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BSTRACT

Weanling male albino rats were fed a vitamin A
deficient dist, One group was givén 1000 I.U. vitamin A
per week; a second group was given 50,000 I.U, per week;
and a third group had no supplement of vitamin A, Thyroid
; secretion rates, thyrold weights and ascorbic acid bio-
synthesis were deterained for each group. In no instanee
did the level of'dietary vitamin A or food intake influence

any of these parameters.

Iodine deficiency did not cause any change in
these results except to increase the trapping of 1131 and
its release from the thyroid.

Cold exposure at 2°C had no effect on these parameters
except that it caused a general increase in thyroid activity
in all animals after one week in the cold and thereupon the
hyperfunction subsided and activity returnec to norm-~l velues.
The release of 1131 also was notaffected by the cold. The
ascorbic acid biosynthesis decreased after one week in all

groups and then rose back to normal levels,

The vitamin A levels in the livers of the excess
vitamin animals were found to be about fifty times that
of the normal animels showing that the animals did indeed
have different levels of vitamin A in the body.
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Several pérameters of thyroid function were examined.
| It was found that-I131 uptake and r:lease by the thyroid gland
were subject to many misinterpretations if the complete con-
dition of-the animal was not known. It was alsoyﬁhown that
the calculation of TSR by the injection method was notan
.absolute but a relative measurement. Sdrensen's method of
calculating TSR's was scrutinized andAit was obsérved that

our findings did hot seem t» be in agreement with his basie
assumption, It was concluded that the TSR méasurement, cal-
culated by the injection method, was most suitable for use

in rats, if one could be satisfied with relative levels of
thyroid functioh. |

Al
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STATEYENT OF THZ PROBLZIM

There has been much controversy
“about whether the levél of dieta;y vitapin A
has an effect on the thyroid gland and if
.vitamin A levels affect the biosynthesis of
5scorb1c acid. Because of this, experiments
were done.to see if vitamin A deficiency or
vitamin A excess had ény:effeet on thyroid
activity or on the synthesis of ascorbic

acid in vitro.

Since there are many ways in which
thyroid activity can be measured, various
parameters of thyroid activity were examined
and comﬁared so that.the advantages and dis-

advantages of each would be known.
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B SVIEW

" yitamin & and the Thyroid Gland

That a state of antagonism exists between vitamin
A and the thyroid gland’has‘been suggested and argued over |
fbr three decades.. This_subject has been reviewed by
Moore (1) in 1955. |

Ap antagonism or some form of interzetion Setween
ﬁhe thyroid and vitamin A may be seen in the histological con-
dition of the gland in animals under the influence of various
vitamin A dietary levels. Sherwéod et al (2) found that a

decided change was produced in the thyroid glands of rats

that received 1 to Sce codliver oil per kilogram per day.
The change was primarily a depletion of the colloidal con-
tent of the fllicles. A control group was given corn oil,
another was given viosterol, a third was given vitamin A=
free codliver oil. It was seen that in the control groups
the thyroid gland was not affected. There was however no

change in the basal metabolism in any of the animals.

Carpenter and Sampson (3) gave rats 25,000 I.U.
of vitamin A daily for one week and doubled or tripled the
dose in succeeding weeks. When the rats shoved loss of weight
the thyroidé were taken out and examirad. The thyroids of
the rats given the excess vitamin A had follicles which were
small, highly irregular in shape and contained relatively
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tréquently contained P.A.S. positive droplets in the cytoplasm.

Tt vas also found that the uptake of I'3! by the gland wvas

i{ncreased.

Coplan and Sampson (%) showed that vitamin A de-
ticiency produced a.definite hypertrophy in the thyroid gland
of the female rat but consistent atrophy in ﬁhe male during |
thé period of experimentation. Other workers, Sampson et al

(5) and Sure (6), found no differences in thyroid weights vith -

vitamin A deficiency..

Metabolic changes also seem to show a relationship
between the thyroid gland and vitamin A. Blaizoﬁ and Benac
(7) discovered that the privation of vitamin A in the rat pro-
voked an elevation of energy expenditure and that this eleva-
tion was an early sign of deficiency. It appeared before the
weight plateau and the notable ocular signs and was 'seen

before the mortal metabolic disorders were established,

Danowski et al (8) found that rats given 70,000
units of vitamin A per week had a slight but definite depres-
sion in blood protein iodine. This is in direct contrast to
Sadhu and Truscott (9) who reported increased P B I'sin

rats given excesses of vitamin A,

Frape et al (10) reported that both insufficient
and excessive intakes of vitamin A lowered the rate of thyroid
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secretion. They postulated that because-of the lacik 6f ree
iationship between the secretion rate and growth rate in the

pig, the effect of vitamin A on the thyréid gland is direct.

Baumann and Moore (11) found that an excess of '
'vitamin A, an excess of thyroxire, or an excess of both caused
animals to lose weight 2nd could find no specific antagonism
between thyroxine and vitamin A.

- Lately some élinicallwork has been done on the re- -

| lationship between v;tamin A and goitre but this ielationship
is still obscure and confroversial. Horvat and Havor (12)
consider goitre to be the result 6f a complex nutritional de-
ficiency and that'in addition to lack of iodine a deficiency
in vitamin A plays an important role as well. This conclusion
vas drawn from the results of givirg vitamin A treatment to
school children and obfaining a reductidn of 45% in the inci;
dence of goltre as compared with a control group. In a later
study, however, Horvat and her co-workers (13) found that 1131
uptake by the thyroid gland did not change substantially when
vitanin A was given, .This fihding does not support the sug-
gestion that a low intzke of vitamin A was a factof in the
occurrence of goitre iﬁ this instance, Haubold (14), describing
an outbrezk of goitre in Bavaria, considered vitamin A and
carotene deficiency in food was the cause. Eggenberger 1%
noted on examination of pregnant women, that those with

normal dark adaptation had only 9.5% of children with enlarged
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thyroid glands; whereas women with pathological adaptations
had 37% of children with goitre. -

It bas also been shown that thyroxine has an effect
on ameliorating the deleterious effects of excess vitamin A
and on enhancirg the effects of an insufficiency of vitamin A,
Since the work in this thesis does not cover this the reader
is referred to the revisw by Moore (1) who éoncludes that there
is 1ittle doubt of the ability of the thyroid to influence
the metabolism of vitamin A. The'degree of .specificity of

this influence, however, remains undefined.

Agcofblc Acjd Status at Various Vitamin A Dietary Levels

- Since vitamin A deficiency has been shown to cauée
a fall in the level of ascorbic acid in various tissues and
leads to a lowering of ascorbic acid exretion in the urine, it
has been suggested that the deficiency lezds to an interfei—

ence in the biosynthesis of ascorbic acid.

Sure et al (16) founi that ths ascorbic acid level
in the heart, kidney, and liver decreased in vitamin A de-
ficiency. The administration of ascorbie écid did not cause
an increase in the tissue concentration. MNayer and Krehl (17)
also showed that the liver and adrenal levels of ascorbic acid
decreased in vitamin A deficient rats; however, if ascorbic
acid wés given, the levels of ascorbic acid in the 1liver ard
adrenal returned to normal., This result is in contrast with



that of Sure et al,

- Sutton et al (18) observed that a suboptimumvvit-
amin A intake resulted in a decreased concentration of blood
plasma ascorbic acid and a decreasé in urinary ascorbic acid. -
-'I£ has also been reported (19, 20) that ih vitamin A4 deficiency
the levels of plasma and éerebrospinal fluid ascorbic acid de-
creased. These,décreased levels could be reversed by giving
vitanin A. - Baton (21) noted that in vitamin A defictent
cattle only administration of the vitamin could reverse the
lovwering of decreased plasma ascorbiec acid and that admini-
.'stration of ascorbic acid itself.did nothing. Meyer and
Krehl (17) also showed that rats given a vitamin A deficient

diet had lowered blood ascorbic acid levsls.

Mapson and Walker (22) confirmed that in vitamin‘A
deficiency the ascorbic aeid lévels in blood and livervwere
lowered, This lowering could not be acéounted'for by increased
urinary excretion. They cbncluded that the lovered levels
could be accounted for by a decreased food intake simce, when
normal rats were pair-fed with vitamin A'deficienz rats there
was no difference in the ascorbic acid levels. They also be-
lieve that no specific relationship existed between the levels
of vitamin A in the rat and its ability to synthesize ascorbic
acid. |

Hart et al (23) working with horses ani later Booker
et al (24) working with chickens found that plasma ascorbic
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acid levels did not show any response to vitamin A levels.,

There has‘been two reﬁorts ex2amining the biosyn-

" thesis of ‘ascorbic acid in the liver "in vitro", The first is
by Chatterjee et al (25) .- They reported that the conversion
of L-gulonolactone into L-ascorbie acid by liver microspﬁes
from vitamin 4 deficient rats was negligible. The activity
of the microsomes could b2 restored by fe=ding vitamin A to
the deficient rats. It also was increased by the addition
of the boiled supernatant to the incubation medium. The secord
feport ié by Sastry et al (26). They assert that the levels
of ascorbic acid in the livers of deficient rats was only half
that of the pair-fed control rats. Wwhen the "in vitro" syn-
thesis of ascorbic acid from liver microsomes was examined 1t
was discovered that it was reduced to 507 at the'weight plateau
stage and to 10-20% of the pair-fed controls at the acute

stage.

Not only does a deficiency of vitamin A seem to
affect the levels of ascorbic acid but there also seems to be
an effect from an excess of vitamin A, It has been shown by
Collett and Erickson (27) that an excess of vitamin A caused
scurvy although a moderate excess dose of 2,400 I.U. per day
had no injurious effect. '

Moore and Vang (28) ‘on the examination of the livers

and adrenals of normal and excess vitamin A rats, found no

differences in the ascorbic acid levels. They also noted that
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there was no différence in the excretion of ascorbic aeid in
the urine of these rats, Morehouse et al (29) reported, how-
ever, that the level of ascorbic acid in the liver was lowered
in the rats given an excess of vitamin A. This agreed vith
the results of Rodahl (3C) who also found a decrease in blood
ascorbic acid in guinea pigs. Eeg-Larsen and Pihl (31),
however, considersd that this decrease was due to a. decrease
in food consunption since they found the same decrease in

rats showing the sarme weight loss during pair-feeding.
Effect of Cold Exposure on Thyroid Secretion

The role of the thyroid gland in cold acclimation
has been quite extensively studied. Since this subjeet has
been reviewed by Cottle (32), D'ingelo (33) and Hart (3%)
the effect of cold‘on thyroid activity will only be summarized

below.

