with
thrrozine. Both dinding eitea of TBPA exhibit & high affinity
for teirsiodothyroscetio seid Hut 46 not wind t»liodothyronine.
This evidenee sonclusively proved that hoth TEG and TEPA are
normal components of human serum,
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Chrigtengen (19%9) demonstrated that the in yitro
addition of either 2,h-dinitrophencl cr salicyiate to serum
csused an increase in the rste of dielysis of radiothyroxine.
He postulated tha? thias effect was profuced by displacemsnt
of thyroxine b@nnd to the specific binding sites of the serum
proteins. Avsten and eo-workers {4958) had postulated thet
thig mechanigy might operate in depressing the PEl following
the adminigtration of saiieylate %o man. However, in studies
of thyroxine binding using paper slestrophoreais in veronal
burfer at pH 8.6, they were unsble to demonstrate any change
{n the thyroxine binding capacity of the gerum Crom normal
humen subjects treated with salloylate,

Using the ¢rismsleste huffer system at pH 8,4 for paper
slectrophoresi s, Taghar (1960) reported that when selioylate
was alded to the buffer system at & concentiraticn of 50 mg./
100 ml., the proportion of thyroxine normally bound %0 the
78P: site was diminished, and thet the amocunt d1smplaced wes
bound to the THG site,

Yolff, Standsert end 1sll (1964) mede a comprehensive
study of the effeot of selioyiate (end other drugs which
depress PBY) on the binding of thyroxine tc humsn zerom
vroteins, uaing paper clectr'qpmnuia in ammonium @_aﬁmﬂno
itro either to

buffer at pi 8.4, The drugs were added ip vits
the buffer system or to the serum prior %o electrophorems,
in concentretions up to 50 mp, per 160 mi, Thea adfed to
efther buffer or serum hoth 2, lhedinitrophencl snd sslicylate

inhibhited the binding of thyroxineé to the TRPA gite m the
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éiepleced thyroxine was bound to TEG instead. However,

the effect was greater wvhen the drugs ware added to the
buffer, as this provided a reservolr of the drug which
permitted replacerent of any unbound drug which migreted off
the peper during ¢leotrophoretic separation,

1t was reported by Oppenheimer and collesgues [ 1964
that chronic treatment of pstients with diphenylhydantoin
caused o depression in the 81, It wee postulated that the
depression in the 3 might result from & displscement of
thyroxine from one of the thyroxine binding sites of the serum
proteins. This was confirmed, since at clinically scceptable
concentrations of diphenylhydantoin, there was & significent
dispiacament of thyroxine from T3 to presldumin.

F-tetraghiorothyronine wes also shown by Uolff snd
co-workers {loc, cit.) te displace thyroxine from TH: and st
high concentretiona, aleo from TEPA, Thig drug, when
administered to both noemsl and thyroidectomised guinea pigs
maintained by thyroxine, produced & denression in "5 similer
to the depreasion produced by salieviste in rate reported in
Chepter 1Y,

% desreamse in the number of available dinding sites
elther in TH or TRAPA produced by divhenyihvdentoin and
tetrachlorothyronine in the firat case, or by salicylete and
2,4=8initrophennl in the second, would be axpected by mass iu
relstions to {nerease the free thyroxine &t t he expense of the
rraction bound. Uolff ané co-workers postulated that the
inereass in free thyrexine which followed the adminisiration
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of such druge to men or snimele would sccelerate thyroxine

4§ seppenrance frow the eireculstion snéd witimately lower the
PBI %0 & new steedy stete value st wvhioh the concentration of
frae thyroxine might be perfectly normsi.

However, the finding (Chapter TV) that sn {norease i(n
free thyroxine regulted frem the chronie administration of
salieyiste, 2, h-dinitrophencl and ~-vesorcylete indicated
thaet a steedy simte of I'BI and free thyroxine was not
rupidly reached.

It was decifed to exmmine the mechsnism postuleted for

the ection of these drugs in profucing an inerease in free
thyroxine in vivo, namely, the édigplacement of thyroxine from
the thyroxine bindiny sites. Studles of thyroxine binding
were therefore made on ¢ he serum semples obtained in both the
humen and ret experimente anf used for free thyroxine
determination reported in Chapter TV,

Fefore carrying out these investipetions the precision
of the mathod employing perer elecirophoresies in ammoniom
carbonate buffer at pH B.4 wam meseseed. Furiher, the
invitre experiments with salicylete were repeated end
extended to en examination of chemieally related Arups.
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Materiele end Methodg

Elginks, Carr snd Beferwsltes (1%64) sdapted, by &

sisple modification, a standsard Durrum~type elevotrophorsesis
cell mo thet the reverse~flow peper elsotrophoretic separation
of gerum proteins desoribed by Robdbins (1956) could be
porformed without the use of a specielly constructed spperatus.
Results chtained with this simplified spparatus were shown to
conpare Tavoursbly with those odtained using Hovbins'
spparatus, snd therefore this modificetion was uvead for

thess studiesn.

Apparetus

A Spinco ¥odel R, Paper ¥lsotrophoresis Cell (Beckman
Insiroments Ltd.) was uged in conjunction with a Ytmcpae
Regulated “ower Supply (Pairey Avistion To. of Avstralasia)
and Sehlofeher und Sochuell Fo. 2043 paper stripe ( 3.0 by
0.6 ema.) employed.

Resgents

13 1abe116d thyroxine solution:

Radiothyroxine in 50% prepyiene glycel, 200 miorocuries/al,
(speeific aetivity of spproximetely  millicuries/mg.,) From
Abbott Laboratories, sk Ridge, Tonnesses, U.S.A. On the day
the shipment arrived at the laborasory, the redicthyroxine was
adfed in the corrsect concentration ¢o the serum samplesg to de
snalysed, The presshoe of serum proteins stabiliges the
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rediothyroxine sgsinst deiodination, and the dfluiion in
serom proteins reduces the effecte of sutoirradlistion
(Tate, 1959}.

Ammonium Carbonete Buffem

The pll of 0.4 smmonium carbonste solution was ad justed
to 8.4 by addition of either cerbon dioxide or emmonia. The
various frugs were added ané the pH re-sd justed to 8.1 before
vee.

Bpomophenol Blue Solution:

17 {%/V) uromophencl ®lue and 1% (V/V) glacial scetic
acid disscived in 959 ethanol.

6.5% soetic soié solution:

10 mi. gleoial soetic scid diluted te 2 litres 1n glass
dintilled water.
Droeedure

On peceint of the radiothyroxine, 2 ml. aliguots of the
sera %o be analysed were enrioiied to s level of 10 up. 3*3"“
1adelled thyroxine per 100 ml, After addition of the radio-
thyroxine, the semples were {nsubated For three hours at 37°C

and stored in & pefrigossior at L,°C untii assave

The ammonium carbonate duffer was pleced in the buffer
compayrtments of the slseirephoretic ¢ell 80 thet the anodsl
compariment contained 2% =i, of buffer, whereas the cathodal
sife gsontelned only 473 wml, Uight paper etrips were nlaced
{n the cell &nd sllowef (o remc¢h equilibrium with the buffer.
A gless vod was then siinped under Che airips, 8 om. from the
anodsl end, on a line previouvsly marked. For eseh analyseis
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10 ul. of serum was applied to duplicate papers on the
line stabiliged by the glass rod. ~:fter spplicaticn of the
samples, the pod was removed snd the cell closed and sesled.

Ylscirophoresis wae carried out at 44O volts for 16
hours in a constant temperature veom set at 18 5 190,

o1 complietion of the electrophorasis, the paper strips were
dried in sn electric oven at 110°C for 30 minutes %o congulate
snd fix the proteins. One of sach palr of duplioste strips
was set aside for radiosutography snd subsequent dyeing of
the protein bands. On the sesond xtrip of each duplicate set
the radiosctivity on each thyrvoxine binding site wos measured,

The psper strips were fixed Ly tepe to Kodak No-Sorcen
F=pray film, numbered and pinned to ¢ hoard in two places. Ths
‘=ray £ilm was developed after an exposure period of at least
ten days {or longer depending on the mecific sotivity of the
gample) .

