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STUDIES ON -THE MODE CF ACTION OF SYNTHETIC THYROPROTEIN

By
Wallace Friedberg

Studles were conducted with the view of increasing our
knowledge of the mode of action of synthetic thyroprotein in
the living body. The thyroprotein used was I-131 labelled
lodinated casein. The first experiment was a comparative study
of the distribution cf lodinated casein and 1odide in various
tissues of the rat. HRadlolcdide and 1odinated caseln were
administered, intravenously, to two croups cf rats, One
hundred minutes after the injections the animels were sgacri-
ficed and tissue samples were taken, Higher concentrations
of iodinated casein than 1odide were found 1h the liver, spleen,
kidney, lung, stcmach, and esmall intestine. The highest
concentration was found in the liver, whefe 1t was more than
10 times that of the iodide. Slightly todinated casein (1-2%
1odine) was studied stimilrly and wss found to concentrate in
the same tissues which were shown to concentraticon iodinated
caséln. The slightly 1odinated casein was not as concentrated
in the liver, but more concentrated in the stomach snd large
intestine, than the icdinated caseiln.

The metabolic breakdown of intravenously adminlstrated
jodinated casein was studied with & view toward characterizine

the metabolites and determining their relative concentrations
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over a time series., The alkall washed butanol extrsct was
consldered to contailn the thyroxine-like iodine. The free
thyroxine-11ike iodine was that which could be extracted before
hydrclysls of a tissue sample, Combined thyroxine-like
lodine waes that which was extractable sfter the free thyroxine-
like 1lodline had alresdy been extracted and the tissue sample
hydrolyzed 1n 2N sodium hydroxide. The time intervals studied
were 14, 12, 24, and 72 hours. The results indicated that
thyroxine-llike 1odine -ras hydrolyzed from the i1iodinated
caseln, in the lliver, and releaced to the plasma. The amount
of lodinated casein avallable to the liver and the plasma level
of thyroxine-llke iodine were found to be interdependent.
Orally administered iodinated rssein wag studied in rats
in order to characterize the iodine absorbed into the plasma,
ard to determine the relatlonship between the time interval
after oral administration of the thyroprotein and the concen-
tration of thyroxine-1like icdine in the plasme. The time
intervels studled were 1%, 12, 2nd 48 houre, More than 50
percent of the thyroxine-like lodine appesrine in the plasma,
at all time intervals after oral edmlinistration, was 1n the
free butanol soluble form. However, the dsta suegcest that
=mall amounts of thyroxine-like iodine, in a combined form,
are absorbed from the intestinal tract. The hichest percent
of combined thyroxine-1like 1odine was found at the first time
interval (1% hour). This may represent the intact proteln

or some large metabollte,
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The influence of plasma iodinated casein on urine radlo-
actlvity was studied by mensuring the decreases in plasma and
urine radloactivity in the dog. Iodinated c¢rsein mvas found
to be rapldly cleared from the plassma while the urine radio-
activity showed a slow, but steady, decrease. A characteriza-
tion of the radiosctive material in the urine, 25 minutes
after the intravenous asdministration of 1cdine-131 labelled
lodinated casein reveeled it tc be undialyzable. The radio-
activity in the urine may represent the intact todinsted

protein or some larce metabollite,



ACKNOWLEDGEMENTS

The author ﬁishes to express hls appreclation to
Dr. E. P, Reineke of the Department of Physiology and
Pharmacology for his guidance and advice throughout the
course of these investigations, and during the preparation
of this m#nﬁscrlpt. He also wishes to thank Dr., B, V,
Alfredson, head of the Department of Physlology and Pharma-
cology, for the use of the facilitles of the department.

Many thanks are due Miss L. Feng, Mrs, E, F. Monkus,
Mr. W. P, Baker, Dr, C. C, Lee, and Dr, L, F, Wolterink,
all presently or formerly of the Department of Physlology
and Pharmacology. Thelr assistance and suggestions during
the course of the experiments reported hereln were lnvalu-
able,

Finally, the author wishes to express hls thanks to
the Michigan Agricultural Experiment Station for support of

the project under which this work was carried out.




TABLE OF CONTENTS

INTRODUCTION . . . . . . . . . . . .« . . . . . ... 1
REVIEW OF THE LITERATURE ., . 3
Formation of Iodilnated Protein with ngh Thyroldal
activity. . . 3
The Quantitative Extraction of Thyroxine from the
Hydrolysate of Iodinated Protein . . . . . . . . 4
The Metabolism of Iodinated Protein. . . . . .9
Iodine-containing Compounds in Iodinated Caseln L. 12
EXPERIMENTAL 14
The Distribution of Iodinated Casein and a Comparison
with Iodilde in the Rat. . .
Preparation of Radicacstive Iodinated Cﬁsein R
Injection and Tissue Sampling Procedure . . . , . . 1€
Radiocactivity Measurements. . . . . . . . . . . . . 18
Resgults . . . . . . 18
The Distribution of Slivhtly Iodinated Casein . . . . 19
Results . . v .. . 22
The Metabollsm of Iodinated Cnsein 1n the Ret . . . . 25
Intravenous Administration. . . . . . 25
Preparation of Radioactive Todinated Casein . . . . 26
Rat Thyroidectomy Procedure . . . ]
Injection and Tlssue Sampling Proceduree . .. .. 27
Collection of Blood and Liver Samples . . . . . . . 27
Fractionation of Plasma and Liver Samples . . . . . 29
Extraction of unhydrolyzed plasma. . . . . . . . 29
Extraction of unhydrolyzed liver . . . 29
Hydrolvsis of the Liver and Fractionation of the
Hydrolyesate . . . 30
Alkaline Washine of Butanol Extracts (Hydrolyzed
and Unhydrolyzed) . . . . . . . . . . . . . . 30
Resulte . . .. 31
Combined thjroxine like 1od1ne 1n the plasma . . 31
Free thyroxine-like iodine in plasma . . 31 -
Percent free thyroxine-like 1iodine of the total
thyroxine-like 1odine, in plssma . . . . . . 31
Comtined thyroxine-like'iodlne in liver. . . . . 32
Oral Adminigtration . . . . + « « « « « o « « « - . 32
Results. . 38

The Disappearance of Iodinated Casein from Plasma and
the Appearance of its Metabolle Products 1n the

Urine, in the Dog . 2 |
Decrease in Plasma and Urine Radioactivity . e . . fl
Results . . e e e e e e e e e e +§
Fadlosctive Material in Urine . . . . . o o « = « & ﬁé

Results. . . . . .




DISCUSSION . .

SUMMARY . v e e e e s e
LITERATURE CITED ., . . . . . . v v ¢ o o o o« « o =«
APPENDIX . . . & v i i i e e e e e e e e e e e e e
I. The Distribution of Iodinated Caseln in the
Rat., . . ..
II. The Distribution of Iodide in the Hat . .
III, The Distributlion of Slightly Iodinated Casein
in the Rat .
IV. The Metabollsm of Iodinated Caseln 1n the Rat
Intravenous Administration . e e e e e
Orel Administration. . .
V. Standard Rat Blood Values and Computation of
Correction Factors . . e e e e e e
VI. Correctlon for Physical Decay .
VII, Correction for Self-absorption .

VIII, The Distribution of Radioactivity in the
BElocod 100 Minutes after the Intravenous
Acministration of Iodine-131 Labelled

_ Iodinated Casein . . .
IX. The Distribution of Radioiodide between
Plasma and Red Cells . . e e e e e e e
X. 4 Kilo "Hoppert" Stock Ration . . . . . . .

78
80

a2

7 i




INTRODUCTION

Investigations carried out by Reineke, et al (19423,
'45, '48) and others (Frieden and Winzler, 1948) have shown
that parentally administered iodinated casein exhibits the
rhysiological properties of thyroxine. This biological
activity has been attributed to thyroxine formed in the
casein during its in vitro iodination. Of particular interest
is the fact that the thyroxine in iodinated casein is in
strong combination and hours of hydrolysis with strong acid
or alkall is necessary for its liberation. 1In contrast,
thyroxine normally found in the blood is only loosely bound
to the serum proteins.

The question arises: Does the iodinated protein per
se exert a biological effect or is it first metabolized with
the relsase of thyroxine? Experiments were designed to trace
the pathway of this protein-combined hormone, principally in
the rat. The problem has been divided into the following
classifications:

1. The distribution of iodinated casein in comparison

with iodide in the rat.
2. The distribution of slightly iodinated casein in
the rat.

3. The metabolisn of iodinated casein in the rat.
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4. The disappearance of iodinated casein from plasma
and appearance of its metabolic produzt in the
urine, in the dog.

The literature has been reviewed in order to trace the
development of the technigues used in these experiments so
that they may be properly evaluated. It also serves to
summarize the available information related to the metabolism
of 1odinated protein. Specifically, the revisw will considér:

1. The formationlbf iodinated protein with high
thyroidal activity.

2. The gquantitative extraction of thyroxine from
the hydrolysate of iodinated protein.

3. The metabolism of iodinated protein.

4. Iodine-containing compounds in iodinated casein.

It is hoped that the experiments described in this paner
will contribute toward an uhderstanding of the biochemistry

of iodinated protein.




REVIEW OF THE LITERATURE

Formation of Iodinated Protein with High
Thyroidal Activity

Blum and Vaubel (1898) studied the conditions for
iodinating albumin. They found that hydriodic acid, liber-
ated when iodine combined with the protein, inhibited the
reaction. By buffering the aqueous medium with sodium
bicarbonate they were able to neutralize the acid as it w=s
formned. When iodinated by this procedure the protein held
about 7 perdent iodine in firm combination. Present-day
methods for the formation of iodinated proteins with high
thyroidal activity are baszed on these early findings.

Abelin (1934) clearly demonstrated that the acid-
insoluble fraction of the hydrolysate of iodinated protein
exhibits all the biological properties of the thyroid
hormone.

Direct proof that thyroxine is present in iodinated
Protein hydrolysate was obtained by Ludwig and Von Mutzen-
becker in 18339. These invesatigators 1solated thyroxine
from the hydrolysate of iodinated casein.

Reineke, et al (1942, '43, '45) carried out extensive
investigations in an effort to produce iodinated casein with
high thyroidal activity. They reported that incubation at

elevated temperatures (30-70° C.) and the presence of small




amounts of oxlides of manganese, as a catalyst, caused a
gignificant increase in the biological potency of the mate-
rial. The amount of iodine employed and the pH of the medium
were also found to influence the biological activity of the
thyroprotein. Courrier and coworkers (1949) contend that

the incubation at elevated temperatures does not increase

the thyroxine content but does increase the absorbability

of the iodinated casein from the gastrointestinal tract.

The Quantitative Extraction of Thyroxine from

the Hydrolysate of Iodinated Protein

Present-day assay methods involving a quantitative
extraction of thyroxine have their origin‘ip the work of
Kendall‘(1915). The object of his investigations was to
isolate, in pure form, one or more of the constituents of
the thyroid gland with physiolégical activity. Carrying out
a preliminary study of the nature of the iodine combination,
he observed that suspended or dissolved desiccated thyroid
lost less than 5 percent of its total iodine when dialyzed
against running water. Following hydrolysis with sodium
hydroxide in alcohol, 75 percent of the iodine was dialyzable;
however, it still remained in organic combination. The
hydrolysate could be separated into two fractions according
to solubility: about 50 percent being acid soluble, and 50
percent acid insoluble. Kendall (1915) found the acid-

insoluble fraction to be of an acidic nature, easily soluble
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in dilute alkall or ammonia, and reprecipitzted by any acid.
Further purification of the acid-insoluble fraction was ac~
complished by extracting it with petroleum ether to removs
tatty acids and sulfur. The resulting dark brown powder was
effective in the treatment of myxedema,; subnormal pulse and
temperature were raised to normal, and metabolism was increased.
Symptoms of hyperthyroldism could be excited by administering
»the preparation to normal dogs. OContinuing his studies,
Kendall (1919) hydrolyzed fresh thyroid glands in sodium
hydroxide and obtained a clear alkaline filtrate containing
almost all the iodine. Acidification of this solution re-
sulted in the separation of a fine flocculent precipitate
weighing 0.1 percent of the total weight of the fresh glands
and containing about 28 percent of the total iodine. After
further puri%icatiﬁn of this material he was successful in
isolating thyroxine. Harington and Randall (19239) devised
a chemical assay for thyroxine in the thyroid, based on the
quantity of acid-insoluble iodine in the hydrolysate of the
gland. Specifically, thyroid material was hydrolyzed for 4
hours in N/1 sodium hydiroxide and the filtrate adjusted to
pH 5 with 50 percent sulfuric acid. The acid-insoluble
iodine was considered to be thyroxine iodine.