There is evidence that the thyroid gland reaches a

" paximum of activity early during cold exposure and gradually
returns to norﬁal or pear pormal corditions. Starr and
Roshelley (35) observed that the height of the folliculer
cells in thyroids from rats kept at 12-17° reached a maximum
in about.3 wesks and was near pormel after about 6 weeks.
Heroux et al (36) did mot find that the thyroid glands of rats
kept 3 nonths outdoors in winter conditions, showed ary evi-
dence of increased thyroid activity when exanined histolog-
ically although the animals were cold acclimated.
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Cottls and Carlson (37) observed that gland weight
and T33! content % hours after injection increased jrmediately
dpon exposure but returned to about normel after €0 days at
§°C. When examining the biological decay of I}3! ard the 24
hour conversion ratio of PBI}31/Total serum 33! they found
that these vaiuesAshowed a greater turnover of thyroid hbrmone
during early exposure and after 180 days exposure at 5°C.
Leblond et al (38) also examined the uptake of I131, They |
fouhd that the 2 hour uptéke increased during a period of 1-3
weeks in the cold‘at 4°C but was similar to the controls after

six weeks,

The measurements of I}31 relezsed by the gland and
the attempt§ at measuring thyroid secretion.show an increazse
" in thyroid activity which is maintained during long exposures
to cold. D'Angelo (33) found that after 6-8 weeks of cold
exposure the release rate of 1131 from the gland was signif-
icantly increased in both rats and guinea pigs. 'Woods and .
Cérlson (39) observed that thyroxine seerstion was greatly in-
creased following 2 weeks in the cold and that thyroid activi-
ty remained at a high level throughout a 60 day exposure
period, '

In conclusion it seems that although there is agree-
ment among investigators that there is an immediate increase
in thyroid activity in the cold, there is no agreemen{ as to
the intensity and duration of the hyperactivity.



a) Serun g;d;eianound Iodine (PBI)

PBI is a mégsurement of the amount of iodire which
is maihly in the form of thyroxine and triiodothyronine bound
_ to plasma proteirs. The level of tﬁis jodine is a result of
the amount of these hormones released by the thyroid and the
rate at wvhich these hormones are transferréd from the blood

to their site of action, the peripheral tissues.

thyroid Ty
- protein-bound Ty, == Hfreen Tu‘——'tissue-boimd—vx
(PBI) (BEI)

This test is based on the premises that an increase in P31
denotes an increase in thyroid activity and a decrease in

thyroid activity shows a decrease in PBI,

" It is known, however, that FBI levels may b2
altered in eircuanstances other than changes in thyroid function.
Danowskl et al (i) fourd that PBI increased during pregnancy.
This inerease was not associated with any apparent thyrotaxi-
" cosis. Kydd and Man (Y1) noted that certain cases of.hepa-
titis, especially those in early stages which are harder to
detect, give high PBI values without corresponding increases .
in thyroid activity. Many patent medicines which contain -
iodine such as cough syrups, antiéeptics and dentifrices, will

also give erroneously high values.
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There are also factors which will'cause a low P31

‘without a decrease in thyroid activity. Most of these fac-.

tors affect the levels of thyroxine binding protein (T3G)

and thyroxine binding prealbumin (IBPA). If the levels of
these proteins decrease PBI will‘décrease. Recant and Riggs
(MZ) showed that in cases of nephrosis, P3I values are low-
ered. Kydd and Man (41) found that in certain cases of liver
diéeése P3I values wére lower without'any apparent e:fect.bn

the thyroid gland. Peters and Man (43) observed that in

' hypoélbuminemia_the level of PBI_was'decreased and concluded

that this was due to a lack of binding sites for the kormores.
It has been. shown by E{11 »t al (44+) that treatment with ACTH

‘or cortisone will cause a louering of PBI values.

| From the above it can be seen that when usirg PBI
as an index of thyroid activity there has to be a clear

appreciation for the numerous influences on the level,
b) Serum Butanol-Ixtractable Iodine (BZI)

Advantage has bzen taken of the fact that thyroxine
aﬁd triiodothyronine are more soluble in butanol than various
other iodinated compounds of the serum, after precipitation
of the blood proteins. This msthod is believed to give a
measure of fhe free-circulating hormones. In man, the fol-
lovwing relationship has bsen found between PBI ard BEI.
Expressed as thyroxine in moles'per liter, the PBI contalrs
1 x 107 and the BEI 6.2 x 1071} (45), It has been most
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helpful in correcting Jor the erroneous e‘lev‘atioh of PBI caused
by inorganic iodine adﬁinistration and in cases of an abnore
mal noncalorigenic componént in the serum, ﬁnfortunately,
however, it does not adequately eliminate the elevation in
readings caused by compounis containing organic iodide (e.g.

radicpaque mediums) .

There does not seen‘to be too much work done on
this aspect of thyroid measurement possibly because of |
technicel difficulties and/or possibly because of the greater
popularity of the PBI method; however,'it is probable that |

* i{n most of the cases mentioned in which PBI is changed BEI

will be changed in a like manner,

¢) Uptake of 113! by the Thvroid Gland .

The uptake of 1131 4na specific interval has been
widely establishzd as a good diagnoslis of thyroid activity.
The uptake is an 6vera11 resuitant of various parzreters
which are; (a) the uptaie of iodine, (b) its conversion to
hormonal form, (¢) release of hormone to the circulation ard

(d) its urinary exeretion.

' The use of the rmeasurement of the uptake of 1131 as
an index of thyroid activity is based on the theory that the
rate of net inward flux of iodine can be equatéd to the rate

of hormone secretion under conditions of iodire equilitrdum.
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There are two ways in which this uptake can be measured and
both have béen used, The first of these ways 1s'the amount
of 1131 uptake. The higher the percentage of administered
1131 jccumulated in the gland, the higher the activity of
the thyroid is.presumed to be, There-arq a few situations,
however, in.which there is littie,or no correlation between
uptake ard thyroidvsecretion. This can be shown by blocking
the organic binding of iodine with thiouracils and other drugs.
Wase and Foster &6) and Wollman and Reed (%) have demon~’
strated that in these cases:the thyroid does not lose 1its |
iodine concentratir.g ability. Greer et al “8) noted that
other goitrogenic compounds, e.g. vinyl thioorazalidone,
prevent the trapping of iédine by the gland but do’not block
the hormone synthesis. | o

The second way of measuring 131 uptake is by the
rate of accumulation in the gland. The faster the iodine is
picked up the more active the glénd is accepted to be, Soder-
berg &9 ) stated that little correlation can be found in
cases where the rate of uptake is compared with the rate of
secretion from the gland iﬁ animals which have a higher rate
of lodine execretion than normai. This was demonstrated by
the effects of antidiuretic hormone on renal iodide clearance.
This alters the prOpoftion of iodide that'can‘be cleared from
the blood stream by the thyroid.

Therate at which 1131 is accumulated and the amount

Al
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. of uptake do not necessarilywexpress idential phenomona,

There is a progressive decrease ir the rate of accumulation
of 13! yith age (50) though the total 1131 accumulation
shows no such decline. Another discrepancy between both
types of I131 uptake has been found in toxie goitre treated
with adrenocorticotrophin (ACTH) , Here the rate of uptake is

“altered by ACTE administrztion but total uptake remains un-

affected (51),

This metkod of measuring the thyroid activity
therefore deperds on an understanding of normal thyroid
physiology and on the various exogenous ard endogenous factors

that can modify the component steps.

d) Release of IY31 £rom the Thyroid Gland

Another method of measuring thyroid activity is
the release of 1131 from the gland through ité decrease in
radioactivity (52,53 ). When plotted semilogarithmically the
decrease in radioactivity forms a slope which represents the
ratio of the amount of labelled hormone secreted per unit time
to thé total amount in the gland. An important point to be
noted is that the thyroid gland is not uniform and has both
sméll ard large folljcles. There is a more rapid turnover
of T13L in the sellerfdlicles. This has been seen by Nadler
(%) and Milcou et al (59 . Thus there is a biphasic effect.
The initial releaée would be from the smaller follicles and
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as the arger follicles begin to secrete the labelled hormone

the slope of 1131 release will change and then become counstant.
This means that both parts of the curve have to be examined,

. A straight lipé requires that the rate of uptake
of the recirculating i ;5 constant and that the hormones
are uniformly labelied. The changes in the slope w1l be
related to changes in the thyroid activity only ;f the total
amount of hormone in the gland remains conStanf. Wahlberg
(56) .observed -that the iodine content of the thyroid chaﬁges
with variation of activity of the gland, thus a steady state
is not necessarily present. The results, therefore, must be

carefully evaluated.

The rate of hormone secretion is also related'to
the size of the stores of preformed hormone in the gland.
This has been demonstrated by Solomon (57) who inhiﬁited
the synthesis of hormone in the gland by the use of drugs.
If there were a constant secrstion of hormone the slope of
the release curve would gradually convex upwards instead of
being a straight line when plotted semilogaritkmically be-

cause, when synthesis is blocked, a steadily increasing

. proportion of the remaining thyroid hormone stores would be

removed from the gland under constant rates of secretion.

‘What is actually obtained is a straight line showing that the

hormone secretion is not constant but varies with the content

in the gland.
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A careful handling of the experimental situation
vill usually give valuable irformation on the state of the -
thyrbid. This method will show comparative values under
exact conditions (size of thyroid, number and size of fol-
_licles,vlevel'or stored hormones) and these have to be similar
in the group of ahimals studied or the results cannot be

correctly interpreted.

e) Thyroid Secretion Rate Determined by the
" Injection of Thyroxine

A This méthbd stems from the attempt of'Dempsey and
Astwood (58) to measﬁre the thyroid secretion rate., Thelr
method involved the admini stration of thiourzcil which causes
a decrease in the hormone synthesis and thus a drop in blood
thyroxine. Because of this, thyrotrophin is secreted from

- the hypophysis and the thyroid gland becomes hyperﬁlastié and

hypertrophic. If thyroxine is injected; the gland returns

to normal because the blood thyroxine risés and the thyro-

trophin secretion is thus lowered., The dose of injected

thyroxine required to bring the - glard back to normai,és com-

pared to controls is considered to be the thyroid secretion

rate. One big drawback to this method is that the animals

. have to be sacrificed in order to determine the thyroid

secretion.

Perry (53) found that graded doses of thyroxine
would inhibit the release of 1131 from the thyroid propor-
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~ tionally to the amount of thyroxine given. .Reineke and.Siagh

(59), using this observation, designed a method (described

* - elsewhere 1n this thesis) to determine the thyroid secretion

rate vithout sacrificing the animals, They measure the amount

of thyroxine required to block I131 pelease from the gland
and they consider this to be the thyroid secretion rate,

Some of the objections to the usage of the measuring

of 1131 release from the gland, as mentioned previously, can
be applied to this method. A steady state of thyroxine
secretion may not necessarily be present during the period of

measuring,

It has also been shown that the release curve

gradually levels off and after some time becomes almost

horizontal. If this occurs during the experiment period it
would not be known if the stopping of the 1131 release from
the gland were due to this or to the injected dose of thy-

roxine,

In hyperthyroidism thyroid function is not sup-
pressed by the administration of any_thyroid hormone.,
Werner and Hamilton ( 60) discévered that massive doses of
hormone did not affect the uptake of 1131 and Johnson et al
(61) found that it did not affect the rate of secretion of
hormone from the gland either. If this is ® then this

method of measuring thyroid secretion is not valid in hyper-

thyroid animals.
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Another morelimportant objection may be that o:
Héroux (62). He found that the rate of thyroid secretion
obtained depends on the initial dose of thyroxine givm,the
lesser the dose, the.lower the secretion rate, It may be

that the measurement 1s a relative énd not an absolute one.

