August 15, 1959

To the Graduate Council:

I am submitting herewith a thesis written by John J,

Sullivan entitled "The Effect of Feeding L-Thyroxine to
Dairy Cows Upon Plasma Protein-Bound Iodine and Fecal
Thyroxine," I recommend that it be accepted for nine
quarter hours of credit in partial fulfillment of the
requirements for the degree of Master of Secience, with a
major in Dairying.

?Aﬂc Z(/

Ma jor Professor

We have read this thesis
and recommend its acceptance:

shuis § Bl
27%}",97 R o

/
/

Accepted for the Council

Dean of the Graduate/School



THE EFFECT OF FEEDING L-~THYROXINE TO DAIRY COWS

UPON PLASMA PROTEIN-BOUND IODINE
AND FECAL THYROXINE

A THESIS

Submitted to
The Graduzge Counecil

The Univarsifg of Tennessee
Partial Fulfiliment of the Requirements
for the degree of
Master of Science

by
John J., Sullivan
August 1959



TABLE OF CONTENTS

MODUCTION.oooo-o-oocnoo.oooo

REVEWOFLIMMEc:o.oooqtoo-’t"c"
Anatomy of the Throid Gland . s ¢ ¢ 4 ¢ s & ¢ &

Synthesis of Thyroxine and Release « s 4 ¢ o +

Steady State of Thyrold Hormone s + s s's & & & &

Regulation of the Thyrold Glands « « o » « & « »
Nervous regulation o « o + o » & s o 5 o & »
Hormone regulation 4+ « o ¢ o s o o s o 5 & »
Factors Affecting Thyroid Activily ¢ o ¢ « « o »
Thyroxine .« .« » o s.¢ o 6. 6.8 6.5 s s 4 ¢ & &
Thiouracll 4 « s o o o o o ¢ ¢ 8 6 6 08 s 0 9
Iodine . s ¢ o s 2 08 0 0 5 e 00 8o o8
Environmental temperature .« s s o ¢ s s  » »
Age e bresd s s s o s n e s ssan s e
The Nature of the Circulating Hormone ¢ « « o »»
Metabolic Fate of Thyroxines s » o « s « s & » s

Absorption of Orally Administered Thyroidally
Active Compounds by Ruminants o+ « « o « ¢ ¢ »

Observations Upon the Stimulus to Lactation
of Cows Fed Thyroidally Active Compounds , «

Summary of Literature Review 4 s s » o ¢ s o » »
EKPERMMAL PROCEDURB & % 5 8 % 5 " " 8 9 e 0
Cows and Thyroxine Dosage Plan ¢ « « s« o s & o »

A5Z95%D

PAGE

Rg t= E; NV TN OO0t FOFOF DN N



EXPERIMENTAL PROCEDURE (continued)
" Collections of Feces and Blood « »+ « «
‘ Katerials a.nd Methods 4+ & s » » ¥ .8 @

 Preliminary aSSaysS e s « & o & o o o

Experimental assays « « s « ¢ » & & @

Example of Determining the Amount of
equivalent L-Thyroxine in the Feces .

RESULES o o a % 5 685 & & &

$ & 5 &5 B B »

Changing L-Thyroxine Dose-Level Weekly .

- Continuous Feeding of 110 mg. of L-Thyroxine
fOI'lSW‘m e & & » 8 » &

nxscnssmﬁ S o NN EY b
SODIARY s & 665 % as a0
Acmowmmm‘......
REFERENCES o o o o o ¢ » & o

-

* 9 "9

®« % & »

e & & @

-

L]

.

32

33

3%

38

39

41
1

45

52

56



LIST OF FIGURES
FIGURE PAGE

1., Average A.M.,, PsM., and daily temperatures

of room in which the effeet of summer

temperatures upon thyroid size of

thiouracilefed chicks was observed , « « « « » 37
2+ Thyroidal activity in feces of a cow fed

L-thyroxine and the Lethyroxine

standard o« o« o » o ¢ 4 4 s 0 6 0 880800 WO
3. Effect of feeding L-thyroxine upon plasma

and fecal thyroxine of cow 23 « o & o o o« o s 42
4, Effect of feeding Lethyroxine upon plasma and

fecal thyroxine of ¢ow 51 4 « o s « s ¢ » ¢« s 43
5« Effect of feeding 110 mg. of Le-thyroxine upon

plasma and fecal thyroxine of identical

twin cows (9 and 10) o o « ¢ o ¢ o o s s ¢ ¢+ 46



INTRODUCTION

When thyroactive compounds are fed to lactating cows,
milk production increases, Observations have shown,
however, that the production stimulus is temporary, and
subsequently a decrease in persistency of milk production
results, It has been shown that plasma protein-~bound iodine
and excretion of thyroidally active compounds are good
indicators of the metabolism of thyroxine, This study was
made to determine the effect of Le~thyroxine dose-level and
length of time it is fed to lactating cows upon the amounts
of thyroxine equivalents in the blood and feces.,



REVIEW OF LITERATURE

Anatomy of the Thyroid Gland

There is a thyrold gland in all vertebrates, with the
normal size varying between specles roughly proportional to
body weight, The vascular supply is very rich, and
innervation abundant. Mieroscopically, the gland is
composed of spheroidal structures, called folliecles, aeini,
or alveoli, surrounded by connective tissue, The follicles
are lined by a secretory epithelium composed of a single
layer of cells and a lumen which contains a secretion called

eolloid (13).

Synthesis of Thyroxine and Release
Tetraiodothyronine (hereafter called thyroxine) was

first isolated from the thyroid tissue in 191% (28),
Harrington and Salter (22) in 1930 improved the technique of
extraction of thyroxine and obtained sufficient yield to
determine the empirical formula C35H110,NI)y, the strueture,
and the fact that it is levorotatory (L*),.

Circulating iodide originating from the diet and
iodide from the breakdown of iodinated products of the
thyroid are trapped and concentrated by the thyroid follicle
(17, 24, 42), The mechanism of iodide-trapping has been
found to be independent of its organic binding, Thiouraecil-
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treated rats, in which thyroxine synthesis is blocked, were

injected with inorganic iodide, and a linear relationship
was found in the curves depicting inorganic iodide concen-
tration in the plasma and the goitrous thyroid, with the
latter at intervals having 200 to 300 times greater concen=-
tration than the plasma, The linear relationship
demonstrated that thyroid iodide concentration depends upon
plasma iodide concentration (51).

Along with thyroxine, diiodotyrosine and monoiodo-
tyrosiney all of which are amino acids, have been identified
in the thyroid gland (19). It is believed that thyroxine
synthesis occurs with the oxidation of iodide to iodine, the
iodination of tyrosine to monoiodotyrosine followed by
diiodotyrosine, and the oxidative uniting of two molecules of
diiodotyrosine to form thyroxine with the loss of one molecule
of alpha-aminopropionic acid., The resulting amino acids
combine with other amino acids to form thyroglebulin, and
this is stored in the lumen of the follicle as colloid (9, 35).
Tissue organization was found to be of most importance in
the in yitro conversion of inorganic iodide to diiodotyrosine
and thyroxine, Little formation of either compound was
observed when tissue organization was disrupted by homogeni-
zation, a finding that suggests the participation of an intra-
cellular enzyme system in these syntheses (40),

Thyroglobulin per se does not appear in the blood

stream; hence some mechanism of release of the thyroid hormone
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must be present, De Robertis (1l1l) reported that the colloid

of the thyroid follicles contained a proteolytic enzyme, He
suggested the hypothesis that thyroglobulin is hydrolyzed in
the lumen of the follicles and that the smaller molecules
resulting become available for transport through the
follicular walls into eireulation,

