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PREFAGTE

The theois is based on en inves tigation roported in the
Quarterly Journal of Medleine (Quantitative studies of iodine msizbolism
in thyrold discase. Alemander eb al 1962, 31, 281}, and on more reoond
studies. Much of the vork will be ineluded in & book wwitten in
conjurction with Profescor Bede Voyne and Drs Dele Koubras, eniitled
Clinicel aspecte of iodine melsbolimm, to be published shortly by
Blackwelld, Oxfords

By far the greater part of the stndien weporbted hore worve made
on. oubpatients vho abbended the Thyroid Clinie, Gordiner Institube,
botween 1959 end 1063« Siuce 1959 T have been Professox Wayne's deputy
in effective charge of this (linie, and the scleotion, study and
ansessment of tho pablents deserdbed in the dnwvoestigations has beoen my
perasonzl responsibilltyite T 2lso have recponeibiliiy Ffor the thyroid
functlon studies carrled oub by the radiolsctope dopariment, and for
supervision of the work of the chemical lodine leboratory where all the
t},tzan#ita~t:tve stuﬁ.iesz of icodine metaboliam were vndertokeone Without the
peinateking ond cathusiastic hellp of the fechniciens in these
leboratories the work would not have been possibles.

Throughout the studles U have had the advantage of much

helpful discussion and adwice Trom Professor Vayne. The seebion of the

% With the excepbtion of 17 Teclandic paticuabs.
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work published in papersl to 5 vas plemmed, executod and enolysed in
collaboration with Dre Koutrag, that in paper & with Dy. Marden, and that
in paper 7 with Dre Harden and . Haveison.

I am alse grateful to the followings

iss Bells Vacdonald and Mrs. S Jomston for bechmicnl
agsistance with the redioiodine tests, and Dy, M. Richnond ond Hre
Te Mages for @amyiné out the chemical estimations of iodine in seorum
and urines Dre Silvey, Dre Robby Dre Roberiboon, Dre Welr srd Professor
Bradlt for aﬁv‘iw o statistical aspeots of the work. IHMrs. Ree

Perguson for so kindly agreeing to type the ‘t;hem&: .

1, "Sieble Todine Wetebolinm in Won=Toxfe Goibwe"e Gancel 2, 784, 1960

2, WSiable Lodine ?!ie%é‘éml’é.iam in Thyroid Dyshormonogenssis®, Scobbish
Medical Journel 5y 333y 19604

%, “DEfect of Defhyroxine on Thyrotoxicosis ond on tho Aspociated
~ Byophthalmos" « Britich Nedicel Jowrneld 1, 1194, 1961

de "Shudien of Siable Immﬂa fletabolisn as a Goide to the Interpretation
 of Radio-iodine Tests". Aoto Endverinologica 37, 597 » 1961

5e “Qmﬁ,mmm Stadios of Iodine Metsboliem iwn Phyroid Discasc' .
Quarterly Soumel of Medicine W.Se 31, 201; 1962,

He "Quentitetive Aspects of ’Endme Exevebion in Punen Thermsl Sweath
~ Clinical Science (in pross

Te "Thyroid Function and Todine Me Label%em in Todine Induced
TFroehhoeraddiondt L. Toancedk T. T28R . )'

Bypothyroidion®. Lancet 1, 1238, 19 Ka
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Abbreviations and terms vseGs
AIG  Absolute dodine uptake of the thyroid (normel range
05 = 540 p/hye)
DI YDiegnostic index® for thyrotoxicosig
Wormal ranges Less then 1l
Bouivocal ranges 11 to 19
Thyrotoxic ranges 20+
{Grooks, Murray and Vayne 1959)
Dietd Dictery fodine cetimeted from dict histoxy in pe/dsy
Durezoi+.s Tuvation of goitre in yr.
Dureaymet Inration of symptoms in yr.
IBT Intrathyroidal exchangeable lodine in mg.

Jodide This i used in the striet chemienl gmse to demote dodide ion
or electrolytes containing the ilodide ions

Iodine JTodine ie used to denote the element in either organic or
inorganic fom. _

PRI Protein~bound iodine of sewvum (normal rense 340 = 7.5 pe/ 100 ml)e

31131 Protein-bound radionctivity in the plasma 48 hr after
edministration of the tracer dose in % dose/litre plasrh.

PII  Plasma inorgenic iodine (normal range 0.08 - 0.60 po/100 ml).
ReGle Rennl clearames of iodide (nommal range 15.0 = 55,0 ml/min).
by % 3 ,5 ',3' fﬁxj.iadﬁtlamnme

Tg 34553 5 ~tctmiodothyronine (thyroxine)

TheCle Thyroid clearence of iodide (normel range 840 = 4040 nl/min).
Tholpte Thyrold radioicdine uptske ¥ dose

7Pri3l Potal rodicactivity in the plasma 48 hr efter aduinistration of
the tracor doso in % dooe/litro plosms.
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Thyroid howmone This torm is used 4o meen the sum of all the
biologically active subatoances produced by the

. thyrold (i.c. both 75 ond m4)

24 hr Tur® Daily excrobion of lodine in the urine in {g.

% Stondard erxvor of the meen, vnleoss otherwise gpecified.

&

# These abbroviations ave used only in Tables..



TNTRODUCTION

"i?‘alm guentitative deduotions cennot be rcached by
throwing isotepes into physioclogicel pools of unlmown dimension'.
Thie etotoment (Temeet 1960) iz as tme of radicsctive iodine as of
any other isclopo, and swurarises the limitations of {tracer
technigues vhen not combined with suitable chemical measurenents.
Isotopes are ideal for the measurement of the proporiion of the
hody lodins vhlah follows a partioular metabolie pothvay vherona
chenieal nethods give infém%iém ahout the cbsolute guantities of
iodine dnvolvede It i only by corbindny the tuwo bechuigues tet a
complote pletuve of lodine mekebolism cen bo obiteined (Rigzs 1952).
Although numerons pmpers hove appeared dealing with radic-isotopic and
chroma tographic gtudlos of thyroid physiclogy, ¢omparatively little
attentlion boo beon given to this type of gquantitaltive study,
possibly becaunse of the technicel difficulbies of mcasuring the placma
fnorgonie dodine, since vory small quantitics ave iuvelved. In 1949,
howover, Stenley dovised an indirvect mothod for the estimation of
the plosmp inorpenic jodine (PIT) msed on estimations of the amount
of iodine in tho uwrine. Albhough the precticebility of this
techuigue has been shown by sevexal cbservers, normel and
patholosicel yengos hove not previouvsly been fally dofined, oo that

even figures such as the PIX comtentretion in thyrotomicosis are still



N

in dowbt {(Poehin ' 1960).

Bven now most workers stundying thyroid fuwetien roly
solely on radio-isotoplc measurenonts. Hadlo-iodine tosts ave of
e&*&&biish@a value in the yvonkine disgnosic of thyroid disease bub,
o shown in this thesis, a very poor eorzelatvion with thyrold function
cxiota in cases in vhich the body stoxes of lodine ere either
gbnormelly low or highs. There is thus o definite place for full
quantitotive studies of iodine mevabolism, since thoy aid cliniesnl
dlagnosis, cspecially when the elinician's impressions are not coniirmed
by tho uswal leboratory tesise Their wider use would certeinly
inerease the aconracy of diagnosis in difilenlt cases of thyrold
disordere Thair chief contribution, however, is to mke more precise
our mowledge of the nabture of the abnowmalities of iodine metebolism

vhich oceur in o munmbor of Glscages of the 4 hyroid gland.
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Chapbore 1 = MEFHODS

lodine ccouples o unigue posibion in humen physiolegy since its
ounky kaown funebion is 4o fovm part of the thyrold homone molecule.

Todine metobholism and bhyvoid physiology ave thovefove inextricably linked

THE TIODINE CY¥CLR

Wotuwelly ocourring stable lodine 117 onad the radicactive
forma 144% ppg 1152 follow exactiy the pome metabolic pathvays.

When the Qlet ie edegunte on adult ingests cbous 160ug of
iodine daily snd exereotes a similar quantilty, oo that he remains dun
iodine balance. Only that part of the ingested iodine vhich is in the
form of iodide, or can be converted o dodide, iz utilized for thyroid
hormone synthesise Absorptlon ccoura lamgely in the emall iﬂ'&eé‘b;&m,
more vepidiy in the fasbing state, and following cheorption iodide io
distribnted in the extra-cellular fluid. Post coll membranes ave
impermesble to iodide, ng‘&a‘b’m excoptions being those of the »ed blood
calls and of the rensl HLubules. JTodide :;ﬁ tranoporied in the plosm,
the comsentration vanging fyom 0408 fo 0460 pe/100 mle Part of the
plasma inc;rgmi& iodine o excoreted hy the hidney ond pert im  trapped
by the thyroidy the cleavance zate of iodide by the kidney is
relatively constant, but thnt of the thyroid is adjusted to the lodlde
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aveilable in tho plasmae In addition fo the thyroid and kidney the
salivaryy gastvic and mommary glonds 211 neintain an inercasged
concontration grodiont of lodide with zsapeot to the plasm. Liosuen
of inovganie lodine in facces, owpived alr and sweat are amll.
The fodide trapped by the thyroid ¢land is there converted

o free iodine wnder enzmymatic control, The dcodine replaces hydregen
on the benzeno rings of tyrosyl rosiducs prosent in peptide linkege in
thyroglobuling producing monow and dilodotyvesine. Coupling of
tyrosine nuclel o form bthe dodothyronines, bthyroxine and 3 § 3tatpie
fodobhyronine, eloo talkes plages. The structurel formlace aye ghovn in
Pig lele Other iodinnted compounds {iodinated histidines and
3 5% trilodothyronine) Inve heen found in thyroid tissuo but are
not Imowe to have significent physiologieal fumotion, and probebly do
not leave bthe gland vmder nornel conditions.

| The hormone is shored ag thyroglobulin, a protein with
a moleculor welght of sboub 650,000, and is released from this
protein only afber hydwolysio by an enzyme gysten wnder TSH contwol.
Most of the plasma thyroxine a:x:imml;ai:am in combingtion with a caprrier
proboing thyroxines-binding globnling bul some g atizched $o albumin;
and perhaps to pro-albunine Trilodothyronine is less firmly bound and
is move repidly removed from the ¢ivenlaticon then thyroxine. Some recent
gtudies suggest that dododyropines do dndeed oiveulnte, but it is

genorally bolicved that the jodinated anino-acids other thun thyroxine



THYROID HORMONES AND PRECURSORS

I
HO ~— CHg-CH(NHp) - COOH

3 -moho - iodo - tyrosine

1

HO — CHp-CH(NHp) - COOH

1
3:5-di-iodo -tyrosine

1 I
HO—- o- -— CHp- CH(NHp) - COOH
i

3:5:3'-tri-iodo-thyronine

or triiodothyronine or T3

I 1

HO — 0 — CHa~CH(NHp)~ COOH
I

I
3:5:3" 5~ tetra-iodo - thyronine

or thyroxine or T4

Tdrure 1a1

Lhyroid hoxmones snd precursors




and fwilodethyronine ere delodinated within the glonds IF
iodobyrosines do dn fact civenluto, they wy be e breakdowm produch
of thyroxine metobolisme Thyronine and tyiiodothyronine enter the
eells at the perlphory vhere in the course of exevcising their
metobolic effeols iodide is liberated, and becomes ggain evaileble

for renal exeretion o hovaono synthesis (Pig L1e2)e



OUTLINE OF IODINE METABOLISM

Thyroidal

lodine

Peripheral
Pool of
Organic

Plasma
ALIMENTARY

——-——’
INTAKE

Inorganic

lodine lodine

RPENAL FAECAL
EXCRET/ION EXCRET/ION
mel-‘&

Qubline of iodine motcboliom

Todine is aboovbed from the alinentory troot izz/l‘i.;;ae plasnma
inorgenie iodine pool. Some is exoreted by tho kidneys, and souwe is
taken up by the thyroid and converted into thyroid hormone. Thyroid
hormone is scoreted from the thyroidel iodine pool into sho peripheral
pool of organic iodine. The latter is made vp of thyroid hormoge in
the plagma and tiosuose Part of the iodine leaves this pool in ithe
faoces bub most is dedodinated and m-enwm‘ the placmoa inorzanic

iodine pool. VYhe cyele is repeated.



DUEOREAICAL DAGIS OF WG LETHODS.

Since the thyroid commot distiygmish beiveeon radicactive
end stoble iodino atoms, the gpecifie nctiviby of the dodime
(proportion of tho vadiocactive 4o total dodine abtomn) taken by the
thyroid gland is the same as thoe speoific sotiviiy of the inorsonic
lodine present in the plaoms. 1€ ve mpmm the aboolute amownt of
icdine token up by the thywoid ae AIU, the uptoke of radiow-iodine
during the same period of tioo an 132 uplakoy the componbration of

placna h@?ﬂﬁﬁﬂﬂ iodine ap PII, and the cso:frcmﬁmmm of madicetive

inorgonic ioﬁlng,( 113? plasno, we have the folloving cquotions
: 9
3‘,3’38 vptoka 1”5‘% plasmna
e (1)
ATy PIT

From this cguabiocn it follovs that:

122 92 Sloom ¥ ATU
x upltoke = < : ()
PIY

and
ATG =  PIT x I%92 ypuake

;152

¢ (3)

pm::mﬁ
It ean bo seen Tvom equadion (2) that for o given emound
of chomical lodine cndewins the *E;anmifl gland {and wopresented by tho

ATU) the radio=iodine uptake is inversoly proportional 1o the placmn
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fnorgondc dodine, that isg, 1% risen vhen the PIT filo, and
decrences vhen the PIT visco. That this sotwelly lnppens o cdhown
by the redio-iodine uptake measurenents in ceses with previous
dodine adndnistration, end in Jodine-deficionsy stateo.

From eguation (3) 4t cen be scon thes for o given velue of
mdio=lodine upicko the 410 is divectly related bo the PIl. In
othor vords, the vadio-iodive upbako may give o very wisleading
indlention of the amcunt of lodine ectually going info the thyroid
wnloss the PIT is within the vsual vangee This ds dillustrated by
the fact Bhnt o tupeende-e-hall=honr mdlo~icdine wptoke of 25 pex
cents {corvesponiing to & thyroid iolide clouremse vade of aboub
30 ml por minute) is & perfectly nowmol velve when the PIT is at the
veund lovel of D80 pp por 300 ml, in vhich case the AIU do 3.6 pg
per howes Bubt the sape valne of &5 por cents. at tvo-ondwawhnld
hours 36 suggestive of hyroboxisosic vhen the PIL dn 2400 pg (ao
may cocur afior lo8ine adniniotration), in vhich case the AIU is
3640 1 pew hour, woll within the thyrotoxie wvengo.

Ag atated ghove, ealenlndion of the AN xeguives Inofloedze
of gy Tlvst, the volume of plagen cleaved of its dcdide contont in unit
bive by the thyroid (the thyrold ledide oleovance vata), and
secondly, the comsontyabtlon of Jodide in this voluwe of pleoma
(the PIT). The fired of these values con bo esbimpbed by the nethod
of Myant eb als (1949)e The mmdlo~dcdine uplals por wnld of bime
ia divided Ly the pleeme radiosctivibty at the gawme btiue, and the

value obtelned yepresente the thyrold clearance. The second velve,
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the PII, con be estimated when it is abnormally high (after iodine
administration) as the difference between the total plesma (or serum)
iodine and the protein-bound iodine. In normal circumgtances,
however, the PIIL is too small to be meagured directly in this way.
It can be caleulated indirvectly from measurements of the urinavy
iodine (Stenley, 1949); since after the administration of a tracer
dogse the specific activity of icodine is the same in both plasma and

urine, as ghown in the egquaitions

1192 plasma K132 urine
- : (4)
'Pll urinary ilodine
. . 132
urinary iodine = I lasma
PIT = & (5)
1132 urineg

An alternative method of determining the PII is based on
the specifiec activity of thé salivary instead of the urinary iodine,
Both these methods depend on the agsumption that all the
urinary oy salivary iodine is derived from the PIT and not from
organic iodine compounds. It seems that this is not $rue of the
gsalivary iodine (Cohen 19623 Weiss et al. 1962). Organic
compounds or lodine in the urine, if present at all, are in low
concentration. except in the ware cases of de-iodinase deficieﬁcy
or after administration of organic lodine colpounds (1>113)a With
these exceptions the error introduced by assuming that the

urinary iodine is entirely inorganic is negligible (Rigss 1052).



DESCRIVITON OF B0 MEPHHNG .

The folloving paronctors of dodine mebobolism vore
measurods
(1) The thyroid redioiodine uptele at 25 howrs (por cant. of doue)
(2) Phyrold olcovence of vadioiodine {wl of plasmn/nin)
(3) Ploswm inorgonie dodine (PIT) (pz/100 mi)
(4) Mvsolute dodine upteke of the thyroid (ATU) (pa/hx)
(5) Serun protein-bound ioddne (ig/100 ml)
{6) Remal elearance of iodide (ml/min).

The thyrsid radiolodine uptake et 2 hows ves estimted
aftor an oval tracer doge of &5 to 50 pe of 32 using & o
directional seintillation counter with a 1f inch sodiunm lodide
(thoilinm ackivebed) cxystel, connocted to en auto sealore The
countor was sot up vexbicolly over the poticnts thyrodd glend 29 em
from the surfece of the ghine Tor coch pland uptelke meaourenent two
counte were cbiaineds The fivet comb gave the mdictetivity in the
thyroid and surroumnding ¥ioosme but there wvee an opprecisble
conbribution to this count fyom the west of e body. TFor the
gecond count & bloock of lead 4 x 4" % 2 vas placed over the thyroid
to cut oub the radiation fvom the glond, lcoving the baslpround counbe

The differonce botveon the tuo coumts reproconted the medloactivity in



the glands This wan then cxprossed aes o percentoge of the counts
dgbbained from o dose of redio=icdine nimilar 3o et givon o the
pationt, neaturod ot the sume distance fyom the counteve The stondand
dosge of padio~ioding was placed im & blook of poropex Xr inch thici.

The thyroid clesraves of 1352 \no cobimated by seasuring the

7452 uptoke at one eed b tvo-snd=e«~half houvs, and the ploons
radicactivity ot the midepolnt, cccording o the formilas

Phyroid cleaverce (nl/min) =

1492 yptake Sl-tw (% _aose) = 19?2 juhour (4 dose)

L

1192 slpem (% doze/ml) % time betveen 2 uptakes in mins

The plosme radicactivity at the nidepoint betweon the two
upteke measurements io opsumed fo be entively due o inorgenie dodino,
since even in thyvotoxicosis significent omounio of mwoteinshowmd
radio=iodine are not released durdng the filzst tvo hours folloving
ingestions. Furthermore, this vadicnetivity is cooawed o be the moan
redionetivity of the placma between the uphoke mecswrcmenise. This is
not strietly corvect, singe the foll in plosmn redicectivity 1o not
lincar but follows an exponontiel cnrve. A corveotion can bo mde by
using the following formula.

.”?3 *.Bq
Dm 1 ©

logghy-logcPa

vhere B roprocents the mean plosma concendration of radio-iedine during
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& bime poricd, 333’ tho congentration at tho begiming of the poriod,
and Bg am‘*ﬁ%m end of the perded (Keabing of ale 1949)e The
diffovense in peactice iﬁ‘emaiil. If By is 60 per cente of By the
m:*i%hma%m mean do 90 por cantey the mean _g}aam éemmismﬁ:ien B ﬁﬁl
8946 por conbey and the conccabrabtlon at the midepoint 89.4 por cont.
The differance, thevefore, betveon tho meen placwe zedlcactivity (B)
and Vhe redioactivily at the midepoint i O.2 per conte of the initial
radioscltivity (By)s I Bg ds 50 por cente of By the srithuotic moen
io 75 pow cenbey tho sean plaom radioetivity durving that period is
T2l por conbey tho madicoctivity ot the mide-point 70.7 por cont.,
and the difference belwoen these laeld values is 1.4 per cenbe of the
initinl corcentrations It oan be seon that the 21l in »lasie
vadioaotiviby, AT 1% does not onceed 50 por sont. of the initisl
ﬁ@aczan'&m%@a éuping the 90-ninute poriod of the best, elosgay
approximics to lincariby. In proctico this 11 does not usurlly
exceed £0 por conbe in cuthyvold subjectn or 50 por conte dn
ﬁmm'%mié natienbs, and ve have thorefore used the midepoint
redicachivity dn our caloulationse

Exbrathvroidal nock woadicobivibye E“Efm tayrodd uplohe measurements
used fow the calealation of the thyrodd clearanee include o fraction
due to extrathyroidel noeck radicactivity. This fxaction io of

neglizgdble importanceo vhen tho mdio-lodine upinke is novmal or



elovated, cspecially since the ecalenlation of the clearance is based
on the differesnce between twe uplake values, and the differenceo in
nes thyroid uptaked? between one hour and twoe-andw-a-half hours is much
greater then the f2ll in extrathyroldel neck wadicactivity during the
same poriode | ¥ hem, however, the thyredd clearance and upieke ore
diminished (28 in hypothyroidionm, or after iodide adminiciration), the
decvease of exbrathyroidel neck radicactivity mry be cowal to, or even
groatoy than, the rise in not thyroid wptoke, in ohich cose the
diffevenee botween the thyroid uptale (net thyvold upteke +
extrathyroidal neck radicectivity) measwred at one hour and ot tro=and~
a=half hours may be o negabive onee CGalonletion based on these
figures would indieatc o tunegative’ thyreld clearawwe (Henbury. et ale
1954), vhich is, of course, unacceptoble.

This diffienlty com be circumvented in the following way
(Veall and Vebtory 1958)e The tracer dose s given inmtvavenously
and the thyredd uptake msaswred two or three mimutes thoreafter
(time 0)« The value recorded is essumed to be enbively extrathyroidal

neck radioasctivity. A placoe sample ie obiadined simmltancously with

< Net thyroid upteke is the thyroid upieke as deseribed chove minug
the extrathyroidel neck radicectivity ineluded behind the lead

blocks
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the upteko measvrement, and the radicetivity ecstimbeds The
thyroid vpieke is again mensured ab dime (%), end another plroms
genmple 1o cbininads The extvathyroddal neok rafiocsctivity ab ¢ time
squalss

Upbake (0 time) = plosm radicactivity (% time)

L4

Plosme veddocactivity (0 time)
The difference betucen the obsewxved thywoid uplake and tho
extrathyroidel neck rodicsctivily et & time g the net thyroid
vptake ot ¢ tluey which can be wsed for caleulation of the thyroid
clearances lMorve simply, the extrathyroldal nock radionctivity et eny
time con bo rouwghly calonlated as cgual o & IBlf of the radio-
ootivity of the thigh at the same time (Uyant o 8le 1949).

In ony leboraiory we use the folloviny calenlation of the
axtrathyroidal nech rvadionctivity in comes with & low Shyroid uptoke.
After intrevencus injection of the tracew dose bhe urine is collecied
between 0 ond & bimo (2 bowes) ond the radicactivity is uoasuved.
The extrathyroidal neck vadicactivity (BMR) at + time is czlenlated ags

Thelipte 26 0 Sino x (100 ~ % vrimey radioiodine everetion)
160

BHR =

Our formnla would be enbively corxrect if the uriwnry exeretion

represonted all the radioiocdine lost from the bhody icdide spacey bub the
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evror is noglizible when the net fhyroid wpiske i leos then 54

and wo have used it only in such casess Our formls is esseatielly
o sinpiification of the formale of Bovsom ot ole (1952) which con be
used when greatey ccauyracy o dasived and vhish is appliceble at any
valne of thyrold uploke. Using this formule #he 21l 10 cpbige
thyroidal neck radicactiviity betweon O and t time io glven bys

¥et uptake ot ¢ $ine + urimary iedine
cxgzetion (0 to b timo) ® The Upte o O timo.

doge
Since bromide is dlotribubted in the body fluids in the sewe
way as iodide, but is not {rapped by the thyrold, i% sy be used as &
meagure of the extrathyroidal neck zadicactiviiys & wethod
employing & mizture of 1’%3:»8?" and I13L tos been used for this purpose
(Dutreix and Buregel 1962).

Phe ploswe dnowsenis dodine (PII) was estimased

simltencously with the thyroid clearance by collecting the urine
prosed daring the sane period end meosuring ibts wadicnodiviiy end
chemlaal iodine contemi. The vrine vas not collected with & catheter,
and thls moy have led o some ovrow, bub the fact @wt the tracer dose
was given one hour before the urimary collcetion minimizes the offeed
of o smil 1 wosidue of vxine remining in the bladders A11 poiients

weceived 100 mle of vater at the start of the poricd of uring
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colleetione The foroula for the celonlntion of the PII iss
PIT (pg/00 nl) =
“
Chemical 3 uxine (pe/00 md) = 1492 plosma (% dosc/mi)

9% ypane (% dese/ml)

The shsolute icdine updake (AIU) wae calonlated by the formalas

ATS (pe/he) o PIT (ug/100 ml) = thyrodd clearance (ml/min) = DG
The factor Qb iz the resulb of '%5' s 00 converting the nl per
mimrte to wl pee houry end 100 converbing ug per 200 ml to kg
per Nls

Thoe ronal clensonce of iodide was estimsded 2t the zome

tine os the thyroid cleoaronce and the PII, vsing the sone urine
samplop:
Renal elearance {(mi/min) < -

Urine vole (m‘.},) % 1492 yrine (% dosefnl)

o T———

1132 @me (% doseful) = tiue intervel of vrinary sollection in minutes

Measurements of the parameters described above were

routinely carried out while the patients were in the fasting state.




CHEICAT MICRODETRRIIVATION OF IODINE IN BIOLOGICAL SAMPIES.
The proseduve described ie based on the mothods of 7ek and
Boyle (1952) and O'Heol and Simms (1953), eos modified by Farrell cnd
Richnond (1961). Chloric acid digestion destroys orgonie material
and oxidiscs iodine to iodete. ITodato in the digestion residue is
reduced by ersenious acid and determined se iodide by iis catalyiic

effect on the reduction of ceric mmlphate by avgenious acid.

General procedure for all sormicd.

Batorigls ond Solubionss Pyrex centrifuge tubes of 50 wl capacity
(4" % 1")e A pend bath with aconrate tempernture control ot 16@6-;
altornatively an cluminiun Hlock heator eontaining holes drilled to fit
the Qigestion tubes may be used., A photoelestrice colowimetoer with
madching glase euvebten. Al‘f&. wator used is purified by distillation
fyon o glosse 8111l followed by dreatment in tuo colwmes of Amerlite 1D =
3 :imn cxobonge rosine Glassvware Is gtoeped in chromie acid ond
thoroughly rinsed with wtor before usa. All colutions ore prepored with
the purest grade enalytic chemicalse

Chlorde acid with chromates 500 g K010z and 200 g R@a&gﬁ‘-z@4
dissolved in 1,000 ml Hs0. Add 370 wl 7% perchioric ecid to hob

golution. Cool, stond for 8 hours, filter ecid Hhrough Vatnan 541

”@aper and store below 4%,

Avaonicun acid vith codium chlorides otock golution 12 g

,{mgﬁg + 8 g Nalll dissclved on 400 ml Hp0. Teutralise to phonol-



Phthelein with 1075 a0, add 100 ml 507 "0, + 30 g Wall, cool,
dilute to 1,000 ml with Mds Storo below 4°%C. Verling solubion
- prepexved frosh for ench amaliysls by 1 dn 10 diludion of stock with Hpl.
Corde eulphate: 50 g Co(80g)p. Hy0 dn 3,000 md 1075 H,50,.
Brogine sulphate: 5 g brucine suiphrte in 1,000 mi 5% Hy30,.
| Potassiun lodates: stock solution 269.6 mg deciceated Kl@s
por 1,000 ml.
Dilution of 1 dn 2,000 gives reference splubion containing
the equivalent of 8 pg I poy 100 mft. Standaids of 4, 8, 12 and
16 g T por 100 ml are run with each batoh of sera.
Deobnigue: All sonmples ere amalysed in duplicotes To 0.2 = 10 g
of vemple in e cenbrifuge tube add 5 ml of chloric ecid. Tho tube is
then pleced in the digestion az;ﬁ;mtaﬁ and heated for 1% - 2 hours ab
160%. Stendavds end & 0.5 ml vebor blank eve treated in tho same
way ag sompless A the completion of digestion approximatoly 0.5 ol
of en avhor-coloured solution romins in the tubes. On eooling the
liguid beecomes eolourless and deposiio :'veét crystals of chronium
trioxide. Core chould be tekem to évai&' over~digestion cnd the
conseguent 1@@&3 of iodine; this is indicated by the appecrance of &
greon colour, due to aﬁ'z““*;" ion, in tho rosiduc.
Add 15 nl of arsenious acid to the eooled tubes ond mix
thoroughly with tho digestion residue by shaking. The tubes are then
placed in o water bath ot 3790 and the contents sllowed to oigbilize for



W=-15 mine. 1 ml of ceric sulphate is added to the Htuvbes at 30 cee
intervals. Ioch tube is carefully slvken to niw the contunise
Aftor o time (20«40 min) 1 nl of brocive sulpnie is added %0
terminote the cataelysis. The tubes are removed from the water bath .
and alioved to ettein roon tenpereturcs

Coloxrimetor weadings are noranally teken 10 nin after brucine
addition veing o 420 ms filters A onrve of lodine contont is plotted
against oxtinetion both for the standards mié blank. 4 fresh cuave
is .eom‘stmo%efl for coch batch of comples analyszods The resulis of

—‘,T‘

unknovns ave vead off from the celibration curves
Soram protoinebound fodine (FBI).

Analyooes are sarried ocut on QW5 ml aliquotos. Treotmont of
sorpn in coluwims of Amberlite anion exchange resin provides & quick and
efficiont sepevation of Inorganice lcodide from PBI.

Regin Proparation:  Anborlite I8A 400 (C1) snlon exchanco rooin

(200 @n) 4o veshed thovoughly vith 10-15 litves Hn0 wndor sustion ina
21 om Buchnor fumrel. It is necessory fo dry the resin suificlently o
prevent hydration of the Asemn.- Suction is lofb on for 1 bour for
pertial dryinge The revin in 50 g aliguots is spread oulb on £ilitor
vaper, dried a2t room temporature for 25~30 mimtes and stored in aire
tight polythene hobtles.

Resin Treatoont of HSexrum:  Glass colunms 3 mm x 120 mn pluzged ob the

tips with cotbon wool, ove £illed with vresin to a depth of 10 cm ond
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2.5 al serun is added from o Pasteur pipotio without deloy. The wato
of flow of serunm bhroush the columm da epprorbmiteldy 1 ml por misn.
One treatmont is sufficicnt for eoch gerum alignot, the vesin boing
digscarded aftor uso.

The wecovery of added iodide In servm is by this methed 995.

Urinazry ioding.

Trine aligquots of 042 = 01 0l aze addod dixoctly to tho
digestion tbeas. The mean recovery of added lodide o 9845k with a
Bele of 20 The effoct of samplo ddlubion on the reawdis of
urinary dodine estinetions vas studled by measuring the iodine
concentrations In alionots of 0.25, 08 and 0475 nl from the seme uritd
aample (&lc-:-xané{er et nle 1962)s A linenr relation was founds +he mean
repidusl crror wes 0.3 pg/100 ml, ond the coetiicint of varietion Gobie

A3 the Jodine present in the nwrine vas ogsuned $o be
entirely inorganide for the purpose of PIX cetimntions. Hovovew o
scrocniaz procedure wan wied to detect ovgende iodime compounds vhen
pregent in significont omoumte (Richmond 1962)e This was dove by

hed

12,

roageing o 2.5 nl sanple throvgh the resin column preperved as descy
:&m serua DY onalysens Becovery expoeriments weing WIT, DI, 543.5 ond
@ 4o ghowed that In addition Ho iodide a small propordion of thege
compounds ves 21ao retained in the ocolumny hut this was uouelly leso
then 100 Thus althovush the method does not glve accuvaio

quentitative wesulis it com be wsed guecessfully as o sereeoning
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procedure o da’i,eei, urine samg:ma with an mercased aonbﬂnh m. on azma
-:mﬂ"ma cmpounc}ﬁ. Such upine samples. szhoum not be used for

~":3¢:3L:.ma wn of the PIT.

A more elemnt applmminn of mn-exehwngva resing (t}%a‘.},ton '
and: 19': !;t-zzivm*a 1959&.) :gsrmtq qu&nﬁntative aepamtion c:{‘ mdida,

indotymsines and mdethymnine m ber‘sv f.‘luidm -
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PRECISION OF TOU MMHODG

| The practicability of the gupntiletive measurerments of
fodine motebolism dosoribed by Stanley (1949) ks been confirmed by
severel othor wéﬁ{em (Porry ond Hughes, 19523 Burrows et al..,
19533 Shipley ond Chudeilk, 1957; Reilly et al, 19583 Pauvert et al.
19583 Feivborz ot al. 1959). However, _m:; &iméy of the precision vhich
can be expected had been reporieds Ve therefore investigated the
_Becurasy end woproducibility of the v&z'mué paranotors i)y perforning
rapoated estimtlons on the snwe individual s, alloving the shortest
practicable timae imé:z%l betwesn mccessive esdloaias.

The thyioeid clearavce wes nessured in duplicate in 10
patients in the following waye The thyroid uptebe vas measured et one,
one=andeae-inlsy tuo=ondw=ae=-half, and three hours afior the tracey dosc.
The thyroid ¢learence wes estimnied bebtveen one and tuwo=and=a«helf hours,
and betveen onceand=a-hzlf and three hours, the two plasme sanplen
boing drawm ot the nid-point of cech of these two time porlods. The
resulis variod botwoen 48 and 7047 nl pox m:hmgfb l'i’?h; f;.]g:‘iﬁnmtia
difference botweon duplicates ranged from 0.7 wl to 12.% mis meon
445 wls When the date wore pooled, the stomdexd errovr of o slmpgle
measuronent (or meon rosidual evvor) was 3.5 ml per ninbe. This
standard exrvor gives an ostinate of the reproducibility of the thyroid

alearanca, but is valid only for the xange of valucs tented, and
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hyroid rediolodine oleorance in mi/mine duplicatc wmesonrements in

the game dndividual

let metocurcment  2nd Deasurement
{thenls measured (Shecle meamuyed

Patient G0 to 150 min 90 %o 180 min)
1 3245 2042
2 5145 5048
3 2142 2245
4 70 78T
5 48 88
6 4847 444
7 2449 149
8 1740 1440
9 1347 1240

10 1142 2040

In ovexy case plocma

vadicaotivity wog measmred in cach of

two plasma soamples, cbiained st the nid-point of each of the two time

pexlodse
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probebly vonld be greator in the higher walues of clearance found in
thyrotozieosla.

The plosme inovgopic dodime (PII) ves estimated repeatedly
by the use of collections of urine passed betwoen one ond threc, three
ond Tivey five and seveny soven and nine, nine and 11, end 11 and 13
hours ofter o tracer dose of 13'31. In this woy oix soparete esbimben
wore obiained within 12 hours in cooh of three potionts. The memm
and stenderd devigtion for the threee patients wore respectively 0.16 %
002, 0422 % 0402, and 0&1} 0402 b per 100 nl (Figse 1.3 and l.4).
It munt be pointed cul thot these fivetintions in the PII awxe dne both
%o technicol crrore in bhe mm:%gwem@t and $o blologleal voviatlionn,
sinee the petients took normal weals (na#, howevery contadning fish ox
iodised sols) durine the period of the teste The standard crror of o
ginrle meamurcnent wes 0402 bg por 100 nl.

L conparison betwoen simpliznsous Qivect and dndirect
estimbions of the PIT was wede in 17 cames afbor yproviouns iodine
adninistration (Fige 1.5 In this vay the PIT vas lavge enough o bo
patlmted diveotly s the differcence between the total serun iodine and
the yroteinsbound dodiuc. Thore is e very clope linooy correlation
(v = 095}« The direct ostimmtion gove sysbtonatically slishtly sooller
valuss, the regrossion eguation beiny y = 0402 + Loiz viere x =
direct resuld and y = indivest xrosulbe

Pho renal cleorsnce was esbimoded six timog within 12 hours



Reproducibility of moasnrements
Repeated measurements of remal iodide clearsnce, plomme

inorganie iodino, and vyimry iodine eworetion during a i2«hour

poricd, in two patienis.
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PLASMA INORGANIC |ODINE ESTIMATED BY
DIRECT AND INDIRECT METHODS

40 1 °
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P.L.I. aug 95 — Indirect method (y)

L J
10 .'
b °* o Regression equation: y=0.02 +/./3x
™
vall Correlation coefficient: r:=+ 0.95
o) ¥ T T T
(o] 10 20 30 40

P.I.l. ug ®/o — Direct method{x)

Fmp & 1-§ _

Plosmo dnorcanic iodine sabtimated by dirveet ond indireot methods

There is @ good corralation betuveon estimles mede on

the same corum samplo 3 ¥ w +0.95, p<0,001,
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in each of the same three miients go were uwsed for sludying the PII.
The s;omz voloe end the sheedevd deviation for cach patient vere
mam&ﬁ:wly 2547 & 3Dy 1840 1 Zaly and 443 & Ze4 il por ninubo.
The stondard syror of o single measurerment was 249 mi por ninuice

The influence of fish intake on the PII was oxamined by
vopeating the estiumations on Bwo successive momings in Tive pationtod,
and giving 150 g of haddogk (aex&r&zsgmmﬁmg, ageording to cur own
" iﬁmmmmagﬁ;ﬁ, %&@yxﬁxm%el? 14200 tg of iodine) with tho evening meal
bmedintely preceding the seoond tesh (abie 1e2)e ‘the PII roso from
a memic@n:tmil value of Oelb pg per 100 wk Ho 023 Mg per 100 mi on
the dey after the fish meale The vige varied from 0401 to 0.13, with o

mean of 0«07 pg pﬁzéy 100 ml.

4 Tn this study, and in others of & physiological matuwve, the
Fbients vere wolunbterrs, and had agreed to toke purt afier the
mtuve and purpose of the investigation had beon explained to

theme
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Tofluones of ish inteke on tho plasm dnoreanie dodina (1e/100 m1)

1ot mezsurenont Znd messurenerh
Paticnt (0 nours) {+ 10 houws) (+ 24 howrs)
1 026 %  0De22
2 Del8 Haddooh De25
3 G.34 B0 035
4 D14 o ‘ 22
5 0e18 Ge3l

150 g haddook is approximoboly eduel to 1200 kg lodinse -
 Pime is neasured from the start of the first PIT

oabination.



OTIER MiASURENENTS

In certoin cases estimates were made oi‘ the dietoxy
inteke off iodine (pl 40), the 24 hour urinary exerebtion of iodine ’ end
the intrathyroidel exchengeable iodine (Wodine et sl 1957).
Standard radiciodine tenits using 1?3‘31 » with mecauvement of the 4 and
48 hr tuyroid rediolodine upbake and 46 hy PBIOY (Weyne 1954) vove
elso coarried out in & proportion of patients, for comerison vith

the ‘13‘33 tonto.

Intrat) 1dn) oxchorwenhle iodine

The petient vas given T5 pe I13L vy mouth. After ollowing
9 days for eguilibraiion of the dose the thyroid mediciodine uptake,
PRI ond PRIYIL gore measured. Immediotely thercafter an intromusenloy
injoction of 10 uniits of TSN was given, ond 24 hours later meosurementso
of tho PBI and PBIYSY veve repeated. 'The rise in PBI ond pBRII3L -
observed onshled the specific activity of the neviy released hormone
4o be calenlateds Using this ?ahze, and tho thyroid radiododine
uptoke before bthe THE dnjection, the intrathyroidel exchongeable

iodine (IBI) vas caloulateds
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riso in FBI x The Upte 32133’
I8l =

vise in FRILSL

in 9 pationts, oliniecally cuthyroid and withont goltres,
values of 0.9 %o 15.7 me vore cbiained (p25). Nodinghkt nl
{1957} found velues of 143 to 18.1 my in enthyrold mubjects. Tho
gobimte of the intrathyroidal lodine obdained im thin woy referys
only fo tho quantitles of ledine with whieh the Liecor dose bas
equilibrated in nine deyoe IF ono comld walt for o
sufficiently long time the estimate weuld closely approximte

to the botul guantity of iodine present in tho thyroide
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—

AT OF THE STUDY

The object of the investigation vwas to male & comprehensive
giudy of the nozamal bebaviocur and vaviotions of the plasma inoygenic
jodine comeentretion (PIL), the thyroid redioiodine clearance, the
ahsolute vplake of lodine by the thyroid gland (AIU), the lovel of
civoulnting thyrold howmone (PBI), and the renol exevetion of jodine.

