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INTRODUCTION
]

The protein hormone, prolactin, has been of great interest
to endocrinologists ever since the demonstrafion of its presence in
the anterior pituitary by Stricker and Gruster in 1929. The action
of this hormone was shoﬁn to be exerted on the fully developed mammary
gland, causing the induction and maintenance of lactation (Nelson,
1926). This role of the hormone has even been of economic interest
since prolactin for a time was used in Britian to prevent the decline
in the spring in milk production of cows. More recently, there have
been reports that prolactin may have other effects in the body be-
sides its function in lactation. .It is thought to induce the sec-
retion of hormones from the corpus luteum; but here again, only

when the gland is fully developed and ready to function.

In 1947 when the present problem was undertaken, almost
nothing was known about the behavior of the hormone in the animal
body. Questions such as "where does it go, and what does it do?®
coul;i not have been answered. The search for answers to questions

like this are a proper responsibility of modern endocrinology.

As tools for investigations of this nature, radiocactive
isotopes are proving indispemnsible, because use of them allows
study of the behavior of the hormones in minute doses, and these
potent biological entities exert widespread effects when present

in almost infinitisimal amounts. By use of radioactive isotopes,




rot only can the distribution to, and the metabolic transformations
of the hormones within the various end organs be analyzed, but exact

cellular, and even exact cellular organoid localizations be obtained.

The basic technigues for such investigations are biochemical
analyses carried out by means of the Geiger Muller tube and radio-

autography, both of which have been employed in this investigatiom.

However, prolactin is & protein, in fact a simple protein,
the intimate chemistry of whiech is unknown. Of itself, it is indis-
tinguishable from other proteins. To study its behavior, a label
was needed. 014 was economically impossible; le was undesirable in
that it precluded autography which was deemed essential for ultimate
proof of cellular localization; radioactive conversion of contained
gulfur in an etomic pile would have led to destruction of the protein
by charring. Therefore, an exogeneous label was sought; 1131 ges
available, and would react with the protein--prolactin contains
tyrosyl radicals, and Dr. Gross, formerly of this laboratory, had
been successful in synthesizing 1131 thyroxine by Horeau and Sue's
(1945) method which involves iodination of the tyrosyl radicals of
di-iodo-thyronine. But Li et al (1941 a} had shown that complete
iodination of prolactin led to complete loss of biological activity.
However, minimal jodination with 1131 labelled iodine might result

in a radioactive and biologically active protein hormone which

then could be traced.




Thus the problem was undertaken; the evolution of the
techniques used and the results obtained are the subject of this

thesis.

The aim was to study the distribution of prolactin in the
animal body in physiological doses. To do this, iodo-prolactin had
to be used because prolactin had no distinguishing chemical or
physical characteristics. To follow iodo-prolactin in physiological
doses, it was labelled with radioactive iodine--IlBl--single molecules
of which can be detected due to emission of beta rays of the disin-

tegrating nuclei of the isotope.

To iodinate prolactin, molecular iodine was required, which
was obtained by the interaction of potassium iodide with potassium
iodate in the presence of excess acid. The molecular iodine so
formed was allowed to react with prolactin in a phosphate buffer
at pH 7.6. Proof of iodination wes obtained by dialysis while,
routinely, radio-iodo-prolactin was freed of unincorporated inor-
ganic iodide, stable and radioactive, by isoelectric precipitation
and reprecipitation, & procedure which presumably further purified
the original protein sample of the hormone used. The protein loss
of such purification was determined by microkjeldahl; the degree
of iodination obtained was determined by a study of yields, which

incidentally elucidated the factors affecting such iodination.

To study the distribution, and more especially the



catabolism, of small doses of radio-iodo-prolactin given to mice,
a means of separating orgaenically-bound iodine from inorganic iodide
was evolved in vitro - the Somogyi zinc sulfate method for fraction-
ation of protvein-bound iodine was thus adapted for use with this

material.