Thus it is apparent that this method has its fal-
lacies also; however, many workers in the field of thyroid-

ology are using it.

f) Thyroid Secrefion Rate as Determinzd
Without Injection,

Recently a new method of measuring the thyroid

secretion rate -has been devised by Sdrensen (63).

In 1949 Oddie develdped a general theory about
rates of transfer of radioacti{re iodire between parts of the
bédy. This was adapted by Brownell (44) to the estimation
of fundamental rate constants for procesges of thyroid function.

The secretion rate is determined in the following way.

The apparent rate constant for thyroid 1131 release ’
kY, 1is estimated by the calculation of the half-life of the
iodine release curve and applying it to the equation:

T (hrs.) = Q-*593— ' \

k!

1
To measure the true rate constant for thyroid

1131 release,

ks the equation as supplied by Brownell is substituted into:




-18 -

! = ....g_
kK =k Q " 106 )

U, the maximum 1131 contént of the'thyroid extrapolated to

zero time, 1s calculated by extrpolating the release curve

to time zero,

In order to bring in the kinetics of thyroxine

131 entering the blood the measurement of PBI and ppridl

I
is done at'intervals, The maximuﬁ paIi3l extrapolated to
time zero, UPB1131’ is calculated by extrapolating the

curve of_PBIl31 to time zero.

Assuming that the specific radioactivities of
the secreted hormone and that of the circulating hormone
in the blood are identical, the'thyroid secretion rate is

calculated as follows:

secreted hormdnal ;odine[hz‘ S o= PBI/100ml -
secreted hormonal I131 4 dose/hr pIi3l 4 dose/100ml

By multiplying ki, by the 113l concentratioh in the gland the
amount of secreted hormone I3l is determined. If the time
for injection of 1131 is selected as basis the equation
becomes as follows:

k,/hr x U4 dose x PBI
Upprl3l # dose/100ml

secreted hormonal iodine/hr =

By multiplying the result obtained by the factor 36.7 the
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result is converted to ygs thyroxine per day.

As calculated by Robartson and Falconer (65) the
videst expected limits for the calculation of the secretion
rate are likely to be within + 257,

Robertson and Faléonef also found that these
secretion rates have high significant.correlations to 1131
uptake and 1131 release but not to PBI'or'PBIB1 levels.
On examination of Sdrensen's results in which he finds that
the thyroid secretion rate, as determined by this method,
is positively correlated with daily butterfat production
in cattle, 1t is seen that the secretion rate has no cor-
relation with PBI, PBI131 1131 uptake or 1131 re1°ase from
the thyroid. Since these paramsters, used in other in-
stances to determine thyroid activity,arz aléo used in this
case to calculate thymoid secretion rate, it may be foriui-
tous that the correlztion between the thyroid secretion and

butterfat was found or else these parameters are void when

used alone.f




sibility of measuring T.S.R. indirectly by determiﬁing the
amount of thyroxine reduired to suppress the turnover of

113l by the thyroid. : _

radio-iodine uptake and release, this suggests the pos-

'Each raf was injected 1ntraperitonea11y with 10
Me of carrier-free I131, 72 to 96 hours were allowed for
fixation of the iodine by the thyroid an& urinary elimin-
ation of the excess. The ¥ rays from the I131 were measured
by the use of a scintillatipn-detéctdr (Kuclear Chicago,
Model D'S-5<1) with the flat field collimator fitted with a
half inch lead plate in which a hole of three-quarters of
an inch in diameter had been bored. The counts were re-

corded on a count rate meter (Kuclear Chicago, Model 1814)

with a 24 error level.

During counting, the rat was kept under light
ether anaesthesia and the thyroid gland centered over the

opening in the lead plate for two consecutive one minute -

counts. The average of these counts was taken as the gross

A

GENERAL METHODS
Thyroid Secretion Rate Using Thyroxine Injections
. The thyroid secretion rate (T.S.R.) was measured
" by the method of Reineke and Singh (59 . Since the admini-
stration of exogenous thyroxine will reduce both thyroidal




thyroid count per minute. Counts were then recorded over
the epigastric region for one minute and the grossuthyroid
. count was corrected by subtracting half the body count plus

the room background; A1l readings were corrected for iso-

topic decay.

After the'fixation of 131 By the thyroid, thyroxine
was inJected subcutaneously each day with progressive in-
creases every 48 hours, and, unless stated otherwise, the
dosage began at 0.5 micrograms per hundred grams of body
weight. The thyroid counts were taken before each increase
in dosage until the readings were between 80 and 100 percent
of the previous 48 hour readings. The secretion rate was
determined by fitting a regression line, obtained by the
method of least squares,to the data to give a prediction
equatlon, Y = "A + BX, vhere Y is the percentage of the pre-
vious count and X is the thyroxine dose given. The thyroxine
dosage is extrapolated to Y equals 100 percent and the
-thyroxine per

secretion rate expressed in micrograms of L

day per 100 grams of body weight.

The measurement of the thyroid secretion rate in

rabbits using this method was done in a slightly different

manner than in the rats. Sinee the release of radiolodine

from the rabbit thyroid is slow,
cutaneously with each progressive in

of 48) hours.

thyroxine was injected sub-

crease every 96 (instead
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Tbyroid Secretion Rate Measured Without Injection

The method used was that of Sérensen (63). Each
rabbit was injected intraperitoneally with carrier-free
1131. The activity of the radioiodine in the thyroid was
measured with the seintillation counter. The rabbit was
effectively immobilized in a box-and the neck area in which
the thyroid is located was placed over the counter. Two
one-minute'counts were measured and the average of these
counts was taken as the-éross thyroid count per minute.
Counts were then taken at the femur region of the hind leg and

subtracted from the gross thyroid count to give the net

thyroid count.

To eliminate the need for decéy corractions, the
thyroid counts were expressed as a percentage of the count
recorded from 170 M¢ injected into a mmock thyroid". The

percentage uptake 1is

df = _net thyroid count x_100
Wmock thyroid" count - background count

Blood was collepted from the ear vein of the rabbits
and the plasma was neounted" over the seintillation counter

and compared to a similar volume of "mock serum" which had

initially 170 ye of I131. pBIt3l counts were determined in a

Like manner and total PBI was measured by the HYCEL method

(description below).

B DRAE
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The thyroxine sect etion'rate vas -determined by using

the following equation:
Ky x U x PBI x 36.7

T.5.R. (yg/day) = Uppr13l

U is the maximum 1331 content of the thyroid obtained by
extrapolating the 1131.felea§e curve to time t=0 andvis
expressed in percent of the dose‘given. K& is the apparent
“ rate constant for thyroid,1131 release and Ky, is the true.
rate cqmstant for thyroid 1331 prelease, #/hr, and is calcu-

~lated as follows:
Half 1life of the I131 release, Ty = %£623
Kt =K, (1-3)
4k 100

Uppyl3l 1s the maximum protein bound 1131 extrapolated to
time t=0 and PBI is the average protein bound iodine. 36.7

is the conversion factor used to transform the quantity of

jodine into thyroxine.

Protein Bound ;odine QPBI)

0.3 ml of plasma was used in order to determine

R S A

gy

PBI levels according to the HYCEL semi-micro PBI determination

method (66). To the plasma was adied 4 ml of Tungstic acid.
This was allowed to stand for ten minutes and then the mixture

was centrifuged for ten minutes. The supernatant was de-

canted and to the precipiﬁate procelain chips were added.




.

The precipitate was then swirled in order to givb a fine even

£ilm on the flask. 4 ml of the digestion reagent was ;dded |
. and when the precipitate had dissolved 2 ml of the chromic

reagent was added and the mixture was swirled. Aftef this

i1t vas boiled on the HYCEL heater. 1 ml of the arsenious

reagent was put in the micro-still. To the boiled mixture

was added phosphorous reagent and this was distilled for

six minutes. The distillate was collected in a graduated

distillate tube containing 0.5 ml arsenious solution. The

distillate was made up to six ml with distilled water,.l.o
 m1 of ceric reagent was added and the miiture was incubated

at 37°C for 30'ﬁ1nutes. The colour was read at 440 mj on

the junior Colexan spectiophotometef. _This was compared to

prepared blanks. The result was expressed in X%.

Butanol Extractable Iodine (B=EI

The method used was that of the EYCEL semi-micro %'
BEI determination (66). First 0,2 ml of BEIL acid, then 2
ml butanol was added to 0.3 ml of plasma and after mixing it

vas centrifuged for five minutes. The butanol extract was

put in a semi-micro digestion flask and the precipitate )
~ washed with 1 ml butanol. The combined butanol extract was |
mixed with 3 ml alkali wash and centrifuged for five minutes.
The alkali layer was siphoned off aﬁd the butanol extract
washed with alkali two more_timés. The butanol extract was
evaporatéd to dryness over the flask heater, then % ml of

digestion reagent and porcelain chips were added to the residue.
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This was then treated as in the PBI method,

Yitamin A Determination

TheAdeﬁermination of liver vitamin A was done by
the method of Gade and Kadlec (67). Weighed liver samples
( 3 to 5 grams) were blended with a surfactant in a semi-

micro'Waring blendor to solubilize the vitamin. This mixture

‘was then stirred with a mixed solvent (petroleﬁm ether and
ether) to extract the vitamin, When the solvent layer had’

" geperated, duplicate aliquots of 5 ml were put into test
tubes and evaporated to dryness under vacuuﬁ while the tube
waS swirled in a + 45°C water bath. This was then stored |
under dry nitrogen in the deep'freeze.' Later (1n.about six
weeks) the residue was dissolved in a known amount of dry
chloroform. A 2 ml aliquot was taken and to it was added one
-'dfop of acetic anhydride and 10 ml. of Carr Price Reagent.
The blue solution was read immediately at 620 my, using a

Coleman Jr; Model 6A Spectrophotometer, as the colour fades

rapidly.

Ascorbic Acid Synthesis

Enzyme III éctivity was determined in the liver
by the method of Grollman and Lehninger (63). It was assayed
indirectly by measuring the ability of the liver, which is the
site of ascorbic acid‘synthesis in°the rat, to carry out the

overall conversion of L-gulonolactone to L-ascorbate.
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L-gulonolactone was used instead of L gulonate as in the
original method, since it saves one step in the ascorbate
synthesis (69).

Livers, were excised from rats, immediately frozen
on dry 1ce and stored in the deep freeze. When assayed the
livers were homogenized in 2.5 volumes of 0.15 M KCl. Three
aliquots wvere then takeh, One aliquot was incubated with
gulonolactone for two hours at 37°c,'the secon@ vas treated
similarly but with no galonoiactone addeq and the third, also
without gulonolactone, was,used for the measurenent of ascor=

bate at zero time. In all cases the net'accumulation ef

"total ascorbic acid" (i.e. the sum of diketogulonate, ascor-

bate and dehyiroascorbate) was determined colorimetrically
by the method of Roe and Kuether (70) using the Coleman Jr.
Model 6A Spectrophotometer.