After the radioautogrephs hed been developed, the paper
strips wsre immersed in the 4% bLromophenol blue solution for
ton minutes. Excess dye was removed from the atrip by several
washes in 0.5% acetic acid solution cver a ;;:eriné of two hours.
The pepers were then dried at room tempersture, The gtained
strips were realigned on the £ilm by the pin holes, and % he
epeeific protein bands conteining the rediosctive thyrexine
located,
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upement of the Nadiosetivity on the St
The second strip of the duplicate set was divided into
0.5 em. sections commenoing at the anodsl ead of the paper,
The sections were numbered, cut anf plmced in numbered
count ing tubes. 4.0 ml. of concentrated sulphuric aseid wes
add&@&@ each tube, After the paper had aissolved the m_tonts
of fhe tudes wers mixed by pentle shaking., The redioastivity
of sach seoiion was msasured uszing a well-typs seintilletion
counter {Zoko Type T'S97). The count pete of esoch section was
plotted se the ordinate, agrinat the gection number as the
ebsoissa. Tdentification of eash radicsetive pesk was made
from the rediosutograph of the fluplicate sirip. The total
radiosotivity on eaeh biading site was celoulated by addition
of the count retes of eash C.5 am, seotion forming the pesk.
The redioactivity carried on esch binding site was ¢ hen
expreassd ag a peroentage of the totsl radiosctivity in the
sample. o

The three sites of binding of thyroxine in human serum,
inter c,-, c,~giobulin (THO), sibumin, end presibumin (TBPA)
were readily ifdentifted snd the proportion of totel refiiow
thyroxine on each site u'aouné.

Edght replicate determinationa of the proportion of
rediothyroxine carried on the binding sites of a single csmple
of normal human serum ware carried owt. The ssmple was
subjected to elestrophoresis in qusdruplicete in one batch and
subsequently in four differsnt batehes. The radiosctivity
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carried on each binding eite wes determined and expressed
e a peroentag? of the total radiomotivity in the sample.

The results are shown in Table 38,

The mean veiues of the percentase of the totsl
rafiosotivity bound on essh site with the stendend deviation
were respectively, TBPA 5.8 3 1.0, Albumin 19.8 + 1.8 and
TEG holi 3 103,

The methed was evidently preciuse and so could be used
to determine slterations in the proportion of rediothyroxine
boumd tc the three mpeoific thyroxine binding proteins.



TARLR g

Electrophorstic

2 Total Radionotivity on
Separation Thyroxine-Binding Sites
Batoh Number >
TEPA ALB "8G
1 46,3 19.3 Wb
1 hg.Q 21.% 33,6
4 46.7 9.8 33.5
1 hg.h 22.5% g1
2 6.5 20.3 35‘1;.2
8 56,4 17.4 36.5
11 L6, % 17.0 36,7
‘"‘ bso’ 20,4 35‘505
Hesn 4.8 19.8 | Sk
£.D. : 1.0 : ;| .B * 1 ° 3
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The drums, p-hydroxybengzole soid, salieylio acid,
r-resorcylic acld and 2, L-dinitrophenol were discolved in the
ammonium garbonate beffer st o soncentrasion of 50 mg./400 ml,
and the pi resadjusied to 8.L.

Sera from four normal subjects were subjected to
cleotrophoresis using the standéard bduffer and the peroentage
of the total rediothyroxine on eech 2ite determined,

The distridution of redlothyroxine in the mpeme sere
was then determined fellowing electrophoresis in buffer
containing p-hyd roxybengoate. Sudbseguentiy the same sers
were snelysed following the sdditfon of salicylate,
y~rosoroylate, and 2, L-dinitrophenocl ¢o the buffer ian tarn,

The results of the in vistro additions are presented in
Tabkle 39,

Selisylate and ye-resoroylate when sdded te the buffer at
e level of 50 mg./400 wi, profuced a large displacement of
radioseiive thyroxine from THPA to TRU, The displseement
with saliovliate (2€.0%) was slightly gresier then that with
2;l=dinitrophencl (2i.6%) sad atill greater than with

yeposorcylate (21,.%C), WwWhen p»wm”mmu‘ wae added to



Addition %o Ho, % Totel Rafifomotivity & Totel

Buf'ter of on Thyroxine ®inding | Rsdiocactiv-

{50 mp, %) Expte, |Bites ity 81 splec=
¢d from

TRPA | ALB | TR | THA
Control L X044 15.7 | 53.9
Q"M’ﬁ”" h ‘9-6 4 206 ﬁ‘?.ﬂ 40 .8
bensoate

Salioylate b hoby i5.7 | 79.9 26,0

y=resoroviate i 9.1 16.5 | 7h.h 24.3

2«4 dinitrophenol] 4 5.8 32.6 24.6

61.6
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the buffer in the same concentration there was a
displecement of only 10.8¢ of the total rediomctivity.

A comparison between the ocount rates on the serisl
seotions of these strips end the control pattern s
represented graghicelly for sslioylete snd p-~hydroxybensoate
in Figure 10 snd for y-resoreylate in Pigure i1,

Disgussion

The in vitro addition of salioviate snéd 2, L-dinitrophencl
in a concentration of 5C mg./100 ml. %o the electrephoratie
buffer produced a marked displscement of radiosetive thyroxins
from THFA, confirming the findings of Wolff and co-workers
(1961). Tn the case of sslioyliate the displeccd thyroxine
was bound to TBG, but with 2,i-8initrophenocl the dimpiaced

yroxine was bound %0 both TEG snd aidumin. This lstter
finding was observed by Wolff and co-workers when 2yl
dinftrophenol was edded io tha duffer in a concenirstion
of 3 x 10, The concentration of drug in the buffer in the
present study wae 2.7 x 10"54. However, the result obtained
in this study, when all but %.8 per cent cf the rediothyroxine
was displeced from TR'A, was similer to the 5.0 per cent
¢isplecement found by “olff apd coeworkers veing the lower
drug concentretion, indiceting ithat the érueg had exerted o

maxime]l effect on the displacement of thyroxine from the
binding sites of TECL at the ilower concentretion.,
The action of v~resoreviate in displsoing radiothyroxine

from THPA to TB3 ¢o the same degree as »alicylate is cmngl
with the increased disiysis rete of rsdiothyroxine produced by



IN VITRO EFFECT OF SALICYLATE AND p-OH BENZOATE ON THYROXINE BINDING
IN NORMAL HUMAN SERUM

15000
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FIGURE 10,



IN VITRO EFFECT OF Y-RESORCYLATE ON THYROXINE BINDING IN NORMAL HUMAN SERUM
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15000
50 mg % NaT-RESORCYLATE in buffer o--o

10000

|131
Count /300 sec
5000

RADIOACTIVITY QUANTITATED IN SERIAL SECTIONS OF PAPER ELECTROPHORETIC STRIP

FIGURE 11.
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the drug which was reported in the previous chaptes.

The Gm-taum of & smeller effect, compsred to salicylate,
of the sddition of p-hydroxybenseate i yitro om the
diaplocement of thyroxine from TAPA substantistes the small
inerease noted in the dislysia rete of radfothyroxine
following the in yitpe sddition of the drug.



Binding studies were carried ovt on the serum samples
obtained from the twe experiments which tested the effect
of salicylate sd related drugs on free thyroxine in normal
humen subjects. (Cheptes IV

“he results obtained from the measurement of radio-
activity on the binding sites of ¢he serum taken bdefore und
three hours after tveetment of sach of the mubjects with the
dpugs are shown in Teble LO. The mean values sre given in
“ghle Lit., The one hour semples were not snalysed Leoause
after that interval th§ free thyroxine levele ware not
spprecistly &iffevent from the levels at three hours.
Following administration of sodive p-hydroxybonsosis the
vinding of rediosctive thyroxine to the prealbumin binding
site was not ijohibited. Hewover, three hours following sodium
selloylste, 8t @ mesa serum level of 36.3 mg. salicylate/

400 ml,, there was an inhibition of binding by TBPA, .9 per
cent of the added radicthyroxine being displased to THG.

Graphe obtained by plotting the count retes of the
~merisl gections of the strips, demonstrsting the })

effect of p~hyéroxybenscete and ma&ﬁaﬂ;att at three hours,
compared to the control are shown in Figure 12 and Wigure 13,



Sub= % Totel Raedio- ‘ 4 Totnl Refiio-
ot Day| Semple |activity on Sample |mctivity on
3 Thyroxine Binding Thyroxine Binding
Sites Bites
TEPA ALB | THO TEPA ALB 7RG
2 | Before 26.5 19.2 5&1.5 3 hre 2%. 3% 17.h £7.3
treate _|after _
¢ 1 |ment 28,4 | 1643 955.6|s0dium 28,0 | 16.1 |5%5.9
p~hyd p=
4 25.% 44.8| 62 .9 |oxy 27.0 14.8 | 58.2
yonmbmt
- £3 Rl
Nesn 26.6 | 15.8| 57.6 26,8 | 16.4 |57.4
4 Befors 27.9 1!} 09 fi??og 3 nre 19 .7 4 307 ‘55-@6
trent~ after
. | mal 40= _
e 28 .0 '560“ '!55 . 5 1“&} 19 .2 15 0 65 &8
b B
Yean 290‘ 1509 550’9 "906 15.0 65 03

¥esn velues presented in Table b4




{Mear of 3 gubjects from Tsble LA

FBI |Serum (% Total Ra@io- |X Totasl
Trestment | Semple | Uy 3 seliey- |setivity on Red10-
late Thyroxine Binding| astivity
mete % 8itea diepleo~
ed fpom
TAP4 | ALE | TBG [THEPA
Sodi um Bafore 5ol 26,6 | 15,8 | 57.6
)p-lxydvoxy ireate
bengcate | ment
(5 ﬂo) After 5.5 26.8 16.9 57 «1 H. &,
3 hrs
Sodiun Bafore (9 | e} 29 .4 15.9 | 55.0
nlieyhtc treate
After %ol 36.3 [19.6 | 5.0 65.% 9.5
3 hrs
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Typical rediosuiographs {Pigure 14) reveal the
greater disgplacement of radiothyrexine from TEPA following
the in vitrc eddition of salicylete tot he buffer compared

¢o the effect seen in vivo thres hours after administration
of the dm™mg.