Radio-iodo~prolactin having been mede, purified, and recovered
from tissues, could then be used to study its distribution in the
animal body. Wice were chosen as the test animal, and intravenous
injeetion of small amounts to a number of animals under a variety of
conditions, with subsequent fractionation of their tissues by the
Somogyi zinc sulfate method, indicated that technical details of
experimentation, and the biological state of the animal, causedwide
variations in the values obtained for any given organ. Distribution
studies showed a progressive change with time after injection and
physiological state. Fractionation studies showed a very rapid break-
down of radio-iodo-prolactin to some unknown metabolites and inorganic
iodide. More detailed studies of the metabolism of radio-iodo-pro-
lactin in the lactating mammary gland showed rapid breakdown and in-

volvement of fat.

Autographic study at 7 minutes indicated that the dis-
tribution was diffuse, with concentration, perivascularly, in all tissues
studied. Heavy concentrations were found in liver, thyroid, kidney,
corpora lutea of the ovary, adrenal cortex, and over the alveolar cells

of the lactating mammary gland. Precise intracellulasr localizations



.were discovered. -

A search of the literature revealed the following facts:
History of Prolactin
-~}

Bouin, in 1928, suggested to Stricker and Grueter that
the anterior pituitary might contain a lactogenic fadtor. They
injected an aqueous extract of anterior pituitary material to some
ovariectomized pseudo-pregnant rabbits. Lactation was initiated.
These workers followed up this lead and were able to show that such
an extract would maintain lactation in hypophysectomized rabbits
(1928}, would increase milk production in cows, especially in
declining lactation (Grueter and Stricker, 1929) and in goats
(Grueter, 1930). Corner extended this finding to virgin rabbits

in 1930 and so initiated the search for the active prineiple in

these crude extracts of anterior pituitary. Various laboratories
took up the problem: Turner's in Missouri, Evans' in California,
Riddle's at Cold Spring Harbor, Allen's at Yale, and later the
group at the Reading Dairy Institute in Britien. In the following !
10 years, the actuality of thks role in lactétion wés confirmed for

meny species; asgsays were proposed, evolved, and accepted (the

best was the bigeon crop gland assay, for it was the simplest and

probably the most reliable (Riddle et el, 1933)). With development

of a suitable assay, the study of the distribution of prolactin

throughout the animal kingdom was begun. Wherever it was sought,




prolactin was found. The content of the pitulitary was assessed for
meny species and in many physiological states, natural and experi-
mental (for details see Riddle and Bates, 1939), as well as that of
urine (Lyons and Page, 1935; Tesauro, 1936; Langecker and Schenk,
1936; Hoffmann; 1937; Leblond, 1937; and Lyons, 1937 b), blood
(Tesauro, 1936; Leblond, 1937; Cunningham, Bickell and Tenner, 1940-
1941; and Meites aﬁd Turner, 1942), liver (Leblond and Noble, 1937;
Riddle and Bates, 1939; and Rabald and Voss, 1939), placenta (Ehrhardt,
1936), brain (Leblond and Noble, 1937), and mammary glands

(Geschickter and Lewis, 1936).

Meanwhile the work on.the isolation and purification of
prolactin had been progressing. Riddle, Bates, and Dykshorn (1932 a}
had published & method--which they subsequently modified (1932 b,
1933, Bates and Riddle, 1935}. Geardner and Turner (1933), Lyouns
and Catchbpole (1933), and Fevold, Hisaw and Leonard (1931), used
slightly different methods. Bergmen and Turner (1937) made a com-
parison of the four methods then commonly in use. White, starting
with the acid-acetone technique of Lyons (1936 - 27 a) obtained a
erystalline preparation (White et al, 1937). Lyons (1937) and
Schwenk et al (1943) also developed methods for the isolation and
purification of prolactin which White (1943) showed to have about -
the same potencies on careful assay. C. He Li, working in the same
group as Lyons, began a careful study of the chemical and physical

properties of this purified prolactin. In ten years a considerable




-mass of information was thus collected; (Li et al, 1940 a) elect-
rophoretic behavior; (ILi et al, 1940 b) comparison of electrophoretic
behavior of beef and sheep prolactin--no difference found; (Li et

al, 1940 ¢) tyrosine and tryptophane content; (Li et al, 1941 c)
solubility of sheep and beef hormone; (Li et al, 1941 b) reactions
with iodine, (Li et al, 1941 a) molecular weight; (Li et al, 1942 c)