The amount of ascorbate formed was considered to be
that amOunt in aliquot one minus the amount in the second
aliquot. To determine the rate of destruction the amount in
the second aliquot was ‘subtracted from the amount obtained at
zero.time. No correction was made for the destruction rate
when the blosynthesis of ascorbate was calculated as the

kinetics of the rezction have not been determined.
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Statistical Analysis

- A method ofAdetefmining if the difference between
two values extrapolated from regression lirnes, as calculated
in the TSR measu:emehts‘is significart or rot was forﬁulated
by Dr. N, T. Grideman, statistician at the Fational Research
Councii of Cenada. The calcuiated of the stardard error of
the difference between two x vzlues is based on the variance
of both the observed and calculated Y values., From this,
the significance is obtained through the t test.

Other experimental data has been abjected to the
analysis of variance as outlired in Chapter 13 of nprineiples
and Procedures of Statisties" (71). Whenever the F values
" were found to be significant the multiple range test was
used to locate the significant differences if more than two

factors were involved otherwise the t test was used .

e e s
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~ All animals used in the vitamin A experiments
were weanling male élbino rats of the Wistar strain except
for those in experiment 2 which were of the Sprague-Davley
straig. These were put immediately on a vitamin A deficient
diet asvdescribed by Lachance (72).

Experiment 1 Pair-Feedirg,

In experiment one the animals were divided into
three groups. One group was without vitamin A, the second
was given 1000 I.U. of vitamin A per week, and the third was
given a dose at 25,000 I.U, twice a week. The vitemin A was
given by a feeding tube directly introduced into the stomach.
The animals on 1000 I.U. of vitamin & per.week were Con-
sidered to be normal animals and the animals on the higher dose
were considered to be in an excess vitamin A condition.
The normal and excess vitamin A rats were pair-fed with

vitahin A deficient animals as it was previously noted

by Lachance (72) that vitamin A deficient animals eat less -
than animals on an adequate vitamin A diet. When the ’
vitamin A deficient animals stopped gairing and began ?
to lose weight they were considered to be vitamin A de=- ‘.!
ficient. At this stage the rats were used to determine the

thyroid secretion rate, After this part of the experiment was
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finished half the rats were sacrificed and the remaining rats
vere again injected with 5 xe of I3} and the 1odine release
from the thyroid was determined. Three or four days_aféer
injection the animals were put in the cold.at 2°C, and the
iodine release curve followed. When the animals were sacri-

ficed the thyroid glands were taken and weighed.

ggpegiment 2 Ad‘Libggum Feeding.

Tﬁe same prbcedure was followed in experiment two
except that the animals were fed ad libitum. This change was
done because of the obser&ation of Pipes et al ( 7) that an=-

, imals kept on a lower food consumption had lower thyroid ac-
tivities. Some of the vitamin A deficient rats were force-fed
so that their food consumption could be on the same level as
that of normal rats; however, these animals died leaving us
with the opinion that either the lowering of food irtake may
be a defense mechanism or that the force feeding put too much
stress on an already weakened rat. The livers of the rats in

this expefiment were taken for the assay of ascorbie acid bio-

synthesis.

Experiment 3 Iodine Deficiency.

Since.it is known that an iodine deficient diet will
increase thyrotrophin (TSH) secrétion, it was decided to feed

the rats on an iodine deficient diet to fihd out whether iodine

deficiency would affect the response of the thyroid to various

e e AR st a1 e e i aeaem A 4 b Tn7 S s ats wige i 03
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vitamin A levels. Thus the same diet as in experiment two
vas used except that it was deficient in iodire, | 3
Experiment Y Yitapin A and Todire Efgectg. | N é

_Since 1t took longer for the animals in experiment
three to become vitamin A deficient acd since the thyroxine

secretion rates showed a difference, it was decided to repeat

T R T Tt

experi@ents two ard three simultaheously using Wistar rats in
bpth cases, as the Sprague-Davley rats may show a strain dif-

Eries duellmia ey

ference.

g;gegiﬁent S  Long Range Effect‘og_V1tamin A_Excess

In experiment five there were only two groups of
rats, the normal vitamin A and the excess vitamin A rats. Since
this experihent was designed to study the long range effect j
of vitanin A, vitamin A deficient animels could not be used as ;
they could rot survive until the end of the experiment. The
rats were examined at six weeks and at sixteen weeks ard

TSR's and ascorbiec acid biosynthesis in the liver as well as

the effect of cold (2°C) on the iodire release from the thy-

roid gland were measured.

Experiment 6 Vitamin A and Duration of Cold Exposure

Cold causes an ircrease in TSR, at least in the first

week, hence it was thought that maybe the effect of cold may
be changed in different vitamin A states. In this experiment,
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as in experiment five, only tuo groups of rats were used as
viéamin A deficient animals do not sﬁrvive for long in the
cold. All of the animals were képt on the diet for sixteen
weeks so that they wbuld be at similar vitanin A levels. Ten
apimals of the normai vitaain A group were put in the cold
(2°C) after sii weeks on the diet; another ten were put in
after eleven weeks, a third ten at thirtéen weeks, a fourth
at fourteen weeks, and 2 rifth ten at fifteen weeks. Thus '
animals vere in the cold for ten weeks, five'weeks, three
veeks, two weeks and one week respectively. The same proce-
dure was followed for the vitamin A excess rats. TSR's and

ascorbic acid biosynthésis in the liver wére determined.'

Since the assumption that the rats were in normal
and excess vitamin A states 1s very'iﬁportant in these exper=-
iments, the livers of the rats in experiment six were exanmined

for vitamin A content.

To help in the recording of results and in the dis-
cussion various abbreviations and symbols were used. These are

1isted in tabular form below,

LD animals oﬁ a vitamin A-deficient diet.

LDN animals on a vitamin A-deficient diet given a
supplement of 1000 I.U. vitamin A per week.

LDS animals on a vitamin A-deficient diet given a
supplement of 50,000 1.0. vitamin A per week .

KIA animals on a vitamin A-deficient, jodine-deficient

diet.
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- -NINA aninals on a vitamin A-deficient, iodine-deficient
| diet given a supplement of 1000 I.U. per week.

NISA animals on a vitamin A-deficient, iodine-deficient

diet given a supplement of 50,000 I.U. of vitamin

A per week,

ESULTS

I Thyroid Secretion Rate

The data obtained from the experiments is listed in " |
tables 1, 2, 3, %, 5 and 6, Since the values are listed in
the tables, the individual rggression lines for the calcula-
tion of TSR are not needed and therefore they are grouped at

the end of this section. (Pages 37 and 38).

Experjment 1 Pair-Feeding.

After six weeks on the vitamin A deficient diet

the rats reached a weight plateau and began losing weight,
thus showing vitamin A deficiency. A4s shown by Table 1
there is ﬁo significant difference in the thyroid secretion

rates of the threz groups.
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TABLE 1 - The Effect of Various vitamin & Dietary
Levels on the T.S.HR. of Animzls which
Have Been rair Fed.

1D ' LDE LDS
r%ég.s'u' 1.05 (7) 0.89 (8) 1.05 (8)
Conparison LDY LDS LD
Difference o 16,9.2 0.16+0.61 0.,00£0.21
& G 7% 0.10 0.00
P ns o £s

Experiment 2 Ad Libitun F22ding

The time takén to reack 2 vitazir a deficient stzte
vas tke saﬁe as in experizert 1. There is z> significant
differerce betwesn the TSR's of the three groups as seen in
table 2 showing that the 7>5d intaxs rpakes rd difference in
this case. '

TABLh 2 - the Effect of Various Vitamin A Dietary

Levels on the T.S.R. of aniimals #hich
Have Feen red Ad Libitum.

LD . LDN LDS
Agﬁigég'aw 1.27 (11) 0.31 (9) 1.18 (9)
Comsiailson LDK LDS ) )
Diffgfgfce 0.3740.19 0.46+0.27 0.09+0.27
t 1.95 1.6 - 0.33

P ns ns' ns
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Expariment 3 Jodine Deficiency

The 1odin2 deficient rats reached a vitanin A

~ deficient state after seven weeis vhich vas a 1little longer

than in the previous expericent. Sirce, as shown im table 3,
the TSR's are not sigrificantly different it was not imown
vhether this delay was caused by previous treatment of the
animals or whether fodine deficiency had an effzct on vitazin
A depletion. Thus experizent 4 was undertazer,

TAELE 3 - the Effect of Various Vitamin A bietary

. Levels on the T.S.R. of animals which
Are Iodine Deficient.

EIA NIEE EIsA
T.S.K. |
ME/100g BY 1.5+ (11) 1.98 (9) 1.87 (9)
Comparison rrma NISA FIA
”ifgfg‘j“ 0445037 0.11+0.%0 0.3320.30
t 1.19 0.8 111 '
P ns .ns ns

Experiment 4 Vitarmin A ard Todire Zffects.,

It took eight weeks for the iodine deficiert azi-als

to become vitamin A deficiernt and niane w-2ks for the rats on
pormal iodine diet to beeoze vitamin A deficiert, This dif-
ference, however, is not significart. There 1s, also, no sig-
pificant difference between the TSR's of any of the groups

showing that iodine deficiency has no effect on the TSR measure-

ment of the rats.
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TABLE 4 - The Effect of Iodine veficiency and
Vitamin A Levels on T.S.R.

T.S.R. Cozparison  Differexce t

mg/100g BY with + S.E. d
w139 LG 0.37:0.3% 10 ms
| KIA 0.2040.33 0.60 s
IDF  1.76 (10) LDs 0.10+0.32 0.1 s
. FI@A 0.29+0.28 1.04 s

s 1.86(w0) LD | 0.47:0.35 1.33 =S |
NISA 0.23:0.31 0. s
FIA . 1.5°(13) FIEA  0.1120.26 0M2  Bs
nIva 148 (9) - EISA  0.15:0.25 0.67 s
EIsA  1.63 (10) FIA 0.04+0.23 0% s

Experiment § Long Ranze Sffect 8 Tita=in A Zxcess

'As seen in table § the lengtk of time 2 rat is on a
vitamin A excess dist has ro effect on the TSR measurszert, and,

" also, the age of the ani-als Las £o effect on the measurezent.

TABLE 5 - Comparison of the T.S.R.'s of Rats Kepﬁ on
Various Dietary Vitamin A Levels With Kespect

to Duration of Treatment.
T.S.R. Comparison ~ Difference t )

Mg/100g 3W witk + S.E,.
LDK LDS 0.11+0.2% O0M45 =S
(6 weeks) 1.0 (9) (6 vesxs)
LDk 0.11:0.31 0.36 =©s |

(16 weeks)

LDﬁ LDS
(16 veexs) 1429 (6 (16 wesus) 0.03:0.23 0.3 ms

1.51 (11) LDS 0.19+0.20 O0.9% ms

LDS
(6 veeks) (16 weexs)

LDS
(16 weaks) 1.32 (9) -



Bxperizent 6 Vit2=r A a=1 Durstise of Cold Sxmosure

This experizent stows that cold kas an effe.ct on
the TSR's of the ari-als. It is seen that the secraetion rate
1s sigrificartly diffarent (t:—;'ole 6) ir the first weez in the
cold ani graduslly decrazses to por=2l levels. There is how-
ever ro differance ir the resgorses of tke two groups of rats.
Thus ¢21d sticulus do2s rot difserentizte the response of the
thyryid betwaen rais >t 2 zorzal vitazin A died ard those on
an ezcéss vita=in A dist, '

TABLE 6 - Effect of Duratio: of Cold Exposure on the T.S.R.
of Animals zt Different Vitamin A Dietary Levels.

