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INTRODUCTION 

Tho studies with which these pages are concerned deal 

with the influence of the commercial form of the drug, 

phenothlasina, on thyroid physiology as shown by the uptake 

of radlolodine. A prerequisite background for this study 

requires a revie*? of three major aspects* 

A. The drug phenothlazlne. 
B. Pertinent aspects of thyroid physiology. 
C. Radlolodine as It is used in thyroid study, 

A. FHENOTHXAZINE; 

Phenothiasine (thiophenylamine), a yellow, aromatic 

compound, has grown in importance both chemically and 

biologically since it3 initial synthesis by Bernthsen (1885). 

(1) 



This compound is one of a large group of dye compounds9 and 

it is actually a parent compound for such well known dyes as 

Lauthe1s violet and Methylene blue, These dyes are Involved 

in reversible oxidation-reduction systems. The particular 

system for phenothiasine is indicated below; 

E 

PHBrIQ THIAZ INE 

TlilOHOL FlILrlO J’HIABQHE 



Physical Properties 

Phonotbias ins has boon thoroughly studied and Its 

properties can be Indicated as follows: 

1. Thiodiphenylamlne, d ibenzothiaz Ine, phenoxur, 
(C12H8NS). Molecular weight-199.26, 

2. Yellow rhombic leaflets or diamond shaped plates 
from butanol and toluene precipitation. Melting 
point-185,1 degrees C.j sublimes at 130 degrees C. 
at 1 mm. pressure, 

3. Freely soluble in benzene, ether, hot acetic acid, 
alcohol, and mineral oils. < 

*1, Insoluble in petroleum ether, chloroform, and waten 
5. It is readily oxidised by sunlight, ex pa daily when 

in the presence of a finely divided carrier, 
(Merelc Index, 6th Edition) 

Synthesis of Phenothlaslne and PerivatIves 

The Initial synthesis by Bernthsen (18££>) was a simple 

reaction using diphonylamine, sulfur, and heating to 300 

degrees F. This synthesis has since been improved by 

Knoevanagel ( ) and by Mitchell and Wells (19*17), who 

were able to greatly increase the yield by adding iodine to 

the reaction mixture as a catalytic agent. 

The other oxidation-reduction forms of phenothiazine 

can be synthesized from the drug itself. Two of the important 

forms are summarised as follows: 

Leuco-phenothiazone: 

Phenothiazine suspended in aqueous solution, red¬ 

uced with Ammonium Sulfide* 

It is then extracted with Chloroform* dried and re¬ 

crystallized from Carbon tetrachloride* (Collier, 19U0) 

(3) 



Thionol: 

Phenothiazine is dissolved in alcohol. A solution 
of HC1 (dilute) is heated to 80 degrees C.« * *0 

this is added 

'Hie Phenothiazine solution is added drop by drop (1-2 
dropd/sec) in entirety, within U5 minutes. A deep 
red color will appear in the solution. 

This red material is extracted with chloroform several 
times. 

Distill off the chloroform and reduce to dryness 

(TeEds and Eddy, 1938) 

Biological Use of Phenothiazine 

Phenothlazine, like many other compounds, -was discovered 

many years before a practical application was made of it. 

Fifty years elapsed before any inkling of its value to 

biology became known to man. 

Use as an insecticide: The first biological use of 

phenothiazine was as an insecticide. Campbell (193*0 

demonstrated its effectiveness against the cullclne mosquito 

larvae. Smith et al. (1935) reported on its general use as 

an insecticide. Its value is attributed partly to its low 

level of toxicity to vertebrates, and to its toxicity to 

insects. 

Use as an anti-fungicide: The oxidized form of pheno¬ 

thiazine is especially effective against fungus growths, 

(DeEds et al, (1939)). 

Use against bacteria: Eddy et al. (1937). noticed that 

the urine of animals receiving the drug was pink and turned 



a deep red on standing. Investigation revealed that there 

was no gross growth of bacteria In the urine after several 

weeks of standing exposed to the air at room temperature. 

The efficacy of phenothiasine on E. coll was noted, and 

actual clinical use of It was made In humans with urinary 

tract infections, both acute and chronic. It was tested 

in 31 patients, and In all but eight a permanent cure was 

realized. 

Thomas et al. (1938) discussed the etiology of the red 

urines and explained its anti-bacterial qualities. Phono- 

thiazine is excreted in the urine partly as the original 

compound, as the leuco form, as a loosely bound leuco-thlonol, 

and as a brilliant red dye, thionol. When the urine is 

sufficiently acid(piH ^,5-5.5) hydrolysis occurs in which free 

leueo-thionol is liberated (DeEds et al,, 1939). This in 

turn is oxidized in the presence of air (oxygen) to thionol, 

the true anti-bacterial agent. 

Phenothiazlne as an anthelmintic: A major departure 

from the trend of phenothiazine's use and importance occurred 

when Harwood et al. (1938) discovered that the drug was 

effective as an anthelmintic against ascarids and nodular 

worms in swine. This discovery led to extensive work with 

phenothiazlne as an anthelmintic, 

Harwood (1953) prepared a complete review of the use of 

phenothiasine as an anthelmintic. He refers to the particular 

hosts and parasitic infections for which phenothiazine is used 

(5) 



and gives dose levels for therapy and prophylaxis, This 

is a very extensive work covering 206 references. Another 

recommended review article is one by Savoy et al, (I9!i2) 

which appeared prior to the above, but has sore specific 

details concerning the chemistry of phenothiazine. 

Toxicttr of phenothiazine to domestic aminalss The 

toxicity to farm animals is variable. Sheep, hogs, dogs, 

and horses appear to be the most sensitive, The dose level 

in all these cases is extremely critical (Bov,1953)« The 

general toxic effects observed are hemolytic anemia, muscular 

asthenia or weakness, and constipation {Taylor and Sanderson, 

19^0), abdominal pain, posterior incoordination, and loss of 

weight. If the dose is prolonged the animals can die. 

Biochemistry of Phenothiazine: decent work has been 

reported which is concerned with the biochemistry of the 

drug in relation to its action. This information has lead 

to a clearer elucidation of the mode of action of phono- 

thiaslne as an anthelmintic, and the etiology of some of the 

toxic effects are observed, liammaiian catalase and cyto¬ 

chrome oxidase, prepared from guinea pig liver and beef 

heart respectively, are Inhibited by the louco-phenothiazone 

but not by thionol or phenothiazine itself (Collier, 19^0)* 

Cholinesterase activity of horse serum was inhibited by 

phenotbiasone and by son© salts of phenothiazone (Collier, 

and Allen, 19*12), Liver catalase was also shown to be 

inhibited by phenothiasino sulfoxide; nuccionoxidase of 

(6) 



beef heart was inhibited by thionol} also, succinic dehydro¬ 

genase and yeast lactic dehydrogenase are acted upon by 

thionol. Urease is partly affected by thionol, while 

d-amino acid oxidase is not affected (Collier and Allen, 

19^2), Succinoxidase from mitochondrial fractions of rat 

liver were effectively inhibited by phenothiazine, pheno¬ 

thiazine sulfoxide, and phenothiazone (Collier and Allenby, 

1952). The last in vitro study was on the hexokinase from 

rat brain. This was inhibited by phenothiazine (Allenby and 

Collier, 1952). 