a method of isolaetion; (Li, 1942 b} diffusion and viscosity measure-
ments; (Li, 1943) content of sulfur amino acids; (Li, 1944) effect
of a detergent; (Li and Kalmen, 1946) reactions with ketené; (Li

and Fraenkel-Conrat, 1947) effect of esterification with methyl alcohol;
(Li, 1949) the amino acid composition of sheep lactogenic hormone;

and finally, (Li et al, 1949 b) léck of effect of the lactogenic
hormone upon organ weights, nitrogen and phosphorus balance, and the
fat and protein content of liver and carcass in male rats. White and
Lavin (1940) studied the ultra-violet absorption spectrum, and Whipe
et al (1942) and White (19431 gathered up in a review what was then

known of the chemistry,

By 1937 or 1938, so many things had been claimed for
prolactin that Riddle in writing a review the following year (Riddle
and Bates, 1939), listed 8 separate functions which he pointed out
included primary, as well as secondary and even tertiary effects.
His list inecluded the following biological functions: lactogenic,
crop gland stimulation, maternal behavior induction, antigonadal
action, elevation of basal metabolic rate, stimulation of body

growth, splanchnomegaly, and increased carbohydrate metabolism.




dater, about 1940, a luteotrophic function was added also by Astwood
(1941) and Evans et al (1941). However, as the available preparations
of prolactin became purer, many of these initial claims had to be
modified. Li et al (1949) found that pure prolactin did not induce
splanchnomegaly, and the luteotrophic action of prolactin is

currently under investigation in France (Desclin, 1948-1949; Mayer
and Klein, 1949 a; Mkayer and Klein, 1949 b; Mayer and Klein, 1949 ¢;
Chambon, 1949). Probably, as Li et al (1949) point out, the whole
biology of prolactin will have to be reassessed, using the purest
preparations available if exact knowledge of what proletin does and

does not do is to be on a sound footing.

However, for the problem at hand, this matter of biology
is beside the point, for the work to be reported here deals with
the immediate behavior in the mouse body of an iodinated radioactive
material which is presumably pure, and since the time elements in-
volved are never more than 2 hours, and mostly less than 30 minutes,
the functional effects of bhe hormone have not been considered. This
approach also has been used by Sonenberg et 21 (1951 b) who reported
their findings late ig 1951 and at a time when this work was nearing

completion.

The approach used here has been to study the immediate
distribution of a small amount of radio-iodo-prolactin injected

intrevenously into the mouse, by following the radioactive label,




1131. The results obtained would appear to indicate that such a

matverial is rapidly catabolized, for by 30 minutes, as will be shown,
50% has been destroyed. This finding alone indicates that in this
species at least prolactin must exert its influence very rapidly

and is destroyed in the processe
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EXPERIMENTAL METHODS AND RESULTS
S
INTRODUCTION
— -

The aim was to prepare & radio-icdo-prolactin which would

behave like natural prolactin.

To follow physiological amounts of prolactin in an animal
body, a radioactive prolactin was required since prolactin itself has
no distinguishing characteristics. FProlactin contains tyrosyl radicals
(Li et al, 1948) which could be readily iodinated (Olcott end Fraenkel-
Conrat, 1947} with iodine--stable I}27, or radioactive I}3l. since
1131 prolactin would be traceable by detection of the emission of beta
rays by the i3l (detected either physically by Geiger Muller tube,
or autographically by action of beta rays on photographic emulsion},
the behavior of IL3l prolactin could be used to follow iodinated pro~
lactin but not prolactin itself necessarily. If, however, an lodinated
prolactin could be prepared which resembled physiological prolactin
in behavior, then trace-labelled I}3! prolactin mized with I'27 iodin-
ated prolactin could be said to behave like prolactin which could
then be followed by I-°* beta rays. But fully iodinated prolactin
was almost biologically inert (Lietqlg94f3. It was thought that
minimal iodination would cause minimal reduction in bioclogical be-
havior. Were it possible to prepare such a minimelly iodinated 1127
prolactin incorporating trace-labelled i3l prolactin, very small

amounts, i.e. within presumed physiological range, could be injected
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and the behavior of prolactin studied by tracing Ilsl. Such a prep-
aration should contain iodine insufficient to affect the iodine bal-
ances of the body, and radioactivity insufficient to cause significant

radiation damage. Therefore such an I127 + 13l ppolgctin, hereafter

designated I*P, was prepared.