Steady State of Thyroid Hormone

Dougherty et al. (12) showed that the uptake of iodine
and release of hormonal iodine are in a steady state., When
rats were injected with radioactive iodine, it was found
that on & low or normal iodine diet, the uptake and release
of iodine-containing hormone occurred simultaneously,
continuously, and at an approximately constant rate,

With normal humans, Inbar and Freinkel (25) found that
the rate of disappearance of thyroxine from the blood stream
due to peripheral degradation and the rate of release of
thyroxine from the thyroid gland were almost the same, A

correlation of 0.84% £ 0,19 was found between the two rates,

Regulation of the Ihyroid Gland
Hervous regulation. Williams (63) transplanted thyroid
tissue into the ears of rabbits., wWhen stained sections of

a graft 49 days old with no nerves were compared with sections
of normal thyroids, no significant histological difference
was noted. Uotila (61) confirmed this observation by
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removing the nerves to the thyroid gland in rats, He found

that nerves were not necessary for a continued histologically
normal thyroid funection,

Hormone regulation. Following hypophysectomy of rats
a fall in metabolic rate was observed by Smith (48). When
the rats were treated with transplants of anterior pituitary
or dessicated thyroild, the metabolie rate was inecreased, On
the basis of these and other similar studies, there is general
agreement that the anterior pituitary seeretes a hormone
which specifically stimulates the thyroid gland; and this
has been called thyroid-stimulating hormone, thyrotrophic
hormone, or thyrotrophin,

Leblond and Sue (3%) observed that hypophysectomized
rats concentrated much less of the administered tracer iodine
in their thyroids than did intaet controls. Also noted was
that the thyrolds of guinea pigs previously treated with
thyrotrophin trapped more iodine in their thyroids than un-
treated controls.

Taurog et al. (56) injected normal and hypophysectomized
rats with 1+31 and then measured radiocactive thyroxine in
the gland, It was found that hypophysectomy reduced thyroid
thyroxine, but it was inecreased within seven hours after a
large injection of thyrotrophin., Three injections of
thyrotrophin restored the i3l thyroxine content of newlye

formed thyroglobulin almost to normal,
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Keating gt al. (27) injected I31 into cockerels and

measured the normal rate, and the rate with injections of
thyrotrophin, at whieh 1131 yas released from the gland,
This was done to obtain a measure of the thyroid hormone
secreted by the gland, It was found that thyrotrophin
produced a prompt acceleration in the rate of loss of iodine
previously stored in the thyroid.

Factors Affecting Thyroid Activity

Thyroxine., Pipes and Ruppert (43) administered 1i31
to dairy cattle and measured its release from the gland,
presumably thyroid hormone secretion, It was found that a
single intravenous dose of 0,5 mg., of Lethyroxine per 100
1b, of body weight inhibited thyroid activity for 3 to 4 days
in mature animals., Astwood (5) found that atrophy of the
gland resulted if thyroxine treatment was continued long
enough.

Thiouraecil., This drug and others have been shown to
prevent thyroxine synthesis by the thyroid gland, The
anatomical changes that oeceur in the thyroild gland following
the administration of thiouracil are a rapid development of
- hypertrophy and hyperplasia. These changes were found to be
identical with those following the administration of thyro-
trophin, This was taken to mean that the golitrous thyroid
following the administration of thiouracil resulted from the



action of thyrotrophin (5, 29).
Iodine., A dietary deficiency in lodine and a conse=-

quent deflelency in thyroid hormone synthesis lead to compen-
satory changeés in the thyroid similayr to those resulting from
thiouracil, In contrast, if there is a dietary excess of
iodineythyroid hormone synthesis is reduced and the thyroid
gland atrophies (5, 64),

Environmental temperature, Uotila (61) observed with
normal rats that exposure to cold (5° to 6°¢.) resulted in
an inereased output of thyroid hormone by the thyroid, The
basal metabolism was Increased so that a fatal drop in body
temperatﬁre was prevented, This did not occur with hypophy-
sectomized rats; thyrold atrophy occurred which could not
be compensated by cold stimulation. Therefore, it was
concluded that there 1s a nervous stimulation of the anterior
pitultary that causes it to release thyrotophin and that
the hormone stimulates the thyroid.

Dempsey and Astwood (10) administered ad libitum
thiouraeil as 0,1 per cent solution in the drinking water of
rats, Graded doses of Dy Lethyroxine were injected daily;
and as dose increased, the thyroid became smaller. The dose
that maintained a normal thyroid weight was interpreted as
the normal daily D, L~thyroxine secretion rate., This
technique for determining the thyroid hormone secretion rate
- is called the goiter-prevention method, The D, L«thyroxine



_secretion rate was determined at various environmental
temperatures., It was found that at 33.8° % 1%,, 9.5 meg.
of D, L-thyroxine daily were necessary to maintain normal
thyroid weight, At 950 % i??., only 1,7 meg. of D, L~
thyroiine daily were necessary to maintain normal thyroid
weight.

Using what is called the extrapolation technique,
many workers have estimated the thyroid activity under
seasonal environments. This method, different from the
preceding one, does not require destroying the animal, It
inwnlwves the intravenous injection of 1131, followed by the
oral administration of thiouracil to prevent reutilization
of 1131 by the thyroid gland, Direct counts of radicactivity
in the thyroid region are made while daily injections of Le-
thyroxine in increasing levels are given. The thyroid hormone
secretion rate is then measured as thé amount of Lethyroxine
that must be given daily to suppress the output of previously
collected 131 from the gland, The thyroid secretion rates,
expressed as mg. Lethyroxine per 100 1lb, of body weight,
found with dairy cattle are 0.2 to 0,7 in the winter and 0.1
to 0,3 in the summer (W4); 0,077 to 0,195 in the fall and
0.070 to 0,205 in the spring (21).

Freinkel and Lewis (15) studied the effect of lowered
environmental temperature upon peripheral tissue degradation
of injected I+3}.labeled L-thyroxine in sheep. The temperature



difference was produced by using sheep that were shorn and
others unshorn. Disappearance of labeled Le-thyroxine from
the blood stream occurred at two rates. The first
disappearance rate was very quick, and this was attributed
to the distribution of the thyroxine into tissues and fluids,
The second disappearance rate was much slower and was
attributed to the peripheral metabolic destruction and
excretion of thyroxine, It was found that the biological
half-1ife in the shorn sheep averaged 25 hours while that in
the unshorn sheep averaged 38 hours., The enhanced rate of
thyroxine degradation in shorn sheep was accompanied by
significant histological evidence of thyroidal hypertrophy.
They also found that a reduced environmental temperature
lowered the eirculating protein~bound iodine (PBI) in
athyroidal animals maintained on constant amounts of exogenous
hormone while it did not change significantly in normal
animals subjected to the same environment,

Age and breed., Using the extrapolation technique upon
dairy cattle, Johnson and Cheng (26) found a gradual increase
in the secretion rate from one month to one year of age.