While the method of Harington and Randall (1928) was
simple technically, it was shown by Leland and Foster (1932)
that only about half of the acid-insoluble iodine goes to

make up thyroxine. The latter investigators based their




method on the extraction of thyroxine with butanol after
alkaline hydrolysis of the gland. Desiccated thyroid was
hydrolyzed for 18 hours with 2N godium hydroxide and the
cooled hydrolysate was extracted with butanol. The alcoholic
extract was further purified by shaking it with N/1 sodium
hydroxide. 1In a series of 52 human. thyroids the msan thyrox-
ine iodine was 35 percant of the total iodine. Recovery
experiments indicated that the amount of thyroxine destroyed
during the alkaline hydrolysis was not more than 15 percent
of the total thyroxine.

| With a view toward increasing the accuracv of the tech-
nique of Leland et al, Blau (1933) made revisions in the
method. He found that, by shaking an acid suspension of thyrox-
ine with butanol, usually 100 percent of the suspended
thyroxine passed into the organic phase in a single extrac-
tion. Therefore, he acidified the alkaline hydrolysate of
thyroid gland, extracted it with butanol, and then washed
the extract with an alkaline solution consisting of 5 percent
sodium carbonate in 4N sodium hydroxide. With this modified
procedure, Blau was able to obtain thyroxine values in thy-
roid material which were 10 to 30 percent higher than those
obtained by the earlier method of Leland and Foster (1232).

Further investigations led Blau (1935) to conclude that

the chief shortcoming of the Leland and Foster (1932) tech-
nique was the amount of tnyroxide destroyed during the

hydrolysis. After boiling crystalline thyroxine for 13




hours with dried and défatted beef muscle in 2N sodium
hydiroxide, only about 85 percent could be extracted from the
acidified solution. Following the lead of Harington (19253),
who used barium hydroxide as a hydrolytic agent in the isola-
tion of thyroxine from thyroid gland, Blau boiled the thyroiad
material with"an 8 percent golution for 6 hours. When com-
pared with an equivalent concentration of sodium hydroxide he
found that the barium hydrcxide accelerated the rate of
hydrolysis and rendered the thyroxine more readily extract-
able. The loss of thyroxine was only about 10 percent.
Reineke et al (1945) were interested in a chemical pro-
cedure for assaying iodinated casein with high thyroidal
activity. They found that the apparent thyroxine content
according to Blau's (1935) method, was considerably higher
than a biological assay based on the metabolic stimulation
of guinea pigs. It seemed to them that the high chemical
analysis might be attributed to incomplete hydrolysis of
iodinated non-thyroxine groups in peptide combination with
the thyroxine. They carried out the hydrolysis in 40 percent
barium hydroxide (Ba(OH)5; ° 8H30) for 30 hours and used a
butanol extraction technique, modified, but similar in prin-
ciple to Blau's. The resulting thyroxine values agreed
closely with those determined by the metabolic stimulation
of guinea pigs. Furthermore, butanol extracts of the iodin-
ated casein, prepared the same as for the chemical technique,

produced a metasbolic effect equivalent to the thyroxine




content determined chemically. Taurog and Chaikoff (1948)
modified Blau's procedure by hydrolyzing the thyroid in 2N
sodium hydroxide for 15 houras. While the sodium hydroxide
caused greater destruction of thyroxine than did barium
hydroxide, thyroxine values were less variable'with the
former alkali.

Recent investigations reveal several shortcomings of the
butanol extraction technique for thyroxine determinations.
Hird and Trikojus (1948) reported the presence of several
ninhydrin-positive materials in the butanol extract of
iodinated casein hydrolysate, which they tentatively identi-
fied as thyroxine, triiodothyronine, and diiodothyronine.
Their identification was based on r° values obtained by
chromatographic analysis. )

In 1949, Reineke et al applied the isotope dilution
technique to the det=rmination of thyroxine in iodinated
casein. They reported thyroxine values which were sbout 35
percent of those obtained by the butanol extraction method
(Reineke et al, 1945).

Friedberg and Reineke (1951, 1952) carried out chromato-
graphic studies on the hydrolysate of iodine-131 labelled
iodinated casein. Radioautograms of the chromatograms re-
vealed the presence of at least three iodinated thyroxine-
lixe compounds. After purifying the butanol extract with
Blau's alkaline solution (1833), they found that the concen-

trations of these ioainated materials were not significantly

“IIII
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reduced. These thyroxine-like products would be included
in the thyroxine fraction, as determined by the usual butanol

extraction procedure.
The Metabolism of Iodinated Protein

The animal body responds to synthetic thyroprotein in
a manner similar to 1ts response to thyroxine., Investigations
conducted by Kder (1934) demonstrated that iodinated protein
exerts a thyroxine-like effect without the necessity of a
preliminary treatment. She used a preparation of iodinated
albumin which had previously been studied by Barkan and
Leistner in 1929. The thyroprotein was fed, intact, to
tadpoles, and the change in their size and development noted;
artificial iodinated albumin was found to accelerate meta-
morphosis. Kier also found the iodinated albumin to be
effective when fed to young guinea pigs; a decrease and,
sometimes, stoppage of weight gain was observed.

Lerman and Salter (1938), conducting clinical studies,
founi iodinated blood serum protein to be eftective for the
relief of myxedema. The protein was iodinated in ammoniacal
solution, according to the procedure of Wormall (1830).

Four patients with athyreosis were treated and there was

rapid ana complete recovery with proper dosage; BMR increased,
diuresis occurred, and blood cholesterol dropped. Assaying
iodinated casein in taapoles (1942), guinea pigs (1945),

and sheep (1944), Reineke and Turner found that the parenterally
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administered material exerted hormonal activity without any
toxic side effecta. In subsequent experiments carried out
by Frieden and Winzler (1948) the goiter prevention method
(Dempsey and Astwood, 1943) was employed to aszay iodinated
casein, anaa parenteral route of administration was also
used successfully.

Turner and Reineke (194/) investigated the relationship
between the route of administration of iodinated casein and
ite utilization by ruminant animsls (sheep). The criterion
of thyroidal activity was the loss in body weight during a
two-week perioa. Iodinated casein was found to be 20 times
as effective when injected subcutaneously as when administered
orally. They further reported that iodinated casein, when
edministered orally in dry form in a capsule, was nearly
twice as effective as when suspendel in a slightly alkaline
or phosphate buffer solution and given as a drench. When
iodinated casein was administered directly into the abomasum
of sheep, in order to bypasss the rumen, no increase in utili-
zation was observed. Thus, the rumen was eliminated as a
specific site of destruction of iodinated casein.

Reineke and Turner (1944) also studied the permeability
of the mammary gland to iodinated casein and revorted that
biologically detectable amounts of the thyroid hormone were
not found in the milk of lactating cows which hzd beern fed
massive doses of io.iinated casein. The milk was tested for
hormone activity by feeding it tc guinea pigs, thyroidecto-

mized zoats, and human subjects.
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Campbell et al (1€50) conducted studies with iodinated

casein labelled with radicactive iodine. When this material
was fed to lactating ewes, the skimmed milk showed a con-
siderahle amount of radiocactivity. About 20 percent was as-
sociated with the protein portion, the remainder being extract-
able with butanol. Thirty percent of the activity in the
skimmed milk showed a similar solubility in alkaline butanol
as thyroxine; it was, therefore, classified as the thyroxine
fraction. When labelled iodinated casein was administered
orally to rats, and the plasma was fractionated 10 hours
later, 57 percent of the plasma was not extractable with
butanol. Campbell et al (1950) suggested that this fraction
may represent the iodinated protein per se, Or some ﬁon-
butanol soluble metabolite. When iodinated casein was in-
jected into thé jugular veins of sheep, 90 percent of the
radicactivity was removed from the blood stream in 7 hours.
As determined by radioactivity measurements of sheep blood,
there was greater absorption of iodinated casein following
oral administration than when the material was administered
into the ventral sac of the rumen, or small intestine; there
vas practically no absorption from the cecum.

Iodination of a protein causes changes in its biologi-
cal properties which apparently are not related to its
thyrc xine-like activity. Wormall (1©30) observed an immun-
ological characteristic which was specific for all iodinated

proteins. The antigenically active moiety of heavily iodinated
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proteins is their determinant diiodotyrosine group; the non-
iodinated part acts only as a carrier. Thus, all heavily
iodinated proteins have the same or a very similar antigenic
specificity.

Another characteristic of heavily iodinated, as well as
brominated, proteins is their rapid disappearance from the
circulating plasma. Fine and Seligman (1943, 1944), studying
halogenated bovine albumin in dogs, reported that the theoret-
ical upper 1limit of iodine content for obtaining the slowest
rate of disappear:znce of the protein is 0.2 percent, assuming

one molecule of iodine incorporated per protein molecule.

Iodine-containing Compounds in Iodinated Casein

Several iodine-containing compounds are known to be
present in iodinated casein. Ludwig and von Mutzenbecker
(1939) isolated thyroxine,monoiodotyrosine and diiodotyro-
sine. In 1948 Pitt-Rivers reported the isolation of diiodo-
hydroxybenzaldehyde. On the basis of chromatographic studies
on icdinated casein hyiroclysate, Hird and Trikojus (1948)
identified the presence of diiodothyronine, and tentatively
identified triiodothyronine by virtue of its position between
diicdothyronine and thyroxine.

Metabolism studies on rats conducted by Faddum (1939)
indicate that diiodothyronine possesses 1/15 the biological
activity of thyroxine. More recently, Gross and Pitt-Rivers

(1952) have reported that synthetic triiodothyronine is 3 to
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4 times as active as L-thyroxine. Their assay was con-

ducted on thiouracil-treated rats.




FXPFRIMENTAL

The Distribution of Iodinated Casein and a

Comparison with lodide in the Rat

The first in this series of experiments dealing with
iodinated casein metabolism was designed to reveal the
distribution and relative concentrations of injected iodin-
ated casein in various tissues of the rat. Iodide concen-
trations, deternined in a parallel experiment, were compared
with the iodinated casein concentrations. It was shown by
Wallace and Brodie (1937) that inorganic iodide occupies
about the same volume in the organism as the extracellular
water. According to Leblond (1951), inorganic iodide is
concentrated in liver, stomach, and kidney in amounts which
exceed the known capacity of the extracellular space. Any
greater concentration of iodinated casein than iodide would
therefore definitely establish the concentrating ability of
the tissue.

Female albino rats which were purchaséd from Carworth
Farms, New City, New York, were used in the experiment. Ten
rats with an average weight of 138 grams were injécted intra-
venously with 0.1 ml. solution of iodine-131 labelled iodin-
ated c;sein (approx. 2 mg.). Nine rats with an averagpe weight

of 183 grams were injected by the same route with 0.1 ml. of
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radioactive 1odide.1’z Blood samples were taken 100 min-~

utes after the injections, at which time the rats were

gacrificed.

Preparation of Radioactive Iodinated Casein

The method described by Reineke et al (1943) was used
with only minor modifications.

One half gm. of casein (purified, vitamin-free), 1 gm.
of sodium bicarbonzte (C.P.), and 18 ml. of distilled water
were mixed in a 120 ml., capaclity, heavy glass tube. Through
s rubber stopper, fitted snugly into the mouth of the tube,
a metal bushing was inserted to permit the passage of a
brass stirring rod operated by an air-driven motor. The
stirring rod was bent at the end to facilitate stirring.

