
University of Nebraska Medical Center University of Nebraska Medical Center 

DigitalCommons@UNMC DigitalCommons@UNMC 

MD Theses Special Collections 

1968 

Thyroxine turnover : review of literature and consideration of Thyroxine turnover : review of literature and consideration of 

preliminary studies in patients with malignant disease preliminary studies in patients with malignant disease 

Richard Olin Forsman 
University of Nebraska Medical Center 

This manuscript is historical in nature and may not reflect current medical research and 

practice. Search PubMed for current research. 

Follow this and additional works at: https://digitalcommons.unmc.edu/mdtheses 

Recommended Citation Recommended Citation 
Forsman, Richard Olin, "Thyroxine turnover : review of literature and consideration of preliminary studies in 
patients with malignant disease" (1968). MD Theses. 2982. 
https://digitalcommons.unmc.edu/mdtheses/2982 

This Thesis is brought to you for free and open access by the Special Collections at DigitalCommons@UNMC. It 
has been accepted for inclusion in MD Theses by an authorized administrator of DigitalCommons@UNMC. For 
more information, please contact digitalcommons@unmc.edu. 

http://www.unmc.edu/
http://www.unmc.edu/
https://digitalcommons.unmc.edu/
https://digitalcommons.unmc.edu/mdtheses
https://digitalcommons.unmc.edu/spec_coll
https://pubmed.ncbi.nlm.nih.gov/
https://digitalcommons.unmc.edu/mdtheses?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F2982&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unmc.edu/mdtheses/2982?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F2982&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@unmc.edu


THYROXINE TURNOVER: REVIEW OF LITERATURE AND CONSIDERATION 

OF PRELIMINARY STUDIES IN PATIENTS WITH MALIGNANT DISEASE 

by 

RICHARD O �
i

;ORSMAN 

A THESIS 

Presented to the Faculty of 

The College of Medicine in the University of Nebraska 

In Partial Fulfillment of Requirements 

For the Degree of Doctor of Medicine 

Under the Supervision of Robert E. Ecklund M. D. 

Omaha, Nebraska 

February 1, 1968 

' 

I 



Table of Contents 

Preface 

Background: Thyroid Hormone Synthesis 

Concentration Mechanism, Uptake 

Binding 

Coupling 

Release 

Transport 

Effects of Thyroid Hormone 

Regulation of Thyroid-Pituitary Ax.is 

Regulation of Metabolism 

Effect on Enzymatic Processes 

Effect on Weight 

Effect on Cardiac System 

Effect on Respiration 

Effect on the Gastrointestinal Tract 

Effect on the Nervous System 

Metabolism of Thyroid Hormones 

Thyroxine Turnover and Metabolism Analysis 

Tracer Materials 

Collection 

Data Allalyzation 

Graphic Components of 
131

!-T Metabolism 
4 

Determination of Turnover Rate and Half-life 

1 

1 

1 

2 

2 

3 

3 

5 

6 

7 

7 

10 

10 

11 

11 

12 

12 

15 

15 

16 

16 

18 

of T
4

22 



Normal Vau.ues 

Other Diagnostic Aids 

Review of Literature 

Sex 

Age 

Gonadal Hormone 

Insulin 

Salicylates 

Clofibrate 

Iodine Preparations 

Thyroxine and Analogues 

PTU 

Tapazole 

Epinephrine 

Adrenocortical Steroids 

Hyperthyroidism 

Graveis Disease 

Hypothyroidism 

Goiter 

Fever 

Obesity 

Nephrotic Syndrome 

Pancreatic Steatorrhea 

Stress 

Human Pr.egnancy 

23 

23 

26 

26 

26 

29 

31 

31 

32 

32 

33 

34 

35 

35 

36 

36 

36 

37 

38 

39 

41 

41 

42 

42 

44 



• 
Hepatic Disease 

Altitude 

Malignant Tumors 

Consideration of Preliminary Study 

Background 

Premise of Study 

Materials and Methods 

Calculations 

Results 

Discussion 

44 

46 

47 

52 

52 

52 

53 

55 

56 

59 



• 
THYROXINE TURNOVER: REVIEW OF LITERATURE AND CONSIDERATION 

OF PRELIMINARY STUDIES IN PATIENTS WITH MALIGNANT DISEASE 

Preface 

Physicians have shown a long interest in the thyroid 

gla.nd with a documented histo~y dating back to the time 

of Ebers Papyrus (1500 B. C.). Since the introduction 

f d · t. . d. ( 1311} t t . I . 1945 o ra ioac ive 10 1ne racer ma eria sin , 

scientists have been able to explore the rates of metab­

olism, turnover, and fate of the thyroid hormones in vari­

ous clinical situations. The objective of this study is 

to review the literature concerning the effects of various 

factors on thyroid hormone metabolism and disposition as 

measured by rates of disposal of radioactive iodinated 

thyroid hormones. 

Background: Thyroid Hormone Synthesis 

Concentration Mechanism, Uptak.e.--

Thyroid hormone is synthesized in the thyroid gland 

utilizing as raw materials; iodine obtained from the food 

and water ingested, and tyrosine, one of the synthesized 

amino acids. The ingested iodine is reduced to iodide 

before absorption from the gastrointestinal tract and ap­

pears in the blood as inorganic iodide ( r- ). The iodide 

circulating in the blood is actively concentrated in the 
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epithelial cells of the thypoid gland, which have a 

greater avidity of iodide than other cells of the body. 

Small amounts of iodide are concentrated in saliva, sweat, 

gastric secretions, and the mammary gland as well. 1 , 2 , 3 

The activity of the transport mechanism concentrating the 

iodide is regulated and increased directly by thyrotropin, 

the thyroid stimulating hormone (TSH) of the anterior pi­

tuitary gland, and indirectly via ~ntrinsic systems with­

in the thyroid gland regulated by iodine stores. 4 

Binding.--

The inorganic iodine that accumulates in the follic­

ular epithelium of the thyroid gland is oxidized to a 

higher valence form, possibly iodine (I
2

) or hypoiodite 

(I+) through ·a reaction mediated by an intrathyroidal 

'd 3 peroxi ase enzyme. This highly reactive form of iodine 

exists only momentarily as it combines rapidly with 

tyrosine groups in thyroid proteins to form mono-iodo­

tyrosine (MIT), which is further iodinated to di-iodo­

tyrosine (DIT). 2 

Coupling.--

The two iodotyrosiaes then undergo oxidative coupling, 

possibly again mediated by the thyroidal peroxidase to 

yield a varie~y of iodothyronines, including 3,5,3'-tri­

iodothyronine (T3 ) and 3,5,3',5'-tetra-iodothyronine, 

hereaf~er referred to as thyroxine (T4 ). It is postulated 
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that ~byroxine is formed by the coupling of two molecules 

of di-iodotyrosine. 3, 5, 3 1 -tri-io•dotbyronine may be pro­

duced either by the coupling of one molecule each of MIT. 

and DIT, or the loss of one iodine atom from the thyroxine 

molecu.le. 3 

Release.--

The iodotay:ronines, T
3 

-and T4 as well as the iodinated 

amino acids, MIT and DIT are stored in the thyroid follicle 

as residues of thyroglobulin. The thyroid hormones are re­

leased into the blood stream under the stimulus of the thy­

rotropic hormone. 113 This hormone, by means of thyroidal · 

proteases, hyd:r;olyzes the storage protein, thyroglobulin to 

release MIT, DIT, T3, and T4 • The T3 and T4 released are 

transported across the acinar wall of the thyroid gland 

into the blood stream. The MIT and DIT are prevented from 

entering th~ circulation by action of an iodotyrosine 

deiodinase which removes the iodide. This iodide is in part 

reutilized for synthesis of hormone and part is lost from 

the gland into the circulation. 213 

Tra.nsport.--

In the blood stream thyroxine is almost entirely bound 

and T3 partially bound to the plasma proteins. Electro­

phoretic analysis of the thyroid binding proteins indicate 

that thyroxine is bound primarily to an interalpha-globulin 

termed thyroxine-bind:-ing globulin (TBG) and to a pre-al­

bumin, thyroxine-binding pre-albumin (TBPA). Thyroxine 
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Fig. 1 Sequential s~ges of intratbyn;,idal synthesis and secretion 

of thyrq~ ho.rmones, 
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is also bound secondarily to albumin -and perhaps to a Beta 

globulin. The interaction between thyroxine and its bin.d­

ing protein conforms to a reversible binding equilibrium 

in which the majority of the hormone is bound and only a 

very small proportion is unbound or free. T
3 

is not bound 

by TBPA and is bound by TBG only weakly, leaving a large 

proportion of T3 unbound. Only the free form of either 

hormone is thought to be available to the tissues, thus 

the metabolic rate as well as rate of metabolism of the 

hormone correlates more closely with the concentration of 

free hormone than with the total concentration of hormone. 