‘The greatest increase occurred up to three months of age,
With constant environmental temperatures of 50 or 80°F.,
Jersey ¢alves maintained higher thyrold activity than Holstein

-and Brown Swiss calves,



Ihe Nature of the Circulating Hormone
Taurog and Chaikoff (52) demonstrated that the e¢ircu-

lating hormone c¢an be precipitated with the plasma proteins.
When crystalline thyroxine was added to plasma, it behaved
like the naturally-oceurring PBI under various chemical :
treatments, such as being soluble in butanol, When this
method was used, 80 per cent of the added thyroxine was

recovered; therefore, it was suggested that 80 per cent of the

eirculating hormone aets like thyroxine,

By the use of paper chromotography and the injeetion
of 1131 Tong et al. (59) found two lodine-centaining
components in the blood of normal rats. These were identi-
fied as thyroxine and inorganic iodide by comparing their
position on the chromatograms with those made with known
thyroxine and inorganic iodide. Monoliodothyrosine and
diiodotyrosine were not found in the plasma of normal rats,.
Taurog ot als, (53) by the same method as above, determined
that 10 to 15 per cent of the radioiodine in rat plasma was
in the form of inorganic iodide whilé 85 to 90 per cent was
thyroxine,

Gordon et al. (16) added thyroxine to plasma and it
became protein bound, The resulting thyroxine complex
behaved in electrophoresis like the thyroid hormone,

Larson and Albright (30) demonstrated that the c¢circu-
lating hormone associated with a specific alpha globulin, It
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was found that the amino, carboxyl, and phenolic groups were

essential for the binding of thyroxine, with the amino group
being the most significant although this also was a weak
bond, Triifodothyronine was found to have less affinity for
this protein.

Metabolic Fate of Thyroxine
Gross and Leblond (17) injected intravenously a large

dose (0,8 mg.) of 1131-1abeled Dy Lethyroxine into rats and
studied its distribution in the orgams and tissues. Two
hours following the injection, not more than an average of
2 per cent of the radioactivity was detectable in the entire
volume of eirculating plasma, but an average of more than 50
per cent of 1t was detected in the gastrointestinal tract
(stomach and intestines), liver, and pancreas, The 1131 was
still mainly in the form of thyroxine except in the stomach,
where it was demonstrated as iodide, In addition, significant
radiocactivity concentration was shown in the kidneys, lungs,
adrenals, ovaries, and lymphatic tissue, Twenty~four hours
following the injection, an average of 380 per cent ;f the
dose was found in the feces; and approximately one-half of
the fecal 1131 was butanol soluble, presumably thyroxine, An
average of 1l per cent of the dose was determined as inorganie
iodine in the urine,

These investigators also demonstrated that the route
of entry of thyroxine into the gastrointestinal tract was
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mostly by way of the liver and bile duct, Segments of the
gastrointestinal tract and the bile duet were ligated, This
resulted in an inecrease in the radioactivity of the liver and
blood, while a corresponding decrease in radioactivity was
found in the intestine,

In another experiment Gross and Leblond (18) injected
}_1abeled Lethyroxine
into rats. Distribution was found to be similar to that

intravenously 0,01 to 20 meg. of 113

reported in the preceding experiment, although in lower
proportions, As the dose increased, both the percentage of
the dose excreted in the feces and the proportion present
as thyroxine-like material increased, Tracer doses were
excreted in both urine and feces, mostly in a non-thyroxine
form, and 75 per cent was destroyed in 24 hours,

Monroe and Turner (39) using the goiter-prevention
method, analyzed urine and feces of thyroxine-injected goats
for thyroidal activity, The goats were injected subcutane
eously with 10 mg. of D, L-thyroxine daily for a period of
10 days. Chicks were used for the assay, and the addition
of thiouracil to the normal ration caused marked hypertrophy
of their thyroid glands., The inclusion of normal goat urine
or feces in the feed of the chicks did not counteract the
hypertrophy. It was concluded, therefore, that thyroxine per
se 1s not normally excreted in significant amounts, Feces

collected from the treated goats during the first five days
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of the injection period made only a slight reduction in
thyroid size, The feces collected during the second five
days of the injection period caused a marked reduction in
thyroid size., It was suggested that the difference observed
may have been the result of some initial retention of the
hormone or of a greater amount of hormone destruction in the
first five days. Urine from treated goats did not counteract
the hypertrophy. It was suggested that thyroid hormone
destruetion predominated over excretion, since only 5 per
cent of the injected dose of D, L-thyroxine was accounted
for in the feces,

Monroe and Turner (39) also injected single, increasing
doses of D, L-thyroxine into thiouracil-fed chicks, The time
between the injection and the appearance of known effects of
thiouracil was prolonged with inereasing doses of Dy L~
thyroxine up to a certain dose, beyond which the time interval
remained the same, It was suggested that dosages above the
normal level stimulate mechanisms, probably in the liver,
to destroy increasing amounts of the hormone.

Taurog et al. (54) injected I*3l.labeled L-thyroxine
into rats. Upon the intravenous injection of 100 meg.,
more than 70 per cent of the injected dose appeared in the
bile in 26 hours, Following intravenous injection of 15 meg.,
50 per cent was recovered in 2% hours, In view of this it
was suggested that large doses of thyroxine are more rapidly

metabolized., During the first hour after an intravenous
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injection, practically all the 1131 that appeared in the
bile was in the form of thyroxine, as determined by paper
chromatography. However, during the second hour after an
intravenous injection and during the first hour after a
subcutaneous injection, the labeled thyroxine appeared mostly
in the form of an unidentified component which these
workers designated as compound U,

Albert and Keating (3) injected intravenously
physiologlcal quantities (0,295 and 0,6 meg.) of Il3l~1abeled
L-thyroxine into rats, One minute after injection 38 per
cent of the radicactivity was in the entire blood volume,

30 per cent in the liver, 94,5 per cent in the gastrointestinal
tract, and the remainder in the rest of the carcass, Follow-
ing the initial distribution, radicactivity inereased in the
gastrointestinal tract, due to 4iffusion chlefly by way of
the bile, but also by direet seeretion as shown by the initial
distribution, For the first few hours after injection, the

9

ratio of liver to blood concentrations remained about the
same, although they both went down, Following equilibrium

with the gastrointestinal tract, the liver was observed to
concentrate thyroxine, for there was an accumulation of
radiocactivity which was greater than that in the blood.

After 16 hours, the liver contained more than one-half of the
total radicactivity in the body. Reabsorption of thyroxine
or 1131 from the intestines and the rapidity at which this
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oceurs were emphasized by the faect that more than 100 per cent
of the radiocactivity was secreted into the intestines per
hour while only 3 per cent per hour left the intestines in
the feces.

Albert et al. (2) reported on the absorption of thyroxine
from isolated portions of the gastrointestinal tract of the
rat., Using 1131 1abeled L-thyroxine, these workers reported
20-25 per cent absorption from the small intestine.

Taurog et al. (55) injected subcutanecusly 80 meg. of
1131 1abeled Lethyroxine into rats., The radioactive iodine
in the 0 to 21 hours' sample of urine was 95 per cent in-
organic iodine and § per cent compound U, as shown by paper
ehromatography. The O to Y& hours' sample of bile accounted
for 50 to 60 per cent of the injected 1131, while after 44
hours the feces contained 42 to 48 per cent of the injected
1131. Therefore, it appears that there was a small amount of
reabsorption, since the amount of injected x131 appearing in the
feces was smaller than the amount that appeared in the bile,
Chromatograms of the feces showed that they contained
considerable amounts of inorganic radioactive iodine. Thyroxine
was also shown to be present, but compound U was completely
absent, Since it is known that the most common detoxifying
agent of phenolic compounds in the animal bedy is glucuronic
acid, compound U was treated with the enzyme /Q-glumzronidase.
The results showed that it was very aetive in splitting the
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excretion product of the blle, with the formation of thyroxine,
suggesting that compound U is a glucuronide of thyroxine.
Intestinal contents removed from the lower small intestine
and from the large intestine had the same éftect, while
enzymes of the upper intestinal tract did not, It was
hypothesized that Escherichia coli, which are present in the
lower intestinal tract, could act as a plentiful source of
P-glucuronidase, Physiological doses of I 5+
thyroxine showed bile 1131 in the form of compound U, and it

was suggested that this might be a normal physiological

-labelad’Ln

process,

These workers also incubated tissue slices of liver,
kidney, spleen, heart, diaphragm, and brain, to which were
added 2,5 meg. of 1331.3abeled L-thyroxine, After 2 hours,
formation of largelamcunts of compound U had occurred in the
liver slices. Activity was also noted in the kidney slices,
but all other tissues gave negative results,