In a separate tube radioactive iodine (I-121) solution
was prepared from a radioactive iodide solution, by the
addition of a small crystal of potassium iodate and one
drop of concentrated phosphoric acid to about 1 ml. of radio
iodide (I-131)*. A small iodide orystal was added and pro-
duced a color change, indicating that the iodine had been

released from the iodide.

1 Purchased from Oak Ridge National Laboratory, Oak Ridge,
Tenn.

2 If the tissues are to be counted a day or two after the

rats are sacrified, inject about 25 microcuries per rat.

Ten to 20 millicuries of iodine-131 were used per prepara-
tion. This amount was high for the distribution experiment,
but necessary for the metabolism experiment to be described.
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The tube containing the casein was ﬁlaced in a thermo-
gstatically controlled constant temperature water bath ani
the heating unit and stirring apparatus turned on, the latter
being set for moderately rapid stirring. When the tempera-
ture of the bath had reached 40° C., stirring was stopped
and the radiocactive iodine solution, previously prepared,
was adied to the casein mixture. The tube which had con-
tained the radio-iodine wes rinsed with 1 ml. of distilleqd
water and the rinsings added to the casein mixture. The
total volume of water in the reaction mixture was about 20
ml. Stirring was resumed for several minutes after which
time 0.083 gms. of iodine (I-127) crystals were added to
the casein mixture. Stirring was again resumed and contin-
ued for 19 hours at a temperature of 70° C. ‘The iodinated
casein solution was then placed in a cellophane casing and

dialyzed against running tap water for 5 days.

Injection and Tissue SampXing Procedure

The materials under investigation were administered
intravenously into a branch of the femoral vein. The rats
wrere anesthetized with ether and the vein exposed by cutting
the skin on the inside of the upper part of a hind leg. The
injection was usually made from a 1 ml. syringe with a
three-quarter inch, 34 gauge hypoiermic needle bent in a
slight curve. Following the injection, the wound was closed
with metal skin clips. One hundred minutes after the in-

jection, the rats were again etherized and 1-3 ml. of blood




17
was withdrawn from the femoral vein, usually with a 5 ml.

heparinized syringe and a half-inch 324 gauge hypodermic

needle bent in a slight curve. The rats were then sacri-
ficed with ether, wrapped in paper and stored under refrig-
eration. One portion of the blood was used to determine the
hrematocrit® and another portion was weighed wet in a tared

1.9 cm. (inside) diameter steel planchet, on a Gramatic
balance. The blood was spread over the surface, by tilting
the-planchet, and dried at room temperature, usually over-
night. Samples of other tissues taken from the rats included:
gluteal muscle, lung, liver, aspleen, kidney, stomach (cleaned),
small intestine (empty or cleaned), and large intestine (empty
or cleaned). Wet welght was determined on a torsion type
balance or.in a tared planchet on a Gramatic balance.** After
weighing, the tissues were cut up on the planchet with a
single edged razor blade and pinch forceos, and spread over
the surface. Any tissue adhering to the cutting instruments
was rubbed off onto the inside edge of the planchet. The
tissue samples were then partially dried at room temperature,

for several hours, and completely dried in an air oven at

* Hematocrits were determined on the heparinized blood in
Wintrobe hematocrit tubes which were centrifuged for 30
minutes at 3000 rpm.

** The wet weight of blood in the iodide experiment was com-
puted from the dry weight. Tissue wet weights in the iodin-
ated casein experiment were computed from the dry weight.
The percent solid in each case was determined experimental-
ly in rats from the s=zme original group.
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90-95° C. for about 30 hours. The dried samples were stored

in a desiccator until they were reweighed to determine dry

weight.

Radioactivity Measurements

The radiocaoctivity in the samples was measured with a
thin end-window Geiger-Miller tube in a lead -shield and
recorded by an electronic scaler. The radiocactivity was
computed as counts per gsecond and corrected for physical
decay of the isotope, self-absorption, and instrument change
measured by counting a standard. Counts per gram of plasma
were computed from the counts per gram of blood. The compu-
tations and corrections are shown in the appendix.

The data are presented in terms of

counts per second per gram wet tissue
counts per second per gram plasma

in order that comparisons might be made between the results

of different experiments. The data afe shown in table 1.

Results

Liver was found tc concentrate the greatest amount of
iodinated casein per gram of tissue, the ratio between liver
and plasma being 5.85. The spleen also concentrated iodinated
casein very effectively; its ratio was 3.45. The kidney had
the next highest concentrstion with a ratio of 1.73. Of all
the tissues studied, muscle showed the lowest concentration
ratio of the iodinated casein, 0.18. The other tissues stud-

ied, with the ratios found, were: stomach 0.89, lung 0.85,
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small intestine 0.54, and large intestine 0.38. A comparison
of iodide concentration ratios shows the stomach to be high-
est with 0.50. The lowest concentration ratios were found in
the muscle, 0.18 and cecal cbntents, 0.09. The other tissues
studied, in order of iodide concentration ratio, were:

spleen 0.44, liver 0.35, large intestine 0.35, kidney 0.33,
small intestine 0.30, and lung 0.29. A graphic comparison
(figure 1) of iodinated casein and iodide concentration
ratios shows the iodinated casein to be more concentrated
than iodide in all tissues studied, except muscle. In spite
of the fact that casein is a large molecule (mol. wt. 188,000
Bayliss, 1943) which would not ordinarily be expected to cross
cell membranes, these experiments show that it leaves the
blood stream quite rapidly and is concentrated principally

in the liver.

The Distribution of Slightly Iodinated Casein

From the results of the previous experiment it can be
concluded that iodinated casein, prepared so as to have
thyroidal activity, rapidly concentrates in various tissues
in the rat; particularly liver, spleen, and kidney. It
seemed of interest to find out whether or not this property
could be attributed to the iodine content of the protein.
The same procedure previocusly described for the study of
iodinated casein distribution was carried out in this experi-

ment with the following exceptions: nd iodine-137 was added
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Table 1. Concentration Ratiog of Iodinated Casein

and Iodide
™
Tigsue Iodinated Casein Todide
Gluteal muscle R 0.18 0.18
Lung 0.88 0.29
Liver ‘ 5.A85 0.35
3
Kidney ) 1.72 0.33
Splsen 3.45 ' 0.44
Stomach 0.89 0.50
Small intestine 0.54 0.30
Large intestine : 0.38 0.35

Cecal contents - 0.09
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to the casein other than the iodine (about 0.0095 g.) in the
small crystals of iodide and iodate, the radioiodine solution
was neutralized with ammonium hydroxide to a pale yellow
color before being added to the casein mixture, only 0.125
gm. socdium Dbilcarbonate was mixed with the casein, and the
averazge weight of the rats was 253 grams.

The principal diffoerence betweon thie experiwent and
ths i1odinated caéein distribution study is the iodine con-
tont 0of the proteia. Thnoe data are shown in table & and

depict.a graphnically in figurs 2.

Results

ihe high:.st concentration ratios (2.5»> and 8.35) wuro
found in tne spleer and stomach, re8psctively. Ths kidrey
also had a high concertration of 1.99. Muscle and cecal
cont=nts were lowsst with concentration ratios of 0.33 and
0.3%, respsctively. .In the Other tissums studiuca, the Order
01 concentration was: 1liver .L.i5, large intestine 1.03,
lung J.7.1, and small intestine O0.63.

The most markad differenc:.s8 batwesn tne iodinated casein
and tne slightliy iodinated casein distributions is tho
increassd concentration in the stomach and large lntestine,
and the decreased concentration in the liver with the

slightly 1odinated casein.
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Table 8. Concentration Ratios of Sliightly

fodinat=d Casein

rissue Concentration Ratio
utluteal mﬁecle J.83
Lung 0.71
Liver 1.15
Kidney 1.99
Splesn 3.H65
Stomach 3.36
Small intestine 0.68
Large intestine 1.03

Cucal contents Q.35
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The Metabolism of Iodinated Casein in the Rat

Intravenous Administration

The metabolic breakdown of injected iodinated casein
in the rat was studied with a vliew toward characterizing the
metabolites and determining their relative concentrations over
a time serles. If the iodinated casein was metabolized with
the release of thyroxine-like iodine this could account for
the thyroidsl activity of 1odinated casein, On the other
hand, 1f the 1odinated proteln ﬁas metabolized ithout the
release of thyroxine-llike iodine the inference would be that
thyroxine can exert its hormcnal =sactivity while combined in
the protein,

Female albino rate which were purchased from Rockland
Farms were used in the experiment. Four groups of two rats
each, weighing about 230 grams per rat, were thyroldectomlzed
and injected intravencusly with 0.5 ml. of radioactive lodin-
ated casein solution (approximately 10 mg.). The rats were
thyroidectomized in order to prevent the formation of radlo
thyroxine by the thyroid gland, from iodine released as the
iodinated casein was metabolized. Blood and liver samples
were taken from each of two rats at four time periods: 1%,
12, z4, and 72 hours after injection, The samples were frac-
tionated and computations carried out so that the fractlons
could be expressed as free thyroxine-like lodine, and prcteln

combined thyroxine-l1like lodine.
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Preparation of Radloactive Iodinated Casein

The procedure described in the first experiment was
used with the following minor modifications: the radio-
iodine solution (approx. 15 mec.) was neutralized with ammon-
ium hydroxide to a pale yellow color before being asdded to

the caseln mlxture, and only 0.125 gm, of sodlum bicarbonate

vas mixed with the casein,

Rat Thyroldectomy Frocedure

The rat was partially anesthetized with 1 ml. of 0,L€
percent sodium pentabarbital (nemtutal), injected intra-
peritoneally. It wes then fully anegthetized with ether and
tlied on its tack to a wooden rat board. Four-tenths ml. of
10 percent calcium gluconate was injected subcutaneously,
immediately before the operation, to prevent tetany, because
the‘parathyroids are removed with the thyroid =2land. An
ether cone was used, as needed, during the course of the
operation. The skin was cut parallel to and directly over
the trachea and the longitudinal muscles and skin retracted
on both gsides with two hooks made from wire paper clips.
Tension was malntalned with rubber tands attached to the
sides of the rat board. The exposed thyrold gland was teased
from the trachea and blood vessels with a hypodermic needle
and pinch forceps. Small wads of cotton were uged to control
bleeding. When the bleeding had stopped, the cotton was re-

moved and the skin lncision closed with metal skin clips.




27
The thyroparathyroldectomlzed rats were subsequently

maintained on a standard diet (appendix X) with the addi-
tion of 1 percent calcilum carbonate. They were given 0.4 ml.
subcutaneous injections of 10 percent calcilum gluconate two

or three times each day for several days.

Injection and Tissue Sampling Procedures
The 1odinated caselin was injected into the femoral veiln,
usually btefore the rat came out from under the anesthesla

edministered during the thyroparathyroidectomy.

Collection of EBlood and Liver Samples

At the appropriate time the rats were anesthetized with
sodium pentabarbital and ether and tled to the rat board,
Blood samples of about 5 ml, were withdrawn from the abdominal
aorta, usually with a curved one and one-half inch 20 gauge
hypodermic needle and a 1" ml. heparinized syrinee. The
blood was centrifuged for =bout 30 minutes at 2000 rpm to
separate the plasma.

Following the withdrawal of the blood semple, the rat
was sacrificed and a 1iver sample of a slze estlmated to welgh
about 1 gm, wae removed. This was placed in a tared 12 or 15
ml. pyrex centr:fuge tube and welghed. Any storage necessgary

was under refrigeration.