IN VIVO EFFECT OF p-OH BENZOATE ON THYROXINE BINDING IN NORMAL MAN
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FIGURE 12,



IN VIVO EFFECT OF SALICYLATE ON THYROXINE BINDING IN NORMAL MAN
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FIGURE 13.



IN VIVO AND IN VITRO EFFECT OF SALICYLATE

ON THYROXINE BINDING IN NORMAL MAN

CONTROL

IN VIVO
3 hrs After
5gms Na SALICYLATE

IN VITRO
50 mg% SALICYLATE
in buffer

TBPA ALB 86

RADIOAUTOGRAPHS DEMONSTRATING POSITION OF BINDING SITES

AB a,a 8 Y

STAINED PAPER ELECTROPHORETIC PATTERN

FIGURE 14,



Experiment 2 el

The effests of the druge on the individusl subjects may
be seen in Tadle 42. The mean resuits (Tsbie 43) indicste,
ss in the previous experiment, that there was ne effect of
pehyiroxybensoste on thyroxine biméing. Afier twe hours,
salicylete at a mean seram level of 29.0 my,%, caused the
diaplacement of 15.1 per sent of the totsl radiosctivity from
the THPA site. However, the digplecement following ye
resorcylate, at 5o mean serum level of 37.9 mg.”, was 24.1%
of tha total rediometivity. _

Tyvieel grephs (Figure ¢5) demenstrete the digplecement
of redisthyroxine from TEBPA to THG by yeresoroylate, ia yYivo.
Redioavtographa comparing the {pn vivo sané ln viiro effects of
v-resoréylste on thyroxine binding ere presented in Pigure 46.

p shon

'ﬁw inhidition of the binding of sdfed yadiothyroxine to
TBPA, in the serum esmples obtained after the administretion
~of selioylate and of y-resoroylate to normei humsn subfeets,
indlcetes that boih drugs effectively compete with thysexine
for the availadle binding sitee on THPA, at serum drug levels
stinined st least two hours after their ingestion. Sodium
peiyiroxybensoste was without effect,

The decrease in the number of binding siters svailable to
~ thyroxine in the TEP: fosction, produced by seileylate and
y=rosoroylate, would Le expected éo result in s displesement
of thyroxine into the free siete. These resuites are therefore
consietent with ¢he findinge of increased circuloting free
thyroxine in normsal humse subjedts trested with these Arugs.



_— 4 Total Radio- € Tot sl Rediow
,"ﬁ Day | Semple |getivity on fampls sctivity on
Thyroxine Bind ing Thyroxine Binding
Siten fites
THrA | ALR TRG TRPA ALR TR0
K | 1 |Before (46.3 | 19,3 | 3.4 2 hrs. |46, | 20.4| 33,5
treate after
2 ment Lk o6 14345 | 41,0 | s0dium filh o4 7.4 3895
| | .., |pehpdr-
0 4 h?o@ 1706 39.6 oxy hntg 16»@ !ll}-}
benzoate
| (3 =.) | |
¥oon l‘has 17 .4 35»3 h}o? 17 09 3‘8 ol
¥ b | Before 32¢‘ 15.5| 51.7|2 hrs. 2l.b 8.7 | 59.9
treat- , after
- § 2 ment 50 .0 15.7 %03 sodium 28-7 155 550&
, sslioy- .
0 2 LO.S 18.6 Lo .8 %g‘t‘ ) 3&03 18.8 56031
, e A
Hesn 41,1 | 16.6 42,3 = 126.0 | 16.7 ] 57.3
¥ 2 Before | L7 .4 19.0 33-5 2 hes. 21.7 2%.4 | 5L,.9
troate after _
L 1 ment 4%.4 15.9 | 41 .0 |sodium 18 .8 20.4 | 61.2
Y=re 0¥
| 2 3508 15.1 | 51 4 ?gl‘tg bk 155 | 704
. o
¥een 42.2 | 16.2 | b1 .6 18,1 | 18.7| 63.2

¥ean velues presentel in Tadle us



OF THYRCZINE BINDING

TABLE L3
THE IN VIVO EPFECT OF SALICYLATE AND gg, TED DEUGS

(Mean v elues from Table L2)

% Totel Reld{oe-

% Totel

PBI | Serum
Treatment | Sawple uge.Y #|Selioy- |activity on Radio-
late Thyroxine Binding|asotivity
nE.% Sites d1aplace
_ . ~=| o {rom
TECH ALB | TBG |TRBR:A
Sod tum Bsfore 55 blief | 474 8.3
p=hydroxy |¢reatment A
bengoate | After 5% L3.7 | 17.9| 38,4 ¥,9.
(5 2+) |2 houra
&
Sod4um Zefors 55 c b1o%f | 16.6| L2,3
salioyiete treatment
(5 o) After Sed 29 .9 26.0 "607 !5705 5.4
2 hours
- .
S0di om Before 8 .% &) k2.2 | 16.2 Lt -ﬁ
Y PG BOF troatmant
(8 g.) 2 hours
% gean of 3 rubiests
* Mesn of L sudbjects



IN VIVO EFFECT OF Y¥RESORCYLATE ON THYROXINE BINDING IN NORMAL MAN
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The paper siecirophoreiic separstion of normel rat serum
proteins was csrried out vweing the same experimenisl procedure
es for humsn serus. Yowever, 1t was found thet thyroxine was
pasotisted only with the slbumin bend. The single pesk on
gibumin obtained fres plotting the rediosstivity mossured in
the aerial peotions of ¢he paper striy compared ¢c the redic-
sutogreaph and ateined protein pattern is shown in Plgure 17.
The in vitre addition of ealleylate te the buffer;, at »
concentration of 5C mg./ 100 ml., 41¢ not affeot this
distribotion,

Thie finding of & mingle Hindinp eite on albumin in rat
|epum, milmm@g:' sleotrophorenin in srmonivm serboneste hHuffer
at p¥ 8.4, had bheen peported by Tuper, Toddins, Biumbdery snd
mi in 1962. Other workers (Ven Arsdel and Willlsms, {9%56;
Mysnt, 9957; end Nyant ané Osorie, §960) using harbiturate
buffer et pF 8.6 and slao borate huffer at p¥ 7.4 desoribed a
single binding site on seglodbulin., However, Dubowits, Hyant

and Osoric (1962) seing paper sieotrophorzais in {rismaleate
buffer ghowed that the c-glodulin Binding site was demcnatredie
when the nH of the duffer was 8.6, but at pF 7.4 the oeplodulin
inuoi inte the sidemin pone, the thyreoxine hHeing carried at
the trailing edge of this zone,

The discrepanoy between thege {indings is vaexpiained,



DEMONSTRATION OF THYROXINE BINDING
BY PAPER ELECTROPHORESIS IN NORMAL RAT SERUM

13,000

3
COUNTS/300gec

0 0=~ ALB ®So-0-0-0-0-0

5 0
! 5 5mm SECTION No. '° 2

RADIOACTIVITY QUANTITATED FROM SERIAL SECTIONS OF PAPER ELECTROPHORETIC STRIP

| '
‘
&

ALB

STAINED PAPER ELECTROPHORETIC PATTERN

FIGURE 17,



159.

It has been considered (Perer et al, 1962) thet the
differences might be due t¢ an intraspouies varisbility or more
ntcly to an artefact of the paper electrephoretic technigue
sueh that slbuminbound thyroxine migreted with the globulins,
as hed previously been demonstrated by Rebbins (19%56).

In a comprehensive study of the thyroxine-serus protein
complexes of animels representative of the classes of the
vertebraieos, Farer and collespuss (1962) used both psper and
stearah gel «ieotrophoresis. OF particular intevest $o0 this
study was the slscirophorasis of norsal ret gerum. As has
previoucly been meniioned, paper cslectrophoresis in ammonium
carbonate huffer at pH B.4 revesied only & single dindiang site
on sliumin. However, the separetion of rst zerum by stareh
gol slecirophoresie in borate duffer at N 8,6, fullowed by
radiosutography of the gel revealed three distinet Linding
sites of rediosciive thyroxine. There was & prominent band in
the seme location as humen Yend 2 (albwmin) corresponding to @
pale-staining narrow protein sone extending just ahesd of the
dark-staining droad slbumin sone, The sscond, a Aiffuse dand
of radioectivity treiling dehind the Pirst was aseociated with
the leading half of slbumin., There was @ third bend, alow
moving, Taintly visidle in the f-globulin resion.

