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This thesis investilgates the role of calcium
in the produéﬁion of goitre in the rat.

In the initial dietary experiments excess calcium
carbonate was added to a standard Remington low lodine
diet which contains 1% calcium cévbonat@. No
goltrogenlc effect of excess calclum wag Lfound.

However, when calcium Garbonate was added in
differing concentrations to a calcium deficilent Low
jodine diet, the thyrold weight increased with
increasing dietary calcium, The total calcium content
of these thyrolds increased and the total lodine content
decreased. The serﬁm thyroid-stimulating hormone
increased with added calcium aithough the serum thyroxine
did not show any significent chenge.

In other experiments rats were made igcreasingly
lodine deficient before stayting the caleium diets.

, Iodiﬁe deficiency appéawedhﬁo decrease the goitrogenic
effect of caleium,

- In rats made'goiﬁrous by admninistratlion of propyle
thiouracil or potaésium perchlorate, the addition of 1%

caleiun carbonate diminished the golire size.
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In vivo and in vitro experiments show that the
thyrold 1sg capab1é o£ accunulating radioactive calcium.
In wvivo thé thyroid uptake of 45Ga was Increased by
feeding a low iodine diet.

The mechanism of the action of caicium'in.
goitrogenesis is a complex interaction medigted vié
TSH. Calcium does not affect the trapping of ilodide
by the thyroid but to a small extent it inhibits
protein binding of lodide. No binding of calcium to
thyroglobulin could be detected in vitro. Caleium
did not incfeése the urinary secretion of iodine.

The vole of calcium in the lodine metabolism of
the thyroid is discussed but the precise mechanism

of the goitrogenic action of calecium is gtill not clear.
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CHAPTER 1
Section 1

General, Intréﬁuction

The thyroid is en endocrine glend found in all
vertebrates. = Tt wgé'firﬁf named. "the ﬁhyro@d“ or
ﬂqbléng shié1d§ (ﬁhyreés in Greek) by Wharton in 1656
whqAéuggesfed that iﬁé function wag to beautifﬁztﬁe
neck by £illing the épaeésiabout the larynk;ff.Experim
m@ntéi %ﬁyroidectoﬁy‘was«uéed”in'ﬁhe 19th cenﬁufy to
study‘ﬁﬂﬁrOidafuncﬁion. It wgs~then recognised that
this prqéuged'éymptoms s%miiar to those foqnd in
' myxoedéma which was'fifs%'noﬁed by Curling (1850).

It ﬁagvﬁéﬁnﬁ thhﬁAﬁhése sympébmﬁ‘eould be,?eiieved by
feeding sheep thyroid (Murrey 1920). Tuis led to the
idea of an igtefhél-gecr@tory‘fuhétion forfﬁhe gland.
Beumenn in 1896 discovered that the thyroid contained
a large coﬁgeg@raﬁiondéf fodine. Subsequent work
led to the‘érjstaliiéation 6f“L-thyroxin@ (Ta)xfrom
hy@rolyaates of thyroid tissues by Kendali in 1915,
A move ppﬁént hormone containing 3 ilodine atoms,
ﬁyiiodcth&fpﬁiué (T3)'wgé di$cd§@r@d later (Gross &
Piﬁp#ﬁivers (1952)). It is now known that thyroid
hog@pﬁésiregulaﬁe the rate of cellular oxidation in

virtually all tissues.
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The nmrmél thyroid consists of two 19bea Lying
on either side of the tirachea attached to it by
loose comnectlve tissue, The lobes are comnected by
an isthous which lies anterior to the ﬁraphea Just
below th@,@fi@oid cartilage. Two pairs of pava-
thyroid glands are normally situated on or beueath
the posterior surface of the thyroid lobes. The
thyroid is encased by a thin fibrous aapsuleAand 1t
is very well vascularised.

Using a light microscope, the glend lg seen to
contaln closely packed sph@réidal sacs called Ffollicles.
Bach follicle is filled with a clear, viacoﬁa fluid which
congtitutes the main thyroild mass. This colloid
consists of a large glycoprotein, thyroglobulin, The
follicle wall 18 lined by a single layer of epithelisl
cells which surrouﬁd the lunen.

The thyroid epithelium which rests upon a well-
deflned basement membrane consists of two types of
céllﬁs follicular cells and light cells. In the
electron microscope, the apical surface of the follicular
cell is characterised by numercus microvilli éktending
into the colloid. The cytoplasm contains many vesicles
conposed of a single menmbrane to which ?ibosomes apre

attached., There is a large nucleus usually situated
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in a basal position. The Golgi apparatus is generally
apical in location and is 6fﬁen assoclated with colloid
droplets which are also dispersed throughoui the cell.
&ysosoﬁés are present %oWafd the béﬁé of the cell and
mitochondria are scattered diffusely throughout the
cytoplasm.

Light cells or C-cells lie in thyroid follicles
within the basement membrane.  They do«ngt cbntain
colloid droplets nor do they come into contact with
the,coiloid. The cytoplasm is packed with vesicles
and, the,qclgi zone is conapiéuous; The‘ﬁuclei,
mitochéndria'and lysosomés'aré similar to those found
In folllcular cells. ,

The‘main funétion‘oflthe thyroid gland is to
secrete adequate suppliés of hormone to tﬁé'peripheral
tissues. In order to do this, there must be available

to the gland, enough iodine to synthesise e normal.

amount of hormone. Normally iodine balance is maintained ..

by dlodine 1ﬁgested from food and water ahd.this varies
greatly %hroughout the_world depending on ﬁheliodine
conteﬁt of the soll and water. 2 Todide is ingested

in both the orgenic and inorganic form but it 1is mainly

the inorganic form that is_mad@ avallable to the thyroid.
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The iodide in the body is ﬁéinly confined to the
extracellular £luid from which it is removed by two
sites. The major clearance of lodlide ocecurs via the
%hyroid and the kidney although small quantities are
lost through the skin and in“expired aixr, Todide
filtered through the kidney is largely reabsorbed;
Factors affecting the uptake of lodide by the thyrold
such as thyroid‘stimulating hormone (TSH) emd drugs
such ag thibeyanate‘do not affect iodide clearance

by the kidney. '

The thyroid contains the largest pool of body
iodide, mostly in the form 6f lodinated aminb acids,
Plasma iodide is actively transported thirough the
basal membrane surface into fh@ follicular cell..
Intrathyroidal iodide may then be oxidised and organliied
or it may diffuse back into +the extracellular fluid but
normally the rate of inward g;eaﬁanc@ exceeds the
combined rates -of organicmbinaing and back diffusion and
thus intrathyroidal concentration gradients Ffor iodide
greét@r than unity are maintained within ﬁhe“gland.

TSH stimulates iodide transport which is dependent on
oxidative phosphorylation. It is competitively
inhibited by some monovalent anions, for eﬁémple,

peréhlorate, thiocyanate,
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After heing transported into tho thyvoid, the
ledide s first oxidised probably by hydrogen peroxide
at & site near o the surface of the aplcal miﬁrovilli,
&G ls thought that this weaction ig mediated by a
thyroidal peroxidase. Todlde oxidation is £mliowed
by the lodination of tyrosine which is contained in
the thyrqglmhulin mml@gni@ 4o form monolodotyrosine
(Mi@) and diiodotyrosine (DIT). Organie &adimaﬁioﬁ&
ave also controlled by TSH, '

Hormonally active iodothyronines ove then
@fnth@migw@ from lodotyrosines by a coupling r@éction,
Two DET moleculos ave coupled to yield a molecule wiih
two iodinated rings linked by am ether bridge. An
alanine side é&ﬂ@n is lost Lirom ih@ ving (B ) which
ultimately contains the phenolic hydroxyl group. The
coupling reaction seems to cceur within the thyro-
globulin molocules and it r@quirmﬁ an oxidation process.
It may be mediated by the same pmrmxida&e thek catalyses
the oxidation uf Lodide gim@@.virtgally all agents that
inhibit orgenic binding algso iﬁhihi% coupling although
vhe eaup;&ng reaction 1z much more sensitive to
inhibliors. Todine d@fi@iengy.and the lack of TSH
impair the synthesis of imdcthyrmn&nﬁg more thean the

synthesls of iodotyrosines.
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- A large amount of hormén@ is stored in the thyroid
in the form of a glycoprotein, thyroélobulin. This.
protein with a_mol@cular welght of 660,000 is synthegised
"dn the follicular cells and is thought to be iodinated
either in the cells or at the cell-collold interface
after whidh.iﬁ is extruded into the follicular lumen.

Tte sedimentation coafficienti(soéo, w) 1s approximately
19.48 and the polypeptide is composed of about 5650
:amino*acid residues and aboul 9% by welght carbohydrate.
The iodiné*éontenﬁ of thyroglobulin is variable and it
depends on the iodine inhake. Other iodopfoﬁeins are
found in the thyroid including a dimer of thyroglobulin
which has a gedimentation coefficient.of 278, and also
proﬁ@ins with sedimentation coefficients less than 198
under some conditlions. From results of in vitro
experiments %h&foglobulin biosynthesis 1s thought to
proceed by the following‘sequence:

a (3-88) molecules -~> # (128) molecules -->

%‘noniodinaﬁed thyroglobulin ~=> matured lodinated

thyroglobulin where n represents the number of

polypeptide chains.
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In order o velease the howmones lnto the blood,
thyroglobulin muat firsﬁ he bhydrolysed. The hydrolysils
is carried out by proteases and peptldases and iﬁ ls
grea@iy influenced by'ﬁh@ action of TSH. After the
formation of pseudopodia at the apleal surface of the
folliclo, endocytosis of_cblloid«oceurs to yield
colloid dﬁopisﬁa.-: Fusion,éf these droplets with
lyﬁeﬁaméa allows the digestion of the protein to release
iodoﬁhyﬁanimea into the blood. A varietj of agents,
including iodine can inhibit the processes of proteolysis
and release of hormones.

fodotyrosines liberated by the hydrolysis of thyro-
globulin are rapidly deiodinated by an enzyme, "iodo-
tyrosine dedodinase™. The lodine arising from this is
recyclod into the iodinating mechanism and incorporated
inté nevwly synthesised thyroglobulin. |

Cont

rol. of thyroid function
= . W D e T e

Nearly evéﬁyvﬁtag@ in the process that leads to
synithesis and gecretion of thywroid hormones is wader the
control of TSH, The regulation of TSH release by the
pitultary is influenced byiﬁhyroid hormone feedback and
by neupal iﬁflu@n@es. The hypothalamua secretes
%hyrotro@in releasing hormone (TRH) which acts on the

pitultery to promote a rapld discharge of TSH,  This
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reaction requires calcium ioﬁ for activation, The
TSH released %hen stimulates the‘thyfbid fcilicular
cell to synthesise and‘release more hormone. Ta
exerts a negative feedback control of the system by
inhibiting the release of TSH by the pitultary.

Thyrocaleldtonin

Another hormone which can be released by the
thyroid_is thyrocaleitonin. It has been shown that
this is produced in the C-cells of the thyroid of
mény species including man. Calcitonin acts on thé
skeleton to inhiblt bone resorption and thus:playa a
part in calciun homeoétasis bﬁ lowering the serum
calcium, ‘

section 2

Occurrence and causes of Goitre

The condition known as goibre which simply.means
enlargement of the thyroid glana occurs in every country
of the world in which it haé been sought. Areas of
endemic goitre, defined as those in which more than
10% of the population‘ﬂuffer from goitre, include the.
northwestern and Great Lakes areas of the U.S:A., the
mountainous areas of Central and South America, several
regions of Central Burope, especially the Alps, the

Pyrenees and also parts of Finland, Yugoslavia and Greece;
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several areas of Africa, particularly in the Congoj
the Himalayas, China and in New Guinea.
Endemic goitre has existed in these areas for

nany thougandanof yéérﬁ. There are references to

Lt ln ancient Hindu g@rip%uﬁ@& aatimg back to 2000 BC,

and the Chinése Empewﬁr Shen~Vung is reputed wo have

treated it with iodine-vich aé&waed'in 3000 BC, Prge
& . Ca%ﬁmbién covamic figurineﬁ showing the disease may
7 be seen in museums in Central and South Awmerica.

Gojﬂ}[ m})iarl . o EELT nE ¢ o ot o 5 iy elu
Search into the couse of this enlargement has

been caviyicd out Jor many years, One of thae first
workers bo spuggest that thore was a conmecﬁion between
lodine deliclency and the occuréénae of golitra was a
French chemnist, Chatin, who in 1850 corried out iodine
amalysigs of food, soll and wator. It is now widely
accepted that endenlc goitre ocours in areas where the
lodine content of the water, sodl. and Jocally grown
food crops 1s low. Surveys cavvied out in meny parts
of the world have condirmed thia-%é‘b@ the main cause
of goliwe in these aroas.

Studles carried out in Venczuela by Roche (1959)
show that in tho golivous areas a high thyroid uptake
of r&di@macﬁive lodine end a low urinavy oxcrotion of

131

of jodine in deinking water was also found, The

I wag fovnd in most individuanls., A low concentration
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creater thyroid'avidity for iodine 13 in accordance with
the theory ﬁhmt lack of lodine is an important factor in
the production of goitre but in every endemic avea there
are individuals who do not develop goltre although they

13?10 Thevefore other

do have a high thyroid uptake of
factors arve also involved in golfre production.
Investigations in South Hagst Asia have shown‘
similar results (reviewed by Ramalingaswami (1973)).
Radidiﬁdine uptakes were elevated, TSH levels were
eleﬁaﬁ@d, serum protein-bound iLodlde levels ﬁer@ reduced
and the organic lodine content of glands examined at
autopsy were low. Th@ thyrolds of goats fbom a goitrous
area of Indla were also studied and similar results were |
found., Adding potassiun iodidélar potasgiun jodate to
domestic salt sghgtantially reduced the incidence of
goltre in the Himalayan endemic goltre zone,' This
treatment also reduced the incidence of goitre In South
America (reviewed by Stanbury (ﬁ969)).
The presence of a goitlre in an individual causes
1itﬁ1é‘disgomfof% when small but large goltres may
cause respiratory disﬁress that regulres surgery. However,
in aréﬂs’of endemic goitre other defects including
deafwmutism,vcretinism and mental retardation are also

found., :Endemic>cre%inism is the most impoftant aspect
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of endemic goltre. = It only occurs in association
with severe ehdeﬁic goitye and ;ﬁ probably arisés
due to foetalrd@privation of thyrolid hormone Quring
critical phases'of development. = Thevre does not
seem.to be a strong genetic contribution to endemic
goitre although é highér prevalence of goltire was
found‘in children whose parents had goltre than
among those whose parents did not.

Goitre is caused by a failure of the thyroid to
.produce’enough hormoné, This causes a rise in
secretion of ?Sﬂ which incr@ases~the thyroidal clearance
to enable the thyroid <o accﬁmﬁlate a sufficient
quantlty of Lodine.  Then thexﬁhyroid begins,ﬁo anlarge,
glving increased cell mass with décreaa@d follicular
gize, The lodination level and the thyroxine content
'6£ thyroglobulin'also decrease, thus causing-anoﬁher
increase in TSH. The initiel cause of goitrc may be
the lack of dietary iodine, ingestlon of an anti-thyroid
substance whiéh prevents the synthesls or release of
sufficient thyrcid hormone or a geneticallﬁ_de%ermined
enzyme tefect. | | |

An excess of dietary iodine will usually ﬁr@vent
the formation of a goitre in a normal individual but
when the available icdine is at a critically low level,

then the presence of a goltrogen may favour thyroid
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enlamgemeht. Sporadic goltre can ocour due to the
ingestion of some gditrégenic substance even when
there is,suffigienﬁ iodine.

Todine may be displaced by the othewr halogens
if they.ére pfesent{in_excegg and fluoride hasfﬁeen
reported as being one ofkthe factors responsible for
goitre in South Africa and in the Punjsb (Wilson (1941)).
A number pf_drugs havé been found to éxért a goitrogenlic
action. Perchlorate which can be concentrated by the
thyroid inhibits the active'tranqurt of iodide into
the gland and when the iodine intake is low this leads
to'goitﬁe. Thiocyanaﬁe alsd inhibits iodidé transport
but by&a differenﬁ mechanism., It does not appear to
be concentrated by thyroid tissue but it is actively
meﬁabolised ﬁy the gland. It can also inhibit thyroid
iédinaﬁions at slightly greater conéentrations than are
required for inhibition of iodide tramsport. |

Délange, Thiiiy and Ermans (1968); ag a result of
studies of iodiné ﬁeﬁabblism in Idjwi Island,izaire,
coneluded’tha%'iodine deficiency 1s not the direct cause
of‘ﬁhe higher prevalence of goitre found in North Idjwi
compared to thé%nin the South. Delange and Ermans (1971)
linked this to the consumption of cassava érown in the

goitrous apea. The entithyroid action is probably the
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result of the production of thiocyanate from cyanide
arising from a cyanogenic glucoside contained in the
cassava.,

The -organification of lodlde is inhibitgd by a

)
C =N =,

This includes thiourea, thiouracil, propylthiouracil and

group of compounds containing the group S

carbinazole, The coupling of iodotyrosines to form
ilodothyronines is most susceptible to the action of
these compounds followed by the iodination of MIT +to
form DIT, then iodination of tyrosines to form MIT,
Since iodide trensport is not inhibiﬁed there 18 an
accumulation of perchlorate dischargeable iodine.  The
m@éhanism of action of thionemides is not known but
probably involves inhibition of peroxidases. Unlike
perchlorate, increasing the dose of lodine does not
prevent their action.

A number of drugs, mainly aminocheterocyclic
compounds and substituted phéenols used foﬁ»purposes
other than treatment of the thyrold have been shown to
be.goitrogénic, Some foods e.g. cassava as mentiloned
above are also known to contaln goliltrogenic substances.
Chesney in 1928, found that cabbage caused goitre in
rabbits. Other members of the Brassica family which
contain thionamides are goiﬁrogeﬂic.v Excessive iodine

in the diet has also been shown to cause goitre. This



was found in Japan (Su?uki et al., 1965) in a coastal
region where the inhabitantq consumod large quantitles
of iodine~rich seaweed.

Calcium a8 a goitrogen

For more then a century there have been reports
thet there is ah‘éssoeiat;on between the production
of goitre and the ingestion of excess calcium. TIn 1831
Boussingault (1831) after carrying out surveys in
Colombia advanced the theory thét excess calcium may
cause goitre. ~Surveys by Orr (1931) in Greaﬁ:Briﬁain
and by Stott in India (1932) have shown that éoiﬁre often
occurs in limestone reglons. In 1948, Murray et al.,
(1948) published the resuits of a survey of thyroid
enlarg@ment and the iodine‘and mineral content of water
in the British Iglea; __They'éuggest@d that the higher
incidence of golitre in cortain aress of England as
compared with ﬁhat in certain SCottish areas having
water of similar lodine confent, may be due to the hardness
of English water compared fo the softness of Scottish
water. A more recent survey (1969»1971) in Zembia
(Nwokol.o (1974), Nwokolo and Ekejiuba (1974), Nwokolo
and Khodorovsky (1974)) also suggests that a high calcium
content of food, water and soil may be important in the

aetiology of endemic goitre when the lodine content of
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the environment is low. ' Soils of limestone and
dolomiﬁe derivation whiah-are rich,in calcium are very
extensive in Zambla and weter from most wells hés é
vory high calcium content Liming of soil decreases
entraaco of iodine imto plants and high calcium content
‘diminishes the mobllmty\of‘iodine in the soil. In the
~ body calcium 1s thougﬁt ﬁé'decreasw the metaholic effect
of thyroxine (Roche and Lissitzky, 1960). However,
there is no general agweeménf on th@‘gcitrogenic role
of calcium‘in;ﬁhe$report@d @xéerim@ntal gtudies.
‘ Section é

Develogmezb of a 10w iodlne test diet

In,ord@c to investigate the production of goitre
in experimental eanimals, it Waé necessary to formulate
a sultable diet. The basic test diet used in the
f@@ding experiments in this work is that developed by
Levine, Rémingtoﬁ and Von K@initz (193%). They were
led to choose this diet which is bésed on the rachito-
genic diet of Steenbock and Black (1925) because
Krauss and. Monroe (1930) found that it also produced
‘enlarged ﬁhyro;d glamds," In order to provide a source
of vitamin D to prevent rickets, Remlngton added
i?radiaﬁed)yeast to this diet, thg formulation of which
is given in +table 1. Analysis showed tha% this diet
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contained 15 pg iodine/kg. When fed to rats,
35 days on tha'diat produced an average thyroid
welght of 53.2 mg/100 g body weight. The addition of
400 gél/kg to the diet produced a thyroid weight of
12.6 ng/100 g body welght.

Tﬁé’emlarged th&roids were dark red in colour
with 1ittle or no iodina~containing colloid.
Compérison of %he dry thyroid welights showed that the
'eﬁlargeﬁent,Obtain@d,is'primarily an actual gain in
tissue welght and not merely accunulation of fluid
although the hyperplastic. glands do have a higher
water Qontent} The iodine congentration of the
goitroﬁs'glan&snwas about 0.88 pg lodine per gland
cgmpared‘to 4d;ug ilodine per gland Lor the rats fed
iodine suppléments. '

 The SteénbockmBlack di@ﬁ'éonﬁains a large amount
of caleiun cafbonaﬁe (Cacoﬁ)f}n order to give the
~abnormally high calcium ph&sphbrus ratio which causes
rickets in the rat. R@miﬁgton did not £ind any
indigatiéh that either the high caleium content nor the
ébnbrmal“@a ¢ P ratio were responsible for the goitiro-
genic activity of the diet. gIﬁaéubsequ@nﬁ investigations
Reﬁington (1937), therefore, used 1% Ca 003 instead of

b ey
3% Ca 605..
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Levine, Remington diet

(1933)
Yellow corn - 76%
wheat gluten = 20%

calcium carbonate - 3%
sodium chloride - 1%
yeast - 0.2%

Todine content 15 pe/kg

Shérpless',diet

(1943)
Soybean. £lour - 75%‘
butterfat - 5%
. caleium carbonate - 0.5%
sodiun chloride - 1%
brewers yeast - 3%
sucrose = 15.5%

Todine content 40 ug/kg

Hellwig's diet (1935)
Corn meal - 50%
rolled oats ~ 50%

Todine content not stated

Taylor's diet (1954)

Yellow-maize meal - 80.5%

Bemax - 10%
low vitamin casein- 6%
soaium chloride - 2%

dried liver - 0.5%

Todine content 87.6 pg/kg

Calcium content 3.58 g/kg

Gandra and Conigliot's diet

(1961)
Corn meal - T9%
wheat gluten - 18%
dried liver - 2%

sodium chloride - 1%

Todine content not stated

Table 1

Composition of diets used for the production

of goltre in the rat.
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The effect of_Réming%on's diet was fuf%her investigated
by Money, Rall and Rawson (1952) who used the change in
thyroid weight and the uptake of radiocactive iodine by the
thyroid as an indicaetion of change in thyroid status.