PREPARATION OF '

The following materials were aveilable and were prepared

for use.

PREPARATION OF REACTANTS:

Preolactin.

Pellets, 10 mgm each, of International Standard Prolactin,
Seample No. AP3004, with a biologiesl potency of 10 International
Units per mgm, were aveilable and were used in preliminary work.
This material was not a pure preparation, having a conteminant(s)
whose properties were unknown but presumably those of bioclogicelly
inert protein. A pH of 12, and at least 1} hours were required to
dissolve One pellet in 0.2 cc¢ 1N NeOH. Subsequently, 0.8 cc of water
could be added; but such a solution was never too satisfactory:

always there were undissolved particles.

Doctor Schwenk of the Shering Company kindly gave the lab-
oratory a gram of lyophilized purified prolactin, hereafter simply

designated prolactin, extracted from sheep pituiteries. This preparation
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had a‘potency of 24 International Prolactin Units per mgm. Its spec-
ifications as to its biological potency were not checked but accepted
as stated. The material was kept at room temperature in the vial in
which it was received, removed, and weighed with the precision pre-
seribed in a quantitativé chemi stry laboratory. Care was required,

for this fluffy white powder was lost in slight air disturbancss.
Weighing was therefore done within the housing of the Gram-atic bal-
ance and on filter paper from which the prolactin was transferred direct-
ly into, and packed down in,the test tube in which the I*P was to be pre-
pared. Since many calculations were based on the weight of prolactin,

e microkjeldahl check was run by Dr. Neiman at the Medical Laboratories
of the Royal Victoria Hospitel. Of two 1 mgm samples so weighed,

1,031 end 0.996 mgm of protein were found, an accurascy of better than

+ 0,05 mgm.

In order to use prolactin, it had to be dissolved. It was
not soluble.in pure water nor in solvents of increasing pH. Not until
strong elkeli wes tried, was solution obtained. A pH of at least 8
was necesseyy for initiel solution, but once dissolved, prolactin
could be kept in solution %o a pH as low as a pH of 7.2; below this,
it precipitated. This behavior suggested the formation of a sodiwm
salt which was more soluble than the initial material, As a consequence,
for each 5 mgm to be dissolved, 0.25 cc of 0.1N NaOH, + 0.25 cc of

distilled water,and 0.5 cc of 0,%M NagHP0,-KHsPO4, PH 7.6, buffer was
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added to the weighed dry powder. (The O.5M phosphate buffer was
made by weighing and dissolving 6.81 grams of KHoPO4 in 100 co of
digtilled water and 2 grams of NaOH pellets in 100 ec of water.

To 50 cc of the former solution, 42.8 cc of the latter solution

was added and the whole diluted to 200 ec.}J. 0.2 ec of such a solu-
tion eontained 1 mgm of prolactin. Prolactin was found to be read;
ily soluble also ir strong acid, 1 mgm in 0.02 ce of 1N or 5 N HCl.
This indicated tﬁat its hydrochloride was even more seluble than its
sodium salt. This latter method of solution was used in more recent
experiments as a means to reduce volume and to avoid transferdiice of
small volumes, for acid was & necessary reagent in release of I,,
and prolectin containéd no cysteine radicals which would reaect with

iodine at such a pH(Li, 1943).
The second necessary reagent was radio-active iodine.

Radiqeggt;ve Iodipe

Tellurium is bombarded with neutrons in the ®tomic pile
(Ballantine amd Cohn, 1947) at Chalk River. The metal is disselved
in acid and the iodine distilled off and collected in an alkaline
solution whick is neutralized to a physiological pH (Hevesy, 1948).

1 131 A e
The 1130 (8iri, 1949) and the Tel3l (B.& ¢, 1947) also presemt
have such short half-lives, 12.6 and 30 hours respectively,that they
will have disintegrated to Xe->°(Evans, 1947) and I'>! (Ballamtine

and Cohn, 1947) which has a half-life of 8 days (Evans, 1947} before

& (B & C, 1947) = (Ballantine and Cohn, 1947)
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use was made of these radioaciive solutions. Thus the only isotope

used in this work was 1131.