Weeks i LDK L3S Differecce t P
cold + 5.2,
0 1.20 (6) 1.32 (9) 0.03:0.23  0.13 ms
1 2.25 ()¢ 237 (7N*  0.12:0.36  0.33 mbs
2 1.5 (3)  2.22 (3) 0.72¢0.55  1.30 ms
3 2.25 (%) 140 (10)  0.35:0.9%  0.90 mns
5 116 (7) 1.6 (9) 0.15:0.22  2.05 <05
10 1.57 () 1.05 (9) 0.52:0.2% 2,20 <.05

* Significaz:tlj aiffepsrt froz 0 wesk orlye.
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Fig. 1 TSR Regression Lines
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II Effect of Cold Exposure on I 131 :

Releage from the Thyroid Gland o |
As seen in figs. 3 and h the 1131 release from : | 5

the thyroid gland does not &l ter appreciably in any of the . o

experiments done, vhen the animals are put in the cold. Thus

cold does not d ter the 1131 release nor do dietary levels

of vitamin A affect the lack of response of 1131 pelease to

cold gxposure. It also does not show a different effect

on the various groups of thg iodire deficient animals.,

The vitamin A deficient groups have a decreased

rate of release of 1131 This observation will be discussed-

in more detail in Part B.
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111 Thyroid Gland Welights

The results of the experiments are 1listed below.
In order to clarify the results the statistical values are
placed below their correspording tables, All weights are ex-

pressed in ogs.

xoeriment Pair-Feading,

The results are showr in table 7. From then it
can be seen that neither vitamin A nor cold exposure signifi-
cantly affects thyroid weight. '

TABLE 7 - The Effect of Various Vitamin A Dietary
Levels on the Thyroid Weights Which
Have Been Pair Fed.

Results LD LDXN A LDS
Room temp. 2, 74%.5(%) 19.541.7(6) 20.6£1.0(5)
2°C 39.0(1) 38.643.7(3) 39.3£2.2(3)

Analysis of Variance

Source ar SS MS ' o P
Vitanin & 2 18.59 9.29  0.2%  bs
Temperature 1 14%66,06 1466.,06 33.51 <01
Interaction 2 14.38 7 4 0.20 ns
Brror 15 571 .00 38.07

Temperature . .

|
t-test . 0704 ns
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At initial analysis it seemed as though vitemin A

and temperature affect thyroid veight (table 8). The apparent
signific cant differences observed vwhen the data were processed
by the analysis and shown to be not significant with the
pultiple range test can be éxplained by the fact that there
vas no data available for the vitanmin 4 deficient animals at
20C, Since this was not tazen {nto accourt for the analysis
of variarce, a false test of significance was obtained. The
significant interaction may also result from this.

TABLE 8 - The Effect of Various Vitamin A Dietary
Levels on the Thyroid Weights of Animals

Wwhich Have Been Puir Fed.

esults | LD LDN LDS
" Room temp. 0.6+3.1(5)  21.7+0.9(%) 20.6+1.3(4)
20C - 29.141.0(%) 24 441,3(5)

Analysis of Variance

~ Source ar SS MS £ p
Vitamin 4 2 1723.39 861.95 52491 <.01
Temperature 1 108.11 108.11 6.64 <05
Interaction 2 1589 .62 794 .81 48.79 (01
Error 16 260.57 16.29 |
a) Titarind .

One-Way Analysis of Variance 82 ng

- b) ZTemperature R .
t test 0.52 ns



Experiment 3  Jodinme Deficiency

Neither iodine nor temperature affect the weight of

the thyroid gland. This 1is seen in table 9.

TABLE 9 - The Effect of Various Vitamin A Dietary Levels on
the Thyroid Weights of Animals Which Are Iodine

peficient. .
Results FIA | NIEA NISA
Roon temp. 18..8_'!;2.%(#) 20 443 .8(%) 18.8+5.9(k)
2°¢ 23.9+2.4(3) 30.3+2.8(4) 30.8+1.4(5)

Analysis of Variance

- Source dr Ss MS r P
Vitazin A 2 68.68 3 0.73 ns
Temperature 1 476.78 238.39 5Ok £.09
‘Interaction 2 47.32 23.%1 0.49 s
Error 18 851.53 47.31

Temperature . ,
ns

t test ' 0.85

Experiment b Vitamin A 2nd Jodine Effects '

The results are listed in table 10. It can be seen
that neither vitamin A, iodine, OT temperature has an effect

on thyroid weight.
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TABLE 10 ~ The Eftect of Iodine Deficiency and
Vitamin A Levels on the Thyroid Yeights.

Besults

Groups Roon'Temp. ' 2°C
LD 23,0+%.4(3) 16.8(1)
LDN | 18.743.8(5) 17.3:1.7(4)

1D 19.1£1.8(5 - 20.641.1(5)
NIA 12.540.6(6) 195.4+1.5(2)
NINA O 19.5%2.5(%) 16.4+2.5(4)
NISA 20.6+2.2(5) © 16.982.0(5)

Analysis of Variarce

Source dr SS M £ )
Todine . 1 85.% 85.5  4.55 <05
Temperature, - 1 8.39 8.39 045 ns
Interaction 1 0.10 0.10 0.005 ~ ms
Vitamind 2 730 3565  1.90 ns’
Temperature 1 1%.36 14.36 0.76 ns
Interaction 2 6.28 3.1% | 0.17 ns
Vitamin & 2 7.30 3.65  0.19 ns
Iodine 1l 11%.29 11%,29 6.08 . 4,09
Interaction 2 117.70 53.85 3.13 ns
Error 36 676.74 13.80

a) Iod;né

t p
t test 0.36 . Bs
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Experinent 6 Vitarin A 2ni Duration of Cold Zxposure
As 18 seen in table 11, the thyroid weights are not

significantly different.

TABLE 11 - Effect.of Duration of Cold Exposure on the
' Thyroid Weights of Animals at Different Vitamin

A Dietary Levels.

Besults

Weeks in cold LDN LDS
.0 © 25,544 .4(3) 18.9+1.7(5)
1 26.2+1,1(7) 27.9+2.0(7)
2 27.5:?.6(9) 23.1+1.4(8)
3 | 24.,9+2.9(3) 21.041.5(10)
5 | 19.4+1.0(7) 19.741.9(8)
10 . 16.281.8(7) 20.31.1(8)
Analysis of Variance
Source df SS MS £ p
Vitanin 4 1 38.42 38.42 1.52 ns
Time 5 822.97 164,53 6.52 {01
Interaction 5 25+.35 50,87 2.01. ns
Error 20  1768.22 25,26
Iime ¢ >
1) One-Way Analysis of Variance 12.%0 <01
2) Duncan's test (P=.059)
3 2 1

Weeks in the Cold 10 5 0

Welights 18.% 19.6 21k 21.9 254 27.1




Zxperiment 2  Ad Libitun Peeding
The results for the experiment are listed in table 12.

TAELE 12 - The Effect of Various Vitamin A Dietary Levels
on Ascorbic Acid Biosynthesis in Ad Licitum Fed Rats.

Iv corbic Acid Biosynthe
'The results, expressed in micromoles of total ascor-
~ bic acid formed per gram of wet liver per hour at 37°C, and

statistical analysis are listed in the sam2 marner as those of
the thyroid glard weights,
Results 1D Ix  IDS
Roon Temp.  9.31.0(5) 15.2+0.4(%) 13.8+0.9(3)

- 2°C - 9.540.9(%) 11.740.7(5)

Analvsis of Variance

Source df SS ¥S f P

Vitamin & 2 M7k 273,67 87.71 4.0l
Temperature 1 243.19 243.19 7795 {01
- Interaction 2 8.5 %25 - 10,98 <.01
Error 14 | 43.69 3.12

a) Vitanin A .
One-Yay Analysis of Variance 2.74

B

b) Temperature ¢
t test 0.312

B
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‘At initial analysis it seemed as though vitamin 4
and temperature affect the blosynthesis. Because of the same
reasons described in experiment 2 of thyroid weights there is,

‘on rinai analysis, no significant effect on the biosynthesis

of either vitazin or temperature.

Experiment 3 Jodine Deficiency

Pron the results and statistical values of table
13 1t can be ohgerved that lodine deficiencr does not altar

the response of the biosynthesis ‘to vitanin A and teuperature,

TAELE 13 - The Effect of Various Vitamin A Dietary Levels
on Ascorbic Acid Piosynthesis in Iodine Deficient

Rats.
esults NIA NINA NISA
Room temp. 8.0+2.4(k) 13.4+2.0(%) 12,9+1.3(%)
2°C 12.5+2.6(3) 13.611.1(5) 16.5+1.5(5)

Analysis of Variance
Source df SS MS f P

Vitanin A 2 8L.87  40.93 322 ms
Temperature 1 46.23 46.23 3.6 ns
Interaction 2 21,28  10.64 0.5% ns
Error 19 41,22 12,70

Experiment %  Vitamin A and Todine Effects.
Fron these results (table 1l) it seemed as though

there may be a change in the biosynthesis with different levels
of vitamin A, however, Duncan's test gave no significant dif-

ferences.
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TABLE 14 - The Effect of Iodine Deficiency and Vitzmin
A Levels on Ascorbic Acid Biosynthesis.

Results | Rooa Texzp. 2°C
LD b.5+1.5(3) 4.1(1)
LDE 6.120.7(5) 7.240.6(%)
LDS 8.051.1(5) 9.5+1.5(5)
NIA | 5.620.8(6) 5,241.7(2)
KINA 8.0+1 (k) 12.6+0.7(3)

RIsA 11.1+1.3(5) 5.9+0.7(5)

nalysis of Variancz

Source af SS s f p
Vitamin A 2 85.2% 42,62 8.93 {01
Temperature 1 0.13 0.13 0.0k ns
Interaction 2 43.59 21.80 k.36 <,05
Todin= ‘ 1 5.09 5.09 1.02 ns
Temperature 1 5,04 5.04 1.01 ns
Interaction 1 96,68 56.63 5.63 £{,05
Vitamin A 2 92.06 46,03 9.22 {01
Jodine 1 21.26 21,26 4,26 ns
Interaction 2 46.57 23.23 4,66 <,0%
Brror 35 174 .79 %.99

Vitamin A ¢ p

1) One-Way Analysis of Variance 31.69 4,001

2) Duncan's test (p=.09) Def%cient Normal Exgezs




Different Vitamin A Dietary Levels.