The various groups stndied includod 98 paitients, all with
elinically nownel thyroid funeilon. This haspemmitted definition

of the normal yewnsos, essenbisl for the proper interprotation of the

altorations observed in paticuts with thyroid discuse (pl156).

Detailod analyeis of the relations betweea the PIT, ALU and FBI in &

novmal group bas been carried out In an atbempt to answer the guestionas:
(1) Tn individuels with & high-nozmal PII concentration, is more
iodine ‘aken uwp (AJU) by the thyroid gland than in the avarege oase?
(2) If move dodine is teken up by the thyroild gland than average
(nigh=nozmal AJTU), is more thyroid hormone (PBI) produced?

These same questlons have been oxanined {rom another point
of view. Serial studies of stable jodine metebolism were made on 22
persons with normel $hyroid fumcetion who received jodine supplements

for three months. The ain wee %o Tind the elfect of small iodine

supplemente (of %he ovder found in o meal containing fich or in

iodised salt) on iodine upkeke (AIU) and hommone production (FBI)
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by the thyrold glande Iastly, lodine metabolism in Icolond has beon
studicd. Tn that coumbtyy the PIT is on average 25 times higher thon in
Glasgow, due o the high level of consumpbion of fish snd fish products.
The inflvence of the life~long highenovmal dictery intake of iodine on
iodine uptake (ATU) =nd hommone production (FBI) hoe heen exemincde

A Imowledge of the nommal ploasmn concentxation end renrl excrote
ion of lodide hes mde possible o new assessment of the lodine

roaniremonts in mons

Application of the specific activity method to hwen therml

sweat has pemmitited precise pessurement of the guantity ond weke of

iadide loas in the swesbe

PATITNTS STUDIED

Winety-clght patients without goitre or other clinical
evidence of thyrold discame, were gtudleds o paticnts vith renal
fodlure vere inciuded sivce this may result in sbnommal renal
excrotion of lodine (pl22). The patients vere ottending the words or
out~paticnt clinies of the lNepartment of Medicine ot the Wostern
In;’a‘im&u e Abous one half wers wveeeiving trestment as in-patients,
and ons half es oubt-pationts. All wore teking a novmel diet, and
acubely :?.13. pabients on lizghb or otherwise abmormal diets were nod
:imslu@eﬁ in the atudye. Care was taken thot mone of the retients
receivod phenindione, butasolidine, salicylate, or othor drugs known

to influenco tests of thyrold function.



The 98 patients were dlvided into four groupss
Oroup s Measuremenbs of (he plesma inorganic lodine, thyroid
cleavance of vadiolodine, absolute iodine uptoke, BT and wenal Jodide .
clearsnce were nade on 48 patients - 24 mles and 24 fomales. Tha
methods have boen described in deteil (P12)e The results ave
presented in Table 2.1 vhieh ineludes dotadls of sexy age, snd elinical
dinpgnosisge These reoulbs ave snalysved and discussed in the lisht of
previous etedies in the subseguent scoetions of this Chaplor.
Group 22 Sewial studies of the asame perameters before and during the
adniniotration of lodide supplements wore mede in 22 oub-pablents, over
a period of twelve wosks (Table 2.6, and 500 p 7 7)e
Broup J:  Bevenleen patiecnts = all females - attonding the Stete
Hogpital, Reykjavik, wore studied in ewactly the sawe vay as group L
(Pables 2.7=2eF, and soe pe 88 )»
Group 4¢ Studies of the concenbzalion of lodine in themmel sweal, the
sweal ilodide clearance, and the vatic of sweat iodide/pirsme. lodide
content vere made on 11 waxd patients (Tables 2.14=2417, and see

Y 124}
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Woo leme yr, uptgl mi/min \@a }%% mt/min \t%, Mg Diagncsis
i A, &0 2062 31,7 x;wmwﬂ wom; Sel Lortic stencsis 4
2 DLe 33 s 18,6 . ik LS 2561 5.6 horic stenosis W
3 J2. 53 197 135 W25 20 53,8 5.6 75 Hypoparethyroidisn |
L SR, 27 237 3840 o3h 842 31,3 6.1 99 Typercalcacmie
5 DD, 6 176 13.8 35 249 22,1 L5 1 Dishbetes mellitus
6 8.6, S5k 194  15. b Qa3 3 3o Byoeardisl infaretion
7 BJH, 34 116 o35 247 61,8 5.8 171 Cbesity
8 4.8, 60 19,2 2he6 »12 1.8 2Le0 LD Hyoccerdial infarction
9 JJEe &8 15,3 22,1 o2k Le9 7.9 55 Iyocardial infarction
I wpR, 61 33 36,0 0 o0& 08 3048 Gok YMyceazdisl infarction
11 5,8, A2 1442 1.8 27 Be2 397  5e3 Ischeemic heart disease
12 B, A 194 3.6 W09 07 b Sels Hiyocazdisl infavchion
13 6B. 25 9e5  bhet  GII 249 32,9 343 4 -
1 D.G. 25 147 1449 25 2.2 3.0 5.0 52 fodgicins disease
15 8. 62 205 2648 16 2.5 27,7 G5 46 Jronchiectesis
16 FH, 3B 2l 2500 W18 2.8 406 6.8 57 Syphilitic sortitis
17 3.5, 18 22.4% 2340 ol 240 27.0 5.6 51 pelayed puberdy
I J.0. 51 1049 177 Wil 1,5 32.8 5.9 33 ¥yocardial infarstion
9 B8, 33 1348 Oef o32 169 B5.8 6,9 itrel stencsis
20 8.0, & 11,0 385 o18  be3 22 Lol 59 Aingins peckoris
2L W, Bh  20.8 3045 036 647 £2,8 6. gomsiipation {funciionei)
22  JJH. &2 2hel 5768 o08 22 E2.1 Da7 =
23 KA. 3B 255 28a7 . &2 kD 1946 Bk yyoserdisl infarctich
2 JJH. B 8e9 245 W08 el 8,7 Bal w@ommwﬂmw isehoemia




(For abbreviations used see p vi)
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IcZine Studies 2y, br,
2z bre  Fh.Cl.  PII AIN;, . R.OL. <A
apted  ml./min, E@m \.@\g.a ml,./min, \r%ﬂ, P Diagnosis
{

k3.0 2503 15 245 - a2 Hitral siencsis
16,2 315 1O 1.9 5247 33 iron-deficiency anaemia
257 8.6 20 140 3643 542 Epilepsy
36.3 3.6 o1 Zl 38.5 5.5 Fagets disease

3%.7 27 o2 212 1.5 % 55 Veniricalar sepal defect
28,8 276 o1y 2¢3  20.k 5,2 4k  gerchwel srieriosclerosis
24,5 141 26 242 3242 562 Enlarged L. pupil

2iyed 267 .8 3e2 254 | Pruritus (fanctional)
28,2 1Ge7 23 145 18,5 547 Eypercholesterclaenis
15.3 23.1 «18 245 2k a2 ivon-deficiency anaemia
19,8 21e3 o16 21 273 546 Hyasthenia gravie

13.3 2045 o7 3ak 18,3 32 Bheumatic heart disease
11,9 Seds 16 S D5 19,3 5.2 87  Peptic ulcer

16,0 15,7 o33 3.0 11,7 548 Uyccardial infaretion
Sef 6e6 57 2.3 13k 3ef 104  Hoemolemesis

2hed 352 Ok ) kel Obesity

22.6 Ao 06 1o 3042 brok Obesity

13.0 78 o1k 06 2745 5.2 Angine

7.5 16,7 o16 1,6 6.6 Le3 Bheumetcid arthrikis
11,5 1847 . «15 22 5.7 &2 Amencrrhoea

12,0 547 W19 G5 190 3.6 Piredness {functionsl)
22,42 3745 7 A 37 ok Sel Essential hypertension
13, 127 Jh 0 1a 0 ma 6.7 Corinery artery disease
14,2 ii.2 13 Ce? 3543 5 Anziety state
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THE PLASHA INORGAWNIC ICDING.

Heny aspects of lodine metabolism and of thyrold funchion
in heelth end diseasoe can only be fully wadewstood if tho
concentration of inorgenic iodine in tho plasma (PIL) is Imome.
Unfortmmately the quantity ic uwswlly very small end cennot be
measured directly by the wethods of assay at present svalleble,
althoush this has been atiempied (Klein 19543 Nurbergcy ob als 1961).
If, hovever, the concentratica io unusually high it ocan be directly
determined elther as the fodine concentyation of tho supemmatent fiunld
aftor provein precipitation, or by dedusting the protoin-boumd iodine
from tho total plasm iodina.

Activation enelysis of lodine (Bowen 19593 Viogno» et ole
19613 Kollevshohn ob ale 1961) con nov be used Ffor debermination of
tho proteia=bound iodine, and it ic possible that further
doveloprent mey permit divect cotimation of the PIi. Howover, thio
iz not pogoible at present, parbly becouse chioride in
gimiltonecusly activeted and intorderes with the emlysis. On the
other hand, the method hos beon successiully used for the measurencnt
of urinary lodine (Vogner of al. 1961).

Whon the nozmal PIT concentwation s too lovw 4o be
meeseved divectly, the isotope dilution principle cam be used (p 17 ).
Tho specific activity of the wrinayy lodide after e tracor dose of

radioiofing ls identical with tint of the plasma iodide.
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Te  IY2 plooma | 1352 urine

PIX wprinory iodide
and from this ecguation the PIT coan he erlenlated as

PII = urimry iodide x pi52 placoe

13’32 urino
This indivect method of measmring the PII vas first doscribed by

sitanley (1949) ond since then has boon used by veveral other workers
(Porry end Hughes 19523 Burrows et al. 19533 Shipley ond Chmdszik
1957; Reilly ot al. 19583 Feinbers ot ale 1959; Wegnor ot ale. 1961)
including our own group {Koutras et ale. 1960a, and b, 1961;
Alexonder of nle 1961, 19623 Buchanan et al; 1961). Ve have chom
thet ot high PII values, where the PII can be measured both directly
and by the specific sebivity method, the rooulits of the tuo methods show
good agreement (Fig. 1.5 )e

Since the distribution of PIY values from a population doos
not form o normal distyibution curve, the siandard dovietion cannot he
uged to define tho normul range. Ve have theveforc adopted the
sugzestion of Wootton et al, (1951) and ‘h&vé recorded in Teble 2.2
the standavd error of the mean together with the dheerved range.
Hore useful fispures for the normal PLI range give tho besd
geparation botween the normol cance end pabients with iodino=-
deficioncy goitre on one side, and normel caces and those receiving

pharpacological doses of cxogenous iodine on the other (Alexzender




ot al 15562)‘. On this basis our nowmal renge 1s 0.08 w0 060 pz/200 mle
Pable 2.2 presents the normal PIL values (showm
individually in Table 241) grouped according $0 ego and ae::e:; The
mean PIT for each sey is similawxe Tn the fomeles, hovever, a positive
corrolation wes fouad with iﬁareasing age (r = 0,510) and this was
statistically aﬂmi:ﬁ‘imn‘b (p <0H2)e Buoh o corvelotion was not
apprerent in molene The lowey PIY values found in younger femmles
my be due to loge of jodine from the body in menctruation, pregnancy
and lactation and may af:i_?arﬂ a partial explanation of the specisl
predilection of this group to dovelop lodine-deficiency goitre. Part
of the ‘ioﬁine ilose during prognancy is modiated by inercasod renal
iodide n:taa;%me (020%«
Four of the 48 nommal cases shown in Teble Ze1 nd PIT

vallma’ ha}:m the lower limit of the nommal wenge, thus three had 0404
end the fourth 0406 1g/100 ml. A year later one of the £irsh three cases
vag soen egain, this time with a diffvse goitre of ocbout 75 gne It
appears therefora thab although lov PII values may be found
oecas:lomlly_ in persons vithout thyroid enlamyement some of thom may
later develop an iodine-doficicncy goltre. |

| Onr normal PIT wonge io not vory different from the values
provicusly reported (Table 243) oxcopt thoso of Stanley (1949), which
hove been thousht on theoretical grouunds to be mnduly high (Rigse 1952),

and of Shipley and Chudsik (1957) who also found noxmal values around
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Table 2.7

A e b e TR

Wormal velues of the plasme inovsenic fodime (PII) in pe/100 ml.

Ifonn Range SeDe Selle

Felnberg et ale 1959 0420 0610 = 045

Poray end Hughes 1952 017 0,008
Reilly et ale. 1058 055 0406
Vagner ot al. 1961 0850 030

Zine and Porry 1953 . D23 006
Bookers 1962 - Qe 0,09 0028

Authorts study 018 D404 = O Y 010 06015
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1.0 pgf100 mls neither give procise vemges. The somewhad higher
values recorded in the UedsSefte ave probably due to the widespread uso
of iodised salt in Worth Anewica. The oxirenely high PII veluco
obitained by dircot chemicul estimation (Numberger ob ol 1961) are

out of keeping with 8ll obther published deto. Their method es

not boen patisfactorily velidated, and it ﬂeefass 1ikely that direct
chemical meesurement of the nommal PIT is impossible withoub

further cvelinement of the techniques involved. When the PIT is high
folloving Todide administration, reoching levels of the same oxder ap
the ¥3I, dlrvcet neasurvements wuy properiy be used.

The wide limits of the vormal PIT mugpgest that thero is no
honeostatic mechanisne In the cape of certain other ions, for instance
godium and chlovide, the kidneys adjust thelr olearance with respect
to the dletary intake, and so keep the plasme concentration
rolatively constanbe UThe wemal elearance exorts no such regulatory
effeet In the case of iodide (see page 151 and page 152).

Theoretically one would expect the PII level to he
girectly proportional to dletary iodine inteke minus facezl exeretion,
and inversely related bto the value of the rencl clearanco.

Tho first of theae expeataiions ie confizmed by finding the
PIT to be acbnowmolly low when ilodine intaleis low and ebnormelly
high after iodine adninistration, the seeond by Ffinding high PII

Jovels in patients with renal diseage and decreased ronel iodide



clesxence vatos (Pevey and Hughes 1652). However, in our full
serics of conbrol cases we could mot find en overall rolation between
the PIT and the rounal cleavence (» = «04016)e Ve intorpret this
as meanine that the effeet of verdations in vepal clearance arc
overshadoved by the mch grester variations in fodine iuntake.
Tovevery if culy female cases pwe consildered, o significont invorse
relabion botween the PII and the renal clesrance con be shown
(z = =04583, p<0.01).

Our estimetes of the PIT have boeen corried out in the
fasting oiate using urine souples collected over SO minu{:eé%
Ve have cormied culb sericl sstimetlons on the same doy in 3 paticubs
recelving wormal meels excluding Fish end iodised salb (p Z2.6
and Figsele?3,1l.4 Jo The values did not fluctuate more then 0.03
pef100 ml from the meen value of each cese, except for one
measuvencnt in one oase which wos 004 kg/100 ml highew than the
mean PIT valuce It is cleaw, thoerefore, that the hour to hour
variation in PIT ds relotively smell unless the dlet contains
mueh lodinse When fish we given, howevery o constant clevation of
PIT was observed the following wosndng (p31 )s  If a 24 hour
nrine colleokion is used instead of the S0 winute cne which we have
adopted, the mean doily PIT con be caloulated (Riggs 1952
Beckers 1962).

It ie possible that the PIT may also be influcnced by

factors interiering with either iodine sbuorption or iedine
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excrebione Ranal excrobtion of dodine s discussed on pll2g
losses 4n the swent ave uswally waimportant (p1%5). Florsheinm end
Voleof? (1962) have found that 2,4wdichlorophonoxyacotie acid
deereases the PIL, withont offering ony czxplanption of the mechonisn

rosponsiblos
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THE TODINGE TRAPPING MECHANIS.

The thyrold, ond elsc tho selivery, gastrie end manmary glonds
are eble to concenibrate lodide Tfrom tho plasmn. This step is nob
capily denonstrated in the normdl thyrold glond since the iodide taken
up is almost lmmcdiatoly bound in omgenic form, bub after the
adninisteation of cuch drugs such ag methylthiouvaeil o corgentraticon
gradicnt of ebout 40 to 1 con bo domonpiratede Tho megmitude of this
gradiont eppears o dopend both on TSH and on the gquantity of stored
jodine vithin the gland (Malmi 19543 Venderlean and Coplan 1954).
Phis "tvepping mechanisn® is not Mlly wnderstood but 1t cooms that tho
eodutononce of a concentrotion gradient doponds on the cetive tronsport
of dodide iono ecross the coliulay nonbrane by an encrgy=resuiring
procoss. Slingerlond (195) studying iodide 4repping in cheop thyroid
slices found thet scrchic comdibtions weve necessary for iodide
concentrations Ixbromes of tamperature ond p diminiched iodide
trapping, oo 41l meny compommds reacbing with sulphydryl groups. ALl
subgtances deprocsing reopiration of the slices olge dopressed iodido
concenbrating pover, but tho reversoe vas not truc. Froinkel ond Ingher
(1955) also found that Jodide conconbrotion reguired enorgy vhich tas
chonnolled through highe=cnergzy phospbote bonds. The tmepping
mochanion shows cowe similervities in 0ll the glonds vhich ovoe gble to
a;éeumuhm icdido. Thus in o goltrous crobin with ¢ congomital

inability of the thywold to trep iocdide, the salivery end gesteric glondo



were sinilarly offected (Stenbury and Chopman 1S60).

Thyroidel end ploems incrgenic lodine orxe oxchoangesble, butb
equillibration of o zediocicdine tracor dose mey toke an appracinklo tine
when the ratio of the iodide comcemtyaticn in the thyrold to vt in
the sevum (/8 zotio) is lawgo, o8 o usuel. This eguilibmivm wos
veached more rapidly in voito thhn du nice (Wollmon end Reod 1962).

Tha %icdide spose of the thypold" ls defined as ghat volume
vhiich would conitadwn the freo thyreeldel iedide ot the somo conceonbrabicn
pe that of thoe ledide im the plasmie Ingbor (195%:.) found this space
%o bo 1.0 L 0405 litres in controls and Gel 3 1.0 litwen dn
thywotoxic potients. Recend work (Holni and Pitt Rivors 1962)
maggests thed the situsbion moy be more comploxe Those authors have
shovun o wats that thero axe bun fhyroddal icdide pools, the Tivst one
in cguilibeivm vith tho PIX. The sceond pool, larger then the Tizgt,
is fowmed from dedide libexeied by delodination of lodobyrosines: it
is not dischargenbie by pewchlorato, end o o lopger twrnover bilmc.

Oxgonic binding of lodine cen not only be ébelished by drvwys
but my alse be defootive in disenso. When binding is Dlocked, scrial
thyxold radiciodine upioke measwenmontsc show a vapid initiel uvpieln
and & ropid decline due to loss of i00ino From bhe thyzoids In foct
in mweh ooses $ho radiclodive uploke curve poxallels plooma ¥odiow
activity closoly, siunce lodide tropped by the thyrold o meadily
cachangeeble with thet in the plocm. Even dn the novmal glend come
rolense of dodide from the thyroidel iodide space into the plasme musk

ocovy conbinuously, but thio is ovorshadowed by the much groater



mamher of lodide lons moving in the opposite diveetion, thot is

from tho plasme to the thyroid. When dzugs vhich sbolish ledide
trapping , owch as popchlomate and thiceyenaie, are given to a gobiend
who hag previcusly wecei vod g {vacer doso of wadloiocding,

scowmiatiocn in the gland ccosem. Momeovor, if a mpitions's thyroid
happens 0 comtadin o davge quentity of dodido not bomd in ovgowide Sora,
28 woy hoppen for cxpmple In oo type of dyshormonogemoesis, bthio
unebownd iecddde is veleaged aftor poyrcshioroie adniniztration.

The thyvold/serun (B/8) fodide xotio io o weinl meamme of
the dedido txopping capaciiy of the thyroid por wnit moss, but thio
estimte cannot Be readily obinined in bumanse Work In animals
oupgosts that this matio may bo effected by differonces in stvein and
Ia Qlote Home strains of vats end micoe poosess thyroid glonds more
efficilent In 4soppivg ilodlde tham othews (Silvorsiein end Lee 18013
Silversteln ob ole 1060)e A lover %/8 ratio is found in yato Fed
o bigh faot diot, ond olso In younger xbts ag compered with older wmos

(Silverstoin ot ale 1962).



THIROID CLEARMNCE OF I0DIDE.

The accumulation of loddde by the thywid con by measured
ond cpressed dn several wayse b is usweld, in clinical prochico,
to mensuve the thyroid vadiloicdine uptake, that v to say the
poraatege of o tmmcer doge of radiclodive vhich is wesent in
the thyrold et & specifled time offer 1te adninistratbion, wually
2y Ay Gg 24 o 45 hourse This Iz o gluple procodure, useful for tho
voutine dlagposie of shyrold discase (}}24&0). iff{}v._rwer » o geveral
veagsons tho radioicdine upboke I not suiteble whon acouraie
guontitative informntion chout thyrold fometicon ia zcounireds Thus

althovgh it measuwres the guantidy of vodiciodine yresent in the

gv;a

Lhycm?m; & gpoaific time, it does oot ioke into considowation the
vadiotodine elieady dischoszed es hommonal iodine, which my be
sdgnifticant after somo hourse It is, morcover, influcnced by the zomal
cleawasee of ipdide andy slunce the thyroid end the kiducy compoie %o

cicor dodide fyom the plasmn, it bears o complex and locerithmio

2

cdation to the bwwe Iodide covcentrobing pover of the thyroide

>,

Vhen quantitetive studion of thyvold fvmelion sye roguived

ﬁm radiclodine upteke chould bo vreploced by the thyroid clearensce of

loddde, thoet 1o the volume of plesn  coupletoly eleared of its dodide
content by the thyroid per vnit of ¥me (p13)e In the proomt vors

the thyzoid clezzemce is cmpressed v nd/min.




The relation of the thyroidel rediciodive uptake end
cleavange hes bheen situdiod by Myent et al. { 2949)« These workers have
caloulated thet bthe fyvaction of the lracer dose taken up by the
thywoid {The Tpte) 8t any time  depends on the thyroid clearance

(The Gle), the rersd iodide cleszanse (ReCle)w and the iodide upae

of the body (V)s

The Ule % - J‘;L‘l{':!~cf1* vh RO Clu &
The Upbe o Whte Gle & lle Gle I-e Y '

N

If one waits lony enough for all the rodioiodinme 4o bo token up by
the thyroid or oxoroted by the kidneys, ond coguming thelt oll the
rodioiodine tekon up by the thyreoid ic veloined wvithin the glend,
the mdiclodine upitoke is:

The Cle o
The Tpbe @ Tile Ule + KHe (1%

Tize8,1 showe the theorebical relation between the 2F houw end
24 hour vadiciodiune upbeke and the thyrold clenrence lun an individunl
with o body icdide spoce of 25 litres. Whe values of the 2% howw
»adiolodine uplako corwesponding to values of thyrold clearance above

100 wl/min eve shown in Pig. 2.8 for volues of zeml cloavamse of

% It Is accumed that all the lodide leoving tho plreme is elthor
talien up by the thyroild or exoereted by the kidnoys, and dat tho
icdide tropped by the thyroid is rotained in the glond. The

amall losoes of dodine in the mm‘a otce. aro not token indo aoccowmtbe



RELATION BETWEEN THYRO!D RADIOIODINE UPTAKE AND CLEARANCE
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The values heve been calenlated using the formula of Myant

et a1l (1949) assuming o body iodide spoce of 25 lltres. The wpper
horiiex- of tho shaded arcas eorrvesponds o o ronel ilodide olearsnce of
150 mi/min, the lower to 55.0 ml/min. The 23 hour uptoke shows a

bettor otraight line wvelation with the thyroid clearance, and the

dnfluence of tho venel iodide eleavance ie loos mrled.



RELATION BETWEEN THYROIDAL UPTAKE AND
CLEARANCE IN THYROTOXICOSIS
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Relation betuocn the thyrold radioiodine upiake owd gleavcnee in

thyzotokicosio.

The shaded arce is oonstructed es ia Tiguro 5« Tho

values obtainod in 20 thyroboxic patiomio are chowne
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jodide bebwaen 15 and 55 nl/mine Those figures show thet the
rolotion betveoa the Thyrold uwptoke snd the thyrold cleavance is nog
o lincor oney aelthough iV approachos lincavity ot low uptoke valucte
Fige2olohoun that the 24 hour wpteke is much mope influonced by
the rernd clenrence of lodide than {the 2% houe uplokos At o thyroid
cleaxcuce of 50 mi/min the 24 hour upbeke e 475/ vhen tho renal
cloowoneo is 55 wi/min, bub 75.2% when the Intber v only 15 ml/min.
Tho difforenee is considereble, but in ot usunlly tokea inbo
considoration vhon intoxprebing vodicdodinm upkke toptne Tho
grepha of Fige2.1 ond2.2com ho used fox doriving uptokoe valuos vhen
the covpesponding thywoeid and renel clearance aro knoune One muot
tokao dnto commideration, however, thobt the Z4=hour uptalko may be
loveor thon the theoveticel valuo shown in these figovoo, because by
that ddne some of the »edioiodine taken vp e alreoady left the gland
a8 thyroid hommoney this o of imporitence ¢hiefly dn thyrotoxicoois
or In other condibicns vwith o wopid intzathyroidal turnover of iodinp.
Table2iprescnts cuw neasurcnents of thyrold cleorense in
24 pornd mle end 24 nomel foreloe mubjeess (Irdivideel wilues
ghoun in Tehlo2d) grouped cccoxding to ago ond coxe lales on the
vhole had & higher thyroid cleamneothon femeles, but the diffoerenco
was not ototiotienlly significont (p<0.2). In fennle madlonts there
vwas en inverse corvelotion with oge (r = » 04455, 2 <005) s bub

" not in mplos. The xolntively hisher thyroid clesyonse retos of younger




Pable 2.4

Hormal thyroid cleoromeo of iodide in ml/min grouped aceoxding to

age and ceXe

inles Yomnles Potal
Ago (24 oasea) (24 cases) (48 cancs)
bz s mean 1 Sele mean & &b mnean + Selle
0«19 2340 3642 3148
(315 = 4049) (23.0 = 4049)
X) =35 275 & G544 2644 + 2483 271 & 3.3';
(947 = 57.8) (19.7 = 38.2) (9.7 = 5748
(249 = 3845 (5.7 = %746) (269 =385
{1360 = 3660) (54 = 3846) (504 = 3646)
Total 2446 + 147 2067 X 2427 2246 + le72

(269 = 5748) (S5ed = 40.9) (249 = 57.0)

The ohoorved rongo do shom in brackets below the mean + Sl

Tho individual velue s are chom in Table 2.1.



females is prosuadbly @ componsetory pregosg foy the wolptivoly lower

plecma inoxgenic iofine values fovnd dn thed ege groups

Pactors affecting the thyioid notake and cleorancos

Thore ove meny stndion of the effest of oze and soxm on

the dodide trepping wochmmism of the thy»old, more ofben woiny the

thyroid uptake thon the thyroid clearance. Ouinby et al. (1950)
covried oub sn oxtensive study of the thyrold vptele in epporently
enthyroid subjoctes Howovers the zatio of one male to 2.5 fomalesn
makes 4h impwrobeble thot these were yandon ohsexvations.d These
onthors fovnd that season had go effoets However, the thyreld

-~

vplake decreesed with oges womsn of all age grvoups had higher valuwos
than maless The difforenves wore stobisticelly sipnificont buk oo
smza.f.i;l. to be of clinlcal imporitonces TH ig intorestivg that vhea tho
thyrold uptake i vsed women hove a higher value thon mony vhoreoo
our ovn measuremsnts of thyroid oleavonse (which xmeflocts mors

asccurately the level of thyroid activily) shov the voverse tronds

This (iffervence is due bo the fact that meles have & higher ronzl

% Gommonldy the nomal zenge ig eslzblished nob by caryyving oub
moasurenents dn healihy pevsons ox in hospiial controls buk on
persons veferved becanse of suspocted thyrold discsge ond subseguently

L] 5 G B

clagssified as onthyveide It is obviovs that this is not an entirvely

g

abigfectory way and date so obtained must be wiewed with somo

2

rosozvation. In owr studion, ve hove evoided these defects oo much oo

pPosgiblo.
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clenronce of 20dide thon vomen ond this tends to lower bheiy
thyrodd uvpinke welative vo thelw thyrold clearancc.

MoGzogor and Wagner (1958) obteined indivect estimbes of
the thyrold upleke by measuwivne the weinavy icdide excrotion ond
reported gvbstentielly sinilar resulis to those of Quivby et al.
(1950) ¢ 0ddie ot ale (I960) nliso found thyroid wploke decreasing with
sen both in moles and ferslesy bubk in the lebter the decPease vas
not evident ‘hmi the oge of 48 yre and afters  On the other hewd
OLinor b ols (1957) @38 not Tind eny difference in tho uptake volueon
of childven aged 3 mounths 4o 10 yeavs, and West el al. (1961) aia
not find any difference bebuesn men sg,ea 25 to 40 and €0 to 96 yearb.

The 20 minunte Shyroid yadicicdine uptale was found 4o be
lower in wales thon in fomelew (Bumew 1961)s thewe was o negative
covrelation with oge but in females {his won opporant only aftor the
age of 45 ywe The radioiodine upiake and thyvoid elearance (the latter
erprassed as o foection of the iodide pproe) vere ineresged in
neonn tas, with maxinem volues &t 48 by after hivth {Ij‘:i.fsﬁhor et 01.1962) e

An dmpoviont sbudy has recensly been wwde by Gofinay of ale
(1962) on 151 enthyroid men oged 41 4o 94 yre The thyvoid cleoranco
decreased with age whoress the 24 by mdioloding uptele yaveined
practically vwuchanged. This dleordponcy moy have Decn due B0 8
doorease of both yonel and thyroid ilodide clenrance with oge.

For quentitotive siudies the thyrold cleoxeuce is profereble
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o the wadiocicfine uptelke, bub an even betior copwelotion wight
be obtained it bthe thyreidel cleavemce wese raloted to body sino
(e ouwioce aree or leon body waes)e Token ag o vhole hovwevow, tho
sbove vosunlis suggest that the offeet of age end sex on dodide
brapping by the thyreid io & onell once

The thyrold wuwpitake end clescrance are inoveased afior TEH
injootlon, In thyrotoxiconis, iodine deficiency, end dyshommonogenesio,
and decwveased in hypothyroddiem eod after tho edninistration of iodine
or other antithyrold compoundss The corticone gioup doprosn thyroid
funotion ond vpteke (Hill o als. 19505 Beveow and Yalow 19523
Shever and Sfofying 19563 Wikholn ond Hinhown 1963)e ACTH, which
inoreages the ;f%m'ﬁ}:’m; of cortionl, e the same offects Tm
aﬁmmle%omﬁéﬁ subjecta, howevery AURI dncvesses thyrodd uptokos
thio 4s é&xi:@:&:gp%i;rs:a by Novber (1962) an o sposific offect of #ho
hozmonay bub the poesibility of contonimtion with TBH connot be
entiroly omclulede.

T apolication of the rodioicdims uptoke and cleoravce wo
clinioal dingoosis i discasned on p40and summerized In Teble S54 .

Extensive reviews of disceses and dyuge effecting the zadioicdine

uptalic have been mde by Mogalotti et ale (1959) and Groyuon {1960}
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ABBOLUTE TODINE UPTIKE.

The best ostimato of the amoumt of icdide trapped and
retodned by the thyrold is gilvon by meagsvremonts of the sbaolute
iodino upteko (A1), that is tho absolute quentity of iodide (in 1g)
roteined by the thyroid in wait time. The AIU has somebimoes bem
colled “oteble iodide uplake' orx nzd2y uptalke'e We prefer the tom
ATU since what is meaoured is the total amount of iodide retained,
irvespeotive of vhether it is stdble or radiocactive, ond alao becanse
the {orm AIU cmphesises the main diffevence between this ecstimate
and the thyroid radioiodine uplskei the lattor is nob sn ebsolute
quantity bubt a proportion of o given {recer dose expresscd as o
percentoge of the dosoe.

The absolute iodine upteke (ATUY) cen be celculated ao
the product of the thyrold clearonce and the plosmn Inorzanic doding
(PIL) that 1o

ATU = Ths Cle = PII
In tho present vork the thyvoid clcarence is exprossed in wl/mim, tho
therofem, be adjusted for the differcnt units, and beocones

| ATD = The Cl. = PIT 5 046

The ATT can also be calenlated without knowledse of the
PII; since the thyroid clearsnco i the thyrold uptake (por unit of
time) Aivided by the plasme redicochivity (shown as T2 plasme) and
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the PIT is
I urine = 3115"‘2 plasm
PIT = : .

:{3‘32 urine
the 430 can be ealenlated ao

AZG = The Upte ® T urine x 1132 plasme

11‘32 plogma x 1132 urine

AU o The Upte 2 I urine

3132 arino
This legt formule con ho $ransposeds

The Upte w T332 uring
AXU I urine

that is tho 'spe:fci'é,‘ic activity of the iodine roteined by the thyroid
is the gone ag the specific sobivity of the urinayy iolino: this io
reasomble aince both arc derived from the PII. I'rom these
considervations it 3o alsoe cleay thet the technical ervor in
neasuving the AIU is tho same vhether the PIT is neesured or nob,
bocause tho additionsl ostimate involved (the T%92 plosma) i celf
cancelling in the finpl formla
ATU = The Cle % PIX
The theoreticsal welotion between the radiciodine upteke

(The Upbe) 2nd the ATU ip given by tho formila

The Upte . I352 plogme
] PIX

Phe Upte = A30 x T332 placm
PIX



ALY = The Upte x PIT

1132 Placma
It follows that forx ony givon thyroid uptale value the AIT is
proportionel to the PIL, rising vhen the PIL x»igos and £allins vhen
the PIT lovel decrcasess On the othor hmd i the ATV remsino
conotant, the thyrold uptake is inverscly proportiomal bo the PII,
riging vhen the PIT £2lls ond flling vhen the PIX »ices.

Teblo2.5 ghows tho ANU neosurements grouped according to
age end sez in 48 normal enbjeots (iﬁd:tvi&uzal velues showm in
Table2.1)e Hales bad, on $he whole, o higher AU $0.05),
probobly beecaunse of thoir laxgor body size. Yhore ves no consistont
age offect, but patients aged 20«30 yeara had o highoy AIU than
those oged 40«593 thio was simificont for the female pationts
(2 0405).

The novmal AU rango con be defined es lying bebueen 0.5
- and G pgftivse This gives the best sepointion betuem noxmpld cases
and potients sufforing from hypo= and hypere-thyroidicm. Our
noymal ALY values are in keoping wiﬁh those proviowsly resorded
(Zdnge ond Peryy 19535 Redlly ob al. 195835 Pouvert e al. 19585
Dowldng ot ale 19603 Vogner ot ale 1961). Porry ond Mghes (1952)
found slishbly lower values (Lol * 0.23 pg/he) and Stonley (1949)
end Scmprebone et ale (1959) highev. Our values are consistens with

the awnounis of thyreid hommome produced (Nedine et ele 1057)
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Hozmal absolute iodino uwpieke valucs (AXU) in pa/he gyouped cecording

0 age and 0CXe

Neloo Femoloo Totel

Ago {24 cascs) (24 cases) (48 canes)

y¥ Hean & Selle YMean & Slie Moan + SJi.
O - 19 260 1.6 Le8

{1ed = 149) {(1e4 = 240)

(149 = 842 {09 = 3ad) (049 = 842)

40 « 50 . 245 + 0,70 1e% & 0,18 19 4 0u57
(el = 647) (0.6 = 242) (Oel = GoT)

(0.8 = 2.9) (05 = 3,1) (0.5 = 341)

Potal 247 + 037 1e8 4 0417 242 + 0422
(0e]l = 842) (0e5 = Bed) (Oel = BaZ)

The individual values are shom in Pablo

2.3
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sageosting thet most of the lodide token wp ie actually converted
% thyroid homone. Hovever, in rote Fedlow end Teblond (1955)
found thabt 55% of the iodide tokem up vas bownd ovganicelly end
the rest dischorged as iodide. In mon tho dezree of ubilizmation
soons mmmll& to be greater, but it mry bo low in pathologico

ptatez Ce.ge in dyshormcnogencsaise.

Rolation betwoeen plasma inornonic dodine and absolute lodine upicke.

- +

Phe rolation boetween the ATU and the PIT i cne of the
moet dntorcabing problems in thywoid physiclozye Thoe methematical
rolation is given by the formls

ATH = The G1ls x PIT

I4 follows that when the PIT fluctuates, one of three
possibilitios oxistoy cithéythe thyroid olearence adjusts to the PIX
end ao kceops tﬁe AT conatant, or it does not adjuet, in which case
the AU foliowse the PIT fluctuations olosoly, or both mechanicme
may oporate slimliancously, thet is the clcorance may adjunt only
poertially. It iz dmportont o Inew which of thase three
theorctieal poosibilities actuslly ocourn in man, sinee if tho thyroid
cleanance docs nob edJust to %hé PIT thore would be & direed
rolotion hotuveon ATY end PIT, and thoe dmplication would he that
peraons ﬁi‘sh_a high dietary icdine intale and 6o o high PIT would have

o higher ATU, and pexbaps produce mors thyroid hormonc.



The evidence on this point is incomplote but on balanco
it fovounvs the view that in the long run the thyroid cleaxance
adjusts to the PII level and &0 keeps the AIU relatively constont.
Thus thove ore substontiel differences botween our PIT voluesn
(Table 2.3 obtedhed in Scotland, ond those recorded in soveral perts
of the TeSeha (Redlly ot al. 19505 Vegner el el. 1961), vhercas
the AT valuen chinined in all thoso ereas vere nobt vory difforent.
The differcnt beloviour of these two parametors ies nobt likely bo bo
due 0 bechnical fvotors, since crvor in the chemical estimation of
the urinary iodide would affcot both PIT and AIU propovticnatolys
It secems therefore that in Scotlend the averoge PIT ig lowew thon in
shoso pards of the Udl.lde, but thic is compencated by higher thyroid
cloavonce valucs in Scoltlands Theose ehgervations explain vhy
-hhe;.__ averagoe thyroid madioiodine uptake varies from locality to loeality
oven when the most moticulcus stendardisetion of the 'i;ptalze
measurenent is encured. Further suppové Cor the viow that the
thyreld cleavance adjusts $o the PIT is the fact that porsons vho
have receivod iolide Loads have & lov thyroid uptake, though fev
guonditotive stndies hove bewn mado on this point.

On the other hand Levy et el (1959) foomd no consistont
relationship between day to doy chongen in thyrold upiake and
changes in the uwrinary lodine excretion on two conscentive dayo,

spggenting thnt the ALY wos vevying from doy to deye. Since they



aid not present individunld weasulis of this aspeet of thoir vork

ong cowot tell hov mweh of the variotion foumd by those anthors vwas
due to techunical errvor and how mueh o ¥oal elieratione in thyroid
u@méae and Aife Mors eareful studics have been madoe in enimale by
Simon sad Morel (1960) who fownd that waits with o hisgh jcdide intoke
produced more $hyroid hormone thon rats on @ low dodide inteke (p77).

Guantitative studies of iodine metabolisn can be used %o
test which of the three theoreitical posaibilitios proviously
outlined astvelly ccours in mon. Twn tochniques ave evailobles one
can correlate the Individual wolues of these percmeiers in normel
subjects, or one con give jodine snpplonanto and study the offecto.
Studies of the fivet type ove deserdbed below, and those of the
seeond type in the subsequent sectione.