" Briggs et al. (7) obtained bile from rats injected with
100 to 125 meg. of I13l.labeled L-thyroxine which contained
both compound U (approximately two-thirds) and thyroxine
(approximately one-third) as revealed by paper chromafography.
This was slowly infused by way of the bile duct into the
duodenuna of reeipient rats, and approximately 30 per cent of
the radicactivity ﬁas absorbed, The bile secreted by the
recipient rats contained approximately one-third of the
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absorbed radioactivity, which meant that of the iodine |
secreted into the bile following the injection of thyroxine,
only about 10 per cent underwent enterohepatic circulation,

' In another experiment, Briggs gt al. (7) added purified
samples of I131—thyroxine or 1131—compound U from bile to
nonradicactive bile. The bile containing added I+3lathyroxine
was infused into the duodenuna of recipient rats by way of
the blle duet., The absorption of Il3l—thyroxine varied from
41 to 69 per cent, and the bile collected contained 17 to 31
per cent of the administered 1131. In like manner with the
bile containing I+ -labeled compound U, I3 was absorbed to
the extent of 2% to 40 per cent and the bile collected contained
9,6 to 20,3 per cent of the administered It3l,

0'Neal (41) injected intravenously D, L-thyroxine in
thyroidectomized dogs. The disappearance rates of plasma PBI
into its volume of distribution were not significantly
different upon the injection of 500 or 5000 meg. of thyroxine,
Disappearance of PBI due to metabolic destruction and
exeretion upon the injection of 500 and 5000 mcge. or.thyraxine,
however, resulted in an average half-life of 24,6 and 9.4
hours respectively, At 50 hours the dogs had disposed of el
per cent of the larger dose and 754 per cent of the smaller
dose. It was suggested that the dog is able to rid itself
of excess hormone because of the increased rate of disposal

of the large dose of thyroxine from the blood stream,




Aside from thyroxine and iodide Gross and Pitt-

Rivers (20) found that two other unidentified compounds
existed in the body and identified one as L-triiodothyronine.
Experimental avidepce since has shown that deiodination of
thyroxine to triiodothyronine took place in rat kidney slices
in wvitro (4). Trilodothyronine has been found to be more
active metabolically than thyroxine, and it was hypothesized
that this may be the active form of the thyroid hormone at
the cellular level (23).

Van Arsdel et al., (62) injected intravenously 5 to 8
microcuries of It3l.lazbeled L-thyroxine and 113l.labeled L~
triiodothyronine into rats, At intervals studied, the
concentration of triiodothyronine in plasma was much lower
than thet of thyroxine; and somewhat lower also in the liver,
except within 5 minutes after administration when 1t was
significantly higher. Triiodothyronine was present in higher
concentrations in kidney tissue and skeletal muscle during
the first 12 hours after administration when its concentration
. dropped to below that of thyroxine, It was also noted that
thyroxine concentration in the liver increased to levels
above the plasma 3 to 6 days following the administration
of labeled thyroxine. '

Flock et al. (14) studied the metabolism of Le~thyroxine
and L-triiodothyronine in the dehepatized dog. Deiodination

was markedly diminished, The total agount of I131 exereted
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in the urine by the deh@patized dog was found to be sbout

the same as in the normal dog, though very little was :
excreted as inorganie iodide., Larger amounts of intermediary
compounds were found in the tissues and uvrine of the
dehepatized dog. However, the presence of radioactive
inorganic iodide in tissues suggested that extrahepatiec
tissues have a potential deiodination capacity, for they
were able to deiodinate about the same percentage of injected
compound, whether 25 meg. or 25 mg. doses were given.
Thyroxine, inorganic iodide, and an unidentified compound
vere excreted in the urine by the dehepatized dog after the
administration of thyroxine, but the most abundant compound
was the glucuronide of thyroxine, In contrast; the urine
of dehepatized dogs injected with trilodothyronine contained
a large amount of inorganic lodide, with small amounts of
both free triiodothyronine and glucurenide of triiocdothyronine,
although the most abundant compound in the urine was the same
unidentified compound mentioned previously, The urine from
normel dogs injected with both compounds contained large
amounts of inorganic ilodide. Within the first few howrs
after thyroxine administration, however, sometimes free
thyroxine was excreted.

Reports have appesred recently that tetraiocdothyro-
pyruvie acid and triiodothyropyruviec acid have been found in
bile and urine of rats. Roche gt al. (45) stated that this
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probably occurred by deiodination and oxidative deamination

of the alanine residue of the thyroid hormone through an
enzyme system, Continued experimentation was carried on
to determine if there was further degradation, Thyroid-
ectomized rats were injected with physiological doses of

Il3l-labeled Letrilodothyronine, Analysis of kidney tissue

extracts revealed that the injected hormone and three of its
derivatives were present: iodide, dliodothyronine, and
triiodothyroacetic acid. It was suggested that diiodothyronine
was produced by deiodination of trilodothyronine and that
trilodothyroacetic acid was produced by oxidative decarboxy-
lation of triiodothyropyruvic acid. The presence of
diiodothyronine has speclial significance because it can be
destroyed by oxidases effective on thyronine and on moniodo-
thyronine, but not on thyroxine and trilodothyronine,
Therefore, a hypothesis for the metabolism of thyroid hormones
was suggested; 1t may take two pathways, delodination
followed by rupture of the phenoxy bond, with or without
oxidative degradation of the alanine residue,

Tomita et al. (58) demonstrated the enzymatie conversion
of thyroxine to tetralodothyroacetic acid and triiodo~-
thyroacetic acid by the mitochondrial fraction of the kidney
of the rat.

Berker (6) compared the metabolic activity resulting
from pharmacologic doses of L-trilodothyronine, L;thyraxine,
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and L-triiodothyrocacetic acid administered to rats 4 days

premortem, Triiodothyrvacetic acid was aboul a guerter more
active than thyroxine, but far short of triledothyronine,
vhich was more than four times as active as thyroxine,

Larson apd Albright (31) injected 0,01 meg, each of
131 10beled L-thyroxine, I*3l-lsbeled L-triicdothyronine,
and 1%31.1gbeled L-trilodothyroacetic acid into rats and
studied their distribution, The experiment revesled that
triiodothyronine and triicdothyreoscetlc acid left the plasma
much more rapldly than thyroxine, Trilodothyronine rsached
high levels in the kidney, liver, heart, and sgkeletal
muscle, while trilodothyrcacetic ascid accumulated only in
the liver, The initial levels were higher than thyroxlne,
but rapidly fell to a lower conecentration, More trilodo-
thyroacetic acid was excreted unchanged in the feces than in
the urine, Approximately 19 per cent was delodinated and
the lodide was excreted in the urine, Almost the same
amount of trileodothyronine was excreted unchanged in the
urine and feces, but 55 per cent was deiodinated and appeared
as iodidse in the urine., Since triiodothyroacetic acid was
not observed in the tissues studied, it was suggested that
this may be the recason for the weak metabolic effect
exhibited by administration of exogenous trilodothyroacetie
aeid.