The weakly bound T3 is thus removed from the circulation 

more rapidly than the more tightly bound tby:roxine. How­

ever, the greater metabolic acti~ity of T3 permits lower 

concentrations of hormone to alter metabolism as compared 

to the more tightly bound thyroxine. The binding capacity 

of the thyroid binding proteins may ch~ng~ the relative 

amounts of free to bound hormone. The binding activi~y of 

TBG is increased in some states such as estrogen therapy 

and decreased in patients treated with the so-called nana­

bolic" steroids. TBPA binding activity is not known to be 

increased in any disorder, but is frequently decreased in 

a variety of conditions. 4 , 5 

Effects of Thyroid Hormones.--

The effects of the circulating hormones are predom-



_Thyroxine Turnover--Forsman 6 

ina.tely two: l) participation in the "feedbackn regulation 

system which maintains the concentration of thyroid hor­

mone in the blood, and 2) alteration of metabolism by its 

action on the peripheral tissues. 3 

Regulation of Thyroid-Pituitary Axis.--

Thy hormonal synthesizing activity of the thyroid 

gland is controlled predominately by TSH. Release of TSH 

from the anterior pituitary is regulated, at least in part, 

by TSH releasing factor from hypothalamic centers and gen­

erally depends upon the quantity of thyroid hormones 

available to these tissues. A reduction in the effective 

concentration of circulating thyroid hormone s•timulates TSH 

output, which in turn, leads to an inc.rease in secretion 

and size of the thyroid gland. Conversely, an excess of 

circulating effective thyroid hormone tends to depress 

secretion of TSH and so, in turn, to reduce thyroid activity 

and size. From the above brief description it is shown 

that there is a direct feedback relationship between the 

hypophysis and the thyroid~l, 2 , 3 However, the subtile 

modulation of function of the gland demanded by complex 

life situations requires the participation of the central 

nervous system. 6 

Regulation of Metabolism.--

The physiological effects of thyroid hormone are many 

and varied, so much so, that there has been no agreement 
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as to what may be considered the "primary" action, if' there 

is one. In an attempt to classify the disord~rs based on 

effective concentration of circulating hormone, the terms 

hypothyroid, euthyroid, and hyperthyroid are used. Hypo­

thyroid refers to the absolute or relative insufficient 

supply of thyroid hormone necessary to maintain the organ-

ism in a normal, or so-called "euthyroid" state. The hyper­

thytoid state is considered to be a relative or absolute 

excess of circulating hormone above that necessafJ to main­

t~in i~ that particular ofganism a euthyroi<l state. The 

effects of circulating hormone have been studied ia~ge ly 

by observing the intact organism, its .tissues or orga.ns as 

t4~Y fit into one of the above classes, and how tbei~ develop­

ment, growth, metabolism, and function are altered by vary­

ing levels of thyroid hormones in the experiments shown 

or in the system studied. 7 , 8 , 9 

Effect on Enzymatic Processes.--

Thyroid hormone, like other hormones, may act by con­

trolliug the rates of metabolic enzymatic processes. In 

some cases the direct effects of T4 at the reacting site 

is required, whereas in others the hormone exerts an in~ir~ct 

effect py altering the concentration of one of the compon­

ents of the system. Studies10 of regulation of metabolism 

bave focused on the control of: l) respiration or energy 

production, 2) the levels of substrate or enzyme, ))synthetic 
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rates of these materials, and 4) the spatial and structural 

relations between these materials. At least thirty-three 
10 

enzyme systems are enhanced or inhibited by thyroid hor-

mones, some of the more important of these systems being: 

1) Metal binding. Some enzyme systems such as urease and 

ascorbic acid oxidase are stimulated by the remov~l by T4 
of inhibitory metals including cupric ion and magnesium. 10 

2) Oxidation as well as oxygen consumption is mar~,dly 

stimulated by thyroid hormones. 10 Since 1895 the thyroid 

hormones have been known to have a remarkable effect on the 

metabolic rate. It has been established that skeletal 

muscle, heart, diapbram, liver, kid~ey, salivary gland, 

gastric mucosa, and skin have metabolic rates and oxygen 

consumption roughly proportional to the level of circulating 

thyroid hormones. The most striking effect of T4 is the 

stimulation of oxygen consumption, and many attempts have 

been made to explain the mechanism. There is, however, no 

compelling reason to believe that stimulation of oxygen 

consumption or energy production is the single fundamental 
11 action of the hormone. ~hyroid hormone is observed to 

increase the oxidative activity that is seen in mitochondrial 

glycerophosphate dehydr-ogenase and electron transport 

where components - cytochrome c and cytochrome oxidase 

are materially increased with increasing levels of cir­

culating thyroid hormones. 3) Oxidative phosphorylation 
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is markedly increased by T4 uncoupling of phosphory­

lation from oxidation as well as direct stimulation of 

oxidative phosphorylation by T4 •10 

9 

These enzyme alterations are manifest on a larger 

scale by the alteration in carbohydrate, fat, and protein 

metabolism. Carbohydrate metabolism is altered in two 

ways. fyere is an increase in the rate of glucose ad­

sorption and an increase in the rate of cellular utiliza-
7 

tion of glucose. Fat metabolism is also altered as a 

result of increased carbohydrate metabolism with in­

creased thyroid hormone concentration. The more rapid 

consumption of carbohydrate is followed by increased 

utilization of fat for energy. With decreased thyroid 

hormone less carbohydrate is used, and fat deposition 

occurs with the increase in weight very frequently seen 
9 

in hypothyroid states. Protein anabolism and eatabolism 

are stimulated by thyroid hormone. Negative nitrogen 

balance and excessive protein catabolism with tissue 

wasting may ensue with excess hormone. 8 

Normal growth and development appear to depend in 

part upon direct action of thyroid hormon~, but also in 

pa~t upon the action of other hormones, particularly 

g~owth hormone, acting in concert with thyroid hormone. 7 

The parameter most often effected in growth is that of 
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protein metabolism. 6 , 718 

Effect on Weight.--

10 

Greatly increased levels of effective thyroid hormone 

concentration almost always decreses body weight and, 

conversely, greatly decreased levels of thyroid hormone 

almost always increases body weight. These effects, 

however, do not always occur with moderate changes in 

thyroid hormone production. 7 , 8 

Effect on Cardiac System.--

The change in metabolism induced by thyroid hormones 

causes an alter~tion in the demand of the tissues for 

nutrients. The cardiac output tends to be roughly pro­

portional to the metabolic rate-, being low in hypothy­

roidism and high in hyperthyroidism. In the presence 

of excessive thyroid hormone concentrations the cardiac 

output may rise up to fifty per cent or more above normal. 8 

The heart rate increases considerably more under the 

influence of tbyroid hormones than would be expected 

simply due to th_e increases in cardiac output. It is 

suggested that thyroid probably has a direct ?ffect on 

excitability of the heart. 11 The blood volume is observed 

to increase slightly with thyroid hormone excess and 

decrease with deficient hormone. These changes are at 

least partly caused by vasodilatation and vasoconstriction 

respectfully with resulting compensatory changes in blood 
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volume. 12 The increased rate· of run-off of blood through 

the peripheral vessels with increased levels of hormone 

causes the pulse pressure to be increased with the sys­

tolic pressure elevated 10-20 mm Hg and the diastolic 

slightly reduced. The opposite effects with a hypo­

tensive patient are seen with decreased levels of thyroid 

hormones. 7 , 9 Mild increases in thyroxine levels are often 

associated with vigorous, brisk, and rapid contractions. 

In contrast, with a marked increase in thyroid hormone 

the heart muscle strength becomes depressed because of 

excessive catabolism. In hypothyroidism there is a weak 

sluggish heart beat with low voltage deflection on the 

electrocardiogram. 9 ' 11 

Effect on Respiration.--

The altered rate of metabolism with elevated or de­

pressed levels of hormone cause changes in utilization 

of oxygen and formation of carbon dioxide. In hyper­

thyroidism, an increased production of carbon dioxide 

and decreased oxygen concentration activate all the 

mechanisms that increase rate and depth of respiration. 

The opposite effects are seen in bypothyroidism. 7, 8 , 9 

Effect on the Gastrointestinal Tract.--

In addition to the increased ra.t.e of absorption of _ 

foodstuffs, thyroxine increases the rate of secretion of 

the digestive juice and the motility of the GI tract. 
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Effect on the Nervous System.--

In general, thyroid hormone increases the synaptic 

t . . t b t d t . fl . h 1 t · · t 7 ' ll ac 1vi y u oes no in uence perip era nerve ac ivi y. 

Metabolism of Thyroid Hormones.--

The metabolic disposition of thyroid hormones is 

being studied extensively. Earlier studies (to be dis­

cussed later) demonstrate accelerated r,ates of thyroxine 

disappearance from the serum in hyperthyroidism and 

diminished rates in hypothyroidism. The significance of 

this became clear with the demons~ration of return to 

normal rates of disposition with eorrection of either 

bypotnyroidism or hyperthyroidism. 

It therefore became evident tha~ rates of thy~oxine 

utilization might reflect intrinsic rates of metabolic 

activities, as these may or may not be induced by action 

of thyroid hormone. 