Ve have fivot corvelated tho thyroid clearanco and the FPIX
(#ndividuel velues shown in Table2.1) in cur nowmal subjects
(3}’:?;53;-.2.3) and we have found that there is e significant inverse
relation, dle.os noveal pervoons with o highenowmal PIL have on gverage
a lowsnorinaldl bthyroid clearance and vice vorsae The correlstion
coefficient bebwosa thyrold cleorance and PIT (Fige2.3) is

r = w376 (p <0L01) omd the correlation coefficient betveen thyreid

clesrance and - L. s v = 0300 (p({‘?.ﬁi) « Howavor, this cdjustment
Pix
iz not & complete onve The variations in thyrold clearance ore nob

sufficiently lange to compounsate fully ond theore is thorefore




RELATION BETWEEN PIl AND THYROID CLEARANCE
IN NORMAL SUBJECTS
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o correlation between PIT and AIU ohowm in Pize2.4(x = 0535, »
<HO0L) e To sum upy in nomal svhjects vlwm the PIT is relatively
high the thyrold clearance is welatively lowy bulb ithw adjustmont is
incomplete. Hemce veletbively high PII levels are sssociated both
with & low thyroid clearance and & yaloed AlU. \
A second problem is vhethew dn eathyroid povoonz thore is

o cleny wvelotion botween the amount of lodine taken up by the

thyvroid (AIT) end the anpunt of hormone produced. The amount of

(p 98) e o uvseful Index » 2lthough perhaps not a vesy sensibive one
{(Stwrnick 2nd Lesses 1959). If euthyrodd, thyvosoxic and

hypobhyroid porsong ave cxanined os one group o clear melation hetucen
AIU end PBI does oxist pince dn thyrotoxicosis hoth the ATU and PBI
ave high vherezs in hypothyroildism the opposite plocbure is aetn.
Hovever, within our enthyrold group ve counld not establish a
significant coxwelation between the AU and the PBI. 'J?Emsfpamons ulth
o highe-nomel ATT 418 not on average hove & highemovwal BT $oo.

Two mechanicng aro poosible. Rither there is o varying uwtilisation

of %ho iodide takewn up by the thyrold, or &z%e::mm%;ively horinone
synthosls and ¥0lcaso, obviounly guantltatively oquel in the

lonz »un, ave not 9o over s shoet Biume poviode This latter is
posgible since the thyroid gland Ias conaiderable stores of thyrodd
hormone and =so mey mintoln o steady »ate of secredion from day to doy

in opito of wide fluctvations Jm both AU and cmoumt of thyroid



RELATION BETWEEN PIll & AIU IN NORMAL SUBJECTS
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hormone syathesis. In other words the amount of bthyroid howmone
roleesed moy boe proportionad to the average amount synthesised over
the last nonthe rather thon tho amount symthesised on any particulor
doye

HMost probably both the moechanisns mentioned above may
be opevabings. A varying wtilisction of iodince g susgeosied by tho
vorit of Porry and Hughes (1952) who observed high PII voluos in
patients with vonal diseceses end although the § hyroid clesrance
wae Giminished, the ATU was otill highor then in thoir nommel
controls, vithout any inereose in ¥FBI or clinical evidence of
thyrotoxicosice. This sugpeots thol vhen the PIT inorcases boyond e
1inmit the AIU also inoreasen, bub decreased utilizetion of the iodide
teken wp mainioins o enthyroid stote. On the other hand, the normal
ATU end PRI welues found in dodine doficiency (pl97) meons tbet
nornolly, provided the PII remaing within o cortain rapngoe there is wo
great varinbility dn iodide u‘hiliz{%‘ticm. This is consictont with the
viow that normally almost all the lodide trapped by tho human thyrold
becomes orsanically bound (Bexson and Yalow 1955) » 8lthoush Ingber and
Preinkel (1956) suggest that in rats thyroidel ommenic-binding
reactions proceed ot o linided rate, and may ploy o rete-limiting
role in hormone gynthesice

It seens thet there is o sex difforence in the adjuotment
to tho PII level. Femles, as o gyoup, readily adjusted their

thyroid clearanco to the PII levol, end consequently the AIU
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flactuates leas than in malese The differonce dn the correlation
goefficicontes o hétwem mles and fomles after g tronsformation
 vas found to bo siotistically simificont (p<004)e Pip 245
showa the PIIL and thyroid aleémnee in the 24 nomal fomloe porsons
vhose individual valueo ore éhmm in Teble 2.1 There is a close
inverse relatioms .t_ |

The Cle = 847 + :g.'.t, r = 04688, n€0.001
The arce enclosed i;@'tm'zen the linen in Fig 2.5 ropresenio £ 2 B.D. of
the rogression equatimn it should contain 95% of the poinio s tnd in
faot containe 23 of the 24. It 13 not eleer vhy femeles chow o
closer adjustment of their thywold clesrance to the PIT level, but

eame:i.mb]'.y this bas some bearing on tho greater provelomeo of

iodino=deficlency goitre in femnles.




THYROID CLEARANCE AND PLASMA [INORGANIC
IODINE IN NORMAL FEMALES
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EFRECT OF TODINE SUPPLUITNTS I NCRIAL SUDJRCTS

When considering the effest of inel:l.m adirinistration on
thyroid funetion it is necessory fo diotinguish botween laxge doses of
_dodine with @ phazmacological acbion, and smell doses of the seme ovder

| as may oxiet in the éiet. Tuvthermore the duration of iodine
&@mmﬁ.si;mtim is elao of great lmportonce since some offects are

appavent only after sevorel weeks! administration.

Larze doses of iodide.
It ia well esteblished that prolonged administration of large

doses of lodine to normal people results in a marked reduction in the
thyroid clearance of mmdioiodines. In most instences this is not
associgtod with eny elinical effect but rarely lodide goitre and
hypothyroidism moy oceur (p225) .

Syantematie studies have been meinly of the lunodiate resulis of
the admninistration of lerge dogses of iodine. Apaxrd from any
biologleal action the addition of ifodine io etrecer doss will reduce
the wptake of wadiocdodine by the ﬂ;grmm in proportion to the amount of
edded lodine. This is a simple "specllfic eobivity® effect and must be
saken Into aceount whenever the intoke of iodime increases
pignificantly. The mechanism in eimiler to, bub the roverse of thet
shown in jodine deficiency (Plg 542 p245)e The ebsolute iodine uptake
{AI0) 40 the only satisfactory index of thyvoid trappine when
additional line is administered either in single doses or over & period

of time. Stanley (1949) found that e wise in plusme inorgenic iodime

(PI1) after iodide administretion wes eecompenicd by & proportional



increase in absolubte iodine uptake (AIU). Sianley's results bave been
eonfiraed by Rednvein and Kloin (1960), who noted howoveor, that vhen
thore vwas a marked rise in the PIX (more than 6.1ue/100 ml) this
relotionship did not hom; but on the contrery further increase in PII
vap acconpanied by o decronse in AIG. The same euthors (Reinvein
and Elein 1962) found that cases of non-toxic goitre chowod less
rosponse to the iodide ion, and the radicicdine uptele wos suppressed
only when the PTI zose sbove 100 pg/100 ml.

The effccts of lodides on the biosynthesis of thyroid hoxmone
has been siudied in rate by Wolff and Chaikefs (1948a,h) who observed
that vhen the FII lovel vose to moro than 20400=35.001g/100 nl organic
binding of the newly accumilated iodine in the thyroid was blocked,
although the glond was still able to concenirate iodide.

Secretion of hoxmone is also aficoted. Mevcer ob al (1950)
shoved that lodlide in e dose of 65 mg O=hourly sloved the rate of

T
1% foom the thyrodd glends of cuthyroid people Teceiving

scevetion of
c:a:sbimamlg. The complication howover, initrofuced by using this sntie-
thyroid diug together with posoible changes in the specific sctivity of
the lodine during their cxperiments meke interpretation of tholr results
difficult, but it is possible that lodides produse an effcct on the
seeretion rade by inhibiting the thyroid proteclybic mzymes.  4n
inhibitory effect of iodide loads on thyroldel xadiolodine rolease in
rots (Yomede ot al 1963) appoored to bo dependent not only on the dose

of iodide used, but also wn that of propyl-thicuraeil, vhieh vas given

simaltoncously.
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The studies mentioncd sbove are of plwrmacological rather then
phyalological importarce, sinee they ove wmostly concewmed with large
doses of iolinoe They have, however, iumportont physiclogical
Implications an welle They show that in acute experinments o rise in PII,
unicss exbtremely large, is not accompanicd by & weduction in the thyroid
eleaxanco, go that the ALU xises in proportion to the PIL.

Results of move prolonged administration of lodinc have boen
deseribed by Burrell and Fraser (1957)e These authors gove 10 mg of
potagsium iodide daily For two wecks followed by an interval without
iodide lasting for four wocks. Beforxe lodide adminisiration and again
four weeks after stoppling it they studled the thyroid uptake by an
indirect method whieh uses urinory mdio=iodine measurements. The
*%;hym:}.ﬂ 1}:9*55&1{@. deercosed in nomal persons, in enbhyroid petients with
non=toxic goitre, and in patients prosumed cured of ithyrotoxicosis
efter the prolonged adminintration of andithyroid dmgs. Thyrotoxie
;)a‘timms on the other band continued to maintain & high mdioiodine

uptokee

Small dogegbf jodides

From the physiological point of wviewy the effeet of long
contimicd adninistration of swall doses of lodine is morve importont,
and I have made a detalled sindy of this problem (Llexonder et al, %o be
published).

“ In normel porsons taking thelr novml diet there is a

relation botveen the plasme inorsanic iodine (PII) concemtration and the
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absolute ancvnt of lodine takomm up by the thyroid gland in wilt dimd AXT) ,
that da to soy, the highow the PIT the more lodide io taken np by the
shyroid (p §9)« This corvelotion has importend Inplications, susposting
that peevsons with & high dietory intoke of dodine wsightd retoin move
iodine in thoir thyrolide aend night wake more thywroid hovmone. Thin
seens octuelly o hoppen in wobteg and ovidence that increased iodine
Intale vesuiss in increased thyroid hormone production in those onimnln
hos been obitodned veing the isotople equilibriun method (Simon ond Morel
1960) «

Ve hove given scupplements of 1odine of the seme oydcy oo those
ohtainablo from lodised salk, or & nenl contedning fioh, in on attempd
to anover the questionts Whot io the influence of an incressc in dieiory
lodino on tho uptake of stoble dodine by the thyroid (AIU) and on thyroid
hormone production (PRI) in mon? Vo adminiciored daily supplemonso
of potapsiun ilodide of U1 my, U8 my, tnd 0.0 ng mwye@%ﬁr@ly o throeo
groups of normal persons duwring o l2-weck pordod, and hove followed the
reoulbing changes dn iodine wmetaboliome Another approeeh to this some
problen 1s to oindy the AID in couwmbrics whore thore is noxmelly e high
dletary dntalo of lodine, and thus o high PIT, and I have dnitinted such

gtudios in Tceland (p33).

TATERIATS AND TETHODS

Tho thyrold redio-iodine cleavance, PEi, AJU, menel dodide
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clegrance and BT vore moasured as descoribod lun Chapier 1 in 22 potionto.
A1L tho peroons investisntedi vere cubhyreid without a goitre oy other
evidence of thyroid disccase. Throughout the study they remeined onte
paticntn, ond continued o take thelr normal dict. Threc dose lovels of
potassiun iodide were employed, ond in ell ceses conbrol mecourenments were
folloved by adninistration of icdide oupplements for 12 wecko.

The €irst group of 9 persong, 5 mles and 4 femalos, aged 413.
to 69 yeors, roceived 0.1 my potassiun lodide (equivalent to 77 Ug
iodine) daily, A% one, tuo,s four, cight ond tvwelve wecke afbor storting
the dodide weblets measurements of all porameters were ropotted.

The second group consiated of 6 porsons, 3 moles and § fonles,
oged 3T to ?’ﬂ yearge They wore studied in exnetly the come oy eo the
firet group, and ot the same time intervals, the only difference being
that they yecoived 0.2 ng potassiuva dodide daily, diwided into two dopess

Tho third group consdoted of ¥ poroons, 3 meles and 4 females,
ogod 50 to 62 yeers, Thooo patients reseived one C.4 my potassiun iodide
teblot twice doily, but othervico they were studied in the same woy oe
the previous groupbe

In the mpjority of the 22 pationts studied all the poremeters
of dodine metabolism vere neasured twice before starbing administration
of potessium jodide, and the moon vas teken as the contwol volues Novevoer,
for 7 potlento in group 1, cnd For 1L patlent in group 3 o single econtrol

& The majority of thepo patients suffoved from covonary artory discone
or from peptic ulcor dyopepsit.
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neamraneit ves obtainede.

The control values before sterbing iodide supplements ave
shown in Pige 26, 2.7 and 2.8. Thoy were within the nornel range, and
for oach parameter studied there was 00 gipgnificont diffevenve between
the means In the three treatmont grovpoe

The changos in plesma inorgenic ilodine, cbepolubte dodine upteke,
thyroid cleavance and PBI ave shoun in Teble 2.6 ond Pigs 2.6, 247 and
2é0¢ The rennl lodide clearance 4id nob show any aolgpificant change

ond does not merit further comment.

» Potagnium lodide Dai

Bffect of Vel
Ao shown in Toble 246 ond g 246, the PIT rose following tho
administration of the tablets, bubt the Increase wes stetistically
significont cnly ab 1, 2 end 8 weeks (p ®.0.02 at 1 veck, p < 0.01
ot 2 end 8 veoks)e There was no stetistically es:igslificént change in
the ﬂwro:_ma:t iodide cleavence, and the ATU roge signiticently only st
2 weeks (p<0.001). lovertheless the AIU wos increased at all times
during iodide adninistration end & t test on 21l values during thio
peried shows that the mise is o significant once.
The averege quentity of additional iodine teken by the thyroid

glond is proporbional to the area under the AIU curve in Tig 2.6, and
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onde dodine, thyroid rodicgicdine olesrance,

gbgolute jodine uptake and PRI durine adninisiration of iodine
supplenents

TheCle mi/min AIU po/hr.

PIT po/100m PBI pe/100ml  Dose of

Wenlk (mean * SB) (mean + 8B)  (aeun + SB) (mean + 8B) Pot.lodide
1 + Ql@i‘g «034 +5 '?:3;6 o3 +3.09“‘1026 +) ‘42‘9 o60)

2 40610040 454013440 +2e640679  +1:880443 Ol ng

§ 4007104043 404532419 10.93067L #0911 e}) per

8 40642070080 424535405 15033627  #I1eGHDTS aay

12 4{};2§m“*§ 138 +2 o?;iﬁ o84 +4 05&2 054} 4’9.5:!;0 51

1 #0436106102 «L.441.90 A3e540e48  #0o540e46

2 40420104060 =l oAReTT +1510e99  mOeGHDe45 0.2 13z

4 403510066  «Te5+055 41530658 0 30448 por

8  40s64DeM43  =124341e97 +1./10e67 04610457 doy

12 +)e4430e155  ~10eFH1680 +Le5+0 o6 0 oGt e54

1 #Le0640e268  =124043456 $3. 14109 =04T40451

2 +1le46iDe274  =1lleSH2e91 603240  ~DoFtlel? D8 mg

4 *"1.22&0 197 =12 0%3080 +2 . ;@1 70 "0.5_‘21 50 per

8§ +1.12306114  «13.5+2.52 H0.8FL0L  =0eGH2e25 day

12 4158306309 12403572 450011010 =0 THLTY
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Effoct of iodine supplements

Changes in plasma inorgonic lodine, cbsolubte lodine uptake,
thyroid cleavence and protein~bound iodine (mean 4 SE) during oral
adminiebration of 0.1 ng potassium iodide for 12 weeks.

The control values before storting the suppioments weres:

ATU 148 £ 0450 pg/he
The(’Le 20el + 3ed mi/min
PBI 57 + 0,92 pg/100 ml
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Tiguro 2.8
Bffeot of icdine sappleoments

Chongoes in plasme inorgenic iodine, eboolute iodine uptake,
thyroid oleazznce aad protein-bound iodine (mean i SB) during orsl
edninigtration of 0.8 mg potossiun lodide for 12 weeka.

The conbrol values before starting the Jodide supplements
oy ot

PII 020 4 Ge04 /100 mi
ATU 169 + 035 pg/br
The Gle 19.5 + %40 mi/min
¥BI 5edl ot 038 p{gfmﬁ mie
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weosurenent shovs thad the thyredd took vp To0 np of additlionel jodine
theonghoud the 12 woeck poriod of the studye To sun up, on dvercose in
PIL vos secomponiod by & omell wicoe In tho A0, and the PRI slso shoved

a slight dncreasce

BEfont of 0.2 mp of Potonsivn Indido Dallye

The PIX chowed o platistlenlly sipnificont ineweaso atb all
bimos durdng 10ide adminiototion (Prble2.6, Fize2.7)e  This wns
aecompanied by & progressive decvease in the thym:t{iﬂl radioiodine
eléaxm’mﬁ; reeching 6 moxdmom £all 2% 8 vwecks. Tho deocredse s
gipbictloally cignificant at 2, 4 ond 6 weeks bub not at 1 end 12 vecko.
A% the latber time, howaver, e laok of oignificance was due to the
lorgo Belie  The f2ll dn the thyrold clesronee olmoshy bub not quite,
coppensatod for tho rise dn PIT ond the AU rose slightly. Thig
rosulied in the thyrodd taking wp G0 my of addibionad lodine duriny the
12 voolt poriod of otudye To sump upy & wice in the PIT was accomponied
by o progreceive deovesse dn the thyeoid rodioiodine cleuvonce;  the
ATT rope £lightly hut 4id nok exceed the normel zanges There wns no

conviatont altewbion In PBI.

Bffect of 0.8 my Potassium Todlde Dailys

The PIT showed & navied and sigificont inercase ab 63l times

after cunplenents vore stavted {Tabls 2.4 Pip2.0« This vas
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aceompaniced by a sigalficont decwenge iun the thyreld cleavavce, which
vemained relativoly congbant from the fixst veek wnbil the ond of the
am@y; Phio decrease in thyzeid clenianee vus not swificimi to
compensate complotely for tho xige in PIT and po the ATT inerveaseds

Thas the thyroid tool up G4 ny of additionsl lodine thwoughoub the
ﬁrmay; At no bine ves o significmnt chonge In the FBY nwtody; but the
mean romoined bolow fhe control wolue at ell five ¥me intervals Garing
_odninistiotion of supplementts In swmery, following U8 mg potassiun
lodide deily the thyrold clenience decrenved, bub nobt enough o
compensote for the mise in PIl, Thorefore tho ATV inmcxensed, but there

van no concomibtent Inerense in Bl

DISCURS TOTT

mm;r workeors have nobiced & fll in the thyroidal zadiolodine
upteke aftor iodlde adninistration, bul their reoelis bave woxely boon
gquantitabive, giving ne indicotion vhother the decrease in the thyrold
vadlolodine uptake vwos ascocloted with o bigh, normal, or low ebsolute
nplake of lodine 133* the thymold (ATG)e Cuantitetive measproments aro
:ga.zv?:;_l;mhwlg Qe;simbm_ since thore is often o very poor correlation
bet\v‘een‘ yadlenotive and atoble lodino nptake by the thyrold vien the
iodine storor of the body ore ineweascd ov deoveased, ond in these

cireumstonees yadio~isotopic meacunrenontc alone give & vory linlted, end




¢

sometimes fronlly misleeding, inpression of thyvoid activity (257,

Vaing loxger cupplencnts of lodine thon dn onr study Vogner
et wl (1961) gave on nitdsd doso of le2 ng pobossium iodlde delly end
progrepsively dneveased the dosage to 10 wefdey over o 37 doy perdod. They
notiged thet the radioiodine uploke deeresmad, bul the AU inorensed and
aven ot the end ‘?f the 37 dey period of the sthwdy ik evcecded the control
valueoe. Hovevery theso authors did not continme the same dosoge for o
suffieient time Intorval to study its ultimbo offocts, ond the guantibtien
of dodine adninigtored were conpletely outvilh the physiological ronges

' In the present Investigotion ve sdninistered small doses of
:m&:i;@e oz 1%,5;@ p@}?if;@ﬁﬁi@- and sach group wecelived o congbonb dose
throughout the siudys With Ol and 0.2 mg dnily, the PIT inexrecased,
bub ob111 remnined dn or near the normal roage of 0408 o 060 pg/
10 wls Vith the lotber deme o progressive deercase of the thyroidal
lodide clearonce ccousred, mziah:‘ix{g ito moxdaunm enly aftor 8 vecks of
rortinvous mﬂﬁz»mrimﬁm'&i@ng Ve hove i_'m‘i;iiﬂ@ﬂ thia delayed adiusinment of
'i:hymizg e}gagmf_:{a nob _Gnly' in mml versons, bub cleo in some pationts
with lodine doficleney sintos, coaliiming the observations of Stanbury
Q6 ade (1954).
T *"z';h:m the dose xonge studied wo have found that on average

vien the PIL visos the thyroid cleavence fallm, bub not snffliciontly o
keop the ATU conaionte Tho awount of additionel iodine telen up by tho
hyeold glend during the tuelve~veck stuly showed o mean velue of 6.0 g

0 T mze A higher FIL s thercfore veunlly accompenied by both
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a refuced thyrold cleavonce and an incronged AIU.  Thero vas no
volation bebtwoen the cmount of iodine token up by the thyroid (AIU) end
the cmount of howmone produced (PBI).

11‘ is uncertoin vhether the AIU would heve retumed tovards
the control value if the study had been continued for o longer time.
3% might do mo, but it socows possible that with even a moderato inerease
in dodine dntalkc of D.8 ng;/ﬁa.y, there is feulty atilization of iodine,
Lecs tha thyroid tvaps more lodine than it converls inte thyroid
hormone. Situdics of the AU in couwntries vhere there is nomelly o high
dietary dnteke of iodlue might help Lo vesolve This question, and have
been initicted by me for thig purpose. Preliminary veoults arc

vepovted in the next sectilon.



STUDIES OF TODINE METABOLISY IW ICELAND

In tho previous scebion I desewmibed thoe influcnce of o high
dletary dodine intake lagting 12 weecks on tho vplalke of atable iodinc by
the thyroid (AT0) ond on hormone production (PBI): In this sccbion I
deosoribe the influence of o life-long high dletery intelw of iodime on
these paromeiorse

Provious vork Ino shown thet in come parts of the Ul.4. tho
average TIT ws svbotentially higher then in Clasgow, but the ATU values
ohtained vero nob vory difforent (Reilly ot ol. 19583 VUngnor ob al. 1961),
sggesting thet the higher PII wan compensated by o louver thyroid
clecarancoe ‘The data pye Isufficicnt to pormit ecnsideration of dhe
question vwhothor or not compencation wee completo (3ece whother the AID
vas tho some in @ll ercas), due to uncerdnintien cbout the comparability
of the mothods used in the various departmonts, ond to diccropancics in
sona of the published rooulis.

What is vogquired ave sbudilen in erecs vhere the dictory iodine
intekeo is nowmally lov end high, uweing identicel deohmiquos, and
preforably wibdh the chomlcal measuremonts made dn the same loboratorye
The viodt of Dz He Blubm $o Icelond provided on opportunity for & sbtudy
of this btypewe The aim was to investigate the relation beibweon the PIT,
AT, emd PBI In individuals vith normel thyroid fuuction in Roykjavik,
end to compovo them with oinilor ctudies in Clasgow (p69)e Groat core
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vas taken to see thet the rosults cbbained in the two centres wove
aomparable.

Sinae it was known thal fishe-coke was dﬁi;izﬁg;&iwly used 4o feed
livestock in Jeelend (Gudmmdsson 1962, personal commmication) milk

senmples sent by ody were anelysed for lodine content in Glassove

HMeothods

The thyroid mdioiodine upteke ond clesrance, PII, ATH, PBI,
anpd renal lodide elgamaee were neasured as desoribed in Chapter 1. Neck
upiake mgzmurements » and counting of radicactivity in plasme end urine
samplos was underteken at the Iandepitaline Boykjavilk, vnder Dr. Bluim'c
supervision. To swit loeal condlitions the tracer dose consisted of
25 pe 1331, Semples were ,.imedmtély flown to Renfrow aiveport, and
chemical anaiyses-of urinary ilodine and serum protein=bound iodine vere
wundertoken in the Gardiner Institute.

The subjects studiod were 17 females, aged 20 to 56 years, who
vere e{i_;fmmding olther oo out=-palicents or in-pationts at the State
Hogpital, Heykiavik, and vho volumtecred to teke part in the investigatione
One subject was a staff=pember. HNone suffored from overt thyroid
or‘ renal disensee

The iodine content of the milk samples was estimated as

described by Richmond (1962).
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hesulin

T reoults in Individual Jeclandic subjoots ave shown in
Teble 2.7, and Table 2.8 summarises the values obiaincd in normol femnlon
in Glaggov cnd dn Reylkjavil.

Tho PII was on overage 25 times higher in Iccland
(0445 £ 04067 pe/100 nl)s This weo cccomponied by o significantly lover
thyroid radiolodine cleaxance (1047 & 1.1 wl/min), but not enfficient
to compensade complotely for the olevoted PII, aud so the ATU
(26 % 0.31) woo higher then in Glasgowe Phe meon PBI vae the vome dn
both centres.

Results of the milic anelyses are showmn in Tablo 2.9, and
compared with those reported by Richmond (1962) on milk obieined in

Glangove

Ddseunsion

The consunption of £igh snd fish produets dn Teeland is high
(s4puricbonon 1961). "ish cake in widely used to feod livesiock, and
this reoulis in & high lodine content of wmillk, buttor, open aud checoe
Thue the avoroge lodine content of nilk in Royisjovik do move them 3 tincs
groator than that in Glasgow (Table 2.9« It 4o thorefore not
surprioing to £ind that the PIT was 2% timeo higher in Raylzjavﬁ;.

The resulia cbinined con be xezarded an ropresenting the




| rge  ohhwy ﬁw. TheCle T RJCle 518
oo ome yz. % dose | ml/min \Fm\u.mo i \..ﬁ\.uw. ml/min \:m\woa ml
I Bjordis Thordarsdoitiz 29 wﬂom\ wm..@ @-mm o - 36 3140 ,
2 sigeidw pmadottiz 56 9 6.2 e L7 29.5 kB
3  Ingibjorg Clesdodsiz 21 063 1046 Ce58 Sef i7.3 7ok
4  imne Thordardotiiz 22 7.0 2040 095 57 2945 5.8
5  Fhorlaug m@.mew%m@wegw T 1243 16,1 0627 246 3hel \ Lo
6§ rmanmn Jonsdobiir . 25 7.3 187 0el7 18 2hel 6.2
7  Sesseljs Mogmusdofiip &8 12,5 9eS a5 L5 25¢4 e
§  Hegiolens Busdothiy 25 1he0 148 Co22 2.0  36.3 346
9  plsa Sigeroardoti 42 22,5 23.3 0e22 2.8 25,0 5.9
10 sigerhelga Palsdotbiz 27 9.5 9.0 0423 1.2 219 50
11 ssgnes Pomasdatils 28 6.5 740 0475 3.2 1943 3.6
12 Valgevour Bjermadottir 55 Sl 8.7 0u45 18 30.5 be5
13  Sigricur Vigfusdothir LG 11,2 9.6 De52 30 3062 L2
1h  Guibjorg Cudjomsdotibir 22 11,6 5.5 0.57 1 2046 546
15 Valgerdur mm.cgmmamwww 801 Be& 017 02 475 het
16 Dosa gSteimgrinsdoStir 33 8.2 6.8 31,08 Lol 33 be3.
17 aredis Stingrims %0 9.8 10.5 0.51° 2.0 389 2.4

-

Todients and staff of the landspitalinm, Reykjavik, IHone showed any elimical features of thyroid or renal disease,



Table 2.8

Swimeary. of rosulis v mormal females in Glassow and dn Iooland

Wormal Wormal
fernles females Btatistical
(Grlasgow) (Tocland) analysie
Tumber of patlonts 24 7
Thyrodd radiclodine ¢learance 20eTH227 JGTrlal
C ml/min (54 =0s0) (6e2=21e3) p <e0L
Plasua Snorsemic iodiue 0618406022 045:10,067
/300 ml (0e07=0:57) (0eTT=1.08) <002
Absolute fodine uptake 1810617 26040431 T = 2646
e/ e (Oo5w3el) - (029547} - p = 0,02
Protoin-bownd 1odine oB106128 44740430
/200 m 3:0=748)  (2e0=Tut) -
Ronal iodide olearanco a3 1e8 | 2340351
nl/min (1he7iLe5) (17e5=3849) -

% 84 cases (Table210)

The Individunl values ave shown in Tobles 2.land 2.7



Pable 2.9

Todine conbent of mill

Noe of
samples Rangzo
topted Nean (/5 )
Milk obiedned in Glasgow i 64 26 - 132
1043.61 2 127 124 - 133
26 o o651 o 76 75 = 78
24 o5 251 2 46 46 = 47
1249462 2 oy 26 - 20
Millk obiasned in Roykjovik ;) 216 121 - 3%
L5462 2 121
13..,':1..65 2 D4 203 - 201
1542463 2 325 316 = 330
2243463 1 243
Ref) 463 1 189
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ultinate effect of a highe-nommol dietary intake of iodine on thyroid
Panction end iodine meinbolisme. However, the possible influence of race
ond climate mwst be remombered. (limatic conditions heey vory 1lttle
roelation to the temporature of the immcdiate enviromment of tho body,
vhich is very simllor in cold ov iptemporate elimates. Nor are othnie
differences botween Glasgovw and Iceland® 1ikely to be assocciztod with
simificant differences in iodine metabal‘:mm.

- The relation belweon the PIT end the thyroid wadioiodine
cleavance in fomales with nommal bhyzrodd funcblon iz shown in Pig 2.9
(pL0.01), and tuot botween PIT and ATU in Fig 240 (p< 04@01}. The rosulis
obtained in Joeland thus confiwm the impression goined from ennlysis
of the Glasgov data {p69) that in normel subjoets vhen the PIT do
relatively high the thyreld cleavance is relabtively low, but the adjustment
is immplem. Henoe welatively hisgh PIT levels ave assceisied with e
low thyroid clearance and 2 raised AIU. |

- In the totol group of 41 subjects there was no relation between
the amount of todine token uwp by the thyroid (AX) end the smount of
hornone producedy an velflected in the PEI concentyatione The additicmal
lodine taken up is not clored, since the thyroid glend ia Toolond contains
only the normal amownt of iodine (Siguvjonsson 1961). It therofore seems
thot there is o varying ubtilization of icdime: vwhen the PIX increascs
beyond a limit the ALV also inereascs, but dccrcosed ubilization of the
tyapped iodine maintoing o noymel. level of hommono synbhesis. This

% The inhabitants of Icecland are of Worwegian, Denich, Scobtish end
Ivish stock (Bneyelopedie Brittopica).



THYROID CLEARANCE AND PLASMA INORGANIC
IODINE IN NORMAL FEMALES
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Relation botvween plosno inowsanie Jodine and thyrold zedioioding

clearonge in nomal females divine dn Glogoow and din Reykiovils
® Gloosgowe

O Reykjavilk.
The regrespion equation was caleulated for the Glaggow groups

but would also be appropriate for the Ioelandic groupe




RELATION BETWEEN PIl & AIU IN NORMAL SUBJECTS

4
701 y= 11+ 35X
r=+07s
60~ p < 000/

AlU —ug/hour
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Belabion botween plasmainorsanis dodine and ebaolute iloding wpiake
io woymal fomnles, Iivine in Glassow and n Roylelowik

® Claggowe

O Reykiawilk.

The rogreasion linc 4+ 2 50 1o showme




that
suggests/ organie=binding reachiony may play & zato=liniting role in

hormone synthesis, as proposed by Ingbar and Freinkel (1956).
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CIRCUTATING THYROID HORIGD
The metebolie offecls of the civenleting thyroid hormone
depend vpon its concentxotion, compoailion, end degree of protein

binding.

Protein«=hovmnd

A convenlont vay of measuring the concentration of cirenlating
thyroid hommone in the plasma or serum is the estimation of the proteine
bound iodine (FBI)e lowe than 20 yeavs ago Turmer et ol (1940) found
2 mean nowmel. volue of 63 pg/100 mke MNove refined technigues give
slightly lower values. Thus Eydd ot al (1950) established a normel
renge of 348 t0 7«0 /100 ml ond Blockburn and Power (1955) Ffound e
mean normel value of 5.2 and o stondard doviation of 1.2 pg/100 mle
Borlior results often corried oub by less reliable bochnigues have boen
rovioved by Winikoff (1954).

Current technigues may give false high vosulte if the
plagpe contains omgoule iodine compounds ox lodide in excess.

Vercurial compounds on the other hend interfers with the catalytie
reoetbion on vhich the deteminadion ip based and so lead to false .
low walwen (Meyers ond Von 1951)

’i':g elrcunvent tho fivet difficnlby measurements of the
bnmnnl-exi;mmble lodine (BEI) have been proposed (Mam and Bondy
1957)« This mothod io based on the faet timt the thyroid hormone
(m§ and Tég) in the plosma is exbtractable with bubanol vhowess lodide
and other ciroulating jodinated compounde are note Thus these

contaninating compounds are excluded from the egtimation vhich



therefore opproxinates more closely 4o the concentration of
circulating thyroid hommone. Abnoymal iodoproteins, vhich ceour in
poveral thyroid dsorders, are not included in the BEI cotimation,
and the eomeentration of these gbnormal icdoproteins ean bhe
measured as the butanol-insoluble iodime (BII). The butenol-
oxtretion method is wather elsborste for roubine climical use in
spite of the simplification in tecimigue proposed by Pomer (1961)
and moat contres profer the eimpler FBI technique. Values for
butanol-soluble (o butancl~oxtractable) iedine lovels are usually
about 0.6 {1£/100 wl lover than the correoponding FBI veluecs
(Men ot ale 1951), the upper limit of tho nommel vange being
approximately 65 1g/100 ml. Bven this techmique, howevor, may be
invalidated by the administration of meoive doses of organic
iodine compownds but to o lesser extent than the uswal FBI
detorminationec.

Ton exchonge wooing con be used fop the ostimstion of both
the PBI ond the PRI 131 (Scott end Reilly 19543 Blanguet ot le
1955, 19603 Zieve ot al. 1955, 19563 PFiolds et ole 19563 Ingbar
ot ale 19575 Golion and Pitt~Rivers 1959, by Wynn ot ale 1959).
Torrell ond Richmond (1961) working in our department havo
developed this tecimigue and have shown that iodide io more
effoctively removed than by the a@n\?@miomi i;xfiemﬂmm%ia acid

precipitation methoé%’ Their method which involves the uso of
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Amberlite saion exchenge rosin, is described é.;ci Chapter 1.

Galton and Pitt-Rivers (19592, b) have used Dowen~l wesin and have
found that scebic acid eluted thyrogldbulin, NI and DIV at pH 3.6,
500 and 242 reapectively, vhereas T, and '}‘.‘3 wore eluted ot pH led.
Blangvet et ole (1960) use resin colums of Dowex~l and Dovox=50,

ard so distinguich three mdiociodinmated fractions, ono conbtalining
jodide end the othor two omganic fraotiong.. Pilegei ob als. (1961)
reported that their vresin method eliminatos dnorgenic iodins,
iodotyrooincs and some exogonous ovganic compounds, and suggest that when
these contominonts eve present the resin method is more ugefunl than

the conventional FBI opr BEI methods. From our own experiecnco

we have no doubd that inorgenic lodine in amounts of up to 10 pg/l00 ml
can be effectively elimimated by the use of a suitable wesin, bub

the vemovel of other compounds uwsing varxious resins retuires furthor
investigation. Another teehn:iqué is based on gel filtration,

vhich can be uged o sepavote tho thyreid hormones from icdide in
serun (Jacobseon and Widstrdn 1962), ond reeemily noubron

activation snalysis (Smith ot al. 1962) hos beon suscessfully

employed to measure the PBi.

ik
i

results of PBI estimations in 130

Table 2,10shows ocuy
aubjecte without ovidence of thyrold disease. There 15 no comsisiind
varintion with age or gex. Our normnl meam i9 4.55 and the standerd

deviation 1.15 pa/100 ml. If the distribution was statistically
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Table 2.0
Hovmad protein«bound dodine values in kg/i00 ml grouped aecoxding to

ope ond Boxe

Ape lMales Pemales Total
Yo {46 cases) (84 cases) {130 cases)
10 - 19 4e6 4+9 & 0ad3 448 + G343
(A0 =543y (BT =642) 0 (3e7 - 52% o

20 - 29 Ge2 3 DedT 503 . (o34 Hel ;5; 020
(505 = 646) (243 = 649) (345 = 6.9)
30 =30 5o £'054 540 % 0430 502 & Oo3l
(3'5‘ - 6oG) (3’-@ - Te8) {340 = ?-@)
40 = 49 }o@ + (o2 EQC? + el def3 * (ed3
- (41 = 640) (Bl ™ 549) (Fel = 6.0)
ﬁ@ -~ §9 9 '%’ GQM 406 ‘f' fe2 ﬂ;o\?‘i‘ (a2
| 3.3 6.9) (3.{: 6+9) (5.0 5.9)‘

€0 = 69 .. Gl 4 0.46 A9 * D2 5e0t 021
(348 - é;.,;} (30 = 75, (3.0 = *3.5}

T0 = 79 55 443 & 060 o & 082
| 526 = 9:3) (3.0 = 5.8) 340 = 9.3)

80 - 39 - 53 5e3

: o (56l = ,;.5) . (,;.1 5467
Robal 501 o @.}.9 4.3 “f' 0612 409 $ Py L]
- (342 = 963 (340 = 748) (5e0) = 943}

Reculbe sre choun as nean & 8., and the observed range is shoun

in brackota.
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nowmwel the 950 confidence limito would bo 246 10 T2 kg/100 ml, bub
it is mote In practice a bobbter separation betweon nommel mbjects
end paticnts with hypothyroidism ond thyrotoxivosis is achicved
by using a normal ronge of 3.0 o 75 wug/100 ml.

Gaffney et ale (1960) also found that age hed no influenece
on the PRY levels of men oged 18 to 94 years, bub noted
biclogicel dey to day variations (0.6 1o 1.2 pg/200 ml) vhich wore
greater thon possible bechnical inaccuracies (0.3 10 0e4 pg/100 mi).
Hish PBI voluen, averaging 9.1 pg/100 ml, have been reporied in
neonates 25 hours old (Ficher eb al. 1962). Day to dey
fluetuations of the ¥BI had boon proviounsldy repovided 353; flayrgolese
and Golub ( 19”55'?). Theoe outhors olso found higher values in their
fenale suhjects during the Iuteal phase of the menstrual cycles The
DO may be on average, slightly higher in non then in vomen (en
(1962)e Although day to doy variatlons scem well established,
Schatz and Volpe (1959) could not find sny consistent voriation vithin
the mame day, as for instonce between morning and cvening. A racial
oy dietary factor influencing PBI levels iv suggosted by the finding
of increased values (up to 9 1g/100 ml) in some Pekimo tribos,
but not in vhite coldiewrs living in the Avebdic (Go'bﬁscmm and
Rizes 1952)e Seasonal veriations of the oxmior of 2 pglh have been
reported in Japanepe males. The levels wore lowest in cwmer and

winter end highest in spring and awtumn.(Votonsbe of ol. 1963).



The PBY concenbration dees not show & linenr melation
with the amommt of thyroid hoxmone produced por day, since it is
aloo influeeed by the raplidity of poripheral catabolisn and
everetion of the homone. Gonevally spesking the delly produeticn
of thyroid hormone is proporitiomsl o the eguare of the IBI
concentration (Rizgs 1952) but this does not hold w&@n the thyroxinge
binding copoelty of the pleeme i altercds

Composition of the civoulstine opmonic iodino.

The eirevlabing thyroid hommone is meinly thyrozine (7 4 Vs
which normally accounts for almost ell tho PBI (Taurog and
Chaikof? 1048; Taidlew 1949). In addition Gross snd PitteRivers
(1952) found 3,5,3* =ke=triiodothyronine (T3) in the plasma of
pationta with thyrobtoxicosds or thyroid cancer, and concluded that
% is also & nomal constituent of the ¥3l« These wesulis have beem
confimed by many obther workors end it scoms that the FBI nommally
consdats medinly of thyroxine but there are also smell amommis of T3
and perhapse traces of other wnidentified iodimated saubmmm@a as well
{(Dingledine ob al. 19553 Avons ond Hydevits 19595 Birdond
Tarran 19603 Beroud 19605 Vomnobtti ot al. 1961). When thyrold
aetivity do increasod oo in thyrotoxicosis and after the
adninistration of T8I layger anounts of fj.‘-ﬁ tend 4o be produecd
(Bydovite and Avens 1957 )e

It i cleay thet the proportion of the various lodimated

compounds in the PBI io not the some as the proportion of theso
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- compounds scovebed by the thyrelid glond, since the plosma concentratbion
depends on both the emount secxeted and 1ts voto of disappecrences.
Phpe Pitt=Rivers and Rall (1961) hove showmn in vats that olthough the
%5 concentraition in the plecms is opproximtely one twentleth of that of
Y 4 these $wo compounds conbtribute about cquelly bo bhe biologicel
ectivity of the thyroid hormons.