Turner and Reineke (60) studied the effect of the
route of administration of thyroidally active compounds
upon their utilization., The physiological effect was
measured by the decline in body weight of sheep during a
two-week period. Thyreprotein was administered subcutan-
eously and orally. It was found that 5 per cent of the
thyroxine in the thyroprst:in sbsorbed from a subeutaneous

injection was absorbed from the digestive tract following
oral administration. Repeating the same comparison with
Dy L-thyroxine, 1t was observed that the oral adminis-
tration was 12.5 per cent as effective as the subcutaneous
route. Preparations of thyroprotein were administered
directly into the abomasum of sheep and this method was
compared with administretion by mouth to determine the
destruction of thyroprotein by the rumen. Body weight
reduction was the same in both cases, whereupon it was cone
cluded that the low oral biologlcal value of thyroprotein
was uot due to destruction in the rumen, ‘
Monroe and Turner (39) fed 1.5 gm, of thyroprotein,
containing 25.5 mg. D, Lethyroxine to goats, daily for three
weeks, During this period the feces were collected and
assayed for thyroidal activity, using the goiter-prevention
method with chicks, The difference in activity between the
thyroprotein in the feed and that in the feces was taken to



indicate the extent of absorption or metabolism of the

thyroprotein, This was found to be between 78 and 33 per
cent in terms of an equivalent emount of Dy Lethyroxine,

Mixner and Lennon (37) fed a single dose of 29 gm.
of thyroprotein, containing 265 mg. of thyroxine, to
lactating Holstein cows., At a different time the cows were
injacted intravepously with Le~thyroxine. The PBI increase
per milligram of thyroxzine administered was determined for
the thyroxine from both sources., The injected thyroxine
was rated as 100 per cent efficilent, and the relative mean
efficiency of absorption of the thyroxine in thyroprotein
was caleulated to be 12,3 ¥ 1,33 per cent.

Mizner and Lennon (38) in the same manner studied

the absorption of L-thyroxzine and thyroxine in thyroglobulin,

8ingle doses of 24M4.8 or 367.2 ng. of Lethyroxine and 1000

or 750 mg. of thyroglobulin were administered to one Guarnsey

and four Holstein lactating cows in veterinary cepsules,

The mean oral efficleney of absorption of thyroxine was 11,62

per cent and of thyroglobulin was 15,68 per cent,

Seath et al. (47) fed thyroprotein to dairy cows from
approximately the fifth through the last month of lactation,
Dosages fed were 12 to 20 gm, dally, depending on initial

body weight, response to milk preduction, and changes in body
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weight, An inerease in milk production was obtained for the
first five and six weeks of treatment; but following this,

control cows averaged higher in preoduction. An average body
weight loss of 32 1b, occurred during the first 8 weeks,
and then the average weight held constant among the treated
 cows, During the same period the control cows gained 36 1b.

Reece (46) fed dairy cows, past their lactational
peaks, 15 gm, of thyroprotein daily for 12 or ﬁore weeks,
An increase in milk production was observed, with the
highest weekly average production occurring during the
second week of thyroprotein feeding. A gradual decrease
followed, until the tenth week when daily milk productiocn
was nearly identical to that of the week prior to thyro-
protein feeding.

Leech (32) fed 15, 20, and 25 gm., of thyroprotein per
day to dairy cows., Treatment was generally started 12
weeks after calving and continued until the cow went dry,
but in any case for not longer than 23 weeks. Milk ylelds
of the treated groups exceeded the control group and were
greatest during the third to fifth week of treatment,
Response to the 15 and 20 gm. doses then gradually decreased,
and vanished after 11 weeks of treatment, In contrast, the
groups of cows receiving 25 gm. appeared to maintain a gain
in milk yield so long as the treatment continued. There
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was, however, a slight decrease in production following
the initial response, and thereafter the decline was
parallel to that of the control cows. Because milk yield
response disappeared with the lower dosage levels of
thyroprotein, it was explained that these doses cancelled
thyroid activity and, therefore, were not effecting a
permanent inerease in metabolic rate, If milk yield is a
function of metabolic rate per se, then a permanent
increase in milk production would not be expected in the
presence of a normal metabolic rate, It was postulated
that with 25 gm., a deactivation of the thyroid gland as
well as a rise in blood thyroxine would result in a
permanent rise in milk yleld., Body weight loss was found to
be approximately proportional to dose given., This effect
was found to pass off by the end of 23 weeks of treatment,
vhen the body weight of treated animals equalled that of
control animals,

Swanson (49) fed 15 gm. of thyroprotein to dairy cows
per day, starting when a definite decline in milk production
oceurred and continuing until the end of lactation, Concen-
trates were fed to treated animals to maintain uniform
physical condition of all cows, A peak mlilk response was
noted in the third and fourth week, which declined to
control levels by the tenth week of treatment. Although

the concentrate ration was increased, a body welght loss
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occurred in the treated animals, Welght gains were resumed
when the production stimulus was no longer in effect,
Histologically, the thyroid glands of treated cows were
almost inactive,

Thomas and Moore (57) fed thyroprotein to dairy
cows, from approximately the second through the last month
of lactation, Extra feed was given to both treated and
untreated animalss An inerease in milk production and a
decrease in body weight was observed in the animals
treated, Treated cows lost an average of 2% 1lb., while
control cows gained an average of 9% lb. The treated
animals began gaining body weight, however, when the pro-
duction stimulus declined,

Aitken et al. (1) started feeding 20 gm, of thyro-
protein or 80 mg, of Lethyroxine at the beginning of the
seventeenth week of lactation to Red Polls and Ayrshires.
The thyroxine was fed for 15 weeks and was gradually withe
drawn during the last 3 weeks, Feed was provided in excess
of production requirements, Milk production 1ncfeased to
a maximum between the fourth and fifth week of treatment.
Thereafter, an accelerated reduction in yield followed,
With the Red Polls, however, the decline was not as great,
The Ayrshires lost weight during the treatment period;
the Polls gained, but considerably less than did the
controls, It was suggested that the lesser decrease in

milk production during treatment was due to the Red Polls’



being fleshier, so that there was an extra reserve

available for conversion to milk, The fact that the
hormonal effect had diminished half way through the treate
ment prompted the suggestion that a natural reaction of
the organism occurs to offset the excessive drain from
body reserves caused by the enhanced yield, It was
suggested that such a compensating effect might operate

at all except excessive levels of administration,

The effect of feeding various levels of L-thyroxine
upon milk production was reported in a thesis by Miller
(36). The dosages fed were 60, 80, and 100 mg, per day.
The cows were fed one of the dose~levels for 20 days,
followed by no treatment for 10 days; and the remaining
two dose~levels were fed and stopped in the same time
sequences, In another experiment, 100, 120, and 140 mg,
were compared in the same manner, The results showed that
the 20«day response of increased milk production was
correlated to dosage up to the 100 mg, level, beyond which

the response was no greater than at the 100 mg., levels

Summary of Literature Review
Thyroxine, which is an amino acid, is synthesized

under the influence of intracellular enzymes by the
iodination of tyrosine and the coupling of two diiodotyro=-
sine molecules, After thyroxine 1s synthesized it either
goes directly into circulation or is stored in the lumen
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of the thyrold follicle in a protein complex, the thyro-
globulin,