8inee these Hinding sites In rat serum were reandily
distinpuishable in ¢he starch gol aystem, (¢ was desided to
exemine the effect of seilecyliate end velated Srups on he
éiaplecement of thyrexine from one or other of these sites.
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The epparatus was sonsirucied according ¢ the
speoifioations of Smithies (1959). It consisted of a
Plexiglas tray with vremovadble end plates into which the gel

was poured, broked hy a water-gooled ﬁa@k ot, A plastie cover,
into which s sliot~former was inssrted, Titted over the tray.
The slectric current was Aelivered to the spparatus from a
reguiated power supply (Paton Industries, Adelaide).

Reagents

Starch, hydrolysed, Cennpupht Hedioal Resesrch
Laboratories Toronte.

Borate Buffer pR 8.6 for preparing the starch gel
aontained 0,03 moies of bHorie 2cid and 0.0412 moles of podium
hydvroride per 1itre,

¥leatrolyte Borate Huffer pH 8.6 sontaining 0.3 moles
of boric aelid and 0,06 moles of sodium hydroxide per litre was
nrepared,

+ 7he sethor im indehted to Dp, 1.7, Faleoner of the
hepartment of Agrioultural Chemistry, “aile Agriculturel
Desearch Tnstitute, Univerasity of Adelalde, for mzking
available the starch gol eleotrophoresis axnaratues.



‘6% o 7

Ercgedure

The starch gel was prepared from 80 g. of hydrolysed
staroh and 700 ml, of the borate duffer. The mizture wes
gently heated in & 2 1itre flask with vigorous cheking until
the aorrect consisienoy was obtained., The flesk was then
gttached 46 a vecoum pump to withdrew trapzed air from the
gel. The eiectrophoresis tray snd cover, with a slot-former
for eight siots sseh 1 om. wids ineortod, were hested %o 70°C.
The pel was poured inte the tray snd the ccver lowered into
position glowly %o evoid trepping air budlbles. Weighte were
placed on ithe cover to keep it firmly in poasition end the
ssaenfly lofi for ssversl hours €0 codi.

The cover was removed glowly to evold damage (o the glots
in the gel. The perum sssplies to be anslysed (20 ul.) were
ran into the slots using miore-pipettes. Petroleum jJelly at
50°C was poured over the samples in the slote to sesi them fn
position, The gel was then covered with a pelythene gheet.
T*he end nlates of the spvarstus were then unsorewed, the
eleotrode wicks ingeried and the pletes screwed dack in place.

*he epperatus wag aseembled in the vertiocsl position oa
s speciel rack in ¢he oold room st 0°C. The slectrode tanks
were £111ed with eiectrode buffer end the wicks inserted.

The elecirodes were cttached with the snode at the bottom so
¢hat the slvemin woulé migrate downwards, Cold water was
eircuiated through the water jaocket.

Fleotrophoresis wae carried cut for 16 hours at 180 volts
(s voltage gradient of 6V/em.) On completion of the slegtro-
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phoresis, the plastic sheet ma petrolennm Jelly were
removed frow the surfece of the gel., The gel was trimmed
squere at the ends and turped out onto a tray.

The ret serum samples to de snalyeed u& equilibrated
with rediothyroxine addad at @ concentraticn of 10 ug. per
400 ml, as previcuvaly desoribeéd for human serum.

The gel was marked off into 5 mm. seetions, The
individusl sampies in the gel were then sspareted. /& sample
of normal reat serum was inclufed in esch run. The gel etrip
from this semple was stained with migrosine (0,025% (W/V)
nigrosine snd 7.57% (V/V) glacisl acetic acié dissclved in
509 methanol) %o reveal the protein bands. This stained
pattern, marked off in 5 mm, seciions, was used ns s merker
to identify the protein sreas of the other samples in the run.

The individual geie were then cut up into 5 wm, sections
which were pissed in numbered counting tubes. The radio-
sotivity of esoh section was meszured in the well-type
sointillation ccunter snd the count rate plotted against the
ssotion numbsr pevesling t he peska of radiosctivity. The sum
of the radiosotivity on esch binding site was expressed as a
percentage of the totel redicectivity in the strip.

The total count yate of the radiocactivity in eesch binding
site was required. Sinece ihe radicestivity would not de
dispersed evenly through the thickaess of the gel along its
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complete letigih 1t was not presticsble tc split the gel
through the smailest dimension o obtain ¢wo halves, one for
subgequent staining snd the other for counting. It was
evident thet resviisobtained from counting a half gei would
not %¢ accurate enough to detest differencee produced by
displacoment .,

Owing to the iimited ¥ime for whioch the spparatus was
availadle, no radlosutographs were obiafined.

Thres binding sites of Fhyroxine i{n normal rat serum
wore 1dentified in these studies, in the positions recorded
by Parer et al, (1962% Theoss sites have bHoen designated A, B
and O, Bend A which esrried detween 50 mnd 60 per M.utlt'
the raliozetivity was loested just shead of ¢he leading odge
of gibumin, Bend 2, which ciosoly followsd band A, was
sgsoeiated with the aibdumin region and ocarried slout 25 per
eent &f the rediothyrozine. The third; band O, in the regicn
of the B~globulins, was more 4iffuse and had asscziated with it
spproximately 20 per cent of the m‘!muﬁ'ty. The effest of
in uitro addition of selioylste mnd related drugs to the
elsotrophoretic buffer on t he distridution of thyroxine on
these binding eites was therefore determined.
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The &ruge, pehydroxybenzoie acid, salioylic seid and
y-rescroylic seid were sdfed te both the stareh gel borate
buffer snd the eleotrods bHuffers in a concenirstion of 50 mg,./
100 ml, sné the pi of each buffer resdjusted to 8.6,

The praportion of rafionctivity on esch binding site in
normal ret serum was assésasd from the radiosctive count rates
of the serisl sections of the gel. The same serum samples
were ensiysed following the jn witre sdditiocn of the drugs to
the bufrfer.

Regults

Although only a small number of estimations were carried
cut conpistent findinga wore obtained with esch of the
treatments. The resulte are shown in Tabie Lb,

Following the ip vitro eddition of p-hyiroxybensoate
to the buffeor there was s mean Sieplecement of 10 per eent of
the rediothyroxine from the fast moving aibumin cowponent
(vand A) o both bands B and C, the grester proportion of the
shift being to band C (6.7 per cent), & typicel graph obtained
by plottiag-the count rates for the serisl sections after
eleotrophoresie in normal buffer end following the in viire
addition of p~hydroxybenzoste to the buffer is shown in
Pigure 18,

There was & very much greater displecement of thyroxine
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from band ¢ ameunting to Li.8% of the total rediocactivity,
when saliceylic acid was aided to the huffer. Salieyliate also
alsplaced a large proportion of the redisthyroxine from band B,
The rodionctivity éispieced from both bande A and B was found
pd C 4n the Pe-globulin region. The disteidbution of
thyroxine on the birding siies following electrophoresis with
enlioylate added %o the bduffer is enown in Flgure 19.

The addition of y-readrerlate 0 the buffer at a

m Q,:A.

coneentration of 50 mg.% ceused the displacement of all the
ﬁaéimﬂthiﬁy froe bendas A sané B, %0 band =, This offect is
demonstrated in Pligure 20,

4lthough only a seall number of experiments wes carried
out the results are consluuive, The degree to which the drugs
displaced thyroxine wae similar o the findinge with humen
serum after papsr sleotrcphoreals; p-hyiroxybengomte exerted
the smallest displacement, whereas the effect of salieylate

gné v-resorcylete at the same concentretion was much grester.

fervm samples on whieh free thyrcxine had been determined
(in two experiments deseribed in Chapter IV, following the
siministretion of the various druga t¢ rats were uxed for
thess studlies on thyroxine binding. Sodium p-hydroxybensoste
snd sodiem selieylete vere esch given in a dossge of 30 mg./
400 g. body welighi/day.

The dosags of sofium y-resoreylste was S0 mg./100 g.
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body weight/dey end that of 2,L-dinitrophenol, 2.5 wmg./
400 p. body welpht/day.
Regults

Three ratp from esch group receiving the treatments
were @4ipioyed und serum sampleg chteined before snd after
treatment were peparated in the same starok psl.

The resuits are presentied in Table S,

Thers was no displacement of thyroxine following the
aiminisiration of socdium p-hyviroxybenzoate. Talioyiate
profuced s moan displecoment of (4.2 per cent of the totel
radiosotivity from band A, most of the dismpiseed thyroxine
beling trensferred to band B, 2,L=NNinitrsphenol produced a
similay effect, 2.8 per cont of the radlothyroxine on bdand A

beling dlaplinced meiniy %o hané B. There was no dispiscemsent
of radiothyroxine foilowing the sdministretion of
yorosoreylate,

Typleal exumples of the in vivo effeots of these drugs
are shown in Pigures 19, 20 and 21 which fllustrete the
praphs of the vafioactivity in the serisl motiona of the gels.