Injected ledotyronings are »apidly deiodinated and do not
renain long in the eirculation (Stenbury ot ol 1956s)s  Thercfors
"uim presence of indotyvosines in the plaswe in more thoa trace
gquantities would seem unlikeldy, even 1f subgiantial anounis are
seeveted by the thyrolds focont work on this subject, however, has
fmem confusing ami aommdieﬁm:y. Thus y althosgh MIF and DIT are
not detectable by radiocchrommtogyephyy nevertheless signiflcent
emovnie of j%;hcam bave boon detooted by the wse of chemicsl
fshmmmgmphy (Varner and Block 1959), by double isotope dllution
teehmigues {Beole snd Whitehead 1960}, and by noubzon activation
analysis (Dimitriadon et al 19622, hle The ropson for bhis
disorepmcy ie not yoi epparonte It moy be that vesulis of chemicnl
ohwoma bogreply ave subjeot to artofacts (Dimitwindon of el 1960a),
buk *i;h:?.rs Beoms an fm‘;i.ilmly explanntion for 81l three mothodse A
more probable view is that the iodetyrosine-~like matorinl dotected
by the ledbtor methods is not lebelled by XEJ3Y because it is not

gocreted by bthe thyrold. In thioc case it moy be o peripheral




breakdow produet of thyroxine (Dimitwmisdon et 8l 1962b).

If those wecont £indings vere confivmed they wovld
nocessitaie & revision of ouy prosent concept that the PBX
congigte almont cabirely of T 4 and ’3.'3 ond that iodobtyrosinesy if
present at all, exist only In traces. Porhaps application of fvesh
technigues, such ag auslysls with lone=ozehonge rosins (PitteRivors
and Sacks 1962) or modificd olaveoal (Posner end Pimental 1962)
might help 4o wesolve this controversial prebleie

Variationa in the chumiceal composition of the PBI which
are of biological glgnificonee are waye, b vhen they occur they are
of considerable clinical importance. If the PBI is composed largely of
biologlicelly inactive conpounds & nownal or even a high level may
coexist with 31531:}.(:&1 hypothyroidisme On the obher hand, if it congiste
m;m:imly of ‘1‘3 ,.‘i’a'itf;it:! h in biologically more active than ‘3.’@, a8 nomal o
aven & low level may coexish with slinlcal lyperthyroidisme Thisn
uay happon not cnly after t‘%’ adninistration bub oscagicunlly in tho
course of thyroid dicease. Thus ‘1‘3 as tho main elrvculating thyrold
hozmone has been poported in 2 casge of non=toxrie goitra (fupp ot 21
1959) and in others with thyrotosicosio (Rup:x;: end Paschivie 19613 Shimaokn
1963)s A compound vescabling 1‘5 has alee boen noted in o cape of nodular
acn=toxic goltre by Wernor ot al (1%0») .

Thyroxine bindine in the plasma,

The circulating thyroxmine io not free in the pinsmy bud

pound with the thyroxine~binding protein {(IBP), which moves



electrophorebically betweon the &, and oo zlobulin feactions ox
Gohn Proction IV and XV-Q (Gordon ot 0le 1%52; Horst and
RBoler 195%; Treinkel ob al. 1955) and hes en isolectrio point close
0 pH 4 (Robbins ot als 1955.). Phyroxine may olso be bound by
pra-albvmin (Ingber 1058) and olbunin (Sterling ot el. 1962).
Christensen end Litonjus (1561) reported that the preeclbunin binding
ig negligible in the noxmel pl range and 'Eshem:é‘om of no
physiclogical importance, but more reeent work (Hollander et al. 1962)
Tavonrs the view that pre-albumin bas 2 definiic physiologleal role,
and is not sinply an axbefact produced by certain bulffor systenc.
Dluwborg ot ale (1961) compaved the vosults of tuowdimensionnl gel
and paper electrophoresis of humon serums Thyrowine-hinding
pre-albunin ag seen on paper clectrophoresis using an asmmoniun
carbonate hulfer is probebly identicel with bend 1 {(the fostest
moving thyromine bond) in sierch gel eleaémplmmaia uoing o borate
buffer, whorean tia;rroxinarbﬁmﬁmg globulin corvesponds o hand 4 of
gtarch gel clectyophoroois. This mbjoet remmine & difficult one
sinee nony bochndcal factors, ineluding the wvse of various buifero,
moy influence the ip vitro protoin binding of the thyroid hormones
(Hamolsky snd Frocdberg 19603 Tata e ale 19513 Van den Schrieck
et ale 1961).

The concontration of the thyroxine-hinding protein determines
to some extent tho vate of metebolism of the circulaing thyroid

hormone oince vhen dhyvoxinoe io more firmly bound in the plasm a
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smoller proportion undergoes active meteboliem (Tate 1960). Thus

& small proportion of the totel eireulating thyroxine, leos than
0.1, 4o froe and nob bound to proteins. The proportion of this

froe fraction is ﬁimnjhl},r mmf's@é to the tial concentration of
thyroxine in the plasue and inversely related to the concentration

of the thyroxine=binding protein. This free froaction is probably

the active form of $ho hormone (Robbins and Rall 195?) and ‘
therefore of greater alm:‘.@ez,i?. Importance thoan the FBIL. The
measurement of free thyroxine, hovever, is difficult end previous
ettenpte (Christonsen 1959, 1960a) have not elways given clear=-cut
rosultss Recently lmportent progress has been made by Sterling

and Hegedus (1%3). These authors repeatedly verified the existence
of free thyrozine in bhumn sermm by dinlysis through cellopienes

the values were oxpressed as per cent of total thyroxine eoncentretion
of the sevume. The mem * 83 for each group wers: normal D.11 #0.0163
thyrotoxiconis 0.23 £ 0.0445 hypothyroldisn 0.070+0.011;

pregnancy 0058 4+ 00347,

The influnencge of thyroxine~binding proteins on I lovels
iz illuptrated by the alierations during progmemcy. Non=prognant
vomen have a TP concontyvebion not xaignﬁi‘;aantly differcnt from.
men {Toanzka and Store 195%). The thyroxine-binding protein is
insreased in pregmancy (Dowling et al. 1956a) and this leads 4o
increased PRI levels (ebount 2 pe/100 ml above the nommal mnge) elthough
the free thyroxine remeins within nowssl linitsy the high
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thyrosine=binding protein concentzation deeroases the proporbion
of i"me/ el thyroxine, but since the Yotal thyroxine is increased,
the sbeolute emount of free thyroxine prosumably romsing normal,
and the person i enthyroid in spite of the high PBL. The
opposite pleture g seen after androgen administzetion vhich
Gecreases the serwa MBI (Keitel and Shever 1957), but since it aleo
decreases the thyroxinoe=-binding proiein concentration in the plasme
(Fodermpn o 2l 1958) the absolnte amount of £rec thyroxine is
smma;l. and this explaing the pervsisience of cuthyroidism 3In opite of
& low P8I,

Alterations In TBP occeuwr not only physiologicelly as in
pregnoney but also after the aduninistration of cevtain druge ond
in dioeaso. zae«iemal'bes end Rebbins {195 9) raport the ceso of &
48 yeaw old male with grently increased TP leading bo FBI values
of 1148 o 1640 _@gfrﬂ; he was euthyroid, had a nommal thyroid uptake
and the cg,usm;iﬁzy of ?zh;ymxi:m degraded deily was nomal, but the
radio=triicdothyronine red cell uptake vwas lows one of thiee
children of this patient wag simllarly affected and this points fo
e fomilial defech. In smother fonily four merbers in three genevations
wd inorcased sevam thyroxine-binging espreity end PI (Floeshein
ot al 1962). The opposite abuommality, thet is, a low MBI duo
to defieient thyvoxine<binding globulin con also ccour {Boisel

et al 1962).



Bazugg which radse the P8I dnclude cesirogens
‘(s*bmm and Morkardt 1954)e Douling ob ole (1556h) hove chown
that 782 may also be ralsed by theoe subsionces. Androgens have
the opposite offcos (FPedermen ot ale. 1959.). The doses of
oeatrogons showa o affect tho TBP ave of the orvder of 30 mg of
stilbosotyold daily, which 12 ouitnide the physislogical range.

Since there ig no sox difference in the PBI or *ﬁ«ii’ it seoms wnlilnly
that they sre influenced by veristions within %hea phyoiological
rangos & full rev:i.a_;*zi of the aetion of oestropons and androgens

has been prosentod by ‘Eﬂgmin y and Engstron (1959).

E‘salrieymmé depresa TBT levele end this ccourn even in
thyroddestonised vats mainiaindd on o constant smownt of SROEGNOUS
thyroxine (Good ot ale 1960)« This may bo related to the Tinding
of Wolff et ale (1961) that selicylotes emd other Grugs vhich
lover the PRI (2,4=dinitrophonol, diphenyl-hydantoin, dl-totro=
chiovethyronine) displace T 4 fxom pro-albunin or thyroxine-binding
globuline Those woirkerg howvever carried out their exporiments ot a
pH of 8.4 vhich may not be wolovant to physiologieal conditions.
Worreale de Escobar and Hsecbar dol Rey (1961a) found in rvats thad
2 y4=dinitrophenol decrenses the FBI in seorun without deercosing the
concentration of iodine compounds in the periphoral tisowes, ond a‘.lés
(1961b) #mt 2,4-dinibrophonol Snorcaccs the uptake of wadio-l,

by eryithrocyles. One might interpret these findings g8 showing o
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- Gecrensed binding of thyvoid hormone by plasma proteins, bub this
was not the conclusion feache{i by these authows, since thoy fcﬁnﬁ in
electrophoretic stndies {in contradiotion to ?fﬂlﬁf ot ale 1951) that
2,d=dinitvophenc) d4id not change the reg:ar:t:i.%iﬁﬁ of Ty anong the
vorious plasma protoinse. This, hovever, doos nol exclude ths
poseibility that 2,4-0inltrophencl dooveases thywouineebinding by
all the proteins miformiy end so the vepnrbtition would bo tile LAme,
althoush the total binding copoelity of the plasma would be
diminished.

5,5 «diphapyilhydontoin hos boen reporied to disploce l-
thyvoxine from thyroxine<binding globulin in vitzo, redise the level
of fxee thyroxine, and inovease the red cell upioke of Inbelled
thyrorine (Oppemheim@s: and Yavernobvi 3,952).; Peniciliin hes been
found {to interfere with thyrozxine-binding by pre-albunin
(Suzles and Oppéahcasimz' 1962 ).

Digences In h;réathym:m:ism the concentzailon of TBP is incrcased
(Robbins and Rell 19573 ‘I‘analfzi end Stary 1959@,) bub it ic vnchonged
in thyrotozicoais (Robbing and Hall 1957). Although TBP is

newelly nomwel in thyrotoxicosis Cavelieri (1961) weported two
sisterg, whe were thyrotoxie but had o nowmed FBI levels this was
explained by the decrease in thyroxine=binding by tho ploome of both
theve patieuts and lllustrates the sitabement thad tho B is a

good indox of thyroid Function only vhen tho TBP ds within normal
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Limitee UBP is elec inersased in hepebic cizchosis (Tanske and
Stare 19592). Vannotti and Beraud (1959) have reported that eseute
Liver dunape, eeZe ivfectious hepatiltis, mises both the ¥BY and
the thyroxines~hinding protein coucentration of the sewum. M
the nephrotic syndvome the ¥BI is ofban 1@:& although pationts axe
not ¢linically hypothyroid. *.l‘h:ié is prcbably 2 refleotion of {he
low leveld of thyroxine-binding which has been denoustvated by
Robbing end Rell (1957) and Christensen (1960a).

Trijodothyronine also moves electrophoretically with the
intore Awfraciion but it is lese flzmly bound than thyroxine and a
considerable apount iz aleo found in the othey protedn fractions
pe well (Dingledine ob ale 1955)s Chrintonsen (1960k) weports thatl
the proporbion of free to total ‘Jfﬁ in 15 tiwes greater than that of
thyvorine and this could account for the fasier disoppearance yate

of ¥y from the plesme end ifts morve xapid wetabolic effechs.




PXCRETION OF TODIWE

Todine is lost from the body chiefly thwough the kidnoy and
t0 o lesger exbent in the facces. The amownt varies widelys the rote
of excretion lufluences the body stoxes and the ilodine vegulrcunenice
Urinayy dodine is dewlved Drom the plasm Inorgenic lodine wherean
faecal excrebion is mainly tho resuls of Incomplete veabsmorpbion of
thyroaine or ite conjugates which have psssed indo the alimentowy
tract with the bile, although a pard may alee arige from incompleie
absorption of lodine in ovganic fom in foodetufls. Smnll amoends
axe present in swesdy (S};ecizox* et &l 12453 Hexden end Alexander
1963)e The clain thet considerxabla guentitios of iodine escape in the
expired air (Salter ob al 1949} hos nob heen substentinted (Riggs

1952) o

TRINARY EXCRETION OF ICDHINE

. Urinaxy fodine is derived from the plosme inorganio lodine
(PII). Iodide is £iltored throvgh the glomerular membrone, and
part ig veabsovbed in the tubulesy hepece the reval iodide glearance
is smrller than the glomernlar Tiltration rato. Willionson et ol
(1962) used the shop=flov technique to detormine tho sito of

vepal tubular reshbsorption of mdlolodine In dogs. ITn these



113

cireunstonces the pattern of radloiodino recbgorption seemed 1o he
aualitatively similar to that of chlorvide or sodiuvm, althovgh lodide vas
raabsorbed o o lesser extont in both distel ond proxmimal sogmontde
Targe dogses of jodide » pevohlorate, ov thiosulphote 4id not produce

o significant chongo. These anthors conoluded that lodide ip
repbaorbed in bobth proximal and distal portions of the wenal tubules

Composition of the wrinsry iodine.

The iodine in the urine of nomal porsons is alwosd
entively in inompanic form. This was first shown ueing chemical
methods dn 1954 (Bimer and Schops 19343 Davison and Curtis 1939)
and wes later confimed by vadioisobopic tecimigues (Abort ot al
19493 Albert ond Keobing 1949, 19525 Nyant and Poohin 19503 Rell
19503 Borger md Peyrin 1957)s Iven imjeeted MIT end DIV appeer in
'I;l_xe uweine noynally as iodide (5 tambury ob 81 19562) and it is now
accepted that almoest all of the vrinery iodine ig in the form of
jodtide (Riggs 19525 Pitbt-Rivers end Taita 1959).

It must be noleld, however, that dodine compownds may be
present in the urine in orvgenic fowm in specinl civeuwssioncod. Thus
a large anonub may be demonstrated in the urine of persons with goitro
due bo dyshozmonogenesis and especinlly iu the type due to
delodinese deficiemcy (223 . Smller quenbities of orgenie
compounds may be found in thyrotoxicosls (Rall 19503 Berger and Peyrin
1957 e Algoy after the Ingestion oy Injection of non~howmonal oxganic

iodine componude, for inatance after cholegystosraphy or pyelography,
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mueh diodine appears in tho wrine in ovgpanic foome To dedeot such
cases we have used a vesin colwm to Qivide the urinary lodine into
orgonic apd inoyganic Lracbions (p 22)e At the moment this methed
is not sufficiently aocurate o glve gquantitetive rosults bub it
" ie o weeful screoning procedure. It serves o cle-{:ec";: cases in
:‘ vhich orgenic iodine compounds are presad in movo than Hrace
amounts ond vhore PIT estimation based on the specific activity
of the urinery iodine would be inappropriato. Our method io similar
in prineiple to that veed by Flotcher (1957 ) Tor the
separation of vadicachive jodine compounds in the urine.
Quantity of the urinary iodines

The "norsal® amount of iodine excreted in the urine in
24 honre varies grestly from individuel to individwel and from
vogion to region depending on the distory intake of iodince Thus
it is greater vwheve mueh Tish is consuned or vhere the household
galt is iodised and i% is lower in ploaces vhoro ijcodine deficiency ie
prevalente. Von Fellenbenz (1926), & pioneer in the investigation
of icdine metabolism, found & mean doily urinevry output of 17 and
19 pg iodine iIn the goitrous regions of Hunzené:chwil end Roisten
respectively, but 112 p.g/ doy in Forte dei Maral vhere goitre wes
abocnts In Ohio Curbie ot al. (1937) found & wange of T to 196
vith o meen of 51 Hg/day, which they compared with meons ronging
betueen 27 and 64 (gfdoy, vecorded by other authors in othor

goitrons regiém‘, ond means betwyeen 72 ond 343 pg/ &ay,‘ recorded
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in goltro=free wegions. A more extensive m?ia\*rf has bean
published by WMeGlendou (1939) vhich also ss%mj%ﬁ a megative
covrelation between the prevaleance of @,@siwe in o commmity _mﬁ
the 24 hony urinery fodine excvebion. Rigge (1952) who compiled his
dato fzom the literabuve mm‘iuc%éf} thet in vegions fyrec from
.end@m:m goltre the overall mean uringry lodine exeretion vas
15043 1/24 hva

The novmal 24 howr czeretion of iodine i our ¢oses has
ranged from 5% to L71 pg of dodine daily, although one epperontly
noymal subjeet with o low PII of 0406 pg/300 ul lad o 24 hour
upinery oxcrebion of only 2% Mo/deye. These velues show thet mood
of opy noymal coses had values rathor lower then the mean jodine
excretion found in the Udede and this io probebly due o the
vidosprend use of lodiged zali in North America.

Relobion betveon urivary todine ond plocme fnoywenie doding (PI1).

There is no doubt thet the 24 howr uvincry exerobion of
iodine is 2 valwable index of jodine deficiency and has been
successfully wsed for this purpose In sovessl studice. Howover
for the viady of lndividuel cescs the PIT seoms botbter. Thooo
paraxeters corvelate well, but owcepblons oxist since the PIX
beoys m addition an invorse rolotion to the veral clesvonce of

iodide (p119)e TFigl.1l shows tho observed relotion botween the PIT




Table 2011

Plagma_inorsonic iodine and 24 hour urinary exeretion of iodine in 37 patients

Noe HName

Plaome
inorganic
iodine
pe/100 ml

24 h» urine

exocretion of

iodine

ug Other details

Normal thyroid function

SO D=1 AT A 0

10
11
12
13
14

15
16

Simple goitre

17
18
19
20
21
22

Ihyrotoxicosig

30
31
33
34
3%
36
37

JePe
JeRe
DY
Telfe
MeSe
JeBe
G ..W.
C QD.
D.C.
Sele
I‘H.G‘.
TeFe
JdeFe
BeCe
IT.G.
J.C’:’.

M.m.
I‘MQ
BaTe
E.G' -
TeDe
LG
TR
V.P.
JeSe
Aol
E. D.
T Re
Ml

MeWe
Tohe
HeSo
J .I‘JIQ
AKe
Hale
AoCa
Molie

0425
0e34
035
039
0e14
0.16
0657
0.1
0425
0018
0416
0.18
0.14
0.18
0e14
094

0407
019
0404
010
0402
0.02
006
0604
0.01
0.06
0404
0.12
0.03

028
013
Q.02
0408
0«46
0e32
0465
0.01

75 Table 2.2
99 [ 1] 11

61 1] i1
171 [} 14

44 n [ 15

87 1] 1"

104 i 14

40 58 n

151 " 11

87 27 yr M. medical staff
46 Table 242

ar - L g;,i
51 f i
59 " "
53 " w

18 Hod $aken XI mixture

34 Tableo 443
1 w

44 ¢ L}

67 it 1

70 " R

56 1] 11

36 9 114

25 "t "

15 1 1) n

56 " "

53 7" # )

55 64 yr F. TheCledl ml/min goie 75 geo

56 19 yr M. TheCle 179 ml/min goie 75 ge

101 Table 4.1

40 " &
10 i L1
53 n it

153 5 4 yr Fe PBI 948 pg/100 ml
20 27 yr s PBY 12.4 pg/100 ml
155 19 yr Fe PBI 9.2 pg/100 ml

6 26 yr Te PBT 749 pa/100 ml




PLASMA INORGANIC [ODINE AND 24 HOUR URINARY
EXCRETION OF [ODINE
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Fipureg 2413,

Relotien between the plasme inoreanie iodine and the 24 howe wsdpn

exerebion of ioding

The vesulbs obteined in 37 patients show o voxy eignificant
gorrelation {r = 0482, p<0.001), bubt it io not a sctraight-line

2EIDTICN.
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and the 24 houvr urinary ioddne exeretion In 37 of our patimmbs

(Table 2411)e There 1o cbvicusly a highly siguificent xelation
{p<0+001), but not & streight line ones Thie lack of linearity is due
to two factors. First, patients with o low PII lave on the avorage o
sl;‘v’.ghﬂy higher m&al clearnce, and this resulis in sgreater
proportional decrease in PIL ‘then in the 24 howr wrimyy iodine
exeretion. Secondly, the 24 hour uwrinayy exeretion is proportional
to the mean PIT 1@@3. of the patient throwghout the doy, whereas

the le recorded by ve lo the festing one. The fasting PII oy
differ slightly from the mean daily PIT, and thio would asain distord
“_bhe linecar wls;ﬁiﬁm Since the reporved moan renal c¢learonce rates
of iodide do nob Q:;i‘far from one cowmbyy to mother the mean 24 houw
wrdnaxy oservetion of sufficiontly lange groups vill beor & ¢lose

and linean r@l&ﬁiﬂn $o the meon PII in cach groups IHowever since
there ave wide varlatlons in the rensl clecvance of individuals,iodine
deficiency in an individval cose can be deduced mowe aeccurately from

tho PIT then fvom the 24 hour wrinory oxcrebione



RENAL TODXDE CIBARANCE

The zabe at which the plasma is clesred of ilodids by the
kidueys con be calovloted from the Van Slyke clearance formla using
the madicectivity of the plesmpa and uwine 28 en index of the relative
concenbyations of ilodide in these two body flunids. The concentweiion
of vadioiodide in the plesme afser o txocer dose doen not romin
conotant, but falla with dime ond the offect of this on the
ealenlation of the reagl slosrance hag been discussed by Berson et 8l
(1952) end Alexander ot ol (1962)s  The foxmnle oud teohaigue which
ve have nsed ave desomibed in Chapter l.

TPable 2412 ghows the pesulis obtelued in novmel subjeels by
different onthorse The stonderd deviation usually given is nod
entively appropriate sinece the distribution ig of legnowmel rether
thon pormold typee Toble 2413 shows our repal iodide cloarance
determinations in 23 male and 25 female apbjects, none of vhom hed
ovidence of thyrold sx_:f@nafl disenncs IMeles on the vhole bhod higher
voluee (p<0,001) preswmnbly becavse of their larger body sizo. The
a;eamn@s was npet related bo age except thet lower values were found
over the ege of 60, both ia mles (p<0.02) end females
{@{ ﬂ.ﬂl).‘ .Ef we defing the nomal wenge of wenal olearance as the
mehy & 2 BaDe (2fbor logarithaic sonversion) we obtain o rango of
14T to 5845 nl/min (Alexonder ot o) 1962)s In prockics we hove

adopbod 1540 1o 55.0 ml/min 2o cnr nommal ronge end this includes
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Wommal wonal cleovence values in ml/min grouped according to ogo

ondl 80Xe
Malon Pemnlos Potal
{23 cosos) {25 cases) (46 casos)
Ago mooan % Sedle netir & Sele neon + Sele
0 =19 2740 3145 3040 4 Le62
(3042 = 3247) (2740 = 3247)
20 = 39 4046 & 3467 2540 & 5480 - A940 & 3462
(2549 = 6148) (1567 = 4143) (1547 = 61.8)
40 = 59 3848 + 3453 23+4 + 2406 3345 & 229
(1749 = 55.8) (390 = 5744) (17+9 = 53.8)
60 - 272 % 225 193 4 3441 . 22,2 + 2,52
(2140 = 50,8) (1347 = 5845) (1147 = 38.5)
Potal 5660 & 2625 2503 A 1480 31ed 4 1e66

(179 = 6143) (11e7 = 41.63) (12.7 - 61.8)

The obsexved range is shovn in brackets balow the mean 1 Sele

Tho individual volues are shoun in Table 2.l.



44 of 406 normal caneSe

Faotors influensins the repal iodide cloayanse.

Bricker tnd Hiad (1955) estoblished that the remnl ieza%:i.q};e
alesyonce was moaflected by increoned moies of urine lov and wes
independent of the cleayance of sodivm, chloride snd poiessivie
The seme euthors (Hind and Bricker 1854) bave zoporbed & linma

relationchip between renal lodide clearance end glomeruinsr
filtration mote. The high velues of yewnsl clearance found in
hyperthyroidion and the Yow iwn hypothyroidism corld be explained in
thisg weys Low rensl icdide clearavnes have been found in xoml
insufficicney by HeConahey ot ale (3551) and by Porry and Hoghes
(1952). Theme 1last authors sumsested that the decveased wemal
clearance in patients with zenal Inenfficiency was due both o
deoreased glovernlar filtretlon zate and %o increased tvbular
resboorpbion. A docreased wonal lodide clearsnte bam been raporbod
in the nophrotic syndrowe (Piaschi et ale 1959).

Coseone ot ale (19573, b) fowmd incressed vemald lodide
. cleoronces during mbewrty, in pregnenty, end In hyperthyroldism,
acronegtyy ond Cushing's syndvone, and decveased values 3n
hypothyroidiom, hypopliviterism end wenal discapes These
ghservers suggest that en inovease in yonnl lodide cleampsnce which
ey be of fomilial ovigin may lead o o low PIX and so to lodive
dedicimoy goitree. This mubject is discussed more fully in
Chopter 4 where It is concluded tint althovgh e high ropul clesrance
of dedide is & ravre couse of lodine-doficicncy goltre pew se, it ic

pevertheless a pignificent conbtributory factor im many
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persons on o lovenovmnld dictayy dodine inteakos.

T8 an dnoreased renald clesrance of lodine is conbributing
to the production of jodine=deficiciey geodire it is clearly
desirvable to know what fectoxs influence ite Daecrcaped clearance
of icdide has been reported in patients baking a lovesalt dict
ond convorsely the clearance is snid to be increased by an
increase in wodlum chiordde intolke (Baschieri eb ale 1958 s Caszanc ob
ale 1959, hle A diminished werel lodide clearance was Found in
raty aftor protein starvaiion (Aschkenosy and Guerin 1960), and
1% vas suggested that this is the govse of the high plasm
rodiciodine velues dhsorved uwader similor conditlons (LAschlenasy
ot als 1559)s .

fnimal exporiments hove shown an inerease in rewal
clcaronue afier adninictration of propylthiourecil (Brown 1556),
end a sinllax effect hos been aleo guggested fov perchlorato
(Fimi et ale 1956) and caledun (S :impseﬁ 1947)s However, Ialemos
and Fontras (1962) did not find any incresse im the zrenal iodide
cleazonse in wsn eftor adminlstration of celeivm (both acute and
chronic admindstration), potassiun perchilorate, cavbinazole, ond
sodinn chloridoes

£% do theowebieally posnible that some entithyrold drugs or
natural goibrogong may, in addition to their dirvect offect on t&w‘
thyroid, indece an lodine-deficioncy stete through & reml leak of

iodino, bub there is no good evidence of this ot present.
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VXCRETION OF IODIDE IN THERMAL SURAT

Information vegerding the lcdide conbent of humn sweat is wvery
soonty, mainly because of the technical dlffiomlitien involved in
measuring the vory smll guantitiens of icdlde normelly present. Spector
ot ale (1945) attempted to meosuve the lodide content of swent in four
subjects moing direet chemical assay, but ddd not relate it to plaoma
levels. Nelson ot ale (1947) gave clght pubjects lavgo doses of iodide
ond were btimoe able to raise the swont and plasmy fodide to levolo
measurable by chemiead methods. Afber administrabtion of 143t 4o children,
Brodkey end @ibbo (1960} found = lovor concentration of radioiodine in
the sweat than in the plasma. Such igotopie meaouvrements permit only
the relative cmounts of iodide in the sweat end in the bloed to be
detomineds. Using o combination of chemical and radioisobopie tochniques,
similer in priveiple to thot employed to cetimate the plaom inorgspic
iodine (PII), it is posaible to meke o much morc complobe study of iodide
excrebion in the sweate In this woy the lodide oxeroted in sweat (SI)
in pgfhr eon bo neasured, ond reloted to the PIT conconbtration end to the

iodide lest in the urine durdng the same $ime inbervol.

Hethods
Thesm%m@l ecoensiderations

Sweat is formoed from o procursor finid pimilar in composition
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to placme (Bulmer ond Forwell, 1956). Since the svesnt glands and
wibules cannot éistlnguish hotween mdicscbive and oteble iodine atons,
the speeific activity of the iodide (proportion of the redicsctive to

total dodide sbtome) in the sveat is the some as the specific sctivity in

the plasnie
132 432
I gweat L7 placm
1 8T PIT

The plasma inorganic lodine is normally too zmell to be meosured chomicslly
but cen be eslexlated indivectly from measurements of weimsxyy iodide (p.ll).

2 132 ploems  ,, I132 urine

PII Urinozy dodide
and 3 1392 gueat - g 132 urine
8% Urinnry dodide

Subjecto sindied

PThe main group of subjeets studied van oleven word petiento,
all having PIT concenbrations within tho physiological wanze of 0408 =
060 pe/100 mle

Physdenl data for these subjeeto aye showm in Teble 2.14
To valideto the specifie aetivity method & furthor soven cuthyroid vard
patiente were given potassium iodide orally, in doses renging fyom 1 %o
&5 mg for 24 boura prior to the poriod of sweatinge The plasme gnd &wm‘%
iodide vere thme ralsed to lovels at vhich conventiomald chemical methods of
asspy could be used in addition to measuvoment by the speciflc activity

method e



e —————

Toble 2.4
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Phyaical daio
Hodght Velght Surfoce areast
Potient Sex Aso (yr)  {om) (x2)  {(vg metres)
1 I 59 164 &7 1.72
2 T - 48 166 77 1.84
3 n 64 70 74 1.85
4 Mo 53 174 78 1492
5 i 7 163 162 2409
6 n 69 157 p1 1,02
7 ¥ &5 155 o 174
8 7 45 155 53 1,48
9 iy 60 165 Ti 1.76¢
10 ¥ 42 163 54 157
F 359 60 1.61

11

49

% Surfane aree prodicted by Du Bolo's formuloe
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Procedure

A tmcer dose of 100 pe of vadioiodine (1999 was given oxolly
with the sambj@é'i: fastings One hour later the oubjeot vas covered with
fwo woollen blonkets ond one electric blenket in a bed whieh ud been
prehented, Dordng the subseguent two hours sweatd was collected in
polybhone bags ploced round the erms o the axilles end yound the lege to
the Imoese The volume of gweat was calonlated for cach am and leg from
the éi:ii’:’g‘emngce in welght of the polythere hefove and afier sveating
(Ao e ; 96 ml)e The bage and lignid were cowmted in a wolletype
seintillation comnter and the % dose 1’132/1}11% sweat wvas aalonlated.
The wef;y& wos svbsequently filtered end its urea content esbiuvated by the
nethod of Skemem (1957)e Urine was collected over the seme 2 hour period
and ite vadicactivity end chemical lollne conbent were measuved.
Chomical @sﬁ;ﬂfmad;im was by the chlovie acid dimestion method (Famrell
pnd Richmond, 1961) emitting resin column btredlnonbe The concentretion
of iodide in the sweat {8T) wes ealenloted from equation {3)

ST{e/300 ml) = % doso IP%/ml swent x wrinnry lodidels/100 m1)
' ?}%’ dose Lise/ml uwine

Plasma radicactivity was measured ot the midpoint of swéading snd the
PIT wes colowlated (2317). ~ Plagmz vedicachbivity at this tim can

be assuned f;a be entirely due to inoxganic lodine and to be the meon
wdioactivity of the plasma over the period of sweobing (pl3). Veiner
{ 3.945;?} has ghown that the volume of sweat oxoreted by the sryes emclosed

in polythene (arms ond loge from feot o kneeos) s 244 of the vhole
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body sweal, thus one con calenlote the tobel guontity of hody suend
exorobted in our subjects. The plaomn lodide cloarance to sweal wae
calounlated fvom the formninsw

Swont oleawance - Toted body oweat (ml) x 4 gose 2{3‘5&/&3# sueab
(nL min) % Gose i

The volume of urine oxercted during the 2 hour perdod was measured end
the rennl exoretion of iodide and renal cleaxonce of iodide were

calenlatod (p18 )

Reoults

The resulia axe chown in Tables 2.15-2.17 and Figse 2.12
and 2.1%. ALl valves ave expressed as wean * stondard ewror of monn,
Prelinivory oboorvabions. designed to test the walidity of the speeific
activity mothod oo ohown in Pige 2.2 In tho soven cubjoots given
iodlde oupplements & loso linear coxzolotion (r = 0499, p<0L01) wn
found between. shmliencous dircct ehenlcel and indinecet wudicisctople
astimtione of tho gweat dodide. The soyecnend bedwer the concentrotion
of iodide m the sweat from apg@zalm orms smd foom opposite logs in the
gane mubjoets p<0.00% {Tgble 2.15), io furdher confiznation of the
reprodusibilifty of the methods

The coneentration of lodide in tho svent was 0W.A67 & 0035
/00 nl. The rato of sweating from the erag and logs of the

subjeots munged Trom 30 o 209 ml pey 2 hro, moon WS + 16.9 nle Thovro

-~

mi plasme X bime 0F SUeet eoliec FLoniming )
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Table 2.164

Sweat Iodide Plaopa Iodide Sweath Jodide

(a1) PII) B8I_ Cleaxence

Potiont 1e/100 ml pe/ 100 ml PIT 11/min
3 08 »21 #3060 200
2 23 33 o 166
5 - ,37 : 20 8 0 7 1.0
4 35 ‘ $2 - W67 OeT3
8 03 : 33 +10 T 2e48
6 w22 ‘ o35 08 218
7 31 | 43 G20 150
B 16 29 55 Dafi2
9 «15 «19 «79 2460
10 07 W10 70 2460
1 06 15 43 0463
Mean #167 201 «589 153
Belle of L33 038 o066 D26

mean
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SWEAT IODIDE g /100 m!
(Specifi¢ Activity Method)
251

20

5 10 IS5 20 25
SWEAT |ODIDE ,ug/IOOml (Chemical Method)

Figuee 2612

e

Comparvison of dirvect and dndirvect estimations of the sweol ilodide

agoncentraobion

Thove is a vexy significent corralation.
Regression eguations y = 051 + 1.28x

T w (499

p<0.001



SWEAT IODIDE (51)

pq/lOOmI
Oo4q

O-3-

O 2..

ol 02 03 04 05

Plasma Inorganic lodine (PILL) ,uq/lOOmI

Fgg &13?@ 331.5

Reolation between placma inovpanic lodine and tho sveat jodide

concentrobion

Regrossion equation: y = 0.66x - 0.02
AN 0075
p <0401
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vag no significent difference botween tho voelume of sweot cmeroted
from one aym compared with tho othew, end fron one log compered with
the obhor lege The mean iodide crevobion fyom ams ond legs por

2 hours vas 0121 * 0,0205 pge The relation botwomm 8T end PIL i
shom In Table2.16 and Mig«2.13» The rogropsion equation i8 y =
0666% = 040%, ¥ = 0,76 p<0.01e Tho ratio ST/PIT vas 0.59 + 0,06,
zonge 0430 40 0485, The swent clenrxance of iocdide was 1455 b 0«26 mi
/min. The loos of icdide im the sweat voricd fxom 2 to 9% of theib

oxoreted in the urines.  pn4.npesion
s . o BF gl

Pdsoussion

Theve are two posslble souvces of ervor in egblmtions of
the iodide consentrabtlon In suente The Dipst AlfTiculby is the occureic
colleation of +ho swenty the socond ldos n the measuvomend of the very
pmall quantily of dedide proseat in the eolleoted puente Hueald
collectod from the prns con bo assuwed to be representative of vhole
vody sweat (Johnston et ol 19443 Indell 1948). Although Iadell (1948)
found sweat collecked in polytheno bogs to be of & sinllewr aoncuszzﬁ;mﬁim
to sweat obtuined by body washingso, it has boon sugresved thas ovead ’
aollected i bage is more concentzoted (pa11 eb ol 19383 Kilcoman e¥
ol 19535 Ven Hoyningen end Voiner 1952)e  One poasible cxplomatbion

ig that waler vapour condensing on the polybhene do Inadenuately mized




with the pemainder of the swoote Thio ds copecially likely dn

]

exporimonts whors sweat do yepestodly drained fron the bag in the couvee
of the expecimente O the obthor hend, meosprenment of fotal body avend
loss by washings my give folsely low walues betnune of inoonplelbso
gollcoblonss | Those Sourcos :;v:‘é" aevor ove olimimted using the method
we describe; the comentvebion of ewent iodide is caloulated from
the tolal | dlodide zmaxsmm o ‘m@éﬁw&& vedioisctopicaliy, oud the volmme
of sweat o m‘fe@@mﬁﬁ by bag velghingss U.Tim@%s chanical measurerent of
the ledide @ammg&m%im in sweal end plasme is dmecoumbo ab
physiological Yovelses Spoailio sobivity nethods have been applied fo
the messurcnent of the plasma iodide {p 1l ), ond this method cen couaily
woll be epplied to measurcuent of the sweat iodide. An additioml
adventose of & mﬁ:&.eim%a};ﬁe mathod 4o that any oxopenous lodine In the
glilng contanive ting the swoaty is not messuveds
In the present experinent ot the highsweot zate induced, bie

fodide losses in the sweat over the @ hour pewiod vas 0479 3 0,080 pg
/ 100 ml. This was & to Gh of the winery 16ido excxotion over tho
gane periody and conpperes with on opblwal deily dndake of ohoud 160 pg
o 200 pg (155 Yo The lose of dodide dn the sweat o4 least in
teaperabe cldmabes do therefore insignificante

Ve have showm thet the sweal todide 1s welmted vo the placms
10dide, the vabio SI/PIL bedng 0410 o 0405 with o mosa of 0.50. This

is gomevhad higher than tho yodio 005 to 050 noon 0417 obtalned by
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Brofioy ond Givhe (3960) in nomnl ehildeven by ncosurlng $he sadio=
octivity in svead and plasme ofter o twacer dooo of Fedloiodinc.
Howover, wo hove fouwmd that conslderable guonbtitics of wdicsstive icdine
moy be loot Dy adoorption on 1o polythone or glaso suwfoces and this

roy partly occouny for tholy lover Ligures giuvce in tho desordpdion of
tholr method no rsf;en{;ﬁ.m wos made of this odeoxbed modionctivity. On

tho other hend, as Brodkey and Gibba oupgest, tho concentzotion of

lodide da suent may vory vith agde

5?3&%.32‘ :

Tho concontyabion of ledide in thormel sweat (SI) ne boon
neosured dn 11 subjeets with nowmnl ploens dnorgende dodinmo lowvels (PIT)
using o coabinption of chemicol ond roadioisotopie toclmigues and woo
foumd 50 Do 01T 2 04033 pa/100 mle

Sweat lodide clearense was Le53 2 026 ni/min.

The ratio of wweat ﬁ.ﬁﬁiéle/’gﬁmm dodide conceniration verded
botveen 0410 ond 0485 (moan 0458).

The logs of iodide during vovere sweabing varied hotwes
&b and 9% of thot excreted in the urine. I is comeluded $hat in
tomperato elimntes logs of dlodine in the gweat ls not on dmporient foetor

in producinz o stote of dodine deficloncy.
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Dictory intake

Caleulatlion of iodine veguiremonis based
on epidemiologieal datba

Calonlation of iodine veguivements baged on
auwmbtitotive studies of lodine metabolism
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Various methods ave available to detemine the regulrenenio
of cgscntiol dietory constituonts in wen. If the intoko is lmown and
the excvetion in the urine, facces, sveat and bireath can be measured,
a balapce con be goleulated. It can reasonchly bo ascuned that o
negative balonce of en essential nubtrient canvot be swoteined over a
long period without depletion of body stores and ultimate 111 health.
Albernativoly iIf it i knovn thet a dotcotoble cbrormalllty resulis
from long continued deficicncy of o given subsilonco, & survey of the
dictaxy inteke in pationts vith end without the ebnormolity may give e

clue to the minimum reguirement of the mutrient.

Dictory Inbtokee

The ovaluetion of the iodine inteke of an individual is
noboriocusly difficult since, in eddition to the general diffienltics of
diet surveys, the iodine conbent of the some food verics considerably
depending on the place and scagon in which it ic produced. It dio
thorefore neceasory b hove ovallnble the resulits of rooent ovwalysoes
of the mjoy iodine=containing food itoms in the locality in vhich the
survoy ig coyried oub. lor instance, fcoding chiclkens wvwith fich may
raise the iodine content of both poulbry and eggse. Divoct cnelysioc
of the Tood conoumed in & metebolic ward io more sccuvate but is gbill

vory vndatisfectory if tho information desired is the iodine inmteke
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wder normal conditiong, and not that in o metabolic waxd.