The study of metabolic disposition of thyroid hor-

mone has led to significant advances in dete!'ttlining var­

ious factors which lead to accelerated rates of thyroxine 

disappearance. Decreased binding capa..city of thyroid 

binding proteins allows for more free thyroxine as is 

manifested by increased utilization and metabolic activity. 4 

Hepatic function alterations are shown by decreased binding 

of hormone by the liver and subsequent rapid loss from the 

body via the biliary and gastrointestinal tracts. 12 The 
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three major routes available for thyroid hormone metabolism 

are: 1) Phenolic conjugation. Administration of thyroxine 

and T3 have been observed to be followed by a rapid ap­

pearance of increased amounts of Beta-glucuronides of these 

moleculas in.. the liver. These appear next in the biliary 

tree and subsequently in the gastrointestinal tract where 

the conjugates then undergo intestinal hydrolysis. The 

free hormone or derivative is then either reabsorbed or 

excreted in the feces. 10 2) Oxidative deamination arid 

transamination. The alanine side-chain of the T
3 

and T
4 

undergoes oxidative deamination and transamination to the 

acetic derivative in the kidney. These iodothyroacetic 

acids then further undergo phenolyic conjugation and 

deiodination like their parent amino acids. 10 3) Dei­

odination. This pathway involving removal of the iodine 

atom, is the most i~portant route of thyroid hormone 

met -lbolism. This is mediated by a number of enzymes in 

the body which can attack only the free or non-protein 

10 13 bound substrate. ' 

All three of the above p.athwa.ys operate in the liver 

with conjugation being the most prominent. Deamination 

is the most pronounced in the kidney, whereas deiodination 

is the only metabolic pathway in skeletal muscle. 11 , 12 , 13 , 14 , 15 
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I- Thyroid 
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• 
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Figure 2. Scheme for the major pathways of distribution and 

metabolism of thyroxine and tri-iodothyronine at the whole 

~ body level. 6 
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Thyroxine Turnover and Metabolism Ailalysis 

Thyzox.ine turnover and metabolism is studied ~y the 

use of 1271 and 1311-tbyroxine which is a chemical ly 

synthesized L(-}thyrQxine which bas been tagged with 

d . ti . d" . th 3' ·t· 16 ra ioac ve 10 1ne 1n e -posi ion. 

HO 

I 5 I I 5 

0 CBzCHCOOB 

- ~2 

r ~ ' 3 

131r-3,5,3',5'-tetra-iodothyronine 
1311-L(-)thyroxine 

Tracer Materials.--

Tracer materials such as 131!-thyroxine fulfill three 

important requirements: 1) They are as a rule biologj.cally 

indist¥nguishable from the substance under investigation 

and therefore may be assumed to undergo the same metabolic 

changes. 2) They are administered in small amounts which do 
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not disturb the dynamic equilibrium of the system as a 

whole. 3) Since the tracers are not in a steady state 

when introduced instantaneously into one portion of the 

system, they exhibit quantitative Qhanges which may be 

mathematically analyzed and described as a function of 

time, thus reflecting the various rates of reactions 

and transfers with the physiological (non-tracer) 

metabolite under investigation. 17 

The tracer is administered intravenously (IV) as a 

sterile solution in amounts varying f~om less than 1 

16 

Dl.l.
·crocuri·e to 100 • • 18,19,20,21,22,23,24, over microcurles. 

25 , 26 , 27 The tracer equivalent is 20 millicuries per 

milligram of thyroxine. 19 

Collection.--

Following the IV administration, the 131r-T4 dis­

tributes throughout the space of distribution of T4 and 

mixes with the endogenous thyroxine. Sampling of blood 

as serum or plasma is then made at various time intervals 

dependent on the parameter of th~oxine distribution or 

disposition dynamics desired to be investigated. 18119120 

Data Analyzation.--

The data obtained is usually analyzed as a semi­

logarithmic curve,. A typical semilogarit·hmetic plot is 

expressed in fig. 3. 
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Figure J~ Semi~ogarithmie plots of selected studies to illustrate 

the kinetics of radiotnyroxine disappe#":ance curves . Plot at top 

of page shows early _smange-s and figure below shows later ehanges.; 
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of 1311-T Metabolism.--4 

18 

Graphic Components 

Initially when the 1311-T4 is injected intravenously 

there is a rapid disappearance of the radioisotope from 

the blood. This first component which extends from Oto 

20 minutes represents mixing and dilution of T4 in ~he 

blood. The second phase extends from approximately 15 

to 60 minutes and is believed to reflect primarily the 

distribution rate of labelled thyroid hormone throughout 

the ex.trathyroidal thyroxine pool with intravascular­

extravascular competition for the T
4 

and trapping of T
4 

by certain organs, particularly the liver. The third 

phase is curvilinear and extends for a period of several 

days. It represents mixing of T4 throughout the body with 

the es-ta.blishtnent of equilibrium between labeled and 

unlabeled thyroxine. The final phase is linear and rep-

resents utilization after equilibrium between the labelled 

and unlabeled thyroxine. Thus this final phase represents 

th i til . t· 18,20,21,23,24,25,28,29,30,31 yrox ne u ~za ion. 

Co~siderable work has been done on the kinetics of 

iodine metabolism to ascertain the "thyroxine spac.e". 

This is accomplished by considering metabolic systems 

consisting of three distinct intercjia.nging pools(Q.1 ,Q2 ,Q
3

), 

i.e., three disti~ct aggregates of the metabolite which 

differ from each other either by virtue of anatomical 

location or physio-chemical states. The initial pools 
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Fig. 4. Schematic Representation of Kinetics of 
I 

Iodine Metabolism Immediately Following Injection 

. Mt . l )J of Tracer a eria. 
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which describe the forces and sites of distribution of 

the labelled thyr.oxine -imnie.diately after injection are: 

Q1) Initial miscible iodide pool consisting primarily 

of iodide in plasma, red cells, gastric mucosa, salivary 

glands, and thyroid gland. 

Q2) Iodide in "central lymph" and possibly in per­

ipheral lymphatics. 

Q
3

) Iodide in "remaining" body water. 32 , 33 

These pools are best described by referring to Fig. 4, 

tak~n from Slia.J;"ney.::33 , which shows five schematic repre­

sentations of the possible kinetics following injection 

o-f the labelled thyroxine. 

The f-inal phase (Fig. 5), pertaining to the kine·tics 

of the metabolism of the tracer element following equili­

brium with the endogenous t~yroxine as found in the body 

at the time of injection, has been extensively stuaied. 

Again the three pool system {Q1 ,Q2 ,Q3) is used to describe 

the interaction and forces active in the kinetics of 

metabolism. The three pools are: 

Q1 } Plasma pool consisting of iodine in plasma 

thyroxine. 

Q2) "Intrahepa.tic" pool consisting of iodine in 

intrahepatic thyroxine. 

Q3} Lymph pool consisting of iodine in thyroxine 

of lymph, other interstitial fluids, and remaining water. 34 , 35 
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Fig. 5. Schematic Representation of Kinetics of 

Iodine Metabolism Following Equilibration of Trac­

er Material with Endogenous Hormone. 34 



Thyroxine Turnover-Forsman 22 

The derivation of the mathematical representations 

between these systems is b~yond the scope of this presen­

tation. These systems described above and drawn schemat­

ically in Figs. 4 and 5 are discussed here only to give 

some insight into the complicated metabolic kinetics 

resulting when a tracer substance is introduced instan- · 

taneously into a system. These factors influence the 

type of curve obtained when the radioactivity in co•,nts 

per minute is plotted against time (Fig. 3). 32 , 33 , 34 , 35, 36,37 

Determination of Turnov~r Rate and Half-life of T4 .-­

Extrapolating a best fit straight line of the linear 

or final phase back to zero time on the logarithmic plot 

yields the "initial" radioactivity of the slow phase 

from the intercept of the slope and ordinate. Utilizing 

this slope, the half-life in days of the radioactivity is 

determined by calcula ting the number of days required for 

the radioactivity to be one-half of the "initial" ad.,.. 

ministered 131r-T4 • In turn, this value is used to 

calculate the per cent of administered hormone which is 

eliminated per day, or turnover rate(k} by the following 

formula: 

k = loge
2 

x 100 =%turnover / day 

T½days 
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Normal Values.--

Clinical experience using the radioactive labelled 

thyr,oxine in euthyroid patients reveals a mean half-life 

of the late logarithmic phase(representing thyroxine 

turnover) in adults from 6.7 to 7.18 daya. 17 , 19 , 23 , 33 

Mean values have also been reported for patients with 

hyperthyroidism and myxedema, with mean turnover rates 

of 2.7 days and 9.4 days respectfully. Fig. 6 illustrates 

a semilogarithmic plot of normal, hyperthyroid and hyJo­

thyroid radiothyroxine disappearance curves. 

Other Diagnostic Aids.--

Diagnostic aids used in conjunction with the isotope 

metho~s previously described are; 

l) Protein Bound Iodine (PBI) - reflects the concen­

tration of circulating thyroid hormone bound to protein. 

It is predominately a measure of ~hyroxine concentration 

and may include iodinated proteins of either endogenous 
.. 6 or exogenous origin. 

2) Butanol-extractable iodide (BEI) is a procedure 

whose values closely reflect the PBI level but separates 

out abnormal inorganic iodinated compounds from the free 

thyroid hormones. This value more closely reflects the 
6 

concentration of circulating hormone. 

3) Thyroidal radioactive iodine uptake (RAIU) - a 

test using radioisotopes in which the percentage of 
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administered iodide accumulated by the thyroid gland is 

determined at specified time periods, usualL~ ~wenty-four 
6 

hours. 

4) T-3 uptake - a test consistj~g of· addition of 1311-T3 
to whole blood, followed by incubation and then wash~ng 

of the red cells by stan~ardized conditions. The radio­

activity taken up by the cells is then assayed and the 

res t. l ts reported as a percentage uptake by the red blood 

cell~ after correcting for hemoglobin concentration. 