JODINATED CASEIN

Intravenous or
cral administration

PLASMA CR LIVER

SAMPLE
BUTANOL
EXTRACT RESIDUE
Alkall wash Hydrolysis
(LN NaCH 4 5% Na,CO,) (2N NaOH)
BUTANCL 2UTANOL
PHASE EXTRACT

FREE THYRCXINE-LIKE IODINE

Alkall wash
(4N NaOH 4 5% NayCO5)

BUTARNOL
FHASE

CCMBINED THYROXINE-LIKE TIODINE

FIG. 3. FRACTICNATION OF
PLASMA AND LIVER SAMPLES




29
Fractionation of Plasma and Liver Samples*

Extraction of unhydrolyzed plasma. One ml. of the plasma

was transferred to another tute and extracted twice with 2
ml, of butanol each time. At each extraction the mixture was
stirred for 2 minutes with a olass rod, stoppered and allowed
to settle for 20 or more minutes at room temperature. The
alcohollc extract was separated by centrifuging the mixture
for 10 minutes at 2000 rpm. The entire extract was decanted
into another tube and 4 ml. was transferred to a 2.5 cm.,
ingide dliameter, nickel plated planchet, dried at room
temperature in a desiccator with the ald of a high vacuum
pump, and a dry lce-acetone trap, and counted. The remain-
ing extract was stored under refrigeration,

Extraction of unhydrolyzed liver. The liver was mashed

in the tube with a ¢lass rod, the process taklng several
minutes. Three ml, of butsnol were added and mixed with the
liver'with the glass rod for 2 minutes, The tube was closed
with a rubber etopper which had previously been scaked 1n
butenol and wiped dry, and the suspension was shaken vigor-
ously 24 times. The stopper was removed and the tube spun in
the centrifuge for 10 minutes at 2000 rpm. The alcohollec
extract was poured into another centrifuge tube and the liver
residue extracted a second time with 2 ml. of butahol. Both
extracts were comblned, stoppered, and stored under refrig-

eration. One-half ml. of the combined extracts was transferred

———

%A schematic representation 1e shown in figure 3.
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to a planchet, drled as described earlier, and counted. The
twice-extracted liver regidue was drled in the centrifuge

tube at room temperature as already described and saved for

further treatment.

Hydrolysis of the Liver and Fractionation of the Hydrolysate
Five ml. of 2N godium hydroxide were sdded to the dry
liver residue in the centrifuge tube, an air-cooled reflux
condenser was attached and the tube placed in a boiling water
vath (approx. 992 C.) for 15 houre. The hydrolysate was
cooled to room temperature and i1ts pH adjusted to approximately
3.5 by the dropwise addition of 6N sulfuric acid; Brom Cresol
ijreen was used as an internal indlcator. The hydrolysate was
then extracted twice with butanol, 3 ml, for each extraction,
by mixing, shakine and centrifugingas already described. One-
half ml., of the comblned extracts was transfcrred to a plan-
chet, dried as described earlier, and counted. The remainder

of the combined extracts was stored under refrigeration.

Alkaline Washing of Butanol Extracts (Hydrolyzed and
Unhydrolyzed)

" Three ml. of unwashed butanol extract was transferred tol
another tube and extracted twice with 3 ml. volumes of a solu-
tion conelsting of 4N sodium hydroxide and 5 percent sodium
carbonate. Each extraction involved shaking 24 times, and
centrifuging 10 minutes at 2000 rpm. The alkallne wash solu-

tlon wae removed with a tapered glass tube, attached to a




31
greased 5 ml. syringe with rubber tubing. One-half ml. of

the twlce-extracted butanol was transferred to a planchet,

dried as described earlier, and counted.

Results

The data are presented in table 3 and depicted eraphi-

cally in filgures 4-7. The basic data are shown in appendilx

IV,

Combined thyroxine-like icdine in the plasma. ' As shown

in figure 4, combined thyroxine-like iodlne was rapidly
cleared from the plasma; between the 14 hr. and 24 hr, time
intervals there was a 99 percent decrease, and by the 72-hr,
interval only a very small amount of thyroxine-like iodine
wvas found in the plasma.

Free thyroxine-like iodine in plasma. The free thyroxine-

like iodine concéntrations in the plasma (Flgure 5) showed
only a 21 percent decrease between the 1% and 24 hour inter-
vals. A large decrease, of 87 percent, occurred between 24
and 72 hours. The relatively constant concentration between
1% and 24 hours and the large drop after 24 hours lndicates
that free thyroxine-like 1od1ne was being released to the
plasma from some other tissue or tissues and the amount sup--
plied decreased and fell below the plasma turnover,

Percent free thyroxine-1like 1lodine of the totsl thyroxine-

like lodine, in the plasma. The percent free thyrdxine—]lke

—

lodine 1s computed by means of the following relaticnship:
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free thyroxine-like lodine
free thyroxine-like iodine 4 comblned x 100
thyroxine-like iodine

As shown in Flgure 6, at the lthour time interval a very small
proportion of the total thyroxine-like iodine in the plasma
was free. The percent free thyrcxine-like iodine rose from
7 percent at 1% hours to 75 percent at 12 hours. This high
percent of free thyroxine-like icdine was maintained at the

zh- and 72-hour intervals.

Combined thyroxine-like 1odine in liver. There was only
an 18 percent increase in the liver concentrations of com-
tined thyroxine-1like i1odine between the 1l%#-and Z4-hour inter-
vale (Ficure 7). Cn the other hand, there was a 91 percent
decrease between 24 and 72 hours,

The sharp decline indicates that the rste at which com-
bined thyroxine-like 1odine had been supplied to the liver
decreased, The supply of comblned thyroxine-llke iodine did
not equal the turnover, and the liver concentrations could

not be maintained at the level of the 1%- and 24-hour inter-

vals.

Oral Adminlistration

A recent report on the absorption characteristics of
iodine-131 labelled iodinated casein (Campbell et al, 1950)
indicates that a large amount of the 1lcdine abtsorbed from the
alimentary tract of rats and sheep is combined as icdinated
casein cr some butanol-insolutle metabolite; 10 hours after oral

administration sbout 50% of the plasma radioactivity 1s Tutanol-

Insoluble,
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Table 3, Metabolism of Iodinated Caseln,

Intravenous Administraticn

Time Rat _¢.p.8. per ml., plasma
(hr.) No. Free Thyroxine- Combined Thyroxine-
like Iodine l1ike Iodine
13 1 20.9 407.6
2 34.0 . 310.9
av. 27 .4 av., '359.2
2l 5 30.5 3.68
6 12,7 3.76
av. 21.6 av. 3.72
dec.* 21.1 _ dec. 98.9
72 7 2.64 n, 80
8 3.20 0.80
av, 2.92 av, 0.80
dec. 86.5 dec., 78.4
c.p.8. pPer gm, liver
1% 1 66.9 197.5
2 58.1 231.0
av. 62.5 av, 214.2
24 5 L L9 . 6 300.0
6 38.9 206.7
av. Ly 2 av., 253.3
dec. 29.2 iner. 18.2
72 7 12,9 25.2
8 11.8 22.0
av. 12.3 av. 23.6
dec, 72.1 dec. 90.6

* Percent decrease from previous averaze count.
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It seemed of interest to further characterize this

fraction and determine the relationship between the time
interval after oral administration of lodinated casein and
the concentratlion of thyroxine-like 1ocdine in the plasma.

The experiment was conducted on 2 coroups of 2 male
alblno rats weighing about 337 cgrams each., The methods of
the preceding experiment were used with the followlng excep-
tions: Two ml. volumes of iodinated casein were administered
by stomach tube with the aild of a plastic tube connected to
a hypodermic syringe, the blood samples were taken at 1%, 12
and 48 hours,

Regults. Although the 1ndividual results of the experi-
ment (table 4) were cenerally erratic, they suggest
that the butanol-insoluble material entering the blood stream
after oral administration of lodinated caseln contalns
thyroxine-like iodine in combined form.

The percent free thyroxine-like lodine was computed by
means of the following relatlionshilp,

free thyroxine-like iodine

free thyroxlne-l1lke iodine + comblned
thyroxine-like 1odine

x 100

Figure 8 shows that more than 50 percent of the thyroxine-1like
lodine in the plasma, at the time intervals studied, was 1in

the free, butanol-scluble, form.




39

Table 4, Metabolism of Iodinated Cesein,

Cral Administration

c,p,8, pver ml, Plasma
Time Rat Free Thyroxine-  Gombined Thyroxine-

(hr.) No. 1ike Iodine like Iodine
14 1 2.32 1.84
2 14,4 5.52
12 3 24,1 3.60
L 17.6 3.28
48 5 3,60 0.96
6 2.08 1.12
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The Dlsappearance of Iodinated Casein from Plasma

and the Appearance of its Metabolic Products
in the Urine, in the Dog

The decreases in plaesma and urine radiocactivity in the
dog, followling thevlntravenous administration of radioactive
lodinated casein, were compared in order to determine the
influence of plasma lodinated casein concentration on urine
radloactivity.

The relative molecular size of the radiocactive material
appearine in dog urine immediately followine the injection
of radiocactive iodinated caseln was determined by determining

the urine radicactivity before and after dlalysils.

Decrease in Plasgma and Urine Radloactivity

A male dog was used to compare decreases in plasma and
urine radioactivity. It was kept under anesthesia by the
intravenous administration of 3 percent sodium pentobarbital,
as needed,

Radiozctive lodinated caseln was prepared by the pro-
cedure described in the 1od1nated coseln distribution experi-
ment, except that the perlod of dlalyslis was 52 hours. Cpe
ml. (approx. 10 mg.) was adminlstered into the femoral veln
and blood samples of about 10 ml., were collected in heparin-
1zed test tubes from the cannulated carotid artery. The can-
nula was made from a 16 gauge hypodermic needle from which

the hub had been removed with wire cutteres., The straleht
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portion was extended several cm. by means of tight-fitting
plastic tubing and plupged with a wire slightly longer than
the distance between the mouth of the plastic extension and
the point of the hypodermic needle.

At the appropriate time intervals the wire plug was
removed and a blood sample taken., The plasma was separated
by centrifugation, and radioactivity measurements were made
on ml. portilons with a shielded thin end-wlndbw Geiger-Muller
tube and a scaler, The time perlods studied and the percent-
agesg of the radloactlvity at the first perliod are shown 1n
table 5,

Urine samples were collected directly from the right
ureter with the aid of a plastic catheter and radiocactivity
measurements of 12 ml. portions were madé with the apparatus
Just described. The data are shown in table 6 in terms of

percentage of radiocactivity at the first interval.

Results

Intravenously administered radiocactive icdinated caseln
leaves the blood plasma at an extremely rapid rate. When
compared with the blood plasma radioactivity at 1 minute, 83
percent was cleared from the plasma by the 1l7-minute interval.
After the first large decrease, further clearance occurred
at a much slower rate. Between the 17-mlnute and 362-minute
intervals there was only a & percent further reduction in

plasma radioactlvity,
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Table 5. Decrease in Blood Plasma Radioactivity

Time after c.p.s8s. Percent of
admin. (min.) per ml. first sample
1l 25.62 100
17 b, 4o 17.1
32 3.92 15.3
L7 L,14 16.1
62 27 16. 6
92 3.99 15.5
122 L, o5 15,8
15z 3,76 16
182 | 3.62 14,1
212 3.41 13.3
242 3.31 12.9

362 2.75 10.7
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Table 6. Decrease in Urine Radloactivity

Collection Av, Time C.p. 8. Percent of -
pericd (min,) (min.) per ml. first sample
0-16 8 €. 89 100
16-46 31 .6.35 92.1
Lé6-76 : 61 7.01 101
76-106 91 5.67 82.2
106-136 121 L.93 71.5
136-166 151 3.81 55,2
166-196 181 2,96 k2.9
196-226 211 2,32 33.6
226-256 241 2,10 30.4
256-376 316 1.49 21.6
376-4G6 L36 2.20 31.9
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The decrease 1n urine radloactivity occurred more slowly;
the radloactivity at 436 minute (av.) collection period
was 32 percent of that at the 8-minute period.

The data suggest that lodinated casein was concentrated
in the kldney durlng the rapid clearance from the blood plasma

and excreted into the urine at a slower rate.

Radioactive Material in Urine

A 19-kilogram male dog was injected, intravenously
(femoral vein), with 9 ml. of iodine-131 lodinated casein
solutlion prepared by the method already described in the
first experiment, Twenty-five minutegs after the injection,
the bladder of the unanegthetized doe was drained by means
¢f a catheter attach=d to a hypodermle syringe. .The urine
wag divided into two portions; one was placed in a cellophane
casing and dialyzed acainst running tap water for 3 days, the
other was stored under refrigeration, A ratemeter was then
used to compare the radilocactivity of 6 ml. of the dilalyzed
urine with 6 ml. of the undialyzed urine,

Results. The radiocactivity was the same for both the
dialyzed and the undialyzed urine, 900 counts per minute. It
ls therefore concluded that most or all of the radioactive
material, which passes into the urine 1lmmedlately fellowlng
the injection of iodinated casein, is either the unaltered
protein or a large undlalyzable metabolite. This would

eliminate free thyroxine and diiodotyrosine as possibilities.