The material ceme to the laboratory regularly in an agueous
gsolution as NaIlBl, sodium iodide. The actual weight of iodine pres-
ent was usually less than could be detected by the usual chemical
methods; in other words, it was usually “carrier free™ and contained
only radioactive isotopes of iodine. Thé volume containing 1 mec

varied widely from shipment to shipment.

Sinecedisintegrations of radioactive isotopes in agueous
solutions cause formation of hydrogen peroxide (Krenz, 1948), a re-
ducing agent, bisulfite, was added as a counteraétant. In the case
of iodise, this was necessary for Hp02(hydrogen peroxide) oxidized
iodide ions to molecular iodine which then volatilized and was lost.
For this work, ilodide ions had to be oxidized to molecular iodine,
and bisulfite ions were a contaminant which had to be removed. There-
fore, the 1131 solution as it came back from Chalk River was distilled
by Chaney Distillation, as modified by Dr. Jack Gross of this Iabor-
atory (1949) for use with the small amounts of dodide contained in
such redio-active solutions. Of an initial quantity of I31, 10 &

5% was recovered in the distillate when 1 c¢c 0.0lN NaOH was used in
the trap, as compared to 80 + 5% when 1 cc of 0.25N NeOH was so em-
ployed. This last proved a ﬁindrance for the distillate (10-20cc)

had to be evaporated to 0.l cc or less (a time-consuming necessity]),

which also concentrated the alkali to strengths of greater than 2N.
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‘Such manipulations meant loss of radioactivity as can be seen from
the following typical exasmple: Of 4.41 x 108 counts distilled,
8 8

3.58 x 10 counts in the con-~

were found in the fresh and 3.23% x 10
centrated distillate, or a total loss of 28% of the initial radio-
activity. Furthermore, to use this 1131, it had to be converted to
molecular iodine, which required the presence of excess acid. In
the volumes employed, to obtain such sn execess acid, 5N strength
had to be used to counteract the alkali present in the 1131 dis-
tilled concentrated solution. This had two disadvantages: heat
evolution, and the enhancement of the volatilization of the I, so
formed. Also, it had beem found at Oak Ridge that I->! was strongly
adsorbed to glass in acld media, and since such smell amounts were
present in these samples, this factor undoubtedly played a large

role in the otherwise unaccountable losses. Thus, in summary, to

get rid of Hy,0,, bisulfite had to be added; to get rid of bisulfite,
1131 hed to be distilled; to retain distilled I13l, strong alkeli
had to be used; to counteract this strong alkali, strong acid had to
be employed, which, in turn, enhanced the loss of 12131 both by
volamdligation and glass adsorption. To allow for these losses, at
least twice as much I13! as was needed for a given experiment had to

be available initially.

The third necessary reactant was molecular iodine (stable,

12127, and radioactive 12131, hereafter designated 1“2).
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Release of Molecular lodine
¢ ]

To iodinated prolactin, the following two reactions were

used routinely:

and
5 k1*27(+ Na1l3l) & K10, ¢ EHA== = » 6KA & 3Hp0 %+ 31IM5

where -{__)-OH stands for the tyrosyl radical, and Rﬁfor the rest
of prolactin; 12 stands for molecular iodine; .4(55»0H for radio-
active di-iodo-tyrosyl radical; KI for potassium ioiide; Nart3l
for sodium radioactive iodine; KIO3 for potassium iodate; HA for
any acid; KA the potassium salt of the acid used; and Hy,0 for
water. From the first equation: per molecule of prolactin, 2 mol-
ecules of molecular iodine are required for each tyrosyl radical to
be iodinated. From the second formula: once the amount of iodine

is known, the amount of KI and KIO3 needed to produce this amount

of iodine can be calculated.

Calculation
]

To calculate the amount of molecular iodine (the weight
of I131 was never considered; too little was presemt (Leblond,
1951) ) required for a determined amount of prolactin, the following

facts were needed:
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l. The numberp of tyrosyl radicals/molecule prolactin.
2. The number of prolactin molecules/gram prolactin preparation.
3+ The number of iodine molecules needed to react with one
tyrosyl radical.
4, The quantitativeness of the interaction of KI and KIO; in
forming 12 )
5. The quantitativeness of the reaction between I, and the
tyrosyl radical of prolactin.
6. The amount of KI and KIO, required.
7+ The volume of the I, forming mixture.
In 1947, when the work was undertaken, the number of ty-
rosyl radicals per molecule of prolactin was unknown. For beef and

a
sheep prolactin, the proportion by weight was known (Li et al, 1941).