In vivo, the effects on thyrexine binding of godivm
p~hpidroxybengoate and sodium salieylate in rats are aimflar
$0 the effects of the &rugs (n nermsl man; p<hyéroxybensoate
was without effect vheress considerebie displacement of
thyroxine fyvom bané A of rat serum was produced Ly sodium
naluﬂri%a.
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The aetion of 2,L-dinitrophencl in Aisplseing
rediothyroxine from band A following its administration te
rats peaembles that of selileyiate end confirms the in vitpe
effect of the drug in humen serum,

"he fsilure to demonstrete s (ieplacement of thyroxine
following the sdministration of y-resoreyiate %o rais wag
sonsidereé possibly to be the posult of the rather low level
of yeresorcylete resched in the serum (a wesn of 22,9 mg. per
400 ml, for the three rats; compared to the mean dyug
concentrstion of 40.5 ms, per 100 ml. in the three sallioylate

treaﬁaﬁ rete. However, the in yitpg addition to the control

gerum samples of 50 mge. of y-rescrcylate per 400 ml. still
failed to produse the expested dlsplacement of thyroxine
{Pigure 22},
T4 was fecided therafore to determine the effect of
y=prasorcylate on human serum by starch gel electrophoresis.
" The in yviirc setion of sslicylate and y-resorcylate in
adigpiecing thyroxine from bends 4 snd B te band © was

quslitatively different from the §n vivg sffect with

salicylate when thyroxine was displaced from band A to band B.
1t i considered that the 4n vitpo effeot resulted from the
large ‘Naewsir af the druge whioh weres sided te the buffesr
used to prepare the starch gel and the ¢leotrode buffer,
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TN VITRO STIDYES

The Aistpidution of thyroxine hetween the binding sites
of mormal humen serum { subject ©.) was determined by starch gel
electrophoresris in horats buffer, The same serum was ¢hen
analysed after the adéitlion of p=h)
yeragoreylic seid to the buffer at & eonsentration of
850 mz./100 nl.

The normal Aistridbution of thyroxine on four bBinding

ipoxyhensoic acid and

altes was confirmed (Mlumbery st al, 1961). These were band 4,
corresponding to THPA, band 2 on albumin, band 3 in $he post
albumin regica end bené I in the segiobolin region. ~As the
radionctivity carpied on bends 3 and L was the smallest
fFraction snd could not be remdily separsted inlo two distined
peeks by couniing the gerislly sectioned gel, it was trested
a§ a single fraciion.

The {inéings were the same as those reported following
the in yitro addition of the drugs to rat serum (Table L6).
The sd¢ition of p-hylroxybenzole scid caveed & aell
displecement from bend § (TBPA) of 9.7 per cent of the totel
radioactivity which wes mainly pecovered on the post sibusmin
region {benfe % snd kY. vhen yhﬂtm’lﬁo geif wee added %0
the buffer, 1l the rediocsctivity on dande 1 and 2 wvas
dieplsced to bvands 3 and 4.
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1X VIVQ STUDIES

The serum samples from two human sudjects (K and ¥)
obtained before and twe houre after treatment with
v-rescroylate, whioh induced s displacement of thyroxine
from TEPA demonstrable by paper sleotrophoresis, were anslysed
in the sterch gel syatem, ’

The results (Table 46) indicate, as was the case with
rets using starch gel electrophoretic separation, that there
wae nc displacement of radiothyroxine in human serum following
the administretion of y-resoroylate. The in vitro snd in vive
effects of y-reporeylate on thyroxine binding in human sepum
are shown in Figure 23.

The fallure to demonstrate a displacement of thyroxine
from the TBPA site (ban¢ 1) by y-resorcylate in the stareh pel
systom in the semples of humen gerum; in view of the fsot that
these sampies showed a displecement whsn separated ip paper
eleotrophoresis, was therefore considered tc be an artefsot
due poasibly to the migretion of the drug off the gel undepr
the intiuences of the eleotric current. It was concluded that
the Teilure to demonstrete & displecement by ;r-wnmyhu in
rets ocourred for the smame reason,
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Evidence hag been presented in this chepier that the
in yitre sddition of salicylate snd 2,u~3initrophencl to the
buffer dupring the ciestrophoresis of normal human serum
interfered with the binding of thyroxine 4o TBPA; the
thyroxine displeced was bound meinly to THG, Thess renults
confirm the findinge of Wolff, Standeert and Rell (4964),

The sddition of w~resoreylete t0 ths electrephoretic
baffer produced s digplascement of thyroxine from TBPA similar
in oxtent %o that produced by salieylate. The sddition of
pehyé roxybengoate 20 the beffer, on the other hand, produced
only 2 smell disgplscement,

An examinetion of the effeot {n vivo of these druge in
men on the binding of thyroxine to the serum proteins, carried
out ont mliquets of the serum samples which were used Por the
estimation of free thyroxine, showed thst both salioylste and
y=resoraylate dimplaced thyroexine from TBPA 40 THI, There
was Bo change induced in the distridution oFf thyroxine on the
hiﬁﬂin& sites when thess subjeete were given pehydroxy-
hengoste.

It $s coneluded, therefore, that the inoresse in free
thyroxine which resulte from the adminigtration of ssiieylate
and yoresoreylate to human scbjects is trought about by the
displacement of thyroxine from the TEPA fraction.
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Althouph only one thyroxine bhinding pite could be
detected in rat serum by peper électrophoresis, throe such
sites were connistently demonetretsd when ihe electrophorenis
was nerformeé in starch gel. '

" An investigation of the effect of salieylate,
vePegoroylete sna pehydroxybensoate, added in yitre ¢o the
baffer durming slectrophoresis of rat serum, led to {he
conolusion that the first two of thess drops dlepisced
thyroxinz from the dinding sites deteoted in a fast moving
albumin Praction (dand A) snd ziso in & wlower moving albumin
frection (band B), while pehnipoxybenposte nroduced a muoh
emalier displacemen? from band A sione,

Examination of the effect of thess frugs end aleo
2,=~dinitrophenol §{p vive vrevenled thet, in vats, Both
salioyiate snd 2, L-dtnitrophenol produvoed m dispincement of
thyroxine from band A, while p<hydroxybengoate had no such
effeat; y-resororlate, which produced a ¢isplaocement in vitre
greater than that produced by sslioylate, hed no affect on
thyrexine binding in viveg. /a in yive effect of v
resoroylate in m' eould not de deiected By etarch gel
elsotrophoresin althoupgh a ei splacement nr. thyrozine from

THPA had been demonstrated when the samples were ansiysed by
peper eleatvrephoresis.

These studies with rats have served to confirm ¢the
rinding that, Iin men, ssiioylate and ywpesorcylate %5 vive
41 splece thyroxine from one of the mpecific thyroxine binding
proteins in serum,
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Tt i@ coneluded, therefore, that the insrease in
eircuiating free thyrcxine produced by these frugs resdiis
from the displucement of thyreoxine from o specific thyroxine
bindine protein in the geruw,



CHAPTER VX
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CHAPTER $43

An investigetion of the effect of 2,h4-dinitrophencl and
of ssiiocylete and related compounds on the plasms PEI §n rets
was reporied in Chapter Y1 of ithis thesis. The administration
of these drugs o normsl rais proiuced s significsnt depression
in plasma PBI, sonfirming the previously pudlished reporte of
such an affeet of 2,4-8init¢rophencl in rets (Goldberg et al,
9954, 1955) and in men (Castor snd Delerweites, 1956), snd of
salioylate in man (Azaten et al, 1958; Hetsel ot al, 9962).

Sodium y-presorcyiate aleo prodveed s significent
depression in plasss PRI when administered to normal rsts in
8 dossge which produced s plasms level of the drug comparadle
with that obtained Tollowing salicylate trestment. This
finding hee not been previocusly dooumented,

There was 5o significant depression in plasms PSI when
rets wore trested with sodium p-mmmdu:mto.