Since theiy diet contained three times as much lodine
(45.0 pg/kg) as Rémingtbn's diet it was only slightly
goitrogenic and even after 106 days (15 weeks) on the diet
thelr rats had a thyroid welght of only 25.3 mg. The 151y
 uptake of these glands was 36.4% and the average total
iodine éontenﬁ was 5.3 pg per gland. They cearried out
experinments in which each compohent of the diet was omitted
’in turn (except for the corn meal). This decreased the

131

thyroidal uptake of I in every case but it did not

change the thyrold weight significantly. The largest decrease
in 1311 uptake occurred when CaCO3 was omltted from the diet.
From this they concluded that thelr diet did‘nof contain a
positiVe goitrogen but that the increase in thyroid wei@hﬁ
was caused by a decrease in iodine intake. ;

From thelir re&ults théy suggest thaﬁ; when dietary
iodihe is iow, an increasé.in thyroid radioiodine uptake
occurs first, followed by a decrease in ‘the level of
inorganic serum iqdine,' As the diet 1s continued, the
ﬁhyroid?iodine 1éve1 decreases as ‘the gland‘secretes stored
hormone . When the level ofJcirculating'hormohe,decreases,
the pitultary secretes more TSH9 thé results of which are

then observed as an increase in thyroid weight.
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Section 4

The effect of calcium on the raﬁ;fhyroid

Several workers have investilgated the goiiroéenic
role of calcium using Various dieﬁs:containingAdiffering
amounts of iodine and calcium, , ,

Sharpleés et al., (1943) using a diet that produced
a slighﬁ thyroid enlargement investigated tﬁe géiﬁrogemic
effect of several calcium salts, namely ca;cium chlérida,
calcium phosPhate;'calcium carbonate and.caiéium lactate.
- The formulation of their basic diet is given in table 1.
2% Ca012 or the equivalént amount of calcium in the other
salts was added to this diet. In éome eXpérimenﬁs they
added 1%’Ca012 to the drinking water instead of supplemenﬁing.~’ﬁ
the food. Thyroids’twice The normai size.butnhalf the size
of those formed when the dlet was not supplemented with
iodine were produced by the basic diet. None‘qﬁAthe
calcium salts prdducéd a real enlargement of4thewthyroi@s
which all‘contained the same amounﬁ of 1odiﬂé (ﬁ,2w2.ﬂ wel/
gland). = R |

Sharpless et al., also‘investigated the efifect of
adding 2% CaCl, to the drinking watter of rats fod Hellwig's
diet (see table 1). To prevent tétany it was necéssary
to supplement this dieﬁ-ﬁith vitamin D for the animals

not receiving calcium and with yeast for those recelving
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2% CaCJQQ' No ﬁignificantﬁdiﬁfeﬁénc@s.iﬁhﬁhygoid weight
were observed. o : | |

The effect of adding vitamin D whggh,§a=important'in
the absorption and utilisation of ca@@ium!ﬁas also
investigated by thé same.warkegs}  This»did ma%‘ﬁﬁang@,
the thyroid wwights when‘CaCO,-wéa adminiﬁt@wed hu% At
caused an increase when the canium salt used was C&Cl?.
They concluded That calaium does not influence the size of |

the ﬁhyroid gland but 1€ fed wihh vabamjm D Ga@lp can act
as a goi Lwo&emic ﬂg@nb. The meehanﬁgm of action praposad
was that the chlorid@ Q&uﬁ@a some loas of iodine from the
gland followed by an increase ln ihyro&d weﬁght when an
excess of calclum is absorbed.

Since some low lodin@ diets used for the proaucLion'
of golire contaln 1 ox 2 a003 Taylop (195&) used a diet
low in both calcium and lodine coontent. Its composition
ig given in table 1. He compared the bhyroid welghts
and pepcentage raﬁioig@iné uptake of rats on this diet
with those receiving 2%’@@@03 or 2 uglfday 5upplegeﬂtﬂ.
Significantly larger thyroids were found in the rats
re@eiv;ng caleium supplements than im the Ouhar EPOUDS ;
and they also had & greater uptake of 131 I. He showed
that in the presance of Cacoﬁ ‘the radiolodine could still

be absorbed from thé;gut, The increased avidiﬁy;of the
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_gland for lodine showed that the trapping mechanism was not
inhibiﬁeda Some prOteinlbinding still exiéﬁed'aslshown by
autorédiog?aphy but an ingection‘of sodium tﬁioeyanate did
discharge some of the 1?11 trapped in the glénda Excess
iodine prevented the goitrogenic action df ¢éiéium, His
conclusion is that ﬁhe‘addition'of 2% CaGO3 to g low iodine . |
diet produces a larger, more hyperplastic thyroid but the
mechanism for this is rot clear. It does not act like
perchloraﬁg since thé‘trapping meéhanism is not imhibited,

It only acts when there is a low iodine intake and protein
binding is only partially inhibited. Therefore, he
suggested that calcium éxérﬁs its goltrogenic effect by
inhibiting the synthesis of T, in the thyroid or by
Increasing lodide clearance by the kidney. B
Similax exparimen%& were éarried out by Gandra and
COniglior(’l%'i)° Their experimental animals were fed a

low iodine, low calcium diet, which is essentially that of
Reminglton as can be seen in table 1. Thi.s they supplemented
with (a) 260 ugl/kg,:151g CaCOB/kg and (b) 30 g GaCQBfkg
for 30 days ‘then 60 g CaC0/kg for a further 10 days. They
founduﬁha% rats receivipg excess dietary calc;um had larger |
thyroids then the contféis after 42 days (6Awéeks),on the
diets. An average ﬁﬁ?fﬁid welght of %Q,B mng was obﬁainéd
for those recelving calcium as oppoéed.ﬁo 235.7 mg fgr tﬁose

- on the basié low iodi@@; low calcium diet. 'Thia enlargement
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was accompanied by increased content of 1noréanic lodine
and decreased content of bound lodine in the thyroid
aithough the total radiolodine upteke was 1esg,for‘those
receiving calcium, o , o
Incubations of,fét thyroid slices in a buffer mediﬁm

containing 131

I were also carried_butfﬁj these workers,
CaCl, was added to half the flasks and this decreased the
total A1 uptake of the slices by interfering with the
conversion of free ijbound iodine. The trapping of 151y
by the slices ﬁas not inhibited, Thus the goitrogenic
action of calecium is due at least, in pdrt, to a direct
effect on the thyfoid tissue, Blockinngf the preliminary .
lodide oxidation ste? in the thyroxinéroxidase-System seems
to be é probable site of action of calecium. Lass‘probabl@
is_the hypothesis ﬁﬁaﬁ calcium activates a prbtease which
degrades thyroglobulin'or a delodinase whioh‘rémoves iodine
from tyrosines.. I | .

. The calcium dontent of the‘thyroid)and other tissues
‘has been measured byuKaellis and Goldsmith (ﬂ9655. They
ashed the tissues in an incinerator after drying to
constant weight, dissolved the ash in 1 M,hydréchloric
acid and then titrated the solution using the: method of
Eachra, Deuer and Sobel (1958) in order to measure the

caleium content. The thyirold contailned more calcium in

mg/100 g wet weight of tissue than either the liver,
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submaxillary gland, kidney or serum (mg/100 ml), They
showed that the calcilum concentration of the thyroid fell

1f the rats were fed thiourea but it rose with a high

- calcium low ;odine diet (Remington diet +2% CQCOBSfO?

8 weeks). The concentration remained the same as the
controls on a normal diaé when the rats were fed the
Remington low lodine diet withouﬁ calcium suﬁﬁiem@nts.

They do not state whether calcium exerted a goiﬁrogenic
effect or not in their dietary experiments. They concluded

‘that the thyroid captures calgium since the normal thyroid

level is 3% times that of the serum. Some of ihis caleium =

may be'complexed astcaleiumwthyroglobulin.‘ Thls complex

is possibly onAtyrosine which resists iodinaﬁion or,on an

iodinated tyrosine and interferes with thyronine formation.
' Section 5

Localisa-é;,on of calclum in the thyroid

Since it has been shown that the thyrold contains a
high concentration of calcium various efforts have been made
to determjne the form and 1ocauion of calclum in the gland.

LO% o£ movmal human thyrolds have been shown to contain
digcrete crystals of caleium oxalaﬁe and in some abnormal
glands cal ciummcontaining structures termed psammoina bodies
have been Lound. Using the teehnique of electron-probe

mﬁcroanalysis Rob¢son, Van Middleqworth and Dav;a (1971)
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dcheﬁmin@d the dis&ribuﬁ;om of Ga?ciumg 3odjn@ and
phosahoruMg in vapiou huvman thyyrold pJandﬁo 1odinc

is uniformly dxatribut@d hfoughout the colLoid;which“

is surroumde@ by phosphorum areasg Indicative of
epithelial cells. ﬁéleium is di&tributed‘ﬁhwoughout

- the collold weglon and is also hfghly eonc@nu?&tcd in

the £91!LcuLar eeils. - The distribution of phoﬁphorus
indlcates chai most of(the'calcigm is not predent as
calecium phosphate. . Since the calcium;boncgnﬁwaﬁion

and diatributidn,frqﬁffn@zep s&ctipm&laﬁd féwmalinmfixed |
. embedded sections were identical some of‘thé‘gélcium is q f
1likely~ﬁo'ba‘bbund‘ﬁo thyrogiobﬁﬁinn"‘ Thfﬂ would give.:
support to TaYWorﬂg“hypo hegis that the synunesis of 4

is inhlbltcd by balglumwbindjng to thyvo&lobulnn. ngh

calcium areas suoh*as is observed in nodular goitre"coul@agffk?:

thus be formed by the. preeipimaﬁjon of calcium as . the
lumen becomes 5mailer ‘ _

similax reﬁulﬁs(haﬁ@ also been obtained by Dupuy,
Rouals and Blénqu@ (1976) vho used the (leOYdL bis 2
hydroxyanilealcium) complex to locallse th@ calclum in
the rat thyroid. | Again the colloid caleium content
Beems mor@‘importanttfhan that §£ é?ithelium.‘ ‘

The di@tribut;énlbf calcium and the eff@6t 0f various
substances on it have heen investlgated using dog thyroid“n

slices incubated in vitro with égcé by'Rodeﬁch, Bogaert,
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Dumont"(ﬂ976), Their work suggests that thyroid tissue
calcium is distributed in at least two compartments .
One compartment (A) may be the extracellular spéce

Q5Ca2+ taken up by it Wa$>not

since the release of
influenced by the calcium ionophore A-23187 which
increases cell permeability to calcium or by’métabolic

g inhibitors oy by TSH. Tncubation at 0°C ineregsed the
uptake of 450& by %his compartment but decreased ‘the
relééSe. The second compaitment isia'slowly,éxehangéable

store which is probably a mitochondrial location since

the release of Q5Ca was accelerated by ionbphore A-23187, -

antimyc$n A and also by TSH. ’
Section 6

1nf1uence of oalcium o ihvro&d metabolism

It seens reasonable to con31der that the Targ@
concenuration of calcium 1n the ﬁhywoid is playwng an
active role in the metabollism of the gﬁand.

Most stages in the synLhesxs and release of the
thyvroid hormones are confrolled by TSH. Hachiyé @ﬁ al
(1976) have shown that TSH will stimulate the thyroidal
upteke of radiocactive b5¢a both in vitro and in vivo.
Feeding a low iodine diet for one or two weeks to
increase the endogenous Tsﬁp increased the uptake of
450& into mouse thyroid twosor three %imes-reﬁpeﬁtively

in comparison to controls. The addition of TSH to
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glaﬁdﬁ incubated with A5Fa increasod the uptake about
twice. similar effocts were azso produced by longe
wcﬁing Lhyroxd stimulator (LAT&) wh;ch is amother
thPOid stimulator with some;qﬁ the properties of TSH,
' Thereforé the émhaﬁcémen% of Qa1éium uptakewbyrthe
glaﬁd may be impbrtéhﬁlfof the action of TSH on the
stimulation of hormone proéuction.' ) }'

It has been shown that echium is involved in the
mtimuluSmsecreﬁion coupling in aeveral‘ﬁecretoxy systemé,
The secretory mechanism is activatad‘whenkﬁhé hérma3
phy%iologieal‘stimuiahor combines ijh a membrane veceptor(
promoting the influx of calecium ions. Remov;ng calcium
ions from th@~incuba%ion;mediﬁm will, therefore, block
secreuion from a number of endocrine cell %ymes.

Howaver, Williams (19?2) showed that removal of
calcium or magnesium ions from the incubation media did

'm:t ut that

noﬁ'afﬁaqﬁ the relﬁgse“cf thyroidal
elevated levels of:either‘catfon inhibited bo th TSH and
eyclic adenosine monophosphate (c AMP) stimulated release 1'
131T Willems, Rocmans and. Dumonm (1971) haVe also
bhown that calcium is not requirad for Lhyrojd secretion
but that it is required for the TSHmstimulat@d oxidation

of C=l=glucose and algo for the organifioatxon of todide.



Several of the functions of the thyroid, including
lodide binding to pfoﬁeins and secretion are regulated
Thirough the activatioh'éf thé_adenﬁlate cyclase system.
by TSH., Tt has been suggested by Zor et al., (1968),
that calcium is essenfial for the action of ¢ AMP
rather than its formation gince the effects of dibutyryl
cyclic AMP (DB - cAMP) on glucose oxidation was also

2+ions,' The calcium

reduced in the abseénce of Ca
ionophore A-23187 héé'been used to study some of these
functions. Yaméshita et al., (1976), showed that
calcium plus a high concentration of ionophore enhanced
' 140»1«g1ﬂcose oxidation but it lowered the tissue/medium
(/M) radioiodiné ratio in slices under conditions where
organic binding was inhibiﬁed by,methimazole. They
also obtained a gimilar depression in the T/M ratio with
TSH and DB cAMP. The. fonophore increased the cyclic
guanosine mono@hosphaﬁe (cGMP) level in the slices and
slightly décreased the basal but not the TSH-stimulated
cAMP level.

On the other hand,'Van Sande et al., (1976), showed
that calclium at high concentration plus lonophoie
inhibited the aceumulation of cAMP, hormone secretion and
pseudopod formaﬁioh in TSsttimﬁlated slices but enhanced
iodide organification and Cm1~g1ucoserxidation. They

found that calcium plus ionophore also increased the
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aceumulation of cGMP Agents, for example, acotylcholtne, o

carbomylcholine which enhance cGMP levels had no effect
in calecium d@pletad thyroid slices.
Therefore intfacéljular caleium modulates the cGMP

level. Thus lnoreaaed Ca?*

1ons'and/o?:cGMPlact like
CAMP in their ac*ivation of iodination5and’éc%’in
opposition to CAMP Ln that uhey depross secr@tlon. It
is not known whobher the grawth effect of T8H 1s mediated

by CcAMP.
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Section 7

Purpege of this work

The main aim of this sﬁudy was to define the
goitrogenlic role of calcium in the rat and to try

to explain the mechanism of its actidn»_
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Chapter 2

Materials and Methods

Section 1

Materials
LT AT T TR O

The mater;als:aﬁd the subpliers used for the animal

feeding experiments are as Lfollowss-

Materials _

Male Sprague=-Dawley ﬁats,
120mj50g body welght and
alsojweanlings

Remington low iodine diets

Calcium deficient, low
iodine diet

Dietary additives
Calecium carbonate,(éaco3)

Potassium perchlorate (KCLO,)

Propylthiouracil (PTU)
Potassiun iodide (KI)

Suggliers ,

‘A. Tuek and Son,

Reyleigh, Essex

ICN Nutritional Biochemicals

~ Corporation and Teklad Test Diet

TekladvTeﬁt Diets

British Drug‘Houses Ltd.

British Drug Houses Ltd. ‘
Koch-Light Labopatories Litd. -

_British Drug Houses Ltd.
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Die%a;xmraﬁimﬂq

Conirol exgevimo;bal diet .

Diet 41B (MOd&flGd) (pelleted) from Oxold Ltd.  This
diet 43 shated to contaln 0.84% calcium end at least
2300 pg iodine/kg di@t '

P@g;imimarv e“pewjmentaﬂ &1ets 2

. Low iodine diet (LTD) o Remingtca low lodine diet as
ﬁupplibﬁ by 1 thriuaonaL Blceh@m10@1$a This diet is
stated»im contain O.4A calcelun, The prcci&e Adodine
comtént.of this diet is unknown.  Its cwmpoﬁiﬁion

is ag follows -

Yellow corn meal | 78%
{grown in iodine deficlent area) '
Wh@at'gluten S 189%
Brewers yonst - ' 20
Calcium carbanata 1%
Sodium chloride | 1%

This dlet was supplemenﬁ9d°m

Diet X

i

LID - 2,58 GaCOE/kg diet

Diet ¥ = LID . 5g GaCOﬁfkg dleb

Diet Z = LID + 20g Gacog/kg diet

- DHatilled water was supplied ad Libitum.

DeZinitive experimental diets

The'baaicrdieﬁs in these experiments were supplied by -
Toklad Test Diets. o
Diet A - calcium d@fiei@ntp low lodine diet supplied by
Teklad Test Diets.
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This diet is stated to contain 0.035% calcium and less

than 50pg iodine/kg diet and its formulation is:-

Qr6und whole yellow corn 799%
Vital wheat gluten | 18%:

' Brewer's yeast powder - 2% 7~
Sodium chloride (iodine free) 19

It is thus identical in composition to the Remington low
iodine diet but with the omission of 1% 0aCO,. This diet
wag supplementeds- '

Diet B = Diet A + 5g CaCOj/kg

il

Remington low iodine diet l.e., Diet A +
10g CaCOB/kg

Diet D = Diet A + 20g CaCo5/kg

PTU treated rats

Diet A + 0.2g PTU/kg diet

Diet C + 0.2g PTU/kg diet

KC10, treated rats

Diet C

i

Diet A + 20g KGlOQ/kg diet

Diet @< 20g KClOQ/kg«diet

Unless stated otherwise, all animals received distilled water.
Tn some experiments 2% calcium chloride (Caci2;6(H20)) oy

KI (1.31 mg KI/1) were given in the drinking water.



. 0.15U sodium chloride in 0.07M potaﬁgium Phogph&te

by,

Buffer solutions

greb31ﬂq; 2 bufferr

éﬁ,mlqb}ﬁsM sodium chloride

4 mi’O 15M potassium chloride
1 ml 0.16M potass¢um dihydrogen phosphate ‘
1 mi 0.16M magnesmum sulphab@

3 ml O. ?5M sodium bicarbonate ) 5
f‘18 ml, oE a sodium phosphate buffer solubion ccntalnjng ‘,}ﬁ?
100 ml 0.1M Nay, HPO,, and 25 ml 0.1 Naﬁgpoé | f; ’¥”
- The pH wa& adduﬁted to 7. 40 by ‘the addjtion oﬁ O 12M N&ZHP04
_Phosphate buffer@d sallne (PBS) | - |

buffer pH 6.8.

Séction 2
Methods

Datérminaﬁion of tissue caleium -

The calclum content of the thyroids o£ rats Lrom -
Ehe di@bawy exp@rimenta was measured after chloric acid -

dlg@ﬁtlon by atomic absorption spectrophotom@try (A A, S)

i Thc calcium ccnc@ntrations of the thyroid, 1iva?, kidney,

,hearu and muscle of raﬁs on diet- AﬁB were also deﬁermined

ﬂin the aame manner,
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Chloric acid was prepared as suggested by Leffler 3¢i”
(1954) for the measurement of pro%einmboun& iodine. |
Four to slx rat thyroids were digested toggﬁh¢r~to
provide a sufficient concentration of calcium for
neasurement. The glands were sliced whiié’still frozen
and heated with 1 ml @ist;lled,:deidniﬁed ﬁater and
Bl ml chloric acid in a 50 mi_beak@f onié“hoﬁ blate at
a lowvtemperaﬁure (QO?C), Tf an iodine eétimation was
also to be carﬁied oui.‘0;5 ml o£'0.5% sodium chromate
solution was also added to keep the iodine in the
oxidised,form{ _.Aft@r complete dﬁgesﬁioh of the‘gjands
which’took about 1% hours, the digest¢on beaker& were
left overnight in the fumo cupboard bo allow volaulilsdtion
of the excess. oxidiging agent : The digesis ﬁewo then
made up to 10 ml with distilled, delonised W&t@? 1n
volumetric flasks. A 1:5 dilubtion with 0.1% lanthanum

‘chloride (BDH reagent) wes made before reading the calcium.

concentrations of the dlgests on the A.A.S. Thzs type of, Af.

spectvophotometry measvreﬁ the absorption o£ a beam of
monochromatic light by atoms in a flame. The energy
absorbed is proportional to the numbers ofuafbﬁs present
in the:optical’path and ‘therefore ﬁhg congéntraﬁion of
the élémemt in the sample can be determined. V‘fhe
1nstrﬁment used“was<é.PerkinmElmer Model. 403 AA spectro-

photoneter.
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The heart and muscle were wlicod Whll@ irO?en
and digested as above with 5 ml chloric acido ‘The
leer and kmdnevs wawe homogenzscd to faoll¢Lata
d;gesbnon before the addltlon of 5 ml shlor$c acid.

AL glassware used in the determinabjon of calcium
was soaked in cﬁr§mic acid fo; 48 hourg bofopa use to
remove traces of calcium since initially a very high
concentration of caleium was found in ‘distilled, deionised
water blanks . For each set of analyses, two distilled,
deloniged wateyr blanks and a range of calcium standards
prepared from BJH standard calcium ehlorlde solutlon for
atomic absorption (containing 1 mg Gg/mi) were included
with the digestion offthe test sam@iéé‘and their calcium
‘concentration was meésure&; Before the method was
uged for tissue aﬂalysisg(a large nuﬁber'bf calcium
standards were processed in order toldetérminefth@
accﬁraéy and«reproduciﬁility of ‘the assaﬁo The
standard deviation for standards containing 0.62 mmol
Ca/l, 1.25 mmol Ca/l and 2.50 mmol ca/z_*wa,s + 0.02 mmol Ca/L.
The dilution of the samples with lanthanum,dhiofide golution
-before reading on the SPthfophotomeﬁef was necessary to
prevent interference from phospha be dons whloh can depress
the calcium signal.