The caleulation of the iodine intake, using a dlet histoxry
in conjunction with tebles giving average ifodine content of foodotuffo,
ig gubJecet to lexge cwyrovs. Novertheloss, statistically valid
comparioons can bo made if groups of pmbients from the scue lceality ere
adeguately rvondoemised end duovesbtigated in the same voye. Thus evean if the
figures are not cccurate in on abooluto smoe, they are wsoful ag
evidence of difforcnces beitwoen groupde

BSoa food in the only weally »ich source of icdino, and since
ity consumption vardes markedly Ffrom subject to swbject according o
individual proferences and from communibty Yo communldty occcording to
general availability, it i9 obvicus thet difforences in lodine intako
in arcos ivn which jodine ic not added to the selt aro to an importont
extent due t differences in Tish consumpbion. Thng the high
provalence of goibro in mowtainous yeogions o due not only to the lov
dodine content of the loenlly srowm food bub also Ho the scarcity of
gon Tish (Tddzas 1953). Wovertholose milk ond ogss olso goniodn
pignificant onomnts of iodine, ond theroforo povsens not taking edther
fish or dcdised oalt do not noecosuorily dovolop an iodine deficiancy stotoe

The Chileon Todive Bduneotiondl Dureon (1952) s colounlnted
Trom figuroes provided by the British Ministry of Food that the averezoe
urban working=class diet dn Britein contedns 565 pg of icdine por

weel or 80 pg per doy. Thio figure is lower thon o ono obbaincd



from our dletary suvveys in Glasgow and also mich lower then what wo
consider o be the opblmal smount (pl55).

Ouy Glasgou survey vas baged on diet histories token by Hiss I.
Dallas, dietician to the Westera Infirmary. The iodine conbent of the
diet was calonlated from Tables 31 and 3.2, and for other food items the
tables of the Chilean Iodine Educatiomsl Buvean (18952) verc useds Vo
rvecordad the average dietawy iodine inteke of 67 nommel subjects, 24 malos
and 43 fomales (Teble 33) and fownd the mean 0 be 290 x 19.3 pg/day.
Thia figure i much higher than the esiimate previously mentioned end
cowparison wiﬁh the 24 hw urinary lodive exeretion shows that our
cgtimation of the dietary iodine intake iz mnduly high. Dietexy initake of
igdine in equilibriun cquals excrotlon of lodine, and as wve ave secn, the
grenter part of this is iwn the uvrine. One would ompect, therofore, to
Pind the ﬁi@t&gy intake alittle higher than the 24 hr excrotion of icdim.
This ds not the ease iu our survey and we believe that the discropancy
belbweon ai@ﬁaxy inlake end urivery iodine exerction should be abbtyibuted to
a systematlic overestimatlon in the diet history and not an undevestimation
of the 24 hx_ﬁrinamy iodine exeretion. We heve good cvidence aboubt the
reliobility of the urinary lodive estimtion (Richmond 1962)e On the
chﬁ; hand, diet histarieﬁ ave subject to the Tollowing inscouracies: (1)
meagnrenent a§ thao ioﬂine‘ccn%enﬁ of the food is subjectto greator
techniaal error then measurement of uwwlnary lodlues (2) The icdine content
of food may'vamg'eansi&@zably from sample o gzmple (Richuond 1962).

() It is aifficult to be sure abont the iodine concentration of food
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deble 31,

fodine content of food ebiained in Glaccow

LY

Noe of samples Mean fanse
tested vef ke P/l
Milk 10 64 26 - 134
10361 2 127 124 = 133
2644461 2 76 75 - 78
24,4561 2 46 46 = 47
11961 2 er 20 = 20
Bggs (vhole) 5 247 12 - 373
Pish
foddoalk 3 8250 6590 = 9860
Herring 4 400 2;0 - TOO
Whdbing 7 1750 650 = 3610
Inssele 1 850

Food additive (alginate) 5300 « 92,000
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Toble 3.2

Average iodive eontent of some pveryday foods

Those figures aye the nmeans of selacked figuves from tho
Tables in "Todine Content of Foods” 4 Chilesn Todine Hdweational
Buvean {1952). The observations desoxdbed om psl40indicate that

use of the Teble overestinntos the dietexy intake of lodines
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TasLe 11, Avcrage iodine content of some cveryday foods

MiLk & MiLk PropUCTS
Milk (cow's)

Cheese
Butter
Mcan
Ecas .
Hen's eggs Mean

Muar & Mrar Propucn
Mutton

Beef

Veal

Pork

Bacon

Lard

Mean

Fisni

(i) Marine Fish
Sole

Sea bass
Savdines
Mackerel
Halibut
Herring
Sea perch
Cod
Haddock

Mean

(1) Anadromous Fish
Sea trout
Salmon

Mecan

(i) Freshwater Fish
Carp

River baw

Lake trout

River pereh

Mecan
Fistt Onis
Salmon oil
Cod-liver oil

All others taken together

Mean

lodine con-

tent(p/ke)

f'_“'}\'__\

Fresh Dry

basis  basis
35
51

56

47

1031072

2300 47t
SEVER
37 1031
J20 2229

520 1388
4o 3103
14603 7493
3180 135941

832 37715

w0
it 1030
130 1020
08
1 Y
hi
40 104
30 P10
" 2450
8387
josa

4030

SureL Fisi

Crab and crabmeat
Ouvsters

Clams

Lobster

Shrimps

Mcan

Cenrar Grains &
PRODUCTS

Rice

Matze

Wheat

Flour

Bread

Barley

Qats

Rye

Mo,

VEGETARILS
Mangolds

Jodine con-
tent{yra/ke)
N W
Fresh Dry
basis  basis

308 1202
577 4712
783 3595

1020 4744
1300 4987

708 3866

(;()lil'l]‘i, 1‘-:.‘!1}"1(711],‘\'-. DLUTrow 12 Hoo

Caulitlowe,
Bectroo:
Onions
Cucumber
Leteuee
oty
Turnips
Asparagus
Patatoes
C.ibbng_'c
Spinach (¥ s e
from 1.

LyGuMEs
Peas
Peans

Frutrs
Pears
Tomatoces
Ap plcs
Cranberrics

v Mean

=2 39
- 43
37 44
42
58
38 02
[¢lo) o1
74 84
- Gs
11 Y]
| S
21 233
X 204
400
a6z
o
A 343
4 2102
43 0
2 =

201 1636

30 234
10 :

17 gl
6 277
29 100
18 159
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:@ blo 3 -ﬂ,_

Digtary iodine latake in pe/doy in nomwl melosk, estimted fron dict

history

20«30y 4059y & =081y

357 359 236
406 229 . a0
232 231 288
359 204
519 4310
267 5
€0 412
399 .

340

480

478

609

56

% Thone subjects were rolstives and vislitors of ward petients. They

wore wnselected exceopt insofer as thoy volunteered for the study.
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Fahila Bed
Peble Se3h

Digtory iodine intake in Mofdoy in mowmol femalemit, cotimated from

dilct history

M =3y L0 «-59yr 60 =79 g»

4 320 244 215
257 360 401 220
245 328 275 b3
467 400 48 316
336 237 209 08
215 522 200 442

374 202 102

346 228

069 262

192 131

223 173

251 260

300 260

554 331

201 262

4 These subjeots wove relatives ond visitors of ward pptionio. They vwere

unselocted oxcopd insofor as they voluntecied for the oiudy.
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items pol analysed in Glasgowy bub Saken fxom tables, since the pame
food iten may show efmsiﬂ@m’ble variation (Chilean Todine
Raneational Burean 1952)« {4) Dist hisiories in bhonsclves carry o
congiderable ervore For these weasons the fisures cbiained from diot
surveys, ours and othorsy have a wide meaxgin of orrors

Vith these limltatlons in mind we moy compare the dietary
jodine :3.3;'?:&1»;@ of varbus groupsy although the figuves rocorded should
not be accepied in an obsolute sense. Malos on the vhole seem 0
mges% move lodins thon women (Table Jed)s The difforence is nob
statistically sizniticant (p<0.43) but since the difforence is found
in all age groups it scems lilely that 4% ds vesl. It mey be dve $o
the laxger ealoric inteke of mone Subjoots over 60 yeors of oze scem
o take less iodine (p<0.2).

The great individeal variaetions in iodine intake are
shown du Fig Je.1 vhich conpares the iodino intake of nomal subjects
and patients with simple goitre from the same districte The lattor

lies ot the lowey end of the nowmel distribubtion ewrve (soe ales p205).

Galenlation of todine wequivemonts baged on epidendolosical dotoe

The assessnent of lodine regulrements in won iz @ifTicult.
% has been sgsuned thet the uindmum lodlpe reguirvenent ie that

amownt of Jodine which will prevent the cucurrenee of lodine=deficiomey
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Poblo %.4

Blotory lodin, 10 dndoke

In pefdon dn novmal svbdechs according 40 856

ond sox

Age Inlos (24 comes) Fenoles (4% casos) Totel (67 casos)

20 -3 332 217 4 4640 295 & 302
(232 %o 406) (144 o 467) (3144 1o 467)
40 =59 354 & 4944 300 & 320 322 & 2647
{60 o G09) {48 to 1069) (49 %0 1069)
0 - 269 4 4640 234 & 515 253 1+ 3449
(75 to 412) (38 %o 442) {38 1o 442)
(
| Tobal 323 & 20,0 273 + 2646 290 + 193
! (60 o 609) (36 to 1069) (35 o 1069

The xonge io shown in beackods below the mean + Ul

Phe individueld velues aro shown in Teblos 3.32 ond 3.30.




MEAN DAILY IODINE INTAKE IN NORMAL SUBJECTS
AND PATIENTS WITH SIMPLE GOITRE

PATIENTS WITH
SIMPLE GOITRE

No. of Cases

12
NORMAL SUBJECTS

, L
200 400 600 800 1000 1200
Mg lodine/ day

Fimureo 3.1

Hean dedly lodine intake eogtipated from dict histories

Noxmal persons have o mean daily intake of 290 4 19.3 pa.
Pationts with simple goitre have an lodine intoke ueuwally lying ob
the lowey ond of the normal curve. '.’Eha éiffovence between the means

of bhe tuo groupse is highly significant.
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goitre. On this basis figurees have boon devrived fxom caloulation
of {the quantities of lodine present in lodised malit, since this oald
ig Im»:mz 0 bove protused o dvomatic foll in the PYevalence oOf none
toxle goltres The lowest lovel used with striking offect is in
Suitzerland, and hore the sdditional amcunt of dodine suppliod
averaged 70 My per head of tho population dallys. On the basis of this
type of evideace i:ffa'k@vizz{xswie and Romelingoowaml (1960) conclude thas
the haren reguizoment for lodine is less thon 100 ug o daye On the
other hand, affter an extomsive poviow of the subject, Rubschorne
Alchbenzen (1962) concinded that the physiological requivenant of
jodine io of the orxder of 200 pg pox day, o 70 my por yeore The
figure of D0 Bg por day has aleso boen proposed by Curtis and Forbmen
{1943, 1949) as %he opblmm daily dodinme intale, bub the boml
(mininum) dntake accopied by these authors woes 44 1o 15 ug daily.
Tho Comnittee on Nutritica of tho Britich Modieol
Assosiation (1950) set the miniswn dedly requivement at 100 pz
for adults ond 150 pg fox childvon, adolesconts ond in progionoye. The
' Nubwition Joard of the Natiomal Research Council of the UWS.he give
: the optimum flgures ag 150 to %00 lg for an alult and the volue of
( 400 pg ig epproved by the Food and Aﬁ,miéﬂl-lnwe Organisation of thoe
Unised Nations (3954)
The wasotisfoctory miuve of the evidence provided by

gpideniologicsl diclayy surveys in illustrated by owr oma curvey in
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Gleosgows Ve found thet patiente with iodive~deficicnoy goitre had o
mean dletary intake of 79 4+ 20 pe/doy g bhe highest individusl value
veing 134 Mo/doy. Hovever s bhis Tigure was not in keeoplng with the
24=hr urivary excrebion of lodine (;9140) » Siving systenotically higher
ralues. Fuvrthermove this dietory suevey does not given an esﬁﬁ.mat@ of
the individwld wardations in lodine vequivements. . One cen conclude
that such surveys ave uselul only for comparison between groups

{cege with end without goitre) but do not provide relisble absolute

fTigures.

Colonioation of lodine wenudrements bosed on guentitobive atudles of

iodine meltoboliom.

A fresh appronch to the problem can be made by besing the
egbimate of iodine veguirement on the intake which in needed to
maintain the PIT within the normel xenge of 0.08 to 0460 pg/100 ml.
This ca}.au”l.a'i;im of the dodine requirverent is, hovever, congidersbly
infivenced by the ronal iodide elearence rate. The renal
cleoxence of ledide does not deorease when the PIT falls nor
does 1% inmovease when the PII »ises. Unlike chloxide (Pig 3.2)
there is no homeostotic renal mechaniem 4o keep the PIL constent,
ond go the PIT fluctvwates with the distary inteke of icdine.
When the dictoxy intsle s deficlent the i;hy:mic'i‘ componcataes by increasing

ito lodide clearance but the renel elearsnee doos not altere TFig 3.2
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mechonion:

DIFFERENCE BETWEEN ADAPTION TO CHLORIDE
AND IODIDE DEFICIENCY

CHLORIDE

é

Ll

N
Renal
C/earance

)

|1

=
Renal
Clearance

Plasma
Chloride

Conc,

Plasma
Chloride

Conc,

10D01DE

o

%5 Plasma
o) Inorganic
o lodide
S ——
Renal Thyroid
C/earance Clearance

o
UL e

o0 O inorganic
o0 lodide
Rena/ T/)yro:d
C/earonce Clearance

?gmm Je2

Adspiosion bo ghloride doficiency

When dietery ohloride indako iE; éim*ipiahea thore 1o no decreaso

...n?m‘f e and o the uweinnyy chlowide excrelion alse decrcases

in the plesns chlomﬁea level. This is oamem& by & wemal homeostatic

the venal chloride oleomnde decrenses in propordicn 4o the

in proporbion, without eny altoration in the plasme chloride lovel.

Capbion conbimed overlcal
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Caption fio Pisurc 32 (eonbinued)

Adaptobion to Iodide doficioncy (weeks or wonths)

Vhen dictary dcdide intake is diminished tho plasme
jodide (PII) decreases in proportion hecauvsc there is no renal
homeostoblc mechanism: the renal jodide cleaxance remaing wnchangods
Note that the urinory cxeretion of ilodide deercsses in proportion
to the icdide intoke, but this is aohleved by & reduction in the
placna inorganic iodine, whorcos in chloride deficioncy this is
achioved by meduction of reonal chloride cleooxence. The simplified
general formila in, dictory inteke = urinary oxcretion = Pléma
concentration x renal clearances, Iun iodide deficiency the plaam
concentration falls ond the romal cleorance remaing constant, vherecas
in elﬁorida and sodium deficiency tho plasma concontreiion vemaings
constant and the renel cloarance deoressose WNote, hovevor, thot
althovgh there is no ponoral renal mechanien for the adjusiment to
lodide c‘ief:lc:imcy,_ there is o thyrold mechanism: in iodide deficioncy
the thyroid clearence vives ae the plamma inoxgenic iodine (PII)
fells and timo kecps the abmolute iodine uptake (ATU) vithin the
normal yonge. Thus in the cose of sofiun end chloride the homeostatio
mechanion {renel) protects the vhole body, whercas in the case of-

iodide the mechaniem (thyroid) acts only locally.



15%

<

illustrates how the Imcrease in thyroid dedide cleoxence
compensates for the low PIL. This increage in thywrold clenmnse in
vsually accompanicd by goltve formbicn (p210).

Ve con therefore define the minduum iofdine reguircnomd oo ot
emovnt of jodime which is necessaxy to madntoln o nomeld PIY and co
avold the fommation of an fodine-deficlency golire. Weo hove found that
the lower 1imit of the normal PIT io 0.08 ug/100 ml (p47% )s  Sinco,
howevar, thove ig some overlep between the normal range end thatb
oboerved In dodine deficloney goibye we suggost thet the minimum PIT
valne which protects £ porson from iodincedeficicnoy goitro is
030 ug/me mi. With & remal cleavenco of icdides of 34 m:!,/m:m the 24 hour
wrivayy ozozetion of icdine at o PIT of 0.10 pe/100 nml is S0 pg/doye
Allowing 20pe for faesal excretion this leads to o Figuve of 70 pg/dey,
as the mindmun dodide mequirement for the avermge persons. There is,
howover, o wide xenge of wonel olearance, and vhile 42 tg/day would be
enovgh for o person vith 2 »enal clearcnce of 15 ul/min, if the roml
elearance wore 55 mi/min 99 pg/dey would bo reguived, allowing in each
cope 20 g For faccal cxexotion. The faecal lodine ozcretion, however,
ney reach 40 pg por oy, ond oo the iodine requivenaits must be
increased by anobhor 20 Mz/dsy. Such o powson with & veml cleaxance
of 55 mi!,fmin vould therefore require o minlonm lodine inteke of
120 pz o day to madntain the PIT ot the lover levels of tho normal

remeo (0630 1g/200 m1).
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These consideratioms show that the iodine requiscaonts
may differ widely oven in pevfeotly lvalthy porsons, sinco both the
voval clearanse of dodide snd the faccel iodive excyotion kove g wide
noranl vanges 70 {g dedily ds the averoge ilodine weguivemont, bubt some
peroons neod only 40 pg vivrcos others nced as mich as 120 My A PIX
of 010 /100 ml vhich wes talen as the besis for owe caloulaticne
mat be eonsidored the ebgolute rather than the safo ninimm, end it
would be bevter to aim at o PIY level of 035 pg/100 nl or wore. This
vonld raise the dosirvable todine inlcke from o minimen of 120 pofdey
4o the safeor level of 160 pg/day. Theso vaiuw refor of covyne 10
emcvnts of inovganic dodine aciud ly entering the body afier
ingestion of foode All the iodiwe present in food may not bo
avediloble in obsosbeble form, in vhich case the miniwwm roguizenanto
woudd have 40 he adjusted uprirds.

A caloulotion of iodine sctuivement based on an approach
somovhel einilar to our owm wade use of the 24 hy weimey excretion of
ioddne. It wog ?’mam’i thaet when the 24 he urivazy iodine wes less
then 40 g/ dzy the vadioiodine wpbtake ves wevnlly incmoscscd

(S tanbury 1959). Tho fodine roguivoments wero set ot 100 pg dodly,

edloving for o mawgin of safobye If to the 40 pg dodine oxcweted Jaily
In the urinc, one odds 20 p for foecel oxzeretion, the valwe riscs
0 €0 pz which is in good ogvoement with our own cobimato of 70 pg as

the avexrage nindsum iodine veguiromonte
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Gonelusion.
Looking % cur own evidence an a vhole, we aveive ot a
Pisuve in the vogion of 160 pg o day 2o dhe ninimn cortainly safo

grmonnt of ioding vhich must be availnblo in tho dndividuale! diod if

i0dive doficlenoy goiltre dg to Lo ovoldeds Whisn dntoke wouldd mintein

the PIT in the noxmal monge in olmost $he whole popnlation, a.lv'«_‘:hsugh o
few excephional individvals with ebnowrmelly high exeretion rates of
jodine would have & PIT helow 0415 pe/200 mls Tt might be ndvigchle
$0 xaige this figure o 200 ug dv children and durving prognencye

It is importent to lheep this figure of 160 pz 4o 200 pg in
mind when coraidoring the adoguaoy of the dictary intelic of icdinc.
Thus 1% oon be seen thet . consumplion of pea fish two or threc
timos & wock provides the exira iodine necossoyy for the majority of
tho monbers of o commundby not vecolving dodised solhe  An cotimmte
of the minirmm zeguirenent of jodine is elso noeded in deciding t&ié‘
amount of iofine vhich chould be added to solt for goifre

prophylaxise.
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Chopter 4.

PATHOIOC TCAT, ASPRCTS OF TODINE IEPABOLISH.

Uy objects in undortaking those siudies were to eotablich
the pattem of iodine metabolism in the verious disoxders of thyroid
function, and to exonine the valune in clinical disguoseis, if sny, of
sueh measurcments as the plasmy inorgenie iodine cencentration, and the
ahsolute wploke of dodine by the t hyrolde The methods used have been
desceribed in Chapter l.

The pationts ineluded in the investigation ore first deseribed,
and the individual resulis are presented in tabulor forvme In the
subsequent sections of this chapter these resulbs are anal ysed and

discussed in the light of previous worke

Pationts astudied

The coumplete series consisted of 107 patient s with thyroid
disease, and included 40 vith thyrotoxicosis, 53 with simplo goitre ond
6 with hypothyroidism. The diagnosis vasc made on olinical grounds
(veyne, 1960), ond confirmed in every case by estimation of the proteine
bound iodine. Vhen necessary we used, in addition g3 uptoke tests
ot fonr and 48 hours ond proﬁe-in—bamd T3 gy 48 hours, thyroxine or
tri-icdothyronine cupprogsion tesis, the porchlorate discharge test, the
T9H stimilotion fost, estimetion of the butonol-insoluble I131 eng the

intrathyroidal oxochongeable iodine, thywoid auto=-antibody studics, end




159

finally the response to treatment.

Pationts with "simple goitre? i.o0. non=-toxic goitre
exceluding frank cases of dy&shormono@enesis, cuto-immune thyroiditis and
goltyogen adniniotration (pl8) were divided into thoso with high thyroid
radioiodine clcavance (and 'itp‘b&%ke) values, and those with normal onas.
VTalues of thyroid faéioiodine clearance up to 40.0 ml peor minute wore
concidored o be nommal. Although in practice the c¢learonce values form o
continuum, this separation serves o useful purpose, sinee in patients with
a high radiolodine uptake theo mechanism responsible for goitre formation
is presumebly still active, and also since those eczses aro move likely
tehhe misﬂi&gnoseé as thyrotoxicosis on tho basis of radioiodine uptake
studlca.

E@;&:;ents vith ocuto=-immune thyroidiitis attending this elinic
have been thoroughly reported by Dre Wo¥e Buchonan (M.D. thosis, 1962)
and so will not be deseribed in detail.

Threo potients with iecdide goitre were studicd, both while
talkiny end afbor discontimiing the large ilodide ioaé.s wiich nd resulted
in g;oiﬁm formation. Studles were also cavried out on four proven cascs
of c’iyshomgmggemea:ls ‘- three of Pendred's syndyome and one of goltrous
erotinlem with an dhnormal cirenlating lcdoprotein. The coses of
dyehormonogenosis (p217) end iodide goitre (229 are dlscussed

individually because of the small nuubers of cases availsble for otudy.
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12¢c \sm aw daily for one weslk,
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Table 4.2

Jodine motgbolism da peimary bhypobthyroidicsn

Phe ypbe The Cle  PIT NG BOT fle Cle
Vo, Name % dose mi/min  pg/300 ml  pg/he pg/100 ml  mi/min

S Y

M. 1349 860 ) 0605 060 1349

1

2 Wil 1340 e o135 0413 05 3040
5 3Me 346 246 o037 0406 05 2043
4 ABe 56 0 «26 040 16 3.7
5 Bale 346 FaD 15 0] 0.9 1941
6 B.0e 1046 Tol W25 L.l 10 2843

Menn & Bele Beliked 34T74Le3  «l4te0d  O0eB0el6  0e830e2 194847349




Thyrold clearance ./ 40 ml/min

(For sbbreviaiic

°

ns and units used see p V1)

T gest Stable iocdine studi

Goitre 2, hr FBI ‘hiet  uptele g 48 br able lcdine sludies i1
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£ MH. - .
1 J oHa F NN M.m HO\ 1z Mom -NU QM mmv»m Qcmvﬂ Qe.&.ﬂ mfw.om M-mrm 2 Q@M 2 om
2 B.G. F 22 80 55 73.7 99.6 020 = 46,7 1085 03 2.0 35.3
3 D.E. F 3% 75 2k 70 569 99,6 99,9 1.l 0e26 67,6 12,1 .02 1.7 U480
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i ex. ¥ I 7 Ll 71,6 8ha7 0,08 0406 53,3 8940 03 1.6 19,0 6.3 _
15 J alie F 59 150 i 59 545 25 86,0 9Le3 0,09 =  Thel 1554k L06 5,7 30.7 10.0 |
16 KL, H 13 75 Laf g8 5.8 1797 03 3.1 38,8 M
17 B, A, 7 12 50 e 5240 T4&S L5 24 u
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19 CoFe F 29 100 & T S 431 53.8 08 2.6 16,0
20 Sede 73 55 ‘}mw 75 3143 mmmm omm Nom Nmom
21  8.H, ¥ 25 200 2 L2 38,8 SkeB 0,30 = 29,1 57.6 O7 2.5 37.8 M
22 1.4, PO 50 LeS 38,1 55,0 oO7 2. 35.6
Nm Q .@U N M.W mﬁ ! m-w mmcm Wwiu’ 000% Nobr NWOH
2% T, F 2 5 712 549 2941 5048  J08 2.3 32.3

_— .. .
,mw. test: nomal suppression of thyrcid uptake, rote discharge test negative,

In every case the precipitin teost was negative,
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Goitre : test
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Hlinefelterts syndroms.

In every oase the preecipitin test was negative,
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THIROTORICOS I
Inorsenie lodine metobolicon

In thyrotoxiconis, the overactive glend tekes wp on
inoreased quantlty of iodide and produces cn dnercased guenbity of
thyrold hormonee. The thyrold clearonce and uptake of radiolodine
and the ebcolute iodine uptake (AIU) are inoreased and wouwrlly lile
voll gbove the nomal rongee Ioreover the iodide vhich io token wp
is quickly converted to thyroxine ond ropidly roloesed into $he blood
streom.

Measurements in 40 cases axc shown in Table 4.1 ond
sumarised in Teble 4e4. Txeopt for cases trecatod with lodine and
not dneludod in the Table, the thyroid cleavomce wéa alvays waised
and cxceoded 1000 ml/msm_ in one casce The dhaolute iodine uwptake
(ATU) ves oleo increased, oxceeding 6 pe/hr in 21l oxaopt 4 casod.

' The rise in AIU i3 somotimen mot as mxled as thd of tho
thyrold clearance because the plasma inorganic iodide (PII) is slightly
decreasads The decreano in PII is not stotistically slgaificant in
our serics, but is noveortholess suggestivo (p<0.2)e Té would be
expeeted on theoretilenl grownde since in thyrotoxicosis not only

are oxzonis lodine compounds lost In the faeces and urine in excoos

(Borson and ¥olow 19543 Voo Middlesvorth 1960), but the reml
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Todine metabolicn in /0 csses of hyperthyroddicm

Meon

5 wlifg, . Range

Hormed Ronge

Tha Upte at 25hr. 694

The CLs

PIX
AXQ
LA

28048

0615

Bonal clesrance 3543

2,50 3746 = 9949
33497 48,9 = 105440
04015 0602 = 0446

2439 3.6 560
052 448 = 2146

2659 1244 - Bl.2

1040 = 35,005

840 = 4040 nl/min
0,08 = 0660 /100 mi
0.5 = 640 pg/r

Be0 = a5 /200 mi
15.0 = 5540 nl/min

The individunl valuee are shom in Table 4.l.
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clenyauce of lodide do aley s}ishtly dncreaced.

Thig increase in rennl clearonce is movecver greater then
ig soggested by the ignren in Table 444, becavse in the thyroboxic
group the proporiicon of female mibjects is meeh groater then in the
control gmup » Ond nowmel meles have o grenter menal cleexance thon
normeld femaleze I£ we cousider only femnle cages the figures are
351 + 246 ml/min din the toxic cases ond 2505 4 1.8 ml/min dn the
nomal ones. The differonce is oietlstlcally signiflcent (5 = 5409,
p<0s0L)e Tho incressed remal iedide clearance in thyzotoxicosic oo
boon abtribuied not o o gpoecific aobion of thyvoxine dbul o an
inoreased glomorular Tiltmiion mie (Wlad and Bricker 1%54). High
values for tho renal oleavance in thyrotoxicosis (4644 & S.De 746 ml/min)
vere found by Cosseno et a1 (1957). IcConahey et al (1951), on the
other hand, rocorded nommil wvalues but they studied only o few cases,
and did not allow for sox differcncosge

Although the PII is uwsunlly normal oy lowe-normal in
thyroboxiconin, it ds uswlly reiced in peitlento who nve rocelved
modorate amounts of ¢xopemona Iodinc. In thoese pationts the thyroid
cloarance and uptake may 1lie within the nowmal range or even below ib.

Tigs Aol and 42 showthet the eheolute lodine upteke (AIU) is
of cengniﬂamb‘.!.a value in the dizgmosis of thyrotoxicosis, pluce thyro=
poxic pationts have a much larger AU than euthyroid subjeots, vhether
or not they lave goifro or o high radioiodine upiake. 411 the patients
vopresonted in Fig 4.1 nd @ high ‘mammcaine uptale. Totimation either

of the proteinsbound lodine (¥BI) or of the AIU scpnmatos tho



ABSOLUTE IODINE UPTAKE AND PROTEIN-BOUND IODINE
IN THYROTOXICOSIS AND SIMPLE GOITRE
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high radio-iodine uptake
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Figure del

Abmolute iodive uptolke (ATU) and BBI in lodine derficicency goltyc and in

Jbyrotoriconis
- ALY the patients chown in this Piguzre bave & high mediciodine
wpbakos Both the ATY ond PBT give o good sopaxetion belween pationts with
iodine deficisney goitre and those with fhyrotoxicoslss A omll overlep
ocouvs with either test, but vhen both are ueed the diagmostic accuraoy

is increnpef.



RADIOIODINE UPTAKE (22 hr) AND ABSOLUTE IODINE UPTAKE
IN THYROTOXICOSIS AND SIMPLE GOITRE

Thyrotoxricos/s
Thyrotoxicosis
A on jodides
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Tigure 4a2
Radiolodine uobake and sbsolube iodine uptslke dn sivple coitre snd dn

Providrdbedeod st

The ALY gives 2 good separabtion of pbients wi‘i;iz' simple goitre
from those with thyrotoxicosis. In contyast, a2 good seperabion is not
chiained with the 2% 31.1"‘ 13‘3’2 upbake because o large proportion of patients
with s:imple godtye show inoreosed valuety vhereas thyrotoxic patients

recoiving jodides uvewally show nomal or low valuese
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thyrotoxic and enthyroid patients quite vell, but I bhoth axe
egtinnted gyeator precision is aohicveds o thyrotoxio pabient hod
both nomal P8I and normal AT,

Tig 442 shows the ATU and the 2% hr uwplele of redicicdine in
37 thyrobonds paticnts, including seven vho had been recelving lodine
in some form, and dn 45 paticnts with sinple goitre. Winetem patients
with simplo goitre had o high mdioiodine upbtake, wherdas six thyrotoxic
mationto bad normal or low values. The ATU gave wueh more welisble |
vosulte, s:mm_z: there were no abnormally hich voluwes in the group vith
a:impm agoibre, and only thrae normal values in the thyrotoxie groupe
Ormapdc iodine metaboliom

Bg‘iﬁz the laxyge amountd of thyvoild hozmone produced by the oveore
ackive gland cnd the rapid intrathyroidel bwmover xate of iodino conbribut
to the high I fomd in thyrotoxicosise Thus the ¥BISL values
esbimobed 40 hr after the adninisixation of thoe isptope alwmost aluays
exceed Ouffh of $ho dose por litre (Woyno 1954, 1960)s This is in
striking contrast bo nomal persons in thom tho PRI 1o nlmost elwoys
loss than ﬁ..%?ﬁ? of the dosc per lilre, ond with Sracer doses is uwswnlly
undaetectnblce

The soran BRI is alnost olways inerveaned in thyrotoxicosic and in
our gases wos on the average raiged by a factor of two and o lf, Thig
inoreane is not, hovevor, propordlionsl o the ineresso in the AIU vhich was
on the average inercased nine dimes. A straight line rolotion would not be

expaoted sineo the periphorel degradation of thyroxine is secelerated in
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thyrotoxiconis. A more nearly Yinecar mmmom o dhtelned iF the ALY
io plotted opainst the third pover of TBI, showm in Pig 4435 The
significont correlation botveon ALY and PBI in jhyrotoxicosio is in
contrest to the findings in enthyroid subjoets (ps9). Tho bobttor
correlation in thyyotoxicosio moy be oxplained in two vays. Firstly,
in ﬁhm‘hexieoaiﬂ the glend ic not subjoet to auy regulation by TSH, and
times there io no physioclogicsl “"brake® on thyroxine production.
Secondly the time Interval between trapping of iodide ond thyroxine
rolengso io deocrcesed in thyrotoxicosis end se the AIU and PBI would be
expectod to correlate bettere Riges (1952) and Borson end ¥alow (1954)
found o relationship between thyroid homone production and the ogwre of
the PBI.

| The $otel amount of hormoml dcdine pioduced delly in thyroe
toxicooio would bo expecied to vary with the severdity of thw casos studicde
Tt wos found %o bo 890 pefdoy on the overage by Inghar ead Freintel(1955 )
and of this 359 pgy were degradedsy +this comparxes vwith thoir figuroes in
nomal subjects of 58 and 54 pg for produetion and degradation rospectively
Berson ond Yalow {1954) found thet %he amount of hormonzl iodine scereted
dnily dn thyrotoxicosis was on the average 671 pp/day vhan they used o
method based on the kinetics of e trecer dose, or 597 pg/day using o method
hased on methimzole {("topmzole® ) block. Thoso fipures of iodine sccretion
are nobt vory differont from our mean AIU value of 20.7 ig/hr (50646 pa/day)
and ouggest that in thyrotoxicosis, as woll as in nomel oubjechs, most of
the icdide takem up is comverted fo thyroid howmone. Weo Imow, hovover, tha
a2 sell Sroction mast bo seereted as icdotyrosines md o nore significont

omownt oo iodide (Slingeriend ot al 1962).



ABSOLUTE IODINE UPTAKE AND PROTEIN -BOUND

IODINE IN THYROTOXICOSIS
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Absolute dodine wptake and probeins~bound icdine in thyzuboxicoais

Two thyrvotoxie patients have a noiml PBI and thyroo o nozmal
ATy but in vo patient ave both perameters normal. Thewa Io a good

correlation (@ = 04636, p<0,001), but it iz not o straighte=line ono.
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Rodiothyroxinge turnover studies in thyrotoxicosis have
conuistently shown o decrcased helfwlife of tho hormone vhich is
atbributed o on incressed vate of degradetion (Ingbor and Freifid
19553 Steviing omd Chodos 1956)e Tho metobolism of Ty in thyzo=
toxicosia hasheen investigated by Hales and Dobyns (1960) xf;‘z;w £omnd
that less then normal was daken up by the iivor, ond more remained in
tha plasan and was delodinoded or oxcvoted in the wydno. More {E‘§ in
present dn the serun in tbhyrotomie subjects then in normels (Vannotti
et al 1961) pnd onses bave boen reported vhere it was the mejor
consbituent of the PBI (Rupp ond Paschkio 19613 Shimaoks 1963).
Becouse of tho groater metabolie ectivity of ‘333 the PBI would not
coxvelate with the olinical severlty in such casos.

Farran ot al (1959) have dcaonstrated iodobtyrosines inm the
perivhoxal blood in thyrotoxicosiss This finding con be inberpreted au
inﬁi&&t‘i&g that the dolcdinase systen cannot kecp pace vith the
increased ancunts of icdobyroninos continuwously releaned from the
thyrotoxic glandes The px-eaencé of iodotyrosines in the perviphercl
blood aloo cxploins their presence in thw urine of meny thyrotoxie
pationts. In our thyrotozic group 15% of the wrinexy iodine wes Found
to bo in owganic fomm by the vesin colum mebhod (p22). Since the
veinary iodine iz uwsed in the eetimation of the PIT without corveetion
for organie lodine, the true PIT level in our thyrotoxic group wenld be
013 pe/100 wl instead of 0,15 ue/100 ml. T other vords these potients
a0 evon more iodine deficient thon appearas fyonm Teble 4 o4 Though only
& emall proportion of tho urinsry iodine is mccounted for by omgenie

compounds they novertheless cumilatively represont o slgeificent loso.




In _conelusion, the thyroid radicicdine dlearanve
and obsolute lodine upiake axe greatly incrcased in thyrotoxicosice.
The plasma dnorgenic jodine is slightly diminished, probably
owing o inex;ea;;ad lows of lodine iu the feeces and increased ryepal
clearances |

Quentitative studies of iodine metebolisa ave nob
necongary Lo c}iagmésﬁia in the mjority of suspected cases of
thyrotogicogise. Dub in problem cages measurenent of the FBI

~ end MU con indlonte the true level of bthyroid activibty vhen

~stendard wodioiodine bests (thyroid upiake ond wrt3l) aro
frankly misleading becauso the dodive pools of the body are

inereased or docrensed {sce also p26land p253).
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PRIMARY HYPOIHYROIDINIE

Primovy hypothyroidicsn is due to lack of sufficiend
funetional thyreid tissnes. Rarely this moy be o congenital
ebnormality in which cese the clinical picture of sporadic crebinien
without goltre is scen bub moxe of ten it appears later In 1ife
gnd affoets pardicularly niddle aged females. In many of those
ationts, thyrold speoific auto-antibodics can be detected end thin
points 4o o cousal associction with anlo-immme thyreiditils (Doninch
ot el 1961y Hall 1962). In faot the ooson of ontosimmne thyeoldibis
with a small m:!.tm » hypothyroidiam and low thyvold uptako moy bo
conaidered ag ‘femﬂs Intermedints baheem privmxay i;;po%hym:iéism end
the claasienl case of cubto-inmune thyroldltis.

Surgical ezeision of & tpxia or non=~tonic goibre op ovorw
treatment with radioiodine may lcove too amall & porbion of active
thyroid tisoue to prevent hygmthymiﬁiam. In such oases, the pattom
of lodine metabolism is similar to that found in prinery hypothyroidiem.

B In primey hypothyroidism 2ll the atages of iodine metabolism
ave quantitatively diwinished. Very 1ittle iodine goes into the
thyroid g;lema ond very Ilttle thyroid hormore ig produced. Todide
trapping by the thyroid is maskedly diminished as i shown by o low
thyrold cleavance, & low thyroid uwpleke end & low ghsolute iodine
uptaltte (ATT). In oix conscoutive cases (Peble 4.9, the mean thyroid
clearanee s 37 & L3 ml/nin, the thyrold uptake ot &% hy 8.2 &+ 1.60

ond the AIU 0.3 + 0.2 pz/hw.  These resulio do not differ in any



importent reospoet from those xeporied in the litorobure. Tor oxanple,
Reiliy et ol (1950) found o meom AT of L1148 4 3.6 pefiay ow 08 pe/br.
The radioledine upboke in hypothyroidisn, although deersased
on the average, nevectholess shous & considerghle overlep with tho
nomel ronge. Who overlaep is perbtly dve t o techmical facitors siere
the exbrathyroidal acck mdicaciivity inbexferes with {the estimption
of the thyroid radiolodine upioke (pl5). This exbyathyroidal redio=
acbivity decwvoases with time both absclutely end relstively to the
thyroid uptalke, and for this reovon late upteke messurvemente (24 or
49 hr) are proferable for the dingnosis of pvimavy hypolhyroidism.
When the radioicdine uwptake is bovdervline, diagnostic help cen bo
obteived from the U stimdation btest. The upbake rises in & nomel
individend but not in o hypothyredd patient in whom the thyroid cannob
functlon move efficiently than it is olveady doing i.ce tho thyroid
hag no reservie
The plasnn inorganic iodine (PIL) in primayy hypothyroidion is
not sipniticanily 4ifferont from that in nervmel oubjects elthow in car |
own serics or in thot of Reilly ot ai(1958%  Since the amovnt of
lodide releaned by degrodation of thyroid homome is mally the PIT
consists aimost entirvely of icdide vecently imgested with the food and
wonld thercefore bo expocbed to flunctunbe more than in nowwal subjecls
in vinem some lodide is conbtimmously zeleased by breakdomn of thyroid

BOIMONeGe

The zennl clearance 18 low, evoraging 19.2 4 3.9 nl/min in our
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onoes, wvhich is significantly differvent fvom our nomel conbteols
{p<0.02)s Towelues for the wemel olcarence in hypothyroidisa heve
also been veported by Melemehey ot el (1951), Beveon ot 8l (1952) ond
Cansono ob 81 {1959). The decrease in remel iondide clearense mey he
qamsa;liy assoodated with the decreosed glowamiler filtration rete
nresent in hypothyroidione

The periphorel dogradation of radiothyroxing procceds at o
reduced rote in hypothyroidiem (Irghbar and Freinkel 19555 Stoxling am‘
Chodos 19563 Ingber 1960). Thus the PBI concentration in hypothyroidisn
is not decreased es mmch av the thyroid hoxmone scorction rate.
Nevortheless the PRI provides o very wseful index, and lles below
3;5 12/100 w1l dn tho great mojority of cacom.