Thyrotrophin, a hormone produced by the anterior
pituitary, regulates the ability of the thyroid to concen-
trate iodide from circulation, to syntheslize, and to dis-

charge thyroid hormone, There is a system of balances
also regulating thyroid activity. High amounts of e¢ircu-
lating iodine and thyroxine suppress thyroid activity and
eventually cause thyroid atrophy or reduced activity, With
low amounts of circulating iodine and subsequently low
production of thyroxine, thyrold hypertrophy and hyperplasia
will result in an effort to overcome the deficiency. This
same thyroid condition occurs upon the administration of
thiouraeil, which blocks thyroxine synthesis, In both
cases it has been shown to be due to an increased production
of thyrotrophin, Moreover, thyroid gland activity variles
inversely with environmental temperature. The effect.of
environmental temperature results from a nervous stimulation
of the anterior pituitary in the production of thyrotrophin,
Most of the eirculating protein-bound iodine is in
the form of L-thyroxine which is weakly associated with
the alpha globulin,
Concerning the metabolic fate of thyroxine, it is
deiodinated in the tissues, primarily in the liver, with
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deiodination possibly followed by the rupture of the phenoxy
bond of the thyroxine molecule, Degradation of the alanine
residue of thyroxine and its intermediate, triiodothyronine,
to their pyruvic and acetic analogues has been observed,
and it is a matter of conjecture whether these are the
active forms of the hormone at the cellular level, Thyroxine
and its intermediates that escape destruction are conjugated
(as glucuronides) by the liver, excreted in the bile with
inorganic iodide, and then either absorbed or excreted in
the feces, The conjugates, however, are hydrolyzed to
the free state before excretion in the feces, whereas they
are not when excreted in the urine, With endogenous and
physiologicél doses of thyroxine, in contrast to large doses,
the most abundant compound excreted is inorganic iodide with
very little of thyroxine and its intermediates, The evidence
indicates that the animal body is able to rid itself of
excess thyroxine, An increased rate of ¢1sposal from the
blood stream and in the feces and urine has been observed
with large doses.

Oral administration of thyroidally active compounds
is not as effective as administration by injection, The
figures on absorption by ruminants are complicated by the
facts that some hormone destruction occurs in the gastro-

intestinal tract, that absorbed hormone may be excreted back
through the intestinal wall, and that the hormone may undergo
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enterohepatic circulation and then be excreted directly or

reabsorbed,

Upon the feeding of'thyroidally active compounds to
dairy cows, an increase in milk production ocecurs, followed
by a decline, The decrease in milk production is more
rapid than in normal lactation, suggesting a reduction in
persistency, The evidence indicates that this is due to a
compensating physiologiecal reaction in the cowj but whether
this reaction is due to an excessive loss in body weight

or to the effects of the thyroactive substances or secondary

hormone effects is not known.



EXPERIMENTAL PROCEDURE

Studies of the plasme protein-bound iodine and
exceretion of thyroidally active material were made with Le
thyroxine~fed dairy cows in the University of Tennessee herd,
The purpose of the study was to determine the effeet of dose-
level and length of time thyroxine is fed to cows upon the
amounts of thyroxine equivalents in blood and feces,

Cows and Thyroxine Dosage Plan

Four lactating cows, one set of identical Guernsey
twins (nos, 9 and 10), one Jersey (no, 23) and one Jersey-
Holsteln eross (no, 51), were administered oral doses of
sodium Lethyroxine (hereafter referred to as thyroxine)
during the summer months, The twins (9 and 10) were fed
110 mg. per day for 15 weeks. The two other cows (23 and 51)
were fed varying daily dosages of thyroxine with the level
changed weelklys they were started at 60 mg, per day for the
first week, with 80, 100, 120, 140, 160, 100, 80, and 80 mg.
following in consecutive weeks, The twins were 6 years old

ment was started the 140th and 175th day of lactation with
cows 9 and 10 respectively., Cow 23 was 7 years old and in

the fourth lactation., This cow had had mastitls several

times previous to thyroxine treatment, which started the 132nd

|
and in their fourth lactation during this experiment. Treat- ‘
day of lactation, Cow 51 was 2 years old and in the first
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lactation, Treatment started the 133rd day of lactation,
The physical condition of all the cows was good at the
beginning of treatment, The thyroxine was first mixed in

corn starch, which was then mixed with soybean meal both
for the purpose of diluting the thyroxine., One half of
the daily dose for each cow was weighed out and put in
separate small envelopes, and one of these half-doses was
fed along with the regular grain ration at the morning,
and one at the evening milking (12 hr, intervals).

gollections of Feces and Blood

‘ During collections of feces the cows were kept in
tie 3talls a2ad were fed a good quality hay. Feces from
cows 9 ahd 10 were collected for a'2k—hour period once a
month., From 23 and 51, weekly collections were made during
the last 24 hours they were on each particular dosage level,
Feces were also collected from the cows before and after
feeding of thyroxine, After each collection period, the
feces from each cow were weighed separately wet, and about
half of the total was weighed into shallow pans, They were
then dried in a forced-air oven at 45°C,, after which an
air-dry weight was taken, From the weight of the wet and
air-dpy feces, an alr-dry percentage was calculated., This
was multiplied by the total wet feces excreted, and the
total air-dry weight of the feces was determined, The dried
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feces were ground in a Wiley Mill, labeled, and stored in
paper bags until assayed.

During the afternoon of each feces collection peried,
about 10 ml. of blood were collected from the jugular vein
of each cow into a test tube eontaining 0,05 ce, of heparin
solution, Plasma from this blood was used for PBI deter-
mination. The method of determining PBI was that of Brown
(8) as revised by Lennon and Mixner (33) and modified for
use with aﬁ Evelyn photoelectric colorimeter.,

¥oterials and Methods

The goiter-prevention method as described by Dempsey
and Astwood (10) and by Monroe and Turner (39) was used for
the biological assay of the feces for thyroid hormone
activity. One day=-old white Leghorn cockerels purchased
from a local hatchery were used in these assays. Usually
200 chicks were used at one time, The chicks were housed
in brooder cages and were divided into groups of 10 to 20
each. In each lot of chicks used for assays one group served
as control and the other groups received thiouraeil plus
thyroxine or feces, Graded levels of thyroxine plus
thiouracil were mixed with the basal ration in a tumbler
mixer., Each collection of feces was treated in a similar
manner., The assay trials were conducted for three weeks,
At the end of each trial the chicks were killed by ether
asphyxiation and the body weights were recorded in gm.
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The thyroids were dissected out and collected on moistened

filter pdper in a covered petri dish, The combined weight
of the thyroid glands from each chick was determined on a
precision balance to the nearest tenth of a mg, and coverted
to mg. per 100 gm, of body weight. The mean thyroid weight
per 100 gm, body weight was calculated for each group of
chicks. '

Preliminary assays. The purpose of the preliminary
agsays was to establish a range of thyroxine dosage that
would permit the determination of the level that maintains
normal size thyrolds, as well as for production of above
normal sized thyroids to eliminate as much error as possible
in the thyroidectomy.