The measurgmenﬁ,of serum calclum was also carried out
by atomic absorption after é ﬂéSD dilution of the serum by

0.1% lanthanum chloride solution.
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Determination of ‘thyroid 1odiné'

The lodine concentration of ‘the chloric acid
digesgts of the thyromds from some of the dietary experimenﬁ§::~
was measured by the Department of Medicine, Glaégow S
Western Iﬂflrmary  The method used was an awtomated
procedure given in the TechnicohmAuto Analyzer Methodology -
Manual No PB/ﬁ;?. The iodine econcentration of the blenks .
and potQSQium periodate (KIO?) aﬁandards included in the_:'4/
dLg@$$LOﬂ Drocess were also assayed :

Care had to be taken during Uhe acld dlgeablon toﬁ
prevent loss of lodine which would give 1ow resujbs.
The coefficient of variation for the yrepeated as&ay of” ,
the standards used (1.6pmol I/1, 3.2 umol I/1, 40 umol I/l, S
80 pmol L/1) was between 5-~10% of the standard. ‘

Determination of serum thyroxine (TQ) and

serum thvroﬁdmstimulatinp hormone (TSH)

The TA and TSH in the rat serum were meabur@d by a'
radlioimnunoassay (RxA) method., RIA 18 a prote%nmbjndlng
method of analysis. _ Specific anmibodies agains the
compound ©o becstimat@d are pfapared, When a known _
excess of radio-actively labelled anﬁigen and an unknowﬁW "
amount of stable antigaﬁ in the test serum are mixed,

they compete for the binding sites avallable from a
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Zdefincd‘amoﬁntiéf the'ahﬁibody;* vThe*grea ter tbe amount
of stable anLigen preseni, the fewer of the 1abellad
,molegules of ‘the antigen will bind to the antibodiles

and ﬁh@refor@ more;qf ‘the Labelled molecules will be’
.pfesen% in the free state. At equilibfium a certain
ratio of free o bounﬂ'ﬁolecules wlll ekist'and.bj
m@wauring ﬁhe ffe@ or the an*ibody-bound labelled
molacuTes iu is possmble to esﬁablimh standard curves
%o m@asure the unknown quantity o£ unLabell@d compound
preﬁent, In the two RIA m@thodJ u&ed h@re, the bound
anhigen is separaﬂed from th@ free mozaculew by binding
the anLigcnmantibody compl&x to a second anuibody and
the radioactivity in the bound fraction is measured to
plot the st tandard curve., |

Radiommmunoassay of rat thxgoxiﬂe

The reagentm used 1n this assay were 3upplxed by the -~ ;ki;ﬁ

Radioimmumoasday Unit in the Biochemistry Dopﬂrfment,
&lasgow Royal Inf;rmary. N C
T Lock stanﬁard soluﬁion was dlluced to give a

range OA working ﬁﬁandardﬁ containlng 0 to 400 nmol T4/1
serum 100 ul of 0.1% bovine Jerum albumin (BSA) in
0.05M bafbiuone buffer pH 8.6 were plpettcd into @sch

‘sampla tube, 25 uL-tesL pat serum were then aﬁ@ed in
"dupliéat@. 25 ul‘Taé*ﬁée fqt;serum7wéfe édded'to‘each

of the tubes,containing"ﬂoo,ul stamdaﬁd. To diéﬁlace
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TQ from its bLndlng protejns 400 ug 1~an1]1nonaphthalenem
8~sulphonlc acld (magnesium salt) (ANS)/?OO wl barbitone
buffer was added to each tube. 500 pg 1251 1abelled Th
and then T, antisera.ppepared in rabbits,to give a final
dilu%ion‘of 1:2000 were added. _‘Finallylthe gecond
antibody, donkey-amtirabbit (DaR),, in a final dilution of
1 96 and- normal rabblt serum in a fjnal dilution of

13 2000 were added to each tube. The assay tubes were
Jncubated overnight at 4°c. - They were. céntrifuged at .
2000 rpm for 30 minutes on the refrigerated MSE to give

a peilet containing the antibody bound T4° The -
supernatqnts‘were aspirated off at the Qater pump and

the pellets were coumted on a Wallac gamma counter for
1ong enough to obtain 10, 000 counts in the assay ﬁubes
comtainlng the total amount of label added.

The results were calculated using a cémputer pr<;>g;:f'amm'@z’‘;w
and a standard curve of percentage bound versus concentratibni;
of T, in the standards was plotted.

’ Ip éach agsay, tubes not conﬁaihing any Th antibody
were also proé@ssed in the same manner as the test
samples to determine the non~specific binding of -the
labelled Ta, aneeAsefum samples, containing high,
nofmal and low concenﬁrétions of TQ which had been assayed
several times by the RIA unit, were included in each assay

as- quality controls,
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A typical standard curve for the assay of rat
serum T, is shown in fig. 1. The'ptandard Qﬁrva'
obtained were good smooth curves with maximum binding
greater thanr46ﬁ. NonmSQectfic hinding was usually
less than 1.6%. The sen81tivityko£ the assay was
very good since a Tﬁzconcenﬁration down to about

7 nmol‘TM/l could be;deteetedyaﬁd measured. The mid-

point of the assay_wéa betwéen‘55m58'nmol Ty, /% which 1s

in the normal range. The standard deviation of the
assay duplidates Which is calculated by the programme
used for the results was 1.7% Whichfis acceptaﬁle for
a manual‘assay. The coefficient of variationrfor the
thrée known guality controls is abpuﬁ 6% .

The normal range of serum Tz for conﬁfollra%s on
- diet 41B for various 1engths of time. was Eound to be
33-75 nmol Tq/l with an average of 49.5 nmol Th/l
(39 sera analysgd)* ‘_79% of -the normal values were

between 40-60 nmol T, /1.

Radioimmunbaasay of Rat Thyroid
fsﬁimulating Hormone (TSH)

Puplflied rat TSH for radioiodinatioh, ahtiserum to
rat TSH prepared ;Q;ﬁabbiﬁs and rat TSH réferencé
preparation (TSHARPmﬂ) were provided by the National
Tnstitute of Arthritis and Metabolic Diseases. The
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A typical stendard curve for RIA of rat T,
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iodinaéioﬁ'of rat TSH was carried out every two weeks
uSing a standard Chloramine T reaction. Two. aliquots
each containing 2.5 pg TSH in 25 pl buffer (0.01M
phoﬁpﬁate, 0u1§M>NaC1 4 O.dﬂ% merthiolate pH 7.6)
were allowed to thaw and combinedkin a Henley cenfrifuge
tube., 25 ul of 0.5M phosphate bﬁff@r were added. Using
a syringe 15 pl (1.5 nCi) of Na '2°1 vere edded at the
same‘ﬁime as 25‘ul of a Chloramine T solution cqntaining
15‘mé Chlorgmine T in 10 ml of 0.05M phosphate buffer pH 7.6.
The reactibn‘tubefwas gently mixed on the Vortex whirlimix
for 40 seconds. Then 50 pl of a solution of 24 mg
sodiun metab;suiphite in 10 -ml 0.05M phogphate buffer were
added and the,solutién was again mixed for a furtﬁer
40 seconds. The oxidation reaction was stopped by
adding 100 pl of normal rabbit serum to the mixture which
was kept on ice. ’

To assess the ﬁerc@mtag@ incorporation of 1251 an
aliquoﬁ ofAthe reaction mixture was diluted 1:10 and
%Q,Ml was applied to two paper electrophoresis strips.
The atrips were run abt BmA for 50 minutes in a barbltone
buffer. The remaiming reaction mixture was applied to .
a Sephadex G-75 column with a 2 cm plug of Amberliﬁe
 IRA-400 ion exchangg resin on the top of the S@phédexo
This column had beeh‘previouﬁly coated with 2 ml‘éf

2% bovine serum albumin (BSA) in the phosphosaline buffer
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and ihen washed wiuh 20 nl bulfer. Tha 0,011
phosphosalin@ buffor was used to elute the fra&t¢oms,
.,Twenﬁy 0.5 ml fractions were collected in tubea
coﬁﬁajnimg 200. ul'cf 1% BSA in thié'bﬁffer;  The

‘4'numbered fraction tubes were Stopp@“ed and counted at

,figwxﬁd g@om@ﬁry in a hand gamma counter. The four

.~rracuions containing the maximum radioaculvityp (that is,
vhh@ pealk, tube preceding and two. fallowin&) were kept
stored. in ice. - '

'.: The purity of the 1abelled TﬁH was ﬂSﬁGBm@d by

"‘fo¥app1yimg 10 ul of Lh@ paah @olumn £?aciion to oach of

L dwo elcctrophorealu strips which vere umn as stat ed

a ‘above, AL, fcmr.stripm were driaﬂ, cut into 1 onl \
:fractionq and counted fcr 10 seconds on Lhe gamma counte?.
- Tha prot@xn and iodine peakq weve loeat@ﬁ gn @ach
strip and the percenhag@ radloaativity in the protein
peak relﬂhive Lo the total f&dloae vivity on the strip
 wa$ calaulated The p@raentage imdcrparaﬁion foiadih@,
 was between 4255 3% and, thé‘percentage puritykdf the
labeil&d TSH with_r@gard'ﬁo unbound imdiné.waﬁ“great@r
then 90%. The spocific radioactivity was also caleulated
from the first set of étrips siné@ in each assay a known
MBS (50 pg) of label ig added rather then a known ﬁmount

of radioaetivity
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Yor each assay a aeﬁ of standards was prepared L£rom
‘the.sﬁaﬂdard-TSH supplied., Tha TSH wes diluted in 1%
BSA in 0.0Wtho%phcﬁaline buffé? and 11 dilutions containing
8 '[.LU‘/I,’Q:L" to 5()0»‘_@111{1111 were used, |

Aggay_proceduye

o each-of.%he standerds, 100 pl thyrotoxic human
serum were a@dedﬁ' 100 pl test samples were plpetted
in‘éuplﬁéate inﬁo tubes contalining 100 pl 1% BSA in
phosphoéaline, 50 u1'o£ the*aﬁtibody solution were
diluted with 40 ml 0.1% BSA in a buffer containing 0.01M
phosphate, 0.15 M NaCl, 0.017% m@vthiolat@'+ Gg05M EDTA
(pE 7.6). 200 pl of this antibody solution were then
added ‘o each tube in the assay. They were then mixed
on the Whirlimix and~1@£t %o‘inéubate for 24 hours at
Aroom vemperature . |

£ : :
125181 1a 100 pL buffer were added ©o

50 pg of
- each tuhe. After mixiog théy.were again incubated for
24 hours at room temperaturse.

To precipitate the anﬁihody‘complex and thus to
separate the free TSH f?om\antgbodymbound‘Tﬁﬁg solutlons
of normal rabbilt serum in o Cinal ﬂiluﬁiom of 1:1000 and
then donkey anti-rabbit serum were added in a final
didution of 71:80, Stareh at 1 mg/tuba was also added with

the DAR solution to stabilise the pollets obtained.
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The égsay tubes were incubéted b&eyﬁight at 4°C after
the addition of the second antibodf.‘
The tubes were oentrituged at 2,000 rpm Por
)O minutes in the refrjgerated MSE. The supcrnatants
were aspirated oEf and th@ pellets were counted on a
Wallac gamma counuew for sufficient pime to accumulabe
at least 10, 000 counbs for tubes contalnlng 50 pg of
125£ TSH only. Tubes conma;n¢ng buffer, 1&pel but no
TSH-antibody were aiso included in'eaqh assay to assess
the non-specific. binding of the 1ab'g§‘:1,; |
The results were calculated usiné»a cgmputér

programme and the standard curve wasxplbtted on semilog
paper., ; o |

| A typical standard cur#enfor the assay\df rat serum
TSH is shown in fig. 2, The sené@tiviﬁy‘of this assay
was’aiSO good.  The lowest limit’éf the aéﬁay was
uSualiy between 14-19 uU/ml TSH.  Since all of the
test serum samples were f;om,raﬁs on a Low iodine diet
Whiéh should reise the TSH concentration, their TSH
level'wés within the raﬁge:détectable by the»eonditions
, desoribed | Maximum bindxng was usually greaLer than
20%. The mid=point of the assay was 55m6? pU/ml TSH
which is in the normal range. The SQDQ for the assay
dupllpapes was about_1.5%\whiqh is'écc@ptablen | Noxe

speéific hinding which measures %héjbinding'of the label
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FIGERE 2

A ‘typical stenderd curve ‘for RIA of rat TSH
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in the absenee of ‘1ts antibody was about 675, '1Whén‘} 

|  bhe same sample was ‘agsayed several thes in the same

"vj'assay the coeffleient o£ variatlon was about 7A°. Inter-

,assay vaviation was al&o withln acceptable limits
7‘_(coecfioient of variation - ahout 11%) although hhc
greaLer “the amouni of TSH in. bhe ‘serum, the less e
_ reproducible the results sinco the sLandard curves
£1atton out above 250 uU TSH/ml,_ Rats on the normal ‘f
diet h1B~exhibi a wlde range of TSH values - Lrom
4? WU/ ml mo 150 pU/ml with an average of 94.1 wWU/ml
(33 analyses) Thereﬁore, many of the rats on low
,iodlne diets had serum TSH that was in ihLS range.wanimals
_that weceiVGd ihe goitrog@ns PTU or KGqu had V@ry high
levels o; TSH and thus their serum had to be dtluted
usually 1:1 with buffer before measurement

Lowry Protein Estimaﬁions\

Lowry et al., (1951)

’ The soluhions used 1n Lhis method were :-
‘(2) 1% Cu soh 5H20
(3) 29% Na K tartrate ’
: Soluﬁion:A. 100 ml (1) + 1 ml (?) + 14 ml (J)

i

Solution B = 5 ml Folin—Ciocalteu s reagent + 9 ml

i)

distllled Hgo To 1 ml of protein solution of a sujtable

7€»;d11utnon 5 ml of solution A were added This was



mixed and left for at least 10 minutes. 0.5 ﬁlroi
solution B was then added and mixed immediétély,
The tubes were alldﬁéd’to étand for 30 minuﬁe?_and then
the optical density -at 750 nm was read on'a_diiford
spectrophotometer SP 500. |

A distilled water blenk was ineluded iﬁ gach assay

and a stenderd curve was prepared from solutions of BSA

in distilled water containing from 25 to @Ob p@ protein/ml.jff

Fach assay semple and each standard wag'assay@d in
duplicate. ‘
A standard graph was drawn and the unknown

concentrations read from this.

In vitro incubation studies

PFresh sheep thyrdi@ glands wéfe ébtained froﬁ the
abattoir and kept in iée until required. " The glands
were Ifreed from fat and thin élioes4wer@!prepared using
a razor blade. Samples of tiasue weighing 50-100 mg
were placed in 25 ml-conical flasks ccntaining'z ml
Krebs No. 2 buffer which‘had been gassed previously
with oxygen. The flasks were put into a shaking water
bath at 37°C_in an oxygen atmosphere to equiiihrata for
15 minutes. 10 pCi of radioaetive label were then
added to each flask. Incubations werévoérried out using

&5Ca op 1251 in the medium,
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At the eﬂé of the incubation period, the_medium was
immediately poured off, the Sliées'washed briefly in
2 ml cold FBS, blotted on £ilter péper and reweighed.
They were then homogeniséd in 2 ml PBS_and‘centrifuged
on ‘the fefrigerated MSE for 10 minutes at 20,000g.

The mediunm was centrifuged 1Lkewise. .

0.05 ml medlum and 0.5 ml supernatant from the
homogenised slices were counted in a Packard Tricarb
liquid scintillation counter after the addition of 5 ml
Instagel (Packar&) wheh‘QBCa (a beta emitter) was added
to the medium. 125’['\which is a gamma emitter was
counted on a Packard gamma counter.

The insoluble pellets were dlgestod in 0.5 ml
Soluene-100 (Packard) or 0.2 ml Soluene~350 (Packard)
at 5000 for one hOur"énd'counﬁed after the'add;ﬁion of
5 ml Dimilume (Packard). | . |

In Lfour incubations the slices were heated at

85°C before the addition of *2ca or 1971,
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Chapter 3

Results of Dietary Dxperiments |
Section 1. Effect of dietary calcium on- thyro1d weight

1. Preliminary feeding experiments.

In the initial set of dietary experiments, the
Remington 1ow[iodine diet (LID) from'Nutritiqnél
Biochemicals (NBC) was used as'the bagic exﬁerimenﬁal
diet to whichVealcium ca&bonaté (cacoj) was added to
give diets X, Y, and Z as stated above. = In each
experiment mqle Sprague~Dawley rats. of about 120~ﬂ50 g
body weight were arbitrarily divided into three or
four groups each contalning five or six rats. Initially
all the animals were given LID for four or eight weeks
to cause a slight degfee of iodine deficiency in order
to make the thyroid more senSitin to the effect of
a mild goltrogen. Afﬁer this time, one group remained
on LID, while the others were given either diet X,
diet Y or diet Z. These Qiets wére administered for
varying 1engths of time ranging from & to 16 weeks.

At the end of the experimental period, the animalsg
were killed by ether anaesthetic, weighed and the thyroids
were carefully removed. | The glands,were also weighed

then stored in the freezer at ~20°C till their calcium
lcontenﬁ could be measured. |

The rat body weights, the ﬁhﬁ{rom weights and the
thyroid caleium concentratlons (mg Ca/100 glfresh thyroid
weight) obtained for animals on diets LID, X, ¥, Z for

~various times are shown in table 2.
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Diet No. of rats Body weight Thyrold weight Thyrolid calciumg
4 (g) (ng) (mg7700g)
Experiment 1. Rats on LID for 4 weeks + 8 weeks on dletw

LID 5 331 : 28.84 -
X 5 332 | 23.28 ' -
P2 5 308 30.72 -

Experiment 2. Rats on LID for 4 weeks + 12 weeks on di@ts“;

LID 5 352 30.49 -
X 5 352 %1.86 -
Z 6 326 55.45 o

Experiment 3. Rats on LID for 8 weeks + 4‘weeks on diets

LID 11 366 26.78 18.1
X 5 421  28.20 -
Y 6 357 ' 28.62 17.2
z M 520 27.11 20.4

Experiment 4. Rats on Lmn;ﬁof 8 weeks + 8 weeks on diets

LID 11 ATh 31.82 20.9

X 5 436 . %8.,95 18,5

¥ 7 544 | 30,30 23,6

Z 11 379 B4 42 18.7
Table 2

Results of preliminary feeding exp@rimehts
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The body weights have increased fromlthe initial
weights of 120-150g to 300#430g’dependiﬁg 6n;tﬁe'length‘
of time on the diets. in each experiment the rat body
weiphts do not differ much for the different diets,
although rats receiving the highest éoncentration;of
dietéry calcium'(B% CaCO3 in tdtal).tendgd'té.be smalier_
than the others since they did not eat as much of that
“diet.

The average thyrold weighﬁ at the béginning of
each experimeanwaSiabout 7-10.mg, The basic low
lodine diet used in the$e expefimenﬁs, obtained from
NBC is only siightly goitrogenic. Even after ﬁ6 woeks
on it, the thyroid only réached a welght 6f 32 mg wiich
is a little more than twice thetnormal thyroid weight
for this size of rat. The gréph (fig. 3) shows the
increase in thyroid weight with increasing time on NBC
low iodiné diet. After 4 weeks on fhe Qiét the rat
thyroid weight has inéreased to.20.79 mg and this
weight increases by about 3 mg/h4 weeks on the'diet till
a weight of 35.92 mg is reached at 24 weeks on the diet.

Ta the flrst two experiments shown in table 2, the
rats were keptAon LID for 4 weeks before adding calcium
to the diet and thus they would have thyroids of about

21 mg when their dietary regimes were changed.
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Afker a fur mer B wmka on L.f:l‘? %;he ave:mgca thyroid - i
welght imrmmm w0, 28, 8l ng wheveas ram on diet ¥
during this time Zmﬁ an average "thy*rc:iri weighh of
25.20 mg. Diet 2 com:a.tnmgg »a,m hzf.gglmm concentration
of C&z@% m*m.iueéd thymiﬂsz of ,_@,,i;mi‘.}.cﬁ' welpght ;,t;» Those
produced by LID., After 12 weeks on the 'ishz.j‘ém diets
(?:?M;é:wﬁ.mesm*i: 2) the thyrodd weiggmz:s‘fiéem “the sawe fop
amimm on‘ LID and ‘d’ié*t 3{. ;mdamwd a gmall imrease
For those on xmas:. A | , | ,
In the next two Mpcwimmm Qmpm" iments 3 and 4)
whe ind u.é al pc:x'mﬁ @f mmmp LID waeg mgr@aﬁm to & wm}w}’
giving a thyroid weai@;ljz of 24 ng b&mr@ ada;,mm of the .
czé‘.i clus, A i“ux‘*mer g}, weaks on the four dﬁ.@» ts c:a‘i',‘
difforing mmium contents umcmaa@ thyrolds Qlff the
BAME awzemggg wgi.gg:m: for each diet. B8 wmks on m:m %hma
8 wveeks on 'Etié c%i@‘m (Experiment £+)- ﬁlmﬁ pmﬁm:sa@ i,hymm;
of about tb@ samea wm shh aif.*i:hcmggh @iﬁ'ﬁ; X pmchmmi a
8lightly lerger gmtm. /
Comparing the thyrold wel g,ht,;a of rats m mggmmmﬁmu 2
with those in l"wemmfmﬁ 4 which ha’m been on a low
iodine mmm ;Em* a ﬁm"aii of *‘!t‘S wmﬁm, a‘l‘t"mmg‘%z the m‘!..ﬁ:imn
~ intake is ciii‘:f,‘ewn“t, there 18 no diﬁf@mm@ in thﬂé,aj" '
%mrmw wca:l.grir!“aa @imil&ﬂy for pa t:fs in if‘xpammm; 1 and |
”‘my:aezrimem& 3 which have beon on a &w iaﬁimgﬂ .m take for

12 weeks s There 18 angm ne c:mi‘fwm:zw m ‘mc:a uhymm weighfs.-;
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The calclUm}concentration of éomé of'?he‘glands
was me@&ured and the results ave shown in table 2.  The
caleium concentration of the thyroids is Lower fhan that
found in normai giands (see p.77 ) but there {3 little
alfference between:the differing caleium. dietm.

.Since the NBC diet only produc@d a gc;hrogemic
ef.i?esjci, after a long period of time; it was decided in
August 1975 4o try the Remingtan_idwviodine diet
produced by Teklad Test Diets'which hags théisamé
 formulation. Information from Teklad S£a£es that this
diet should contaln less than 50 ug I/kg diet. Riesco,
Taurog and Larsen (19?6) have compared the ilodine
comcenurations and the effect on thc rat thyroid of both
the NBC Remington low iodine di@u and bhe Teklad R&mingLon
low lodine diet. Th@ NBC diet eoﬂtaineé a much higher
concentration of ioaine, ranging from 70w12) MEI/kg
diet and it produced a ﬁmalle;mgoitre than the Teklad
diet which contained about 22‘ugi/kg diet when corn
purchasged in Ohio was used in its formulaﬁion.

As can be seen Lfrom fig. this low iodine diet doesﬂ
initially produce a larvger goitre than the NBC dieL hut
after 12 weeks on the dl&ts, sxmmlar weights Qf thyroids

are produced by both diets. *

Since thils R@angLon diet already contains a substantlal

amount of Ca00r and simca the preliminary experzm@nte showed

that addition ofkmore calcium does not produce a further



inereage in goitre size, in subsequent axperimenﬁs
ﬁh@ diet was obbained from Teklad Test Diets without
the 1% CaGOB it normally eon%aiﬂs.v“This calcium
deficieﬁt low iodine diet is desiéhated-d;et A,

2. Definitive feeding axparimants | _
Results of the thyroid welghts aftor 8 and 10 veeks
on the diets.

In all the following dietary experiments both the
Remington low ifodine diet (Diet ) and the ecaleium
deficient low iodine diet (Diet A) were obtained from
Teklad Test Diets.

In these axperimqnﬁs male Spraguéwﬂawléy r&ts, ,
' iﬁiﬁially;weighing 120-~150g were divideﬂ_inte-five groups
Meach contalning 68 rats. One group was given diet QﬁB
our nowmalvaﬁéekfdiet. Thé second group was given
diet A the basic calciunm deficient, Jow Lodine diet.

The other threé gréups were given the galcium éuppl@mented‘
diets B, C or D. . After 8 or 10 weeks bn»théé@‘dietaryﬁ
reglmes the réfsiwera sacrificed and the body weights

were recorded. The th&rdid glaﬁda;wera,?éméved and
weighed., | ‘

The rat body weights and the thyroid weighﬁﬁ of
the rats on diets for 8 weeks (Experiment 5) are shown
in table 3. The thyroid weights avézalsé shawgzen

the graph (fig. 4).