In conclusion, tho dlagnosie of primery hypothyroidicm cun
nearly eluays be ostabliched uwsing the clinleal andéd cthor criteria
deseribed by Wogne (1960). Stable icdine smindics moy, hovever, exploin
mm{aﬁ@a findings, swh os @ low thyroid wpteke in o enthyrold porson or
o high FPI lovel im e bypothyrold subject, somediues seen after

administration of iodime-containing drugse




N -TOXIC GOTRRE ¢ AIPIOIOGY

Clossification of non=toxic goibtre

It is cleor thot non=toxic goitre is not o disecase ontity bub
gimply o clinicel oign, and there are mony acticlogical factorse
Wigure 44 shows the ehsaiﬁcaﬁion we edopt . Todine deficiency is the
moot widely revognised cause of noae~toxic goiftre and mmy reports nve
esteblishod ite exisbenco in areas where the majority of tho population
has enlargoment of the thyroide Thore has beon much dchate as to
vhethor lodine deficiency aldine ig rcoponsible fox the goitre or whether
additional factores must act symorgisticolly vwith iodine doficicncy
before thyvoid enlamgenont oxeges. Ilost probebly both types of goltre
oxiot, gome due to & scvera degree of lodine deficiongy alone, others
due to @& mild jodine deficiency acbing on & constitutionally pre-
dleposod individuale Thio is further discussed haolow.

Goitrogenic substances are by definition capable of producing
thyrold onlargement. They my affect the individuel citheor becouse they
ore preasent in his uwsual dlet or becange they nro taken as e drug. I
goitrogons ere preccnt in the food meny porsons in the cowme communiby are
affected, and thereo iz ovidence that this happons in Taomonie, bub
thedir possible vole in other countrics has not yet been clearly dofinod.

An inberited modabolic shnormality in thyroid homono synthosis
my give rise to non=toxic goitre vith or without agssocinted hypoe

thyroidicsme The term dyshormonogenesis ic used for this condition.
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Auboimunne thyroiditis moy olse affect the individual end
produce thyroid enlargement. Thore is gome evidence tlot o predisposition
to antoimmine dlsesse may bhe inherited, bubt the familie) incidence io

not neexrly oo striking as in the provious type.

EPIDENYIOIO6Y OF VON-TOXIC GOITRE

It is an old cboervation that non~toxic goitre tends to be
frequent in some axcos, atffecting elmost the emtire population, ond yot
io oxtremely were in others. The terms endemic and nporadic goitro ere
time honoureds. They have beoen used differently by differont vriters ond
the prevalence ghove vhich goitre han boen considered o bhe endemle
varios from 104 (Staxbury 1959) to 507 (Trotter 1959). Tabledschovs
that there is o continwovs variation in prevolonce and thet it ds
impossible to £ind & point at vhich on ohvious separation into Hwo
groups occurs. Thus the terms endemic and sporvadic, though useful, ave

entirely arbitrary«Although there is good evidence thet iodine doficiency

Jie tho major factor in moat arcas in which the provalence of goitre in

high wo do not know at vhat point it ceases to be of mjor imporience.
Dockers (1962) in @ recent cxmtensive and thovough sindy of nonetoxic
goltre algo pointe cut that endenic aund oporadic goitre form &
continuoun spectrum, and lists meny clindcel and wmeiobolic featurcs

vhieh these tvo supposedly different typos have in cominon.
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Tablo 445

Goltre prevolence in differont parbto of the yorld
{Kolly and Snedden, 1960)

Kootmir (Korakoram mountains) ot

l Bihop, Renchi district 07
Voot Bengal, Dovrdeoling 6h
Contral Brazii 6% 475

? Bihar, Purnea district 1074
Hordon, Mexico 465
Fast Punjab, Shivolsk Hlile 27
Hidalgo, Mexico 3506
lexico, lexico 305
South Bast Brazil /A
Puebla, Mexico 244
Faticeni, Romunia 20 o2
Chod, Afrion 154%
Nells Brazil 11.8%
Ddstrito Pedovole, Moxioo 5%
Vorn, Nigeria 7
Baot Drazdl (a4

Gobon, Afries 0 o8%
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It peenms foly o conelwde that goikre will he endemlc if
there is a sewious doficiency of iodine or & high concentyetion of
goitrogons in the diets DBut loss soveore obnomlitles in the dietd

may well affect only individuals cspecially predisposed either because

of thein diotary proferences, or beecomae of thelr hereditory constitution,

ond the goitros will bo termed “"sporadic’e On the other hond, persons
living in cndenmic areas are not proteeted from inherited chnormelities
of ioding metebeolicm, and cases of dyshormonogenesis will preoumebly

he seon as comuonly a8 in nonwendenic &reag.

BYIDENCE OF JODIWG DERFICIINCY W AREAS WITH A 10V GOITRE PHEVAILNCE

d If the majority of persons in o community have a goitre, the
sotlology io either iocdine deficiency or naturelly occurring goitmggez;a.
Iodine a?fiuimcy iz o mich more common couse and it is genernlly agg:v:ée@
that it :ia the importent faotox in wost places where the majordty of
the inkabitonts ere affected. On the other hand in areccs vhere large
quamit:_iés of fish are consumed, or vherc housechold salt is generally
iodised, non=toxic poltre is olmost alweys a rare condition, and the
few cases found are almost certainly not due to lodine deficicncye. The
aetiology of non-toxie .geitre is more difficult to establish in a
country like Great Britein, vhere iodised salt is rorely used ana'fzhem
non=toxic goitre affects only o minority of the inhebitants.  Hiver-

thelosa as many as 26/ of women bad enlorsed thyroid glonds in
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Sheffioldy o city in the Derbyshire goitre arvce (Kilpatwick ob al
1963). Ouv experience in Glasgow suggests that in such greas the iodine
intalke is neither unifomly adegvate nor wniformly deficiont, and only
o proportion of the inhabitants will devolop icdine=deficloncy goltre.
This is not oniy becausce some persons toke moro iodine=containing foods
thon others, but elgo because Individual roguirvemmis vary.

In proctice, it is diffieult to decide tvhether a pertielaer
goitre is due to lodine deficiency or not, because Tirstly, some poraons
can adjust to mild jodine deficiemcy without the formation of a
pelpable goibre, and secondly beecausc an established lodine-doficicney
gui‘i:m does not necessarily diminish in size following iodine
adm.’mistmt:ion, in spite of correcetion of the biockemical abnormality.
lienco, one mey meet patients with g,uitm who have beon lodine deficient
ab some bime in the past, bub who ot the time of Investigation show no
biochemical abnmxmliﬁy. in other words an iodine deficlency state and
en iodine~delicimey goitre do not nooesuerily coexist, and this leads
to further confusion.

" In Glaggovw we zee moro patients with non=toxic goitze ﬁm
with thyxotoxicoﬂim Some non~toxie goltres are expmplos of fyank
dyshormonogenenis, autoimmne thyrolditis, or are due to goitrogenic
drugse Hovever, in nore bthan 907 of our cases of non=toxie goitwze, we
could not £ind evidence of eny of the ébove factors agc‘i those are the
oageswe propose to call “sluple goltro™. Neasurements of the placwn

inorzanic iodine (P1I) s 24=hy urinary cxcereition of lodine ond dioct
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historios all suggest that the great majority of these simple goitres
are the rosult of prosent or paed iodine deficiencye Tobled.6shoro
that ouy pationde with “.saimpm goltre” are s o group ioline doficiont,
ivrospective of whetheor the thyroid radiocicdine uptole is high op
normals Howoever,; the subegroup with 2 high redioiodine uptelke Ind
move severe iodine doficiency, and tholr placma inovgenic iodine values
sugeested that aluwost every patient in this group had iodine deficloncy
2% the tive of emn;imtion. The subegroup vith a normel radioiodine
uptoke on the othor hand wag not ae homogencous end consisted of
patients with e legser degree of lodine deficiency, with provious iodine
deficiency, and poseibly some cases not due o iodine deficiency ot 21l.
v The lmportance of iodine deficieney as o causge of non=toxic
gditra in other arcae vherve goltrous yetients constitute only & omall
minority of the population, has also been established by veorlkors in
felgium (Beckors 19623 de Crombrugghe ot el 1963), end in the north
cast of Scotland (Crooks, porcomal commmication). Beolers found a
plosms inorgende dodine of 0.134 + 0,035 pg/100 ml in his cases of
non=toxic goitre a8 comparced with & value of 0.256 + 0.020 12g/100 ol

in nonegoitrous persons living in the same districts DEotimbes of the
24 hr urinary iodine also showed o significently lover lodine contont

in the goitrous casco.

THE CONSTITUPIONAL TACTOR 1IN NON-TOKIG GOITRE

There iag no doubt that o sulficiently severe inhorited
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motabolic shnomality con give risc to 2 non-toxic goitre s oven if the
iodine inteke of the individual iz high. In such cases a cleer family
historyr 1o uwowally epporent and these pbnommalibiecs are deseyibed in
the chapter on dyshormonogencsis. On the other hoad, thexe is also no
doubt that o scvere jodine deficlency io in iteelf an adeguate couse
of geoitre (p2l). In between, hovever, come tho great bulk of cases of
nonetoxic golitre setn in myny ports of the world, in vhich both icdine
doficiency and constitubional fociors are implicateds In nuch cases,
it is clear that o mild degree of dodine deficiency inducces geitro
formation in cerboln individuals prodisposed to it by comptitutionnl
malke-up, ond not in others. This concept thot some individuals are
more euscoptible than othors was well zcocopnised many yoars apce

Thus Curdis and Fortman (1943, 1949) roported thot cuseoptible (.00

o feu) individuels eon develop thyroid enlergeoment aftor six months
rosidence in a goitrons districth.

There is no precise informaticn sbout the wature of the
congtitutional factor which predisposes some Individuels and not others
to goitre, and little cvidence that mild degroes of tho samo
abnomalitlies whigh p:r'oduaé the clear-cut pleture of dychormonogmesis
in some individuels axe widely distribubed through the populatione.
Howevor, HeGiry (1960) 1es deseribed ten young potients with apomd?.a
godtres vho showed biochenienl abnormalitios similar to those deseribed

in sporadic goltrouns cvetiniame. Ve ourselves hove observed o fomily,
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somoe mesbors of vhich hod goitrous cretinism due $o impoired orsenic
binding of dodine ap shoun by o positive porchlorate dischorpe tents
Some other mesbors of the femily had nonetoxic goltres, but in tizeéa the
perehlorate dischaxge test wos negotives It mevertheless scems likely
thal thoy represent o lesser dugroe of the same biloohomicol chnowwelity.
If po, degrecn of dyshoruoncgenceis not detectable by o roubine tosni
nay be reaponsible for somo casen of nonstoxic goltre. On the vhole,
hovwever, the foach that there is a sibrovg sox incldence in siwplo goitre,
but not in the casmes of nonetoxic goitre associated with sporadiec
goitrons orebinismy and alsp the lack of evidence of founlty
vhilization of iodine in simple goitro {0198, mkes it improboble that
the conebitationnl foctor operating In nost cases of eimple goitre io
gueliiatively similar to tho abno:rmiit:%es; deseribed in the seotion m’a
dyahormonogenesis and differs from them only in dosxeo.
The sex fuctor in mimple goitre i strikinz. 0Of course vhen
almost everybody in o commnity has en fodine defticicncy geitre the sex
rtio mot necosearily appronch unity, but with decreosing provalence,
females appeaw (o be more end mope affected than mles, though this moy
not be true for c¢hildren hefove puberty. This sex differonce in
difficuls to exploaine Nommal femalen have the same PIT level as normel
mles, but in condxast to them they show an oo relation (PIT
inoreasing with oge) and their thyroid clearance odjusts much nore
readily o alievetions in PIT level (p7i)e Possibly imowcosed losses of

iodine during pregnoncy ond lactation (e2light losses elso cconr during
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nenstrpation) my in yavt be zesponsibles As noted in Chapter 3,
an uoreosed yepnl olsaranes at puborly ond durdng progrency has heen
reported by Cassano et al (1957e.b). However, stilbosstyol lns been
ahovwn :;m‘ﬁ o affect the thyroid uwpteke of radioiodine ox the renel
sloavonce (Dowling b al 1959). In mis, faccal excrebion of thyroxine
ig Incveased during lactation o by estrogen adninistration
(Grosvonor l%ga,b) bhut there is no cvidence dthat this s twue of
hanss Crooks et als (1963) noted en ineresse in romel iodide cleavence
in progneney assoceiated with low PIT voluese Thie io consistont with
the clinicnl ohservadion thot the thyroid gland in wonem may enlarge
durking pregnencys Thore ia alsp considevable veriation ln pituitery
aciﬁ.vity during the reproductive life of the female, snd it i possiblo
that intormittent stimnlation by B ngy account for the greater
Liobility of the femele gland to vndergo eycles of hyporplasie ond
Involutione.

A genetlc ¥setoy operating In oll forms of thyroid diseaoe has
been susgested by Bartels (1953), and Stonbury (1960b) hos vointed oub
that endemlc golbro might, in cortedn instonces, be the yesuli of 2 nmild
ervivonmental foflclensy of jedide plaging upon & consilbubional defoctie

It d9 porhops relovant thet some sitrains of rabs and mice have
& move efficient icdide~trapping mechanism than others, oo rovealed
by the thyroid/serun (B/8) lodide concentration gmdient (S1lverctein
ob al 1960; Silverstein and Tee 1961). The thyrold iu the andmels with

the higher T/8 xatio was smoller then in the othor strains. This svasests
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that in mice and rats some styains have a smaller bub move efficient
(por unit of veight) thyroid glond then otherse It would be
interesting to compare the elfects of mild jodine deficiency iu such
difforent strains. |
It ip reassonsble Lo suppose that the ensyne gystoma in somo
glands are more effective thon in others vhen called wpon to work under
adverse conditionge It chowld be remombered thot the same dogyse of
vitenin deficiency moy produce ¢linleal sympbtons In sone subjects and
not in others, and the minimun effective doses of mony dmugs varics from
individual to individeel. Simllaxly iodine defieiency of the same
degree or goltrogens in the same ampunt may give xise to goibre in
sone individvale end nol in others, bubt in this instonce additiomal
Factors must meke the femsle thyroldd more seusltive than the male.
Additional evidence that econgbitubtlional Factors may predispose
some persons to the offeet of lodine lack is shom by the fact $hat
a nlld degree of ledine deficiency moy exist in persons not having on

obvlious goitres This subjeet is discussed in more dotell on p 21le
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LOLITE -ITC TEICY GOTTHE

The diagnosis of lodinc~doficicney goltro is difficunld o
eagtablish in tho individual case. This ia‘hacause en iodine=deficicency
goitye and an iodincedeficicnecy state do not n@c@brmrity cooxists the
somne degrae of iodine deficiency nmay give rise %o goitre in some
individunls ond not in othorss On tho other hand, a goitre produccd
by iodine ﬂéficieney way persist oven aftor the delicioncy has boen made
goods For these reasons it in moro satlsfactory to drav conclusions from
groups of potlents rathey then from single cases. Thus in the clasoical
studies of Stanbury and his colleogues in Argentine, iodine deficiency
vas established for the group siudied ao o wholei +this does not, hovever,
‘precludo the possibility that & fow porsoms in the group had other types
of non=toxic goistrc. These occasional cases, however, would not affoct
the vzliﬁiﬁy of conclusions dexrived from the study of the group as a
vhole, but thelr existence illustrates the difficultiocs with vhich
investigatorg In thic field aro faced. It is for thilso xeason that in
Glasgow we have preferred to study e group of pationts with vhat we torm
Ygimple goitret, that is to say patients with goltres not due to auntow-
immone thyrolditis, fyonk dyshormoncgenesis oy goitrogenic drug
adminigtration. Patients with “simple goltre" gohstituto more then 905
of the coses of nonw~btoxie goitro scem at my ¢linice The covidence shows
that as a group thoy ero iﬁéiné doficient (p183), but 1t is, of course,

gulio probable that some individual cases are note About bhelf of these
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pationts hed a ralsed wptake of radiciodine and in this gyoup the
plasma inorganic iodine (PIL) vas wniformly low so that there is elcaw

evidence of iodine deficimoys. Tho obher half with o normel upitake are
iodine deficient vwhen considered oo a group, dbul as individuvals several

were not iodine defieient at the time of iunvesbigation.

JODRINE MITABOLISH .

The basic abnormality in iodine deficiency goitre is a lovw
plasm inorganic iodine (PIT) concontration, and this is roflected in e low
‘u;'mam exeration of iodine. The thyroild pgland ettempis to compensate
for the low PII by imercascd thyroid clearanse (Fig 4.5 p191) end this
io reflected in o high thyroid uptoke of rodiciodine, which is the most
cagily recorded sbnormality im iodine deficioncy, elthough it ie non-
ppeeific.

Vie owe wuch of our kmowledge on this subject to the classic
studics of Stanbury et ol (1952, 1954) in tho cndemic iodine Jdefilcicncy
creas of lMondoza, Avpentinga. These workers estoblished the midn
features of iodine metaboliam in iodine {eficiency, namely o high thyroid
upteke of radiciodine, and o reducod 24 hr oxeretion of chemicol lodine.
Thedr patients had a variable thyroid radioiodino uptalke, but on the
avevege it vae raisede Thore vas an jinverse relatlion between the chomical
iodine exeretion and the thyroid radiciodine upteke, whieh shoved that

the more sovere the iodine doficiemncy the higher the xediocicdine uptoke
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F1c. 6. Quantitative aspects of iodine metabolism in thyroid disease.

The blocks on the left of the figure indicate the volume of plasma cleared of its iodide
content by the thyroid (thyroid clearance), and the concentration of the plasma inorganic
iodine (P1I) is indicated by cross hatching. On the right of the figure the amount of thyroid
hormone produced is shown in black. In hyperthyroidism the thyroid has a larger absolute
iodine uptake (AIU), and forms a correspondingly larger amount of thyroid hormone. In
hypothyroidism both the ATU and the production of thyroid hormone are reduced. In
jodine-deficiency goitre the thyroid clears a larger volume of plasma than normal, thus
compensating for the low PII concentration, and resulting in a normal AIU ; the iodide
talcen up is efficiently utilized, and a normal amount of thyroid hormone is produced. In
dyshormonogenesis the ATU is high, as in thyrotoxicosis, but the iodide taken up is not
efficiently utilized. Thus the amount of thyroid hormone produced is normal or subnormal,
and some of the trapped iodide leaks from the gland in inactive form, either as abnormal
iodinated compounds or as iodide. The dissociation between iodide uptake and hormone
output is also found in auto-immune thyroiditis, but the ATU is less and most patients are

hypothyroid.

Fg;&‘l‘ﬁ’ 53; ara?”
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becomes. Some pationts, howevery lod o low urivary iodine exoretion and
& normal thyrold upteke and thie Pinding voe Interpreted as the one
Yowpected 1f the pationt had teken iodine wedication in the recont poot bub
hed disconbinued it." That 4o to sny, it is suggested Lhat bhese
patients had at one time been iodine deficient, had then bad the
deficiooy xolieved by the adninistretion of lodine, and af"izer ite
vithdvawal hod become deficdent sgaines The thyreid elearance, however,
bad not had time to adjust again to the newly decreased PIX. In theory,
at leasty this is gquite posoible gince the thyroid clearonce adjusis to
the PIX level only aftor a considerable dolay {p84)s The mesn FBI

in S?;am‘bum‘ 8 aserdes vas normel, but there was a wider scatter of
:i.nc‘i:iv:iﬂual valuess that ia to say mony petleonts had high-noxmal ox
alighily hizh values, and nome had low ones.

Othor studies of endemic golire kave also shown a hish thyroid
upiake and this hags aouelly been congidered as ovidence of iodine
deficioncy (Ghalionnghi and Shoverby 19583 Keo ot al 1958). Fuller
studies heve been eondueted in Voneanela by Roche et al (2957) 2nd in
Finland by lerbexg ob el (1958, 1962), who in addition mensured the
pz*:imry:imﬁm emmtiﬁm by ohemical mothods, and found 1t low. A
already mentioned, mezourements of stable lodine eoither as the plasme
Inovganic iodine oxr an the uripary iodine are the only dixoet proocf of
iodine deficiency.

An extensive study of endemic lodingedeficiency golibve has been
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coxvied out in the Republic of the fonwo by Do Smet and De Visscher (1960),
De Visscher et al (1961) and Urmens ot el (1961). This growp of vorkers
alao found a high thyroid.radioiodine uptake and o lovw éa-m» ueinary
iodine excrobion, but the mesn BT was lower then nomal and indeed nmeny
pationts wore clinically hypothyroide This type of lodine deficicnoy
may be described as uncompensatod (p2ld), minec precumsbly it was so sovoro
that the rige in thyroid clearonce vas not enough to heop the ALV within
the normol range. Hypothyroidiom vhieh is clinically obvious iz hovever
00 rare in lodine deficiency that it is possible Hwt thore were
conbributory fectors. These primitive people bod a low ciendord of
nutrition and it may be that deficlency of other essential dictory
conatituents such as protoin plsyed 0 part.it Raclal predisposition is
possible but unlikely.

Abnormally low FBI values have elso been rweported in India
{Reman and Beiervaltes 1959) end in goitzous pabients in Salvador end
Guaterala (Scrimshaw et 43 1953). In the latter study the FBI reverted
to normel aftor the administretion of iodine supplemonts. Those studics

show that jodine deficiency may, rarely, bo vo severce that tho thyroid is

# Plotnikova (1959) concluded thet in lodine-deficient wats, both lack end
excess "of protein may lead bo enlargement of the glond. On the other
hend, Aschkenesy (1961e,b) found thet in rats on o protein-deficient ddet
the thyroid vas smallexr then in conbroln, but vould still enlanze in
rosponoe to lodine deficiency or hemlbthyroidectomy.



not capable of producing cnough horvamcne 4o keep the individusl -euthyrold,
and also that even this ﬁ@gfma of deficlency is vevovsible if dlodine io
givene

Phe PBIA3Y 15 wounlly mowml in lodine-deficicucy goitwre and this
iz in keeping with tho nopsnl amounts of introthyroidel exchangesble dodine
woually Tound (pZOO), In fact the combivatvion of & high radioiodine
uzptake and & noymal sl i usnally veforred to as on “iodine deficicney
pattern's However, gome of the Congolege pationts studiced by the Belgian
viorkers had high PBII wolues s well as high thyroid uptake, and high
PBIL5Y yehos in endenic goitre have aloo been found in Venszuels by Roche
ot 01 (1957 )e Roduced intrathywoidal iodine stores would owplain these

findings (P25« Purthemmore, 5 of 9 Congolose patients had considereble

amounts of ‘Zi.‘g in thelr plasma.

Glasrou studye
The observations made on patients who sttended the thyroid elinic

at the Western Infixwery are sumarised in Tebled.7ond Pigs 4.1,4.2 and 4.6.
Tifty-throe cases of simple goitre, 48 femnles omd 5 males vere studied
(Table 4.3)end Fig 4.6 chows $he thyroid clearance ond the PII values in

this groupe Tho patients can be dlvided indo those with o high thyroid
cleazaiice. (> 4040 ml/min) ond those with a normal clearence (£40.0 ml/min).
The Tivet growp hnd, in addition to the high clearvnce and uptake, a
wniformly low PII, the higheost vealue found boing 0.08 pg/100 nl. Those

patients were clearly iodino~deficicnt as chowm by the mewvkedly low PIX
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Todine wetobolion n simple {(todlne=deficioncy

gz%i The ggy, Hormol The Gle Total Nowmmal
I eoses

(29 casoen) {53 cases) Range
Thoapteat 25 hr (4) ??.G«h o7 24 o6¢1eT 224651695 1040-3540.
B5e0=74x1) (7.0-5140) (7+0=7441)
Thele (mi/min) TOWTH] o9 25 o741 a6 500245 o2 Be0=0e0
(404627947 {7.5-;,9.«5) (743=37947)
PIL (12/100 m1) 0e05404004_ (1620404012 040840.000 0408-0460
(0.00w0608) (0,02-0.35)  (De0T=De35)
{0557} ({2.4-5.2) (o.n-es.?)
P8I (pg/100 m1) 5040425 5 o140 023 Selt0el]  3e0wTe5
| (27=75)  (25=649) (25+-7.5)
ReLe(ml/min) 30 9245 75 o H12e6 3565 +1o5 154055 o0

(3!‘.:!.-65.&) {1 ¢ 1=0240) {1443-8160)

The fadividunl recsults arve chow In Teble 4%
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(mean 0405 pg/100 ml), the 24 hr urimry iodine oxevetion (mean 44 pe/dey)
ond the dictexy inteke (mean 79 pg/dey). S5 showm proviously {(Zoble 4.6 )
all these values differ significantly or highly significantly from tho
contrTol values. Thege patients wore viell compencoted & a chown by

normal AIU ond FBY valueo.

The osecond group with simple goltre had thyrold cleoarance rates
within tho noxmal yange. Some of these cases hod o low PIT and in some
it vas z.a.gmal. Gn“t;hfa vhole this group 15 also lodine doficient, cp is
showm by eignificontly low PIT values, by thoe 24 bhr urimry iodine
exerotion, emd by the dlet hilstorics (Tabled.6), but it is 1@:#:3; homogenoous
than the previous cne. Probably some cases had been iodine deficiont
proviously, but not vhen stﬁagefi by us. The ATU was not sipnificantly
difforont from thot found in normal females and the PBI was well within
noymal limitos.

The difforence in the AIU in our two subegroups is vorthy of
egmnem. ‘.i’algen as a whole our goitrous patimmts bz;c?. the some AIU ag cur
control :ﬁ'mle caaes ,,Abut the subgrovup vith & high thyroid clearence had
8 slightly higher AU, and that with o nomal thyrcoid cleayence o glightly
lover AIU. Melther of these subgroups diffored significantly from the
controls, but there vas & significent differenco {p <0.02) betweon the
subgroups themsnlves. That ig, the Tirst goiitrons subgroup had & higher
AIU than the other, yot they both produced sinmllor amounts of thyroid
hormorie g shown by the FBI levels. Our petiento with @ low PIZ end a

.némal thyroid clearance arce comparoblo with those of Sianbury ond his
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colleagues, who, in spife of o lov wrinary lodino exmeretion kad o normnl
radioiodine uptake. The explenation may be ap suggested by Stanbary eb
al, thot in those petients Jdodine defioiency is of recent origin. If
the low PII vere to persist, eithor the thyroid clearonce (and the ATV)
would rise or the FBI lovel drop. The altermative explonetion io that
the goitrous patients with o nomal thyroid cleusromce ave able to
utilize iodide trapped by the gland more efficlently than those with a
high thyroid clearsence, end perhaps even botter thon the normel conitrclo.

The overall quentitative melations bebtween the thyroid
clearonce end PIL in our goitrove miionts are showm in Mg 4.6 Thore is
obviocusly o highly significant inverse relafiont

1,11
Thyroid elearance = 16.2 + PIT , x = 0505, p<04001.

The ecorrelation coefficiont betweon thyrold clearance and PII in goitrous
females wee not significontly differont (after z txenoformation) from the
same coefficient in normal fomales, and this implios that the thyroid
glands of these patients on the avernge responded novmelly to the
decroaged PIT levelse The cases vwith normal PIT wvdhes else had normal
thyroid cleayences. Preoumably if thesce patients had nd iodine deficiency
in the past, it was now no longer present but the goitre hed persisted.
In generel, all patients from both groups had o nomel ATU and a nowmal
P:SI/AI’(I ratio (icdine utilizotion index, p222) and this is strong
ovidenee against any eslgnificant defect of thyroid hormone synthesis,
either congenital or goitrogen-induced. However, slthough lodine

utilization vas ealways within the nomeal ronge, it was bebior in some
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cages than dn othern,; end this suyggests that there may be individuel
variotions in iodine wbilizetion in the normol popunlations Both the meon
AIT and vho PBI in ocur goitrous cages was cxaotly the same as in normal
femalesy suggosting that the goltrous pationts did not @dfer on the
average from the nomal population, cxeepd in so far ao they hnd 2
weduced concontzation of 'plﬂ,.sm inorzonic iodine available for synbhetic
purposes. In gomeral our findings in those ceses of simple goitre in
- Glasgow are similar to those mperteé; by Stanbury ob al in endemic goibre
in Apgenting end thio 5:%3:1:3&'0&@3 our view that the discase in the two
countriecs is ensentislly sinllar, although nilder in Glasgove

Thoe é!iea,an,-l cotle value of the AJU i showm in Figs 4.2 ‘and 4.1,
The fivot of ‘thoese shows thet the AIU gives a hé%e&r separation of
thyrotoxicosis from simple goitre than doos the 25 hr uptake of mdioiodings
Migaved.lshows that the AIU and the PBI cre of approximeicly equel value
in the divferentiation of thyrotoxicosis from almplo goltre. The
mechanion responsible for the highradiolodine uptake wvhen the PIT is low

ig shown in Fig 5.2,

Other aspecto of orgorde iodine motoboliom.

Exoane et ol (1961) have made direct meesuwementso of tho idiine
content of oxeised glonde in casec of sovere ilcdine-feficiconcy g;a:oi‘tré
from the Gongoe The btotal lodine contend was dn the normal weuge bub
the concentration por gram of bisowe wag reduced to aboub 25 por cenb of

normal. Henoe the finding of & noral value for totel inbrathyroidal

oxchonseoble iodine in no wey oxcludes the diegnosls of iodime deficicnoy.

Icdine deficiency io cmmeterised@y & low PII ond not by o lov intro=-



thyroidal oexchangoable iaciin@ oxr & low Alll, except in come exbreme cases
of waconponsated iodine deficicncy. In fact, our potients hnd normal or
slightly elevated values of intyothyroidal exchongesble iodine, the
fipures in 6 cascs boing 29.0, 1544, 146, 643, 10.0, and 6.2 mg
vespeatively (mean 13.7 mg)e If cxpressed, hove ver es (g iodine/g of
tiosuc, there is oan inverse relation baﬁwaén iodine concentzatbion and
glond sizes Ih ds only in very sovere or acute iodine deficiency that the
intrathyroidel oxchangeable lodine may be decreased, and this exploins
the oscooional high PBISL volues recorded.

| Chromatogrephic studles in the endemic area of the Congo
(Ermens et al 1961) showed en incrensed ¥obio of labelled MIT to DIT
end alse of labelied lodotyrosines to 1odotby:;~nnine. « Theae outhors
postulated that the low concentrotion of iodine in the gland vesulted
in o slover trensfor of T131 from MIT into the more heavily lodinatod
compounds (DI? end lodothyronines)s A high MIP/DIT ratioc hos alao been
found in experimentel odino deficlency in animele (Teloup end |
Tachivor 19555 Querido et al 19573 Bois and Larsson 1958). This
increased :-m/nm ratio is not apeeiﬁfie for iodine deficiency, since
it has Leen found in many other thyroid disorderss Probobly it is
ansociated vith o primitive form of lodine metebolism (PitteRivers et ol
1958) and mey therefore be found in almost any thyroid dieorder oxcept
ioddde induced goltre . .

Tho High MIT/DIT rotio is probebly not due to incweasod TSH

stimlation, since the roverse relotion, decreosed mtio of MIP to DIT

hos been found in animals afler periial thyroidectomy or exozenous TSI
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administration (Cukier and Trisntaphyllidis 1959; Triontaphyllidis and
Cukier 1959). The Tinding of en dncrcased WIT/DIT ratio ‘in hamen
goltres (Pitt-Rivors et al 19573 Dimitriadou ob al 1960b, 1961) i
therefore in no way indlicative of their ebiologye

| Inereased goncentration éf mﬁin-ﬂ??’ in tho placme of sone
lodino=doficient Gozyggleée patients lns been noted by de Visscher et gl
(1961). In jodine=deficicnt rotey on the othor hand, the plasma
concentration of ’333 vas nob abnormal (Guerido ot al 3;957),,_ but there
vas an inoreased T_y/l' 4 rabio in the thyrold gland (Leloup and Iachiver
1955) « |

Beckers and De Visscher (19612) found decrcased tissue

deiodinase activity in endemlc lodine-defioiency goitre in the Congo,
as ‘mvealaa by &_al':i@;mi incrense dn the propoxbtion of rodicactive DIT
excreted in the urine aftor o tracer dose of this compound. Since
these patients weve slightly bypothyrodd (mean FBI 353 /100 ml)
tihis finding is probably comparable to the similar observabion made in
hypothyroidism by Stenbury end Litvak (1957); that is to say, it is

associadted with the hypothyroidism and not with iodine deficiency as suche.

Regulation of iodine motsboliem.

B ‘The thyroid radiolodine upteke In iodine-deficiensy goitre can
be incrcosed aftor administyation of exogenous TSE (Stenbury et al
1?52), Tho pesponse to exogenous TSH has also been fully confimmed in
aur’a:ar:igs. This means that these patients are not nnder maximl

endogenous T8H stimilation, which is not curpricing in view of their
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eubhyroid stales

The high thyroid uptake end cleavance of radioiodine io
suppressed by afninistration of exogmous ‘3?3, oy 3?4,\ and this moy nerve
to @ifferentiate iodine doficlency From thyroboxicosis (p26).

In summare, in lodine deficiency goitro the low plasma
inorganie lofine (PII) level is compensated by an inoreesed thyvoid
clearances In this vay the absolute icdine upteke (AIU) by the thyroid
is nommale The loddde taken wp is officlently uillized, and a romal
amount of ‘I;hgs:m;ié hornione is produceds These concepts are Iliustrated
in Pig4 5{(pl91) which compares the potitems of lodine meitsbolism in

differemt typen of nonwboxic gollres
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ATRIOIOEY OF I0DINE DEFICIENCY

Good evidence of iodine deficiency io provided by oither & low
plasma inorganic lodine (PII) or & low urinary cxeretion of iodine. The
normal PIT range in our sevies vas 0408 bto 0.60 k100 ml and values
below the lower figuro indicete iodine deficiencys. For the resulis to be
simificant in o single cose, however, oeithor repeated measurcments or o
PIT value bolow 0.04 jz/100 ml 4o required since the S.B. of & singlo
mezsurement is 30402 pg/100 mls Stanbury (1953) coneidered a 24 hour
wrinary cxcrcbtion of fodine below 40 pg as indicative of iodine
deficioney, since most patients with such & low excrebtion d o high
thyrold vptake. A PII of 0408 #e/100 ml would corrsspond to 40 g of
urinery dodine/24 hr, secuning on average renal clearance/ :Etgnﬁmca
(34 m1/min). Thus the findings in Mondoza and Glosgow ave in compleie
agrecnonte. On tho whole, howover, we profer the PIT to the 24 hr
vrinary exerobtion as evidence of iodine deficiency, since in some yere
cages with an ineveased renal iodide eleamance iodine deficiency may he
pracont in cpite of o nowmml o lovw normal 24 he wrinsry cxcreibion of
lodine. Furthermore the PIT can be estimated in out-patients with
greater accuracy than the 24 hr werinary cxcretion of ilodine, because of the

difficoultios aspoclated with 24 hy colleotions.

Deficient dictary intake

Noficiont diotory intelke iv tho most imporiant single causo of

indine defieciency, end iis role ia especially dmportent in distriots vwith a
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high provalence of simple goitre. The best knowm areas of high
prevalonee cre mounkainous, o.g. the Alps, tho Himalayes end the &ndes,
but high prevalence vas alsoe found in ceriain low=lying arvcas such as those
around the Great Iakesin Worth America. It hos boon suggested that all
these areas as oithor high or low altitude have boon subjocted to
flooding after the last lce-age, and that most of the dodine in the soil
hae been vashed avay into tho sca. Tho deoreaved concentration of iodine
in the soil leads to o corrvespondingly decrcased concentration of iodine
in the drinking wvator, in plonts groving in the soil, eand in daixry
produce. An inverse »plation has been found in meny ereas beitween the
iotine content of soil or vater and the prevalence of goitre (Kelly

and Snodden 1960}, but obther sourses of icdine have not usuwally boon
adequately congidered. Tish and othey seafood is much richer in iodino
than eny other foodstuffs and in mountainons aveds not only is the lodine
In the drinking vwater frequentily low bub little sca fish is usvally caton.
The sponteneous decroase in gollre provalence obzorved over recent yoars
in several mowmteinous vegions (Kelly and Snedden, De ’13._5) is prcbobly

the reoults of better comumicotions, vith a greater svailebillity of both
gea food and other food itoms produced in reletivoly jodine-rieh avoas.

The increpsed prevelence of noms=toxic goltre in Germony during the

Second World Fer and imnedistely after 1% haso been abtributed, probebly

correctly, to decreased fish comsumption (Ligdas 1953) o
One mist distinguish between the pverage inteke of iodine in s
community and the individual intake of ito members. Since soz products
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aro the richest source of lodine (Richmond 1962) and since many persons
diglike the toke of fish, indlvidual varistions in iodine inteke within
the some commmity would bo expeocted to be large. Individual variations
in fish consumption boetweon goitrous patients and normel subjects in the
game community heve been noted by Idgdes (1953) in Germany, and by
Trotier ot 2l (1962) in the Vale of Glamorgen. In Glosgow, using diet
histories, we found the mom dietary Intzke of iodine to be

273 4 2646 ps/dny in rondomly soleeted female subjects without clindenl
thyroid discose, vwhorens that of pationts with simple goitre was

150 + 19.6 pgfday (pl84 )e Tho intake was lover in the group with & high
thyroid clearence (79 + 20 pg/doy) than in thet vwith a nommel clearance
(164 + 25 pe/day), but in both groups the intake was significontly less
than in the noxmal condrols (p <0400, and p0.01 ropoobively). IHowever
in places vhere the iodinoe content of tho soll is rolatively rich,
suificlent lodine may bo present in the food itome produced. In such
places tho importance of sez fish is obvicusly smalleor. For instanco

in some remote paris of Africa goltro is not provelont although the gread
distorce from tho sea wakes rogulayr consumpbion of sea fish highly

improbable.

Absorption e:;.’«;: inﬂina -

Deorecased ghsorption of ilodine is difficulds to evalwic a8 an
opetiological factor In simple goltre. Todide ip resdily obsorbed from
the gostyo=intestinnl fxact especially in the fasting stete (Keating ond
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Albert 1949}, but very 1little is known about the availability end
abosorption of dodine present in organic form in the food. However, there
is no covidence that malabgorpiion plays & pert in the aetiology of iodine
deficiencys. ¥t has beon suggested thal oxcess ealeium in The vaier
interfores with absorphion of iodine but Taylor (1954) é&:}.é not £ind eny

evidence of ﬁhm in matoe

Renal logs of dodine,

Inoreased renal excrobicn of lodine hes recently been suspested
as a couse of iodine deficiency, and in particular Caosono et al.
(1959, 1961) have streassed the importanse of on increosed yenud
clearance of iodide in the pothogernesis of simple gofitro. They have
reported several cases m&“"éﬁ.ﬁpm golire with & repal clearance of more
then 41.0 nl/min, that is to soy one S.0. gbove the meen elezveance in
their normal series. Our evidence, hovever, suggeosts that with fov
oxcepbions the renal cleararce is an important factor only vwhen it is
apsoclated with o lov distary intales The range in ovr cervies of normal
poxzons oxbonds to 55«0 ml/min and even Cosseno et al (1959) heve noted
values of move Hhon 41.0 nlfnin in a vai'i@tgr of disorders not asscoiated
with disturbances of thyvroid fmzet:im. It iz only vhen the wronel
clearance is well above the normal zenge (more than 70.0 or 80.0 ml/min)
that it can be consildored as the main canse of ilodine deficicacy and
only then can the goitre be ebelled "remal goitre's In Glasgow we

have geen only one sueh coce, with & renal cleavance of 810 ml/min
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hut several others bave been roporbted by Goszeno ot ale
Although a highwnal clearance is xaxely the sole causze of

iodine deficlency, it wey pobentiste tho effents of lovw dietary inkale.