The molecular weight of prolactin was unknown; it bhad

been set between the extremes of 16,000 and 35,000 (White, A, 1946).

The number of lodine atoms necessary to convert tyrosine

to di-iodo-tyrosine was 4.

The completeness of the reaction between KI apd KIO n

31
the presence of excess acid, was 1001. (This reaction is used to
standardize sodium thiosulfate solutions for guantitative analyses.

(Handbook of Chemistry and Physies 1945, 29th Edition, p. 1337 Nos. 27&28}.)

The completeness of the reaction between tyrosyl radicals
and available iodine was not known; it was assumed to be 100%, for
Li, Lyons and Evans claimed in 1941 that "In about 45 minutes, ilodine
was completely used up by tyrosine, when equal moles of iodine and
tyrosine were dissolved in 6.66 M urea solutions of pH 6.85 with 0.1M
phosphate buffer at room temperature. Similarly, 1 per cent lac-

togenic hormone! (Tsince the beef hormone contains 5.84 per cent
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tyrosine, 1 per cent hormone solutions is equivalent to 3.2 X ].O'3
mole of tyrosine. Therefore, 6.4 x 10~% mole of iodine is required
to iodinate completely the tyrosine groups in the hormone.) in the
same solvent takes up 2.65 x 102 mole of iodine in about 40 minutes.
The solution (after being dialysed) was analyzed for iodine and free
tyrosine. The iodine was found to be 3.4 per cent; the calculated
value based on the free tyrosine (3.0 per cent) was 3.6 per cent,
which checks well with the value obtained from the iodine originally
added to the reaction mixture. It thus appears that iodine acts
only on the tyrosine group of the hormone and that the reaction
kinetically resembles that involved in the formation of di-iodo-
tyrosine.® (quoted from page 49 of Studies on Pituitary Lactogenic

Hormone, V. Reactions with iodine. J. Biol. Chem. 1941. 139, 43-55.)

The volume of solution to be used to release iodine, and
hence the concentration of the KI and KIO3 solutions, was subject
to manipulations. During the course of this experimental work, they

were changed several times.

On the basis of these assumptions and the facts stated

above, calculations as shown in Table 1, were set up.

Conditions for Obtaining Molecular Iodine.
- -

The gamma quantities of iodine (Column XIII) used to iodin-
ate prolactin were obtained by employing minute volumes (Column XV)

of accurate solutions of KI and KIO3 (Columns XVI aend XVII). The
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For Teble 1, see pocket at backe.
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preparation of these precise solutions depended on careful weigh-
ing and quantitative transfer of dissolved materials to accurate
volumetric flasks, filling exactly to the mark, and mixing thoroughly

by inversion twenty or more times.

To measure the volumes required (Column XV), graduated
pipettes of 0.1 or 0.2 cc were employed. The pipette was filled
by mouth suction (for solutions containing more than the minutest
amounts of radioactivity, tuberculin syringes or pipettes fitted
with an adapted greased 5 cc syringe were used) and stoppered by
the ball of the thumb. Fluid was allowed to run out until the fluid
miniscus just rested on the zero mark; the pipette was dried with
kleenex ~- all radioactive work was carried out on white enamel
trays covered with kleenex to minimize radioactive contamination--
the wiped tip was carefully inserted into the small test tube where
the reaction was to take place, and the volume required was allowed
to leave the pipette slowly, by free dropping. When the exact amount
had been delivered, the tip of the pipette was touched ﬁo the side
of the test tube and the pipette carefully withdrawn. The pipette
wes read before, during,and after measurement, and as a rough check
on accuracy the fluid level in the graduated test tube was observed

after each such addition.

Once the amount of iodine had been calculated and the KI

and K10, solutions made, mixing of the distilled 1131 and KI wae
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the next step-- the validity of labelling of carrier iodine depended

on this for I+3L and 1127 have identical chemical behaviors.