. FIGURE &4

Thyroid weights after 8 and. 10 W@@};{_S »_oh caleium diets



¢ 10 weeks

30+
284
S 28 weeks
£ 26
5
‘T 244
=
ke
O
g 22
£
oy
& 201
¢
I
18-
SR S . N SEER B N R S GE G s S — ———————10Week5
164 on 41B
——————— e —— ====—=8weeks
on 41B
14 T T
0] 05 1 2
A B C D

C}O CaCOS in diet



6,

- Diet No. of Rats Rat body weight Thyroid weight

| &) (mg)

4B 38 15.23
A2 | 207 20,59
B 20 o 297 - 26.40
C 30 : 320 ~ 27.28
p 2 | 296 26,75

Experiment 5. Rats on dlets for 8 weeks

Table 3

Control rats attain an average body‘weighf of
338g after 8 weeks and this welght is alsovféached by
animals on diet C. Rats on diet A are much smaller than
those'receiVing-calcium supgléments. TheyAalso showed
other signs of caloium deficiency - fur;loss; nervousness, |
tetany afterf? to 10 weeks. on this diet. | Those on diet B ,
have an average body_wéighﬁ of about EOO.g‘whioh is the |
same weight as>issregched by those rats receiving the |
maximum amount of calcium bh_diet;D. ' .

All the lcw:iodine diets:cause aﬁ;incfeaSe inrthyfoid
-weight compafed toftheﬂcontfol grpub'on 41B. - After 8 weeks
on the diets, rats rgééiviﬁg calcium supplements had
larger %hyroids thapAthosé on dieﬁ_A{l' When +the results
Cave analysedAétaﬁiéﬁically by.Studenﬁfs £ test of

significance, the differences between . the thyrbid welilghts
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on dlet A and diet C end also for diet A and diet D
are significant at ﬁh@_é% level. However there is
no difference in the thyroid welights of rats on diets
B, C or D. o - | ﬂ |
The rat body weights and the thyroid weights of
rats on the same diets as above ﬁoé TvaeéEs (Experiment :

6) are shown in table 4 and in the graph (fig. 4).

‘Diet No. of rats . Rat weight ihyroid“wéight

‘ _ (&) AV ¢ 3 N
B 1 386 16.66
s owm o me o
B 52 35 26.91
c 29 359 . 30.05

Doz 339 30.25
For A smd D, P = 0.005
A and C, P = 0.0025
A and B, P <0.01.
Experiment 6. Ra%s on diets for 10 weeks

Table 4

The normal vat body welght has now incfeaged,%o 386g, . -

an increase of nearly 50g in two weeks. “Rats on diet A |
are the smallaStihavimg a bo&y weighﬁ of 238g, an increase -
of about 30g in two weeks. The rat body welight increases
 with the amount of caleium in ﬁhe”dieﬁuup to the addition
of 1% CaC0s (digﬁ ¢). Rats on d%etzﬂ'are smaller than
those on dilet C probably because they did not each as
much of this diet. “
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The dotted lines on the greph (fig. 4) represent
the thyroid weights of the control rats on 418 for 8
and 10 weeks. There is a significant difference
between the normal réfzéhyroid weighﬁ and thekthyroid
weight afﬁer48 or 10 weeks on fhe low lodine diéts._

Ag can be seen from ﬁha graph feeding the diets for 10 weeks
instead of 8 weeks increases the goitre weight except for
rats on diet B whose thyroids remain about fhé same size.
The effecﬁ of adding calcium ié more eléarly seen after
10 weeks and there 1s a gradual increase in thyroid
welght with increasing coneenﬁraﬁion‘of CaCOy in the

diet up to the addition of 1% CaCO, (that is diet C =
Remington low iodine diet). As found before, the
additlion of more calcium does not raéult in a further
increase in thjrdid.weight; ’.Sﬁatiﬁtical analysis of
these results shows:thaf‘thgieffect,of diet & dis very
significently different fﬁom>the-other diefa (at better
than the 1% level);

5. The effect on thyroid welght of feeding diet C

then ‘the calcium diets. -

In the next group of experiments all animais except
the contyrol group QnAhﬂB wére Ffed the R@mington low iodine
diet (diet C) iniﬁiallyvfor various'lengﬁhs of ﬁimé before{
the administration of the different oélcium-diets A, B,

C, and D, The results obtained for the rat body welghts
and their thyroid welghts are shown ln table 5.




Diet No. of rats Rat bo%y)weighﬁ
‘ . L)

67.

Smg)

Thyroid weight

Experiment:
0L1B
A

B
c
D

Experiment
h1B
A

B
C
D

7. Rats on diet C for 4 weeks + 4 weeks on diéts_

28,32

2620

34,10
34,39

8. Rats on diet C for 4 weeks + 8 weeks on diets

7 350
7 . Bus
7 330
7 342
8 534
8 1390
7 270
7 385
8 378
7 373

1,71
22,79

33,52

25,24
28.63%

Bxperiment 9. Rats on diet C for 8 weeks + 8 weeks on diets‘

418

=

C
D

7 457
1% 345
13 , 399

8 410
13 383

.78
30. 24
32.04
32.29
32.56

Experiment 10. "Rats on diet C for 8 weeks + 12

418
A

Q @

e

7 480

364

o O N N
L
O
L

17.42
30.08
28.41
31.03
38.91

weeks on diets
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Diet No. of rats Reat body welght Th&roid.Wéighﬁ'
S (£) . g )

THRPTAY

o

Experiment 11. Rats on diet C for 12 weoks + 8 weelks on diets

LB 5 : &5 ﬁﬁ,ﬂﬁr
A 7 | 43§~, 36.43
B 5 / ash 40,16
¢ 7 wo  bh,02
Do 5 | Aéz - 40,09

Inpeviment 12, Rats on diet C for 16 weeks + 12 weeks on diet

A 5 454 34,00
B 5 a8 3576
¢ 5 498 31,15
6 481 34,09

Table 5 |

Resulis of feeding diet ¢ then the caleium dlots

The rat body welghts shown in table 5 for animals
on the 10wAiadin@ diets for a total of 8 weeks (ﬁxperim@nt
7) ave the some &@yth@ control rats on 411. The animals
have not received diet A long enough for their low calgium
intake vo inhibit normal body growth. |

After the initial 4 weeks on diet C before chonging
the diets, the vrat thyroid welght would he -abowt R&Amga
Therefore, o further & waéka on the different calceilun
diets dncreases tThe thyrold waigh% in each case. The

smalggﬁt increase is obbtained for diet B but this ls not



'»;:'diifer@nt caleium, low vodin@ dlets wag" Jncraaﬁad to

o remains Lhe same as before at about 13 mg. _ Rats on bhe

e thyromd weights of raﬁs on, dlets B, é and’ D are all

_ digf@rent from that obta;n@d with diet Ae - Rats om
di@m C and on diet D have the 1argest goitres 1n thxs

- group .

in Expurimenﬁ 8 the bﬁme oﬁ administ@ring the :

.8 weelks , The conﬁrol rats sljghtly lncr@aae in o
weighL while their thyr01ds remain the sqme slze. ;Raﬁs
on diet A are aga;n r@tarded in body weight. Tn %hib
_group dieﬁ B causes the ﬂaﬁgest increase in thyroid 1
‘welght. For the other diets, the thyreid Siﬁ increases 
" -as ‘the amownt of dietary ca1cium increases |  ” |
N Adn Bxp@rlments 9 wnd 10 diet C was ngGn for 8 we@k$ 
';initzally before the admlnjsﬁration of the eajcium djets‘
Por nxperimenm Qe afterﬁﬂﬁ weekq on . Tha con%rol die%, theq

et body wolght has reached 4505 while the thyrofa weight A

‘llow iodine diets are al] sma]ler in weight ﬂhan the =
*cont?ols with those on’ dlct A being the smallest._[ The -

" idenmtical, while those oh diet A are very slightly smaller. . . -

Comparing uhese résultu with those obtain&d by o
 ¢eedLng ‘the calcium diets fnr a further 4 weeks, that is
‘ an;mals on diet C initially gopys_wegks then ﬁa W@@k$~0n

the calcium diets (Experiment 10) not-much increase in

thyroid welght has occurred although rat body weight has
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increased. This time diet B caﬁsed’the émaliest goitre
size bub this is much the seme as for diet A and diet C.
Rats on diet D have the largestAgcitres.

Although ‘the nexﬁ group (Experiment 11) have been |
on a low iodine diet for the same 1@ngth of time in total -
(20 weeks) as rats in Experiment 10, 1argér‘goi£ﬁes are __f i;
produced for each of the four diets. The rat body -
weights are the same for the control group ané‘for each
of the four experimental diets. Again diet A has the
smallest average thyroid weight, diet B andydietiﬁ
are ‘the same, with diet C mausingfa alightlyjla?é@r goltre.-

.In the last experiment in this‘éréupg no control rats
were included. rAfter 16 weeks on diet C ﬁlﬁs 12 weeks
on the foﬁr‘di@%s all the tﬁyﬁoidS‘are‘%he same size and
they do not ingrea§enaﬁy‘morexthan’aﬁtér a total of 20
weeks on a low loding diet. ARatsaandiet A ére again

smaller in body weight than the others.

Time on diets

On :

diet C 4 weeks 4 weeks 8 weeks 8 weeks 12 weeks 16 weeks
4 + P + . A @+

On ‘

diet D & weeks 8 weeks 8 weeks 12 weecks 8 weeks 12 weeks
or -
dlet A

Differenee' - o
in thyroid 6.07 5.84 2.06 7.88  3.66 0.03"
weight (ng) ' :

‘Table 6 IR
Difference between thyrolid weights for rats on diet D and

‘diet A (mg)
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The results of Experiments 7-12 are summarised in
table 6 which shows the difference in thyrold weights
between rats on diet D and diet A. The animals have
been on diet ¢ for incfeasing lengths of time and then
on either diet A or diet D. These results indicate
that the longer the animals are on the 1% Ca003 low
iodine diet initially the less is the effect of
increasing the dietary calcium since the difference in
thyrold weights decreases as the length of time on diet
C increases. '

5, Effect of diets on weanling rats

in few of ths pr@eeding.experiments weye very large
goitres obtained despite changiﬁg the manufacturers of
the diet used,Aor increasing the time on the diet. It
was found that the animalé uged wér@“exareting a large
amount of iqdin@,in urine (about 54 pmol/l). The diet
that the breeders use to bring the animals up to the
required welght of 120-150g does contain a large amount
of lodine -~ 750 ugi/kg diet according to Spillers who
manufacture the diet used., = Thus it was decided ‘to
obtain weanlings to see if this affected the results of
adninistering the low iodine diet.
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The weanlings were about 60g in body weight lnztxally.
The increase in bhody weight thyroid weight and the.
decrease in thyroid iodine concentratlon for one rat
at each point on diet C for increasing times is shown
in figuve 5. . The body weightéincr@ases 1in@arly as ‘the
length of tjme on the diet increases., The thyroid w&ight
trebles a¢ter 8 weeku on the low iodine dietﬁ: The
thyroid iodine eoncentration (mg$400g fresh thyroid
weight) which is a measure of the xodmne deficiency of
the animal decreases from 50 7 mgI/100g after 2 weeks on
the die% to 8 6 mg1/100g 6 weeks later.

In Fxp@rimemt» 1% and 14 (Tabl@ 7) the weanlings
were kept on diet ¢ for 8 weohs 1nitially (exeept for
the control group on 41B). |
Diet No. of rats Body welght gg) Thyggéd welight (me) -

Experiment 1%. Rats on diet C for 8 weeks + 8 weeks on diets

41B 6 380 - 17.75
A 8 281 21.55
B o - z23 25.74
¢ 7 - 25.20
D 7 526 ’aéﬁ?O
Ixperiment 14. Rats on diet C for 8 weeks + 12 weeke on
- ' diets ‘
418 10 443 o 18,20
A 6 " b2 24,05
B 7 402 - 27.68
c 8 116 2390
D 7 349 . 25.65
| Table 7 R

Weanling rats on diet C then,caléium dieﬁgl



FIGURE 5

Production of gvoi'tre by Tek.lfad low io‘d'iﬂéx:divet
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After a total of 16 weeks on 41B the rats have
r@éched’a body weilght of 380g which is the same weight
ag the‘older animals attained after 10 weeks on 41B.
Their thyroids are also the same weight. Rats that
_have been on diet A are again the smalles% in body
weight. The other rats on the calcium containing
diets are much the same weight as ébtained previously
for rats on these diets for 10 weeks (Experiment 6).

However, the thyroid weights for those rats on
diets C and D are not as large as those previously
obtained. The thyroid weights for animals on diets B,
C and D are all the same but rats on diet A have
significantly smaller thyroids.

ﬂ After 8 weeks on diet C, then 12 weeks on the diets

(Experiment 14) the rat body welghts all inerease, but
the thyroid weightﬂ remain much the same.  Although
dlet B ngs the largest thyfoid size, it is not gtatistically»;#
differ@nﬁlfrom ihé'others.
5. The effect on thyroid weight of KI or CaCl, in the
drinking water.

Weanling rats were also used for this experiment (15).
1.31 mg KI/1 or 2% Caclz.éi(ﬂao) was added to the water
supply and rats given either diet A or diet C for 8 weeks,
The resﬁlts obtained for théir,body'weights and thyroid
weights are given in table 8. '



Th

Diet No. of rats Body welpht §g2 Mhyroid weis
A 5 152 .92
A 4+ KX 5 B R 8,75
A + CaCl, 6 226 47,58
c 6 a7 15,67
¢+ KT 7 239 | - 11.68
C + CaCl, 6 192 ‘ 15.54

Experiment 15.- Rats on diets for 8 weeks
~ Table 8 |
As before rats on diet A with no caleiim supplements
do not gain as much weight, The animals receiving
ioéime_smpplamanta in th@if.arinking'waﬁerihava glands
significently smeller than the others. Thé animals
receiving ealeium supplements elther as Qa@l? o5* Caco3
in the diet have larger ﬁhyruid& than those on diet A
but the difference ias not 5tdﬁistigally significent and
the goitrous glandﬁ'aﬁa leég than twice the weight of
.mhos@ From rats on diet 413.
6. ‘The effect on Lhyroid welght of aﬁdimg LU or K&loé
o the diets. ‘ | ﬁ
The effect of caleivm in a dlet containing & strongly
gaitrog@ni@ subatanéa was inveétggat@d by adding PTU or
KC10, to diet A and to diet C. Weanling rats were also

uged in this experiment.
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The results obtalned after fLeeding these diets for

&4 weeks (Experiment 16) are shown in table 9.

Diet No. of rats Rat body weight (g) Thyroid weipght (mg)
A 7 129 . 14,27

c 6 169 17.10

A + PTU 7 100 ' 69.21

C + PTU 6 107 78.97

A + KC1O, 6 90 | 29.94

C + KCth 6 . 116 38.88
Experiment 16. Rats on diets for 4 weeks

| Table 9

Animals receiving the goitrogenic substances PTU or
KGlOQ are slightly smaller than those on th@jbasic low
iodine diets. Rats on diet A have significantly smallér
thyroids then those on diet C (Student's t test gives
P <0.005) although the difference is small. Since there
is a large variation in the thyroid weights'fér animals
receiving PTU there is no statistical difference (P = 0.15) . .
in their size for the rats on die@ A or diet C. For
animals on KClOa, those receiving calcium have larger
thyroids than those on the calcium deficient diet A
(P = 0.025). ,

Since PIU is such a good-géiﬁrbgenié agent, it may
be masking any effect of the calcium and therefore the
time of feeding the diets was reduced to 2 weeks (Experiment‘l
17). "
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Diet  No, of rats Rat body weipht (z) Thyroid weight (ms)

A+ PTU 9 : 96 b5 .2k
C + PTU 10 - 85 31,44
A+ KCLO, 9 97 . 24.10
¢+ KCLO, 9 79 ‘ 18.48
Dxperiment 17. Rats ont diets for 2 weeks

Table 10

The rat body weights are the same Lor all the
four diets in Dxperiment 17. The goitires obtained are
less than half the weight of those found:aﬁ 4 weelks on
the same diet. Tn this experiment, however, calcium
appears o have tha opposit@ effect bhecause raits on
diet A + PTU have larger thyroids than those on diet C
+ PIU which receive 1% CaC0y.  Student's © test glves
P €0.005. The same result ls found for anlmals receiving
KCLO, although the difference in thyroid weights 1s not
80 g?eata Rats on diet A + KClOQ have laprger thyroids |
‘than ﬁhqse on diet ¢ + KC1O,.  In this case Student's

© best gives P <0.025

Section 2
Results of the measurcement of @alcium.céncentrations
of ‘thyroid and é@rum |
(1) Caleium concentrations of the thyrold and some other
rat tlassues - | ‘
The results obtained for the calelum concentratlons,

measured as ng caleium/100g fresh weight, of rat kidney,
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liver, muscle, heart, thyroid and serum from control

rats on diet 41B are given in table 11,

No. of Calcium
analyses  concentiration S.D.
o .hef100s
Kidney 16 | - 6.85 0.62
Liver | 15 C 2,97 O.Qé
Muscle 18 b.,27 0.49
Heart 8 2.59 0.34
Thyroid 18 - 26.4 5.3
Serum 27 12.88 " 0.68
Table 11

Concentration of caleium in variéus'%issuGS‘and serum
of control rats (serum coneentration m@asuréé as mg/100 ml),

These figureé show that the thyroid contaiﬁs a
greater concantratiqn'af calclum than thavother tissues
analysed. The thyroidal concentration of calolum is
twice that of serum (measured as mg Ca/100 ml serum).
Caleulating the calecium as pg Ca/mg protein, the thyroid
containg 2.48 pgCa/mg protein whilé the serum concentration
is 1.19 pgCa/mg serum protein, again-indicaﬁing that the
thyrold concentratlon is twice that of serum.

The calcium concentration of éh@@p thyroid was also
measured using the same method. The concentiration of
calcium in the sheep thyroid is not as high as that of
the rat &hyroido The mean of 23 measurements was

16,4 + 2.6 mg Ca/100g fresh thyrold weight.
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(2) Effect of diet on thyroid and serum calclum concentrations -

Most of the thyroids from rets in the dietary
experiments were analysed for their calcium.conténts by
the acid digest method dascribed Blood sampl@s taken
from the heart after death were removed from sSome animals
in each experiment. The blodd’was_allowed to clot and
then it was centrifuged on a bench centrifuge ﬁqf a few
minutes. The serum was separated and the serﬁm calcium
was measured by A.A.S. t
Figure 6 shows the serum calcium concentrations (mmol /1)
neasured after the animels had been fed the fi#evdiets
(418, diets A, B, C, D) for 10 weeks (Experiment‘6). Sera
from five rats on each diet wéfe analysed. The upper
dotted 1in§ represents the aﬁerage serumvcaléium‘fdr,rats
on the.control diet Q1B‘for.ﬁ0 weeks and the lower line is
the lower»limit oﬁfthe normal range. Boelter and Greenberg
(1941) give a normal rat serum calcium range'as’2.1f3.0 mmol /1.
Samples of sera from 27,contr¢1 rats oﬁ diet 41B for various
lengths oﬁ time were anaiysed and their‘ndrmal range was
2.8-3.5 mmol/l with an average of 3.22 mmol/L. ‘
Thﬁs in BExperiment 6 rats on 41B and on diet D for

10 weeks have serum calcium éoncentrations within this range. e

The calcium deficient diét A causes the serum calcium +0

fall to 1.40 mmol/l which is well below ‘the normal Limit.



FIGURE, 6

The variation of serum calcium with the
concentration of Ca CO5 in the diets
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Several of the animals on.this dieﬁ, therefore, developed
tetany and died before the end of the experiment. They
are not included in any of the results. The addition of
0.5% CaCO33 in diet B was sufficiént‘to prevent this, since
it brings the serum calcium back to the lower limit of
normal. Thus, it can be seen from the graph:that-the
serum calcium increases with 1ncreas;d dietary'calcium,
but it does not rise above the higher limit of normal,
even with the additian of 2% Caﬂoﬁg |

Table 12 shows the thyroid'éalcium'éoncaﬂﬁrationa
measured in mg calcium/100g freshtthyroid‘wéigﬁt for rats
on ‘the diets for 8 weéks (Experiment 55 and 10 weeks
(Experiment 6). The figures in brackets after the results
are the number of detefminations,carried out for each diet. ,;

Thyroid calcium Thyroid calcium

Diet concentration concentragion -
mgCa/100g __meCa/100g,

418 24.5 (4) 23.5 (4)

A 19.4 (3) 18.9 (4)

B 16.1 (3) 23.9 (4)

c 16.8 (3) 22.6 (4)

D 18.5 (3) 22.6 (4)

Experiment 5
Table 12

Experiment ©

Results of thyroid calcium concentrations for

rats in‘mxp@riments 5 and 6
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For the rats in Fxperiment 5 which have boen on a low
iodine diet for B weeks, the thyroid calcium concentration
is lower then the normal concentration found for animals
on 41B.,  Since the serum calcium is Llow for rats on
diet A their thyroid caleclum concentyation may be expected
to be low but there 1s not any real difference botuccn
whe thyroid calelun concentrations for the four different
dlets. For Exp@?im@nt 6 the thyroid caleiunm concentration
JZox diet A remaing low while for the other diets there is
a slight rise vowards the normal level., The concontrations
Lo diets B, C, and D are the sane.

The total calclum content of these thyrolds measured
as pg/elend is shown in the graph (fig. 7).  The dotted
lines reprosent th@'ﬁhyroid calolum conbents £or control
rats on 418 for 8 and 10 weeks., Aftor 8 weolks on 418
(Experiment 5) the normel rat thyrold contains 3.58 pg
caltoiuvm, The low iodine diets along with im@réaaing the
thyrold size bhave also caused the amount of thyroid calclum
to be inerveased., The thyroid caleiun content inecreases with
increasing concentration of caicium in the diet although
thyrolds Lrom rats on diets B and € have neavly the same
calociun content. Por rats in Biperiment 6 which have heen
on the dists for 2 weeks longer, the caleium conﬁenﬁ of the
thyroids has inmr@ased £foy every diet in comparison to those
in Expeviment 5, In this cxperiment ﬁhér@ is a greater
iﬁcwea&e in thyyold cdlceium content with increasing dietary

calaivm,
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The sewum"calcium’and'thyroid caleium concentvations
for waLs on diet C lnliialiy and then on the calcium diets

_(Bxgeer@an 7-12) ere shown in tabla 13,  The &igureﬁ

in brackets are the numbers of determinations carried out.