Medical use of phenothiazine: In human therapy pheno¬ 

thiazine has been tried with only minor success and has for 

the main part been abandoned. P. Manson-Barr (1939) was the 

first clinician to use phenothiazine. He attempted to cure 

a hookworm infection in an Indian weighing 8 ’stone*(stone® 

l1) lbs.). He employed a single dose of ^0 grams with little 

improvement. Subsequent trials on other patients led him to 

the conclusion that phenothiazine was ineffectual against 

hookworm infestations. Other workers have explored the use 

of phenothiazine for humans. Kuitenen-Ekbaum (19^1) gave 

phenothiazine to 89 Childrem and 9 adults for the treatment 

of enterobiasis* The doses ranged from *1 grams to over 

8 grams, spread over a period of *1-5 days. Out of the total 

76 children and 8 adults were cured. In these cases no 

toxic effects were noted. Hubble (19*11) U3ed the drug 

against Enterobius with success, but concluded that the 

(7) 



drug "is too dangerous to use." He observed three cases of 

hemolytic anemia as a result of the treatment. In 19*12 

there appeared an anonymous report 

in which a young child was poisoned with phenothiazine. 

Elliot (19*12), however, reported a treatment for dracontiasis 

using phenothiazine which was quite successful. 

Toxic effects in human beings: There have been several 

types of toxic symptoms abserved in humans. DeEds et al. 

(1939), Hubble (19*12), and Johnston (19*12) all found that 

the use of phenothiazine resulted, in some instances in the 

production of anemia, toxic hepatitis, fever, and sometimes 

general collapse. Newcomer (1937) and Swales et al. (19*10) 

reported that the use of phenothiazine as an insecticide 

spray resulted in severe skin irritations amo^pgthe men who 

used the sprays. This was attlrbuted to the fact that the 

leuco form of the drug entered the systemic circulation and 

upon exposure of the surface of the skin to light, there is 

a local oxidation which causes skin irritation. This is 

termed photosensitivity. Reitz (19*12) attributes the 

dermatitis of pigs to this self same fact. Swales (19*10) 

failed to experimentally produce this condition in white¬ 

faced sheep. The status of phenothiazine^ use in human 

beings is summarized by the report of the Council of Pharmacy 

and Chemistry of the A.M.A., in which it is stated that the 

use of phenothiazine is limited to clinical research investt 

g ations, and is still in the experimental stage in regard to 

the routine use of it for human treatment. They base this qn 

(8) 



the reports of Most (19*13) and Bertcovitz et al.(19*13) in 

which they found definitely that phenothiazine is sufficient¬ 

ly toxic to warrant the limitation of its employment. 

Commercial and Industrial Aspects of Phenothiazine Production 

The great potential use of phenothiazine in veterinary 

medicine prompted several large chemical companies to 

manufacture the drug in large "batch" quantities, at a price 

within reach of all farmers and cattlemen. They use the 

synthesis of Mitchell and Wells, and as the standard of 

acceptability employ the prerequisites established by the 

National Formulary, (N.F. VIII). The N. F. requirements for 

phenothiazine are as follows: 

Loss on drying: If placed in a dessicator with concen¬ 
trated sulfuric acid for three hours it should not 
l0£se more than 1$ of its weight. 
Residue on ignition: Ignition of the compound yield not 
more than 0.2$ of residue. 
Ether-insoluble substances: Complete extraction with 
soxhlet apparatus with absolute ether yields no more 
than 1,5# of the weight of the substance. 
N.F. requirements also list methods of chemical identi¬ 
fication of phenothiazine. 
Dose levels and the particular animals it is recommended 
for are also included. 

(from the National Formulary VIII, 19*16, abstracted by 
the author.) 

It must be emphasized that the N.F. standard is not an index 

of chemical purity, but rather a measure of its acceptability 

for pharmacological use. This is determined by various chernl 

cal analyses and physiological studies. A compound may be 

quite impure from the standpoint of chemical standards, but 

> (9) 



be low in toxicity and thus acceptable for use in drug 

therapy. 

Commercial Preparation of Phenothlazlne 

The DuPont de Nemours Company is the major producer of 

phenothlazlne. The process they employ is essentially the 

basic reaction described previously. The transition from 

test tube to factory resulted in modifications in the syn¬ 

thetic process. A rather impure form of diphenylamine, 

crude sulfur, and iodine are used for the reaction. The 

iodine Is used in this reaction as a catalyst. The materials 

are heated in huge vats, distilled, and collected* The end** 

products consist of phenothlazlne, N* F. (green) , and 

several nondescript Impurities. Phenothlazlne, N. P. 
•ft 

(green) , a dark green soft powder, melts at a temperature 

ranging from 170 to 175 degrees, and is soluble in ether, 

acetone, alcohol, benzene, chloroform, and carbon tetra¬ 

chloride. It is insoluble at all temperatures in water and 

petroleum ether. The total content of pure phenothlazlne in 

PTZ is estimated to be anywhere from 75 to 95 per cent. 

1. Phenothlazlne N. F. (green) is the commercial form 
of phenothlazlne that meets N« P. requirements. The green 
color Is due to the presence of resins and other impurities. 

2. Hereafter, the words phenothlazlne N* P. (green) 
will be represented by the letters PTZ. 

(10) 



Purification of Commercial Forms 

A purified form of PIS can be produced by at least two 

different methods. The DuPont Company extracts a major 

portion of the impurities with sodium carbonate extractions. 

This material Is termed phenothiazlne, H.F. (purified), a 

lemon yellow material which melts at 181-185 (I85.I) degrees 

C., and has the same properties of solubility as the green 

form. This contains closer to 95$ Phenothiazlne. The Dow 

Company sublimes the PTZ material from the DuPont process 

and achieves an even higher degree of purity, about 98$ 

pure phenothiasine. 

Iodine Content of Commercial Phenothiazlne 

The iodine content of these materials differ somewhat. 

The DuPont Company reports a content of 0.3$ for the green 

material and less than 0.02$ for the purified. The author 

has reports (P4g. II) from an Independent laboratory which 

places the analysis for PTZ at 0.^ per cent. The manufactu- 

ers Indicate that the iodine contained in the drug mixture is 

attached to an organic molecule by ring substitution and is , 

therefore, organically bound. The exact site or sites to 

which iodine is attached is not known. Independent research 

and analyses has substantiated these findings. Using 

column chromatography and tracer I1^1, R. H. Benson (195^) 

corroborated the fact that the iodine, for the most part, 

is organically bound. 