Similar findings were obtained from studies of the
effecty of the drujs on the plamms "BY of thyroideotomiged
rats maintatined on thyroxine. 7The pevsentage fall in plasme
PE1 was of the same apder in both normal aid thyvoxine
mainéained rate, indioating thet a peripheral sotion of %he
édrugs would alone gcoount for the depreasion. This wes in
contrast to evidence, obtained in similar studies in man, that
the depression ia FBI predused by m:qwiato comprised bhoth a
central end a peripheral component (Hetsel et al, 4962).
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Indirect evidence of a centrel peticn, that s &
depression in the relesses of THH from ithe piteitary,
operating to produee the fall in pissma PBY hed deen reperted
in rats for 2, 4~dinitrephenol by Goldverg and co-workers
(1985, 1957) snd in man for sslicviste by Wolff end Austen
(1958) ané Hetmel and eo-workers (1962),

This firding of simullsnecusly lowered sireulating
thyreid hormone and depression of TSH pelesse constitutes a
diereption af the negative feed-back system postulated to
control thyroid-pituitery interrelations. Ascording to this
soncept, a depression in eireviaiing thyreid hormons would be
expected to stimvlate the releasc of THH from the pitaitary,

Both 2 h-finitrephenol and maiteylate inoresse metabolic
rate snd oxygen consumption in the whole animai and iiimlt
oxidstive phosphorylation in fecisted mitochondrial
preperations, It was coneluded by Coldherg snd co-workers
(1957) thet the inhibition of TSH relesse from the pituitary
by 2,i-8initrophenci was rvlated to the metebolie stimuiating
property of ¢he drug, asting on the hypothaiamus » {ther
directly or indireetly via the peripheral metevoiimm. This
wes consintent with the coneerd of the contrel of pituitery
funetion Ly the hypothalamus proposed by Harrie {19%5).
Further support for such a mechaniem o¥ action of 2ol
dinitrophenol was obtsined by Reiohlin (1960) who demonstrated
that the depression in thyroid funetion prodused by 2,k
dinitrophenol {n normal rats was significantly reduced in rats
with lesions in the hypothalemma.
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Wolff and Austen (19%58), in a further examination
of the mechanism of sstion of sslisylate on thyrois funotion,
Gemonstrated that not only salicyiste snd Z,4-dimitrophencl
but aleo the dihydroxy bengoie scids, v=pegoreylic and
gentisic aocide, reduced the relsase of isbelled hormone frem
the rat thyroid, indiceting e depression in the reiense of
THH from the pituitary. These 8ihyiroxy benseis asids unlike
saiieyiate and 2,h-dinitrophencl do not inorease mstabolie
rate or oxygen consumpiion in intact rate nor uncouple
oxidative phesphorylation in {polated mitoshondsial
preparations. Uolff ané Austen wonoluded that the setion of
salieyinie and 2 ,hedinitrophenol in depressing the relesse
of TS was not related to their metaboilo nxmltuﬁiu or
vnooupiing propsrties.

Because of the importance of thisz finding in relstion te
the physiological control of thyroid function, the setion of
these drugs on pituitary function wes therefore re-sxsmined.
T8 in the piasma of rats doth defere snd after treatment with
these drugs wae astimated Qirestiy by bioasssy, in order io
confirm the indirect evidense of & depression in TSH peicase
{Ohaptar 171}, |

Heldificetions were made in the methed fer the hioassay
of TSH (MoKensie, 1958) whioh resulted in inoreased sensitivity
andé precision, enabling ﬂw level of TSH {n piessma from normel
rats 6 be estimeted, It wem demonstratad that 2,k-d4nitro-
'yhuel, salioylate and y-resoreyiste siznificantly denressed
the level of eirculsting TSH in normal rets, in associstion
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with a depression of plasma PBRY, Sodiun p-hydroxybensoate
was without effect on either eirsulsting TSH or plasms 7RI,

Thus, 8 aiuultanawﬁiiﬁiprﬂuaion in both eirvouisting
thyroid hormone anf TSH was profuesd not only by 2,l~dinitro=
phenoi and salicylete but aleo by y-resorsylate., The three
druge therefore exerted s similap sotion in Gisrupiing ihe
nogetive feedback reguiation of the thyrofdepitoitery axis.

it is concluded, therefors, that the metadolic
stimuiating properties of salioylate snd 2 h-dinis Fophancl
are not responsidle for this disruption, since y=Tosorcylate
does not possess such metadeiio stimelating properties.

The affinity of specific serum proteins for thyroxine
is of suoh intensity that the greater proportion of the ¢otal
thyroxine ¢irculeting is cerpried dound teo thess protelne, the
remainder being in the free or unbound state., Rodbbins and
Rell (1960) pestulated that the circulating fres thyroxine was
the physiclogieslly active molety of the thyroid hormone , and
that the bound thyroxine served &s an fnactive storags form,
Thess investigators further proposed that free thyroxine night
aet as the regulator of the negstive feedbdack aystem
controlling thyrcidepituitary interrelaticns.

Christensen (1959) had reported thet the ia vitre
sdéition of salicylete and 2,L~dinitrophencl o serum
equilidreted with rediothyroxine, during aiilyuin in » special
spparetus, resulted in =n ineremse in the rate of dislysis of
the radiothyroxine., This finding was consistent with sn setion

of the druge by displacement, intc the free state, of radio-
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thyroxine dound to a specifie thyroxine dinding protein.
An inoremee in f'ree thyroxine would acoount For the inoreased
frectionsi rete of diasppearance of injected rediothyroxine
end the fall in plasma PEI pesulting from the administration
of salicyiate and ?,L-dinitrenhencl %o man snd rats. The
deprension in TEH produced by these Gruge might also be
explained by this finding if the level of free thyroxine
controls the negative feeddack repulation of the thyroid-
piltaitary axis.

An investigation of the effueot of salioyiate and velated
Arugs on frse thyroxine beoth in yitro and in vive was thepefors
carried ocut using the dialysie method of Christensen {1939).,
The results of these stuéles mre reported in Chapter IV,

Tt was demonstrated that the in viteo addition of salioylate

and y-resorcyiste to either normal humen sorum or novmel reat
aerum resuited in an increcsed rete of dlalysis of rediothyroxime
indicating sa f{ncreesse in frae thyroxine, The incpecse in the
rate of dlalysis of redfothyrexine following the in vitre
addition of p-hydroxybenzoate wes smalier than that obteined
with the cther édrugs,. |

Becauss of the change in equilibrium of the total
‘eircolating thyreld hormone, conssquent upon the depression
in plagma PEY prefuced by the nﬁamiﬂmﬂon of splioylate and
yeresoreyinate, it was not possible to prediet the ip. vire
effect of the éruge oa free thrrozine from the W
finfiinge, in exsmination of the ip vivo effect of the drugs
on free thyroxine was therefore mode. The level of circulating



178.

free thyroxine in normal human sebjects was shown to be
elevated within twe hours of the sdministration of eiiher
sslioylete or yoresoreylate. The sdministration of pehyd pOXY-
beagonie was without effect,

The effect of more proionged aﬂminisﬁr&fion of the drugs
was determined in experiments using normsl rets. Following
treatment for 52 hours with 2,h~éiuxtvM@Manel,»nalzuylnte and
y-resoreylate, the free thyroxine was inoreased sbove the
control value in each case, in spite of the f{utense depressisn
in plasme PBY, The mechanisn urﬁaucing the scute inorease
in free thyroxine in men within two hours of & single dose of
salioylete and y-resorcyliste wee therefore still operative
following reposted dossge of the drugs to rats over & much
longer neriod. The level of cireuisting free thyroxine in
rats was unaffected by itreatment with scdium p=hydroxybengoate
or sodium bhengoate,

Only thost drugs whioh depressed the plasma "BI were
showi %0 csues o simulteneous elevetion in free thyroxine.
T™his was the cage with 2,k-dinitrophencl, sslioylate and
ywrasoreylate, Yoreover, those drugs which d4¢ not depress
the plaema BRI, nemely, sodium pehwivrexybenzoste aug 204ium
bengoste did not affect the free thyroxine level.

is was mentioned previously, Christensen (1959)
postuiated that the &acronni in the vate of dlalyels of radio~
thyroxine, produced Ly the in vitre sddition of salieylete and
2sh=dinitrophenol to the merum, depended upon the ability of
the drugs to &isplace, intc the free gtaste, thyroxine bdound
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to one of the specific binding sites in the serum proteins.

Following the demongtration ¢that TBPA was & normsl
component of humen serun proteine, Inabsr (1960) reported
that the in vitpo sddition of salicylate te the srismeleate
buffer at pH 8,4 during peper elestrophoresis of human serus,
resuited in & dlsplecemint of thyroxice from TBPA Go TBG,
:whmi:nﬁly Wolff, Standaert snd Rell (1961) confirmed this
finding ené further demonstrated that 2, Lefinitrophencl
producsd e similar displacement of thyroxine.