Diet Serum calcium : Thyrcjd calcium concentration
(mmol /). e (wf/1OOF)
'lxperiment 7. Rats on dieb C for L weeks + 4 weeks on diets
wMB 3.29 (1) 2h.2 (1)
A | 1.80 (1) 16.5 (1)
B 2,51 (1) 22.7 (1)
C 2,91 (1) 12.9 (1)
D 3.05 (1) .4 (1) |
' Experiment 8. Rats on diet C for 4 weeks + 8 weeks on diets
4B 3.19 (1) 21.1 (1)
A .59 (1) 18.6 (1)
B Co2.52 (1) 16.4 (1)
¢ 3.02 (1) 22.2 (1)
D 3.15 (1) 27.3 (1)
Experiment 9. Rats;pn diet C for 8 weeks + 8 weeks on diets
4B 2.6 (1) 27.4 (1)
1.54 (1) 20.7 (1)
2.57 (1) 22.7 (1)
| 2.64°(1) 20.1 (1)
D 2.28 (1) 19.3 (1)



Diet Serun calcium Thyroid calcium concentration “
(mmol /1) . Lme/100e) _
Experiment 10. Rats on diet C for 8 weeks + 12 weeks on dieté
41B 2.97.(1) - 36.2 (2)
A T2 () 19.6 (1)
B 307 (1) 25.5 (1)
c’ 3.09 (1) 24.2 (1)
D 2.97 (1) 21.2 (1)
Eﬁperiment 11. Ratg on diet C Lor 12 weeks + 8 weeks on diets:
WB . 3,26 (3) 36.2 (2)
A 2.52 (3) 26.7 (2)
B 3.21 (3) ” 31.5 (1)
¢ - B28(3) 18.6(2)
D 3.39 (3) B | 25,1 (1)
Experiment 12. Rats on diet C for 16 weeks + 12 weeks on diets
A " 2.07 (3) 4.5 (1)
B 3.43 (3) o 57.7 (1)
C 3.19 (3) 36.5 (1)
D - 3.29 (3) 31.6 (1)
Table 13

Results of serum caleium and thyroid calcium

concentratlions for rats in Experiments 7-12



In every experiment the serum calclum for rats on
diet A is lower then Tor the other dliets and it 1s usually
well below the lower limit of normal. In nearly every
expeviment the gerum calcium increages with increased
dietary calciuvm up to the normal range. For Experiments
11 and 12 diet A does not cause such a large decrease in
serumn calcium_poseibly becauvse the aninals are larger
and more mature before the diet is started,

In all experiments (except for two groups of rats in -
Ixperinent 8) the low iodine di@ﬁﬁ cause a decrease in the
thyroid calcium concentiration. For rats in Experiment 7
the thyroid calcium concentration ils about the same for
diets A, C and D with diet B having a lavger calciun
concentration., Fop Experiment 8, the thyrold calcium
concentration increases with inér@aﬁimg diotary calcelunm.
Foy the otheyr expexriments in %his group there does not
seem to be any correlation betweon thyirold caloliunm
concentration and dietary calcium content.

The total calcium contents in pg fLor these

thyrolds are given in table 14,
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The calciﬁm’contenﬁ of the control thyroids
increases from about 3 ug to 6 pug as the length of time
6n the diet increases from 8 weeks £o 20 week$. The
thyroids of rats on the low iodine,diets have a higher
caicium content than the controls since they axe larger
in size, In most of the above grdﬁprof exper;menﬁs
- theve is a tendency for the thyroid éaicium content to -
increase with inereasing dietary calcium.
| Table 15 shows the serum calcium, thyroid calcium
concentration and thyroid calcium content for the rats
from Experiments 13 and;14 which“starfed diet.c when
“they were weanlings.A In Experiment 13 the serum
calcium for rats on diet A is again low and is the same as
for the rats in Experiment O which have been on the same
diets er the same length of time . The serum caleium
rises into the normal range for rats on diet B. In
the next experiment the serum calcium for yrate on dlet A
is not as low as before but it i1s still below the lower
‘Limit of normal. The other animals have a sergm‘calcium

within the normal range.

Diet Serum calcium Thyroid calcium  Total thyroid
: ‘ concentration calcium content
(mmol/1) mg/100g) (ug/eleond)
. Experiment 13. Rats on diet C for 8 weeks + 8 weeks on diets
418 3.26 (2) 25.0 (1) 4.48
A 1.50 (3) 22.0 (1) ' 4h.87
B 2.51 (3) 23.9 (1) 6.13
¢ 3,22 (3) 25,2 {1) | 6.40
P :D

5.4 (2) 20.1 (1) 5,40
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Diet “Serum calcium Thyiroid calcium Total thyroid

concentration cal¢cium content
(mmol /1) (mg/100g) (ue/elend)
Experiment 14, Rats on diet € for 8 weeks + 12 weeks on dieﬁs_
41B 3.36 (7) 35.2 (2) - 6.31
Iy 2.49 (3) 29.0 (1) 6.96
B B4 (3) 24,6 (1) 6.80
¢ 3.35 (3) 29.4 (1) 733
D 5.3 (4)  30.6 (1) 7.93
Table 15 |

Results of serum calcium and thyroid calcium measurements
for rats'in Experimenﬁs 1% and 14
The thyroid caleium concentration is lower for most of
the animals on the low lodine diets then for those on diet
| 41B.  The thyroid ecalcium content again increases with
increased dietary calcium and is much the same as for the
rats in Experiments 9 and 10 which have been on the diets
for the'same length of time.
Table 16 shows the serum calcium, the thyroid calcium
concent?ations and the thyroid calcium content for rats
in Experiment 15. These rats started on the dlets ﬁhen (
they were weanlings and remained on them for 8 weeks, Again,»
for rats on diet A, the serum calcium is very low. It
ingreases slightly for rats on diet A plus KI supplemented
drinking watgb and is within the normal range for all the
animals receiving calcium supplements in the diet or in

their drinking water.
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Diet ‘Serum celcium Thyrold calcium Thyroid calcium

o Cunol/1) S Ral1006) . (ueleiend)

Brperiment 15. " Rats on dieb& Toxr 8 weeks |

A 1.38 (3) 17.5 (1) 2.60

A s KT 2.26 (1) 16.1 (1) A0

A + CaCl, 3.15 (3) 19.0 (1) 3.36

C 2.83 (2) 16.6 (1) 2.72

C + KI 5,20 (2) 21.1 (1) 2.56

€+ CaCl,  3.04 (3) 18.7 (1) 2.96
| Table 16 |

Results of serum calclunm and thyroid calcium
measurements for rats in Experiment 15\
~The thyroid caloium concentrations are loﬁ@r fhan
thet fdund for rats>oh diet 41B. Rats on diét»c + KI
~ have the high@st calcium conccntration while rats on the
other diets all have the same thyrojd calcium concentrations,
-Rathpn diet A + KT supplemenhs which have the smallest
nthyroids have the lowest calcium content. Rats on diet A
alone:have\th@ same calcium‘conﬁenﬁ as the calcium
supplemented anima?s |
The effect of PTU and KLIO& on the thyroid calcium
is shown in table 17. |
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Diet  Serum calcium Thyroid caloiun Togal thyroid
| o (umol/1) nalioon - S almandr
Experiment 16. . Rats on diets for 4 wéeks | o
A 2,62 (3) 25.1 (1) 5,67

A + PTU 1.76 (2) 8.62 (1) 6.33

A+ KCIO,  1.48 (2) 9.57 (1) 287

c 3.22 (3) 21.4 (1) 3.67

¢ + PTU 3.24 (1) 10.0 (1) 7.93

C + KC10, 3.32 (1) 14.6 (1) 5.67
 Izperiment 17. Rats on diets for 2 weeks

A + PTU 3.00-(7) 10.6 (2) - 4,93

A+ K6104' 2.96 (8) 13.0 (2) 3.16

C + PTU 3,20 (6) 12.8 (2) 4.00

¢+ KC10,  3.21'(5) 3.8 (2) 2.67

Table 17

Reéults of serg@ calcium and thyroid calcium
m@asurem@n£3jfor rats in Eﬁpeximeﬂ%g'ﬂﬁ
— and 17 o

After 4 weeks on the three calcium deficient
diets the serum calcium of the rats is low although for
diet A without aupplements it is only Just below the
lower limit of the normal range. After 2 weeks on
these diets the serum calcium for the calcium deficient
rats has not decreased below the norﬁal range..  The

thyroid calcium concentration after &4 weéks on PTU or
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' Kéﬁob ié‘%@ry'mueh 1éWQ?'%hén that bbfaimad after 4 weeks
‘on @ichef diet A ox dJ@L C alone, Par rats ort diet A
‘ suppWQmenked wiuh eiuher FTU o? KGlO@ whe thyroid calcium
cancenLraLLon hgg @ecreaaedAto 1@53»than half.the>calcium
»oenc@@tratioﬁ of the giandsffrom‘faﬁafcn‘die% A. Rats
5r@@@iving KCEOA gupplem@nts ‘have a sTightjy higher
‘ Qon@entr@tjon of thyroid caleiuvm than thoge rec@iving
PTU and uno&& on the calcium aupplament&d diet C have :
La nigh@? Lhyroid lectum conc@ntration %h&n those on the
aowrespond?ng di@t A Tne regults of Emperiment 17 in
whleh the FIU and KClOQ diets were administered for
waaka ﬁhow the same. pattern. ' ‘
The thyrold @alcium content is the same aftar 4 weehs
,Om elther diot A or di@t c. Rats r@ceivlng PTU
- suppl @mwn&& have ﬂearly double this ealclum Qontent with
those recviving calehum in dieﬁ C havjng 2 highcr conuenb
Qf Lhyroia calcium than thoae rat& en dj@t A. For rﬁuﬁ
:1on mieb A+ KClOb the thyrold calclum eonﬁ@nt has dacra&sed
while for those on diet C + Kcloa it has increas@d although
‘ not 08 mueh as for . the PTU suppK&manted diets. A£tev 2
Weeks on Lheg@ djotu the Lbyroid sa?cium contant is about
Ath@ game as ia nbtaim@d for the Jow iodine diets. Again
“the Kﬁl@a diets have cauaed the thyroid caleium cont@nt to
be less than that obtain@d for the PIU dieﬁ% although in
thi% @wparimeni the calsium &uppl@mented rats hava a

ﬁligh%Jy 1ower thyraid calcium eont@nt,
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Section 3
Effect of diets on thyroid iodine content
and thyroid radioilodine uptake

Control rats which had been on diet 41B for various
lengths of time, had a thyroid iodine concentration of F
157 mg/100g fresh thyrold weight (moan of nine doterminations)r
Their total thyrold iodine'contenp vari@d from gﬁ pg iodine -
peyr g;and to 49 ug per'gland with a mean of 29 ng lodine
per gland, The iodine conc@ntrgtioﬁ of normal. sheep
%hyroid wasg also measured, Th@‘mean of nine determinations
gave a concentration of 141 mg Lodine/100g ffesh weight
which is in the ééma order of magnitud@ ag the rat thyroid
iodine concenbration. -

Tab1@ 18 shows ‘the bherid waights, Lhyroid lodine
‘concentrations and tOLal bhyrcld iodzn@ contents for some

rats from Experiment 6 which have been on the ﬁi@ts for

10 weeks.
Diet  Thyroid weilght Thyrold iodine  Thyroid lodine
(mg) c°?§§?533§§°n (belerana)
4B 17.50 (6) 180.7 50.0
A 29.15 (4) 10.3 3.00
B 35.68 (5) | 5,05 1.80
¢ hh.51 (5) 2.70 - 1.200
D 35.27 (5) 5.67 2.00
Experiment 6. Rats on diets for 10 weeks
Table 18

Results of ﬁhyfoid iodine measurements

for rats in Experiment 6.
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Only one.iodine estimation was carried out for each diet
- since all the glands were digested together., 'Afﬁer 10
weeks on the low iodine diets ﬁhe thyrold concentrations
..éf lodine are less than 1/10th the normal Qﬁncéntraﬁion.
Rats on diet A have the largest concentration and also
the greatest thyroid content of,iodiné, The 1odine
concentration decreases from diet A to diet B to diet C,
that is, 1t decreases as the calcium concentraﬁion.of the
diet increases. The iodine concentration also increases
ag the thyroid weight decreasesg and thus rats oﬁwdiet D
containing 2% CaC0, which have smaller‘thyroids than
those 6nhdieﬁ C containing 1% 0&003 have a larger
concentration of iodine. ' |

The same pattern‘iﬁ observed for rats in Experiment
11 in table 19. | -
Diet Thyroid weight Thyroid iodiné. Thyroid iodine

N
Experiment 11. Rats onfdiet_c for 12 weeks + 8 weeks on diets
418 18.16 105,0 19.0
A 36.43 1.6 4,15
B 40.16 ' 3.49 1.40
c Ly, 92 » , 2.75 1.14
D 40.07 5.00 1.20



- 92,

. Diet  Thyroid weight  Thyroid lodine Thyrold lodine

Q"

o

concentration . content
(mg) {mg/100g) . {pe/gland) |
Exp@rimﬂnt'12.>'Rats'on diet C for 16 weeks «+ 12?weéks~on die%sw
b 306 .22 . 2.80
55,796 9.9 3.20
51,15 16.06 5,00
54,09 ‘ 9.96 3.0
" Table 19

" Results of thyroid lodine m@gadreménts
for ratéuin,ﬁxberiments-11'aﬁd’12"

Rats on diet A which have the smallest thyrolds have a‘
thyroid iodine concentration more3thén,threé times that
Found fornthe,othér low ilodine diats, Thé largest glands
are ‘those from rats on diet C and although they do have the -
smallest lodine content and concentration'ﬁhere'is Little
Qifﬁer@nce beﬁweeﬁ}ﬁhem and the iodine éonﬁénﬁs‘or | |
- conc@ﬁtrgtidns of the thyroids from rets on diets B and D,

In Experiment 1?,_ra%s on dieﬁS_A,AB,&nd D which
hav@ about the same éﬁefag@_ﬁhyroideéighta:have similar
thyroid iodine concentrations and’thyroid iodine coﬁfents.
Thgse Which'havefﬁeeﬁ(on*die%‘c for the whole peéiod have
~ & higher thyroid iodine‘¢03tentAand a ‘thyroild iodine
concentration nearly;double that of the other rats in this

experiment.
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20 shows the thyrold welghts, lLodine

concentirations and Qéntent of the thyrolds off rats 1ln

Experiments 15 and 14

- Dietk Thyrold w@igﬁt, Thyroid iadiné - Thyroid lodine

D

o (mg) . | ?o?gﬁ??ggggg@ | '(Eg?giggag |
" $gQ@§iment 13, Rats on diet € fox 8 week# %;8 W@@k$-0n aiets.
41p 17.75 138.0 T

A 2155 5.1 | 3.33

B 25,7 15,6 - h.00

c 25,20 216 5,50

25,70 19.2 5.7
/'Expafimenﬁ 14, Rats on diet € for 8 weeks + 12 weeks on di@fgLfF
418 18,20 gk 52.8 o
A 24,05 - 20.0 . 4.80
27.68 18,1 : - 5.00
¢ 25.90 26.7 6,77
“

.3.50653 ;‘231:8 ' 6017 .

Table 20

Results of thyroid iodine meagurenents

Lor wrats in Ixperiments 15 and 14

In both experimonts 13 and 14 the thyroid conecéntration of

iodine is higher than in the provious experiments.

Contrary 4o the previous expérimentg there 1g a tendency

for the thyvoid iodine concentration and content to

- inerease with increasing dietary calcium.
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Table 21 shows the results obtained for Experiment 15,

in which the ats were fed the diets for 8 weeks,

Diet | Thyroid weight  Thyroid lodine  Total Th&roid
f ‘ concentration Iodine content
(g t (mgz/1008) _up/giland)
. Experiment 15. Rats on diets for 8 weeks 1
A 14,92 155 2.00
A+ KI 8.75 6B 5,50
A+ CaCl,  17.58 93,6 2,40
¢ 15.67 13.5 2.20
¢+ KI 11.68 47.8 5.80
¢ + CaCl, 15,54 BTN 3.00
‘Table 21

Results of thyroid iodine m@&éuremenﬁs
for rats in Experiment 15

AAs expecﬁed rats receiving iodiﬁe‘supplemanﬁs have
a high concentration of thyroid iodine and although those
on dieﬁ:A + KI have a higher concentration of iodine than
1those on. di@t ¢ + KI, the total thyroid lodine content is
the same Ffor both th&se diets. The other thyrolds have
.half thig content of iodine and about a guarter the
 conc@nﬁra§ioh of lodine as the Lodine $ﬁpplemant@dAanimgla.
The addition of Qaléium to the diet has made little
difference to the thyroid iodine since rats on diet A,
diet A+ CaCl, and‘diét C have the same concentration

and content of lodine in their thyroids.



The rats receiving the maximum smount of celcium, that is
those on diet C + CaCl, have glightly more thyroid lodine.
The effect of PTU and KC10, adminlstered for 2 and &4

weeks on the thyroid iodine 1s shown in table 22,

Diet Thyroid weight Thyroid iodine  Thyroid iodine

‘ concentration content
_ (me) (mg/100g) (up/eland)

Experiment 16. Rats on diets for & weeks

A T 232.4 3.0

c | 17 .10 2204 37.7

A + PTU 69.21 2.92 2.4

C + PTU 78.97 5.56 2.81

A + KCLO, 29,94 2.71 0.81

C + KC10, %8.88 2.08 0.81

Bxperiment 17. Rats on diets for 2 weeks

A + PTU 15 .24 0.188 0.075

¢ + PTU 31,41 , 0.326 C0.077

A + KC1O, 24.10 0.245 0.060

C + KCLO, 18.48 0.386 0.060

Table 22

Results of +thyroid lodine measurements
for rats in Emp@rim@nts 16 and 17
Raﬂslbn diets A end C in Experimenf 16 have a normal
amount of lodine in thelr thyroids, The addition of PTU
or KClOA to the diets has reduced the ilodine concentration

to about 1/100th ﬁhe normal. concentration. PTU only
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affects the protein binding of lodine and not the
TEapping oﬁ'imﬁim@ By thm'glamﬁ and s the whyroids
from vans r@@@iv&ngF?TU manﬁﬁin’éo@m iodine than those
on RGLOy, . The'pﬁeﬂgnge of ealeiun in diet C has nob
affected the thyrold lodine in_%hig axpariment .

In Erperdmont 17 even loss loine is preseat in ﬁhﬁ
thywodds,  Although rats wveceiving PRU h&@@‘m ﬂlighﬁl&
greatoy thyf@iﬂ content of Lodine thedy soncentration of
lodine ds slightly 1@$$ than those on the covresponding
KCL0, diot. The addition of ecaleilum Lo the dlet has
not affected the wotal iadine‘ccnt@nt of %h@'ﬁmyraid

A

- ainee thyrolds fyom rats on diet A & PIU and diet € + BTU
all eoptain a moan of 0.08 pe Lodine and those on diot A

+ BCLO, and diet C + Kel, all coatain 0.006 pg sodine.

Rats recolving calelum have a greater thyroid concentratlon

£

£ dodine then those on the corvesponding diet A,

v

wdiolodine vptakes

BRI

)

In some dlovary oxperiments ong o two »ats on each

- " p = ’/{“n
diet wewe injeeted introsporitoneally with 1Ggﬁi_q£?ia

They were sacyrificed four hours later and the thyrolds

wore removed, welghed and counted on a Packerd gemma
‘ - {a‘% . , . .
COWNER 123& uptake of the thyrold as a porcontage of

the injected dose wes colewlated. The vesults are shown

Y

in bable 23 along with the thyrold veight for the injected

vat. The numbers in brackets are the numbers of wats

injected for cach diet.



Diet

Expe@im@ht 13.
LB

A

B

-

D

Experim@nf 14,
l.t‘li’&

A

Q @

o

Experiment 15.

4 KT

Qo o > > B

+ KI
o CaCl 2

Q Ko

Experiment 6.

418

o Q w

Results of thyroid radioiodine uptakes
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Thyroid weight

(ng)

Bats on diet C for 8 weeks + 8 weeks on dlets

16,90 (1)
19,94 (2)
26.34 (1)
2%.89 (1)
18.45 (1)

Rats on diet C for 8 weeks +

19.91 (1)
24,35 (1)
27.72 (1)
20.65 (1)
24,13 (1)

Rats on diets for 8 weeks

15.26 (1)
9.03 (1)
17.30 (1)
15,67 (1)
10.50 (2)

1%.92 (1)

Rats on diets

19.36 (2)
24.36 (2)
32.68 (2)
32,12 (2)
32.48 (2)

Table 23

4 hour 125I uptake

£% dose)

£orvﬁ0 weeks

3.33
25.7
37.3
50.6
23.°7

15.3
33.4
9.1
53.6

40.4

35.2
3.72
56.1
18.6
b, 07
55.2

6 hourv1251 uptake

(% dose)

6.02
35.8
51.3
50,0
L8.7

12 weeks on diets
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The p@reenﬁagé uptake for control rats on 418 and Lor
those on diet A or dié%-c receiving ijodine suppleméhﬁs
is uvsually between 3m6m. In Experiment 13 the low
iodine diets have increaaed the uptake of>125I moyre
than 8 times in oomparison with bhe controls. The
uptake parallels the waighi of the thyroid with uh@
1argest gland on diet B having the greaLest uptakoa

‘in Ixperiment 1h the control rat has a highor uptak@
than is usual for a normal thyroid but it is still hal.f
that obtained with the low iodine diets. ALl the low
iodine diels cause a similar uptake in this exp@rlmonL
with little correlation between thyroid weight and 1251
uptake.

In Experiment 15}thére is a correlation again between
thyfoid welght and‘fadioiodine uptake with the rat on
diet A + CaCl, which;has the 1éfgqst‘ﬁhyroid having a

'much greater uptake than the 6ﬂh®rs. ' The presence of
calcium has not had much effect-ch the 1251 uptake since
rats on diet A have the same uptake és those on diet C
_+‘Ca012 and ihis uptake is greater than rats on dietfc‘aloneo
_ In»Expériment 6, a six hour uptake was measgured
instead of a fOur,hoﬁr uptake. ”Again, there is a |

correlation between thyroid weight and radioiodine uptake.



99.

Rats 6n diet A with the smallest thyroids have uptakes
about 6 times the control value and about 15% less
than the other low iodine dieﬁs. " Rats on diets B,
C and D whiéﬁ have the sameiﬁhyroid weight also have
the same uptake. .‘ | |
Section 4
Effect of diets on serum T, and serum TSH

Serum T, and serum TSH wepermeasurédlfor some -
animals in each experiment,

Table 24 shows the results obtained for rats in
Experiménta 5 and 6 which have been on the'diets for
8 and 10 weeks respectively. ;Qﬁe pumbers in brackets

are the anumbers of analyses carried out.