(11) 



132 
I Inhibiting Uptake Property of PTZ in Rats 

Recently Talmage et al (1953) reported that acci¬ 

dental feeding of PTZ to laboratory rats resulted In the 

marked depression of the uptake of radio Iodine by the rat 

thyroid# They observed that a dose of 0,2 $ given freely 

232 
in the diet resulted In the complete suppression of I 

uptake after 2H hours, Table X summarises their results, 

To better appreciate the significance of these data, 

an analysis is essential of certain Important concepts 

concerning the thyroid gland and factors associated with 
r 

its physiology. 

(12) 
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B. THYROID PHYSIOLOGY: 

The normal pattern of thyroid physiology comprises a 

series of metabolic ’’events," Raw materials such as 

1-tyrosine, Iodide, and catalytic protein are utilised to 

produce a highly active finished product, thyroid hormone, 

with the specific ability to regulate oxidative metabolism. 

Extra-thyroidal synthesis of thyroid hormone occurs but 

is a minor source of the hormone due entirely to the very 

unique ability of the thyroid to concentrate iodide from 

the circulation. In man the total body content of iodine 

is estimated to be from 20,000 ug. to 50,000 ug. Of this 

total approximately 20 per cent is located in the thyroid, 

an organ which represents approximately 0,05 par cent of the 

total body weight. The remaining 80 par cent is distributed 

throughout the body, 50 per cent to the muscle mass, the 

remainder in the other organs and tissues (Sturm and Buchols 

1928), The blood concentration of freely circulating iodide 

(inorganic is extremely low, being of the order of 1 to 2 ug 

per 100 cc, of blood (Bassett, et al,. 19^1), Calculated 

on the basis of a total body iodine content of 50 mg,, it 

is estimated that the thyroid of man can accomodate about 

10 mg, of iodine. In rats 20 mg, of iodide per 100 mg, of 

thyroid tissue will "saturate" the gland (Halmi, 195**). 

The ratio of serum iodide to thyroidal iodine approaches 

1:10,000 (Vanderlaan and Vanderlann, IS1*?). This represents 

the maximum concentration gradient, normally the ratio is 

about Is 100 (Stanley and Ast wood, 19**9). The rate of 



Concentration of the iodide by the normal thyroid has been 

calculated (McGavoclc, 1951) to be 2.5 per cent of the blood 

content per hour* 

The main source of iodide for the body is from the 

alimentary tracts however, iodine can enter the body through 

the respiratory tract and even In Intact sic in. Absorbtion 

Through the gut is rapid* According to Salter (19*10) with¬ 

in two hours, 80 per cent of the ingested iodide is absorbed* 

Keating and Albert (19*19) reviewing this found that the rate 

is close to 5 per cent per minute and that practically all 

the Iodide is taken up in less than two hours* The iodide in 

the circulation is then concentrated by the mechanism pre¬ 

viously described* This mechanism for concentration Is 

Involved primarily in the special ability of the thyroid to 

"bind” iodide. Several postulates have been offerred in 

explanation. 

1. There is an irreversible permeability of iodide 
in thyroid cells. 
2, A mechanism exists that "holds" iodine in a labile 
union within some enzyme system. 
5* Iodide exists In a colloidal state when first 
entering the thyroid. This prevents the iodide from 
re-entering the circulation and In essence "traps" 
the iodide (Salter, 19**0$ Schachner et al., 19*1*11 
Astwood, 19*19)* 

Iodide Is present in the thyroid as the ion and as such is 

available for synthesis of thyroid hormone. The first stag© 

in the synthesis Is the conversion of iodide ion to iodine 

(I *2). This conversion is accomplished by enzymatic 

oxidation. Cytochrome oxidase has been demonstrated by 

(15) 
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using oxidative poisons such as asides, sulfides, and 

cyanides. In low concentrations these poisons will inhibit 

an oxygen transport system such as cytochrome oxidase. It 

was found (Taurog and Chailcoff, 19*19) that only 5-15 per 

cent of normal synthesis occurred when these agents were 

used. However, other enzymes are probably more active In 

the Initial stages, The peroxidases are capable of the 

electron transport necessary In the oxidation of iodide to 

iodine. That peroxidase exists In the thyroid and has been 

demonstrated by histocheralcal technics, probably indicates 

it is the major oxidative enzyme (Dempsey, 19*1*1, 19**9s Gross 

and DeHobertls, 19**6; and DeRobertis, 19**9)* Astwood (19**9) 

states that this oxidative enzyme quite probably contains 

iron carrying prophyrln. 

The oxidation of iodide to iodine is essential for 

the introduction of the halogen into the ring structure of 

1-tyrosine, The rate of introduction is mediated by an 

enzyme, tyrosine iodinase (Fawcett and Kirkwood, 195**). 

The product formed is monoiodotyrosine which probably picks 

up another iodine molecule in the reaction to form diiodo- 

tyrosine. The dllodotyrosine condenses enzymatically with 

one of its own kind to form tetralodothyronine (thyroxine) 

(Sehachner et al,, !9**3). 

McGavaek (1951) indicates that the thyroxine molecule 

is probably formed within the protein molecule, a globulin, 

to form in situ the entire hormone, iodothyroglobulin. This 

(16) 



evidently is accomplished first by the todlnatlon of tyrosii© 

in the protein molecule and then the oxidative coupling 

of two of the dliodotyroslne groups, splitting off an amino- 

propionic acid aide chain* The entire protein is then 

secreted Into the lumen of the thyroid follicle to comprise 

the colloid; 

The stored hormone has been identified as an iodinated 

tbyroglobulin, The reverse phase or secretion into the 

blood stream for activity involves a proteolysis of the 

protein, release of thyroxine, and reabsorbtion by the same 

cells that produced it, but now secreting it in the opposite 

direction or towards the vascular circulation (DeRobertis, 

15$9), In the blood stream, or immediately before, the 

thyroxine is bound to some fraction of blood protein to 

become the active hormone, iodothyroglobulin. 

In summary, Figure 12.: schematically outlines the taiown 

metabolic pathways in the synthesis of thyroid hormone in 

the thyroid, 

Physiological Regulation and Control over Thyroid 

|li© normal pattern of thyroid physiology is controlled 

and may be altered by various agents, normally the pituitary 

gland exercises (TSH)control over the rate of synthesis, 

storage and release of thyroid hormone* Tilts is mediated by 

an anterior pituitary hormone, thyrotrophlc hormone (TSH), 

The circulating thyroid hormone is In a homeostatic balance 

with the production and elaboration of TSH, A drop in 

(IT) 



FIGURE II 

SCHEMATIC OUTLINE OF THYROID HORMONE SYNTHESIS 

-—Ss  
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thyroid hormone causes an Immediate rise In the output of 

TSH. The action of TSH Is presumed to be directly on the 

thyroid cells causing them to Increase In size and capacity, 

as well as increasing the number of active follicles. The 

total synthetic area Is Increased and the production of 

thyroid hormone speeded up In relation to the amount of 

TSH present. Tills then la a method of regulation as well 

as a balance. The level of thyroid hormone Is maintained at 

a fairly constant amount and the metabolic rate of the 

organism is therefore stable. 