These values are then used to es~imate the fraction of the 

total thyroxine in plasma that is not bound to TBP. 9 

5) Free thyroxine - a measure of relative or absolute 

concentration of serum thy~oxine existing at equilibrium 

as the free or unbound hormone. 6 ,lO 
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Review of Published Literature on CUnical states Altering 

'J,'hyroi4 aonnone Metabolism and l)ieposition as Mea-5ured bt Plasma 

Half-lite of Radioiod,ine Labeled Thyro�d ijQrmones 

Se.x.--

The rates of thyroxµie turnover arid degrada:tion have been com­
 

par.ed bY. -sevel"al authors as to the effeet of sex. Anbar  compared 
39 40 

results in a"-uI.ts and Oddie and Beckers �red r f tes in children 

and came to the conclusion that the rdte of metaboliSffl of the thy. 

roid hQrmones i,n males and femal.es of the same age group is equal, 

41 
I� the .l oung child � the first week or life Haddad reports 

there are si_gnificant elevations in the PBI and BEI as c�E¥1 to 

those ef the adult. He shows this as peiµg due to incre;;.sed t:iyro-
+:31 

x:.:le-binding protein in the serum of th:e neonate. I uptake 

o
41 

. . .

studiee in the neonate �eal val�es not stgnir�Qant� ditfer:ent 
41,42 

than sligtrl:.� older infants. Had�d I'eports his studies on thY?'<>id 

hormone metabol!'.sm using �over rat�s of l;1r-th,-roxine. His 

results are a mean llalf ... life. of 4�95 days and a fractional turnover 

of lJ.� per da,'. This data is then ex.pressed in surtaoe area and 

bQdy, weight para.meters to obtain a common clen.ominator for comparison 

with adults. tn children a mean v:al'lle of 32.0 ugm p�r. meter sq\J.are 

per day or 1.29 ugxn per Jftj.ogram per qay is found compared to adult 

val�es of 29.4 ugm per meter square per :fay and o. 75 ugm  per ld,l gl'8Dl 

per day,. In bis second pub+"iea.tton Haddad compares the thyi;..c>�ine 

bind:tng �apacities in tbe serl,lll't protein o! eh:tldren and adults, 

38

41
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finding a mean of 0.25 ugm of t'byr�1ne, per ml in serum of children

and. a mean of 0.22 �gn\ of thyr.QJ¢in,� per ml in serum of adults. This 

variation ne attributes to incr.eased bindd.ng capaei ty of the thyJ,"oid 

bind�g proteins in the child, �hich then decreases the concentration 
43

of, free or unbound hormone in the blood. Ilung reports tha.t e�thyroid

adolescents use thyroxine at a faster rate ('r4t½ of 5.3.,2 _days) than the 

young a.duit male (TJit½ ot 6.�3 days) or &lower than the child (T4t½ of 

4.9.5 days}. He concludes that some factor associated with age per � 

but not associated with the mal'.'ked hormonal changes that occur at

adolesenee is responsible for the chan:ges in thyroxine half-life that

occur at that time. Gr.oughs develOP@ this coneept further by using the

Resin T-j uptake as a measure of pel'eentage of free thyroxine. In

children he reports a mean T-3 uptake of 23.J :I: z.� which is s\gn ..

ifican;t.qh�gher than a mean adult value of 21.8 t ?,?'!,. He postulates 

on the 'basis of work done on the b:i.nding capacity of proteµi and his 

own data with free thYJ,"OXine that the�e is a total lower bind� cap­

acity of plasma pr�tein in childhood. This then allows tor more free 

thyroxine which is more �eadily utilized and metabolized. with a su.bsq­

uent increase in tu.mover. 
14 

On the other $ide o! the spectrUlJl in the older individual. Inada 

showed that old subjects over.70 years of age have t�l3l:J: uptake but
4-5,46 

PBI values in almost the normal range. Oregerman st�di.ed the half-

life of tbyroxine turnover in older subjects and ·finds the half-time

of turnover increases from a mean of 6.7 jays in the third decade to 

--



9.1 days in the seventh decade, with no signj.fieant ine:rease in mean 

values of half-life bey9�d the seventh decade. He also �port$ a 
decline in �y�inf!: deg,ra.4ation rate from a· mean of O 

--... 7 ugm of T4 

in the third decade to 4-3.9.ugm of th�e in the ninth decade, a 
38 

decrease of about 5()1, • .Anbar showed that there is no cha.pge in the 24 

hour 1 -½ uptake over the entire age range. To i'\lrthe.r evaluate the 

results or Gregerma.n�,;Anba.r�det,ermined the rate of deiodination arid 

found that the half.life of thyr�ine metabolism by de-iodination 

increases from 8 days in the third decade to lJ days in the sixth 

decade, thus gj,.!ing a much longer half-life of thyroxine in older 

patients. Anbar show5 that instead of 8� of tb�.oxµie be;j.ng deiod ... 

inated as in yo�g age groups, only 7� ts deiodinated in olo.er groups. 

He conclude4 that th.e  niajor a1t· eration in the . q.egradation of thyroxine-
45 

that �hange$ with old age in a decline in deiodination. Gregerman 

evaluated, the l.ong�r half.life of 1:Jiy.roxine when ad.ministered. to older. 

patients. in terms of decreased activity of the patient. alte:ration of 

pla.- ,PJ:'Ot_einP. and changes in the "metabolic mass 11 of the aging human 

f>o4Y.', but was unable to establish .any si_gn.Uicant correlation between 

these p:=.r2meters and the· tjl-yrex:ine turnover data. 

The work q"lloted above ind1cat-::s that tne prima.y di-t.ference in COlflF ... 

��g the rates of :t}l;n-otd homene metaoolism in ohil-d�n and adults is 

an increase ui the �ding capa,cit,y of t}ly,:-9;i.d. bip<W.)._g proteins 

with ag.e . For this reason the child has more Jree :h::,.Toxine, which is 

more �d,.ly utilized and matatolize:l. Conwan..son of y.oung adults 
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and ol-der su.bjee�� shows a further increase in T4t1_. bis i.s ascribed 
2 

to' a 1ecrcase in tae deiodination rQute of f11.:.taoo1ism, . .-.1icb means 

the hermone is eliminated from the body .slower, thus a pr,oi9nged half­

life. 

Gonad-al Hormones.--

As was :mown above . . by Anbar-{"' 'l1 Oddie, J2 and . Beckers, 4-0 males . and females
.:.a the sa.'lle ab group show no variation in thyroid nomone m.etabolic 

disposition r-:.tes. However, the administration o:f' gonada,l hormones has 

bee-n obsterved to alter certain paramei;,ers J!!ea.sui:-ing th.yroid hormone 

�oncentration and dis�ition. 
47 

Federman has shown that the ·administration of :net'.1;,rlte$tost.erone 

to e�b_1rel.d adult humans does not signlflet1ntl:.,· alter. iodine metabolism 
1:,1 

as measured by thyrp_idal uptake of I, and tp_yroid and renal iodide 

clearanoes after approxliiately 50 �y� of drug admini.stra-t;.iOJi. There 

is r-e��--d t.o -he a small but si.8l'lir 1e.azit reduction in the Pm after 28 

d1lys o! such treatm.ent. The th,YTe,xine bin<Ung oapa.Qi':.y of the TEO 

is great4' decreased and the mean free thyroxine conc·entra.tion is 

7.ox:10� prior to treatment and 10.9x10""'1¾ �' treatment. It is 

further Stibstantiated that there is .an increase in free thyroxine and 

an increase in the fractional rate o! thyrCJ!':tn:e <Ull<UJpeara,nce from a 

mean of � per day to 19'/, pel' day: after 28 <iays of �,ra.n. These
4-7

authors offer th.e hyt,otl:).�is that a fall in the c.oncentrat.ion of 
Tm

in the serum is responsj..ple for an it\erjtased concentration of f,ree 

th�e and the above c1iangss indicatil\g increased metabolism.
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4S 
Engb:ru.ig and Engstrom however- do no r&PQrt as marked a variation from 

normal as Federman, but do concur that the primary alteration in the 

metabolism and di&position of thyroid honnones is a decrease in TBG. 
!19 

Braverman and Ing'ba:r studied this PJ;o_blem and observed an iner~se in 

the proportion of free thyroxine induced by the mildJ.¥ an<irogenic "ana­

bolic" steroid: norethandiolone. They also reported in association 

With a decrease in thyroxine bindi,ng ca.pa.city of T:00 an increase in 

the binding eapaoityof TBPA. The over-all effect of the dee-reased 

binding capacity of the TBG however ?,ppears to ou..tweigh the increased 

binding capacity of the TBPA as the TBG binds co.nsiderabJ.y more honnone 

th the TBPA. 
48 

Es.trogen therapy is reported by Engbring and Engstr(».li to increase 

the PBI in euthyroid adult patients. They also report an increase in 

the T4,t½ from a mean of 6.9 to 10.6 days in these patients. Conv~t"Sely 

to the. decrease in the TEG bindmg eapaeity observed with the .adinin­

stration ot.a:ndrogenie homones, the administration of estrogens 

increases the TID binding e.aP3:city. It is not determined whether there 

is a quantitative increase in T:00 or an increase in the number of 

binding sites per protein molecule. This condition leads to a decline 

in concentration of free thyroxine which effects a prolongation of 
So 

bio1og:ical T4'4. Dowling ~eport.s a prolonged T4t½ with the administ-

ration of diethylstilbestrol and estradiol benzoate to ueumetabolic• 

females. This certainly agrees with the above des~ription of in.creased 

bindi.n.g capacity with a resultant lowered concentration of free thyroxine. 
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Insulin.--

lnsulin is shown to effect the metabolism of thyroid 

hormones as reported by Rose. 51 Thyroxine metabolism 

was studied in patients with diabetes mellitus. As a group 

the patients with more severe disease were noted to have 

lower levels of serum PBI but the fractional turnover of 

thyroxine was unchanged in these patients. When insulin 

was given for at least three weeks, an elevation of serum 

PBI was observed, and an increased daily thyroxine con­

sw.nytion was reported. This author concluded that the 

thyroid hormone production was deficient. This may be a 

compensatory change with a diminished requir~ment for 

thyroid hormone in a patient with diabetes mellitus, as 

the administration of insulin causes an increase in the 

consumption of oxygen, which then stimulates the thyroid 

gland to produce hormone at a more rapid rat e. As a group 

the patients with diabetes mellitus were found to have 

thyroxine turnover study values which were not internally 

consistent. This lack of consistency was probably due to 

the severity of the disease at the time of testing a 

particular patient. 