DISCUSSION

The finding of Reineke et al (1942) that parentally
administered icdinated casein exhibits hormonal activity
led to the questlon of 1ts mode of ~ction; as stated in the
peginning of this paper: Does the lodinated proteiln per se
exert a blological effect or 1s it first metabollized with the
release of thyroxine?

According to the results of the experiments reported
herein, the thyroidal effect of lodinated casein 1s contin-
gent on the metabolic splitting off of thyroxine. Direct
evidence 1s not presented that iodinated proteln per se 1s
not hormonally effective. However, 1t 1ls cleesr, from the
results presented, that thyroxlneéllke iodine is hydrolyzed
from iodinated casein in the liver and released tc the plasma.
That synthetic thyroprotein acts twice; once as the proteln
per se, and again as free thyroxine, would appear to be high-
1y improbable.

Figure 1 shows the concentratlon of icdinated caseln 1n
various tissues of the rat 100 minutes after its intra-
venous administration. The highest concentratlion was found
in the 1liver, where it was more than 10 times that of sodium
iodide which had been administered similarly. Higher concen-

trations of i1odinated caseiln than 1ocdide were also found in
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the spleen, kldney, lunz, stomach, and smell intestine. The
concentration of 1odinated casein in muscle and large intes-
tine wse similar to iodide. The.high concentraticns of
iodinasted casein in liver, kidney, and spleen 1s in accord
with a similar report, by Haurowitz and Crampton (1952), on
lodinated ovalbumin.

Liver concentrates a larege proportion of injected 1odin-
ated caseln due to 1ts effective concentratine abliitv, and
its large size, 11 gm. in a 200 em. rat (Donaldson, 1924),

In view of these considerations as well as the fact that liver
s known to take part in proteln metabolism 1t was assumed

to be an important site of 1odinated casein metabollam.
Therefore, a comparison of the concentrations of lodinated
cagein and i1ts thyroxine-like lodine metabolite in liver and
rlasma at different time intervals would indicate the rate of
hydrolysls of iodinated caseln to thyroxine, and permit
estimations of relative turnover rates. The results show

that the levels of iodinated protein and thyroxine 1in the
liver and blood plasmau afe interdependent,.

As lone as the quantity of 1lodinated casein supplied to
the liver equale the turnover, i1ts concentration in the liver
w11l be maintalned at a constant level. Intravenously ad-
ministered lodinated caseln, represented by comblned thyroxine-
like 1odine (Fig. 4), showed a 99 percent decrease in con-
centration in the pl:- sma between the 13- and 24-hour inter-

vale. Since liver readlly concentrates iodinated caseln
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(Fig. 1), it 1s presumed that a high rate of clearance from

the blood plasma indicates a rapld uptake by the liver. The
fact that the level of ilodinated caseiln in the liver was
maintained fairly constant between the 12—~ and 24-hour inter-
vals (Fig, 7) and decreased 91 percent bty the 72-hour inter-
val 1ndlcates that the rate at which the lodinated protein
vas supplied to the liver decreased below the turnover rate,
and the liver concentration cculd not be maintalined, That
the supply had, in fact, decreased 1ls shown in figure 3, where
it can be seen that there was a 99 percent decrease 1n 1odin-
ated caseln concentration in the plasma between the 1%- and
24-hour intervals. As a result of the decreased liver con-
centration of icdinated casein, the amount of thyroxine freed
to the plasma decreased. This was followed by an 87 percent
decrease in the plasma level of free thyroxine (Fig. 5).

A recent report by Campbell et al (1950) indicates that
iodinated caseiln or some butanol-insolutle metabollite of 1it,
as well as thyroxine, 1s absorbed intc the blood plasma from
the alimentary tract of rats and sheep. A further characteri-
zation of thls butanocl-insoluble fraction was carried out at
1%, 12, and 48 hours. The results indicated that thils frac-
tion contains thyroxine-like i1odine in a combined form. It
was also shown (Figure 8) that more than 50 percent of the
thyroxine-like iodine in the plasma, at the time intervals

studied, was in the free, butanol-soluble, form.
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In a study of the distribution of slichtly lodinated

casein, 1t was found that this proteln was concentrated in
many of the same tissues that concentrste lodinated casein.
Nevertheless, no tissue showed as effective a concentrating
abllity for slightly iodinated casein as that of liver for
lodinated caselin. Tissues with the high accumulations were:
spleen, stomach, kidney, liver, large intestine, Jung, and
small 1ntestine.

In figure 1 1t was shown that the kidney accumulates
iodinated caseln rapidly. When these data are compared with
the rapld rate of clearance of 1odinated casein from the
blood plasma of the dog (83 percent between the 1- and 17-
minute intervals, table 5) and the slower rate of change 1in
radiocactivity in the urine (32 percent between the 8- and 436-
minute collection periods, table 6), 1t 1s concluded that
lodlnated casein 1s rapidly accumulated in the kidney durlng
its rapild clearance from the blood plasma and excreted into
the urine at a slow rate. The rapld clearance of lodinated
casein frcm the blood 1s in accord with the report of Campbell
et al (1950) that 90 percent of the radiocactivity of labelled
lodinated casein is removed from the blood stream of sheep 7
hours sfter its intravenous admlnistration.

The suthor's characterlzation of the radloactive materlal
in the urine, 25 minutes after the 1ntravenous injection of
1odine-131 labelled 1odlnated casein, 1ndicates that 1t 1s

undlalyzatle.
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The radlioactlivity in the urine may represent the intact

jodinated protein or some large metabolite,




SUMMARY

1. Distribution studles of intravenously administered i1odin-
ated caseln reveal that 1t 1s concentrated in the liver,
spleen, kidney, lung, stomach, and small intestine. The
highest concentration was found in the liver, where 1t
was more than 10 times that of sodium iodide which had
been adminletered similarly.

2. Slightly lodinated casein, administered intravencusly,
concentrated in the same tlssues which were shown to
cocncentrate lodinated casein, The slightly l1odinated
caseln was not as concentrated in the liver but more
concentrated in the stomach and large lntestine than
the 1odinated casein,

2, When iodinated caseln 1s administered intravenously,
thyroxine-like l1odine 1ieg hydrolyzed from the lodinated
protein, in the liver, and released to the plasma.

The amount of l1odinated caseln avallable to the liver
and the plasma level of thyroxine-like lodine are
interdependent,

L. TFollowing the oral administraticn of iocdinated casein,
thyroxine-like lodine, in a combined form, can te

found in the blood plasma. This may be the intact

protein cr some large metabolite,
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Most of the thyroxine-like lodine appearing in the plasma,

after the oral administration of 1cdinated casein, 1is
in the free, butanol soluble, form.
Intravenously administered iodinated casein i1s rapidly

accumulated in the kidney and there 1s a slow excretion

of 1ts metatcllite,
The l1odinated material excreted into the urine during
the first 25 minutes is not dlalyzable and may repre-

sent tne intact l1odinated protein or a large metabollte,
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Appendix I 56
THE DISTRIBUTION OF IODINATED CASEIN IN THE RAT

Rat Wet Dry Percent 1 CPps per cps per gm tissue
Tissue No. wt. wt. solid cps” om wet c¢ps per gm plasma
(gm.) (gm,) tissue

2lood 1 .4802 .1037 21.59 68.44 142, 52
2 L4457 L0943 21.15 53.74 120.57
3 .3535 .0602 17.02 31.07 87.89
4 .5107 .1014 19.85 62.62 1z2.61
5 .Lhg61l .1035 20.86 61.81 124,18
6 .5070 .1023 20.17 64.59 127.39
7 .b4952 ,0988 19,95 65.34 131,94
8 .3061 .0511 16.69 28.88 94 34
2 .2253 .0351 15.57 19.71 87.48
10 .4560 .0850 18.64 69.66 152.76
mean 19.14
Plasma® 1 .2469 £3.89 258.76
2 .2292 50.17 218.89
3 .1818 29,00 159.51
L 2626 58.46 222.61
5 .2551 57.70 226,18
6 .2607 60.30 231.30
7 .2546 61.00 239.59
8 .1574 26.96 171.28
9 .1158 18,40 158.89
10 .23Ls £5.03 277.31
7luteal 1 .8600 .2120 50.48 58,69 .2268
musgcle 2 .5967 .1471 23.57 39.50 ,}80&
-3 .6263 .1ls54u 23.16 36.97 .2317
L 2.1342 5261 90. 54 L2 42 .1905%
5 . L60OL ,1135 13.01 28.25 .1249
6 .7813 .1926 20.16 25.80 .1115
7 .L4os ,1086 14, 58 33,09 .1381
8 .5857 .1l44l4 24,31  B1.s50 .2h22
9 .L113 .1014 14,21 gg.gg .iigg
15.00 27, .17
10 .3979 .0981 2 mgan .1800

.0154

standard error
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THE DISTRIBUTION OF ICDINATED CASEIN IN THE RAT (cont.)

Rat Wet Dry Percent cpa per cps per om tissue
Tissue No. wt. wt. solld cps1 om, wet cps per gm plasma
(gm. ) (gm.) tissue
Lung 1 .5324 .1141 73.35 137.77 . 5324
2 .334s5 .0717 53.01 158,47 . 7239
3 .4703 .1008 52.54 111.71 . 7003
4 ,3658 ,0784 41.04 112.19 . 5039
5 .4740 .1016 55.33  116.72 . 5160
6 .3826 .0820 50.88 132,98 . 5749
7 .3280 .0703 65.19 198,75 . 8295
8 .2827 .0606 35.49 125,53 . 7328
9 .5123 .1098 69.88 136,40 .8584
10 .5025 .1077 92.78 184,63 6657
mean .6637
standard error .0404
Liver 1 .8764 2284 1050, 56 1198, 72 4 6325
2 .7052 ,1838 691.51 980.58 L, L7997
3 .6335 .1651 £71.56 1060.07 €. 6457
L 5652 1473 639.69 1131.79 5.0841
5 .7847 2045 847.43 1079.94 L. 7746
6 4735 .1234 L62.92 977.65 L, 2267
7 .6354 1656 826,42 1300,62 5.4285
8 .8096 .2110 1059.33 1308.46 7.6393
9 L7574 L1974 896.24 1183, 31 7. 44713
10 .6795 .1771 1155,18 1700.04 €.1304
mean 5.6488"
etandard error .73940
Kidney 1 .7061 .1514 S _— —
2 .6184 1326 183.31 296,42 1.3541
3 .6856 1470 241,26 351.89 2.2060
L €226 .1335 222.85 357.93 1.6078
5 L6343 . 1360 223.35 352,12 1.5568
6 .6907 .1481 255, 4L 369,82 1.5988
7  .6986 .1498 261,11 373.76 1.5599
8 .5391 .1156 185.26 343,64 2.0063
9 .6954 1491 235.06 338,02 2.1273
10 .5601 .1201 232.17 41k, 51 1. 4947
mean 11,7235

standard error .1949
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THE DISTRIBUTION CF ICDINATED CASEIN IN THX RAT (cont. )

Rat Wet Dry Percent 1 Cp8 pe¥ cps per gm_ tissue

Tissue No. wt,. wt. solid cps™ gm. wet cps per gm plasma
e o (gm,) (em,

- __ tigsue

Spleen 1 .5149 1101 ' Ls7,.05 887.64 3.4303
2 .3928 .Q840 287.38 731,61 3.3423

3 .5252 ,.1123 305,15 581.01 23,6424

L 4415 o944 427.96 969.33 4, 351;3
5 4274 0914 238.17 557.25 2.h637

6 .4321 .0924 358.97 830.75 3.5916

7 . 4822 .10731 31€.47 656,30 2.7392

8 .3390 .0725 21€.58 638,87 3.7299

9 .5299 .1133 363,72 686.39 L .3199

10 .3531 .0755% 283.35 802.L46 2.8937

mean 32,4507

standard error .1974

Stomach 1 _2154 0509 31.87 147,95 -« 5717
2 .4705 .1112 Lo,34 104,86 4790

3 .2310 .0546 40,80 176.62 1.1072

4 .1836 .0434 57.40 312.63 1.4043

5 .2581 .0610 51.89 201.04 . 8888

€ .1967 0465 Lo, .71 242, 55 1.0486

7 .2496 .0590 Ll,24 165,22 .6895

8 .3140 0742 58.26 185,54 1.0832

9 .3504 0828 L7 41 135,30 .8515

10 .2691 0636 59.02 219,132 . 7908

mean 8914

standard error .0879

Small 1 .5863 .1266 54,19 92,42 .3571
intes- 2 ,3478 .0751 Ls 01 129.41 . 5912
tine 3 .3413 .0737 L2.43 124,31 .7793
L .4400 .0950 L7, 43 1207.79 L4842
AR TR A

] . 0837 . . .