Results
Weeks in cold

0
1
2
3.
5

10

'LDN
11.541.4(3)
3.9+1.0(7)
9.7+1.1(7)
10.2+0.5(3)
7.5¢1.2(7)
10.840.7(7)

LDS
12.041.2(3)
5.5+0.9(7)
9.0+0.3(8)
10 4+0.7(10)
8.0+0.6(4)
10.140.6(7)

Analysis of Variance

Source SS MS f P

Time 374.61 7%.92 12,22 {01
Interaction 12.82 2,56 0.2 ns
Error é3 386.0% 6.i3

daf

Vitamin A 1 0 0 0 ns
5
5

Time | c
1)One-Way Aralysis of Variance 1%.59 £ 001
2)Duncan's test (p=.01)

Weeks in cold 1l S 2 3 10 0
Averages 4.7 7.7 9.4 10,3 10.5 11.3

- ” -
. Bxperiment 6  ¥itazin A ard Duration of Cold Fxsosure

‘The results of this experizent, as se2n in table 195,
shov that the level of vitamin A has no effzct on tke bio-
synthesis, however, aZter one weex in tha colld the blosynthesis

. 1s significartly lovered and raturcs to norzal at two weeks,
TABLE 15 - Effect of Duration of Cold Exposure on the
Ascorbic Acid Piosynthesis in Animals at
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V Vitarnin A Levels in the Livers

The results are expressed in table 16, It is seen

that the excess vitamin A rats had a significantly larger

quantity of vitaamin A in their livers that the normal rats,

TABLE 16 - Level of Vitamin A in the Livers of Rats Kept

at Various Time -Exposures to Cold.

esults A
Weeks in ¢old | LDN LDS
1 1931+313(7) %45,905+10%2(7)
2 ©1668£109(9) 59,149+ 5415(8)
3 - 14324136(3) 69,63244335(10)
5 1553+102(7) 63,271£5715(9)
10 1187+ 69(6) 70,43144105(8)
Analysis of Varianes
Source' 4t SS MS £ P
Vitamin A 1 60.2x107  60.2x107 56.79  <.01
Time 4 124m0®  3.axm08 0.29 s
Interaction % 14x0?  3.5m0° 0.33  ms
Error 63 6.mmo?  1.06x107
¥Yitazin A R >
t test 5.217 <001

It can also be seen that exposure to cold did not

significantly alter vitamin A storage in the live;.
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DISCUSSION

Inour experiments we have fed our animals on a
vitamin A free diet with various supplements of vitamin A,
The animals which were considered to be on a normal diet of
vitamin A were fed 1000 I.U. per ieek. This was in accord-

ance with Moore (1 ) who states that in order to allow exper-
" imental rats to accumulate reserves equal to those of wild

animals doses of at least 100 I}U. daily are necessary. Since
we gave the vitamin only once a week fhe dose was set at 1000

I.U. per week to allow for some of the vitamin which would not

be absorbed.

Most of the studies on the effects of excess vitamin
A have been done >n aniznals which have bzen given such a great
amount of the vitamin as to create a pathological condition.
Such studies can hardly be interpreted in teras of physio-
logical effects of the vitamin. In order to avoid this ser-
jous eriticism our animals given tgxcess vitamin A" received
6nly fifty times as much vitamin.as the controls, a dose in-
sufficient to cause any pathological disturbance. .

In none of our experiments was there any difference

1n TSR which could be attributed to a change in dietary level

. of vitamin A, Since this is the first time, to our knowledge,

that this type of measurement has been done on.rats subjected
to different levels of vitamin A we can only compare our re-
sults to other types of thyroid measurements obtained in

~

e S e RN



. gimilar experiments.

Our reéults agree with_those of Oliverea and Ser-
gaty (74) and Blaizot and Benac (75) who were unable to find
a definite effect of vitamin A deficiency on the BMR of rats.
There 1s a lack of agreement however among those who have.

- gtudied the histological picture of the gland 1h vitamin A
deficient rats. McCarrison .(76) and Spence ( 79 both noted
that the gland showed a hypertrophy indicating a more active
gland, whereas, De Ruytter (78) observed that the gland showed
a decrease 1n activity. However, when it is considered that
the histologlcal picture of the gland is infiuenced greatly
by the hypophysis, the changes seen may not be indicative of
a difference in thyroid secretion but of a change in thyro-

trophin secretion.

Lipsett and Winzler {9 ) up to now are the sole in-
vestigators who have studied the effects of vitamin A deficiency
on the thyroid gland with T}3L. They found that vhile the total
iodine picked up by the thyroid was not different from controls
the uptake per mg of thyroid was lower in the deficient an-
imals since their thyroids were heavier. This is in contrast
to our results. As will be shown in Part B, Expt. 8, the up-
take of 131 by the gland of the deficient animals is greater
than in the normal and vitamin A excess animals, although the
thyroid weights are the same. The vitamin A deficient diet
used by Lipsett and Winzler was low in iodine and this may
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have modified ths'1131 uptake so as to make it more like
that seen in our iodine deficient animals which had no dif-

ferences in 1od1ne up£ake between the different vitamin A
groups. Bowever we found no differences in thyroid weights
* caused by different vitamin A levels. It would thus seem
that the results of Lipsett and Winzler are explainable in
terns of dietary levéls of 1>3dine rather than changes in vit-
anin A intake, - |

N " we also found that a deficiency of iodine uu& o
effect on the TSR, whatever the level of vitamin A. Halmi
(80) has shown that thyrotrophin secretion increases in an
fodine deficient state and Moore (1)quotes Schneider (31) as
reporting that large doses of vitamin A oppose the action of
thyrotrophin. Although our observations agree with the former
~author they do not agree with the latter. On the lodine de-
ficient diet there is a definite increase in 1131 uptake which
denotes increased activity of TSE but no difference in iodine

uptake can be attributed to excess vitamin 4 in the diet. (Part B)

It seems reasonable to u» ;ﬁa; the TSR's of normal
animals would not be different from thoseof iodine deficient
animals since it seems 1likely that the requirement for thy-
roxine would not be changed. Althouah various authors 10,32
have found that the thyroid gland increases in weight.during |
fodine deficiency we only found a tendency in this direction; - N

however, since we gave thyroxine to these rats for about a



.55 -

week it may be that this caused a decrease in thyroid weight.

Since vitamir A did not affect the responses of TSR
%o the cold environment we have further eviderce that excess
vitamin A does not oprose the effects of TSH as it has been
shovn that cold causes an ircrease in 7SH seeretion (83). Our
results in experiment 6 agree with those of Starr and Roshelley
35), Leblond et al (3%) and Cottle and Carlson (85) who all
pnoted that ir the cold. thyroid activity in_tially increased
énd then returned to values approaching norzale. Lot only are

the TSR's significantly increased at the first week but we |

also have a trend towards an increase in weight of the thyroid

glands. The lack of significance in the weights ma2y be due
to the experimental procedure used £or TSR's sirce the in-
jection of thyroxine could have caused 2 praversal of thyroid

hyperplasia as shserved in the case of iodire deficiency.

It can also be seen that fpitial exposure does not
seem to have an immedlate action on all parameters of thyroid
activity. In rats in which the release of 1131 was followed,
there has been n> change in releass rate when the snimals
vere put in the cold, suggesting a fajlure of the thyroid to-
modify this phase of 1ts activity. The thyroid weights
howevar show a trend towards zn increase, which might hav@

been significant if more animals had been examined.

A confirmation of our work is seen in the findings

of Brown-Grant (86) who studied the effect of exposir? to

|
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varying degrees of cold on the rate of release of 113 in pale
rats. It was found that the rate did not change at exposures
of 16°C and 0°C, but increased at 11.5°C and 6.5°C and slightly
decreased at 20C, In this article it is also nentioned.that
similar results were found in rabbits. It is suzgested that
the more sevare cold exposure acted as a non specitlc stress
(increase in gluco-corticoid secretion) and that this re-

" duced the secretion of TSH; thus, the rate of 1131 release
vas decreased or remained the sarce. These arguzents could also
apply to our results. After some time, about 4-5 days, the
effect of cold on the thyroid probablj gained ascendancy over
that of the non specific'stress and the thyroid became more

active as seen in our TSR measureaents.

Before the effects of vitamin 4 on a2scorbic acid
synthesis is discussed, it should be said that these results
~were obtained from tissue homogenafes. Although they may not
be the same in the intapt anizals, it is generglly believed

that they indicate what may be expected in vivo.

From our results it 1s seen that there is little
. effect of dietary vitanin A on ascorbic acid synthesis, This q"l
is in direct contrast to the reports by Chatterjee et al (25) '
and Sastry et al (26) who both found that vitamin A deficiency

decreased ascorbic acid synthesis. There is howevar a dif-

ference between our methods and theirs. We used the complete

tissue homogentate whereas they used only the mierosome fractioz.




éince the whole tissue homogenate seems to be closer to actual
conditions in the animal we believe that our results are more
indicative of the in vivo state. Aﬁ observation by Chatterjee
et al, seems to confirm this. They found that they could fe-
store some of the ascorbic' aeid éynthesis by adding the boiled
supernatant. This faction, since it was boiied, would in all

'probabiliﬁy have no enzymative activity but may have an im-

portant factor involved in the synthesis. If this is true
then the microsome fraction should not be studied alone, This

' how,evér' does pot explain the greater synthesis -obtaiﬁed from

the microsomes of livers of anizals on normal vitamin A intske.

One result of Sastry et al (26, used to show that
ascorbiec acid synthesis is lowered in déficient animal s, is

the lowersd ascorbic acid exéretion in thes urine dud ng chlore-

tone treatment in the severe stage of deficiency. It has becen

noted by Moore (1) that the amount of urine excreted during
this stage is very much lower than rormal; thus it would be

expected that ascorbic acid exerstion would also be lowered.

Mapson an& walger (22) noted that all differences
in ascorbic acid contenf of the liver znd blood and in urinary
excretion could be accounted for by differenc2s in food intake.
Lachance (72) also observad that pair-feeding could account
for the decrease in liver ascorbic acid which occurred in
terminal vitamin A deficiency. Our results show that the food
intake played no part in the asecorbic acid synthesis since
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vitanin A had no effect whether the anirals were fed ad 1ibi-
tun or'pair-fed. Although synthesis does not seem to be
modified, it would seen that f£0d irtake would modify the

m’m‘”is-" o, . L
A B S DY SR S GR

storage of ascorbic aeid through various levels of dietary

.{ntake of this vitamin.

s = . = o
S SRR AR

Iedine deficiency had n> effect on ascorbic'acid
synthesis, nor did it nodify the effect of vitamin A dietary
levels on the s}nthesis. This, however, is not surprising .
since the thyroil activity did not seea to charge ard the
genefalemetabblism of the ani:ais aﬁpeared normal except for

a lovered iodine intaxe.