Diet o Ihyroid welght Serum T, | Serum TS
' (mg) - (omol/3) - (uU/ml)

Expe?imenf 5. Raﬁs on diets forté Wéeks

418 15,23 71.0 (1) 133%.0 (1)
A 20.59 - 28.4 (1) 69.1 (1)
B 26.40 | .58.0 (1) 55,2 (1)
¢ 2r.e8 33.5 (2) 95.4 (2)
D 2605 29.7 (1) 123.0 (1)
Experiment 6. Rats on diets for 10 weeks

B 16,66 | 63.5 (4) 80.1- (3)
A 2.4k 29,7 (4) 55.4 (&)
B " 26.91 3.0 (5) 46.0 (4)
c 30,05 30.0 (5)  308.6 (4)
D 30.25 | 33,8 (4) 119.2 (4)

" Téble 24 |

Results of serum T, and serum TSH measurements

- for rats in Experiments 5 -and 6
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nxpawim@ﬁt 8. Rmm, mn diet ¢ £§x & weaks' + @ wask& on ai@ﬁﬁj‘f §
.;‘f&ﬁﬂ - U7 >v‘;, 63 (1) 82, @ 1y
oA . ag,?@f*55f§ 438 (1) s “w
B Bms2 a0 6 (4)., 347 4 (1)“1“ |
e emmas 551 79.3 (1)

D _.,_'72@;63,'7{_, 23.2 (1) 79.3 (1) N
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Diet Thyrold welght /Sérﬁm Ty SefumATSH
T TTTTGE) Tomo1T/T) TRU7aTy ™ |
.. Bxperiment 9. xRats on diet ¢ for 8 weeksA+’8,weéka on diets ﬁ;¥f
413 1478 39.2.(1) 72,7 (1) |
~A 30.24 35.5 (1) 6.7 (1)
B 32.0h 34,6 (1) 87.5.(1)
K 52.29. 21.2 (1) . 205.1.(1)
D o m@s6 - 102.3 (1) B
Experiment 10. Rats on diet C‘f@f 8 weeks + 12 WGeks on dié#S“fﬁ
413 7.2 49,6 (1) 42.8 (1) RIS
A 30.80 30.7 (1) - 123.0 (1)
B ’- 28.4% '1’7&_5;5,“_(1.‘)' -
c._ 31,05 s () 89.9 (1)
D 38.91 Coms (1) 1212 (1) -
.Experiment M. ZRaﬁs on diet. C £657121weéks’+ 8.w@¢ks‘on.diets l;
4B 18.16 | *,,Q8.71(1)¢“l3,8{}ﬂ (2)
A 36.43 386 (3)  102.1 (3)
B  40.16 24,8 (3) B 525;3‘<3>
¢ 492 22,5 (3)  156.4 (3)
D C 40.09 25,9 (3) 76.6 (3) o
Experiment 12; 7Réﬁs'on.diet C for'16‘weeks + 12 weeks on dietshi
A J 34,06 . 40?9 (3) | "54(51135 : |
B 53,76 3.8 (3)  31.2 (3)
c 3.45 436 (3 61.5 (3)
D 54.09 L A9U7 (3) 3945 (3)
| . Table 25 o

Resulté'of aerﬁm‘Ta_@nd serum TSH measurements

for rats in‘ﬁxperiments T=12



102,

Nost of the rats on the low jodine diets have a serum Té
in the hypothyroid rangé or neay the lower limit of
the normal'range. For Experiments 9 and 11»%he T@ tends
to deérease with increasing dietary calcium. In the
otherfaxperiments in this group there does not seem to
be any cdnsistent;pattern and usually the T, is much
the same fof all fbur calcium'diets.

| Table 26 shows thevTQ and‘TSH for rats in Expefimenté

13 and 14. -

Digt  Tuyroid welght Serum T, Serum TSH

| - (ng) (tmol/1) (pu/ml)
Experiment 13, Rats on diet C for 8 wecks + 8 weeksron dietsu
4B 17.75 45.4 (3)  68.6 (1)
A 21.55 53.0 (3)  38.9 (3)
B | 25.74 30.6 (3)  47.1 (2)
¢ . 25.20 b (3)  48.1 (3)
D 25.70 47.4 (3)  64.1 (3)

Lxperiment 14. Rats on diet C for 8 weeks +

W 18.20 48.7 (10)  98.2 (9)

A 2,05 46.0 (3)  83.7 (3)

27.68 41.8 (3)  70.1 (3)

¢  23.90 52,1 (3)  54.0 (3)

D - 25.65 41.6 (4)  54.3 (3)
| Table 26

12 weeks on diet

Results of serum T, and serum TSH measurements

for rats in Experiments 13 and 14

)
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Rats in Exp@fiments 13 eand 14 were weanlings when
they started the low lodine dietary regime. Their
serum T4 hag not decreased as much as would be expected
frém previous resulits. BHven after 20 weeks on diet C
it is 8till in the middle of the normal range. The
results in table 26 do not show any difference between
the TQ for the &iff@ring caleium dieﬁse

The Ty and TSH results for Experiment 15 are shown
in table 27.

Diet Thyroid weight Serum T, Serum TSH
o (mg) 'anoi7fﬁ Tp0/mi)

, Exparimeht 15, Rats on diets for 8 weeks

A .92 49,9 (2) 70.3 (2)

A+ KI 8.75 53.2 (2) 112.8 (2)

A + CaCl, 17.58 | 49.3 (3) 62.4 (3)

c 15.67 57.1 (2) - 59.7-(3)

C + KI 11.68 60.1 (3) 67.8 (3)

€+ CaCl, 15,54 49.1 (3) 67.4 (3)
Table 27

Results of serum TQ and serum TSH measurements
oy raﬁsAin Experiment 15

- Rats receiving iodine 5upplemenﬁs do have a serum TA _

higher than the otners but the low iodine diets have not

suppressed ﬁh@ T, level very much after 8 wé@ks,

" As can be seen from table 28 the administration of

PIU or RCLO, in either diet for 2 or & weeks decreases

the serum T, below the detectable limit of the assay.
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A
o
A
)

A

¢

Diet | Thyroid welght Serun T,  Serum TSH
e (mg) (nmol/1) (uU/m)
3 _;ﬁxp@rimen% 16. Rats on diets for 4 weeks B N
| | .27 35.3 (2)  49.2.(2)
| 7.0 62.3 (3)  Bb.3 (3)
e PIU . 69.21 <6.6 (2)  461.6 (2)
¢+ PIU 78.97 6.6 (2)  628.2 (2)
+ KClOé 29,94 C<6.6 (1) 289.8 (2)
+ KCLO,, 3é;88‘ A 146‘6‘(i>-.; 343.0 (2)
Bxperiment 17. Rats on diets for 2 weeks .
A+ PTU 45.24 - 46.6 (3) 3é5,9 (3)
RPT— 3.4 6.6 (1) 510.2 (2)
A+ KGO, 2h.10 <6.6 (3)  397.7 (&)
C + KCLO, 18.48 10.2 (1)  487.8 (2)
| Table 28

Results of sarum T, and serum TSH measurements
for yats in Experim@ntsvjé and 17
» A different pattern is observed for the serum‘ﬁSH.

The adminiﬁtratioﬁ‘of a 10w‘iodiﬂe diet would be expected
to increase the serum TSH but since the normal. range 1s
g0 broad many of low lodine diet results fall into the
upﬁér region of the n@fmal range. In some experiments'
no increase in TSH layeia is found at all.

For animals in Experiment 5 (table 24) the TSH is
fﬁigh for the contrél rat and thus the low ilodine diets
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appear ‘to have lowered the TSH. For the four calcium
diets tThe TSH increases with increased thyroid weight
- and thus also with increased dietary calciun, The
same pattern 1s observed Lor rats in Experimentﬂé,
Rats on diet A or diet B for 10 weeks have a serum TSH
within the noymal range. Those on diet C have a mean
gerum TSH elevated to 308.6 MU/ml which isjabout three
times the normal average TSH. The TSH for rats on
diet D which veceived the highest concentration of
dletary calcium 1s not as high although it is still in
the upper region of the normal range and it is. twice
that of rats on diet A. | | | |

This is also found for rats in Experiment’ 9.  Their
gserum TSH shown in table 25, increaées fyom a normal value
>'for rats on diet A to a value twice that of mormai for |
rats on diet C. Rats on diet D again have a lower TSH
than those on diet C but.their TSH is higher than that
of the control animals on 41B.  Also, for Experiment 11
the TSH increases with‘increased dietary calciuﬁlfrom
dlet A ©to diet C with rats on diet D having a TSH within -
the normal range. In these two experiments there is
some correlation of serum‘Té and TSH in that the TSH
incr@aéeﬂ as the T4 decreases. In the oﬁher @xperiments
in this group:the rats have a normal or slightly élévated

TSH but thers dves not seem to be any correlation between
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. T8H levels and either thyrold weight, T4 or dietary
calclum. | |

For rats in Experiments 13, 14 and 15 (Tables 26
and 27) the TSH is within the normal range for all the
different dliets. |

Table 28 gives the TSH concentrations for vats on
the PIU and KC10, diets. In Experiment 16 rats on
4dieﬁ A and diet C have a normal TSH while those recelving
PTU and KCIOQ have a very much elevated result, PTU
has caused a greater increase in TSH than has KClOa.
The addition of caleium to the diet has also caused
a slight increase in TSH. When these diets are
administered for two weeks, the TSH is again elevated
to about the same level. Again the additlon of calcium
cauges a higher concentration of TSH in the serum with

‘both the PTU and KClOa diets.
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Chapter &4

Effect of calecium on protein binding of ?251 in the

‘thyrold and on urinary excretion of lodine

Section 1
Discharge of 1251 from rat thyroids in wvivo

To determine if calecium in the diet interferes with
the binding of 1251 to thyroglobulin, rats on the five test
diets for 10 weeks were first injected intra-peritoneally
Cwith 10 uCi 1251, mhree hours later half the number of
rats on each diet were injec%ed’intramperiﬁoneally with
750 mg sodium thiocyanater(Na SCN) in 0.2 ml saline.

Three hours after this, all the animals were sacrificed
and the thyroids removed., The final 6 hour thyroidal
uptake of 1291 was measured by couﬁting the glands in
the gamma counter. -

The uptake results and the percentage of 1251
discharged by Na SCN are shown in téble 29.
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A1l the low iodine diets have caused an increase in
jasl-uptake but this increase is less for the rata on the
low calcium diet A. Na 5CN dischﬁrge Jthe iodine which
is not prot@in bound thus the botal uptake decreaaeg
afier injeotion of Na SQN for eaoh of the five di@tsa
For diet A only 11% of the iodine ‘taken up by whe gland
is dischargeable while for the oth@r diets at leas%
Thre@ Limes this amount is dischargeﬂ by Na SCN.

' Seation a

Urlnary excret;on of iodine

Two or three rats on @&Gh of the five tee% diets were
"pub into metabollc cages for collection of urine. The

urine was cqllect@d for the f&rst»48 hours after the

 diets were started and then after 6, 8 andTJO‘%e@ks on the

diets. The volume of the collection was maésured and the
iodine was detgrmimediby the Technicon Auto Analyzer

' technique. The results obtained for the total excéretion

of fodlne eve shown in table 30. The mumbers of enimals

on each diet are given in the brackets.
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Total iodine excretion in 48 hours (pg)

[~

- Diet
2 days 6 weeks 8 weeks 10 weeks
on diets on diets on diets on diets
41B ’160 (2) 29.7 (1) 58.7 (1) 55.6 (2)
A 233 (3)  5.47(4)  3.56(4)  3.41(3)
B 19.4 (2)  8.23(2)  3.12(2)  3.67(2)
¢ 164 (3)  349(3)  2.30(3)  2.64(3)
D 15.8 (2)  1.95(2)  3.66(2)  3.71(2)
| Table 30

Urinary excretion of ilodine

Lven after énly 2 days on the diets the animals
on the“low lodine diaté show a decreased uiinary\excretion
of iodine compared to the control rats on diet 41B. The
amount of iodine excretéd decreases as theilength'of time
on the diets increases. After two days on the diets
rats on diet A have excreted ﬁore iédiﬁ@'than thoge on
the other low lodine diets. After 6 Weeks on the diets
rats on diets A and B are excreting more iodine than the
rats on diet C and D but after a further two or four
weeks on the diets all the animals on the low iodine diets

excrete the same amount of urinary iodine.
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. Chapter 5
| Section 1 "
In vivo uptake of “9ca by various rat tissues
In each experiment 10 mala oprague~-Dawley rats of
body welght 120-150g WGre injectéd intré~peritoneally
with 100 pci *5ca as *5ce Cl, in 0.2 ml 0.9% saline.
| During the experimental period, %héyrats were maintained
on diet 41B and disﬁilisd water. After the prescribed
 length of time, réngingefrom.S nloutes to 34 hours, two
were sacrificed and the thyroid, Qﬁe kldney, a plece of
liver and a blood sample were pemoved from each. The
-kidney and liver were"briefly"washed free of blood in
5 ml cold PBS, sliced énd homogenised in 5 ml PBS using
a TRI-R STIR=R homogenlser fitted with a glass homogenising
tube with a teflon»bestle. -The thyroid was homogenised
in 2 ml FBS. The h&mogenaﬁes were then spun in an MSE
refriger&ted centrifuge at 20,000g for 10 minutes. The
blood samples were allowed to clot and ﬁhentspun on a
bench centrifuge to collect the serum.

‘Since a highly coloured sample can cause quenching
}@ffects when counted by liquid scintillation, it was
necessary to bleach the supernatants of the homogenised
tissues before counting. Two 0.5 ml aliquots of each
tigasue ﬁupernatantvweré-bleaehed with 0.2 ml propan=2«oL
and 0,2 ml hydrogen peroxide and counted after the addition

of 10 ml Dimilume in a Packard liquid scintillation counter.
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:001 ml aliquots of the serum were prepared and counted
in the same manner . ‘ |
© . The prot@in content of the tissue supernatants

-and of the serum was measured by the Lowry method. The
B upteke results were calculated és éounts/min/mg protein

Tfor the soluble protein of ea&h:tissue and fbf the serum

' and this was plotted against time of uplake. The results
were also expressed as a percentage of the uptake at one
44hquf,

| The results of the uptake of radioective 45¢q by rat
thyroid, 1iver? kidney and serum ave 3h0wnﬁinv£1gures 8, 9.
| Pigure 8 shows the time course. of uptaké over the

Livst four hours after injection. The same pattern of
uptake 1s shown by all.three tissﬁes although the thyroid
uptake rises initially. The‘highqst uptake per mg
?ro’tém 18 found for the thyroid. Its uptake reaches
aﬁ.equilibrium after two hours and the amount of radio-
activiﬁy in the thyroid falls very slowly over the next
-ﬁWd-hou?Sa Although the uptake of the kidney at five
ﬁinut@g 1s the same as that of the thyrold it decreases
sharply to also réach an equilibrium after two hours.
The liver which initially takes upvless QBCa than either
the kidney or the thyroid reaches an equilibrium after

one hour,



FIGURE 8

In wvivo upteke of 450&\ after 1.p. .:i,n;jecﬁign
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Fipgure 9 shows the uptake of the thyroid, liver,
kidney and serun after a longor timé period, The
mmbers in brackets are the numbers of rats sacrifilced
"_ﬁo? each point. The serum at & one hoﬁr uptake contains
a iarge concentration of éﬁﬂa. T@is concentration 1s
wwiee that of the thyrold, flve times that of the kiduney
and twaﬁty times that of the liver. Tho serum level,
drops very steeply over the next five hours and continues
to £all over the next two Aays .

At one hour uptake, the thyroid haénﬁh@ next largest
concentration of “5Ga. Its uptake drops steeply in the
same way as tThe serum uptake over the next five hours.

At a six hour uptake the-thyroid takes up as much radio-
activity per mg proteln as ﬁhe‘serum. AfGer thisrtime
the thyroid uptake remains higher than that of the serum,
kidney and liver. Thirty three hours after the injection
the thyrold uptake is move than four Gimes that of tho
Serua., | | |

in figure 9 it can be scen that the uptake of the
kildney and‘liver parallel éach other and that the liver.

- always ﬁakea up less ASCa than the kidney o» the thyroid.
Two days after injection there is not mueh éﬁCa left in
 %&@ liver oy kidney. | |

The réaults expressed as a barcantage of the ubtake

at one hour are shown in flgure 10. Bach polnt represents



STy

 KIGURE 9

In vivo uptake of YBca arter 1.p. injection
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the averagé of two experiments“gaéh consisﬁing:qf two -
“animals. Three hours affer injection the thyrold
@ohﬁains 50% of the’radioacﬁivity it took wp at one
hour. The aﬁdunt of ABC@ in the other tisaués and the
-_Serum~has deéfeaséd further. Six houré after injection
~ the %herid'lGVél;has'fallen to 20% while that of the
Aliver, kidney and serum is below 10%. There is a rise
in %he‘pereentage of 450& in the tiSsues at niﬁe hours
with the thyroid, liver and kidney all coﬁtaining about
4036 of the original concentration. The serum pevcentege
also rises at 9 hours but to a lesser extent. Twenty-four
hours aitep'injection, the serum, liver aud kidney uptake
has fallen <to below 10% and it reméins there over the
-next nine. hours. The thyroid uptake, however, only
decreases tp 25% and it d@creases very slowly over ‘the
next nine hours. Therefbre,‘fﬁ hours after injection,
‘the thyroid still contains 23%;of.the radioacﬁiviﬁy present
aﬁibne hour while the uptake oﬁéthe serum and the other
%isSues has decreased ©075%

Two rats were put into a metabolic cage for
collection of urine after fhe injection of 100 uCi 453&.
A sémplé frpm~one rat ﬁés counted after two hours. Very
1ittle radioactivity was excreted (<0.001%). The other
 rat was left QVefnight before the urine was couﬁted.
- After 21 hours the volume collected was 3.3 ml and this

contained 0.12% of the injected counts.



FIGURE_ 10

‘QJCa upiake vesults expressed as a percentag

of upxake at 1 hour
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Section 2

In vivo uptake of 450& by rats on low iodine diets

Two rats which had been on ‘the Remington low iodine
diet (diet C) for 4 weeks and one control_rat on 41B
were injected intraperitoneally with 100 pCi 450&. The
450& uptake of the serum, kidney, liver and thyroid of
each rat was measured after three hours as described
previously. The results were calculated as counts/min/mg
protein and -then expressed as a ratio of the serum uptake.

Table 31 gives the ratios obtained for these thrée animals.

Diet Kildney uptake Liver uptake Thgroid'ugtake
___Serum uptake - serum uptake serum uptake

418 (1) 0.2 0.0321 0.399
¢ (2) 0.130 0.0543 0.579
; Table 31

450& uptake of tissues from rats on diét 41B and diet C
The feeding of a low iodine diet does not aﬁfect the
uptake of 450& by the rat kiduey but it has increased the
uptake of both the liver and the thyfoid iﬁ this experiment.
The time of feeding the low iodine diets was increased
to 10 weeks, Two rats on each diet were maintained on
diets 418, A, B, C or D and after 10 weeks they were
injected intraperitoneally with 100 uCi hsCa and sacrificed

three hours later.
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The uptakes were again expressed as a ratio of the

gerum uptake and are shown in ‘table 32,

Diet kidne uptake liver uptake  thyroid uptoke
serum'upgaﬁe _segum'upfaﬁe serum ug%aﬁe

418 (2)  0.159 . 0.0347 0.346

A (2)  0.134 0.1026 0.581

B (2)  0.130 0.0662 . 0.408

¢ (2) 0.186 . 0.0638 0.448

D (2) 0,156 _ 0.0668 0.548
' Table 32

4504 yptake of tissues from rats
on diets 41B, A, B, C and D

The “7ca uptake of the kidney remains at the same
level ierSpecﬁive of the dietary regime. The liver
uptake has doubled for all the rats on the low iodine
diets. Tﬁe thyroid uptake has also increased for rats
on the 10ﬁ"iodine diets but not as much as the increase
in the-liver uptake. The calcium content of the diet.
does not seem to have much effect on the *2Ca uptake of
any of the tissues; |

Section 3

.Radiocactivity in the insoluble pellets
| of rat cissue homogenates

in section 1 of tﬁis:chapter the changes in QSCa

uptake in the soluble firaction only of the various tissues

were considered. In this section the labelling of the

ingoluble fraction is discussed.
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The pellets obtained after the tissues were
1,homogenised and centrifuged were. counted separately.
49}These pellets consist of oellular debris, whole 08119

”iand any matorial that was not totaliy homogenined

| ‘Large pellets were obtained from the liver and kidney“

:<. - homogenates and they contained a high number of counts.

‘ 'The kidney pellets and liver pellets contained about

| 50% of the total counts. The thyroid pellet was small

1qand normally oontained about 13% of the total thyroid
iloounts.‘ _
; Over the first four hours of uptake (figure 11)

fthe counts 1n the pellets follow the same. pattern as

A“s;;"those in the supernatants‘ Since. there was more pelleted

material from the liver it ‘has the highest initial count

.1i}rate but this falls off steeply to about the same level

i:pffas the kidney pellet The kldney pellet radioactivity

) . deoreases steeply to reaoh an equilibrium at two’ hours.

F'QThe thyroid pellet has the 1owest oount rate since it

1:jwas the smallest but the rate of decrease 1n radioactivity

ﬁ”i'iiis not do great.‘ “Similar results. are obtained over a

Qlonger period as is shown in figure 12.‘ Again the thyroid

7;fpellet contains less counts than the liver or kidney

vafpellets but over 33 hours the amount of radioactiVLty only

“‘ixtlfalls by half, whereau for ‘the liver and the kldneY it

*decreases nearly 100~fold




FIGURE 10

- In vivo upiﬁéke-gradj.oao;bi\}ity in Qellets".
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FIGURE 12

In vivo up*éake«;g*adioaéttivi‘by in pellets
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o ~ Seetion &
In %jtfo upcakc of &)CE by sheep thyroid slices

, ‘The ﬁime course of - the uptake of aﬁﬁa by aheep
4thyrold slzceg ;ncubated in vitro 1n & buffered madia

(a @@wb?lb@d on page 56 ) was dc termined. The result&
are expressed as concentration gr&dientm h@tue@n the
’\tis uﬁ (ﬁup@rn&tanﬁ and pelleﬁ) and the incubation

‘ rmedium and thus caﬁculatﬁa as sliﬁe/medium (5/%}

_ i~ , oy B5 suggeated'
'V_by Erainkal and 1ngbar (1955) far hhe accumulatiov of
131y by sheep th?raiﬁ slices. ' S .
The sliaes were weighed mercr@ and after incubatiea
and . tn@ 'varag@ y rcentag& t;d&u@ recovery in ék
incubm%mans was Q?ﬁ, Tha fiaal wet wezght of the tlasue
T was uued tc G&lﬂvlmb@ S/M 45&& ratios.
| F;gura 1% shows hhe Qoncenifatian gradﬂants obtaineﬁ
auf *er 1aeuhatiens VO? times r&nging from minutes to
f; é houa . The numbers in hrack@ts re§?eﬁ&nt th@ number
- of imcubau;omu averaged Tor each paxn*. Theiradiaaetivzny
yxiis rapidly accumulated by the slices. An equilibrium
s r@ached within one h@uy of incubation and at this tine

a vancentraiiam gradient of 2.1 ml/g ) aehieved.g .Yo%

o much Ghamge in the S/M ASGa ratio takes plece over the

next houﬁ of incubation to giva a %/M “Sea of 2.4 ml/g

at a 2 hour uptake. . .inyfthree ingubations were‘aarried‘



FIGURE 13

TIn vitro uptake of QBCQE"‘D?_ -sheep thyroid s;l.ioes'
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outlﬁof Longer than_tﬁofhours but the S/MVQSCa ratio
has<again.1ncreased>to 4.1 ml/g aftef four hours
’lncubatlon. : ' ‘ |

In one incubatlon experiment with thyroid slices
the'percentage”of 450& taken up by the mitochondrial
fraction of thyr01d cells was measured. After a 2%
'lhour incubatjon of Sheep thyroid glices with 45Ca, the
 tissue was homogenlsed in. Krebs No.‘ buffer contalning
‘0;7 i Ca ?+ ions and then centrifuged at 900 g on the
Msﬁ for ten minutes-at &00. This pellet which consists
of nuclel, who1e cells and ce]lular debris contalns about
')m of the total counts in the homogenate after washing
with 2 ml Kiebs No. 2 buffer (+ 0.7 ml Ca 2*ions). The
-supernatant was then spun at 9, OOO g for ten minutes
giving a pe]let oontainlng the m;tochondrlal fraction.
v{After washlng with the same buffer, thls pellet contains
- about 8% of the total counts. In the method used to
 'deiermine the . time course of ‘the uptake of ASCa, the
’Jabelled tlssue was homogenised then oentr1fuged at
20,000 g, ,An averageoo£.12, (39 incubations)'of the
totélfﬁissﬁe counts. remain ih the polleﬁ Thus, most
of the tissue. 450& always remains in th@ supernatant '
obtained when the homogenised thyroid slices are centrifuged.
' | When the s]ices were heated for five minutes at

© the S/M 450& ratlo was 2. 9 ml/g (average of three

'incubatlons)
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Idennlcal incubat ;ions were also carried out w&tn
T in the incubatlon medium ins Lead of *Jba.g» The
jconcenuratgon gfadientg (S/M ratios) AOP uhl& iwoxope
i .aﬁeAshown in uig, 1£ ”he uptak@ on the sbe@y thyrpidl
’(sl;eeu was meﬂsured ovar'one hour of incubation. The
: thyroxd t&kes up ?253 very rapid,y and xhe S/M ratio

q?51 is

&oy over 40 wl/g afﬁgr‘pnerhour of Jncubaiioniq

" The pellat obtained after eentfifuga sion of +the tby?oid
hom@ganata contaiﬁs'a;ﬁﬁvof the total tissu o 125
: ﬁhé sli¢@s<wgre heated at 850 ;or,five mlnuﬁes-ﬁhe S/M
' 1251‘ratio'was 0.74 mi/g, |

Section 5 |
Incubaoions with 30& oy 1231 in the presence o£ TSH

&heep thyroid sllces were 1ncubated in ‘the same

o manner as abovo.