7 .2522 .0521 28.46 111.52 Juesy

8 .3223 0696 L2.,22 130,99 . 7647

9 .4335 0936 30,42 20.17 b6

10 .L409 .0952 71.17 161.41 . 5820

mean .5358

standsrd error .0500
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THE DISTRIBUTICN OF IODINATED CASEIN IN THE RAT (cont. )

Rat Wet Dry Percent cCps per cps per_gm tissue

Tissue No, (wt.) wt, solid cps1 gm. wet cps per gm plasma
_ gm. (em. ) tissue

Large 1 .2280 .,0424 18,72 82.10 . 3172

intes- 2 .b4975 .0925 35.49 71.33 .3258

tine '3 .3905 .0726 36.23  92.77 . 5815
b .3399 .0632 28.86 84,90 .3813
5 .4749 0883 2k .99 52.62 .2226
6 .L4B86 0834 25.14 56.04 2422
7 .5653 .1051 54,06 95,63 .3991
& .3668 ,0682 28.18 76.82 .4485
9 .2797 .0520 1€.04 57.34 .3608
10 .2711 .0504 22.30 82.25 . 2965

mean ,3585
standard error .0325

Rat No. Body wt.
(gm. )

170
166
180
166
174
182
158
160
184
151
mean 168

O\ O~ IO\ Fw i

=

Counts per second corrected for background, phgsical decay
(appendix VI), and self-absorption (appendix VID,

Plasma values were computed from the tlood data,
gm. wet blood x 0.5143 = gm. wet plasma (appendix V)
blood cps x 0.9336 = plasma cps (appendix VIII),

3 Wet wt. were computed from dry wt. Percent solid was deter-
mined in tissues in the lodide distribution experiment. Both
experiments were run on rats from the same original group.

Dry wt. (Em.J x 100 = wet wt. (gm.)

4 The standard error(S.E.) was computed from the standard devlia-
tion (8) as described in Dixon et al (1951) ang Snedecor (1946),
respectively. €X2 _ --

o p—

)

3.E. = fTif=r—

N - 1"
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Appendix II
THE DISTRIBUTION OF IODIDE IN THE RAT

Rat Wet  Dry  Pot. 1 CPB Der cps per gm. tissue

Tissue No. wt,. wt. solid cps™ gm. wet cps per gm, plasma
. Legm, )  (gm,) tigsue
Blood? 1 ,1415 0271 55.95 395,40
2 .2157 .0413 121,15 561,65
3 .1536 .0294 55.88 363.80
L 1640 .0314 52.36 319,26
5 2042 .0391 123.24 603.52
6 .2617 .0501 97.50 372.56
7 1379 .0264 77.07 558,88
8 .1901 .0364 70.02 368,33
9 .,1985 0380 63.75 321.15
Plasmald 1 .0727 3L, 64 UDE L7
2 .1109 75.02 676,46
3 .0789 34,60 438,52
L 0843 32.42 384, 57
5 .1050 76.32 726.85
é .1345 60.38 448,92
7 .0709 Lb7.72 673,06
8 .0977 43,36 443,80
‘9 .1020 39,48 387,05
Gluteal 1 .3585 ,0945 26,35 33,13 z.41 .1939
muscle 2 .574 L1370 23.86 54522 96. 20 L1422
3 .4585 1063 23.18 46.75 101.96 .2325
L 6935 .1678 24,19 65,66 oL, 67 .2hE]
5 .5365 .1237 23.05 4L 36 82,68 L1137
6 4640 1494 32,19 31.99 68,94 .1535
7 .7175 ,1629 22.70 57.17 79.67 .1183
8 .4L475 1021 22.81 36.09 80. 64 .1817
9 .,6Lgs 1528 23,52 53.50 82.37 .2128
meanLL L1771
standard error .0159
Lung 1 .3780 .0902 23.86 63.50 167.98 .3525
2 .239 .0457 21.86 130.98 148,22 .2191
3 .3000 .066L4 22.13 56.99 189.%6 L4331
L .h160 .0910 21.87 57.32 137.78 .3582
5 .3260 .0678 20.79 48,65 145,23 .20573
6 .2300 .0510 22,17 22.16 06, 34 L2146
7 .5005 .1037 20.71 63.52 126.91 .1885%
S i gl &E RS 2
o £ e
o 8550 .1%ggn %§:43 7 mean .2866

standard error . 0288
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Rat Wet  Dry Pet, 1 CP8 per cps per om, tisgsue
Tissue No. wt, wt. solid cps™ gm., wet cps per eom., plasma
(gm.) (em.) tisgsue |

Liver 1 .4920 .1256 25.52 98,56 200,32 L4204
2 .7645 1980 25.89 118.31 155,01 . 2291
3 .E410 ,1708 26.64 118.32 184, 58 L4209
4 ,8710 ,2262 25.97 117.29 134, 66 . 3561
5 .5560 .1392 25.03 94,04 169.13 .2326
6 .8195 .2193 26.76 131.06 159.92 .3562
7 .8710 .2339 26.85 1ks5.07 166.55 L2474
8 .7320 .1960 26.77 173.20 23F,.61 .5331
9 .7615 .1915 25,14 108.93 1L3.04 . 3695
mean 26,06 mean .3510
standard error .0338
Kildney 1 .565 .1140 20,17 103.70 183,53 .3851
2 .5560 .1180 21.22 84 62 152.19 .224h9
3 .5045 ,1077 21.34 88,06 174,54 . 3980
L .8025 .16886 21.00 138.76 172.90 . 4L9sg
5 .6420 .1391 21.66 106,80 166.35 .2288
6 .6545 1401 21,40 93,40 142,70 .3178
7 .7730 .1658 21.44 103.00 133.24 .1979
8 .5740 ,1208 22.78 88.57 154.30 . 3476
9 .6520 .1433 21,97 97.66 149 78 . 3869
mean 21,44 mean ,3262
standard error 0298
Spleen 1 443 .0880 19,86 90.57 204 44 L4290
2 4220 .0794 18.81 58.98 139.76 .2066
3 .484 .0907 18,73 81.97 169.35 . 3861
L 5525 1332 24.10 187.34 339,07 . 8833
5 .b9s5 1115 22.50 82.58 166,65 .2292
6 .3570 .0733 20.53 S4.50 152.66 .3400
7 .6105 .1293 21.17 105.94 173.52 .2578
8 .4285 ,1005 23.45 107.53 250.94 . 5654
9 .4185 ,0977 23.34 105.51 252,11 .6513
mean 21.38 mean , 4387
standard error .0746
Stomach 1 143 .0323 22.58 28.11 196,57 LAU125
2 .2500 ,0479 19.16 40.23 160,92 .2378
3 .3390 .0792 23.36 61,06 180,11 4107
4 .4935 1240 25.12 215.14 435 94 . 1335
5 .6185 .,1432 23,15 138.96 224 67 .3091
6 .3720 .0901 24,22 60,01 161.31 .3593
7 .3620 .0895 24,72 57,78 159.61 2371
8 .3010 .0708 23.52 100,22 332.95 . 7502
9 L6410 1723 26.87 157.96 246,42 .6366
mean 23.63 mean .4985

standard error

. 0980
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THE DISTRIBUTION OF IODIDE IN THE RAT (cont. )
Rat Wwet Dry Pct,

cps per cps per eom, tissue

Tissue No., wt, wt. solid cps™ gm, wet cps per gm, plasma
Lom,) (om,) tissue
Small 1 .0775 .0150 19,35 11.35 146 45 L3073
intes-~ 2 .2140 .0452 21,12 28.29 132.19 . 1954
tine 3 .170 .0282 16.58 20.32 119.52 L2725
4 ,2780 .0616 22,15 L41.38 148.84 .3870
5 L4355 .0837 19.21 72.24 165.87 .2282
6 .0900 .0226 25.11 10.59 117.66 - .2620
7 .0975 .0267 27.38 12,42 127.38 .1892
8 .1415 .,0273 19.29 27.88 197.03 .4h39
9 .3760 .0910 24.20 55,00 146,27 .3779
“mean 21,59 mean ,2959
standard error = .0300
Large 1 .2590 .0503 19.42 45,07 174,01 .3652
intes- 2 .1280 .,0238 18.59 18.29 142,89 .2112
tine 3 .342 .0599 17,51 52.89 154 64 .3526
L 2060 .0459 22.28 54, .71 265.28 .6905
5 .2835 .0621 21,90 48,90 172.48 L2372
6 .1685 .,0319 18.93 24.03 142.61 L3176
7 .1390 .0276 19.85 14,58 104.89 .1558
8 .2840 .0509 17.92 A49.94 200.96 L5528
9 .2840 .0596 20.98 39.71 139.82 L3612
mean 18, 59 ‘ mean . 3493
standaréd error .0523
Cecal 1 .6665 .1512 22.68 85.59 55.02 L1154
con- 2 .6675 .1395 20.89 71.06 45.51 .0672
tents 3 .7057 .1526 21.62 85.10 53.28 L1214
4  ,6727 .1340 19,91 76.50 L9, o4 . 1275
5 .7293 .1645 22,55 79.27 48,38 . 0665
6 .6879 .1209 21,93 72.42 Ls.77 . 1019
7 .7130 ,1429 20,04 73.96 45,88 . 0681
8 .7352 .1390 18.90 61.77 37.86. . 0853
9 .5998 ,1054 17.57 54.05 36.01 . 0929
mean 20,67 - mean , 0940
standard error . 0074
Body wt. (gm,) Hematocrit
1 180 .50
2 188 )
3 184 47
4 202 : .50
5 168 Lu2
6 202 : .50
7 196 .40
8 176 b9
9 184 b9

mean 186 mean 47




THE DISTRIBUTION OF ICDIDE IN THE RAT (cont.)

1 Counts per second corrected for background, physical decay
(appendix VI ), and self-absorption (appendix vII.

2 Wet wt. were computed from dry wt. Percent solid (19,14) was
determined in tissues in the 1odinated caseln distribu-
tion experiment. Both experiments were run on rats of
the same original group.

Dry wt, (gm.) 4 100 =
percent solld

wet wt., (gm.)