The effect of iodides on the thyroid Itself are thought 

In some respects to be a normal function of control over the 

production of thyroid hormone, Chalkoff (19*19) conceives of 

iodide as a homeostatic regulator, With the aid of radio- 

isotopic iodide, he found that a tracer dose of I ^ is 

taken up by the thyroid under normal conditions within ten 

minutes, and is almost completely bound to some organic 

radical. This he terms "organic binding,” If the serum 

circulating level of iodide is raised to 35 Jig* per 100 cc, 

of blood, this organic binding ceases and the iodide still 

remains In the form of unbound iodide. In a few hours the 

blood level of iodide decreases either by excretion through 

the kidneys, the respiratory tract, and other means. When 

the blood level drops substantially below 35 jag per cent, 

organic binding resumes at the prescribed rate and hormone 

Is synthesized. The reader Is referred to a paper by Wolff 

(19) 



and Chaikoff (1S$8) for a more complete discussion of this 

concept. It is readily seen that this -would prevent the 

flooding of the body Tilth hormone. The action of iodide 

appears to be on TSH This protein hormone is oxidised by 

excess iodide and rendered inactive. 

(so) 



C. X1?1* A RADIOISOTOPE OF lODXlCBs ITS BSE PHYSIOLOGICALLY 
jSa A !£M FOR NORMAL IOBIHE- (1-127), 

Research In thyroid physiology received a great Impetus 

when E, Fermi, in 1954, produced the first radioactive isotope 

151 
of iodine referred to above as I , Several groups immedi¬ 

ately put it to use in tracer studies. Massachusetts Insti¬ 

tute of Technology and Massachusetts General Hospital, in 

1937, first used it for clinical trials as a Joint research 

project. 

The radioiodide is now produced by the neutron bombard¬ 

ment of tellurium-150. The decay scheme and emission 

spectra are detailed in Figure III. 

Metabolism 

Radioiodine, being an isotope, has the property of en¬ 

tering reactions and systems in the same way as the non- 

radloactive Iodine*8^. The thyroid, therefore, can make 

no distinction between the two foam®. 

The isotope is administered through any route of in¬ 

jection, The amount of dose that reaches the circulation 

is dependent almost entirely on differential absorption 

rates* It can be given mixed with carrier (stable) iodide 

or as carrier-free. In a very short time the radio ledine 

will equilibrate or mix with the circulating pool of iodide 

and thus "tags11 the iodide* As soon as equilibration is 

complete iodide will be represented by its isotope, I3^1, 

in all areas, reactions, and subsequent by-products. 

(21) 



FIGURE III 

MDIOIODIUEs DECAY SCHEME 
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The concentration of iodide continues at a constant 

and prescribed rate under a particular set of circumstances 

(i.e,-normal* hyperthyroid or goitogenic state) and along 

'with it t;ill be concentrated a proportionate amount of radio¬ 

activity. The activity is measured by one of the various 

methods available* and is a direct measure of the level of 

physiological iodide "taken up" after an interval of time 

by the thyroid and fixed (organically bound). This is not 

to be construed to mean that it is a direct measure of the 

quantity of iodide taken up by the thyroid but it is more 

of a rate study comparing the relative proportions of iodide 

present in the blood and the thyroid after a given lapse of 

time. In man the normal uptake of radioiodine Is from 18 

to 35 per cent of the ingested dose in 2k hours (Allen* 195*0* 

Male albino rats usually have a 2k hour uptake of from to 

10 per cent* t?hen maintained on a regular purina lab chow 

regimen. 

The daily dietary requirements of a rat for iodide are 

of the order of 2 pg/day, In man this is closer to 200 pg/ 

day. This latter figure represents a synthesis of 300 pg/day 

of thyroxine, A decrease in iodide intake be lot; the normal 

requirement results in a decrease In the production of thyroid 

hormone. This leads* as t;as discussed, to an increased level 

of the anterior pituitary principle* TSH, The results are a 

hyperplasia and hypertrophy of the thyroid cells and an 

(as) 



Increased capacity for synthesis* In this case the uptake 

of radioiodine will be elevated* A diet used specifically 

for this purpose was devised by Remington (1937) and is 

referred to as tho Remington low-Iodine test diet* Uptakes 

of up to 60 per cent of the administered dose of radtoiodine 

have boon noted in the thyroids of rats living on this diet 

for period of 7 to 10 days. 

In medical clinics today the uptake of by the 

thyroid has been established as a diagnostic index for the 

metabolic state of the patient. Sfhere is an excellent cor¬ 

relation with the basal metabolic rate (B.I4.R, )# Ihus* it 

is possible to determine by uptake* a particular 

individual’s status* of the thyroid. One may be normal or 

suffering from a condition of hyper or hypo-thyroidism 

(Trunnel* 193*4 Allen* 195*4 Stanley and Astwood* 19*17* 19** S 

19*19). 

Pharmacology of Drugs and Certain Conditions Effecting: the 
thyroid 

In humans and in practically all other animals the 

normal state of thyroid function may be altered experimen¬ 

tally* in a variety of ways* Physiologically* fSHwIll regu¬ 

late tho functional state of thyroid activity and concen¬ 

tration of iodide (Halml* 195*0* Iodide will disturb the 

organic binding mechanism* presumably through the inacti¬ 

vation of 5SH* Other endocrine principles will influence 

thyroid activity* Oort is olds have been implicated as having 

some activity on the thyroid (Paschkis ot al,* 1950)* 

(23) 



Shis has been questioned, however (Belrrwaltes et al,, 1950). 

Sex hormones, as well as the hormonal state during pregnancy, 

will Influence thyroid function (Plneus and Werthesson, 1933} 

Robertson, 19*18$ Hlilesmaa, 19*J8). Environmental conditions 

which will effect the thyroid are cold, danger, states of 

anxiety, seasons of the year, and atmospheric pressure 

(MeGavaek, 1951). 

Pharmacologically there are several agents that are 

known to influence the homeostasis of the thyroid. A 

particular type of compound will exert its effect at one 

specific stage in the synthesis of thyroid hormone. They 

act, usually, as competitive agents in the oxidation of 

iodide, or at some other equally important step in the syn¬ 

thesis, Briefly are outlined the main groups of anti¬ 

thyroid compounds and their actions 

Thlouraeilss ’The radio iodine uptake is high since 
there is no interference with "trapping” of iodide, 
The block in synthesis occurs when these compounds 
prevent the oxidation of the iodide ion to iodine, 
TSH Is high, thus these compounds are goitrogenic 
(Williams, 19** *0. 
Thiocyanates: The uptake of radioiodine in this 
situation is very low. The entrance of the iodide 
ion Into the thyroid cell is blocked. Due to the 
Interference with the "trapping" mechanism, as a 
result of upsetting oxidative processes, no hormone 
is produced, TSH is high, and the compounds can be 
considered goitrogenic. They can also clear the 
thyroid of excessive iodides (Astwood, 19*19). 
Sulfonamides: The uptake of radioiodine is high. 
As a result of the block of hormone synthesis at the 
ring addition stage, TSH is highs thus this might 
also be considered a goitrogenic group of compounds 
(Franklin and Chaikoff, 19*15). 