£

Hince lodine requiremonte are intfluonced by the renal clesrance onn

wonld oxpeet to £ind an inerconcd rensl olesvance amonsg pobients with
sinple zoitre. That ouch i the ceve is shown in Toble 4.% The
goitrous pationts shovw o slight incrcaoe over the noxmel controls:

3565 + 15 oo compared with 3.1 £ 1.66 ml/min (p<0.1). Since fomnles
have & smoller rennl cleryanee than mles this must be teken inéo account
ond if femele subjects only oro considered, we hove waluaes for goitrong
patients of 35.2 + 165, normals 5.3 3 1.8 mi/min. The difforence is
statistionlly highly significant (p<0.001), but lese striking thon the
aifferoneo in dictery intoke. In faot, oan incrcase of 10.0 ml/min in the
reppl clearence would lead to on dnoreage in the daily iodine lows of
Med 11z ot o meen PIT lovel of 0410 pg/100 ml ox of 2146 pg/dey at o PII
of 0.15 $1g/100 ml.

The role of on lnorcased renal lodlde clearance es & couse of
igéi:ma def:icsimey seems to be eepecially Imporiant duving pregnoncys
Toxls now in progress in Nberdoen has confimmed the viow thet the
prevalonce of simple goitre incoremses moxkodly in presmant women {(Crooks
e;‘b al 1963 ond personal commmication). These workews have found o higher
goitro prevalonge in Prognancy 8s compared with matched contvrols. The

ronal lodide clearonee was, on average, donblod throushoub pregnancye.
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This increase hod rotumed to nomml lovels six weeks postpertuns

Durdvy prognoncy the plosme inorgenie iodine (PII) was markedly deereaned,
vhereas the thyroid madiciodine cleavance ves inereased so bobtucen tw
and three times the normal levela.' ﬁemeg;wnﬁl@‘ $hoe ebaolute dodine
upteke (ATU) wemained within nommal limito.

A massive logsg of organie iodine compowmde in the urdno ococurs
in congenitel deiodinzse dezicioncey, and so this type of dychowmonogencais
may he @wmmwa wvith o conditioned iodine deficiency. Such cases,
howaver, are yare, ond locs of orgenie :.méiiné compounds in the urine io

oot a feature of the uwownrl type of olmple goitre.

Foeoeal oporetion of lodinc.

Inoressod excretion of ledine in the faeces bhas also beor
suggosted oo A calize of goltee. According to Ven Middlesworth (1960)
rats recoiving diets relatively lovw in iodine do mot develop goibtres
wnless there is also an increased foecal excretion of loddne, ond this
wvorkor suggests thot ineresged feecal oxerotion of iodine may be an
importont aebiological foctor in human goitye. Hydovits (1960) reported
& single cage of goltre in on infimb ¢ & soya bean diot vhich he
attributed to ap Inercasod faccnl excrotion of dodine induced by the soya
bean diobk, although he d1d nob moke eny msasurcuent of the foeeal jodinc.
Sheperd ot ad (1960) heve alse reported goltres in infents receiving soye
bean milk, but they assume that 1% is tho low jodine content of the died

vhich is voponsible. There is as yeb no evidence thot soye increases
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faecal loss of iodine in hwawns and oven in rats the evidence on this
point is conflieting (Van Middlesworth 19573 MoPhernmon ond Albert 1961).

In genomal, faceal oxcretion in mon eccoumtoior e relotively
pnall proportion of the deily iodine loss, but there are vayioticons of
sufficient degyee to infiluonos the lodine regquiroments of the individunl.
In theory it is qulite possible thet exccssive foecal excrotion of

ioding moy lead to iodine deficimeoey.

In summary, deficlent dietary intake of iodine is usuelly the
mjor conse of iodine deficioney. FParticularly affected ave regions
vhore tho iodine content of the soil is Iow and where sea fich or
iodised sall are not uwourlly consumed. Individuel food proferences lead
to large individuel variations in iodine intake within the same localilby.
Abnormelly high loveols of ronal, and possibly of faccal, excrobion of
iodine ere sometimes encountered and mey be sufficiently cevere in
thonselves t0 produce iodine deficiency, although this is xarce Hore
vsnally they sot as additional fectors In peramms on a marginel dictary

intoko of iondino.



PATHOGENESIS OF IODINE DEFICIENCY GOITRE.

As alveady mentioned, in the cese of most iono essential for
the body esconomy, adaplotion to deficient inteke is brought aboubs by on
adjustoms of the renal clearvence so that the plaoma lovel is kept within
the nowmel enge. Sueh o ronsl mechonism dees not exist for the
consexvation of the iodide ion (Tig3.2). Tims Stovbuwy ob ol (1952) found
no feowenso in renal cleavanee in 3 cubjects with ondenle goibre in
Apgemdine ond wo hove found nowwl or elovated values in the Glasgow
groune It 1s by, inoveasing the thyroid oleazence of jodine thetb
adeptetion bo dodine deficlovey tekes pluoces In this way the gland
elmm a greator volume of plasma and go proscrves & norael gbsolute ilodine
uptake in epite of the lover PIT concontrations

The seguonce of ovents leading to the appearance of an iodino=
deficicncy moitre is not fully established bub the following cocount is
concigtont with the lmown factme After 2 reduction in ieodine intalke
there is o 011 in PIT vhich does not however fully roflect the
reduetion in iodine intske, beconse the iodine resulting from the
breakdotm of the "isiyymm hormones is still availsble in the placm. Af
this etoge thore io a progressive diminution in the lodine contont of the
thyrold glonde Bveonbuelly the drop in $the inltrethyroldal dodine resulis
in Qimindshed hommone synthepis, slightly decrcased ¥BI levels, and

deorcased avallable thyrold hommone for the tissues. This transiont
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£211 in civoulading thyvoid homone (o altornatively tho decrease in

the intraothyroidal iodine si::}ma) results in dnorcased 951 production
vhich mises the thyroidal lodide clearance. Thmg the chsolute iodine
uptake retumo té the normel range. This funetional ovewrcobtivity of the
thyroid is accompanied by an dnercose in tho glond olzce When final
equilibriun occués s the PII 1o even lowor than in the initial séoge,
gincc the docrease of f;ha thyroidal lodine storoen has stopped, and intake
end ontput of iodine tqual ecech other both.in :_-_’ohe thyrold end in the bHodye.
At this stege t‘:m_ PIT ie propordional o the jodinc intokelrs The
intrathyroidel dodine is noymed and mo io the cironlating TBI. Sinee

the FBI level is normal the T™H ontpul also mmtuma tovards normal values,
and this io conglotent with the fzeb et an lodine=deficlaacy golire
will inercénge ibs oubpub of hormone in resgmnsé to exogenous T8ile The
lovel of endogenons T5H, hovever, althovgh not dnereased to the point of
profucing furlheor progregsion in goltre size, iz enough to meiniain the

thyroid gland at ibs presont slze.

fodine deficiency withoud golitro,

Vhen lodine deficioney is not severe, the compensatory incrcase
in thyroid clearanco moy not noeessarily be accompenied by an icdine
doficioncy goitres Phus DBishopric et al (1955 ) observed an increased

i More eccurately the PII io proportionnl 4o cheorbed iodine minus
fageal excretion and is imversely related fo the rennl clearance rabcs
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uptake of rodiceicdine in o group of non=zolirous paticnts vho Wed been
twolking for long periods g oo dlot" with a content of iodine roughly
esbimdbed ot 25 pg o dey or lecse High values of thyroid upitake
reverting to normnl afber administrotion of iodine heve also been
reported in apparently healthy euthyroid Tgypbian childwon (.”Mvzany
et el 1960). Tven in arcas of endemic goiftre some porsons moy hove &
high thyroid upteke but no golire (Rmhé ot al 19575 OQuerido ot el 1957).
Thus Roche (1959) end Roche ot ol (1961) cbserved o Sonth Americen tribe
with impalpoble ox Just pelpable thyroids and a high thyroid uptoke
together with o low urinary iodine exeretion (21 po/day)e In such
coses adaptetion to moderate dodine deficicucy ocours without the dovelope
mens of an obyvious goltre. Jembers ot 2l (1956) concluded that the
ondenio goitre in the Alend Telsnds (Finizad) ves due to lodine
deficioncy. Thelr golirous potionts oxcreted o meon of 41.2 pg of
ioﬁine per 40 _ hr, and none=goltrous pubjocts 491 P per 48 hy vhich is aluo
lowe Thin suggests that alwoss evez.*ybo&ﬁ in the Alend Tglonds i icdines
deficient bubt that eowme of the less severely affected monage to adept
vithont the fom&tim of on obvions goltre.

‘ In Glaaggm wa have atudied tvo ewthyroid pationts without goitre
but with o high mdiolodine uptake ond high PBIIY (p253). Those
pationts had & low PII and & nomal ebeolute iodine uptakee The

< llovever, even a Just malpable thyroid is a sign of thyroid
enlargement, ot loast in meles.



intmathyroddal iodine stores were however low in both coges. These
patients oxrey thorefore, cxamples of o different type of adaptotion to
iodine deficioncye Perhaps the most likoly esplonation is that
adaptation vithout goitre may be assoslabed with lovw ianbrathyroidel
stores and hesmé & hich pIdsl, T this vospest adapbation to iodline
deficleney without o goitre oy bho rogarded meiabolically as less complete

thon adoptaticn with goltwe formatlone

O Y ¥ oy B
Cen dodine deficiency alona produce yons-toxie soitre?

Thore ig no dovbt that cvidonce of icdine deficioney has been
fomd in wost places with & high prevelenne of nonetonic golime, and even
in arcas vhore the prevalenco is nobt high the evidence suggosts that many
pationts with simple goltree ave iodine deficient vhon compared with
normeld conbrolss In mozd communibies in which it has been used icdised
sa2lt has greatly reduced the ineidence of geltre and.some golives in
lodine~dofioiont peracns diminish in elze vhea tresbed with oaall dooes
of iodines All those faots podnt to lodine deficicmcey as the cssential
foctor in the produstion of simple golitros On the other hand as ve have
seen it le comobimoe posnible fo dooonstrate bilochemical abnowmolisios
suggestive of iodine deficiency 3n poroons who hove no goltre. For
~€shege reaoons some workers have muggested thel lodine éﬁaﬂqieney pey ge
cgmnot leed to goitre fommation, and thas odditionel foctors imst oxind
before o goltve develops. However, some simple consideraticns of the

physioiogy of iodine metebolisn leewe no doubt that, in the preamoe
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of pevere icdine dofloimcey, goitre is inevitable. Uims vhen the PII
falls o 0.01 uz/300 Bl the thyrold olvavence must wise o 300.0 ml/min
in oxder t0 assure an chsoluje iodino uplake of 1.8 pg/hr, and such &
degyoe of fumotionml ovoractivity of the gland muet necensapily be
acoonparied by on inoeveasse in mﬁ.";c as velle Ao Rizee (1952) lno pointed
out In foreoful torms "The only altemetive wovld be to aooume thot o
gland of norsnl sizmo coui& aceommodate & litre and o BIF of blood per
minuie end could oxtrect the lodido from this {orrent with normal
efficionoys Since this altemative is obviowsly ridicvlcus, the recurring
argonent thot dodine deficiency 19 not a suiViciont conso of ondemic
goitre is fienlly ond uitterly dJdemclisheds Ta euthyrold pevsons with
nozmal venad fuuchion, golire is en obligatory wesponse to prolongzed
and povere joding deficiency’e

Wevertholess vhen lodine deficiency is nob sevore, sove
Individuales will develop e nop=toxic goltro ond some will nots Thoa
difforent  porsong display o dlffercnt seneitivity to the effccis of loding
deficioncye ¥For ingstenee vihen iodine ﬁ@fiéiemy o only mlld somc
porsons will meadily develop a golivos vhoreas others will irnorcase thoir
thyrold cleoxanco mbe without the Tomwmtion of a palpable goitre.
Fprihermore gore peroons ooy poeduce more ‘2.‘3 Shan ‘I‘{% ond thus make 8 move
pobont hormone with o sualler gquenbity of lodines Iostly sone persons
HEz N ne:{b be able to compencate fox iodiane deliciency cnd, iF this io
pavers, may bocome hypothyrold more cosily thom others (pl95)e It seomo

thorofore that thero io a gpoectryum of rospongos o iodino deficimey,
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although the most typical wesponse is the development of tu iodince
deficiency goitre smd the preservation of euthyroidicm.

Ono cox therefore conclude that olthough soevere iodine doficiency
incvitobly leadp to goitre, a mild lodine=deiiciency sioto moy or moy nob

do o aecording to the individwal scnsitdvity of the poroon.

Difforences botveeon naturally cocurring ond soitrogen=induced iodine
doficioncys

It is reasonablo to consider whgtlmr iodine doficicncy, often

found in pobicnts with scimple goitre (5185), my be thoe result of prolonged
adniniatration of goltrogens. Prosent ovidence favours the view thet

this is not the ease. Goitrogon-induced lodine deficicncy presupposes

o foxmer stoge during which radiolodine uptoke ond binding by the thyrold
is woduecced, thus loading $o depletion of the intrathyroidel lodine storeo.
Such a stego, hovover, has nover beon deseribed in simple goitre, and

the radiciodine uptalke has becon found to be elther noymal or clevated,

but never lowe SBince the uptake is not lov the intrathyroldel stores
comot bo depleteds This io borno out by actuwal moocuvcments of the inkra-
thyroldal iodine stores in slmple goltre, vhieh have boen found to be
normal (p200.

In summary goitrogen=induced iodine defisicncy showe bhagie
differonces from the common type of nmaturelly occewyring icdine deficioney.
During goitrogen adminiotraition tho organic lodine pools, both intro=
and extro=thyroldol aro the first to be decrcesed, end the decrcasce in PII

is o seccondoyy phonomenon, occeurring eftor tho goltrogen io discontimwod.



In noturel iodine~dofilclency golire the primpry chango is the deeresve
in PIT, and the oxpenic iloding pools are uswelly idn no vwey dininished.
It may porbeps bo poseible to mimic natuxel iodine deficiency at o
cortadin specific time afbor dlscontinuing goibtrogens, but it scono
extrenoly wnlikely thot ell coves with lodine=deficiacy gei'm gindied
by difforent workern vore exachly ab that phase. If goitropene were
mza;;@mﬁ.me » they would presunebly still be acting in some mﬁenbzs »

in which cose the pattoran of iodine metebolism would be enbirely
difforent e



217

DYSHORVUTOGTBNES 15
(INBORN DEFECES OF THYROID HORMONE SYUTHESIS )

The thyroid glend mey £2il %o produca & nommal emount of
thyzold hormone even though it is prosemted with an adequate
supply of iodine; Vhen this is due to an :l.rﬁwrh defeat in hormone
synthesis, MeGirr (1960) uses the torm dyshormonozencsis.
Strictly speaking, the desoription could apply to other sitertes in
which defective synthesils ocours such as follow the use of goitrogens,
or it could even h{a applicd to glands other than tho thyroid. Wovere
theless, if it 1s agreed to vee the torm in NMetGiry's cense it is a
most useful addition to our vocabulary. The alternative
description "inborn errors of thyroid hoxmone synthesis” is more
cumberaomee Deifects in homone synthesls are not alweys enfficiently
sovere to lead to frenk hypothyroidiem, but many patients oro
hypothyroid and since the condition dotes from birth they are usually
crotinse Indeed 1t i probable that most casos of the condition
originally deseribed as "gpovadic goltrous crebinisn” vore the iosuld

of dyshormonogencsis.



In this section quantitative studios of iodine metcbolim
are deseribed in four proveon ¢eues of dyshormonogenesisce. The patiomn
of iodine mebtabelimm wvas quite different from thet found in other cases
of non=toxic golire. This dissimilaxity may provide the basis of e
gereening procedurs, sinpler thon othors at praesent availsble, for

the detection of cases of dyshomonogencais.

Motexdels end mobhods

Tour pationts wers ghudicds Three of the cases had impalred
a.‘tz:.{li'by' o utilize trapped lodide (pe:mz{:maﬁe de:ﬁ'ia:iezzey} and the
fourth vas of the btypo assoviated with -the production of en abnomal
iodinated protoin (Meliiry 1980 Btanbury 1960)e In the first throe cases,
all siblings ’ the dingnosis was based on the Famlly history of goitre
with deafsmutising end the discherge of radlolodine from the thyroid gleng,
either by’pcmmivm p@mhhmw ox spontoneonslye In the fourth cago
the dingmosis wag ‘baged on the presence of goltrous cretinism togethor
with the finding of & high proportion of butaol-inextrecteble proteins=
hound iodine in the plasme. Immmologlesl bests for thyroid anloe~anbie
bodlen (yreaipitin and complement fixation) were negatives Tu o1l cacen
the upteke of radioiodine by the thyroid gland, the 48=hour placmn
proteinvbound redioicdine (Veyne 1960) end the stshle proboinebound
iodine werc estimated. The potasslun perchlorate dischasge test was

carvied out by meosurdng the thyroid glamd upbtake 60 niunubes after an
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oral dogse of 25 po Ziwag Tnnediately thorenfter 0.5 g pobtassiom
perchlorate was given by mouth and 40 mimiton later the thyroid
upteke was again measurcds The resuld wvas expressed gs o percontage
of the initinl rcadings o value of less thom S0 per ceat wao
congidered positive.

The thyroid end renal radioiodine clearance rates, thoe plasma
inorgenic ilodine, the absolubte lodine uptele and the intwathyroidal
oxchengeable lodine were measured og deseribed in chapter 1. In two

1131 tracer dose was adwinistored

potients (cases 2 end 3 below) the
intravenously and the thyroid and remal clearence estimied over the
following 90 wimbes. This was necessary because of the spontanecus
discharge of mradioiodine from the thyroid 2 hours after the brecer dope
was adninistered, vhich prevented tho estimation of the thyroid clearance
rate in the usual way between 1 and 2% hours. Total and organic
urinoexy ieﬁ;n@ were estimated by the resin colum methode The
differonce was token as the incorpanic iodine fraction mﬁe} was oxpressed
as o poreentoge of the total urinery iodinc. The butmgl—imxtm@ﬁgﬁslé
mﬁiaactim iodine was eatimated by buitonel extraction of the plaome

pp1iil s ond pubsequent assay of radiocactivity in the vemaining precipitate,-

Rosulis

Brief swmaries of tho four cases ave given below, and
laboratory findings ave summarized in Table 4.8,

Cago 1. 4 voman of 53 yearsy had boen borp o deafemubo.
Bhe was reforred beconse of 8 goitre of soverval yoars duvations She

appeared othervise normal ond vas the mothor of twe normal children.

Thore was o family history of comgenitel deafe~mutisn and goitre. One
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Toble 4.8

Laboratory findings in four cases of dyshormonogenesis

Table I. Laboratory findings.

i Casel Cuse2 Case3d Cased Normalrange

Thyroid uptake at 4 hrs. (% of dose) ‘ 60.6 — 25.6 58.8 15—40
Thyroid uptake at 48 hrs. (% of dose) 61.5 76.2 19.6 62.6 20—60
Thyroid clearance (ml./min.) 554 346.0 85.0 113.0 6—40

Radioactive protein-bound iodine (P.B.191].) )

at48 hrs. (% /1.) I 0.29 0.09 0.08 021 | 0.0—0.4
Plasma inorganic iodine (P.I1.1.) (ug./ 100 ml.) 0385 0.10 0.46 032 .« 0.10—1.00
Absolute iodine uptake (A.1.U.) (geg./hr.) 28.2 21.4 23.5 21.5 1—6
Protein-bound iodine (P.B.1.) (yg./100 nﬂ.) ; 3.8 3.1 7.0 29 ‘ 3.5-175
Intrathyroid exchangeable iodine (1.E.1.) (mg.) ‘ 6.0 12.4 — 1.0 5—20
Renal clearance of radioiodine (ml./min.) bo32.2 53.8 39.3 17.4 15—50
Urinary organic iodine (% of total iodine) ‘ 6 — 6 5 2209

P.B. 131, at 9 days (before T.S.H.) ‘ 0.53 0.22 0.07 0.29 —

P.B.131], at 10 days (after 10 units T.S.H.) . 072 0.34 0.09 0.37 —
l

P.B.1. 9 rise after T.S.H. - 36 35 — 41 —

Nofe: 1t should be noted that in Case 3 the rise in P.B.**'L. after T.S.H. administration was smali; therefore
the value of 1.E.1. calculated in this case (11.3 mg.) is subject to considerable error,



of her four brothors {ease 2) and one of hor three sisters (came 3)
showed the asscciation of congenital deafemutiom with godtre. On
cxemination o lazge, firm notduler goityve vas present. Bhe wes clinically
euthyroid and of normal intelligommee. The polessiun perchilorate
discharge test was posilive, showing & fall in thyroid uptake of 45 per
cent of the ialtial value.

Cage 2. A mon, aged 48 years, was a deaf-mube and hoed had
a2 goitre for neny years. Ho was mrried and worked as & woodmane On
exomination o large, firm, nodular golbre was fommd. Clinically he was
cuthyroid, bul the IBI vwes 3.1 g por cent. 4 potasoium perchlorsto
dicoharze fest vwas not carried out because hio thyroid sponboneonsly
diseharged rodicactive iodine.

Cose 3« A femalo, 45 years old, was a deaf-mute, ond s had
o goltre since childhood. The goitre wos meoderately lexgo and soft.
Clinically che wos eubthyyrolid and of normal intelligmcee. 4 potassium
porchlorate dischamme test wes not carrvied out for tho sane TCAKON 06
in Cage 2.

_ Gase 4. 4 femple, 54 years old, was veporbed in deteil by
Buchenan and Crooks (19593 fase 2). This patient nd goitrowns cretiniom
and the potassiun perehlorate discharge test wes negative. Fifty-seven
per cont of the 1151 vag butanol-inextrectables

It con bo seen from Table 4.8 thet in all four coses, the most
striling abnomality is the high ATU ood thyroid olearence, both of which

1de well within the thyrotoxie range. IHowever, the FBI values are
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either normel or low. In contyast to iodine~deficicacy goitre (n190)
the PIT i normal. In the three capes tesied there was no abnormel
concentration of organic jodine in thoe urinc.

In ecases Iy 2 aud 4 on inevense in plrome protein~bound
redicicdine vas cheexved after adninistrmiion of thyrotrophin (98H).
In those cases, therefore, it appears that the thyroid glands vwore nob

under maximel ondogenous THH stlmalation.

Discussion

Our resulis show a mayked dlfferonce in iodine metebolism
botwesn known capes of dyshormonogenesls and cases of high-uptake
iodine=doficioncy goilyrc. Lyv‘fhama two types of golbre hove in common &
high Fadiciodine uptake by tho thyroid and 2 high radio-icding thyroid
clesvance. JIn the lodinee=dericioncy coses, however, the high radio=-
iodine uptake is assccisted with a low plreme inorgenic iodine (PII)
‘and & normal absolute iodine wptake (AIU) whercas in goitres due to
dyshormonegenogis the PII is nommal, thuws excluding iodine deficimeoy.
The abzolute uptoke of steble dodine (AIU) 4s vaeiced snd lics within
the thyroloxic range. The corbination of sn dbnowmmwlly high AIU vith
a noxmal FBI roflects the Tfaunliy wbtilization of ':i.z}d:im by the thyroid
glend, and i enbiyely consistent with thoe engymo defecto imwn to be
present in this condition. This can best bo demonsitreted by using en
inder which gives o neasmre of the cepacity of the thyroid pland to
whilize iodine presented o it. Ve define the iodine uwbilissbicn index as

the zatio of PHI to AIU. In nownal cases it hos always exceeded (.6



whoreas in the cases of éyshc;mwogemsiﬁ the Tigures are 015, (.13,
0414 and 0430 (meon 0.17)e Thiz illusiratos in o sirilking wy the
ingbility of the glamd to utillse evalloble lodine. Vhen interpreting
the jodine unbilizetion index il must be yomembered that eirculeting
bhubtanol=insolubie iodoproteins, or ebnovasl retes of poripheral ﬁh:jroid
hormone metabolism moy influence the sorum PBI level.

I have not yob seen patients with other types of dyce
hommwgqmsis. Theoretically one would expect 2 low PII in the Qelodinnge
deficiency type beeause of urinary loss of jodotyrosinos, but in the
gingle cose reoported by Cordner ot ol (1959) it vas nowmel. The
robtern of lodine metsholism we bave Found (high AU with normal EBI)
differs Trom that choexved in & pationt vith defective lodide trappinz
(Starbury ond Chopman 1960):  this case would be expmte&i;o chow a
low AU

In 011 typos of dyshormonogenesls the BRI l1s nomwal or low,
in splte of the high ATH usurlly present. As shoun in Pig 4.5 this
digcrepancy bebtween the high AIU and the noxmal or deereased hormone
gynthesis oust be explaivned on the bagis of Lodine leaking froa the
thyrold In an ingetive fowm, either as fodide or 28 sbnomal icdincted
COMpomIKls »

The cases we hove studied had PBIYSY values vhieh were normal
or slishtly inercased {(up to Q,-ngfi/lritre) » bub others heve reported
values in the thyrotoxle xonge, that is dhove c}.s;@,%;/ titre (MeGire 1960).

s may he thet the difference dn I3 1oveln 1o welated to the thyrold



stetus of the patioats: ecubbyreid pebieonts hove nommsl aloves of
intrathyroidal exchangezble iddine, and hence o nowwnl ,’E’Mmj’, vhereas
when the defest is wneompensobed (goibrous cretinism) the introe
thyroid Sodine stores ave doploted, thus lseding %o o high FRITOL
(p250« Tuwo of cur coses were oubhyrold ead had nexonl intrathyroid
fodine values vherens o thixd, which was hypothyrold, nd an intme

thyroid pool of only 1 moe

SVIRA. T

Stndies of stchle ilodine metebolism hove been carried ocut in
four cases of thyroid dyshoxmonogenesis {three duc to poroxidase
deficiency and one asmociated with on abnormal iodoprotein). A
characteristic paittern of stable iodine metsholism has been found,
congisting of a high thyrold clearence of radioiodine, & normal plasm
inorganic iodine, a high absolute jlodine upicko, and o noymel or low
plasme protoin<bound iodincs. This picture differs from that seem in
other types of simple golbre. Ths ioéiné-util:imtim index, defined ag
the ratio of the proteinshound icdine to the sbsolute lodine upiteke vwasg
shnomally low in every conpe. : Those studies have enabled differentintion
of high-nptake iofine~deficiency geitres from four goitres due o
dyshoritoogenesis vhen this wms imposaible by the wse of sianderd rodio=
iodine tests and proitein~bound lodine doterminatione. Swuoh studies way

provide help in the differentisl disgnosis of non=toxic goitre.
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TODIWE AS A GOITROGIN.

Iodine deficicmoy is tho gingle }aagi; dwportant conae of goltre
(pl&%h Hovever, in oxecopbional insioveces icdine in oxcess con aleo
caufaé goitre ond hypothyroidisn (Morgons snd Trotter 19533 Turner and
Howard 19563 Rubenstein end Oliner 19573 Peloy et al 1958; lomgens
and Trotter 19593 lavoche and Hirsch 1960; Peris et al 19603 Momox
et ol 19605 Eazrin ot ol 1961; Dimitriadou ond Fraser 19613
Opperheimer and HoPherson 1961). CGalina ot ol (1962) have described
congenitel iodide golvre fn two nevborn Infante vhose mothers had foken |
an lodide-containing proprietery mixture during pregnency. BDoth infonts
died shoxily after birth, end the large goitres vere eonsidered
responsible for tyacheal compression. Congemital icdide goitre o
2lso been described in binovular twins .whmse mother vas teking the
iodine=containing drug Felsol during presmency (Andevson end Bir& 1961) o

That lodide may act as an antithyroid drug im éhym*‘mxiemia
is well-known, but 1t is mosh wnusual for 2 thyretoxic patient to
becone hypothyrodd even with large doses or after prolonged dsreatment.
indeod {this wide safety mrgin hos permitied the use of doses of lodine
for in oxoess of the miaimal effective amounte (F?{.‘i&ﬂﬂ 1960). However,
o feow thyrotoxic patients seem 0 react in an unmmé?;. vay to iodine and
become hypotbyroide It ceoms that these thyrotoxie patients have e
particulay sensitivity to the entithyrold action of iedide. 4 ginmilar |

special sensitivity mast 2lso be Implicated in the development of goitre
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and I@@Oﬁhﬁﬁiﬂiﬁﬁ; in _?grev:leusly cuthyroid pexroonn, since out of o large
number of porsons recelving laxge doses of lodides only o veory cnll
minority g’ievolﬂza lodide goitres Tndeed dodine ond its coxﬁpaunﬁm hevo
hecn used in large doses in eubhyroid porsons for eenturies in the
treatment of a wide va:riety of conditions including ﬁeriﬁzry syphilis
bub goitre and hWpothyroidion is rarely seen. Relatively h.ﬁgh doses over
long poriods ave stlll uweed in cowgh mixtures end reucdices for asthrm.
Many of these mixtures are proprietary remedies sold dirvcet to the peblie
and thelr total consumption must be vory large indeeds Thus the
doevelopment m’;‘_ goltre s an eﬁccept :feml COCUPTANCO .

Tn this sestion quaptitative studies of iodine metcholism are
deseribod in four cages of ilodino=induced goltxe and Lypothyroidion.
The pattem of lodine mebtbolisn proved to be characterisitic, and vay

associated with en abnormelity of the pituitary-thyroid relationshipe

Methoda

1111_ Sopr pationtn had thyrold enlargement estimeted at 50 to
TS5 gs and shoved clinical featuves of hypobhywoidism (Veyne 1960). Other
olinical debails are shown in Tahple 4.2, The mrked varintion in the
total quentlty of lodine ingested by those paticats befoxe a goitre
devaloped is chom In T A4eTe

Phyroid cloammee of radiciodine, PIT, ATU, ¥BI, ond rondl
radioiodine elcorence weve measured oo proviensly deseribed (p(2).
Theso peacuyenonts vore mdo soyially in three of the four potimite

In two of then ctudies vore bomun ot or near the ond of a poriod of
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Table 440

sggmﬁ.m of Zour patients with joddve-induced moitre ond hyvothyroidism

Lodine Paat histoxy of
Ago Sox Dyug per day thyroid discase
45 it Yielaolt 48 mg Tone
28 B t Brovonox! 160 me Hone
Be w tPeloolt 24 g Thyrotoxicosis 8 yeors
before

5% i1} 1Coffedrint 1270 mg Tone




IODINE IODINE 6yr
Mg/ day INTAKE

1200

1000

800

600

400+

200

6yn 1Byr
= W

Felsol Brovonex Felsol Caffedrin

Floure A7

Guantity of ledine inzested prioe to development of dodinee~induced eoitre

Both the total amouwnt of iodine ingented end the duration of

thevapy before a golire developed were very variablo.
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chronic dofine ingastigm,— vhile in the othor mtiont studies were made
hca.'i:?:sm, during and afber fodine ingestion. The remaining witimb
(Case 4) ves Sound %o bo in the Mret trincstor of Presnoncyy and
iodide Ingestion wos immediabely stopped. o lwesdigations wewe
carried oul m{ﬁ;il 4 wonths afier parturditions vhich was meventinle

Tn one patient (case 3) thyroxine In the serum 1o measured
ﬁe:f:" soperotion fron ofther lodinoeconitaining compouwnds on o vesin

column a8 desoribed by Piloged ot al (1961).
N

,.52 suppregoion fock. This wos

carriod ont alfber withdvaving lodinme from pationts for porlods of 4

Tl wiodothyroning

montha o 1 yoere Aftor prelimimyy measurenent of bhyroid uptale

of rodioiodine ot 48 hours, the midonts wore given ‘1?3 in e dose of

éﬁ) hg thyee tiumes c’?if!*f for 9 dayce (m the 7th day a second trosor
dose of I'3L vas given, ond the tiyroid uptale vas egain meacureds

Ii','::z' nomel swbjects the uptake ofteor ’.133 19 weduced by at loast 50% of the

initlel valuve (Twotter 1962).

Regult

S B - i

12}

Serisl dota dn coses 1, 2 ond 3§ aryce shown in Teblo 4.0 end
Vig 4e8s | The vernl lodide sleavance vag within the nommal renge
throughonty ond does not mords Turdlor deseripdlon.

Tn each patbiont the PIT was very high while ioldine was beling



Table 4410
Jodine=indncod poitre

Plasma inoxganic iodine, thyroid radioicdine clearance, and absolute
iodine uptake, during, and after discontinuing, iodine administaticn

Timess

days PII pe/100 ml  TheCl. nl/min ALY pg/he
Came 1
=300 08 5946 2e8
-l 350 979 12,159
8 12,04 15640 P g
58 4448 370 99
41 510 4942 150
44 4410 14549 359
46 1403 100 o0 6L
53 0«54 36e6 12
60 0627 291 4 o7
T4 Q409 25 e4 1.4
(nee 2
] 263 T ol 1139
-l 143 NS 822
T 66 263 «6 104
28 012 400 248
32 13 507 4.0
60 10 3648 2.2
Gase 3
«56 534 4445 1426
=28 5343 72 230
""1 48o6 12 n4‘ 361
1 15 .0 148 133
2 9422 18.7 103
3 507 7«9 18
10 1.00 15247 79
17 0el12 95«1 68
31 0,06 54 of 1.2
59 005 50.1 09

% Measured from doy iodine adwinlstration wes dlscontinued.



Case 1 Conse 2 Case 3
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Mgure 468

Thyroid vadiciodine clenvanoe, abhsolube iodine unbake ond plamme inoppanic

doddue in jodinesinduced medtre

In spite of the vewy lowvge smounds of iodine baken up by tix

thyroid glznd (ATH) 21l three patients vwere clinieally hypothyroide
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ingeated, but the thyroid sadiolodine clcavence was shnormlly high in
o patlents, and within the nomtl ronge in the thivds This reoulied
in laaxgo anowiss .e:’é‘ icddne belng uoken vp by the thyroid, and the

ATY exceoded 1000 pg/hy in every cases While the mtients vero toking
iodine the levelo of FBI in the sormm were grester than noxwel although
there wae elinicel evidence of hypothyroidism, Howovor, thyroxine ven
pregent in less then nomel smounte ian the sorum of ease 3, chowing
that much of the lodine meacuved as FBT wo nob thyroid homonee.

When the adninistretion of lodine ves stopped the PIiI lovel
fell rapidiy, but there wes o merked temporary incvense in the mate of
clearance of lodino by the thywoid glonde. A rpid diseppeoaronce of the
features of hypothyroidian was noted, and the pationts became eutbyroid
without the administzation of thyroxines The BRI and serun thyroxine
values webumced t0 normal,.

Tho resulte of the ‘1‘3 suppression tewts are shown in Table 4.3,
In a1l four patients cn gbnomel reoult wos obielned, with feiluye

of the madiolodine uptake alfior adminictzation of TB'

Disonoslon
These patients vwith lodinc=induced goitre ond hypothyroidion
ghowed & minilar ebnomal potiom of dodine metabolien and of thyrold
mmei;iegn. Whilo dhey wore receiviny lodine there won & larzze sbeoluto
iodine uptake by the thyredd gland = sovorel hundrod times nomol.

Thic vas due to high lovels of thyroid cleoronce ocud of PIT, and 1%



Table 4. 11

Thyroid uptake of I131 before and afier sdminisiration of triiofo=
thyronine

1131 ynreke at 48 ke (% dose)

Pationt
Bafore ‘i?§ After ‘3?3
1 59 - 43
2 66 13
3 46 61
4 46 49
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porsisted as long as the potients book iodine. In comtiest, the
most conspievous finding in nommel poveons taking dodides in o low
thyvoid vptake end olearense (p 74;).

TH is belisved that, because large amounts of lodine in the
thyroid glend provent orgonic binding of dodine fto tyrosine, synthesis
of thyroid hommone is dnhibited (Volff and Chaikoff 10403 Stanley
1949}  Although in patients vwith dodine~induced goitre ond
hypothyroidiem lorge emounts of fodine are baken up by the thyroid glaend
1ittle of it 1o converted te thyroid hormone, and therefere, the glend
becomes depleted of thyroglobuline A lorxgs proportion of radiciodine
taken up s disclerged by thioceyenate or m@hl@mte (Poley et 81 19583
Oppenhedmer end McPherson 1961), indicating thot oxgenic binding is
defeative. Auto-radiogmphy of the thyrold in one case showed that
iodine was present only as inorgenie iodide (Paris ot al 1960). 4
proporbion of the lerge amount of iodine taken up is probebly roleased
again ﬁpgz&l‘ﬁaﬁeously without wndergoing any change inslde the glande

,,,,,

This sequen&a of events is similar to that vhen antithyroid dwugs, ouch
ag oarbimezole, are given, Vhen lodine is withdram the concenbretion
inside t}ze thyroid fells sufficietly to allow organic binding to occur
normelly, and synthesis of thyroxine then procceds at o yopid rate.

The thyroid, being depleted of thyroglobulin, iswvery avid for iodine,
and this is rapidly converted to thyrold hormone and stored by the gland
until its normal thyroglcbulin content is mstprea. Todine now talkem up

by the thyroid can no longor be discharged by perchlornte oz thiocyenate



{(Paley ot al 19583 Oppenbeiner and VePherson 1963.) indicating thot
it 48 nov omganically bounde
In 211 four of our yatiente ancther abunomality wee

dlgeoverod = mamoly, the chaenco of sappresoiomm of L upteko by
she & hym:?.d aftor aduinistvation of Tg‘ Thin is evidoncoe of a
disturhence of the pituitarvy-thyrold axie vhich may be the basle
ebnowolility in thonse cases:  the fhyroid moy bo wwble to deercome iio
cleapanco r:azi;e in gpite of the wise In PII so that icdide in
exoosplve gquanbitics acoumulstes within the thyroid end Iohibibto thyrold
hormone &synkhgs:iea. However in ancther crse muppression afier if.’fg
edninistretion did ccour (Dimitriadon end Frasor 1961),0nd I hove also
wogently scon & case of thio type. Thus failure of noxl homeosiatie
contzol of the thyrold dis cortainly not the only mechonisn which con
lead to lodine-induced goltre end hypothyroidisme

| 1¥ thyrold cxbract or thyroxine is given the goitre deorensen
in size, even if jodide adninistretion conbinucs {(Pario ot ol 1960).
E‘?hmsyggu of go:i-i;m is thevefoxe probably the wosult of excesscive
ancunts of andogenous THii, as io the case vith ovony othor type of none-
tomio goitro, se far as is lnome. Hovever, this doos not it woll uith
the lack of thyroid .sumnmaﬁsim after ’I*? oceurring in scome of our ougon,
and 1% is poseible that, et loast dn come instoncon, iodide goitryo

conptituiton en exception to the rule.

Pour ptients with jodinew-induced golbre snd hypothyroidiem



2%6

vere studieds JTa el of then the wplaks of 13‘51 by the thyroid glmnd
vas not nomelly suppressed sfior tni=icdothyronine, indicating
gbnomal piltultaryethyrold contxrol. In thvee of the patients serxial
measurensabs were nade of thywoid clesxence of lodine, plasm inowvgenic
icdine, snd abeolute loline uptake by the thyredid, both duving and
after the adpninistretion of icdines. Tn cach vase the abosolube uptalke
of dodine was vexy high duriny the peviod of ingestion, cwving to en
abnormally high thyroid cluarance and %o high levels of plasm
inoyganic dodincs. When iodine ves discomtinuved, the iodine npiske sud
plesme inorgonie dodine Tell xapidly, but the thyreid cleceryance
temporerily dncreaned sbill furthors

The basic dbnoxmality dn ocome patients vith iedine=induced
goltre moy bo on dnebility of the thyroid to step taking up iodine

when large smounts arxe aveilable to it



Chapter 5 = VAIDR OF GUANTITATIVE STUDTES T YHE DIACNCSIS

O TIYROIN DISEASE

Otudios of steghle lodine wetabolisn as a guide 239
to bhe inberpretation of xadioiodine tests .

Quopbitotive studles of lodine motebolimm in 256
thynoid diseass: plage in moubtlue diaguosis '

E:)



VALUE OF QUANTITATIVE STUDIESOT IODINE METADOLISH IV 7H8 DIAGHOSIS o
THYROLID DISTEASE

Quantitative measurenonts of the type described in this
thesis awve valuable in clinical diegnozis In btwo veys. Fivotly, they
provide information of preal cssistonce in the corroct interpretation
of the stonderd madioicdine tests of thyroid funetion. These tosis arc
dependont not only on the level of thyroid activiiy, but also on the
gize of the iodine pools in vhich the mdia&aﬂi&m iz diluted. The
significonce of the pool size is analysed in the Tfirst pert of this

‘chapboer.