Salicylate.--

Salicyla.te therapy is reporte.d by Austin52 and Wolfr53 

to increase oxygen consumption up to 33% in eut~yroid 

patients. This observation was followed by an analysis of 
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thyroid hormone metabolism and disposition in patients 

with salicylate therapy. In one report, serum PBI was 

reduced from a mean of 5.5 to 3.8 ugm/lOOml by the ad­

ministration of salicylates. The fractional rate of 

disappearance of 1311 increased from a mean of 11.3% per 

d~y to 15.1$ per day, and the 1311 uptake was reduced to 

45% of the control at two hours, 44% at five hours, and 

4}% at twenty-four hours. Wolff53 reported that treat­

ment of such patients receiving salicylates with exogenous 

t h t · · · 1311 uptake· to normal yro ropin causes an increase in 

values, and an elevation of the PBI. Wolf54 shpws that 

salicylates inhibit thyroxine binding to prealbumin. This 

displaced free thyroxine is then metabolized at an ac­

celerated rate with an ultimately lower PBI. 

'Clofibrate.--

Harben and P.ittman.55 report in a recent abstract that 

the administration of clofibrate to reduce hypercholes­

teremia also alters the metabolism and binding of thyroxine. 

Liver scans after tne administration of. the drug show in­

creased hepatic binding of thyroxfne and greatly prolonged 

half-life of thyroxine turnover from a normal mean of 10.7 

d~ys to 24.1 days. 

Iodine Preparations.--

The effect of increased die~ary iodine is reported by 

Fi~her5~n his study of euthyroid Arkansas subjects who were 
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given daily iodine supplements. Thyroxine turnover was 

reported as being unchanged, but radioactive iodine ac­

cumulation in the thyroid gland increased while thyroidal 

radioiodine clearance decreased. DeGroot57 obtained 

similar results with the administration of potassium 

iodide, in amounts of 30 mg per day, which did not 

significantly alter the peripheral metabolism of labeled 

thyroxine. 

Thyroxine and Analogues.--

Exogenous thyroxine was observed by Oddie58 to in-

duce a progressive decrease in thyroidal uptake rates 

which approached zero when 280 ugm of thyroxine was given 

daily to normal adult men. An associated small but definite 

increase in PBI leve.ls was reported, and total thyroxine 

turnover rates were increased approximately in proportion 

to the elevation of PBI. The fractional daily degrada­

tion rate, however, remained relatively constant at this 

dose level. It thus ap~ars that exogenous thyroxine 

inhibits the pituitary-thyroid ~xis by increasing the 

concentration of hormone in the blood and thus suppres-

sing TSH. The exogenous thyroxine appears to be me­

tabolized at the same rate as endogenous hormone. 

D-thyroxine, 3,3',5'-triiodothyronihe, 3,3',5'-tri­

iodothyropropionic acid and 3,5'-diiodothyroacetic acid 

were shown by Pittman59 to cause changes in radiot~yroxine 
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metabolism, namely, slowing of the disappearance of radio­

thyroxine from the blood and decrease in deiodination of 

radiothy:roxine. The authors suggest that these analogues 

compete with the radiothyroxi-n.e at all points at which it 

is metabolized. Schussler and Vance60 also report that 

triiodothyronine alters thyroxine metabolism. The per cent 

of serum thyroxine bound to TBG is increased, TBG capacity 

is unchanged, and thyroxine turnover rate is increased. The 

conclusion suggested by these auth~rs is that T3 stimulates 

the metabolic disposal of thyroxine which then results in 

increased catabolism of thyroxine. 

Propylthiouracil.--

Propylthiouracil (PTU), an antithyroid drug used ex-
61 tensively in clinical practice is demonstrated by Hershman 

to slow the degradation rate of thyroxine, possibly by 

interferring with tissue metabolism of thyroid hormone. 

Animal studies also suggest that PTU may alter the pituitary 

suppressive effects and calorigenic action of thyroxine. 

6-PTtJ is shown to a.l ter the r ,~ te. of radioactive thyroxine 

disappearance from the serum. The magnitude of this in­

hibition of thyroxine turnover varies in relation to the 

level of intrinsic thyroid activity of the subjects studied, 

as is shown by Furth62 in hyperthyroid, euthyroid, and 

hyperthyroid subjects. After 6-PTU administration, thy­

roxine disappearance rates in patients with active tby­

rotoxicosis are slowed significantly, and the uptake 
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of i od.ine by the thyroid gland is markedly decreased, 

possibly due to a block in the recycling of iodine by 

35 

the PTU. Little or no effect on thyroid hormone metabolism 

or utilization was noted in euthyroid or hypothyroid 

patients. The authors suggest that PTU acts to decrease 

deiodination by a constant fraction of the original rate, 

thus the apparent effect of PTU would be greater in hyper­

thyroidism in which there is a more rapid rate of thyroxine 

metabolism. 

Tapazole.--

Berson14 reports no significant increases in degradation 

or turnover rates in patients prior to or after the 

administration of tapazole. 

Epinephrine.--
63 

In a study reported by ijays ten young males were 

given repository epinephrine repe.atedly for four days 

during the course of an 1311 -thyroxine disappearance study. 

The plasma 1311-.thyroxine disappearance rate slowed abruptly, 

fecal 1311 decreased, urinary131r excretion decreased 

slightly. Further studies on binding protein show a 

serum TBG capacity increase of 14 per cent which began 

on 'day two of therapy and continued until one day after 

therapy. Serum TBPA dropped 11 per cent, and free thy­

roxine decreased. These changes suggested that the in­

creased binding capacity of TBG is responsible for a de-
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crease in 131I-thyroxine metabolism. While this is not 

fully explained, the authors suggest that the thyroxine 

binding may be altered in extravascular sites. 

Adrenalcortical Steroids.--

Glucocorticoids have been shown to increase the half­

life of the 1311-thyroxine turnover in man as is shown 

by Blomstedt. 64 Orrego65 showed in liver homogenates 

that the addition of cortisol inhibits the deiodination 

of thyroxine, probably due to an inhibitory effect of 

cortisol on the enzymatic deiodination of ~hyroxine. This 

decrease in deiodination of thyroxine would contribute 

to a flattening of peripheral degradation slope of 131 I­

thyroxine due to a slower metabolism of the tracer. 

Hyperthyroidism.--

Hyperth.yroid:ism is reported by many authors to alter 

several parameters of thyroid function and metabolism. 

Turnover of 1311-thyroxine is accelerated to a half-life 

of two to five days, which suggests an elevated metabolic 

rate in the peripheral tissues. 14 , 19 , 66 , 67, 68 , 69 

Grave's Disease.--

Ingbar19 studied the disappearance and 

d d t . f 1311 ""h . . egra a ion o exogenous -~ yroxine in 

rate of periph~ral 

23 patients with 

Grave's disease who had ~en restored to euthyroid status. 

These subjects displayed an increased fractional rate of 

turnover (5.2 days) in the peripheral tissues for up to 
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28 months following establishment of euthyroid state. The 

mean PBI values were within the normal range. Thus, 

hypermetabolism ~~cannot account for the increase 

in the fractional turnover rate in these patients. 

Euthyroid relatives of patients with Grave's disease 

were also shown to have abnormalities in their thyroxine 

metabolism. 69 Thyroxine half-life was significantly re­

duced from the normal mean of 6.8 ± 0.6 days to 5.7 ± 1.1 

days. PBI and Basal Metabolic Rates (BMR) were normal. 

Thyroidal radjoiodine uptakes were significantly greater 

at 44 .± 8 per cent average for the group as compared to 

31 ± 8 per cent in the normal patients without relatives 

with Grave's disease. Thus, two distinct abnormalities 

in the metabolism of iodine are found in eumetabolic 

relatives of patients with Grave's disease: l) an 

augmented rate of peripheral degradation of thyroxine, and 

2) an increased thy~oidal avid.i.:ty for iodine. At this 

time no explanation 0£. these ob-servations are available. 

In a recent publication, Harban10 shows that the 

half-life of rad.iothyroxine is normal in euthyroid 

patients exhibiting exophthalmos as seen in Grave's disease. 