TSH (10 mU/ml) waﬁ aﬁd@d ﬁo hﬂlf the fla;km Gon ain;ng
the slﬂc&a bemore the addition of 5Caa The bime course
of the upaake ef 596& in the presence and abaene@ 04
s SH 18 shown in Eig;’1;. Over the first hour- of
.ineuba &on th@fa is no- difference ln upuake o; 430
fow the WO ‘sets of incubat;on&.' For th@ inmuba 10&3 :
g"with W:H equilibrium is r@ached after ohe- haur and aL .
,this time u/M §5Ca ra“ia %s 2.6 ml/g.»; “he /W- 5Ca'
ratxo remaino at the game level over {he ﬂey* two hours

o£ incubation. Por ihe sliees lncubamad without TSH

2T, Yhen



FIGURE 14

In vitro uptake of 1-2517 by ’sheep-'i;h*yroid slices
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Tthe S/M &5Ca rakio at one hour jncubat;on is 2. 1. m1/g
which is “the same as was found in the previous
experimanbw and’ lu ullghtly less than‘uhe-&/m %JCa
fatié;fpr ‘the siicesrincﬁbated in th@:presehcé of TSH..
Hdwevef the S/M Qﬁca ratio increaSeg over'ﬁhé,next.i
three hours. of incubatioﬂ to reach a ratio of 3.6 ml/g
after four hours incubation. Thus after,ﬁour hOufs
ineubqtion th@ sliceé incubated without TSH haVeitaken
up mofe radlcactlve calcium than bhOme inﬁubauod with
TSH., |

10 mU/mi TSH was als so added to %hyroid lice
_iﬁcﬁbgted with 129I.‘ After counting the rad:oacmivity
S in thé slices, they wére homogenised and cennrmfuge@
The aupernaﬁants were precipltated Wibh saturatcd ammoxniim
. sulphﬁte Sﬁlutlon to neasure Lh@ preportion of 1251 that .
was prowe:n«bound The results o£ these lncubations

‘are shawn in table 33.

LEncﬁbatng - Kgigg  , s/m 1257 rat;ﬁ % 1291 nroteln~boundf;r
Gontrol 30 min 9.5 Caes
+ 10mU/ml TSH 30 min 9.3 R 28.2
Comtrol 4 mowr S7.4 S 2
+.10mU/ml TSH é;houf‘ . 122.6 Q;b-i%" 74.9
* o Table 33 o o

Thyroid &1100 incubatlons with 1“’1 and TSH
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TSH has no effect on the uptake of ]253 vhoen the
incubation time 1s 30 ninutes but it stimulates the
uptake when the incubation iz carried out for four

[ .
hours. In both cases slightly moye 129x is protein~

bhound when TSH is included in the incubation medium,

Section 6

Einetics of'calcium efflux from éﬁCa labelled tissue

Sheep thyroid slicos were prepaved fop ineubation
as bofore. For an uptake incubation about 300 mg
tissue was Incubated in 10 ml Krebs No. 2 buffer with
20 pCi Qﬁc& for 2 hours at 37° in an oxygen atmosphere.
The medium was fhen péu?@d off and the slices byriefly
washed in cold bulffer. For & discharge incubation

h5 ' "
the slices loaded with 7“Ca were divided into four clean

C.F-

flasks contalning 2 ml fresh buffer and reincubated for
various times.

then a third release incubation was carrled out,
vhe u?tak@ in@ubéﬁien ﬁas carried out with 1 g ﬁiséue
in 20 m) Krebs No. 2 buffer and 100 pCi *JCa for 2 hours.
The second (discharge) incubetion of 45 minutes Loolk
place in 40 nl Krebs No. 2 buffer containing 0.7 m¥
calcium ions. The slices were then lncubated in separvate
Flasks containing 2 ml Kvebs No. 2 buffer « 0.7 mM Ca®™,
Botweeon ¢ach incubation tﬁ& alices were washed briefly

with the calcium-containing buifer.
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At the end. of the incubation period the slices
_were'removedfffom the mediumféﬁ&'prepared for counting
- as before. : | _ - H :

- Figure 16 ShOWw the diucharge of 45¢q fvom the
-~aheep thyroid sliees after an. uptake jncubation with
f’BCa for 2 hours. , The rasu“ts are expre&sed as a
"percentage of qﬁva in the tissue at the start of the

~lidischarge incubation. As demon:trated by the previous

;'7v;‘uptake experimentu, afﬁer a two hour uptak@, the exchange |

ffcf 536& between the slices and ﬁhe medium w111 have reached :

: an GQuilibrlum

The graph shows that Just under 60% of the radioactivity"> ﬁ;

*ﬂktaken up by the tissue is rapidly washeé out in the flrst

. 15 minutes of incubation in - the fresh buffer medlum

- .Afﬁer this, the 45¢a. in th@ tissue falls more. slowly and.

‘reaches an equilibrium after about an hour incubation.
After az hour uptake and a 2 hovv discharge abouu BOA
of the radioactivity taken up by the 1ices stlll remains

,'1n the tlsﬂue. Thus the calclum seems o be “taken up

into at least two . different compartments. Th@ radicacﬁ1v;ty‘? ‘

“is rapidly waahed out frem the ﬁirst oompartment while
it is more &lowly remcved from’ uh@ second.,

In order to. study the kineiios 0¢ the remeval of

'QAf‘_45Ca from the second compartment the tissue slices were

“ﬁloaded w;th &503 for 2 hours. The. 450& was WaSh@d out

5 0£ the first compartmenu by a dlscharge incubation for



FIGURE 16

Kinetics of “OCa discharge after uptake of

2 hours at 37°C
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-45 minn%es and %henﬂé h;rd release incubation was |
carrled out for various times.

o ‘After the discharge incubation about 32% of the
init;al radioacmivxty remains 1n the slmoes. ~This

’1evel fajla slowly over the next two hOUFu of incubatlon o

L (flg.,'7) After a. two hour release incubaﬁion about

0% of the radioactiV1ty 54111 remains 1n the slices.

1 IU/ml salmon calcitonzn wa added to the discharge

- ﬁedium 1n one-expariment. " Tho kinetics of bhis discharge,
iare shown 1n fig 18 along with control incubatlcns.- »

There is no dlfference in ﬁhe discharge patterna for -

: ﬁhé slices- lncubabed with calciconin in comparlson to .

:b'iyﬁhe Qogtrols.:“ihe radioagiive ealc¢um iswwashed out,from~‘5

the tissue at ‘the - same'wéte and after aﬂ‘incﬁbatién of
. %wo hours the same amount 01 fadloactlvi yufema;nSiin L>.
the slices._;\'> L - o :
1. 5 IU/ml GQ1citonin was added to the medlum of the
‘release lncubatlon in two experiments.<, The time ccurse
ZAOf the efﬁlux of calcium LOP chese experiments 1sshown EE
in’ uigure 19 Initially at(15 minute incubac;on uhe'
[ealeitonin seems" to reuard the release of 450& bt after

)O anutes 5ncubaclon 1he percentage of 45Ca remainlng |

‘%g}‘ 1n the blssue is the same for both lncubations.'

?O mU/ml bov1ne TSH ‘was added to the releasev~
 '1ncubati0n in ﬁwo experiments to uee Af TSH had any

' effect = the felease of 45Ca from ihe ﬁhyroid sllces.



PTGURE 17

Rinetics of *PCa release after uptake lof éhdurs;

 followed by discharge of 45 minutes .
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Kinetlas of 45Ca-dischaz=ge \_~:;i.*i;h calcitonin in the medium
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FIGURE 19

Kinetics of 450&1 release with calcitonin in the medlium
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The +time coucrse of the efflux of 450& in the preseﬁqe
of TSH is shown in fig. 20. TSH seems to stimulate
the release of calcium from the $econd compartment.
Afﬁer a release incubatlion of 15 minutes 16% of +the
radiocactivity is ;eft‘in‘fh@ slices indubated with TSH
while 22% remains in the control slices. The same
pattern of release is followed by both +the control
incubation and the TSH incubation. Aftef 2 hours
incubation about the same amount of radiocactivity (9%)

remains in the slices in both cases.

Section 7
Uptake of 1251 by thyroid slices in presence

and absence of calcium ilons

The seme basic incubation procedure was again carried
out with some modifications. PBS was used as the
incubation medium instead of Krebs No. 2 bufferlﬁo avoid
- any effect of the divalent lons contained in the Krebs
bulfer. Before %he‘addition'of the isotope; 0.3 ml
PBS containing differentvconsentra%ions of calciunm iéns :
were adqéd ‘to each flask. . Afﬁer a,further 15 minutes
incubation 2;5 uCi 125I_was added and the incubation
continued for one hour; The medium was then poured off.
The slices were washed in 2 ml cold PBS, blotted on

filter paper and counted in the gamma counter.



Kinetics of L”sca release with TSH in the medium
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The slibes were homogenlsed in 2 ml PBS and b
centrifuged at 20 OOO g for 10 minute&. 2 ml saburated

‘ ,ammcnium su]phame solution were added to th@ supernatant

77yito mrecipxta e the protoin. Aft@r belng l@ft to stand

,ffow one hour in the refrigerator thjs solution wws again

“;spun at the same speed and the Supecnatant was removed

vc; for couﬂting-'> The prot@in precipitat@ was also counted

| Gonceatration gradiants for ?25T (S/M ra%ios)
._were calculated in th@ same way as fow tha uptake _
vnoubations wmth 450a.;§ ‘The percentage of 1251 %hat was.

protein bound was also calculated The resultsfof one

; EEQ&E& ] : 1251 Sé V 125? protein bound
»giﬁgs fg"-f: - "12.6‘ . ;~“;f‘ .57 6
: :PBS“% 0.7 mM ca?t _F1é 6 - ;.‘ ;';i J2.6
L oPES 4 A mMCa®t 1.0 3.
. IPBS + 2.1 M Ca®* “}12 8¥5’ ”_i";'  60.8
’ Table 34 SR

1251 uptake 0¢ sheep thyroid glices
in Lhe presence of Ca2+ dons

V»The S/M ratio for 125f axter one hour lncubation is

very much depressed when ‘the PBS buffer system containingj el

only sodlum chloride and sodium phosphate bvf£er is used

insbead of mhe Krebs 1 No. 2 buffer which gave a concentration

_gradient of 40 ml/g after a one Tour incubation in comparison L

to abou% 10 ml/g obtalned in thig e&periment  This was
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:aiso»fOund by Freinkel and Ingbar,(1955).

| )-Thé'presenaé_of calcium iéns in the»meéium has

méde no,Qifference to the uptake of‘125I by the slices.
 This experiment was repeated three times and in each

o case, élthough,the:1851 é/M ratio varied from experiment
| to experiment, the same order of méghitﬁde of ratio wés

| fouﬁd iﬁ‘eadh for the fdur different incubations. Thé

percégtage of q25i that‘Was protein bound was also the

same for each of the four different incubations.
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Chapter 6
Probela~binding experiments

Several experiments were sarried oub to try to
determine i€ any or tho caleium contained in the vhyroid
18 protein-bound. ‘ '

The soluble protein fyaction was eluted from the
gland by leaving thin slices of sheep or buman thyroid
in 0.9% saline (pH 7.4) at a concentration of g tissue/2ml
saline overnight at 4%, This procedure nllows the
protein to he oluted without destroying the cells or
voloasing proteases Lrom them. The saline containing
the soluble protein fraction was removed with a pipetie,
The remaining tissue was homogenised in fresh saline
and genvrifuged at 20,000g. The calelwn in the eluted
fraction, in the'&upe?naﬁénﬁ fyom the remsining tissue
and in the total pellet was measured by AJA.S. after

digestion with chloric acid. The protein present in

D
]

the £irst two fisctions was measured by the Lowry method.
About 60% of the totel tissue caleiun is eluted
from the slices with the soluble protein Lraction which
also constitutes about 60% of the total tissue protein.
5 ml of the gsoluble protein frachtion from sheepn
thyroid was dialysed against 100 mi saline overnight
at 4°C.  The dialysis was repeated using 2 wl of the
goluble protein fraction Lrom human thyroid. In both
cages the ealeiwn wag found to dialyse out of the dialysis

- menbrane.
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1 wl of the human thyrold proteln was procipitated
with 1 md 200 trichloroacetic ncid (TCA)., The protein
vas sedimented by centrifugation-at 20,000 for 10 ninutes.
The supernatens was,peuréd ol aﬁd its galediun concentration
measured by AJA.8, The pellet was washed twice with
5% TCA.  The calcium goncentﬁatiphs of the pellet
containing the protedn and the two wash solutlons were
miso neasuroed. Moat of the @aicium wag contained in the
Rizse TCA supernatant. The ﬁiﬁﬁl pellet af%@r'heing
vashed twice covtained loss then é% of the total celclum.

L wl oF @ soluble @reﬁeinrfraation-frﬁm sheep |
thyroid vas put vhrough an ultrafiliration mombrane and
ihe celeiun concentratlon of the ultrafilirvate was o
measured.  Abows 70% of tho calelun was ulirafiltrable.
&l%ering the pH of +the medlun by adding a few'drops of
dilwte hydrochloxic acid to give @HIB,S o dilute sodium
ﬁydﬁaxiéa voglve pi 7.9 wmade na’diff@rence Lo th@-amaumt
of‘@alciuﬁ which gassgd through tho mémbrame,

| Gel filtravion was also used to try e show protein-
binding of ecalcium in the thyrold. A Sephadex G200
colunn (Fhavmacia) of dimensions 2.% om i 34 om was prepared
and connected to a fraction collector and a LKB Uvicord
o pive a protein trace ot an optical donsity of 280 um.
0.9% saline was used ag e¢luent. 1 ml of the soluble
provoin froction contalining a Fou drops of a concentrated

suerose solution was applied to the top of the column.
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A typical proﬁein trace Lfrom his éclumn'is ghown
in fig. 21, Thyroglobulin which hasra‘molecular
weight of 660, 000 appears at the vold volun@ of the
colwin ag a single peak. A spiall amount of calcium -
12% is eluted with this peak~bu$‘mmat of the caleium
is eluted lateyr. | | |
A Sepharose 6B (Pharmscia) colum of bed dimensicns

1&5 cin x 77 om was also used., This agarom@ gel s@parates'
the thyroid proteins into several peaks as is shown in
fig, 22, | The main peak containg 19=-8 thyroglobulin with
a small amnount of 27-S thyroglobulin rﬁnning as a Shéulder
'befora it. The pesks eluted later contain albumin and |
smaller fragments of thyroglobulin, Using this column
even less of the tissue calcium elﬁtes;with the main
protein peak and the main calciumipeak admes after all
th@ proﬁeins areae elutod from 'he“caluﬁnf

Protein~binding exper;mentu HG?L alao oﬂrvied out on
ihyroid Tigsue which had bemn labelled 4n vitro or in vivo
with #3ca,

ﬂp&f elecurcphow ig of the supernatants'irom some:
of tho incubated sheep thyroid slices was rum in a tris
naleate buffer pH 8.6 overnight ot 120 V. An unlabelled
serum sample. and a sample”of'AJCa.were run'qonourranfly.

The electrophoresis strips were dried and‘geanned for



FPIGURE. 21
TR AR WA A

Thyrold protein and caleiuvm eluted from a

Sephadex G200 column
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FIGURE 22

Thyrold protein and calclum eluted from a

Sepharose 6B column
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vadioéc%ivity on a Packard Chromatogram'séanner;  They
owe theﬂ stained with bromophonol blue, washed with -
"56 acctlc acld and’ fixed with sodium acetabe/acetwc 1: . H
‘ acld solu'ion to show the poslbzoﬂ 0¢ uhe prot01ns. 4
'The electrophoresis &trips 01 the Lhyv01d show the

prasence of an 1nte“~mnproteln, that is 1hyroplobulin

T

ﬂnd frec radioactlve calcium only (fig. 23). Even
: uuter an incubatlon of 90 ninutes with ‘5Ca, there does
not wppear to be any | abel];ng of the protein. A‘ElectPOm o Xw
‘phoremus wao a1so carried out on samples of he‘superé ' |
natanus from the rau,tissues which had been labelled in \

vaivo; Thyroid, liver, kidney and serum samples were
applaed to the alectrophorcsvs strips. Again only o b g
- free. s'5(3'&\ lons are present. | ‘ | |
7 The technique ot aut diography was also used to
Atfy +0 show the locat¢on o; *)Ca in- the rat LthOld
~ uafter i.p. iﬂdectlon. Ra ts wefo ﬁacr1£Lcad uhfee Thours
"ait ¥ the &ndec cion of 100 qu *5Ca. The thyromd, oae‘
_ kldnoy and a plece of liver vere yemoved ”he avto=
| radiogrﬂphg were pfenafed by the Departmenh of PaLhology,
'I&qugow Royal Tnflrmary. I the tlssues were pux,into
10% }ormol saline after removal LPOm the anima,, no
PadLO&Cthiby was found.ln the»auLoradiographs since'it
is washed out by ihiswfixative;: The tissues weff‘insﬁead
fiozen and sliced uO prepare the au%oradtcgraphé; Using

his techngque some EJCa was found in the colloid of the

bheridu.



' Blectrophoresis of serum stained with bromophenol

Flectrophoresis of thyroid proteins.
N - :. B PR Y .
Scan of electrophoresis of free UCa ions

Scan of electronhoresia 0? thyroid protein fron
slices incubated with ’5Ca.

FIGURE 2°

Electrophoreaiﬁ of woluble thyroid prote¢n

from alices incubated 1n vitro with éﬁca '






_ The proteln in the superna anm of sheep thyroid
\:311009 1abelled uith 450& in v;tro was precip1bated
?w;uh samurated ammonium muﬁphate solutlon, (NHQ)QSOL

- and W¢uh 20% TCA.  About 9% of the total counts . wemain
‘ :13 Lh@ protein pfecipitate,v This experlment was also

eafrled out uslng ﬁhe supernatant Lrom uhe tisuue uhat

";had beeﬂ subdected to an uptake incubation LOllOWSd

A‘by a d&meharge incubqtlon whlch fem@ve@ the extfacellular, -
unbound calcium, After an uptake of 2 hours £ollowed
by. a d&schavge of 45 o1 30 mlnutes, 12% of tb@ tlssue
calclum praclpiuames w1th he proteln. , T; a 10nger :
 &1&chafge Lnﬁubatzon of 1 or 2 hour& 1& carrled oum, A
Jslightly greater percengage of mhe tissue Galcium seems

Lo be vabe1n~bound (about 160)
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Chapter 7
Discussion

 Under the experimental conditions described for
the definitive feeding experiments-(Chepter By section 1
(2)) the addition of calcium to a basic calcium deficient,
dow iodine diet increased the eize of the g01tre in rats
maintained on the diets for 8 or 10 weeks. The weight
of therthyroid increased linearly wifh increasing calcium
content of the diet up to the addition of 1% CaCO3
Adding more calcium to the diet did not cause a further
increase in thyrcid,weight._ This was also demcnstrated
in the initial dietary experimenfs (Chapter 3, section 1
(1)) ic which CaCO, was added to a diet already conﬁainingv
a substantial amount. The lack of effect of diets with
‘imcre'than 1% CaCO3 may be expiained by the fact that the
animals did not eat as much of the diet with the highest‘
’caicium conten% Therefore they would not ingest any
more calcium tThan those on a diet wmth a lower calcium
content |

Thus, the results of the rat feeding experiments

obtained in this work would suppcrt ‘the hypcthesic.that
there is e connection between fhe“iccidence of goitre
and a high concentretich cf'calcium-in the soil and
Awater which hes: been Suggested by,scrveys in several
parts of.the world (Boussingauit‘(ﬂéﬁi) in Colombia,
Stott et al (1931) and Stott (1932) in India, Murray et al
(1948) in Britain and Nwokolo and Ekejiuba (1974) in Zambia.
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Previous rat feeding eﬁperiments.have given
conflictiﬁg results,' " Levine et a1 (1933) and Sharpleaé et
al (1943) added excess calcium to a diet already
containing a substantial amount of calcium and did not
obtain an additional goitrogenic effect from the
calciun-rich-diets. The initial feeding experiments
(Chapter 3, section 1 (1)) agree with this and show
that adding more calcium to a diet;that already contains
a substantial amount does not increase the goitre weight.

The calcium deficien'é, low iodine diet us'ed in the
definitive feeding experiments is the same bagic,diet as
that used by Gandra and Coniglio (1961). In Experimeﬂt‘
6, this basic diet produced an increase of 5.8 mg in
the thyroid weight in compariseﬁ‘tb the confrclé:fed
diet 41B. ‘>The{addiﬁiaﬁ of - 1% Ca CQB gave a thjroid

Weightlincreasa‘of 13.4 mg, Gandra and'Conigiio (1961)
 obtained an increase of 7.1 mg for the basic diét and
18,2 mg when they supplemented the diet with 3% Ca COy
£or 30 days and then with 6% Ca CO5 for a further 10 days.
A simllay goitrogenic effect oi calcium was also. obtained
by Taylor (1954) althougn his\baSic diet has a different
formulation (see table 1). Supplementing his bésié
diet with 2% Ca C03 produced an increase of 4.7 ng in
thyroid weight compared to animals on the basic diet.