An exemination of the effeat of 2 h4-dinitvephenocl snd of
selioylate end rvlated drugs on the binding of thyroxine to
the serum proteins in hoth man snd rets wee therefore
undertaken (Chepter V). The various drugs were mdded in yitpo
to the smmonium carbomste buffer at pH 8.4 during paper
slectrophoresis of normel humen serum. A large displasomeat
of ¢hyroxine from TBPA ¢o0 TBG was cbaerved with 2 hedinitro-
phencl, salloylate sad y-pesoreylste, The displacement
obaerved when pehydroxybengoate was added to the electre-
phoretic buffer, while spprecisble, was considerably less
~ thsn that observed with the other dvugs, and was sonsistent
with the alight {n vitgo effeot of the drug in the dielysis
eyotem, |

An investigetion ef the in vivo effect of these druzs on
the binding of thyroxine 5o the serum proteins in men was
elso carried out. The snslyses were performed on siiquots of
the serum samples whioh had been used for the estimation of
free thyroxine. It was shown that ihe sdministrstion of
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salicylate and v-vesoreylate to humen sudbjeocts caused a
@isplacement of thyroxine from TBPA %0 TBG. There was no
ohange induced in the distridution of thyroxine on ihe
binding sites when these subjecis were given p~hydroxy-
bengoate.

liowever, the physiologleal significance of "5Pi has deen
questioned. Seversl workers (Christensen end Litenjus, 1961;
Vyant ené Osorlo, 1962) demonsiveted by conveniienal paper
electrophoresis of normsl humen serum st pH 7.4 thet virtually
no binding of thyroxine to TBPA occeurred. Purthermors, "sorio
(1962) empioying peper eleetrophoresia st pH 7.: demonstrated
that saiicylate inhibited the dinding of thyroxine by sibumin
and TBG, Yeverthslesa, Ingher (4963) in s study of the
physiclogioal role of TBPA ghowed that the failure to deiect
binding of thyroxine to THPA 1in peper eisetrophcresis at
pH 7.k was the result of Ihe grester affiaity of paper then
of TBPA for thyroxine el this pH. Uhen clectrophoresin of the
serum praoteine was carried cet in ezer gel at pH 7.4, thyroxinme
vinding by TBPA was eonsistently demonstrated. Ingbar
concluded thet TEPA tPaneports & significsnt proportion of the
thyroxine in plasme at physiolegieal pH, Ie¢ furiher postulated
that the weeker binding affinity of TBPA than of TBG might
give TBF. a mefebolie aignifieance beycnd that expeoted from
the proportion of thyrozine in the bleed which it actuslly
kinds. Thus, the lability of thyroxine binding by TBPA te
decrenses {a pH might oonetitute ¢ mechanism for ¢he
trensospillary pessage of thyroxine or for ite delivery to
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regions of inereased u@tnbélh expend ituore such as
exeroising musele. Ingber steted, "this eoncept whicoh
suggests that T™BC ie the 'savings lﬁﬁéa‘it' and TBPA the
'ehecking account' of thyroxine economy, although speculative
st present, would serve both ¢o resoncile the majerity of
available deta and to provide e teleologiesl rstionsie for
the existence in plasma of twoe major thyroxine binding
prateine” . '

Horeover, Woeber and Tngbar (1963 demonstrated by
eleetrophoreais of human mserwts in ager gel et pH 7.4 that
genlieylate inhibited the bindinz of thyroxime by TAP. sud not
by elbumin or by THG. Thus sslioylate weleotively inhibits
the binding of thyroxine by TBU'A st physiolegical pH,

Tt {s soncluded, therefore, from the gtudies presentad
in thia thesieg, thet the incresse in feee thyroxine produced
by the administration of salieylute and v-rsgorcylate to human
subjeots resulted from the displscement of thyroxine from the
TEPA gltes of the serum proteins.

Although only one thyroxine binding site could be
detected in ret serum veling psper electriphoresis, three such
sites were aMnmtm when electrophoresis wes performed in
starch gel. An examination of the effect of selicyiate,
yeregoraylate end p~hyiroxybeénsoate, when sfded i jitpg to
the electrophoretic buffer, ruvealed that salicylate end
veresorcylate displeced thyroxine from the bhinding sites
detocted in the fast moving slbumin fraction (bend -) end

also in the slower moving slbemin frection {baad B), whereas
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p-hydroxybengzoate produced a much smaller displecement
from band A zione,

Gtudies were carried owt of the in vive effect of
these drugs and sise of 2 4-dinitrophencl in retu. It wes
demonsirated that both selieylste snd 2,4-dinitrophenol
produced & displacement of thyroxine fmowm band :, while
p-hydrexybensonste had no such eff'eet. These studies with
rete therefore confirm the finding in man that salieylate,
in vive, dispiaces thyroxine from one of ihe specific
thyrexine btinding proteins of the serum.

v-Resoreyl ete whioh produced a displecement in vitpo
greater than that produoed by salieylate haé no affest on
thyroxine binding i yive. Failure to domonstrate sn in vive
effect of y-resoreylate in men using the siareh gei systen
also osourred, despite the feet that & digplacement Prom TBPA
hed been shown when the samples were snalysed by psper
sleotrophoreais.

It is concluded that the incresse In eireulating free
thyroxine produced by 2,h-2initrophencl, salicylste and
v-reporeyiate vesulis from the dieplecemant of thyroxine from
a mpecilic binding site on the sorom proteias.

The peripheral component in the Gepression in plasms PN
produced by these érugs in both man and rete would result from
the dleplascemsnt of thyroxine, from one of the eppecific diniing
sites on the serem proteine, fate the Tree state, followed ty
ite rapid excretion. It was demonsivated dy Zeccdbar del Rey
snd ¥orreele de Zsoodar {1958s, b) that the administretion of
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2 h-dinitrophenol to rats equilidrated with radiolodide,
protiuced along with the depreseion in sireulsting redio-
thyrexine sn inerease in the sccumslation of 1% >'.1avelles
compounds in the intestine and faecem as the rssuit of sn
increased biliary exoretion of these compounds,

Osorio and Myant (41963) reported that the !ncreased
Piliery exsretion of I' 'wlabelled compounds whish followsd
the afiminietration of seiioylate to rate simost eoquelled the
lose in biood rediomativity. It was demonstreted thet the
biliary exeretion of the mimun of thyroxine inereased
in parallel with the cxoreticr of thyroxine itssif, indicating
thet sslioylate mede a grester quantity of thyronine svalladble
to the liver hut 448 not affect the transport and metadolimm
of thyroxine ia the liver. 8ince, for the solleetion of the
bile samples the normsl enterohepatic circuletion was
interrupied by ocennuvlation, expesriments were carried oot on
intset rate in which reabsorpiios of biliary thyrexine couvléd
ceour normaily. The depression in dlood rediosstivity
profduced by sslicylate in these rets wes simiiar ¢o that
obsorved in cennulated ratas.

Initially the inorease in radicsotivity im the bdile ocouvld
be asccounted for quaniitatively by the lese in rodicsctivity
from the dlood. A subsequent change in shape of the blood
radiocsctivity coneentration eurve indiested that some of the
rediocactivity leaving the bioed, se s eongequence of the
injention of melioylate, later rvaturned %o the dlood. It wes
concluded thet a preportion of the thyroxine, displaced from
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the serom proteins by sslieylate, ¢iffused into an
extravascuiar store such as the liver end then diffused baok
to the blood later when the dinding sites were no longer
occupled by salicylate. This phenomenon wouid explein the -
smsller peripheral effect of salicylete observed in man
compared to that in rats, The more efficient enterochepatic
aireulation in man would possibly result in the seguestration
in the liver of & larger proportion of the thyroxine dlsplaced
by salicylate. Such & mechaniem would explain the finding
that the repeated administration of salioylate tc men 41d not
doprees the plasma PBY to hypothyroid levele as it 84¢ in
rats.

After the studies reporied in this thesis had deen
completed an acecount of the effect of v-pesoroylate and
goentliesie on the periphersl metubolism of thyroxine wes
published by Woeber and Ingbar (196L). Tt was shown that
these noneelorigenic &ihydroxy bensoic acils specificeily
inhibited the binding of thyrexine to TBPA in humsan serum
and glso lowered the plasms PBI in man, thus conftrming the
similer findings with yeresoreylate veported in this thesis.
Furthermore, “oeber and Inghar Jemonetrated that the changes
in thyroxine matabolism {nduoeé by theme druss sould de
sseribed only to effeets on the binding of thyroxine to TEPA
since they obteained une esvidence of etimulation of either
motabolic rate or the cellular mechsnigme of thyrexine
degradation,

It is concluded,; therefore, that the peripheral component
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in the depreasion in piasma PRI produced by salicylate,
vepegorcyiate and 2,4~dinitrophencl ¢n both man and rats is
ecaumed By the Aisplacement of thyroxine, bound to one of the
specific Hinding sites un the serum proteins, fnto the free
state. This inereased level of free thyroxine is then
repidly exereted,

The demonstration that the levels of eirculsting TSH
snd thyrold hormone were dspresned simultanecusly by the
administeation of seiieylate; 2 h=-dinitrophencl and
vepesoreylate indicated & digruption of the negative feodback
mechani g contpolling the thyroid-nituitery axis., Howaver,
the depression in cireulating TSH in rats (determined by
biosssay) snd in men {from infirect evidence) was shown to be
correlated with the inoreass in the level of free thyroxine
profuced by these &rugs. Therefore, {f the level of free
thyroxine rether than the level of toial or boond thyroxine
in the bhlood is econstidered %o be the physiciogical reguiator
of the negative feedbdack system, this spparent disrupiion may
e expiained. The inaressed level of free shyroxine produced
by these drugs would depress the reiesse of THH from the
pituitary. '

*he centrel component in the depression is plasma “BI
in men produced by salioyiste and vepegorsylate therefore also
results indirectiy from the increase in frse thyroxine induced
by these¢ frugs.