These patients were found to have thyroid function tests 

in the eutbyroid range and no history of hyperthyroidism. 

Hypothyroidism.--

Patients with hypothyroidism have also been extensively 
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studied in all parameters of thyroid function and 

metabolism. The RAIU is decreased, the thyroidal iodine 

space is smaller than normal, the PBI and BEI are de­

creased, and the T-3 (Resin Uptake) is increased. 

Turnover of 1311-thyroxine is prolonged to a half-life 

of seven to twelve days. Sterling and Ingbar show that 

restoration of the eumetabolic state with taerapy results 

in a return of 1311-thyroxine half-life to normal values. 

Goiter.--

Beckers71 evaluates the peripheral metabolism of 

labeled thyroid hormones in goitrous patients from the 

Congo. In this population, almost 60% of the persons with 

goiter have a PB·I of less than 4 ugm/lOOml. While this 

would suggest hypothyroidism, only 10% have myxedema. 

The half-life of thyroxine was found to be 4.4 days with 

a 15% per day degradation rate. Further studies indicated 

that the extrathyroidal organic iodine pool is reduced. 

The author suggests that the increased turnover rate of 

T4 and the reduction of extrathyroidal organic iodine 

pool compensate each other, and despite the reduction of 

circulating hormone, these patients catabolize an amount 

of thyroxine greater than would be expected by the level 

of the protein bound iodine. 

Thompson and Wallace72 report on an investigation of 

a family with dyshormonogenetic goi.ter due to dehalogena.$e 
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deficiency. These patients mean 1311-thyroxine half-life 

was 5.1 days, but clinically they appeared hypothyroid, 

which was confirmed by low PBI values. The authors are 

unable to explain their unusual findings and have investig­

ated several possible mechanisms with no suitable answer. 

The TBG capacity is in the normal range wh~le TBPA binding 

is decreased. TSH was administered to these subjects with 

no alteration in the 1311-tayroxine turnover. 

Nonthyroidal Hypometabolism.--

The term "euthyroid hyp-0metabolism 11 has been utilized 

by Kurland24to describe patients with a BMR below -20 in 

association with clinical symptoms suggestive of hypothyroid­

. ism but in whom the other customary parameters of thyroid 

function are within the normal limits. Kurland reports that 
131 . 

the half-life of disappearance of I-thyroxine is slower 

(8.3 .days) in this group of patients as compared to his 

controls of 7.18 days. Ryan and Lasker73 also studied this 

group and found a prolonged biologic half-life of injected 

radiothyroxine. They postulate that the most likely reason 

for the low basal metabolic rate is a disproportion be­

tween the mass of metabolizing cells and the mass of fat, 

and that it is unnecessary to invoke any disorder of thy­

roid hormone metabolism. 

Fever.--
46 Gregerman reports on thyroxine turnover in patients 
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experiencing bacterial pulmonary infection, chiefly pneumo­

cocca.l pneumonia. The .a.cute phase of the illness is char­

acterized by a rapid thyroxine turnover time of 2.3 days. 

With clinical recovery, the turnover r~te reverts abruptly 

to normal or in a rare case to a slower than normal rate. 

74 131 . 131 Wiswell measured I-thyroxine and I-T3 concomitantly 

and showed acceleration of turnover during the acute phase 

with reversion to normal with recovery. Plasma hormone 

concentration as measured by PBI and T4 remained the same 

throughout acute and recovery phases in humans. Sterling 

and Chodos 24 concur with the above and observed that thy­

roid secretion of thyroxine is accelerated during the fever 

phase, the thyroid thyroxine disposal rate being fiv~-

fold that normal during the acute phase of the fever. 

Shambaugb75 studied the same situation in the rat with fever 

induced by subcutaneous injection of five to fifteen 

organisms of D. pneumoniae. In contrast to the results 

in humans, a marked decrease in serum PBI and circulating 

free thyroxine was noted. He also reports a decrease in 

T4 binding by the serum protein dur~ng fever. Failure 

of serum TSH to change in response to lower levels of cir~ 

culating hormone was found and was thought to indicate a 

d ec reased pituitary response to alteration in circulating 

free thyroxine during fever. 
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Obesity.--

The radiothyroxine turnover and other parameters of · 

thyroid function in obesity were reported by Benoit and 

Durrance. 78 The BEI values were identical with normal 

controls at 4.0 ugm/iooml. The mean radiothyroxine biologic 

half-life in the obese group studies was shortened signifi­

ca.n-tly to 4.3 days with a per cent turnov~r per day of 16.1. 

The finding of the shortened half-life was unexpected and 

mechanically paradoxical with the low metabolic rate 

fre.quently noted and the presumed block in cellular utili­

zation of thyroxine in obesity. The authors suspect the 

explanation for the altered half-life to be due to an 

inc·reased excretion of teyroxine via the liver and gastro­

intestinal tract due to a change in hepatic handling of the 

hormone. 

Nephrotic Syndrome.--

The half-life of thyroxine in the nephrotic syndrome is 

shortened to 3.0 to 4.5 days from a normal range of 5.2 

to d.5 days. Thyroid function is described by Rassmuss.en79 

as "normal", in the sense that the upi;_ake of inorganic 1311 

by the thyroid is in the normal range. Urinary excretion 

of thyroxine is greatly increased. This may amount to 25 

to 30 per cent of the thyroidal production of thyroxine 

as compared to approximately ten per cent in the normal 

human. The amount of thyroxine degraded by the peripheral 
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tissues is in the hypothyroid range due to less than 

normal supply of thyroxine reaching these tissues. The 

transport of thyroxine by plasma proteins appears to be 

normal. Therefore the primary cause of a shortened 

thyroxine turnover time is the increased loss of thyroxine 

through the malfunctioning kidneys. 

Pancreatic Steatorrhea.--

Thyroxine metabolism is greatly altered where there 

is a discrete abnormality in digestive function as in pan­

creatic steatorrhea. In this disorder, Hiss80describes a 

great increase in the volume of gastrointestinal contents 

which leads to entrapment of organic iodine secreted in 

the bile and thereby lost in the- feces. Studies show 

significantly greater quantities of organic iodine in the 

stool and increased fractional rates of turnover of hormone 

from 13.0 % per day prior to therapy with "replacement 

proteolytic enzymes" to 11.8% per day after therapy. Fecal 

excretion of organic iodine was somewhat reduced after 

treatment. The thyroxine production by the thyroid gland 

increases in response to the fecal loss. 

Stress.--

Operative stress has been observed by several authors 

81 82 to alter thyroid function. Goldenberg ' rep-0rted no alt-

eration in pre- and post-operative PBI values. Four types 
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of post-operative response are noted by Goldenberg: 

1) Increased thyroid activity immediately post­

operatively followed by increased adrenocortical activity 

which is in turn followed by suppression of thyroid 

fun.ction. 

2} Increased adrenocortical activity with depressed 

thyroid activity immediately post operative. 

3} Increased thyroid activity post-operatively which 

is associated with unchanged adrenocortical activity. 

4) No change in thyroid or associated adr.enocortical 

activity. 

In euthyroid patients who had not experienced recent acute 

stress or chronic illness was displayed an increased utili­

zation of the labeled T4 after operation. Much smaller 

increases were seen in chronically ill patients or those 

who had recently suffered acute stress. The basic response 

pattern after operation was shown to be: 1) increased 

thyroid glandular activity, 2) increased circulating thy­

roid hormone, and 3) increased peripheral concentration of 

hormone. 

Surks83 reports an acute reduction in the synthesis 

of TBPA coupled with a short half-life of this protein as 

responsible for a rapid drop in TBPA in the post-operative 

period. Bernstein84 evaluated the turnover of 1311~thy­

roxine in patients subjected to surgical trauma by comparing 
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the turnover to the level of TBPA. Berns't-ein notes that 

despite the decrease in TBPA in ali his patients, there 

was also a decreased fractional disappearance of 131r-T4 . 

He concludes that other factors besides TBPA binding of 

hormone are present to obscure the influence of falling 

TBPA levels on the turnover of 1311-T. 4 

Human Pregnancy.--

Thyroxine turnover during human pregnancy was described 

by Dowling85 who reperted that when the net hormonal 

turnover is expressed in terms of surface area, there is 

no change between the non-pregnant and pregnant. These 

values are 35 ugm 1:/24 hours/ m4 and 35.4 ugm I-/ 24 hours/m2 

respectively. The PBI values are increased to a mean of 7.4 

ugm/lOOml due to the increase~ estrogen associated with 

the pregnancy. The author conclude~ that the net thyroxine 

turnover and hormonal requirements are unchanged in normal 

pregnancy. 

Hepatic Disease.--

Inada and Sterling86 recently reported in JCI their 

observation on thyroxine turnover and transport in Laennec's 

cirrhosis of the liver. Inspite of great irregularity in 

thyroxine half-lives, the absolute thyroxine iodine removal 

rates are all normal regardless on the severity of the dis­

ease. T4t½ mean values in the control group were 7.7 days 

and 7.2 days in patients with cirrhosis. The PBI was not 
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altered with a value of 5.0 ugm/lOOml in the control 

group and a mean value of 5.1 ugm/lOOml in the patients 

with cirhosis. The major alterations appeared to be in the 

serum proteins including the thyroxine carriers. The TBG 

concentration was 19.7 in the control group and 20.5 in 

the patientB with cirhosis. The TBPA was decreased by 

approximately one-third from a normal of 265 ugm/lOOml to 

a value of 95 in the advanced cirrhosis patient. The de­

creased TBPA capacity was due to impai:r-9d 1synthesi.s .in the 

diseased liver. The biological half-life shows good cor­

relation vith the TBG capacity but not with the TBPA capacity. 