A very unusual and particularly pertinent compound 

has recently been developed which is unique in its action. 

(2fl) 



The compound is called ITRUMIL, aodIum-5-lodo-2 tbiouracil, 

and Is essentially an lodinated anti-thyroid compound of 

the type just discussed. The uptake of radioIodine is high 

tilth this particular compound because of its action as a 

thiouracil* TSH is high, but the iodides break off the 

molecule, it is presumed, and inactivate the TSH, therefore 

the drug is non-goItrogenie, 



STATEMENT OP THE PROEM 

The discover# that phenothiasine, II, F, (green) 

Inhibited the uptake of radioiodine by the rat thyroid pre¬ 

sented the problem as to whether the inhibition was due to 

an antithyroid substances and if so, how this was character¬ 

ised and what was its mode of action, Tima has limited this 

thesis to only the initial steps toward this aim. 

The report referred to previously (falmage et al., 1953) 

states that PTZ acts within 2H hours, and at the dose given, 

(0,1 per cent, by weight, in ad libitum diet equal to 100 mg,/ 

Kg/rat) suppression of uptake by the thyroid was 

practically complete, This indicates that the action of 

PTS requires fairly quick absorbtlon from the gut In order to 

(26) 



show Its ©ffoct on the thyroid. Tslmage et al.(l95ta. 

195*ib) surveyed POE action in burros * sheep* hogs * cattle* 

and chickens* and found good correlation with the original 

observation. ■ . 

She chemical synthesis* since it involves the use of 

iodine as a catalyst and as the Commercial synthetic product 

contains 0,^ per sent iodine attached in some organic 

union* it is possible that the iodine in POE can dissociate 

from the organic molecule in the body* It then can become 

available to the systemic circulation, fhls iodine might 

certainly interfere with thyroidal accumulation of I^3-, 

fhis author* while in association with other sorters 

at the radioisotope laboratory* V,A. Hospital* Houston* 

Texas* established FT2 dose response carves in rats* dogs* 

and man. In the rat 10 mgs. of POE per day reduced the 

uptake of a 2k hour dose of I151* 80 per cent of normals 

50 mgs. reduced this uptake to almost nil (95$)# 

Work on the partial purification of FIE revealed a 

closer relationship of iodine content to the active agent. 

Benson (195^ 5 was ablo to separate the impure PIE Into 

several distinct fractions* His technic consisted of using 

chromatographic columns of various sises* some packed with 

activated alumina or silicic acid to which was added a 

dissolved sample of TO* the TO was fixed to the topmost 

portion of the column and by taking advantage of the 

different polarities of various solvents* he was able to 

(27) 
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preferentially, elute a series of compounds which were 

assayed for thyroid depressing ability* The results of 

that worlc are indicated in Table II* His data supports 

the evidence glyW by the manufacturer of PTZ that the 

iodide is organically bound. Fraction I, eluted with 

benzene, was/»lemon\yellow and melted sharply at 185 degrees 

C., indicating that this was probably pure phenothiazlne* 

Fraction IF,; the most afcjfclve, contains no pure phanothia- 

zine. It is? also the fration that contains the greatest 

amount of iodine (2.0^), 
1 I ‘ 

It mighjb be concluded from these studies that the 

active material could not be pure phenothiazlne per se, but 

some related compound which occurs in the impurities derived 

from the cr$de- commercial synthesis* This has been substan¬ 

tiated by* at least one1 other laboratory, Oak Ridge Inst* of 

Nucl, Studies,; tf. of Tennessee* Both groups also strongly 
1 

assert the possibility that iodide could, if readily avail¬ 

able, explain the results observed. 
: 'I 

The purpose of I the present work is to present data 

which tends to clarify the role in which iodides play in 
i4i ■ the depression of I r uptake observed when animals are 

dosed with appropriate amounts of PTZ. Should the iodide be 

shown to dissociate freely from its organic union when the 

drug reaches the absorptive gut or immediately thereafter, 

it must be concluded that the action of the drug is attrl- 
A 

butable to iodide acting on either the thyroid concentrating 

mechanism or as a fluent to the radioactivity. If, however, 
i 

I (28) 
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it is shown that the iodide for the most part remains 

attached to the organic nucleus, we might assume then that 

there exists in FEZ the presence of some agent, or agents, 

possibly associated with the iodine content, but endowed 

with anti-thyroid activity. 

(30) 



MATERIALS AHD METHODS 

Animals { Male Sprague-Dawley rats were used through¬ 

out the series of experiments. They usually weighed from 

150 to 250 gram3. Rats were selected to be approximately 

the same weight and age for any particular experiment. 

Diet; A regimen low in iodine content was used almost 

131 
exclusively for experiments involving the uptake of I by 

the thyroid. The diet (Remington) and distilled water were 

standard for 7-14 days but no longer , Money ( ) ind- 

(31) 



icated that if the rats were allowed to remain on the diet 

for over 20 days the uptakes were unreliable* 

Drugsi A single "batch11 of FTZ was used throughout ex¬ 

cept in the case that it was advisable to check several types 

of PTZs. It was obtained through the courtesy of the DuPont 

co. representatives. Iodine analysis revealed a content of 

Q.M per cent. Other test materials used were as follows? 

Phanothlasine H.F„ CpurIfled) referred to as PfZ 
(yellow) “ 

Purified dlohenvlamlna made at the DuPont co. 

Phenothiasine produced using bromine in the place of 
'iodine’ as’ a catalysC”" 

fhlonol and (leuco) nhenothlasone synthesised by Mr. 
E. H, Benson 

Phenothias Ine-q-sulfoxf.de given to us by Dr. F. BeEds 
of the Dept* of Agriculture. 

Administration of druass All soluble compound were 

made up in water or saline solutions and injected parent- 

erally or dosed orally. In the particular case of PrZs which 

is pronounced "unwottable" by the manufacturer* ordinary 

solution is impossible in waters saline or any other phys¬ 

iological solvent. It must therefore be suspended in water 

using a wetting agent (Fischers wetting agent). Control 

animals with wetting agent administered alone and run 

simultaneously served to show that there was no contribution 

to the influence on the thyroid by the wetting agent* 



Hadloloflidea Abbott Co, Carrier-free* ms used 

throughout the entire series of experiments. It is given 

orally or parenterally as appropriate to the particular 

experiment* 

Time of dosing and The standard procedure ms 

to give the FTZ by stomach tube at time zero* followed by 

the X^l as directed. The thyroids were measured for 

radioactivity at time intervals convenient to the experi¬ 

ment. 

Counting tissue* Vials containing the thyroids, blood, 

standards, and any other tissues were counted directly using 

a well type (toroidal) gamma counter made by the "Texas Co," 

to •which was attached a Traeerlab "100" sealing unit* All 

measurements wore made relative to the standard and re¬ 

ported usually as per cent of injected dose. 