3 Plasma values were computed from the blood data,
gm. wet blood x 0,5143 = gm. wet plasma (appendixV )
blood cps x 0.6193 = plasma cps (appendix IX)

4 sSee footnote L appendix I.
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Appendix III

THE DISTRIBUTION CF SLIGHTLY IODINATED CASEIN IN THE RAT

Rat Wwet "Dry  Percent , CPs per cps per gm tissue
Tissue No, wt, wt. solid cps em. wet cps per gm plasma
{gm,) (gm,) tissue
Plasma 1 .2661 .0264 9.92 17.88 67.19
2 .1592 .01l44 9. 04 12.13 76.19
3 .1212 ,0131 10.80 7.59 62.62
4 ,1592 .0162 10.17 25.40 159,54
5 .1781 ,0204 11,45 15.73 88,32
6 .1808 .,0147 8.13 9.65 53.37
7 .1330 ,0132 9.92 12.04 90, 52
8 .1811 .0163 9.00 7.88 43,51
9 .ll1ihk 0100 8.97 8.85 79. 44
10 .1282 .01l25 9.75 11, 89 Q2,74
mean 9.71
Gluteal 1 .7522 .1902 25,28 13.90 18.47 . 2748
muscle 2 .7402 ,181l1 24 46 15.13 20, 44 .2682
3 .6734 1639 24,33 9.06 . 13.45 L2147
L 8438 ,2098 24, 86 18,00 21.33 .1336
5 .7315 .1891 25.85 7.76 10.60 .1200
6 .7716 .2017 26,14 13.05 16.91 .3168
7  .6908 .1632 23.62 13.15 19.03 .2102
8 .8335 .2055 24,65 10.99 13.18 . 3029
9 .8402 ,2118 25.20 18,19 21.64 .2724
10 .8765 .2274 25.94 19.01 21,68 .2337
mean 25.03 mean_.2347
standard error<. 0209
Lun L .5379 .1233 22,92 26.97 50.13 . 74€0
. 2 .4638 .1112 23.97 26,56 57.26 . 7515
3 .5889 .1357 23.04 29.87 50.72 . 8099
L .6518 .1458 22.36 61.64 94, 56 .5927
5 .4h17 .1039 23.52 24,93 56, 4k . 6390
6 .4582 .1023 22.32 19,66 L2,.90 .8038
7 . L4648 .0995 21.40 28.29 60. 86 .6723
8 .4880 .1121 22.97 16,66 4,13 . 78404
9 .3778 .,0766 20.27 18. 50 8.96 .6163
10 .3825 .0797 20.83 23.54  61.54 . 6635
mean 22,36 mean 7079

standard error .0254
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THE DISTRIBUTICON CF SLIGHTLY IODINATED CASEIN (cont.)

Rat wWet  Dry Percent cpe per cps_per gm_ tissue
Tissue No. wt., wt. solid cpsl gm wet cps per gm plasma
(gm.) _(gm,) tigsue
Liver 1 .7726 .1991 25.77 49.05 63,48 . QUh7
2 1,0130 .2478 24,46 75.99 75,01 .9845
3 .9566 .2579 26,96 72.09 75.36 1,2034
L .9392 .2528 26,91 135.78 14k 56 . 9061
5 1.0371 .2692 25.95 179.70 173.27 1.9618
6 .7939 .2149 27,06 43.14 54.33 1.0142
7 1.0136 .2835 27.96 9L, 84 93,56 1.0335
8 .9233 .2733 29,60 45,08 48,82 1.1220
9 1.102¢ 2813 25.50 87.47  79.30 .9982
10 .8556 .2234 26,11 108,90 127.27 1.3723
mean 26.62 mean 11,1540
standard error .0997
Kidney 1 1.0303 .2274 22,07 131.14 127.28 1.8742
2 .8185 1662 20.30 118.66 144,97 1.9027
3 .8968 .1961 21.86 158.71 176.97 2.8260
L .6333 .1432 22,61 94,94 149,91 .9396
5 .8538 .,1902 22.27 137.53 161.07 1.8237
6 .8400 .1907 22.70 147.15 175.17 3.2821
7 .8568 .1952 22,78 148,59 173.42 1.9158
8 .9793 .2366 24,16 81.54 83.26 1.9135
9 .7769 .1703 21.92 89.96 115.79 1.4575
10 .7352 .1607 21.85 131,34 178,64 1.9262
mean 22.25 mean 1,9861
gtandard error 2060
Spleen 1 .3856 ,0900 23.34 70.84 183.71 2.7341
2 .Lulg 0987 22,18 111.31 250.19 3.2837
3 ,3700 .0877 23.70 77.44 209.29 3.3422
L .3248 ,0732 22,53 50.27 154,77 .9701
5 .2877 .0667 23,18 67.50 234.61 2.6563
6 4751 .1092 22.98 92.72 195.15 3.6565
7 .3461 .0760 21.95 86.87 250.90 2.7727
8 .Lo26 .0995 24,71 33.01 81.99 1.8843
9 .2670 .0806 21.96 58.66 159.83 2.0119
10 .hz327 .0942 21.77 89.40 206.60 2.2277
mean 22,83 mean 2.5539

standard error .2542
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THE DISTRIBUTION OF SLIGHTLY IODINATED CASEIN (cont. )
Rat Wet Dry Fercent

CPs per cps per om tissue

Tissue No. wt. wt. solid cps1 gm wet cps per om placma
(em, ) (gm.) tissue
Stomach 1 .2693 ,0731 27.14 55.03 204,34 3.0412
2 .3429 0880 25,66 84,51 246,045 3.2346
3 .2267 ,0726 32,02 ho,52 178.73 2.8541
4 .2786 .0697 25,01 35,45 127.2% . 7975
5 .3154 0813 25.77 36.11 114.48 1.2961
6 .3189 ,0845 26.49 62,12 194,79 3.6498
7 .3222 0947 30.45 58.70 182.18 2.0125
8 .3631 .1106 24,65 k1,60 114, 56 2.6329
9 4461 .,1100 27.93 78.07 175.00 2.2029
10 .1815 .,0507 23.53 31.18 171.79 1.8523
mean 26,86 mean 2.3573
standard error .2826
Small 1 ,1606 .,0378 23.53 11,18 £9,61 1.0360
intes- 2 .2868 .0653 22.76 12.44 L3, 37 . 5692
tine 3 .198% .o0441 22.17 7.60 38.21 .6101
L 1367 .0298 21.79 L. s2 33,06 .2072
5 .3162 .0740 23.40 21.15 66,88 . 7572
6 .2653 .0582 21.93 14,32 53.97 1.0112
7 .2366 .0490 20.71 8.60 36,34 L4014
8 .505z .,1085 21,47 18,09 35,80 .8227
9 .3782 .0841 22.23 13,08 34, 58 4325
10 .3543 ,0768 21,67 11.04 31.16 .3359
mean 22,16 mean 6183
standard error .089%
Large 1 .3048 ,0861 28.24 16.14 52.95 . 7880
intes- 2 .2519 ,0644 25,56 15.78 62,64 . 8221
tlne 3 .2961 .0859 29,01 15.92 53.76 . 8585
4 1614 .0397 24,59 L. 69 29,05 1.8208
5 .2119 ,0557 26.28 22.09 104, 24 1.1802
6 .2612 .0589 22,54 19.81 75.84 1.4210
7 .3165 .0688 21.73 24,20 76,46 .8L4e
8 .2885 .0709 24,57 14,61 50,64 1.1638
9 .2294 ,0539 23,49 12.83 55.92 . 7039
10 .,2592 .0531 20.48 15.20 58, 64 .6323
mean 24 64 mean 1,0235

standard error 1177
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THE DISTRIBUTION OF SLIGHTLY JODINATED CASEIN/(cont.)
Rat wet Dry Percent

cp& per cps per gm tissue
Tissue No., wt. wt, solid cps1 gm wet cps per gm plasma
(gm,) (gm.) tissue

Cecal 1 .,8640 ,1587 18,36 24,28 28.10 L4182

contents 2 8011 .1374 17.15 21,70 27.08 . 3554

3 .7473 .1291 7.27 22,27 29,80 . 4758

4 .8598 1686 19,60 25.32 29,44 .1845

5 .8059 1494 18,53 18. 80 23.32 . 2640

6 .8074 .,1508 18,67 19.94 2L &9 L4626

7 .9326 .1680 18,01 31.24 33.49 . 3699

8 1.0045 .1743 17,35 17.0kL 16.96 .3897

9 .8860 .1861 21.00 23.02 25.98 .3270

10 .,7503 .1362 18.15 17.70 23.59 .2543

mean 18,40 mean 3501

standard error .0296

Rat No. Body wt. /
(%m.)

268

244

258

226

239

259

240

336

235
228

oV oo~y FWh -

-

mean 253

1 Counts per second corrected for background, physical decay
(appendix VI), and self-absorption (appendix VII),

2 See footnote L, appendix I.
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Appendix 1V
THE METABOLISM CF IODINATED CASEIN, INTRAVENCUS ADMINISTRATION

-

Time (hr.)! 13 12

Rat No. 1 1 2 2 3 3 N L

Tissue Liver Plasma Liver Plasma  Liver Plasma Liver Plasma

wt. or vol. 1,11 gm 1ml 0,92gm 1ml 1.5 gm 1ml 148 ¢gm 1 ml

cps per %Zml.

butanol

A% 27.59  11.20  22.29  13.37  11.97 5.75 13.78  11.30
B 7.43 2.62 5.35 L, 26 5.15 2,22 Iy, 84 2,86
HA 125,72 224,33 108,55 172,12 31,33 L,08 L41.62 8,97
HB 18,28 50.95 17.72 38,87 5.73 0,62 7.40 1,13

cps per gm or

ml of tissue
A 248,5 89.6 242.2 106.9 76.7 Lé. 0 93.1 90.4
B 66,9 20,9 58,1 34,0 33.0 17.7 32.7 22,8
HA 1359.0 1794.6 1415.8 1376.9  240.9 32.6  337.4 71.7
HB 197.5 107.6  231.0 310.9 b, o b, 96 57.0 9. 04
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THE METABCLISM OF IODINATED CASEIN, INTRAVENOUS ADMINISTRATION (cont.)

Time (br. )t 24 7 B
Rat No. 5 5 6 6 7 7 8 8
Tissue Liver Plasma Liver Plasma Liver Plasma Liver Plasma
Wt, or vol, 1,82 gn 1ml 1,69 gm 1ml 1.22¢gm 1 ml., 1.59 gm 1 ml
cps per %Zml.
butanol
A0 32,32 12,90 23.40 8.00  3.73 0.61 b, 43 0.61
B 9. 04 3.82 6.59 1.59 1.45 0.33 1.89 0.40
HA 202,33 7.73 129.79 5.74 20.87 1.48 30.95 1.76
HB 45,51 0.46 29,12 0,47 2.36 0.10 2.92 0.10
cps per gm or
ml of tissue
A 177.5 103.2 138, 4 64.0 33.3 4. 88 27.8 4, 88
B 49.6 30.5 38.9 12.7 12.9 2.64 11.8 3,20
HA 1334.0 61.8 921.5 bs.9 223.5 11.8 233.5 14,0
HB 300.0 3.68 206.7 3,76 25,2 0.80 22.0 0. 80

1 Rats 3 and 4 were injected with a different preparation of lodinated casein than had
been administered to the other rats in thils experiment., The preparation alsc had a
different radloactivity.

i

2 Counts per second corrected for background and physical decay (Appendix VI).

3a unwashed butanol extract
B alkaline washed butanol extract
HA unwashed butanol extract of hydrolysate
HB alkallne washed butanol extract of hydrolysate
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Appendix IV (cont,)
THE METABOLISM OF IODINATED CASEIN, ORAL ADMINISTRATION

- —

Time (hr,)
Rat No,
Tissue
Wt., or vol,

cps per & ml
butanoll

cps per gm or
ml of tissue

55 Y%

HET>

14 12

1 1l 2 2 3 3 D 4
Liver Plasma Liver Plasma Liver Plasma Llver Plasma
22l gm 1ml 1,98gm 1ml 1.13gm 1ml 1,50gm 1 ml
L. o1 6.60 16.55 37.75 £.90 19,07 5.03 16,61
0.11 0,29 0.77 1.80 1.12 3,02 0,70 2.21
2,09 5,48 9.40 23,48 .56 9.61 3,46 7.80
0.19 0,23 0,48 0.69 1.87 0.45 0.17 0,41
18.1 52.8 83.5 302.0 61.0 152.5 3.35 132, 8
0.49 2.32 3.88 14,4 9.91 24,1 b, 66 17.6
11,3 43,8 56.9 187.8 Le 4 76.8 27.6 62.4
1,03 1,84 2.90 5.52 19.8 3.60 1.36

3.28

04



THE METABOLISM OF IODINATED CASEIN, ORAL ADMINISTRATICN (cont,)

Time (hr.) 48
Rat No. 5 5 6 6
Tissue Liver Plasma Liver Plasma
Wt, or ml,. 2,00 gm 1l ml 2,01 gm 1 ml
cps per 3.ml
butanol1 2
A 1,59 1,83 2,47 3,74
B 0.30 0. 45 0.07 0.26
HA 1.15 2.26 1,07 2.74
HB 0.12 0,12 0.05 0,14
cps per gm or
ml of tissue
A 7.95 14,6 12,2 29,9
B 1.50 3. €60 0.34 2.08
HA 6.90 18.0 6.36 21.9
HB 0.72 0.96 0.29 1,12

Counts per second corrected for background and physical
decay (appendix VI),

A unwashed butancl extract

B alkaline washed butanol extract

HA unwashed butanol extract of hydrolysate

HB alkaline washed butanol extract of hydrolysate

e
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Appendix V

Standard Rat Blood Values and Computation of Correction Factors

_ Values
Speciflc gravity of blood (females)1 1 1.054
Specifilc gravity of plasma (miéed gsex) 1.023
Percent solid in blood, by wt. 19. 14
Percent plasma in blood, by vol,3 53.