Secondly, quenbitative measuremente may give valudble
informytion about the level of thyroid activity in the individual cagc.
The mange in healih and diseasse oo hoon defined in Chopters 2 and 4,
emﬁ: the eiz'égm‘tamaﬁ in which the wessurements moy be of value in

¢linical dlegnosis are desoribed in the latter Wl of this chapber.



STUDIES OF STADLE IODING METABOLISH AS A GUIDRE 90 THE INTERPRETATION
OF RADIOIODING TESTS

Radiciodine tests are genevally intorproted as if they
refiected only the level of thyreid function end it is nobt uswally
oppreciatod that they are aleo influenced by the emount of iodine in the
body with which the tvacor dose in diluted. This scotion illustrates
with examplen ﬁm importance of this second factor.

The stondard mdiciocdine tesis give ixzf@nﬁ,%tiun cbout tuo
difforent aspeote of lodine metabolion and so f2ll indo two main groups.
Tesbs of the first type meneure oither dirveetly or indirectly the
aaggaa:ity of the thyrold glend to accwmlate yadiolodine. In the seeond
group of tests on atbempt is made 0 measure the output of thyroid
hormone into the cireulation. DBetter correlntion with the finsl
elinical diegnoscis have bon reported vhen mescurenents of bobh phiases
of iodino metebolism axe eken into considoration (Macgregor end Wayne
1‘}'553). Disorepancien, hovevor, are not infroguent snd it 1o not been
poasiblo to aeeount Loy them satisfactorily until methods for the
quantitotive ctudy of stable ilodine moiabolisn bhocame available. Ve
shall consider soparately tho testo used to moasure cach of the main
phages of iodine metebolism in the light of gtudics of sitable dodine

netebolicme.
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ACCUMUTATICN OF TODIWE BY THE THYROID

Tegte available for the study of this Importent step in Jodine
metabolism includo estimtions ofs (a) the poreontage uptako of
radioiodine by the thyroid at veviovs times albor its adainistration,
(b) the volume of plasma eleaved of lodide by the thyroid por wmit of
tine, thot is iho plesma clenrause rabe (Myent obf al 1949; Berson ot al
195.2) » {€) tho perceatage exexotion of xodiclodine dn tho urine duving
a fixed timo intorval (Skanso 19493 Fxaser et al 195%), (d) sevorsl
modificationg, such as the neckethigh watio (Pochin 1950). Thoso
tests all messure esoontially the soue pavemeter, snd the choiece is
baged chiefly on pracvical and tecimical considorations.

The plasna eleavence yate gives & direct gwntiltetive ecstimate
of bthis phage of iodine mebtabolism, end the other tests are wused beezuso
they corvelote with 1te Thus the radicicdine-uptaks teots dopend on the
competition betwoen the thyroidal and the venal clearance of iodide, mnd
con be prodicted if both theso cleaxonce rates ave knoum (p55).
Therefone from the biologloal point of view the thyroid elearance io
a bobter measurement of this step in Jodine metsbolisnm then the #-aﬂio«-
iodine uptoke, since it is not influenced by alterations in remel
olearanco. II?V'_ 1 in nommal subjoects the renal clearance of lodide bes

o wide range, vexying from 15 to 55 ml/min.
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The results of xadiciodine tests arxe dependent not only
o thyroid function but elsc on the size of the lodine pools in vhich
the radiolodine is dilutefds Tho upieke of Ti8L 44 inverasaly wolated
e the extzeathyroidal Inorgonic loding pool and $he pp1dil g
inversely related to the intweotbyroidel iodine pool.e BDoth those pools
moy be dlminiched in euthyroid perscus and thus o high wplske of 1452
may bhe agscelated with o high I ong oo dead to Felwo dlognontie
conclusions.

The wange is congidersbly wider 1T cames ulth renal
ghnormalitics ave also includeds IYn prachtioc, hovever, the xadiolodine
wotake is move comnonly used than the thyroid clearance xzebe since it
is move essily pexiormed and honee hag ¢ smaller technical crror.

If a single measurement of the wadloiodine uptske ie to be carwied out,
it iz best to onko it mot more than 6 houxrs sfier the adninisbration
of the tracer dosce Those carly upitoke measurencnts not only
corvrelate bettor with the thyroid oleoxence mate (p34), but also arc
uuaffected by the discherge of madioicdine from the thyroid which
commonly cecuvs in thyrotoxicosis after that time. Vayne (1954)
concluded thet the J=hour wphoke wes a good paramnetey of this aspeoct
of iodino metcbolism, and he ind his gollehorators prefexwzed it in
practiec %o tho thyrold cleayanco xaiae
.

The uwrinsry exeretion of mmdiciodine aleo meosures the same

fimdomental process, since the lerzor the quanbity of iodide

concentrated by the thyroid, thoe cmmller the smount availlable for



R
S

exerebion by tho kidneye. Toote based on this foot have beon used
ospeciolly in the diagnosis of hypothyroidiom. Frascr et ol (1953)
have deovised a T indox which gives a geeater numeriosl differcence
betveon hypothyroid end enthyroid patients thon an estispbion of the
totel 48«hour oxeretion of radiolodine, bub in praebice it is more
liable to imaceurasey frxom faulty collections of urine.

It is clear that ell the tests in this group give an
estimate of the volume of plasma cleared of its iodlde coubtent by tho
thyroid, whersas the information ve veelly »equive is the dbeoluie
amovnt of iodine retained by the thyrold per vnit of {imo. In oxder 4o
cbbain on cetimte of this ve msh mve Information about the
comeontration of etable inorgenic fodine in the plosma cleared by
the thyroide The mdiciodine clonvonce mate {(end thevelore the wodios
iodine uptal&) e o goed indoxz of tho ebeelute jodine upiole when the
concontration of steble plasma inorgowlc lodine (PIL) is nowwnl, bub
this does not hold when the PIT is either unusvally low or high.

_ Toure 5.1 shows the volation between the AIT ond the 2% W
uptalee of I132 in 37 thyrotoxic potionte, incinding seven vho bad been
receiving dodinge in somo foxmy and in 45 patients with simple goltre.
Wincteen patients with simple golitre Ind 2 high radioiocdine uptoke,
vhereos six thyrotexie patlents nd noxml ox low valusas. The AU
gove mach more reliable resulis, sinco there were no ebnormally high
values f&; the group with simple goitre, and only threc norml walues

in the thyroboxic groupe Thus the goeenllod Yavidilty for lodine”



RADIOIODINE UPTAKE (22 hr) AND ABSOLUTE [ODINE UPTAKE
IN THYROTOXICOSIS AND SIMPLE GOITRE
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Tiguro Sel . (geme as Fig 4+2)
Radiolodine uptake and ghsolute iodine uwpteke (AU) in simnle modire
and thyrotoxicosio
The AU gives a good separation of patienbs with slmple

goitre fyom those with thyrotoxicoslise. In contrest, o good sepazation
is not obtained with the &% e 1432 uptake becauvse & large

proportion of patients with simple goitre show inercased valneoy
whereas thyrotoxle patients veeceiving icdiden ueuplly show normal ov

Jovw valuoge
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of the iodine=-jeficlent goitye io tme mly in o spesleld seave. The
high uptalko of radioiodine doocs nov reflect a high wbteke of elable
iodine, but on dncreased volume of ploena cleared of its lodine
content in wedt time (Piz5.2).

The converse is secn vhen the PIT ds yoiseds Thup on
uwnexpectedly low uwpteke of radloiodine moy be fomnd in thyrotoxic
patients vhe have previcusly veceived lodine in any form. Thisg
rwilatively low npiteke of vyadiclodine by the thyxoid meflecits a
diminutdon o the volum of plasme cleared of iodide, but becouse $ho
PIT 19 iveressed, the AU may Lo similor to ov higher thon that before
the administyotion of iodine (155.0e Thervefore the sow=csllod
Yeaturation" of the thyrold gland with lodine is o misnomew, since this
phenomenon i accommbted for by ihe incresse in the exbre~thyroidal
:i.mzxrgax}m iodine ;g:»cmlw‘ Phe low uptake of radicicding ifv those who
h;m} a lange iodine pond hag boon misleading in obhew alvoumnsstancos.
Dethyroxine in loange doses me been shoon o raduce tho wpieke of Al
m;@. this ban been interpreted ao ovidevico of suppression of thyroid
funetion (Starr and Tddbold-Hohueck 19533 CGwoene end Farren 1950).
The doses ugedy however, gmnmin a Jarze quantiiy of lofine which is
1ibereted within the bodyy and Alexender et ol (1961) mwwe showm that,
ab lf.azmi; in thyrotoxic petients, the decroased radioicdine uptele is
o conseguencs of ';;Em elevotion of PII - indeed in such cirounstences

the ATU s dnorcased (Figs.3)e



INFLUENCE OF SMALL EXTRATHYROID
IODINE POOL ON II3lypPTAKE
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The noymal gland is ghown fhovey end the gland with iodine
deficiency goitre belove Abome of vadiciodine are indicated by solid
dots, atoms of sioble iodine by cireclesse If both glands teke up
the same abeolute muber of iodine atoms, the proportion of rTadic-
setive ntons is greator in the lodine-jeficlency goitzo becauge the
plagwe inorgonic dodine (PII) is ﬁaaﬁaam&.. Blthough the abeolubo
iodine uptoks (A1) cupwossed ium pe/br is the came in both cases, the
radioiodine upielke expressed in % dose is 207 in the nommwl glend,

bubt 604 in the ono with iodine deficicngy goiirve.



EFFECT OF 4 mg D-THYROXINE DAILY ON 1132 UPTAKE
AND ABSOLUTE IODINE UPTAKE IN THYROTOXICOSIS
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70
322 ug/hr

60 —

50 -

19.8 ug/h
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Rediolodine wptake end sheolubte loding uptake(4T0) durins adninistrotion

OE S-thyroxine
Regponse 40 4 ng debhyrorine daily in Shyrotoxie pabicnts

{meon of 3 oases). Although the thyrcid radioicdine clearance and uptlake
£e11, the latter from 7Tk to 44% at 2% br, the absolute iodine uptake

increased from 19.8 pg/hr to 32.2 pg/hr.



FELEASE OF THYROILD HORMOWE IR0 TS CIRCUIATION

The bagic measurcnent of this phase of thyroid funetion is the
plaspe protein-bownd vadicactiviby (1331151) measured A0 or 72 hours aftor
odninistration of & tracer dose (Woyne 1954, 19603 Moepregor ond
Weyno 1958).

fogentinlly the sowe paraweter is meosured by the “conveysion
ratio” (Clark ot el 1949), by the mbio of plosma to ved cell rvadicactivity,
ov by the motio of the 40 heur to 2 hour »losnme rodiczetivity (Blondal
1952)s Tho dirvect cotimmtion of FBIML is proforabie to the use of
those zatios, which bear o complex xelation to it without adequate
compeneating technical advanitopes. Tho sopavabtion of the protein-
bound Trachbion of tho plasme radicactivity hos been mde cagior by the
use of an ion cxchange colwm (Zicve ot nl 1956).

wagne (1954) found the FPBIYSL ot 48 houre the best simszlo
radioiodine teot for thyrold overactivity in wnbreated potiombs. Oub
of 342 wntreated thyrotoxic cnces only 13 had o velus of loss thon Oe4%
of dose/litre plosma and ocut of 352 untreated euthyrold patienis only
4 Wad 2 valuo highor than O0.47% of dose/litre plaomue

Hovever, o lihoogh the ﬁ(ﬁl[lﬁ:1 1o ucunlly o good index of
thyrold hormone prnducfsion, it mast be realised thet thin, Hoo, like
the radiolodine uptoke, is not an sbsolute measumre, but o relative onec.
It does not depend solely on the amoumt of thyroid hormone produced,

but aloo on the gize of the Intrathyroidal oxchengesble icdine pool.



Pdgure 54 shovs the volation betwee the silze of the
intrathyroldel iodine pool end the PBIYSY in 28 enthyroid miients,
including thope with nomal thyroid funcition, with simle goitre, md
with suboimmune thyrolditise. A highly significant iwverse rolation
is obacrved {(r = 0.64, p < 0.001). The PBISY cucceded 0.2/ of the
dose per litwe of plasme in & potients, and in all of these the introe-
thyroidel lodino pool was less then 4 mze. This implies that the
relativoly high FBIYP in those euthyreid pationts io duo to @ilution
of the radlosctive atoms taken wp by the thyroid in o mmller pool of
intrathyroidal dodine thon normal,

Thus the hormonal iodinme releasced e ¢ higher specific
petivity, nlthough tho totel cmount roy be normel (FigS8. This figure
showa that the FRI¥?Y 45 in fact related not cnly to the amount of
thyrold hormone weloaged, but alse to its specific activity, which is
inversely related to the intrathyroidal oxchengedble iodine poole Fow
oxomple after partisl thyroidectony, vhon this pool is reduced, the
PRIY may be above 0.4/ 1itre ploem oven in eubhyrold potionto.

SUITADLE COMBTIWATIONS OF THSTS

Trom what has been gaid it io elear thot toote vhich cstimate
the accumilation of radiclodine by the thyroid give figures vhich axe nob

only proportiomml to the emount of thyroid hormone produced, but also
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INFLUENCE OF SMALL INTRATHYROID
EXCHANGEABLE I0DINE PooL oN pBI!3!
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Figure 5%
Influence of small intrathyroidel iodine pool on PRIFE

The normal gland is shown above, bthe gland with a spall pool
of intrathyroidel exchangesble iodine belows JAtoms of rediolodine
are indlcated by solid dobs, atoms of stable iodine by circlese Both
glends take up bhe same amount of radiciodiney end preduce ihe some
guenbity of thyroid homones In the glend bhelowy the mdioiodine
gtoms are diluted in a saallier pool of Inbrothyroidal iodine, end so
the thyrold gland discharvges hommone of a highey speoific cotivity.
This rosults in & higher PRIV, .
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invergely wolated to the E"Iih Similarly vodiolodine teste which
measure the wvelease of thyreid hormone give figures which are not only
proportional o the emount of thyroid hormone produced, but are also
inversely related to the iodine pool of the thyroid.

Weithor the i:hyrém rediciodino upteke noy any other tosts
of this fype will differentiate botwoen the thyrotoxie glend ond iodine
deficienoy goltre, singe all of them reflect the thyroid closrence rote
and not the AWM. In both conditions thé thyroid cloarenee mbo is
high, but in lodine deficicncy goitre this is simply & compensatory
mechanism to meintedin the A0 within the nomal rangce.

Since the intrethyroldal exchangesble dodine pool is nommael
in cimple goitre (Toblesd) the I3 35 plso norml ma thue gimle
goitre con bo differcntiated from thyrotoxicosie by using this cstimmtion.

Thoe PBIHR’ may be ryaised not only whon Inercoaed quontities
of thyroid hormone are boing produced ag in thyrotoxicosis, Euf; olso
when the thyreidel dodine pool dis decreased, for cxample, aitor
thyroidectomy, I131 therapy or in autoeimmme thyvoiditis. In the
last three condiftions the iodinme olearance, and therefore the radice
io@ine uptake, i ucuslly noymel znd this permits their
differentintion from 'Ewmtexieoaia.

it #ollows that the combivation of messurenentsof both bagic
atops (iodine uptoke and hormone Teleoso) shovnld provide much betber
ddagnogtic help thon edther alone, end this ms beon long knowm in

practico. Wogme (1960) found that tho combination of the 4=~hour
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in énthyroid patients

Wos HNeame Sex  Age Diagnosis - nT leg 1
. ' . mg A8 wr Y,
Yoxmal group
1l JePe 5 53 Hypercalenemnia 31,0 0405
2 Dols ;A 58 Fomipoyesis 0eY 008
3 Iialle 1 72 Low ;jwc!: pain loC 005
b AN, P 63  Myochrdial inforetion 1,6 0.06
5] Aolhe M L8 Myoccardial infor¢tion 15,7 002
6 M, 7l 22  QObesity 2s5 0406
7 Wi, i 5L, - Mitral valve dis¢ose 348 005
8 Telle i 5 Ghronic byonchitis 15,0 008
9 Adlie M 3¢ Addisonts discose 28 0609
10 R.B. 1 62  Iyocowdinl infaretion 0e9 Oe2h
Autoimmune thyroiditio
11 7 .m. ) l%-’*&- :’ Q8 Qe22
12 G0 7 51 La3 Qe2l:
13 A8, P 62 el 0,09
1 D b2y 50 Ol 0.86
15 Vel 14 56 L9 023
16 1,5, W 62 1.6 0,22
17 RQA. M ?l 2:::?- 0;@9
18 MeCe iy 6l 240 0410
19 J oXe R 5 2e5H 0621
20 . T, » S el 0422
2 NeSe b 37" 2.5 0,02
22 J o 2 M 13'6 3 06 0!”3
gimple goitro
23 A,Ce Jiy 3 146 0,07
?ngf- J .Ivo E” 59 100() 00024‘
25 ‘\'Iema ) 45 ALL hed 6.2 0403
26 RN W 3h PIT <0408 29,6 0401
27 T P 5t 154 04,03
28 @M, i 37 6.3  0.06
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vadiolodine uptake end the PBIYSL carries, vien the resulis exe in
agyecment, a dilegnootic crror of aboub 2%e  In thie eludy patients vho
ned recedved onbithyrodd or iodinc-contoining dvuge wero excluded s
wore those who had been tweated by operotion or radioiocdine. lvon so,
the vesulte in about 104 of wony cases vere “egquivocal”, that is to say,
ome of theme two mmmmem viag inoreased vhile the m;hmr was normale
When thio hoppenod almost equal numbers wore toxie o cuthyroid. Ounr
romulis suggess.that some off theae anontlons results wore due $o the
inclusion in the sories of coases of lodine deficiency goitire ond
Hashinoto's thyroiditic.

Whon both the extrathyroidal Inorgenic lodine pool {on
ropresented by the PII) and the intrathyroidsl dodine pool aze diminished,
a high rediolodine uptake may he sssoolated uith a high PRI cvon in
enthyrold patients. This association cccurred in 4 euthyroid patiento
(Tables Q) two of vhom had swto-immune thyroiditis (Hoshimoto's dlscase)
and two of whomn had no goltre or othor elinicel covidence of thyroid
dlocagsc. Those cases could heve been misteken for thyrotoxicosis if the
diagnosis had been based solely on roubine IS josts. It do clear thot
a diognosis shonld never be based on the result of standerd rodlolodine
tasts alone, vithout kouowledge of the clinical fin&:é.mv;a’?ﬁf In practice,
& suggestive vlinical pictuve togethor with typical xedioiocdine tesis
shonld suffice for diagnosis, but vhen there in o discereponcy between the
clindenl findings and radiciodine tests, or when these btests are

eguivocal, further and more speoifie investigotions are required, such as
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Table 52

z o - ey " % - .4 A
Todive metoholisp in eubhvroid paticnis with o Adshx 139 wptalke

I o

greater than 4578 and s d8=he PRILSY cvonter thon Q4% doseflitre

plosma
Thyroid 151 Abgolute  Intya=
uptoke PRI lodine  thyroidal
at d=hr % dose/ PBI upteke  iodine
Tos Disgnosis % litee po/100 Wl ps/be mg
1 o olinical
thyroid 80.e9 00 4aT 146 16
abnoxaplity
id Wo clinical
"Ghﬁ?‘ﬁ?ﬂfﬂ 6?9 ofl 9&5‘? 5«0 b o/.] 3 G
. abhnornal ity
3 Avboimmone
thyroilditis AT.l 108 Bel pr | el
4 Avboinmmume ’
thyroiditis 470 Q86 4.6 249 0l

Patlcanta 1 8nd 2 both suffered from back pain due 0

ogbeoporoula.
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the chemieal detominetion of the ¥BI, the tri-iodothyronine suppresaion

teal and tests for thywoid auto-ontibodies.



[A%]
1
(@A)

QUATRITATIVE STUDTES OF TODTNTE MERABOTISM T THYROID DISEASE s PIACK
T ROURTE DIAGIIONTS |

The resulic described in Choptors 2 ond 4 pewmit definition
of the ronge of & nunber of poyremsitors of iodine metebolism in normal
subjeots, and in pabtients with o veriety of thyroid dimcoses (Table Se3).
They also allow one to constyuet & model of the wey dn vhich the
thyroid metabolises jodine in normal emd pathologicnl states, shown
in Tig Se6e Thio ficure is ovorvesimpiified bub it 11lluvstrates in o
gm;em} woy the alterations in thyroid fenotion vhich moy ocour in
Qisgsaﬂg,, and the theorotical basis vndorlying the findings of diesnostic
valua presented in Teble S0

The nowmal valves of the thyroid rodioiedinge uptake ond
clearance differ from plase to placeo, verying with the usnal plasma
inorganic lodine (PIT) level of the dintriot, boing lower in places
whc_am dodine intake and PIT are bﬂ;gh. Therefore each centre must
eﬁ;i:abliah ite owmn noma‘l_ ronge for the thyrold uptako end cleerance,
end the PIT. The account which follows is based on the resulis cbiained
i Glangove

In nommal spbiests the thyroid gland clears chout 23 nml of

plasma por winube containing on an averoge 0418 g of lodide per 100 ml




Hormal w&ﬂm cxziccais Siuple goitre Simple goilre Autoimmune
{48 ceses) {& ¢ases) with high with normel thyroiditis
, thyroid clearxance %ﬂo»@ Ciearancs , Bypothyroidiss
{2 amwmzv {29 oases) {15 czses) {5 cases)
Radicicdine upitake a2t 22 he 9.7 & NQM €Fek & 246 m..mnm 247 2446 & 17 2547 £ 842 & 1,8
mm m@m@ mWoﬁ &O@W Maw.% o%l' g8 omw ﬁ.m«mo Nu\mobw mﬂo@ mu.oﬁw MFM Nmmomv mWomlul M.Wc@w
Wgﬂ.@u.m. clearanos Nmom uqoﬂ ..Nm@om 3k 79+7 = MWOM .ﬂ 3af 347 = 1.3
E«\mﬁw {249 = 57.8) ﬁmw-m. 1054.0) mmi.ml - wmm- {73 % mmomw {67 = Pm.ww mﬁ.@ 8.0)
Plasma inovrganic icdine 0el8 2 CuDI5 Uel5 3 0.C15 005 2 0u00L 10 & 0,012 Cef0 & Oulb 0ols + 0,04
2/100 ml {Cu0h = 0.57) (0a0Z = 0,57) (0,01 = 0,08} {0402 = o35} {002 = 0458} (0,01 = 0,26)
ibaoluke jodime ﬁ,w,w% Eal x Oimm. mﬁwt.% = Ntwww Pl = Cal OW e 22 260 + Cokt
% mﬁﬁw - mtmw m«..dnm. - mmtﬂu ﬂmcm = Wuoww Aﬁnmf = ﬁumw M@o&v WQWw . ow Om
Acoo 1,1)
mbbﬁmglggm fodine 4ad & QQW@% 1Z.3 & Ceb2 5.0 & @!Mm Sed =z 0623 2ef = Oo&s 0ol * a2
m\ﬁmﬂ ol mmt@ - mwm.w mﬁ.om =2 wmw mm.vu.w ‘NQUW anm - m-wV mﬂo\ - Pomv m@om - Homv
Rensl icdide ¢lesrsnce .uw.ow Ly 66 ..wm..us & 2,59 39 £ 245 3549 KA 2.6 2841 + 1.9 152 & 349
nl/min {ug-é 1.8) {124 - 81,2} mwm.m mm.mx {1kl - 81,0 mmoom 4346) (13,7 = 30.0)

The cbsszved range is chown in parenthesis below the mesp and stonderd eryor.

Pron Alexonfer

L
130 cases,

et a1 (1962).
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Fia. 6. Quantitative aspects of iodine metabolism in thyroid disease.

The blocks on the left of the figure indicate the volume of plasma cleared of its iodide
content by the thyroid (thyroid clearance), and the concentration of the plasma inorganic
iodine (P1I) is indieated by cross hatching. On the right of the figure the amount of thyroid
hormone produced is shown in black. In hyperthyroidism the thyroid has a larger absolute
iodine uptake (AIU), and forms a correspondingly larger amount of thyroid hormone. In
hypothyroidism both the ATU and the production of thyroid hormone are reduced. In
iodine-deficiency goitre the thyroid clears a larger volume of plasma than normal, thus
compensating for the low PII concentration, and resulting in a normal AIU; the iodide
talken up is efficiently utilized, and a normal amount of thyroid hormone is produced. In
dyshormonogenesis the ATU is high, as in thyrotoxicosis, but the iodide taken up is not
efficiently utilized. Thus the amount of thyroid hormone produeced is normal or subnormal,
and some of the trapped iodide leaks from the gland in inactive form, either as abnormal
iodinated compounds or as iodide. The dissociation between iodide uptake and hormone
output is also found in auto-immume thyroiditis, but the ATU is less and most patients are

hypothyroid.

Fdonxe 3e6(amme oe Fig 445)
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and in this way teles vp 262 g of iodide por houre This leoads

$0 & P4=hour scovmulaition of 53 Mg of lodide, which is dn kocping
with the anmount of thyroid hormone which has been calcoulated by
Tnobax (1960) to be degraded daily. This £inding suggests that
nommoelly alnoet 1l the lodine talken wp by the gland is efficiently
ubilized fo form hormonce The amownt of thyrold hovmone produced
i reflected in the level of the serunm protein-bound lodine, and

is proportional to its soware, (Rigge 19523 DBerson and Yelow
1954)s  The sorun protein<bound lodine in our series of cuthyrold
subjects wan 49 % Ol tg per 200 nl {neon 4 SE).

T Fhyrotonlcosis asn inereased amouni of iodide is tokon
up by the thyroid, and an increased emount of thyroid hommone is
profuceds In our thyrobtoxic patlents the thyroid cleorance rate
of the plesm iodide wap 12 dimes greater thon noruel, but, sinece
the concentrotion of iodide in the plasm (PIT) wao slightly
diminished (p172), the absclute lodine uptele (AIU) wes increased
only nine Himese The ineremscd cwounte of thyrold hormone
produced in thyrotoxicosis aye veflesoted In the high serm
concentration of proteln~boumd lodine, althoush this incrosooe is
proporbtiomately less than the visc in ATT because the puripheml
netabolisn of thyroxine i greatly sccelerated (Trobes ond Freinkel

19553 Sterling and Chodon 1956).
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Tor the roubine dlagnopis of thyroboxicosis quantitative
studies of lodine metebolion are not cosentinl in the wmajority of
sunpected coses.e Vhen the foure-houy radioilodine uploke and the proteins-
bound T3 0t 48 houvs ewo comcordont, the likelihood of o coibect
dlognosis 4is high, provided that the paticnt bao not reccived or s
not receiving treatuont (Wayne, 1954, 1960). In o sisnificent mmber
of sasos of suspected thyrotozicosis, howaver, these measurenents
are discordant, and Hthe most valuweble additionnl evidenee is then
afforded by the scrum proteln=hound iodine, The most common clinleal
problen i the differentiotion botweean patienis with mild thyro=
toxicosis end thoge with nontoxic goiltre end own anwieby stato. The
diffioulty oon ungi.l’.ly be brocod svbsequently to the presence of iodine
deficiency, eithough suto=immnizsing thyroiditis moy mwrely be implicated.
The pimplest additional method of investigatlon ia Dy bt trie
iodothyronine supprossion test (Worrer end Spooner 19553 Yermer 1962).
Thore is, howover, ne agrecment choubt the degrec of suppression vhich
may occur in olld cases of thyroboxicosic, oud thus the test may give
equivooel resulto. Por these rensons the guantitative siudios of
iodine metebollun which we bave desorlbed, and vhich give an ostimrie
of the ebsolute lodine upiake, are more aspecific, and inevcase the
reliohility of disgnosis in problem cascs, as con be cleaxly zeen from
Figuron 5.1 and ST« Vo have never met o cage of thyrotoxicosis in
which both i_;he:; provein-bound dodine end the sboolube ioding uplioke

were no¥mal, and we have nevor secn o euthyrold subject in whom




ABSOLUTE |ODINE UPTAKE AND PROTEIN-BOUND JODINE
IN THYROTOXICOSIS AND SIMPLE GOITRE
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Absplute iodine wptake (413) and i dn slmple soitre and fhyrotoxicosis
All the paticnts show dxn this .f:igum have a high radio-

lodine uplakes Doth the AU and PRI gilve a good aeparailon beﬁw&:ﬁen

patienis with simple goitwond those with thyrotoxicouis. A

small overlap oceurs with cither bosh, bub when both ave used the

diagnostic accuracy is increasade
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both these measuvenonis were incerensed (Fix 5a7)e Nony sathme cures
and cough medicinesy and some “tonled", contain releitively lamge
amounts of dodine; Iif a patient with suspestod thyrotoxicomis is
toking one of these vemedies radioiodine teoats axe alwoys, and the
proboin-bound iodine sonobimes, misleading, end this is the case ecven
if the patient is awvere of {the nature of the szzedieammﬁ ho o
roceivinge Btable lodine studies, however, will show whothor or not
noxmal or lowmnovmal yadiolodine measurcnmenits are duc o exozenous
icdines Tuvrbbermores i¥ such & pationt 1o thyrotoxle, the absolute
iodine uplake will be redeed. For exemple, Alexondor et nl (1961)
found that after adniniotiation of Dethyroxine to thyrotoxic yatients
the thywroid radioiodine upteke fell, but the absclubte lodine uptake.
ronoined high and wes in bobbor sgrooment with the olinidcal status.
Vexy zoroly cases of thyrotoxicosis will bo wneountered in vhich, in
spito of overy bect, dotbt will senmiiy and the Final court of appeal
mat be the rveoponse o specifie theropy under controlied conditions.

In simple golbve quentitetive studies of lodine motobolism

wonally rvoveal iodine deficicney; if we exclude ':Eram;: cases of
dyshommonogenesis, of autoimmune thyroiditis, and of golitrogom
adgninistration. Jodine deficioncy is precont almost without oxception
if the upteke of radioiodime is high, but ovon pationts with o nowmal
uptake, considerod oa o group; shov evidence of iodine doficiomoy.

This deﬁaienéy is showm by the markedly deorcased placme inorganie

icdiney and 2lso by studics of the 2J=hour urinnyy excretion of icdine
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and by our dlotery survey (Table 4.6)« In those circumsiances the
thyrold compensates for the low level of plasmz inorgawnic iodine
by clearing o lamge volwie of plasmy and so the sbeolute iodine uptoke
repaing normal in spite of the decreased concentrabion in the placme
(vig S5e6)e Tho fhot that these gloads concentrotc a normal amount of
icdidae, and wes it to yroduce a nomal amownt of thyrodid hormone,
supggonte that the available iodide is efficiently utilizod, end this is
evidence against the preascnce of ouzyme defects, ecither inhorited or
induced by goltrogonse

Trom ouwr atudies we conelude that o placme inoxgonic iodine
congentration Q:i:‘ less t!m G080 pr por 100 ml indlcates iodine
defdciencys Since, howover, bthe stendard exrzor of o single measurenent
i 0.02 g por 10D nl & valuo loss than 0404 Mg por 3100 mi 1o
nOCESSAXY I}e:i’t};'@ iodine deficiency con be identifled in an individuel
case mjﬂﬂm repeated measurenents are cerried outs Ve have had the
oppqrﬁa;zi*_i;y of shodying s-i;gf.ble iodine motabolism in one potient with
31 go:i:tmymﬁmcgé by the ga:t:tsmgen vegsoreinol, which had been absorbed
fxom an u?l.;sga.v on the skia to which it had been regulorly applied as
an ointments Tho plasm» inorpenic jodine vas nownel, tho dhasolute
iodine uptake high=normal, ond the proteln=bound lodine deoreased
({i?abﬁ,e,‘j;ifx). In fact the picture was similar to that found in dys-
horonogenesis of genetic origing end wnllke that seenr in our cases of

gimple goltre.

In gutoimmune thyroiditis the capacily of the gland to



Tabhle 5.5

Studies of jodine metaboliem in & case of wmesorcinol=induced moitro

13 nmonths oftoyr
discontinuing

On resoveinol resoxelnold Noxmal rongG

% he uptoke (%) 3943 1244 1040 = 3540
Thyroid cleavonge

(m1/min) 795 6.4 840 = 4040
PIL (g.c.@;/logm)c ~ 0el13 0409 0408= 0460
ATU {pgftr) 5«8 1e2 05 = G40
BRT (ue/200 mL) 162 7ol Dol = 745
PRI/ATU xatio 042 59 140 = 8,0

Remal Clearance 1746 29,9 1549 = 55,0
(ml/min) , :
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utilize iodine efficiently varies, but in genceral the gland rotoins @
normal emount of iodine ond produces a subnormael quantity of thyroid
hozmonce This is showm by & nommal absolunte iodine uptake snd o low
level of protein-bound iodina. The defecis in hormeono synthesis are
maltiple, since hoth a’imo:ﬁnal butenol=insoluble ilodoproteins end
dofective orgenic binding of tropped lodine may occwr in thoe same

cage (Bm‘.hzm;an et al 1961b). The increased protein~bound Il et 48
hours not infreguently found in pﬁh’ziente with asutoinmune thyroeiditio
is due to & lov intrathyroidal exchowweshle iodine pool (Table5.))e In
these cases the vadioiodine atome token up by the thyroid mix in the
gland with & ewaller nurbeor of gtoble ilodine atoms, and so the hormono
produced has & higher specifiec activity, although its absolute amount
i9 nomnal ox oven subnoxmale The fenlty niilization of iodine ond the
diminishod intrathyrpoidal iodine pooi make the stondard radioiodine
tesgta difficult to intorpret in awtoimmune thyroiditis. Confusion

is likely Yo arise particnlarly in coses which may bo suspected of
thyrotoxicosis on elinical gromnds (Buchenen ot al 196B).

Heasurenent of protein-bound lodine end sbsolute iodine uptake in such
cases will suggest the corroot disgnosis,; but only exceptiomally will
it bo neceseary to caryy out such studles Lo moke the diagnosis of
antoimmme 'b!:ymmiﬁim- the essentisl conﬁﬁmtox‘y ovidcnoe i the
demonstration of precipitoting thyroid euto-ontibodics and the
charmcteristie histologieal changos in the glauné‘s

Therc is cvidonce that meny ceses of primary hypobbyroidisn
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are the end=yesult of cuwbolumune thyveiditis (Goudic et al 1957;
Tonlach ot 81 19613 Hall 1962). Our studies bave confimmed the fact
that an amount of lodide omounting to about onewcighth of the nomal
guontity is token up by the gland, and thet o diminished amount of
thyroid hommone is profuced. It is of inbowvest that, elthough the
plasma inorgenic iodine :‘igz not significantly differont from that of tho
normal conbrol patients, the ronsl cleavance of iodide is decreased in
hyvothyroidisn (Table 5.3). The probtein=bound iodine ond the redio=
iodine uptake nearly always fall below nowmal levels in primyy
h.;yr;}o'i:lﬁ“:‘mj.ﬁism. Stable iodine studles may, howovor, explain unexpected
Tindings such as a low thyroid upinke in o euthyroid porson, or o high
level of protein-bound iodine in a hypothyroid subjeet, sueh as o
sometimes gsen vhen medicinal lodine is being tolkone In geneml,
howovar, the clinical and other eviterie deseriboed by Voyne (1960)

are adeguate for the dlagnogis of primxy hypothyroidisme

LA number of imborn errors eof icdino motebolism, leading to
fm_ﬂ.ﬁy hormone production or dyshormonogonesis, have beon doscribed.
Foy full voviews see MeGire (1960) and Stonbury (19609 Vo have studied
:f:bu:;e meh‘cag@e, thmea»af Pendredts syndrome end one agscelated with en
abnowmal eivculating iodoprotein (p218)s Tn both those bypes the
plasma _inaz?ggni& lodine vas nomal and the gboolute lodine uptako
:ftnemamd, butb rm:f.y a small proportion of the iodide token up vean being

W

converted to thyrold hoxmonos The diasoeciatlon between the high
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absolute nptelke of lodine and decreaned or nomal protoin-=hound
iodine in these cases refleats the fanlty utilizetion of iodinc
chazacteristic of this condition (Pig $.6)s The dingnosis of inbom
exrors of lodine metnbolism deopends at presont on chromatogyaphy of
bloed, urine, and thyreid tiocoue after the edninistmation of radio=
iodine c;r rvadio-lodinated t;;rmsines, and on the porchlorate discobamze
teat. 1In the cases which vwe bave studied, hovover, the dlagnosis of
dyshammnegamsﬁs c&aﬁ:lé have been suspected by the conbinotion of on
abnormally high abm}.ﬁté iodine wptoke vith & low or noxmal lovel of
proteinshbound lodine, and this finding differentintes them from
ainple goitm} Although we have not swudiced obher cases of
dyshormonogonesie in this way, it is proboble that all types assoclated
with feulty utilization of trepped lodine would show a ‘similar
p:a'btern, In the type in vhich iodine wptalo is imp‘é,:imé » hovever
(s tambury and Chapun 1960}, wo would expect the absoluis iodine
upteke '{;e_ be 1@1’;- Steble iodine studlies ore thus of somo diagnosatiec
value in cases of non=toxic goltro suspected of Gyshomoﬁagcnesiss »
pertlenlorly in the selection of cases for more deteiled investlgaition.
TMinnlly, one &haulﬂ point out that these inveabigations do |
not involve dlfTiculd %eciﬁie&l procciures, end that thoy are availoble
te any obeewver who bas access both bo r&c’iic’:icéliha techniques and to
reliohlo methods of assoying smell quantitien of siteble iodine,

Althowsh either the chordw-lived isotope T132 oy ihe long=lived I+JL
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nay bo woeld, the xadietion dosage to the thyrold end gonadso is o

meh amalier with the former that it 1o grootiy to be preferroed

(Wainan ond Poshin 1958). The wider use of quantitetive otudies of

the type desoribed would inoweose the agenraey of diognosis duv

Aiffionlt cason of thyroid disorders
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QUATRTRATIVE STUDTES OF IODIE MERABOLISTT 30 THYROID DISRASH

The only Imovn funeticn of lodine dn the body 1o to talio
port in thyroid homone synthesin, thevefore iodino metobollom.
and thyroid Tuunstion orve inextricebly linked. By combining rmadio-
isotopic end chemical lodine measuvemmbe o Mll picture of ioding
netabollon cen be obtained, incluvding the plasme incrganie dcdine
concandration and the dbsolute upteke of siteble dodine by %he
thyroide NMeasuremont of those perswnctors pormits o muceh botter
eatimte of thyrold funeticon to bo oblained thon with wadicisotoplo
nethods 21once

The mméi;m have provided nev inforantion gbout thyroid
function in health, and the influcnco on iodine mobtobolism of ege,
gex cnd the level of the dlodine stores of the body. Serial
measnrenents, and oxtension of the studles to leclandeys, leve
zeoulsed in @ eclearcr wndersitonding of the influence of varying
lovels of dietary lodine initske on the ebeoluto lodine aploke by
the thyroid, and on thyrold howncne production. A nov assesoment
of tho lodine requivenents in man hos Yo mado, baping the cobimate
on quantitative meaourements of iedine metebolisme

Invegtigotion of patients with non-btoxic goitre using
these methodo showed chavectoristic pattoms of lcdine metobolilsm

indicetive rospectively of lodine-deficicncy golbro, outo=immme




thyroiditic, dyshomonogenegis ond lodineeinducod goitre. The
mjority of cuses of nonetoxnio goibtre dn the West of Scotlond woro
found o heve iodine doficiency.

5tondoxd yadiolodine tosts (thyrold uptala cnd L)
ey give‘mia?chﬁinﬁ’rmaulta @ugvaatlnp hyporthyroidion whore it
does not in fact exlst. Thue a small oxbrethyroidel dodide pool
reises the radiolodino uptale, and o sl 1 intrathyroid iodine
pool raiscs the FBIIl,  When both pools aro muell rediolodine
toste oxe strongly suggoestive of thyrotoxicosis, es s mppencd
in seveﬁal of cur eubthyroid patients. These condibtions are
roedily deteoted and difforentieted from thyrotexicosis by steble
todine studies.

Batimations of the thyroid mdiciodine cleerancs, the PII
and the AIU con be made woing 1152,  1n this woy the poatdents roceive
very mach less yadiation then with the standexd xaéiaiodin@ hestisy
which reguive 1131. This in ospocielly Jwportond When,éammying
ont tests on young paticmbs, and for repoated studies on the
same patients Heduotion in xadistion hosard is associanted with
increased diegnootie accuracy, and (in conjunﬂﬁiwn vith FBI
estimtbions) these stable lodine sludies provide the boat
loboratory ald et presont availgble for the inveséigatiﬂn of

problen cases of thyrold dyofuncetion.
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