Chromatographic technics: 

All chromatographic analyses were done with a standard 

type paper (Uhatm&n*s #1 and # The # 1 paper has a very 

closely paclced composition and the movement of the solvent 

la slower. This favors good partition between the solvent 

and the various components that are to be separated, A section 

^Carrier-free Is a term to denote that in a solution 
of radioactive material there are no detectable non¬ 
rad toactlv© atoms, Abbott Co, labs, have a preparation 
of Xl31 that has approx, 12x1 olO molecules/uc, 

( 1 uc equals 2,5 X 10“5 ug) 

(33) 



of pa.par 16” X 16” using one of the standard solvents to be 

described takes about 12 to 18 hours for the solvent to 

traverse the paper. 

Solvents: Three different solvent systems were used 

and the results obtained with each will be described later. 

1. Acetone (3 parts): water (1 part): 

Fresh, newly distilled Baker Co. acetone, C.P. must 

be used to obtain good results. In particular, It must be 

free from halogen contamination. For use, the solvent Is 

prepared with 3 parts acetone to 1 part triple distilled 

water. This must be used Immediately and kept tightly 

closed to prevent evaporation, since evaporation results. In 

a change In the concentration of acetone to water. This 

can change the relative positions of the solutes. 

2. Pyridine: 10$ water: 

Pyridine, C*;P*.' (Baker grade) was used and found to be 

the best for the particular resolution required. (»•*);) triple 

distilled water Is added to the pyridine and shaken vigor¬ 

ously. The solvent Is placed In a brown bottle and tightly 

stoppered. It should be prepared just prior to use as It 

will color on standing and Influence the results. 

3. Butanol: Acetic Add: water: 

500 ml. of H-Butanol (Baker), *10 ml, glacial acetic 

acid and 1*J0 ml. trlple-dlstllled water. The add Is 

added to the water and the mixture to the alcohol. After 

shaking, It Is allowed to stand for a day or so to age. 

The aging process evidently Involves the formation of 

(3*0 



butyl acetate. ’This solvent stands up noil In time and 

can be exposed to the air -without markedly changing Its 

value* This was the solvent of choice for best resolution. 

It “was used for descending technic* 

All of these solvents have different rates of ascent 

or descent on paper and the solutes involved will be 

resolved differently. Those resolution ratios are referred 

to as % values and represent the ratio of the movement of 

a particular solute to the total distance the solvent 

travelled. The extent of travel of the solvent is the front* 

Thus, to find a R^ value It Is customary to divide the 

distance from the start of the solvent movement (origin) and 

the front into ton equal parts. To Indicate the position of 

the solute It is usual to give It a value somewhere from 

o to 1*0, Examples 

A particular solvent resolves amino acids* Thus the 
position of amino acid ’l* is 0,25, or one fourth the distance 
that the solvent travelled while amino acid HP has an % 
of 0,99a this has been running neek and neck with the 
solvent front, 

Spotting the papers 

This requires no particular technic other than extreme 

care and patience* Micro-pipettes in the range of 10 ug, to 

500 ug* are used for the exact delivery of solute* A well 

greased tuberculin syringe with an adapter to accomodate the 

pipettes is used for the actual addition of solute to the 

paper. The solute is added to the paper very slowly using 

an infra-red heat lamp and an air blower, alternately drying 
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and spotting* 

All the spots were limited to an area less than 5 mm. 

in diameter. Larger spots are not acceptable for radio¬ 

autography and semi-quantitative determinations. Papers 

16* X 16" can accomodate at least 10 spots. It is possible 

then to have several unknowns and controls along with the 

necessary standards. 

Identification and development of the spots after 
resolution: 

The usual time for the chromatographic resolution was 

of the order of 12 to 18 hours depending upon the size of 

the paper and the particular solvent system employed. The 

papers were then removed from the solvent tank and allowed 

to dry in the air or in a hood usually kept dark but 

certainly out of the direct rays of the sun. Several 

reagents were employed' for the identlfication of the solute. 

Reagents for iodide determination: 

1. silver nitrate solution: prepared as a 1$ solution. 
This was made up as needed and kept in a dark bottle since 
it is light sensitive. 

2. Nitric acid: A dilute solution of about 1 or 2 
normal is used. It should be made fresh for each use. 

3. Hydrogen sulfide: This is generated from reacting 
ferric chloride and hydrochloric acid in a generating 
flask to control the gas flow. 

Jj. Hydrogen peroxide: A standard 3$ solution of this 
reagent is useful in the oxidation of iodide to iodine for 
a standard starch test. 

5, Soluble starch: A 5“1QP> soluble starch solution 
for the lodometrie determination of the presence of free 
iodine. 

Chromatography of phenothlazine and its derivatives: 

Technics used for phenothiazine and its derivatives 

were essentially after the methods of Esserman (1952). 

(36) 



Radloautograoh of chromatograms; 

The chromatogram was usually made In duplicate if 

there "were any radioactive compounds for radioautography. 

One chromatogram was developed for the particular compound 

without regard to the radioactivity, while the other was 

used for the autograph. This later one was not treated 

beyond the initial drying after removal from the chromato¬ 

graphic jar or tank. It was then taken into the darkroom 

for processing, A sheet of X-ray film was placed over the 

chromatogram and anchored with staples to prevent the film 

from slipping. The entire film and chromatogram together 

were wrapped extensively in black paper to prevent light 

leakage. 

The exposure time is determined by calculation but 

chiefly by trial and error, and normally several consecu¬ 

tive exposures were made. The calculated time for exposure 

was the time it took 1 X 10^ disintegrations/ cm? to pass 

through the film. The film was developed and procossed in 

the same manner as any other X-ray film. 

(37) 



EXPERIMENTAL DATA 

Experimental data of only pertinent nature has been 

presented in four sections. 

The Relative Effects of PTZ as compared to a Freely Ionizing 
Iodide Salt (KI) on the Uptake of by the Thyroid Gland. 

The inhibition produced on the thyroid by PTZ with KI 

was studied to obtain a basis of comparison as to the rate 

of action and the response of the thyroid concentrating 

mechanism to these two drugs. A series of tests were run 

in which equimolar amounts of iodide both as KI and as PTZ 

N. F*,* (green) were administered to rats in varying amounts. 

In each case the materials were made up in water solution 

or suspensions (in the case of PTZ) and given to the rats 

via stomach tube catheterization. I1^1 (carrier free) 

(38) 



followed limned lately through the same oral route. In the 

case of iCI, the net result was essentially a study of the 

effect of graded doses of carrier iodide on I1^1 uptake. 

Five (5) hours later the rats were sacrificed by trauma 

(sharp blow at base of skull) and the thyroid quickly 

excised free of connective tissue and carefully weighed 

on a Roller-Smith torsion type balance. The thyroids were 

then counted by means of the previously described "Texas" 

well counter. The counts were taken in excess of 105000 

total counts reducing the counting error to below 2$. The 

data are presented as the per cent of the injected dose 

taken up by the thyroid per mg. of thyroid tissue. This Is 

then plotted graphically with the ordinate as the ug. of 

equimolar Iodide administered in both El and in PTZ. Table 

.III indicated the data obtained and Figurejltf shows the type 

of curves obtained when these data are plotted as described. 