Computatlons

Iodinated Casein Distribution Experiment

1l gm. wet blood/1.054 = 0.9487 ml. blood

0.9487 ml. blood x 0.53 = 0,.5028 m). plasma

n.5028 mY. plasma x 1.023 = 00,5143 om, wet plasma
ther~fore, gm. wet blood x 0,5143 = gm, wet plasma

Todide Distribution Experiment

1 em. dry blood/0.191L = 5,224 gm. wet blood
5.224 gm. wet blood/1.054 = 4 956 ml. ®lood

4,956 ml. blood x 0.53 = 2.626 ml. plasma

2.626 ml. plasma x 1.023 = 2,686 gm. wet plasma
therefore, gm. dry blood x 2.686 = gm. wet plasma

1 Albritton, 1952
2 Iodinated casein distribution experliment, thls psaper,
3 Iodide distributlion experiment, this paper.

1.00 - hematocrit




Appendix VI
CORRECTION FOR PHYSICAL DECAY

A _ =0.693)(t)
A5 = snvilog Lpy§3lip)
A

present activity
Ao original actlivity
t time elapsed since A

T half-1ife of isotope (I-131, 192 hr.)

For the purpose of correcting for physlcal decay, the
24-hour day was divided into 4-hour perlods, except in the
case of The Metabollism of Iodinated Casein, Intravenous

Administration, where 8-hour perlods were used,
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Appendix VII

Correction for Self-absorption

Due to the varylng thicknesses of the tissue samples on
which radiocsctivity determinstions were made, it was deemed
necessgry to correct the observed cps for self-absorption.
due to tissue,

Iodine-131 1odinated casein was administered intra-
venously to & large rat. OCne hundred minutes after the injec-
tion the rat waé gacrificed and a portion cf the liver was
removed. This was finely divided and mixed well with the sald
of a single edge razor blade and pinch forceps. Varying
amounts of the mixture were evenly distribtuted on tared 1.9
cm, dlemeter steel planchets. The liver on the planchets
varlied from amounts barely covering the surface to completely
f1lling the planchet. The tissue samplee were driled for 14
hours at 90° C, in an alr oven, coocled to room temperature 1in
a desglccator, and weilghed on a Gramatic balance. Radloactiv-
1ty determinations were made by the same method described in
the 1odinsted casein and iodide distribution experiment. The
planchet was placed in the same positicn in the shield (middle
shelf) so that the seometry was reproduced.

The log of the radiosctivity per tissue weleght (cps per
mg.) was found to vary as the tissue weicht (mg.,) From the
basic date radiocactivity per mg. was computed for samples

between O and 550 mg. from the regression equation




75

T = I £XY (X - X)

lo log Y
g og + £ x2

correction factors were then computed from the equation,

~
Y at zero mg.

-

correction factor = A
Y at x mg.

The product of the approprlate correction factor and the
experimentally determined radiocactivity of a sample equals the

radioactivity corrected for gelf-absgorption,




Appendix VII (cont.)
SELF-ABSORPTION CORRECTICON FACTORS FOR IODINE IN TISSUE

Tissue dry  cps* cps per Deviations Square of Product of
wt. (mg.) mg. from mean deviations deviations
X Y log ¥ y X x? xy
19.3 22,83 1,18 .0718 .1056 -54.8 3003, 04 -5,78
32.1 35.21  1.09 0374 ,0712  -b2,0  1764.00 -2.99
42.9 b5, 40 1,05 . 0211 L0549 31,2 973, 4L -1.71
8l.4 72,46 . 890 -.0507 -.0169 7.3 53.29 -0,12
102, 7 82.70 . 805 -.0942 -, 0604 28,6 817.96 -1.72
1C1.1 85.00 . 840 -.0758  -,0L20 27.0 729.00 -1.1
139.5 99.68 L714 -. 1463  -.1125 SR 4277.16 -7.35
Sum 519.0 -.2367 11617.89 -20,80
Mean 74,14 -.0338
log Y = log ¥ 4-;—%‘{%()(-}—(.)
log ¥ = -.0338 4 153380 (x-7h14)
Y = antilog (.0989 - .00179 X)

% Counts per second corrected for background and physical decay (appendix VI )
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SELF-A3SCRPTICN CORRECTICN FACTCRS FOR ICDINE IN TISSUE (cont.)

Tissue wt, cps per Correction Tissue wt, cps per Correction
(gm)* mg, factor (gm) mg, factor
. 000 1.25 1.00 .280 .396 3.15
,010 1.20 1,04 .290 .380 3,28
.020 1.15 1.08 .300 364 3.43
. 030 1.11 1.12 .310 .350 3.57
, 040 1,06 1.17 .320 .335 3.73
. 050 1.02 1.22 . 330 .322 3, 88
. 060 .980 1.27 340 .309 4,04
.070 .941 1.32 .350 .296 4. 22
,080 .903 1.38 . 360 .284 b, 4o
.090 . 866 1. b4 . 370 .273 4,57
.100 .830 1. 50 . 380 . 262 b 77
.110 . 798 1. 56 .390 .251 4,98
.120 .765 1. 63 400 .24 5.18
.130 .734 1.70 L4110 .231 5,41
. 140 . 705 1,77 L8420 .222 5.63
.150 676 1. 84, _ . 430 .213 5. 86
. 160 . 649 1.92 iy .204 €.12
.170 .623 2,00 .450 .196 6,37
.180 . 598 2.09 JL6o .188 £.64
.190 . 550 2.18 L470 .181 6.90
,200 . 528 2.27 .480 173 7.22
.210 .50 2.36 . 490 .166 .53
.220 .EBZ 2.36 . 500 .160 ;. 1
.230 L 467 2.57 . 510 .153 - 8,16
. 240 448 2,67 . 520 .147 8,50
.250 .430 2.79 . 530 L 141 8,86
. 260 .12 2.90 . 540 .135 9.25
270 2396 3,03 550 130 9,61

*The tilssue weight ig shown in gm., instead of ﬁg., for convenlience only.

Lé
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Appendix VIIIX

The Dlstribution of Radloactivity in Blood 100 Minutes
After the Intravenous Administration of

Iodine-131 Labelled Iodinated Casein

The distribution of radioactivity between the plasma and
red cell fractions of blood wess determined 100 minutes after
the intrevenous administration of 1odine-13)1 labelled iodinated
casein. Thils informatlion was used to compute the error involved
when all the radiocactivity is sssumed to be in the plasma.

The i1odinated casein was prepared by the same method
described in the 1odinated caseln dlstribution experiment,
with the modifications outlined in the icdinated csasein metabo-
lism experimnent. The adminlistration was by way of the femoral
vein, and the blood sample (3.4 ml.) wae removed from the
abdominal aorta. One ml. of blood was pipetted ontc a nickel
planchet and the remalnder centrifuged to determine the hemato-
crit and tc separate the plasma. Cne ml. of the plasma was
plpetted onto a nickel planchet and both blood and plasma
samples were dried at room temperature. Radloactivity measure-
ments were made with a camma tube in conjuncticn with a ratemeter.

The results lndlcate that 92,.3¢ percent of the radloactlvity
per gram of blood is in the plasma fraction. Therefore the
radloactivity per gram of blood multiplied by 0.9336 equals
the radiogctivity in the plasma fréctlon. The data and compu-

tatione follow:
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Data
Sample Counts per minutel
plasma 3470
blood 1970
percent plasma2 53
Computationsg

(cpm per ml, plasma) (ml, plasma per gm. wet blood)
(cpm per ml. blood) (ml. blood per gm. wet blood)

x 100 =

percent of cpm per gm, of wet blood, in the plasma

cpm per ml., plasma 3470
cpm per ml, blocod 3 1970
ml. plasma per gm. wet bloog .5028

ml. blood per gm. wet blood .ou87
percent of cpm per gm. of wet blood, in the plasma 93. 36

—— -——— W S —

1 corrected for background
2(1.00 - hemastocrit) x 100

3 appendix V
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Appendix 1IX

The Distribution of Radiolodide

Between Plasma and Red Cells

The distribution of rsdicactivity between the plasma and
red cell fractions of blood was determined 100 minutes after
the intravenous administration of radioiodide (I-131). This
information was used to compute the error involved when all
the radloactivity is aésumed to be in the plasma.

The experiment was conducted on 2 large rats. Ether
wag used as the anegthetic and injectiones were made into the
femoral veln. Blood samples were taken from the abdominal
aorta with & heparinized syrince, transferred to 12 to 15 ml.
centrifuge tubes and centrifuged for 30 minutes at 2000 rpm.
The plasma was separated from the red cells and samples of
each were taken and weighed wet in tared planchets on a
crama.tlc balance. The samples were dried 1n an air oven at

90-95° C. and welghed dry.

Computations

cps per gm. red cells, wet wt. 0.65

cps per gm. plasma, wet wt. 1.00

gm. plasma per gm. blood, wet wt.* 0.514

om. red cells per gm. blood, wet wt. ** 0.486

0.65 x 0.486 = 0.3159 cps in the red cells of 1 em, of the
wet blood

1.00 x 0,514 = 0.5140 cps in the plasms of 1 gm. of the
wet blood

therefore, 61.9 percent of the cps per om, of wet blood 1is 1in
the plasma

* Appendix V.
#% 1,000 - 0.514




THE DISTRIBUTION CF RADICICDIDE BETWEEN FLASMA AND RED CELLS(cont,)

Rat  wet  Dry  Percent Cps per gm.  cps_per om red cells
Tigsue No. Wt. Wt. S0l1id cps* vet tlsgue cps per gm plasma
Plasma 1 .3168 .0265 8.36 45,02 142,10

C1b1h 0126 8.91 21,60 152.75

. 1259 .0113 8.97 19. 53 155.12 ~
mean 149,99

2 L2378 . 0203 8. 53 59,01 248,14
L1993 . 0177 8.88 51,48 258.30
mean 253,22

3 .3331 ,0270 8,10 86,07 258.39
. 2950 .0242 8.20 71.98 244,00
mean 251,19

Red11 1 L3784 1276 33.72  36.95 97. 64 . 650
gcells ’
2 ,3710  ,1312 35.36 54,70 147,43
.3925 1371 3b,92 61,27 156.10

mean 151,76 . 598

3 .3810  .1281 33.62  69.035 181,23
.2906 . 0938 32,27 49,17 169.20

mean 175,21 .697
mean , 648
Rat no. Rat wt, (gm,)
1 435
2 232
3 z2hs

* counts per second corrected for background, physical decay (Appendix VI)
and self absorption (Appendix VII),

18



Appendix X

L Xilo “"Hoppert! Stock Ration

Yellow corn meal (Thoman).

S £ o] o
Ground whole wheat (Thoman). . . . . . . . . . . . 1000
Whole milk powder (Borden) . . . . . 800
Linseed o0il meal (Thoman). . . . . hoo
Alfalfa leaf meal (Thoman) e e . . .. 2k0
Brewer's yeast (Strain G) (A, Busch) . . . . . . . 120
Table salt (lodlzed) . . . . . . . . . . « . & . . Lo

82

gm,

gm.
gm.
gm.
gm.

gm,