The various dietary levels of vitamin 4 did not
evoxe a differerce in the response of the animals to cold ex-

posure. In experiment 6 the level of synthesis of ascorbic

acid decreased after one week in the cold but vitomin A had

2o effect on this respomse, Since 1n the other experiments

i+ may be that the

cold did not seea to affect the synthesis

exposure had not been long enough. Thay were only exposed
s in experiment six were

about three days whereas the animal

exposed to cold for ovar a week. The synthesis returned to

pormz1 in the mimals exposed for over two weeks. This con-

firms the work of Akpabio (87); however unlike him we found

no increase in synthesis at 2 later time. We canrot at this

time explain this discrepancys
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The vitanin A assay of the livers of the arimals of
experizect 6 showed thet the anirals had significantly dif-

ferent vita.n:ln'a lavals, According to Moore (1 ) adult female

rats heve tke capacity to store 100,000 I.U, of vitamin 4 for
the total line-._ Considering that our valuns are exprassed
{r I.0. per gres of liver the livers have about as auch vit-

amin & as czn be stored short of beirg toxic. The results

for the ror=al vitanin A.animals are vhat is exrected in \;ild

rats. Our assay was dore only on rats in the coldj however
accordirg to Forter and asoro (88) cold exposure has ro
jnfluerce on vitamin i storage. In their exparimerts rats
fed =3 1iditum on 2 pormal diet had more vitaain A in their
livers when kept at 2°C than when kept at 25°C. They con-
cluded trat sirce the animals zte more in the cold the
greater vitemin A storage resulted from an increased intaxe.
Tkis corcluslor was verified because when they gave equal
azounts of 7ita=ir & to the animals at 20C and 25°C ‘the levels

ip the liver were the san&

In eonslusion it can be stated that within the

1i~ited of jur techniques, vitanin A has no effect on the

TSR, or 133 sscretion, on thyroid weights or on ascorbic acid

synthasise.

AT

TR




pAxT B
Bxperiment 7 ISR (Variable Doses)
gmtocdl

Because of Heroux's observation that TSR's, cal=
culated according to the mathod of Reineke and Sirgh, diff fered
vith the 1nit¢.a1 dose of thyroxine, being lower with lover
starting doses, the following experiment was done. Rats were .
divided into four groups; two groups were put in the ¢old at
2°C ard two at 30°C. They were fed fox chov pellets, After
four weeks in fhese conditions their TSR's were calculated.
To one group at 2°C and one at 30°C the startirg dose of
thyroxize was 0.5 #g per 100 gn body welght per day with
0.9 mcrements after 43 hours. The other groups were given
a startirg dose of 0.1 y4g of thyrozine per 100 gm body weight
per day which was doubled after 48 hours. Even tb.ou;h the
-release of 1131 from the gland was almost stopped, irjections
of 0.5 ug of thyroxine per 100 gn body weight per day vere
given to the latter groups for two days, following the last

dose of 0.2'/.(3.

For easier notation the following symbols were
useds:
LT (30) rats which were at 30°C ard given a starting dose
of 0.1 48 thyroxine per 100 ga body wei..ght.




R (2) sinilar to LT (30) except that the rats were at
2°C

BI'(30) sinilar to LT (30) except tkat ﬁhe.rats'vere giéen
a starting dose 02 0.5 (g thyroxine per 100 g
body waigkt.

HT (2’ sinilar.to ET.(30) except that the rats were at 2°C

Pron the rasults obtained (Tadle 17), it can b2
seen tkat Esroux's sbservztions have been condirmed.

TABLE 17 - Comparison of the Effect of the Starting Injection
Dose on T.S.R. Results. -

T.S.R. Cozparison Differernce t p
48/100g =4 vith + 5.5,
L7(30) ~ 0.23 (19) 17(2) 0 0.0%+0.05 0.80 s
' | ET(30) 0.97+0.13 7.4 <.001
LT(2) 0.32 ( 3) ET(2) 0.9740.13 7.46 <.001
ET(30)  1.25 (10) LT(30) 0.04+0.17 0.2% ms
HT(2) 1,29 (20) - - - -

It is apparent froa this table trat the aninals
giver lovw doses hzv2 significantly lower T:R's than tiose

given higher starting doses of thyroxire.

One very interesting Fesult whica is observad in
Fig. 5 is that when the rats on the lov starting dose were
given 0.5 48 thyroxine per 100 g bady weight per day, which
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is more than.their-calculated TSR, there is a-éreater'release
 of fodine from the thyroid. The readings obtained are quite
close to those of the rats on the higher dose when they vere
given 0.5 g of thyroxine. It seems as though the thyroids -
are raacting similarly to an identical dose of thyroxine.

It is also seen that the TSR's of the rats in the
cold is not different from that in the warm room. This has
also been shown in a previous experiment in which the animals

have been acclimatized for four weexs. (Page 36, experinent

 six).
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Fig. 5 Regression lines showing &.wno.uog.. TSR's with different
starting injection doses of thyroxine
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erjiment Compaiison of Various Parameters
gg‘zyngid'zunctlog :

Protocol

This experiment was done to compare the nethods of
measuring thyroid fungtion using 1131. The data used was that
of experiment 5‘in part A, Fot only'was'the TSR measured but
so(¥as)both the uptake and release of 1131 grom the thyroid.

Results

Figs. 6, 7 and 8 show that not only do iodine de-
fieient rats pick up more 1131, they also releaéé it more
quickly. When Fig. 6 is examined it can be seen thal, if the
data are calculated according to total thyroid 1131 counts,
the vitamin A deficient rats have more active thyroids than
the other two groups as more 1131 is picked up. However if
the counts are caleulated as percentages of the 24 hour count
the vitamin 4 deficient animals have less active thyroids than
the other groups 2as they take longer to reach a peak. There ﬂ..

is not suéh a strixing discrepancy in the iodine deficient

animals, as the jodine deficiency seens to mask the vitamin

effects if trere are anye

on examining the release curves of 1131 1t can be

seen that both iodine deficient rats and normal rats show that

" _yitamin A deficient rats release 1831 slower than do the other
vitamin A groups; however, in all cases the jodire deficient

rats release 1131 more quickly than the normal iodine ratse.
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It 4s also to be remembered that the TSR's caleu-

lated pfeviously showed no difference between any of the groups.
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erinen Comparison of Tﬁo Different
Methods of TSR Measurement

——_—-————__——

12 male albino rabbits (average weight: 2,02 kg) were
divided into 2 groups of six. One group was put in a constant
temperature room at 30°C and ‘the other group at 2°C. After
four weeks each rabbij: was injected with 170 M¢ of carrier
free 1331 and both the uptake and release of 1131 by the
thyroid gland were reasured, PBI and PBI131 were ngeasu_red
every 2% hours for four days and the TSR was calculated using
sdrecsen's Method (63). |

On‘the seventh day after 1131 injection =ach group
of 'six rabbits was divided into two groups of threec., To one
group at 2°C and to one group at 30°C a dose of 0.5 ug of
thyroxine per kilogram per daj was given to each animal sub-
cutaneously. Four dayq’later this was increased to 1.0 48 Per
kilogran per day. 3ven though tiis dose almost stopped the

release of 1131 from the gland the dosags was increased to

1.5 4g per kilogram per day four days later.

A dose of 1.5 48 of thyroxine per kilogram per day

~ was given to the remaining groups at 20C apnd 30°C. Four days

later the dose was doubled to 3 ug per xilogranm per daye.

PBI's and BEI's were deternined bafore each increase in in-

jection and four days after the last increase. The TSR's

were calculated according to the nethod of Reineke ard Singh 69).




. 1331 yptake and release; nowever, the values of

For purposes of brevity and easier wording the fol-
lowirg symbols were used for the groups.

LDK rebbits which were kept at 20C and were given an -
{nitial dose of thyroxine of 0.548 per kg body

weight.
LDE rabbits treated similarly to LDK but kept at 30°C.
EDK rebbits treated similarly to LDK but given an

fnitial dose of 1548 of thyroxine per kg body

HDH rebbits treated as those of EDK but kept at 30°C.

After four weexs of acclimetion the weights of the
rabbits were 306 kg for those in the cold and 2,31 K8 for'tho§e
at 30°C. Thyroid Il31 uptake and release are shown in Fig. 9.
PBI131 results can be seen in Fig. 10, TSR's were calculated

according to the Hethod of Sdrensen and the various paraneters

"are listed in Table 18.

Because of the inaccuracy of the individual values
re used in tke calcula-

only the average of the group values We

tionse.
As {5 seen the rabbits in the cold have a higher

thyroid secretion rete. This corresponds quite well with the

PBI do not




Fig. 9 Uptake and release of 3t

-Iith meaéurement 61‘ U

«——e Rabbits at 30°C
H—X Rabbits at 2°C

1131 in thyroid - expressed as € of dose

24 43 72 96 120
Time aﬁ:er injection of 1131 (hours)




Log PBIY31 (%)

0.20

0.10
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Fig.10 Measurement of U
e 2:)

UPBII31 (3qoc) = 0,805

U ' J = 0.38%
PBI (2°0) :

— PBIB]' of rabbits at 30°C
—x pRIY3L of rabbits at 2°C

x ®

I X
X
) ) ) ]
0 - 2 18 72 9é

Time after injection of 1131 (hours)
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released in parallel fashion for

give any irdication one way or another. The I3} values

seea to be zore disposed towards a higher thyroid activity

tor the 30°C rzbbits.

TALLE 18 - Various Paraneters of Thyroid Activity as
Used to Calculate T.S.R. by Sdrensen's Method.

30°C 2°C
L - 4.6 36,05

°p31131 0.805% 0.384%
t* | 222 hours 123 hours
PBI (42) 3.17+0.22 4,01+0.3%
K, 0.00417 0,00330
TSR _ 14348 120548
TSR/kg G.ggg' | 39.548

when TSR's are calculated usirg the irjsction
cethod the results (Table 19) do rot agree with trose of
S#rensen. |

When the TSR's of the high dose rabbits are corpzred

vith one arother and. those of the low dose .rabbits conpared

vith one snother, an i:terastirg fact is observed. The ratio ‘

T8 H | L
of T32's of &= 1‘s 0.71 ard the ratio of = is 0.70.

As is shown in Fig. 11, when the low dose reboits

are given an excess of thyfoxine (1.5/‘g/kg) a curious result

i{s obtained. The prclease of jodire 1s accelerated but it is

the high and low teaperature

geclirated arirals,

S Ly



1131 release = per cent of previous counts

g

70

Pig.11 Regress

-4 -

starting doses of thyroxine

jon lines showing different ISR's vith different

i 3 i
2.0 3 .0 ,‘l'oo 5'0
Micrograms of thyroxine

6.0

7.0
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TABLE 19 - Comparison of the pffect of the Sturting
Injection Dose oo T.S.R. Results,

TSR Cozzarison  Difference t P
Me/kg 34 vith + 5.2, '
LE  1.51(3) LK 0.66:0.73 090 0M0
£3 3484160 211 0.05
| LK 217(3) FDX b.73+2.43 1.9% 0.10
EH  4.39(3) EDK 2,01#2.95 ~ 0.68 0.50
EDK 6.90 (3) - - - -

The results of the 331 and P3I measuraaents as vell
‘as their statistical analysis can be seen in Tables 20 and 21
respectively. All the results are expressed in ¥/100ml serua.
The values ars sizilsr in both the high and low startir3 doses.
It also 1s seen that in both PBI and BEI the levels are low-
ered with increasze in the injscted dose of thyroiine whztevar
thé startirg io%e. Toougk t2is is rot significant it might

have been if rore sanples had bee.o2t2ined.
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TAELE 20 - L.E.I. .uecasurements

Injection 30°C 2°C
Mes/ig . ‘
0 2.740. . 2330,
a1 | 40,7 (3) 2.319.2(3)
1.5 * 1.2:007(3) 1.3:007(3)
Dose
3.0 1.3:9.2(2) 1.7+0.6(3)
0 2.840.8(3) 3.6:0.9(3)
Low
005 107:001"(3) 1'71002(3)
Dose
1.0 0.620.4(2) 1.340.3(3)