It should be noted that the curves are not markedly 

different but PTZ actually produces an effect within 5 

hours and at a lower dose than the equivalent free iodide. 

The iodide fails to give any suppression within a dose 

range of 10 ug. The lower parts of the curve seem to 

coincide and this would tend to indicate that at least the 

rate and level of activity of PTZ and iodide are similar. 

Administering the radioiodine simultaneously with the 

test materials leads one to conclude that the anti-uptake 

factor In PTZ must be rapidly absorbed to be able to effec¬ 

tually block the uptake of the radlolodide administered at 

(39) 



TABLE III 

THE RELATIVE EFFECTS OF PTZ AS COMPARED TO AN IODIDE 
SALT ON THE UPTAKE OF I** 131 BY THE RAT THYROID 

SUBSTANCE QUANTITY? 

(TO) 

THYROID 
UPTAKE 

KI 5 .85 

12 .85 

20 .19 

1|0 .18 

500 .o9 

PTZ 5 .90 

12 
o
 m 

25 .JO 

50 .31 

500 .12 

All values represent averages of five or more rats. 
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the same time. This phenomenon could be explained on the 

basis of liberation and absorbtion of free iodide attached 

to the drug, if this could be shewn to occur* An alter¬ 

native explanation can be offered from these data which 

suggests the presence of some anti-thyroid compound or 

compounds that is absorbed quickly and in doses to effec¬ 

tually block uptake. Talmage et al. (1953) indicated 

in their paper that the action of PTZ can bo compared in 

order of magnitude to propylthoiuracll on a per cent of diet 

basis.' 

Summarizing these data, it can be shown that: 

1, The effect of PTZ and iodides, on an equimolar basis 

of iodide content, are In the same range as regards 
vsi 

. their action on inhibiting the uptake of I by the 

thyroid. 

2, At the low doses (belov 10 ug.) iodide and PTZ do 

not coincide exactly in their uptake Inhibiting ability, 

as PTZ at a lower dose range. 

(«0) 



The Action of Various Compounds Related to PTZ on the Uptake 
of by the Rat Thyroid. 

For comparative purposes, various typos of phenothla- 

zine and related compounds were assayed for their Inhibit- 
131 

Ing effects on thyroidal uptake of I . For the tests, 

the material was administered orally, followed 6 hours later 

by radio-iodine injected interperitoneally. Standards doses 

of KI and stock PTZ served as controls* The animals were 

killed 2k hours after the Injection of test materials and 

the thyroids removed for radioactivity measurements. The 

results are tabulated in Table IV. 

It is particularly interesting that the material made 

with the bromine catalyst failed to inhibit the uptake of 

1^1; however, of equal interest was the ability of the 

purified forms of PTZ to inhibit uptake although a much higher 

dose level was needed. Because of the low content of iodine 

in these forms of the drug, the inhibition of thyroid uptake 

could not (based on equimolar iodide content) be attributed o 

to iodide alone. 

(41) 
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Effect of Continuous Feed in" of ?TZ on the weights of Body 
Organa. Including the gh?roi'dT" 

The administration of Inorganic iodide has been shown 

to have metabolic effects on the thyroid. Although there 

appears to be some Inhibition of thyroid activity* there 

has never been any evidence for a goitrogenic action of 

iodides. In fact* clinically iodides are sometimes used to 

involute massive goiters* prior to surgery. The action 

presumably is on the inactivation of TSH* thereby* prevent¬ 

ing any hyperplasia or hypertrophy of the thyroid cells. 

To compare the action of PTZ in regard to inorganic iodide* 

16 rats were maintained on a stock diet to which was added 

*075$ FTZ by weight. Bight control rats received nothing 

but stock diet. Total body weights were taken at two day 

intervals for the full course of treatment. The animals 

were fed for a period of 1*1 days at the termination of which 

they were injected with and sacrificed 2M hours later. 

Bight more similarly treated rats were killed one week later 

(a total of 3 weeks on PTZ). The animals were weighed 

immediately prior to sacrifice and this was noted as the 

terminal body weight. Thyroid* liver* testes* adrenals* 

kidneys* and spleen weights were taken. The thyroids were 

counted for radioactivity and the uptakes calculated. It 

was found that although the dose at this low-non-tosic 

level was sufficient to depress the uptake of I2-^-* 

50o there was no significant change in the weight of any 

organ as compared to the normal controls. The thyroids were 

normal in sise and weight. There was also a steady increase 



in body -weight as compared to the normals. Table IV 

summarises these findings. 

We can conclude then from this test that although PTZ 
131 

is able to reduce the uptake of I , it does so without 

any apparent goitrogenicIty. This compares favorably with 

the Information available concerning iodide. Should, however, 

the action of PTE be shown to be due solely to an anti¬ 

thyroid compound, its action would therefore be quite unique 

in that it would suppress uptake of radioiodides without 

effecting the size of the thyroid. This would indicate an 

anti-TSH drug which hitherto has not been known to exist. 

(^3) 



TABLE V 

WEIGHT STUDIES OH RATS TREATED WITH .075 % (by ught.) 
OF PHENOTHIAZINE N.F. , (green) FOR 14 DAYS 

PART OF THE BODY WEIGHT 

EXPERIMENTAL CONTROL 

Total body (Initial) 237.2 ©ms. 239.5 gras, 

Total body ( terminal) 275.2 " 297.0 " 

Thyroid 17.3 mgs. 18.9 rags, 

Liver 12.25 gra 11.84 gra 

Testes 3.28 ■ 3.14 " 

Adrenals 0.10 " 0.09 " 

Kidneys 2.21 n 
2.49 " 

Spleen 0.75 " 0.81 '* 

$ uptake of I-13l/mg. , of Thyroid 0,48 $ 1.06$ 

(42a) 



Renal Iodide Excretion Following Phenothlasino H.P. (green) 
and Hal Administrat ion. 

The inhibitory effects of commercial phenothiazine and 

of inorganic iodide hare been shorn above to be parallel, 

fhe only exception was the partial inhibition by purified 

phenothiazine, As has been pointed out., if the inhibition 

of thyroid uptake of radioiodide by phenothiazine N.F.(green) 

were due to its iodide content, this must be liberated in 

the body immediately as an inorganic ion. Such an occurrence 

should raise the level of the circulating ion and increase 

Its excretion through the kidney. Paper chromatographic 

analysis of urinary iodides were therefore run to determine 

the presence of this ion in the urine after the animal had 

been treated with PfZ and with Hal. Solvent Systems used 

are detailed in table VI. In order to decrease the renal 

excretion of Iodides before administration of the test 

substances, the animals were maintained on Remington low 

iodine test diet for eight to fourteen days, fest materials 

were administered by stomach tube, and urine was collected 

for 2M hours, fable VII summarizes the doses given to each 

group, fhree groups of animals receiving either 800 ug., 

equimolar iodide in sodium Iodide, PfZ, or a combination of 

both comprised the experimental groups while two groups, one 

on stock diet and one on Remington low Iodine diet, served m 

controls. Groups 1, 2, 3> and *! were on Remington low 

iodine test diet for 1*! days. Group 5 received purina lab. 

chow exclusively. 
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In preparation for the chromatogram* each 2*1-hour 

urine sample -was dried under vacuum at 60°C, * and brought 

to a volume of 5 mis, with triple distilled water* after 
131 

which 1 uc. of carrier-free I was added to each sample. 