It is suggested that the diminution in TBPA capacity is 

compensated for by the normal .to elevated TBG binding 

capacity. Free thyroxine levels also flucuate markedly, as 

do the biological half-lives. However the absolute hormone 

disposal is normal in all patients studied. 

Thyroid gland function tests have been reported by 

Friss70as normal in patients with hepatitis. The thyroxine 

half-life was shortened in all six patients while the 

total thyroxine degraded daily was increased. The author 

proposed the impaired liver function in this disorder as 

the cause for the shortened half-life and increased 

c1 egradation. A larger amount. of thyroxine was excreted in 

the feces as the diseased liver is unable to retain the 

hormone to the same extent as the normal organ, therefore 
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more is passed via the bile into the feces. This con-

cept parallels that of OppenheimerB7 who after external 

measurements over the hepatic area and studies involving 

hepatic biopsies indicate that the liver is a very important 

but probably not the sole component of the intracellular 

compartment of extra.thyroidal thyroxine. In patients with 

liver disease, he reports decreased intracellular space 

and impaired permeability characteristics. The normal 

intrahepatic intracellular thyroxine level is approximately 

78% of the total thyroxine with th~ remaining 22% apparently 

in the kidney. Thus, with the large portion of intra­

cellular thyroxine being in the liver, impaired liver function 

can easily allow a release and subsequent loss of this hor-

mone. 

Altitude.--

Surks88 measured plasma total and free thyroxine con­

centration, thyroxine turnover, catecholamine excretion and 

ox.y.gen consump-tion in five .young males at an altitude of 

14,100 feet _ for eight days. Thyroxine degradation is 

observed to increase during the first three days at high 

altitude and thereafter to remain slightly elevated. 

Basal oxygen consumption increased from 125 to 147 ml/ 

minute/m2 on the first day at high altitude and then pro­

gressively decreased toward the control value. Plasma 

total and free thyroxine concentration and norepinephrine 
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excretion were not altered during the first two days at 

high altitude but then increased continually for the re­

mainder of altitude e~posure. The parallel changes in 

both sympathetic activity and plasma free and total 

thyroxine concentration at altitude are noteable. The 

more delayed onset of the .increases• of sympathetic activity 

and plasma th.yroxine suggests an adaptive response to the 

environmen:tal stress imposed by high altitude. The authors 

suggest that these hormonal changes play an important 

supportive role in maintaining the integrity of cellul ar 

metabolism in situations in which it may be compromised. 

Malignant Tumors.--

Sterling and Chodos24 made a reference to four cases 

of leukemia with fever which they described as "hyper-­

metabolic vithout endocrine disease." Thyroid hormone 

degradation rates in their patients were somewhat lower 

than the thyrotoxic patients but still significantly greater 

than normal with a mean value of half-life of 13.7%/day 

and a normal PBI value. 

Oppenheimer, et al, 4 in 1963, report on the binding of 

T4 by serum protein as altered in nonthyroidal illness. 

Their group of patients included several with malignant 

disease. In general, those patients with the most pro­

nounced thyroxine binding protein abnormalities had marked 

systemic manifestations including fever, weight loss, and 
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malnutrietion. An increased T-3 uptake is reported in 

these patients with metastatic disease. These authors 

report an actual fall in TBPA with a subsequent decrease 

in T
4 

binding. The possibility of catabolism of the protein 

in severe wasting disease is mentioned, but additional 

studies show such is not always the case. Further study 

is currently being undertaken by these authors to estab­

lish the role of thyroxine b~nding proteins (especially 

TBPA) in debilitating disease states. 

Animal studies showing the effect of malignant tumor 

on thyroxine metabolism and thyroid function in the rat, were 

90 reported by Galton and Ingbar. It was concluded that 

the changes in thyroid hormone economy in tumorous animals 

are secondary to decreased protein binding of T4 • It is 

not known whether this represents a nonspecific response 

to illness or a specific effect of the tumorous state. The 

PBI is considerably reduced, deiodination of T4 is in­

creased with an associated reduction in the concentration 

of 1311-T in the serum. 
4 

The clearance of T
4 

from plasma 

is greatly increased. The thyroid gland stud·ies indicate 

hypofunction as shown by greatly decreased rates of uptake 

of iodide by the gland. 

Pastorelle89 reported on the acute plasma disappearance 

time of radioactive thyroxine in patients with cancer. He 

reports that. cancer is associated with decreased thyroid 
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function with a slower uptake of 1311 in the RAJU. 

Possible causes of these alterations are that cancer induces 

hypothyroidism, existing hypothyroidism provides a favorable 

developmental environment for malignant disease, or that 

the malignant state changes the intra- or extrathyroidal 

metabolism of inorganic iodide ore thyroxine. He studied 

these alterations on the basis of acute plasma disappearance 

time of T4 which is related to the slope of the clearance 

curve during the first hour after injection of the labeled 

hormone. Normal values for acute phase ti a~e 73 minutes. 
2 

Pa~ients with cancer are classified into three categories 

on the basis of acute plasma disappearance time and liver 

function tests:. Categpry A ine ludes patients ri th normal 

disappearance times and normal liver function tests; 

Category B, patients vi·th prolonged disappearance times 

and normal liver tests; and CategGry c, patients with pro­

longed disappearance times and abnormal liver function tests. 

This author suggests that t~e alteration in disappearance 

times in carcinoma. is a tunction of the degree of liver 

involvement, as the patients with liver disease are unable 

to trap T4 from the blood as quickly and thus manifest a 

prolonged disappearance time. 
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Summary of Literature Review on Clinical Situation Alter-

ing Thyroid Hormone Metabolism 

Condition 

.lge 3 - 9 

4 - 15 

3 - 14 

15 - 17 

_,,n Adult 

41 yr 

54 yr 

7 ~ yr 

PBI 
(u,g/100 

ml) 

6.09 

4.0 - 8.0 

Pre 4.9 

testosterone Post 3.7 

.. oretbandiolone 4. 5 

,stro :en 

.ia.betes 

Pre 6.9 

Post 10.6 

low calorie 6.0 

gen diet 5.7 

..:, licylate 

Potassium­

iod. • J e 

Pre 5.5 

Post 3.8 

12.4 

ertµ~oidism 11.1 

o tt1_y r idism l. 7 

5.4 

6.0 

5.3 

5.5 

5.4 

10.5 

13.1 

13.1 

6.5 

6.2 

Pre 16.7 

2 5 

1 - 12 

Turnover 
rate 

(% 
per day) 

13.9 

12.2 

13.0 

12.4 

13 

19 

10.9 

Post 17.8 

21.7 

15 

) 
) 
) 

l 
~ 
) 

Author 

40,41,42 

40 

38 

44,45 

38 

47 

49 

48 

51 

51 

53,53 

57 

14,69 

70,73 
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• Turnover 
rate 

PBI T4t½ (% 
Condition (days) per day) Author 

Treated Grave's 

disease normal 5.2 19 

Relatives of 
patients with 
Grave's Diseas s normal 5.7 72 

Dyshormonogen- 5.1 74 etic goiter 

Euthyroid 8.3 24,75 Hypometabolic normal 

Fever normal 2.3 46 

Obesity 5.5 16.l 78 

Nephrolic 
syndrome 3.0 79 

Pancreatic 
steatorrhea 5.3 6.0 13.0 80 

Pregnan,cy 7.4 85 

Cirrhosis 5.1 1.2 86 
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Preliminary eonsiderations of Plasma Disappearance Rates 

of Radioactive 131I-Thyroxine in Patients With Malignant 

Disease 

Background.--

The disappearance curves of 131I-Thyroxine and other 

parameters of thyroid function and disposition, as altered 

by various clinical situations have been presented previous­

ly in this paper. Utilizing the concepts of. tracer mater­

ials to study the kinetics of thyroid hormone utilization 

and metabolism, a preliminary report of an investigation 

involving the long term alterations of thyroid hormone 

metabolism and utilization is presented on patients with 

malignant disease. 

Premise of Study.--

The purpose of this study is to determine the amount 

and type of change observed in thyroxine turnover and dis­

position in patients vith various types and stages of malig­

nant disease. It is expected that utilization of thyroxine 

might be altered in patients with malignan~y without regard 

to associated fever, drug therapy, generalized tissue cata­

bolism, or caloric deficiency. Findings by other investi-

t t -4' J l, 8•9 · ~ · t d th t . . t d . th ga o. s · iuaica e a cancer is associa e wi 

decreased thyroid function, one possible cause of which is 

that the malignant state changes the intra- or extra-thyr-
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oidal metabolism of inorganic iodide to thyroxine. 31 

~any tumors of non-endocrine origin are now known to 

elaborate humoral substances which stimulate horm'onal 

action, 90 including thyroid hormone utilization and me­

tabolism.4,31,89 Pastorelle31 showed that thyroid hormone 

utilization is altered in the acute phase due to dis­

turbances in hepatic binding of thyroxine. He showed the 

alterations in hepatic binding to be roughly proportional 

to the amount of disrup'tiion of hepatic function by the 

malignant process. To investigate further the effects 

of malignant disease on thyroid hormone utilization and 

metabolism, a series of experiments were designed to 

131 measure plasma clearance rate of I-~hyroxine over a 

period of several days in patients with various types and 

stages of malignancy, but with no other clinical situations 

previously described which are known to alter thyroid hor­

mone clearance rates. 