Analysis of Yariance

Sourcz df SS Ms B4 P
Concentrztion 2 18.30 = 9.5 6.53 <.01
Temperafure 1 0.71 0.71 0.9 rs
Interaction 2 0.23 0.23  0.20 ns

Concentratisn 2 .8.07 4,03 2.38 ns
Dose 1 019 9.9 0.13 ns
Interaction 2.. °°°n-°'
romomatare T o9 09 007 s
Dose 1 0.93 0,93 0.67 ns
Interaction . 1 0a5 027 9.l
é;;;;"'°°'°'°°'°'ié°°°"éz:§§'°'°°'i.uo

Concentration |

1) One-izy Apalysis of Variance 18€56 <€01 /

2) Duncan's Test (pf-05) Doseé? _?zjgs; Dgs;u?
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TiBLE 21 - P ko L. MeioureweniS,
Injection 30°C 2°C
gs/kg
Bigh 0 ' 2.5+0.8(3) %,0:+0.6(3).
Dose 1.5 1.3;9.3(3) 1.9£0.3(2)
................3.:‘?............‘3:?3:‘3:‘f€?’..........1.:'1-’%1.:3.‘.%’.
- | 0 3.280.5(3) 3.620.9(3)
Dose ‘ ‘0.5 0.8£0.3(3) 2.340.7(3)
1.0 ' 1.320.2(2) 1.240.7(3)
Analysis of Variance
Source af SS MS f p
Concantration 2 28 .04 14,02 779 {01
tempersture 1 &Jd2 2412 11.67 <01
meemsetton 2., 905, 00 LS
Concentra‘.;ion " 2. 30.28 15.1k 8.36 <01
Dose ;  o0as 045 008 @S
peon 2 o0 002 0%
T e wes 2
Dose ' 1. 0 0 0 ns
E;ror..p; s o
a) Concentration '
T} One-Way Analysis of Variance 12€78 201
2) Duncan's Test (p=.09) l_)_‘?xj:ao fﬁ_eié.l_ Dﬁoz
b) Temporature ' o .

t test t P
0.86 ns
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. p;gcussm'

iIn our stunies on the effect of vitanin A4 on the
thyroid gland we. observed several contrsdictions in the var-
ious parameters used to measure thyrold function. The more

obvious of the contr=dictions was seen on conp=rison of tke.

relative and =bsolnte 1131 yptakes of the thyroids and the
il release from the thyroids (.xot. 3).

- In the rats witk pormel dietary levels of jodine,
vitamin A seems to affect both the rate of uptake and the
total accuzulztion of 1131 in the gland According to the

rate of uptake it would seem 2as thouz“ the vitamin a deflcient

animals have a lower thyroid activity thar the rats on the

normal and excess vitemin A dietsj however, tot2l accunu-

lation of 3l gives 2 different picture. Here we sse that

the deficient rats have the greatest uptake ani herce seen

to have a greater thyroid activity. This appareit contraf

diction might be explained by 2 pathological effect of a de-
says that the "pain com-

ficiency of vitamin A. Hoore (1)
plications of vitamin A deficiency jn the urinary systendy é

as seen in the rat, are prevention of micturition through

blockage of the urethra, nephrosis, ynfection of +hs ureters

and kidreys with pyogeric organisms ari stone formationr

Since this was pot examined in our rats we ¢zl only assume

that these complications occurred; however these sy=ptons bave

alvays been shown 10 be presant in vitamin A deficiency. This
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would ekplain.why more 1od1ne was picked up in the deficient
rats. If there is decreased micurition there would be more
iodine remaining in the body and this would eventually be
picked up by the thyroid. It can also czplain the decreased
rate of uptake as {s seen when relative azounts are °xadined.
If, in all three groups the 1131 vas picked up at the same
rate, the time taken for the maximun p3 uptaxe would be
greater in the deficient animals because of the relatively
greater amount of iodine to be trepped‘in the gland.

In the iodine deficient anicals it can be seen
that reither the absolute nor relative uptaies by the thyroid
glands give any indication that vitamin & affects the thyrold
activity. Because the lodine tra,ping ability of the thyroid

in these animals is so great they do not excrete much 1131

thus, the lack of micturition in the vita:in A and iodine de-

ficient animals seecs ts have 1little effect.

When the release Curvss are exanlnei it ean be ob=-

served that the vitaain A& deficient anirals; both normal and

fodine deficient,show 2 sloWSE amount of T33! release from

the gland, This may also be explaired by 2 1a2ck of mictur-

- jtion so that there is less jodire being sgerated and more

retrapped by the glani; thus {t would seea that less 1131 was

released from the gland.

deficient rats with the nor=-

Comparing the jodine
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mal 1odine rats it can be seen that more fodine is picked up
in a shorter time,and this iodine 1s released more quickly by
the iodine deficient rats; therefore, if the previous history
of the animals were not known it would seem as though the
jodine deficient rats had a higher thyroid secration rate.

Thus it can be seen that the parameters Jescribed
pave 1ittle value unless all the circunstances of the exper-
iment and the condition of the animal 1s xnown. -

As can be seen the experiments of Eeroux have been

confirned; however unlike him (62) we did ot find a differ-

ence in the secretory rate of the cold and warz acclimated

rats in Sxpt. 7 when either the low or the high starting dose

of thyrozine was used. We did, however, see al ipdication of

a difference between the warm and cold acclimated rabbits

when either starting dose was used. There were DO signifi-

cant différences'probably because there were only thrze rab-

bits in each group. One important observation is that the

ratios of the TSR's between the c0ld a
This gives an indication

nd warnm acclimated

animals are approximately the sanme.
r starting doses of thyroxine should be g
determined or the difference in

that simila iven to

animals when TSR's ére to be

the results obtained may not bs due to differences in thy-

roid secretion. It thus seems 2s though this pmethod of cal-

culating TSR's measures the relative and not the absolute

rate of secretion.

N
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It was observed in fig. 5 that the rats on thetlow ,

starting dose of thyroxine when given an excess dose over the =
calculated TSR bad an {ncreased release of 131, This type §
_of observation has been seen by both Akpabio (87) and todge
et al (88). This is probably due to an action of thyroxine
-'on the thyroid_gland~1tself causing more thyroxine to be . %;
released. This is supported by the findings of Ingbar and |
Freinkel, (89) who found that in rats, which had previously

been given radioiodine, there was an increase in the specific

activity of plasma thyroxine after administration of an excess
of~ncn--abe11ed thyroxine. The important thing about this

finding is that the percentege of thyroid counts over the pre- '£
vious 48 hour onesas approximately the same 2s that found %
in tﬁe rats giveh an identical dose and which had been given

the high starting dose. This seems to show that in rats,

at least, no matter when the starting dose is, there is a

similar reaction to identical doses of thyroxine.

In the raboits the so-called excess dose of thyrox-

ine given to the animals on the ;ow dose turned out to be

about 1004 of the calculated 7gR for the warm-accllmnted

ones and under 1004 for the cold-acclimated animals, however

the dose still caused 2n jncrease in the release of radio-

This jnereased release rate did not

jodine from the gland.

show the same characteristics as in the rat.
The accelerated release

Identical doses

did not give similar reactions.

however was in & parallel rashion, Thus there seems to be &

1

|
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species difference in the respose of iodine release to the

adninistration of an excess of thyroxine.

It can be seen in Expt. 9 that the Sdrensen method
" gor measuring TSR's gave different results from the injection
method. The. results for the warm acclimated rabbits were

quite close but the results for the cold acclimated rabbits

were completely different. The results obtained by the in-
jection method with the high starting dose (’+ 39 Mg thyrox-
ine/kg/day) are quite similar to those obtained by Plpes
et al (73) and Grosvenor (90) on rats and Ray et al (91) on
‘guinea pigs which were equal to 4.3 to 10.0 7 thyroxine/
kg/day. Sérensen using his own method found TSR's of 7.

UE thyroxine/kg/day in covs (92) and 11.7 Mg/kg/day in
pigs (93); thus we are in approximately the same range in

the warm acclimated rabbits with a sscretion rate of 6.2

M8 thyroxine/kg/day. The cold acclimated rabbits, however,
show a very high seeretion rate of 39 5 M8 thyroxine/kg/day

when calculated; whereas the injection method gave a maximum

of 6.90 48 thyroxine/kg/dayv.

Qur results also confirm those of Falconer and

Robertson (65) that the secretion rates agree with 113} yptake

and release but not wvith PBI131 levels. The P3I's sbtained,

although slightly higheT {n the cold acclimated rabbits, are

not Significantly different. The results for PBIL3L seem

peculiar. 1f the thyroid secretion were greater in the cold

e
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acclimated apizal it would seen as thouzh more thyroxine i3l
would appear in the plaszaj howevsr this doés not seel SOe

_Since the basic assunption is the fdllowing equation

gecreted horporal idire/hr _  PBI/10OmlL
secreted horaonal 1131 4 dose/nr parl3l ¢ dose/100ml

the stores of thyroxine in the thyrold vould have to be much

g;'eater ip the ¢2ld acclinzted rabbit so that the ratio of
secreted horzozal. 1odire/hr vould be v:ry 1arge;
sacreted bornonal I 31 4 dose/br e vary largej

hence the proportion of ?-3-1-131 would be large. Since PBI

is not changed ‘P31131 would havs to be less 'so that this
proportion is increased. Since the reléase of 1131 from the
gland is graater jn the cold acclinated rabbit't‘nere is a

contradictisn. Tpus there seems 10 be an i=portant doubt

thrown on the basic assuagtion.

Joknson 2t al (61) fourd that the injection of

thyroxine did rot arfect the rate of release of 1131 from

Thus if the cold accli-

the gland in hyparthyroid aniralse.

pated anirals bkad such a large sécretio

be at 2 byperthyroid coniition ard injections

n rais they would be

approachirg oT
offect On the release rate of

of thyroxine woald have Do

hormone which, as seel, is not the ca2se.

The method of obtaining U and UP31131 is not too

exact as the extrapolation of points on @ curve is not alvays

correct; thus these galues could be quite erronedus. It was
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- also- found that detecting radioactivity in the PBI samples

was quite difficult and therefore the pp1d3l results are

very poor.

Another difficulty in this method is that the
amount of blood required is quite large. This means that
only larger animals can be used for this type of méasurement.

Rats cannot be used.

- One of the most puzzling observations is the de-

erease in P3I and B“I values when thyroxine is injected.

This decrease though not significant probably would be if
more animals were used. Hamolski and Freedberg (9% have

noted that T3 in sufficient dosag 2 usually results in a de-

crease in PBI; however Ty, in excess Tresults in an increase in
PBI. Since we did not give an excess of Ty we would not ex-

pect an jncrease but neither would we expect a decrease.

This discussion shows that there is still no good
method of measuring the absolute thyroid seeration ratee i
There are many aspects in the methods gescribed which should ‘

require more work for clarification.

In conclusion these experiments show that as far

as measuring the TSR in rats, the injection method 1is one of

the better methods although it seems to measure relative

rather than absolute amounts.
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