Rations of simpler formula, lower quality or lower in
iodine were formulated and compared with a commercial
turkey poult starter. The latter was a very cbmplez formula,
with added antibiotics, B-complex vitamins, and trace minerals
including iodine, Thiouracil was fed at a level of 0,10
per cent of the ration, and the hover heat (90° to 95°,)
of the brooders was left on for the duration of the trial,
This trial was conducted in an attic room at a time when
the days were quite warm and the nights were cool. There
was very little difference in the average thyroid gland
welghts from the chicks on each ration, indicating very
slight effect of the feed upon the reliability of the assays.
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A thyroxine standard trial was conducted in the fall,
Thiouraeil was fed at a level of 0,10 per cent along with
graded doses of thyroxine at 0,000005, 0,000010, 0,000015,
and 0,000020 per cent of the basal ration to different
groups of chicks. The basal ration in this and subseguent

tests was a commercial turkey poult starter. Room tempera-
ture was kept at 75%, overnight by thermostatically con-
trolled reaters, Daytime room temperature was considerably
warmer, The hover heat of the brooders was on for the
duration of the trial. The chicks recelving thyroxine did
not have thyroids of desirable size, and The spread between
groups was small,

Another trial was conducted comparing three levels of
thiouracil, 0,10, 0415, and 0,20 per cent of the ration,
The same graded doses of thyroxine were used as in the
preceding trial, Alsc in this trial, duplicale groups were
fed the test rations only during the last week of the
three-week trial, During the initial 2 weeks the latter
groups of chicks were fed the control ration, The hover
temperature of the brooders was turned off after 2 weeks
and room temperature was thermostatically controlled at
70°F, From the chicks fed the experimental ration for 3
weeks, approximately the same average thyroid weight resulted
from 0415 as from 0,20 per cent thiouraeil, and both dosages

gave larger, more desirable sized thyrolds than those from
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the chicks fed at the 0,10 per cent level, Mortality from
the 0,20 per cent thiouracil group was high, however, and
depression of body welght was observed, Also it was noted
that the thyroxine dosage could not be narrowed to the
extent that it was in this trial, sinee the variability of
thyroid welghts within dosage groups yielded averages that
confused the interpretation of the data, The average thyrbid
weights from the groups fed the experimental rations 1
week showed that this was not long enough to produce thyroids
of desirable size, and it d1d not obtain a desirable spread
betweenlthe average thyroid weights of thyroxine-fed groups.
A controlled experiment was conducted to demonstrate
the effect of high room temperature in reducing the pro-
duction of thyrotrophin by the anterior pituitary, which
subséquently reduces thyroid hypertrophy in the thiouracil-
treated chicks., Two groups of chicks were administered
thiouracil and thyroxine as 0,15 and 0,000010 per cent of the
ration respectively. One group was kept in an air conditioned
room in which the temperature was controlled to stay within
the range of 73° to 75° F, The other group was kept in a

non air conditioned room exposed to summer temperatures
whieh were recorded, The average hourly temperatures are
shown in Flgure 1, The average thyroid gland welight for
the chicks kept in the air conditioned room was 53.0 mges
per 100 gm, of body weight. In contrast, the average
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room in which the effect of summer temperatures upon thyroid
size of thiouracil-fed chicks was observed,
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thyroid weight of the chicks exposed to higher tempera-

tures was 32,0 mg. per 100 gm, of body weight, This shows
the importance of careful temperature control for bioassays
of thyroxine.

Experimental assays. A commercial turkey poult
starter was used for the basal ration because preliminary
tests showed that it was a very nutritious, palatable feed,
Thiouracil was fed at a level of 0,15 per cent of the feed,
This amount produced maximum size thyroids without ill
effects upon the chicks under the conditions of the pre-
liminary tests, Thyroxine was fed at 0,000010, and 0,000020
per cent of the feed, for the amount of thyroxine necessary
to maintain normal thyroid weight had been found to be
within this range, These thyroxine standards were included
in each lot of chicks assayed because of the variability
of the amount of thyroxine that would maintain normal thyroid
weight with different environmental temperatures of
different lots of chicks, Levels of feces included in the
feed were regulated according to the level of thyroxine
the cow was receiving at the time of collection, Three
levels were used to try to get one level producing thyroid
weights within the range of the thyroxine standards. The
experimental rations were fed for the complete duration of
each assay period, 3 weeks, Fifteen to 20 chicks were fed

each assay mixture. The hover temperature of the brooders
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usually was started at 90° to 95°F. and the heat was
gradually decreased until it was entirely off in the third

week,

E;gggéggsézns&szn1£;ns the Amount of Equivalent L-Thyroxine

The average thyroid weights per 100 gm., body weight
of the chicks fed thyroxine and feces were plotted against
the level at which they were fed (Figure 2), The points
were connected; and the point at which the line crossed the
average thyroid welght of the control chicks was considered
the amount of thyroxine necessary to maintain normal
thyroid weight, In the trial used here for illustration
this point was established at 0,0000216 per cent of
thyroxine in the feed, and at 5,58 per cent of feces in the
feed, From the average amount of ration consumed daily
in these groups, it was determined that 4.676 meg. of
thyroxine and 1,206 gm, of feces were consumed per chick
per day. Assuming that 1,206 gm, of feces contains 4,676
meg. of thyroxine, the percentage of thyroxine in the feces
was caleulated and multiplied by the total amount of air-
dry feces excreted (3908,30 gm.). This cow, therefore,
exereted the equivalent of 15,15 mg. of Lethyroxine daily.
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RESULTS

Changing L-Thyroxine Dose-Level Weekly

In both cows, 23 and 51, the plasma PBI concentration
went up when thyroxine feeding started and reached a maximum
in the second week of treatment, when 80 mg, were fed daily
(Pigures 3 and %), For cow 23, about the same maximum PBI
concentration continued through the third week, when 100 mg,
were fed daily. In cow 51, the PBI level was maintained
near the meximum for the third and fourth weeks, when 100 and
120 mg, daily were fed, respectively, Cow 51 tended to have
almost two times or more the PBI concentration of cow 23
throughout the experiment, even when they were not fed
thyroxine, There was a general trend in both cows toward a
lower PBI concentration after the maximum had been reached,
even when still greater dosages were being fed each week,
Within one week after thyroxine was withdrawn, the PBI concen-
tration fell to approximately the same level as before treat-
ment,

The actual excretion of thyroxine, although erratic,
generally increased with increasing daily dose~levels, The
percentage of dose excreted when increasing dose-~levels of
thyroxine were fed generally declined, Cow 23 excreted

considerably more thyroxine than cow 51 when 60 mg. were fed
daily; but under continved treatment with increasing doses,

both cows tended to exerete the same quantity.
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Upon lowering the dose-level of thyroxine, actual

excretion by both cows decreased., The decrease, however,
followed separate patterns for the two cows. The percentage
of dose excreted by cow 23 remained about the same for the
first week at the lowered dose~level of 100 mg, daily, and
then it dropped in the following week when 80 mg, were fed
daily. With cow 51 the percentage of dose excreted remained
about the same for the first two weeks, when successively
lovering weekly dose~levels of first 100 and then 80 mg,
were fed daily, and dropped in the following week when 80 mg,
daily were still being fed, The amount of thyroxine excreted
by cow 23, when 80 mg. of thyroxine Qere fed daily, was much
lower in the latter part of the experimental period than in
the initial part of the periodj but with cow 51 it was about
the same or only slightly lower.

The drop in excretion noted in cow 51 and not in cow
23 when 140 mg. of thyroxine were fed daily may have been
due to a more extreme brezkdown and destruction of thyroidally
active compounds in the digestive tract, During this collection

period, cow 51 had very watery feces, mild diarrhea.

Feces s amples procured at control periods before and
after thyroxine feeding did not contain thyroidally active
compounds in significant quamtities, és thyroid hypertrophy
of the thiouraecil-fed chicks was not reduced by subh feces
when fed as highas 10 per cent of the ration. |
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Continuous Feeding of 110 mg. of L-Thyroxine for 15 Weeks
The plasma PBI concentration of the identical twins

followed parallel patterns, even though cow 9 was started on
treatment 9 weeks before cow 10 (Figure 5)e« The trend in PBI
congentration was in a downward direction as treatment
confinnod, except for the 9 and 10~weeks' samrles of blood.

A reasonable explanation was not discovered for the increased
PBI in both twins at that time. The percentage of thyroxine
excreted in the feces collected in the third week of treatment
was approximately the same as for cows 23 and 51 during the
time when 120 to 160 mg. of thyroxine per day were fed, but
cow 9 excreted more than cow 10, Feces samples collected
from cow 9 ghowed continuously docrqasing amounts of thyroxine
as treatment progressed, Cow 10 had a sharp drop in
exeretion in the seventh week and returned in the twelfth week
to approximately the same excretion as in the third week.