Materials and Methods.--

Seven patients with histologically verified malignant 

disease (leukemia, lymphoma, carcinoma or sarcoma) at 

various stages but without evident attended infection or 

thyroid disease have thus far been chosen from the general 

ward population in the Omaha Veterans Administration 

Hospital. Five patients with non-malignant, non-febrile 

diseases, and euthyroid state have been chosen as age 
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matched controls. Body weights were matched and nu­

trietional states were similar for both groups studied. 

Most patients were ambulatory. None were receiving 

radiation therapy, chemotherapy, or medications known to 

alter thyroid hormone metabolism at the time of testing. 

None had received surgical treatment for at least one 

month prior to testing. 

To eliminate patients with clinical states known to 

give spurious results on thyroxine utilization, a complete 

history and physical was performed on each patient with 

special emphysis on type of tumor, date of diagnosis, 

method of diagnosis, therapy and medications, abnormalities 

in the thyroid, gastrointestinal tract including liver, 

renal, metabolic, and weight changes. 

Laboratory data was then obtained to aid in elimin­

ating metabolic, hemopoietic, hepatic, renal or thyroid 

abnormalities. The thyroid gland and hormones were stud­

ied extensively to ascerta.in any abnormalities in function 

which may have been due to intra- or extra-thyroidal 

changes induced by the malignant process. The parameters 

measured include PBI, free T4 , T-3 (Resin-uptake) and RAIU 

after completion of the series of plasma collections. 

Tracer amounts of 131I-labeled L-thyroxine were 

obtained from Abbott Laboratories in North Chicago, Illinois. 

The t racer is ~hemically synthesized L(-)-thyroxine which 
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I 
is tagged with radioactive iodine in the 3 position and 

prepared as a sterile solution which contains 50% propy­

lene glycol in water. Intravenous injection was made 

using glass tuberculin syringes after which corrections 

for loss Of radioactivity due to adherence to glass 

were ma.de. The amount injected was 40 to 70 microcuries 

per milligram of thyroxine. Heparinized blood samples 

were drawn daily for ten days at approximately 10:00 CDT, 

plasma sepe at.ed and refrigerated in plastic tubes until 

the series on that particular patient .was completed. 

Correction for physical decay was made by simultaneous 

count of a stand.a.rd sample of radiothy~oxine prepared at 

the time of initial administration of the tracer. The 

plasma activity was assayed in a well-typf scintillation 

counter which records approximately one million counts 

. t . . f lJlI b t d d t · h . per minu e per microcurie o y s an ar ec n1ques 

of the radioisotope laboratory of the Omaha Veterans 

Administration ·Hospital. 

Calculations.--

T-he disappearance of plasma radioactivity was ex­

ponential after initial mixing and equilibration (24 to 

48 hours) and was expressed as the slop~ of the line 

which gave the best fit of the data. Extrapolation to 

zero time gives the "initial" radioactivity, from which 

the length of time (aays) required for the plasma radio-
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activity to diminish by 50% is determined. This value 

is the half-life of disappearance of plasma thyrQxine,(t.1). 
z 

From this value the percentage of ~hyroxine turned over 

per day is calculated by: 

k = Inz x 100 
t1 

2 

Results.--

= 0.69J X . 100. 
t1 

2 

The values for the control subjects (Table 3) and 

values for the patients with malignancy (Table 4) show 

slight changes in half-li~e of radiothy~oxine. The mean 

value for the control subjects is 6.5 days, compared to 

6.2 days for the patients with malignancy. Other para­

meters, howeYer, do not agree as closely. The Pl3I is 

measured in the normal subjects in 7.3 ugm/lOOml compared 

to 4.17 ugm/lOOml in the test patients. This discrepency 

may be due to one highly abnormal value in W.S., which 

is presumed to be due to non-hormonal iodine, as the T-4 

value is normal. Eliminating this PBI determination from 

the series gives a mean value of 5.8 ugm/lOOml, which is 

still significantly higher than the tumor group. The 

T
4 

-by column which measures predominately thyroxine, re­

vealed a much higher level of serum thyroxine in the 

controls (4.5 ugm/lOOml) as compared to the tumor group 
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Table 3. Thyroid Function Studies in Patients Without Malignant Disease 

PBI T4 T-3 
.1-3 

Chol alk ~ 
(ug/100 (u.g/100 Resin t½ k BSP (mg/100 alb cc, Di, (3 a- phos 1-j 

0 
Subject ml.) ml.) Uptake (days)(%)(%.) ml.) (%) (%) (%) (%) (%) (units) }< ,-,. 

l:J 
M.A. 4.3 3.7 31.8 5.0 13.9 <D 

1-3 = w.s. 13.4 3.6 39.6 6.3 11.0 3.5 150 5 8. 6 l • 4 9 • 4 11 • 3 19. 0 3.7 11. 
::s 
0 

7.7 6.3 5.8 11.9 
<t 

R.F. 31.2 <D 
Ii 
I 

R.E. 5 .4 4.:3 37.9 8.3 8.4 I 
ltj 
0 

W.B. 5. 7 4- .6 37.6 1.2 9.6 Ii 
Ul 
13 
ii) 

total 36. ~ 22.5 178.1 32.6 54.8 
l:J 

mean 7.3 4.5 35.6 6.5 10.9 
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:131 T4 T-3 t .1. 
Billi Protein alk 

(ug/100 (ug/100 Resin. 2 k .BSP (mg/100 alb phos 
Subject ml.) ml.) Uptake (d.a.y1i) (%) (%} ml.) (%) (%) (%) (%) (%) (units) 

w. M. 4.9 3.6 35.2 6.1 11.4 2.3 7.9 

R. M. 5.4 4.1 37.4 5.8 11.9 7.8 13.0 49.1 3.8 10.2 14.0 22.1 2.8 

w. N. 6.5 6.8 30.2 8.2 8.5 13.2 9.0 12.9 

A. s. 4.4 3,4 32.0 9.1 7.6 6.1 8,.1 

R. s. 3.1 2. 7 )9.0 3.6 19.2 28.0 53. 8 3 .. 8 9.0-' ll.3 20.0 6.3 

D. A. 3.7 2.9 40.8 4.5 15.4 36.0 61.4t 4. 7 9 .5 14.3 9. 9 

total 28.0 20.5 247.4 37.3 73.8 29.4 94.9 164.3 12.3 28.7 41.6 52.(})38.8 

mean 4.7 3 . 9 35.8 6.2 12.3 8.3 18.8 54.8 4.1 9..6 13. 7 17.3> 7.8 

• 
'"3 

~ 
0 
>4 .... 
1:1 
(I) 

'"3 
i:: .., 
1::1 
0 
<I 
<1) .., 
I 
I 
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0 .., 
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~ 
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(3.9ugm/100ml). The T-3 (Resin uptake) is essentially 

identical in both groups, indicating that the binding 

capaci~y of the thyroid binding proteins is essentially 

the same in both groups. As expressea by the k value, 

the per cent of the radiothyroxine turned over per day 

is increased ~rom a mean of 10.95% in the control to 

12.3% in the patients with malignancy. Further analysis 

of the small series collected thus far reveals no cor­

relation between thyroxine turnover and hepatic function 

alteration as. measured by the BSP and serum alkaline 

?hosphatase levels. A pattern, however, may be evident 

with increased turnover per day with lower levels of 

gamn globulins, However, a larger series is needed to 

determine if this is a significant correlation. 

Discussion.--

A much larger series will be required to determine 

the alterations in~thyroid hormone utilization and 

metabolism as influenced by the malignant state. As a 

total group, the patients with malignancy show alter­

ations in several parameters of thyroid function measure­

ment, especially in the PBI with much lower values, T4 
with lower values, and per cent turnover per day, which 

shows larger amounts of t~yroxine utilized per day. 

Further studies are needed to ev~luate whether the 

changes above are due to decreased hepatic binding with 
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subsequent loss of hormone or alterations in the thyroid 

hormone binding protein capacity. This change in the 

binding capacity may be due to an absolute decrease in 

the number of binding sites as would be shown by de­

creased concen-trations of the binding proteins or a de­

crease in the binding capacity of normal concentrations 

and ratios of plasma thyroid binding proteins. Studies 

of free thyroxine and the turnover of absolute quantities 

of free thyroxine may aid in clarification of the question 

of' alterations in thyroxine utilization and degradation 

in malignancy. Future studies involving larger numbers 

of subjects will allow observations to be made in various 

possible stages of malignancy and with progression of 

the disease in a given patient. In addition, alterations 

induced by therapy may be observed to determine the 

effect of the amount of involvement of the person's body 

and physiology necessary to alter the normal thyroid 

hormone utilization, metabolism, and disposition. 

Larger studies are also needed to compare the various 

types of malignancy (leukemias, carcinomas, sarcomas, 

and lymphomas) and their effects on the parameters 

measured above. 

The above mean values and trends indicate that thy­

roid hormone metabolism may be altered in patients with 

malignancy. Thus is indicated a need for further investi-
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• 
gation with various modifications listed above • 

• 
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