A depression im plasme PRSI which wes accompanied by &
decresse in thyroidal radioiodine release has beed chaerved in
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rete following the saiministration of the diazo dyes trypan
blue ené trypsn red (Yamada, 1960e, b; SGhimoeda et al, 9962),
These workers prosented evidence that the dyes competed with
thyroxine for binding sites on the serum proteins indiecting
an inoreese in free thyroxine whieh would inhibit the
seoretion of TSH from the pituitary.

Penieillin hee sisd deen shown {n vitre to displece
thyrexine fyrom TBPA in humsn serum gnd to tncreass ithe rate
of dialyeis of padicthyroxzine across s semi-permesdie menlhrane,
but in soute stuéles with the drug in vive, no change wes
observed in plasms "RY., Pailure ¢o demonstreie a éepreseion
in ¥BI was considered to he due to the fact that the level of
%“he drug in the bioed was toc low to exert sush sn effeat
( Surks anéd Oppenhsimer, $96%),

Although @iphenyihyisntoin hes been shown to depress the
plasms PBI wlightly, no evidence of a Aepression in TSE was
obtained (Oppenheimer et al, 9961). Purther studies with this
drug revesled that in vitro it dispiased ¢hyvoxine {rom TG,
(Wolf? ot al, 1961) and inoveased the vate of dfislymis of
rediothyroxine across a semi-permesdle membrane indicsting an
inorense in free thyroxine (Copenneimer and Tevernatti, 1962},

The failure of diphenyihylantoin to depress T3 probebly
resulted from the fact that the bieed level of the drug was
not sufficliently ratsed, . similer finding oecurred with
y-resorceyviate in the studies reported in this thestis.

In yijlrg effects an thyroxine hinding and free {hyroxine were
readily demonstrated using the same concentration of
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verogoreylate and salieylate. However, in vive, it was
necessary to wse a much larger éose of y-resoreylate than of
salicylate to produce a gsinlliar effeot on plasma PBI and free
thyroxine.

Thus, a number of drugs have been observed to displace
thyroxine inte the frae siste from one of the binding sites
of the serum proteins jig vitre. Yowever, in no instance were
in yive studies earried out to confirm the postulated ripe in
free thyroxine,

The studies presented in this thesis provide consliusive
evidence of the validity of the in yiipe sotion of ssiioylste,
2,4i=Eindtrophencl snd v-vesoreylate for the situstion in vivo:
a rise in circulating Tree thyroxine is profuced Ly &
displacemsent of thyroxine {rom specific dindiag sites in the
serum proieins which is correlated with np depression in
cireulating T5H,

Fithough 2,h-ll0hlorophenoiyacetic acid inoreases
thyroidal upt.l%'o of radiciodine, Florsheim snd Veloorsy (1962)
demonstrated that thig effect of the dreg 414 net involve a
pituitary pathway but resuited from an intre-ihyroidel setion
of the drug., T4 was aleo shown ¢hat aiministratica of the
drug to rate prodveesd a signifiocant depression in plasma PBI,
ot no evidense of a change in TSH output was obtained.
Subssquently, Plorsheim and ¢o~workers reported that the
dapression in nlasms PRI was related ¢o a displscement of
thyroxine from the serum proteoins, Tvidence wes ocktained
that the displaced thyroxine was Bound specifically in the
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liver and it was postulated that 2,h-dichlercphencxyacetic
acid enhanged the bYinding of thyroxine to the tissue binding
sites of <he liver, The free thyroxine level, determined by
Christensen dialysis method, wae shown tc be unchanged
following administraztion of the drug. The finding that beth
eiroulsting free thyvoxine and pituitary seoretion of T8H
remained unchanyed was interpreted by thése workers to suppor
the hypothesis that the piteitery thyroid feedback mechanism
is contpolled by the concentration of free thyroxine reather
than by the total thyroxine level. (Florsheim et al, 1963),

The question of the site of aotion of Free thyroxine in
controlling the pituiteary release of T85! must be considered.
The injestion of thyroxine into ihe pituitery, ia guentities
ineffective when injeoted systemicelly, caused slmost immsdiate
reduction in TSH secretion indiceting that the pituitary is
iteelf sensitive to small losal inereasss in thyroxice
concentration. (Ven Zuler and Holmgren, 19%6; YVemade and
Oreer, 1956),

Thers has not Leen genersl sgreement whether the
hypoihalemus i3s0lf 92 seasitive to the feedback Gontyol of
thyroxine. Von ¥uler snd Healimgren (19%6) renorted thet the
injection of thyroxine into the hypothslamss did not affect
the relesse of THH, HNewever, a depression in TSH relesse was
observed by Yemada and Greer (1956) afier s latent period of
about 8 hours when thyroxine wes injested into the hypothelamus,
Herrigon (419641) could not confirm the ﬂmnng of s depression

in T8H prelease Tollowing locel hypothelamic injection of
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thyroxine and caniioned against the use of the reletively
large volumes of meterial (njeeted becsuse of the probdadility
of diffusion via the portal vescels to the saterior pitulitary.
Averill sné co-workers (1963) Gemonsirated that imjestion of
thyrozine into the nypethelemus of the rat produced thyroidsl
inhibition, but there wes no ietent period. Py injeoting
radiothyroxine they demonstrated thet s higher proportion of
the dose was present in the pituitary after injeotion iato
the hypothelamus thsn after sudoutaneocus fajection., They
congidered that the immediate response of s depression in TSH
relesse following hypothalamia injection was due to en
eievated soncentration of thyroxine reaching the pituitary
very rapidliy. |

Thus, the guestion &£ hypothalamle sites Ffor the feedback
control of thyrexine is still unresclived ass the fectors of
losalization and diffvsion make interpretstion Aiffioult.

Mevertheless, the finding of Reiohlin (4960) ihat lesione
in the hypothalamus peartially prevented the depression in
thyroid function whioch was profdueed by 2,4-dinitrophencl
administretion %o normel rats may be re-interpreted. Sines
a metsbolio netion of the drug in the depression of ¢hyroiéd
funotion may now de exoluded, Relehlin's findings woulé be
consisiens with an setion of free thyroxine at a hypothalamie
site controlling thyroid funetioa,

However, the possibility ¢that the depression in T8H
release produced by salioylate, y-resoreylste snd 2, Le-
dinitrophencl results from & direot pharmscological blockede
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of the hypothalamio gites controlling TSH release from
the pituitary cannot be axoluded,

A Qepression in plasme PRI in thyrotexié subjects infuced
by salicylate has Deen reported ¢c¢ bde sccompanied by a fall
ia the thyroid seoretion rete (Hetgzel et &1, 1960) asimiler to
thut observed in normsl sudbjeota dy Wolff end Auwsten (1958).
However, ciher workers have not been edie to confirm ¢his
finding of a depression in TSH by saiieyliete in thyrotoxie
subjecta (Myhill snd Heles, 1963; Ingbar, 196L4). Furthermore,
tioeber and Ingbar (196hk) reporied a similer failure of '
y-resoroyiate to slow the d4issppearance of i3 from the
thyroid ﬁn' thyrotoxic subjeets. An inoresse in the level of
oirculeting free thyroxine ’mmmw’xe with a dieplecement of
thyroxine frpom THEPA has been demonstrated in thyveotoxie
subjects following the sdminisiretion of salicylete and
y=pesoreylate (Oood; 1964), The seoretion pate from the
thyroid of t¢he thyretoxie sulrjeot is not suppressed Ly the
sdministration of thyroxine or trilodothyronine (Jehnson et al,
1959), snd therefore wouid not be suppressed by the inerease
in free thyroxine inSueced by salicyiate or v-resorcylste,

In oonsideration of the Toregoing evidence, it is
consluded that the depression in TSH relesse from the pituitary
proftced by sslicylate, y-resoraylets and 2,L-8initrophenol
is best correlated with the ineresse in free thyroxine induced
by the displecement of thyroxinze from speeific thyroxine
binding sites in the serum. Thus, despite the depression in
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plagme “BI produced by these érugs, the oiroulating

level of free thyroxine is elevated. The increased level
of free thyroxine, tating as the regulator of the negative
feefihaok systen controlling the thyroidepituitary axis, would
be expocted tc depress the relesse of TSH by s&n sotion at
pitaitary and posribiy hypothaslamic sites controlling TSH
releass,

| I% 1s econaluded, therefore, that the level of
cireulating frae thyroxine, sndé not the totel thyroxine
coneentration, is the physioclozical regulator of the feed-
baok mechanism sontrolling the thyrold-pituitery sxis.
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