The drop 1n‘thyrox1ns exeretion at the seventh week of
treatment in cow 10 may have been for the same reason as
suggested for cow 51, since 10 also had diarrhea during the
collection pariod.v Since 10 and 51 were the only cows that
had diarrhea and since both had a sharp drop in the exeretion
of thyroxine at this collection, it is highly suggestive that
diarrhea and a more extreme destruction of thyroxine in the
digestive tract may be correlated, Feces samples collected

one week after treatment was discontinued did not contain
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thyroidally active compounds in significant quantities,
After one collection, feces from a thyroxine-fed twin
were accidently dried at a temperature of 110°%C,, whereas
feces from the same cow collected a week later were dried at
45%¢, Upon the assay of both feces samples, it was found
that while increasing levels of the overheated feces did
cause some reduction in thyroid hypertrophy in thiouracil=-
fed chicks (indiecating thyroxine activity), the reduction was
very slight in comparison to that obtained with the féces
dried at 45°%., It appears, therefore, that high drying
temperatures could cause considerable destruction of

thyroidally active compounds in the feces.



DISCUSSION

The results reported herein substantiate observations
in previous investigations (17, 18, 39) that upoh' adminise-
tration of exogenous thyroxine to animals, larger than normal
amounts of thyroidally active compounds appear in the feces,
It has been shown with injections that the main route of
elimination is by way of the liver and bile (3, 17, 5%).
Since the results reported here are from cows fed thyroxine,
it can be inferred from the evidence of others (7, 55) that
the thyroxine was absorbed and then after enterchepatic
circulation, was eliminated back into the intestinal tract,

The decrease in plasma PBI concentration observed
here with inereasing dose-levels of thyroxine 1s in agree-
ment with the observations by 0'Neal (41). He found that
larger doses of thyroxine disappear more rapidly from the
blood stream than smaller doses. It was found from experi-
ments here with cows that the percentage of the dose excreted
decreased with inereasing dose-levels of thyroxine, This
supports Monroe's (39) hypothesis that thyroxine destruction
rather than exeretion was the predominating factor in the
elimination of excess thyroxine by the animal body and that
excess thyroxine produced a stimulatory effeect, probably in
the liver, for the destruction of thyroxine, Experimental
evidence has shown that destruction occurs mainly in the
liver as Flock et al. (1%) studied and found that deiodination
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was diminished greatly in dehepatized dogs.

An inereasing rate of destruction is indicated by the
declining plasma PBI concentration when the same dose~level
of thyroxine was fed for 15 weeks, The progressively
decreasing amounts of thyroxine in the feces from cow 9 as
treatment proceeded support this assumption, but the feces‘
of cow 10 had approximately the seme amount of thyroxine in
the twelfth week as in the third week of treatment, This
difference noted between cows 9 and 10, as well as the
greater excretion of thyroxine by cow 9 in the feces
collected at the third week of treatment, suggests the follow-
ing hypothesis: the greater ability of cow 9 to excrete |
and destroy exogenous thyroxine may be due to these mechanisms
holding over from year to year and becoming cumulatively more
effective; for cow 9 had been fed thyroxine in previous
lactations, whereas cow 10 had not,

The decline in plasma PBI concentration may be a cause
of the deecrease in persistency of stimulated milk production
induced by feeding thyroactive compounds shown in many
experiments (1, 32, 46, 47, 49)., Cow 51 had a much higher
plasma PBI concentration than cow 23 throughout the experiment
on changing levels of thyroxine, This may be due to two
reasons, One is that upon the first weekfs feeding of
thyroxine, cow 23 exercted more thyroidally active compounds
than did cow 51, Assuming that the absorption was the same
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for both cows, 1t can be inferred that cow 23% liver was
more capable of exereting thyroxine into the bile than was
cow 51's liver., The second reason is that cow 23 was
ecapable of destroying greater amounts of thyroxine, This
ean be inferred from the fact that cow 23 exereted lower
amounts of thyroidally active compounds when 80 mg, of
thyroxine were fed daily in the latter pert of the experimental
period than in the initial part of the period, whereas with
51 exeretion was about the same or only slightly lower. The
greater ability of cow 23 to excrete and destroy exogenous
thyroxine may be due to the same reason previously ment loned
for cow 9, beeause cow 23 also had been fed thyroxine in
lactations prior to this experiment, whereas cow 51 had not.
Allowance must be made, however, for the possibility that
the extent to which cows 23 and 51 differed may be due to
inherent cow differences,

Miller (36) found that daily thyroxine levels hilgher
than 100 mg., did not give a greater stimulus to milk production,
The report herein shows that maximum plasma PBI concentrations
were reached with 80 mg. and continued with 100 mg. This
would substantiate Miller's lactation results, since a
higher blood thyroxine concentration did not oecur to cause
a higher metabolic rate for a greater stimulus in milk
production, Swanson and McFee (50), however, found an increase
in plasma PBI cdneentration from 850 to 110 to 140 mg, of
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thyroxine when different groups of cows were fed each dose-
level, The difference is probably due to an increased
thyroxine excretion and destruction ability of thé cows.,
Which in turn may have been induced by greater body stress;
for the experiments reported herein were conducted in the
summer, and those reported by Swanson and McFee (50) were in
the winter,

Exeretion figures presented in the results should
not be considered exact, but only relative, for the following
reasons., Destruction of thyroxine occurs in the digestive
tract and bowels (17). Thyroxine undergoes enterohepatic
circulation and is reabsorbed (7, 55). Thyroxine inter-
mediates and analogues are excreted (1%, 31, 5%, 55) and
have different metabolic activitles (6). There may be some
thyroxine retention by the liver (3, 36, 61). The chick
assay method is not very precise,

Other workers have found that exeretion of thyroidally
active substances occurs in the urine after the administration
of thyroxine (14, 31). Monroe (39), however, found with
the goiter-prevention assay method that the urine of thyro-
protein-fed goats did not cause any reduction in thyroid
hypertrophy in thiouracil-fed chicks. Therefore, the assays
reported here did not include the urine from the cows.



SUMMARY

Studies were conducted to determine the effect of
varying dose-level and length of time L~thyroxine is fed
upon plasmas protein-bound iodine and fecal thyroxine in
lactating cows. Two cows were fed varying dally dosages of
L»thyroiine, with the level changed weekly, They were
started at 60 mg. per day for the first week, with 80, 100,
120, 140, 160, 100, 80 and 80 mg, following in consecutive
weeks, Plasma protein-bound iodine conecentration although
twice as high for one cow as for the other, reached a
maximum above initial levels when 80 mg, were fed, The
actual excretion of equivalent L-thyroxine in the feces
generally increased as dose-level inereased, However, the
percentage of dose excreted decreased until 120 mg, of
thyroxine were fed daily and then tended to remain constant
through the 160 mg, daily dose,

The plasma PBI concentration of identical twin cows
fed 110 mg, of L-thyroxine daily for 15 weeks followed
parallel patterns, with a trend toward a decline as treatment
continued, Feces samples collected from one twin during '
treatment showed that the actual exeretion and the percentage
of dose excreted decreased as treatment progressed, while

its mate showed approximately the same degree of thyroxine
exeretion throughout the treatment period.
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The results indicate that the cow's body rids itself
of excess thyroxine, It appears that the most important
mechanism is destruction and that this is stimulated to be
more effective by inecreasing doses of thyroxine, Because of
this the plasma PBI level resulting from exogenous thyroxine
will not always be proportional to dose.
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