Therefore, when comparéd to a caleium deficient
lOW-iodine diet, the addition of 1% Ca CO5 causes an
increase in goitre size. Under these conditions

calcium behaves as a goitrogenic substance.
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In order to examine more closely the goitrogenic'

.effect of galcium, the serum T4 and serum TSHAWhidh

had not beén meésured before by'ahy(of the aﬁthors :
mentlioned above were assayed.  As would bé~éxpected,
animals on all the low iodine diets-hailow seruﬁ;Ta
lgygls compared to the contfol réts. The caiciumi
cdntent of the diet had;no‘effect‘én the serun T), or
if.there'was any éfﬁect it was toq small to be detected,
" On the‘other hand, the dietary calcium had a noticeable
éffect on the serum TSH. In experiments 5 and 6 the
serum TSH increased with inéfeésing dietary calcium.
The rats on diets A and B had a normal serum TSH sven
though théyiwere on a low iodine intake and had the same
' _16w level of serum Th'as thevanimalg'feceiving‘mpre
'calcium;.‘:The increase in TSH parallels the increase in
the thyroid weight and thus in thesé experiments the
goitrogenic effect of calcium proceeds through a TSH
mechanism of thyroid stimulation.

- iriantaphyllidis, Dugas du Villard and Guichard
‘:(1977) observed an increase in serum T), in rats fed a
'diéﬁ‘rich in calcium compared to~that_f0und_in rats
fed a calcium deficient diet. The serum and ﬁituitary
cbncentrations of'TSH vere unaffectéd by dietary calcium
contenﬁ. _They-showéd'that cal§iUm enhanced iodine entry

and concentration in the thyroid gland in vivo. They
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E supplemented the animals' drinking uater thh KI and
| Lherefore since ﬁhe rat& were not zodine deficlent it

$lis difficult to compare their results with those

| :%f,‘obtained here.i‘ They do not stat@ ‘the weight of the»

ji thyroid glands to show if the rats on uhe calcium
d@ficlent diet were more goitrous than those on the
calcium rich diet as would be suggested by their lower
{'serum la’ nor do they give a normal range for the rat
© sérum T " .

 The iodine deficiency of the thyroids was demonstrated

by measurement of the radioiodlne uptake and the concentratlont?l"

| Jof stable iodlne within the glands.r, The 1odine concentratlonL"
‘#of the therldu was. much depressed by uhe 1ow iodine diets.
In two experlments (Experiments 6 and 11) rﬂts on diet A

':had the largest contenc and highest concentration of

'f\v’thyroid iodlne suggesting Lha% calcium may be interfering

Cwiﬁh evther ‘the trapping or storage of 1od1ne within the
gland However, trapplng of iodlne does not appear to be
4fa£Lected since in the 1251 uptake ewperiments tho uptake

: ilncr-eased with increasing thyroid weignt and therefore

E w1th incre331ng dletary oalclum = Taylor (19;&) also

:ffound an increased radioiodinﬁ uptake of the thyroid wh@n
A %calcium was added to the dleﬁ whereas Gandra and Conigllo
“'(1961) showed the opposite effeet since the rats on their
calcium deficient low iodine diet had a greater radioiodine

.“uptake than those recelving calcium
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In human-noh-goifrous éubjectsiﬁéking calcium
‘tablets fof'G-weeks, i% haé been»éhoﬁh (Boyie eﬁnal'
(1966)) that the thyroidal pla,sma 132; oleapance and
the thyroid radloiodine uptake.fell. 5Sinée‘célcium
did not seem to be interfering in,the trapping,of |
‘iodide by the thyroid, they suggéstéd that théfcaléium
may belinterfering;with théAintestiﬁal absorption ol
the-isotope. Taylor (1954) showed'that this is not
the case in rats as the absorption of radioiodlne by
the rat gut was unaffected even after many weeks of
calcium adminlstratlon. _

Measurement of the serum calciﬁﬁ showed %haf
rats on diet A were very hypocalcaemlc._ - The énimalé
on the other diets had serum calcium thhln the normal
range. Elevated serum calcjum 1evels were not found
:even for ﬁhe rats roceiv;ng the highest amount of dietary
cajcium A .
In nearly every experiment (Emperiments 5-%1) the w
thyroid ‘calcium concentration was 1ower for the rats on
-bhe Low iodine diets than for those on the control diet
418, "Thls would be expected forrrats.on diet.A‘since
they had a low serumrcaldium;but'raisingtthe serum
calcium by increasing-%hé dietary\dcﬁtent of calcium
diad ,no{: increase the thyroid caléium concentre;t‘ion"; - This

cdntrasts with the results of Kaellis and Goldsmithr(1965),
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| uupplemeﬂting %he Remlngton 1ow 1odine diet w;ﬁh 2%

'.Ca COM 1aised both the gerum calclum and the thyroad
- ea;cium concentration in their ratgs. They only
f?éarried‘out fwo analyses qnd‘they used a citraﬁlon

" method whmch would be. less accurate than thie spectroscopic
J method used in this worh. \ 7

- The total calcium content oﬁ the thyroida 1ncreased

with 1ncreasing calclium eontent Of ﬁhe diet. ‘.The"
‘- thyroids of rats on bhe lcw 1od1nﬁ diets coaﬁained more
celeium than those on the CQntrol diet 41B.

| ”hus Exp@rlments 5 and 6 &how that calcium has a
'.sllght buﬁ deflnlte goitroganie effect in rats on a’ _
- diet. which is relailvely iodine defﬁcienb.' The presence'
GF calcium is. required bO ralse the serum TSH buﬁ dietary
Galcium has 1no efiect on ﬁhe total serum Tg ’ Iodlne

'ALS st111 tvappe& by the gland but calcium may be interfering
_ WiLh iodine blndlng.
To make rats more sensltlve to this mild go&%rogenlc
 effect of ealcium, the Remington 1ow iodine diet was
- administered for several weeks before 1eed1ng the dlfferent
calcium diets»(Experiments ?—12). _ - However, %his regime
 gave the opposita effect. AsAtﬁéwfats were made more
goitrous inltially the less was the effect of e:ther

, rajsing or 1owering their calcium intake. As can be,seen"'
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’xfih taﬁle 6 (p ':fo) %hé éifféfence be%ween thé‘fhyroid
'ff;weights of vats on diet D (with 2% Ca Coy) or diet A
‘(calclum deficieﬂt diet) declined as the . length of time
}fon dlet C iniﬁlally increa%ed An Eaperiments 7~12,
J“iuhe 3erum calclum was low for rats on diat 0] folicwed
: %Qby dlet A | The thyroid calcium concentrationw were
YT?TOWGP for the animals on the low iodwne dlets than for
7ithe controls. : The radioiodlne uptake varied with the

V;‘:¢ thyr01a weight - The serum T ﬂa was Low but although in

rﬁ{}i;some experiments Lhe TSH 1ncreased with 1ncreasing
if’thyroid weight it wau oxten wvthln the normal range.,
: , Therefbre mf a goitre 13 alﬂeady preuent it appearu
' hat the calcium intake has 1itt1e effect on it. Thus
 }f3ca1cium would seemn to exert ita goitrogenic effect at
A~;éghe beglnnlng of the yrocess of goi rogenesis. _”As?a‘
;Wfflarger goiﬁre is formed, the less is the effeet of
| x:calcium on- ;ts grow h )
N ;? I Expariments )~12 fats of body weight 120m150 g
V ?f?£were obtained and the dieh used to bring them to this V
i};fwelght waa high in iodine content whlch could explaln
( “!why a long perlod of - ime oni a low iodine dieu was .
'~}'necessary to cause formation of ‘a g01tre. f Thereaore’ ’
ﬁweanlin&s were purchasad and rwiaed on ‘the Low iodine 3'5:
‘ :;vfd1et “to the same weighi as the other rats and then placed

”1} on bhe ca1clum die%s. ”hese Tad s meemed less susceptible
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to the effééts of:é iow iodine diet and their‘thyfoid
4we1ghts did not 1ncvease as much as would be expected
-(EhperimemLs 13 and 14). - Thelr thyroids had a greater
COnéentration éf ioéine‘than in the previous experiments
and thelv serum T, and their serum TSH were both within
the hofmal\ranges. iKIn7ExperiMGnt 13 rats on diet A
hédVSmaller'goitres than the other animals but thé
‘-Hadditi§n of calcium did not have much effegﬁ in these
“two expefimenﬁs. | |

A | In Expeflment 15, the calcium supplmmenﬁs were

: ;added to uhe drlnklng water ra cher than to the ¢ood 7 Tﬁe-
caleium gal used was CaC12 gince Ca CO“ is 1nuoluble in
W&%er;’ Weanllngs were also used in this e&periment and,

Lbere;ore, small go;tres were obtalned causing the

. differences in the thyroid welghtm between the dletary

’flgroups to be too small to detect any eizect of calcmum

5 Sharpless and Anthony (1943) have shown that an excess

. of chloride can decrease the bhyroid iodine concentration
 although it does not cause goitre'(except when‘calcium
'chlorlde and v1tamin D were administered) |

” When two goltrogenic substances are administered _
they might be expected to have an addltive effect and
produce a larger goitre but Alexander and Wolfi (1965)
 have showﬁ that when both PTU and pérchlorate wefe added

ﬁb‘the rat diet a sméller goitré'resulted thanlWith PTU alone.
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‘.“Theweuore, perehlora e can’ acL bomh as a goiLrogenlc
- and an antsgoltrogenlc subSuance. o
The e;fect.o$ 1% Ca GOy end either ETﬁ'OTVKélﬁQ
was &nvesbigaued in. Experlmsnt& 16 and 17. PFeeding
PTU for 4 weels (Bxpeﬁvmemu ﬁ6) caused very large
gOAb?GS and no effect of calcxum was seen.‘A However
reducticn of the uime on the diet as xn Inperlment 17
lnd;camed uhaﬁ addltien oi caTGLum To ihe diet ean havé‘
an antigoitrogenic effect ! in thaﬁ Lhe PTU goiife was
wéduced in size'when PIU and ﬂé Ca CO“ was adminisﬁered
| “he s&mc anmlgo;trogenic cffect bun to a lesger exuent
waa also found when perchlorate and cachum were adminlstered
ow a shoru perlod of time. By incveaszng the iime of .
admlnjstering perchlorate and caloium, the goi rogenic:
1 oxfec% of calclum again becomes apparenu,
- The . adm¢n¢sc?atlon OL PTU ov KCTOA reduced ih@
”uhvro¢d calcmum concenﬁraulon wlmh FTU:. cau ing a greater
o decrease than K0104 lhe uhyvoid Lodlne concentraticn
; wa3 -also reduced Tha serum. Th was b@low Lhe detectable

1;m1t of the assay while uhe serum TSH was elevated

';f.Even althcugh the thyroids of aﬁs on diet A were larger

Achan %hose on dxet C in’ Experimenu ﬂ? the scrum TSH was
R”3ower since calclum is required for the velease of TSH

by the - pmtuitary
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‘ Therefcrc, under certain condltions calclum can ke
lbehave as an ant1g01trogen1c substance and can reduce
the size of a goitre produced by PTU or KClOQ uhen
fed to rats for a short perlod of time. Increaslng
-:the time cf feeding the diet decreases the antigo;trogenlc
effect of calcium. 7
Several hypotheses have been- advanced to explain
the goitrogenmc effect of calcium. Taylor‘s (195&)
hypotheS1s that caleium inhibits the synthesis of T4
in the: thyrcid was extended by.. Kaellls and Goldsmith
- (1965) who suggested that calcium ccmpetcs with iodlne
for the bindlng sitcg on thyroglobulln. ‘ The find;ng
of Robison et alj(l971):thaﬁ thefecls a considerablc
amount of calciﬁm-in the colloid”might'support'this
V_theory ' . | |
) If calcium is preventing binding of iodide to
: thyroglcbulin then radiocactive iodine taken up by |
the gland should be dischargeable by thlocyanate. In
'Chapter b4, section 1, it was shown that when calcium
was added to the diet a grcater percentage of - the~?25T
~taken up. by “the gland may be discharged by thlocyanaﬁc
4lhus, to some extent, calecium is inhibltlng the binding
- of 1odide £0 thyroglobulin. Since not all of the 1251
is dlschargcd this inhibition is only partial
} Chapter 6 records work which was carried out to

show if there is any - proteln blndlng of calcium in the
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in the bhyVOld to that in kxdney, 1LV@W hearb, musele
and serum, the Lhyromd concenuratlon is high and it is
abouu twice uhat of serum. In VLVO ABCa uptake '
 exper1ments also showed "hat the thyroid has~a greétér/
capacity for taking up and ret aining fadioactive‘
’calcwum for a 1onger period of tlme than the 11ver or
 the. deney There¢ore, it seems feasomable to svggesL
Lhat at least par o; the LthOid caleium is bound in
the thyromd gland “ However, Lhe pﬁocein»bwnding

experlments showed 1?%31@ 1f any bind&ng of calclum
to soluble thyro¢d proLe;ns The tissue calclum when
extracted thb sallne along w1th the solubTG pro»elns
‘was dialysable, non»prec;plbab1@ w1uh TCA Of (NHQ)ZSOA
| and passed through an ulLraflltwatlon membrane,_ Gelks
filbration on Sephadex G200 showed that about 12A of *
‘the calcium eluted with the prOteln peak whwch COﬂSlStS
of ithogTObulln. o ' | |

Thyrovd tissue Wthh had been 1abe11ed in vwvo or‘
' 1n v1tr0 with &)Ca was also analysed Lor probevn blndlng; .
by elec yophore51s, autorad&ography and prccipitat1on
Some QBCa ‘was found in che COllOTd of the. thyroxd by ‘
‘autoradlography bUL the ouher techniques indlcaﬁed only
the presence of Eree Ca 1ons o

‘Thus, no evidence was £ound Lor protein binding by
these methodu but by exmracting the soluble proteln

Lract¢on from the thyr0ﬁd slices w1 h saline any weakTy ‘
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ionic bindsn& of ealeium may be- dmwﬁurbed and9 thereiore,
Aln vivo ca?@ium blndzng bo hyrcglobulin may‘still be
:‘r,akiag place.. A‘ B ' |
Tayloy (195b) also %ugge&tﬂd tha calcium méy act
.by inereasing 4od£de clearance by the kidney Simyson
| '(19b?) Lound that Lhe @xcretlon of iOdLn@ hy rats was
| increased and the iodine concenifation of the %hyroidﬁ
was decreaqed by f@edvng a high percentage of CaCO? in
'the diet. Bhatt (1977) showedithat the renal clearance -
of 1311 &ncreas&d and its uptake by the thyroid‘ééﬁreased
in patients given CaCl,. Thiﬁ,m@y hdv@ been an effect
" of the chloride rather than of celcium since increased
';.intake of sodium chlorid@ &150"increasés clearance oi-
lodide. M&laméé and Kau%rés!(ﬁ@ﬁa),waraiuﬁable'%q
‘demonSﬁraté an 5ﬁc%@age ip‘éanal'ﬂodida clearance by
eral or intravenous aﬁm?ﬂlstration of calcium to max.
VThompson (1936) showed Lhau in rats on éjeta contaunxng
the same amount of &odmne'(eith@r low, adequate or high
iodine conﬁ&ﬁfg), the tétal blood iédine;level was lower
~vhen the diet was &u@ﬁl@m@nﬁ@@'wiﬁh calcium thah in- |
ééntrols fed é_lbwfcalcium diet. This may have been
dﬁaeto increased u?inary'excr@tion of iodine but this
was not measured in these expé?iments, |
| - Chapter Iy gecLion 2y compared bh@ amount of iodine
xereoted by r&ts on Lha dafferent ca?cium diets. The.

“eaur@u1on ox *ed&ne did not appeaw to bo af1ected by
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the amount of ealeiﬁm_in the diefralthaugh,ét the -
‘.beginning of the expgfiment,»ratsﬁdn dlet A which is
calcium deficient excreted siighﬁly more iodine than
‘the others. Thevefore, in animals fed the diets used
hevre, éalcium does not appear to increase the renal
clearance of iodine. h . _.

On the control diet 418, ﬁhe rat thyroid took7up
moye radioactive 45Ca per mg protein than either-the liver
or kidney three hours after i.p. injection., The effect
of a low iodine diet on this'upfaké was investigated
(Chapter 5, section 2) end it was shown that after 4
- or 10 weeks on the diets the thyroid uytéka of thaA

e 'increased The uptake of thé kidney waé not altered

but the liver uptake also increased. Thé”differenee in
the amount of dmetwry calcium had no effect on the uptakes
. oX either the kldney, liver or thyroid. Hachiya gt al
(1976) also showed an increased uptake of 450& ;n-mouSe
fthyfoié when the animals were fed a low'iodinevdiet.

Tn vitro incubations of sheep thyroid slices show
that the thyroid is capeble of accumulating radioactive
calecium from the uurraundiﬁg‘medium. The concentratien
gradient for 45¢q was 2.1 ml/g after a one hour incubetion.
Tho concentration gradient sor 1257 which is actively
ﬁfansportcd by the thyroid was twenty times that of

calcium after o one hour incubation. If the calecium was



146,

con?ibéd'ﬁojthe extfacelluléf spaeé-and passivé difoSioh |
-occurred the "concentration gradient would be about
0.4 ml/g (Rode&ch et al., 1976). Some 01 the calcium
~ taken up must, therefore, e bound in the tissue,‘
Boiling the slices dld not aLAeCﬁ the concentraﬁlén |
gradient for calcium and, thewe¢ore, an enzymlc process
is not involved. | »

Since a 1owﬂiodine diet increésed the in vivo
uptake of “5Ca the effect of TSH at ;10. nU/ml on in
vitro incubaﬁions\pf thyroid slicés wifh)eifher gsCa_f
or 1251 was examined. TSH did not stimulate the - r
uptake of 450a by thé thyroid during the first fwo
hours bf incubation.« Continuing‘the incubation up to
four hours, the‘éonéentration gradient for incubation
with'TSH)was depressed. | This is-iﬁ contﬁast tdwfhéﬂ.
results obtained by Hachiya et al (1976) who found - ﬁ
d -increasing uptakévdf 450&'5y mouse fhyrpids with
increasing emownats of TSH in the medium.

‘Incubations with TSH and 1257 in ﬁhe medium were
also carried out. However, as Kerkof, Raghupathy and
Chaikoff (1964) observed, TSH Sometimesistimulatéé the
uptake of ﬂ25i by sheep thyroid slices and at other -
times it has no effecﬁ. TSH had.no effect on the
concentration gradient for 125l after a 30 minute

incubation although it did stimulate proteln«bindlng,
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while after a*@ hour 5ncubafion mbr@ 12§IJWaS_takQﬂ,

"l'up by “the sllbes lncubated with TSH. 'Iifis*ﬁésSibie"

thal Lhe eif@ct oi TSH on uptake of (BCa by thyrcld
slices is also irregular.‘ .- o :

The kinetics of the release of 5Ca by slices L
. loaded with 450a was studled in two éxperlments. nghév
results indicate that the calclum 1s taken up ;nbo at
1east two compartments. The first from whlch Lhe  ‘
' galcium is rapldly washed out is probab1y the extra» |

‘fcellular space. Metabol;c 1nhib1tors such as sodlum

‘\ffluoride, dlnltrophenol, iodoacetate, antimyc1n A were L:TV

: shown by Rodeqch et al (1976) o have no effect on the
j--efflux from this compartment * In: Chapter 5, sectlon 6 :
| calc;tonln which is produced ln the hyroid 1n response
to a rise in serum calclum dld nct affecb the Offth
of 458& from this compartment |
The radioacxivv by is washed out slowly from the
~ second” compartmeni whlch Rodesch‘et al (19?6) have ;._fv
suggested is mltochondrlal sxnce antlmycin A, a spec;flcgl
1nhib1tor of mxtochondriaT respiratlon stlmula ed the |
efflux of 450& during a release 1n0ubat10n, AS is
shown in Chapter 5, section 6; TSH also 1ncrea ed uh@ &
”ﬁlux Lrom this compartment but again calcitonin had

Little effect
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Singe the in vivo experiments suggested that calcium
. méy interfere with thé binding oi iodine to %hyroglobulin
in vitro incubatlon gstudies with sheep thyroid slices and
‘1?51 were carrled out with and without calcium ions in the
medium. The results in Chapter 6, section 7, show no

chaﬁge in the 125

I concentration gradients or in the
h_percentage of 12517 tnat was prqteinmbdundg when the
concentration of caleium in the medium was changed
"Willemé et al (5971) have shown & requirement of calcium
 1ons for the organification of iodine. In the incubation
‘experiments carried out hefe there was probably sufficient
| calcium present in the tissue to allow protein-binding
of 1251 even in the absence of any calcium in the
fsurroundiﬁg medium. The extracellular calcium did not
‘prevent uptake of 1251 by ‘the slices as wasishown by the
in vlvo uptake measurements but nor did it interfere
with blndlng of 125T

Other metal ions also have an effect on'thyfoid
metabol. ism. Eleﬁatéd levels of either calciﬁm or
magnes;um inhibited TSBmstimuTated roTease of 1311 from
mouse thyroids in vitro (Wil11ams 1972) although they
were not required for Lhyro1d hormone secretion. The

125,

iﬂfluence of magnesium on the uptake of I by the

iherLQ was investigated by Heaton and Humphray (1974).
' They found that exces& magnesmum caused accumulation of

125" by the gland and thab magnesium doficiemcy inhibited
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upﬁéke. ‘This was thought'tolbe a general influence
of magnesium staﬁus‘on iodide transporﬁ, rathér than
a specific~action on the thyroid glénd since the same
effech wasg observed in other soft olssues.

The antithyroid properties of 1ithium were described
by‘Nannisto, Leppaluoto and Virkkunen (1973) who showed
“that massive doses in short term experiments decreased

ﬁhe7thyrqid'u§%ake of 171

I, decreased the serqm‘TSH
level and degreased the synthesis of T3 and'ié,

_ Calcium acts in'é complex manner on the metabolism
_ of‘iédiﬁe in the thyroid. Calcium jions are required
for CAVP mediated stimulation of iodide organification
:Aand_also for glucose oﬁidation but the accumulation‘of
'véqlloidal droplefs and hormone secretion;which are also
stimﬁlated by TSH; do not require calciﬁm ions. waéver,
ﬁigh concentrations of calcium (higher than 10 "QM) cen
' inhibit‘the,T$H induced hormone secretion in dog thyroid
sliées_invvitro (Van Sande et al (1976)).‘ The action
of TRH on the pituitary also requires the presence of

ca 2% ions~to allow secretion of TSH (Shrey, Brown and

| Icins (1976)).  Thus the imtracellular level of Ca’
ions has an important effect on thyroid metabolism,
Alter;ng the amount of calcium available would cause
complex chaunges ingﬁhese processes. ,

The results presénted in this work show that the

administration of excess calcium in a low iodine diet
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intensifies the effect of the diet. The mechanism of
this goitrogenic action is still not clear. - Since
calcium does not prevent trapping of iddine by the
gland it does not behave like perchlorate. To a small
extent, excess calcium inhibits protein binding of
todide but in vitro binding studies showed little
evidence of calcium binding to thyroglobulin.

The relationship between caleium and iodine in
thyroid metabolism is complex. Optimum conditions
for the synthesis and release of the thyrcid hormones
regulre a certain balanc@ in their concentrations.
ﬁsually‘in a normal individual there is sufficient
lodine available to maintain the eguilibrium level
of thyroid hormones in the serum even if the calcium
intake‘is‘alteped but when the avail&ble'iodine is at
a eritically 1ow level then excess calcium acts ag a

goitrogen by interfering with hormone production.
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