One sample from each tost animal tjas spotted on the same 

sheet of Whatman #1 paper with a known standard of Hal. The 

chromatograms were developed in a butanol-acetic acid-water 

(500s 1*1 Os*J0) solvent system* using either a descending or 

ascending technic. For best separation from the chlorides* 

the descending technic was used, The iodide spot was detect¬ 

ed as a blue spot after spraying with AgN0^9 washing with 

dilute HNQ^* drying in the dark* and exposing to ultraviolet 

radiation. Autoradiograms were made from the chromatographfe 

sheet before the iodide spot was developed. Since all 

samples received identical amounts of radio iodide* the size 

of the spot on the autoradiogram Indicated only qualitative 

differences in the amount of iodide present. However* In 

the absence of sufficient iodide to localise In a spot* the 
131 

carrier-free I failed to localize and radioactivity could 

be detected along the entire route of movement. Fig. V is 

a reproduction of a typical chromatogram. 

Due to the background of colors produced by this method 

of developing the iodide spots* an actual black-and-white 

photograph was Impractical. These chromatographic studies 

indicated only traces of iodide in the urine of the control 

animals maintained on low-iodine test diet* and no increase 

in the animals given 200 mg. of phenothlasine* H.F. (green) 

<*5) 



FIGURE V 

GRAPHIC REPRODUCTION OF AUTORADIOGRAM EXPOSED TO 1*27. 131 SPOTS ON A CHROMATOGRAM 

LOCAUZING URINARY IODIDES. 

(E.ch epo, represents Mj.1 o, altered. dried. .„d r.d,...,v.d whole Id-hour re, urine.) 

Phenothiazine N. F 

(green) 

treated rats (2) 

Sodium Iodide 

treated rats (2) 

Sodium Iodide 

standard 

Phenothiazine N. F. 

(green) plus 

Sodium Iodide (2) 

(i?5a) 



containing 800 ug. of organically bound Iodine. Animals 

given 800 ug. of Iodide as Nal and those given both a 

combination of PTZ and the Nal shoved marked and similar 

increase in urinary iodides. $his experiment -was repeated 

using a total of tvo animals in each category, and substans 

tiates the fact that iodine in phenothiazine is not 

tmmsdlately released and consequently is not available in 

circulation as a free iodide ion. 



DISCUSSION 

It has been the purpose of this thesis to present 

evidence Indicating the action of PTZ on the thyroidal 

accumulation of I ^ In the albino rat. The major problem 

that was confronted was that of ascertaining the Influence 

of the Iodine content In PTZ It was stated that If this 

Iodine -were to dissociate from Its organic combination In 

the body and become freely available to the systemic circu¬ 

lation, the results that have been abserved might be explain¬ 

ed very easily. 

The correlation of Iodine content with PTZ effect has 

been most striking. This apparent correlation was most 

marked in the studies by which separations of PTZ Into 



various components was done chromatograph ically, She 

fraction “which contained the most iodine was the only 

fraction to depress thyroid uptake of Signlfleantlys 

compounds tilth no iodine associated tilth it ,9 (i»e, bromine- 

catalysed phenothiasinSj, phenothiasine derivatives* re¬ 

crystalled dlphenylamine) showed no effect on thyroidal 

X2^2, uptake* However* in exception to this PTZ (yellow) 

purif led* which contains negligible amounts (less than *00£$&) 

of iodine as a contaminant produced a depression far out of 

proportion to the iodine content* 

She depression in uptake by the thyroid occurs in 

5 hours when the drug and X2*^ are administered simultaneous¬ 

ly* This depression is essentially equivalent to that 

produced when equimolar amounts of iodide (as potassium) 

iodide) are administered in the same way* it follows from 

this, that in order for the thyroid uptake depression to 

be due to free iodide ions* iodine must be released from the 

PTZ at about the same rate as iodide dissociating in a salt 

such as XI* The absorption rates* circulating and excretion 

levels9 and the effect on the thyroid should all be parallel 

in magnitude to account for all the observed facts* 

This is not compatible with the evidence as presented* 

That the depression of radloiodlde uptake by the thyroid 

could not result from the release of iodide from FTZ is most 

convincing iihen it was found that the oral administration of 

this drug failed to increase renal excretion of inorganic 



Iodide within the first 24 hours. Xf there was any 

dissociation of iodide near the magnitude required to 

attribute all the results to it, then surely we should have 

expected an Increased excretion of iodide. To be sure, 

administration of equimolar levels of !CI produced marked 

excretion levels of iodide. 

The evidence then substantiates the idea that although 

PTZ has an iodine content which on an equimolar basis is 

comparable to a freely ionisabl© iodide salt in the produc- 
•m 

tion of equivalent effects on thyroidal uptake of 1“^ , 

it does not, however, contribute towards the elevation of 

the circulatory and, therefore the excretion level of iodide. 



COHCLtJSION 

The data, as presented, leads us to but on© conclusion* 

The iodine bound to PTZ does not contribute enough iodide 

ions at a rate or level high enough to account for its 

effect on the thyroidal concentration of radioiodine. This 

iodine remains for the most part attached to some organic 

molecule for at least the first 2H hours after administra¬ 

tion, The lack of goitrogenicity that has been observed 

indicates that perhaps as small amount of iodide ions 

actually do dissociate as a result of metabolic processes, 

and thus over a prolonged period of time present any marked 

hypertrophy of the gland. This property, if attributable to 

some particular agent would make it a desirable adjunct to 

the treatment of thyroid abnormalities, 

(50) 



There is suggested the possibility, although there is 

no direct evidence for it, that in PTZ , probably existing 

as an impurity in the drug, exists an organic compound or 

group of compounds that are capable of preventing the 

thyroid gland from taking up radioiodine. It is also con¬ 

ceivable that for its most efficient action the presence of 

iodine Is required. 

Those data do not preclude the fact that some hitherto 

unrecognised phenomena is acting to produce these results. 

It has been suggested that perhaps iodine is actually 

involved, but in some other nay than merely as a source of 

circulating iodide ions. 

The limitation of time has prevented a complete explor¬ 

ation of the problem to its ultimate conclusion, perhaps, tie 

elucidation of a product vith specific and nen anti-thyroid 

properties. 

It is sincerely hoped that work along these lines nill 

be actively pursued. 

(51) 
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