The following reagents were placed in a graduated centri-
fuge tube in the followling order: the acid, the KI, and the 1131
solutions. The centrifuge tube was grasped lightly between thumb
and index finger of the left hand and the tip of the tube étruck
sharply several times by the index finger of the right hand, thus
agitating the small volume in the tapered tip of the centrifuge
tube and so thoroughly mixing the ingredients. The required amount
of KIO3 was added, the tube agitated, and appearance of yellow I,
colour was observed. If the various concentrations were correct,
this yellow colour appeared rapidly and in proportion to the amount
of iodine available for release. The real stumbling block to the
release of iodine was evemtually traced to the alkali in the dis-
tilled concentrated 1131 solutions,atroublesome variant both to
control and to assess. With the entire distillate, a small volume
of concentrated acid, 0.07 cc of SN HCl, was used. If less dis-

tillate was needed, the amount of acid was calculated accordinglye.

After these three reactants had been so prepared, the

1od1nat;on of prolactin could be undertaken.
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IODINATION OF PROLACTIN

SR

Theoretical ~1i et al's Conditions for Iodiration of Prolactin.
E |

For full iodination of 100 mgm of the prolactin prepara-
a
tion (1283 B), Li et al (1941) used the following conditions:
a. A 10% final concentration of the protein.
b. In an 0.25 M NaoHPO,-KH;PO4, pH 7, buffer,
ce A 2.5x 102N I> in a 0.125 N KI solution,

d. Room temperature,
6. Reaction time - one hour.

Eﬁaerinental Conditions as used here:

Prolactin, as previously shown, was not soluble, even
after initial solution in strong alkali, at a pH lower than 7.2.
Therefore, 1 mgm was dissolved in 0.05 cec 0.1N NaQH + 0.05 ce Hy0
+ 0.1 cc 0.5M NaoHPO,-KH,P0,, pH 7.6, buffer, or a total volume

of 0.2 cc and a concentration of 5%.

To this 0.2 ce solution containing 1 mgm of prolactin
was added 0.2 cc containing I,". The concentration of I, was reduc-
ed, for minimal rather tham full iodination was desired; no excess
iodide (KI) was present. In the 0.2 ce solution, the concentration
wee of the order of 2 x 10~ N, an approximate figure for the actual
weight of 1131 was not included. Since excess acid was required to
release I, from KI and KID;, and since I131 had been trapped in 1 cc
of 0.25 N NaOH during distilletion and subsequently concentrated to

0.1 cc or less, i.e., & concentration of 2.5N for 0.1 cc of distilled
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concentrated 1131, 0.07 cc of AN HCl was employed. The interaction
of this HCl and NaCOH should give a concentration of 1l.25N NaCl in
0.2 cc, in which a negligible amount of KI was dissolved (approxim~

ately 2.5 x 1072 NJ.

Since the tyrosyl radicals of prolactin will react best with

12 at a mildly alkaline pH, (the reaction of tyrosine with iodine
has been shown by Li (19453 to be most rapid at such a pH], and
since the combination of the prolactim solution and the acid iodine-
releasing mixture resulted in an acid solution, sufficient alkali
hed to be added to bring the pH back to that of the buffer (pH 7.6)
in which prolactin was dissolved. For this purpose 0.04 cc of 0.5

N NaOH was added.

When this combinatiom: 0.2 cc of prolactin seolution, 0.2
cec of Iz-releasing mixture, and 0.04 of 0.5N NaOH, had been effected,
the iodination of prolactin was allowed to proceed for at least 20

minutes at room temperature.

In order to study the yield of I®P, and in fact to use it
at all, a standard way of determining the.emission of the beta rays
of I131 nad to be set up. (In the amounts to be so studied the

emigsion of beta rays was the only measurable quantity.)

Beta rays can be detected, as has been said earlier,

either by Geiger Muller tube or by photographic emulsion. The
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latter was applicable to tissues of animals injected with 31
containing materials; the former to chemical anelyses as well.
To use the G.M. tube to follow chemical reactioms, "plates" had

to be made and "counted!

Détermination of 1131 content of materials:
P ]

Plat&aﬁz

All materials to be plated, unless already in solution,
were digested in 2N NaOH with or without the aid of heat. 2N NaOH
wag chosen for the following reasons: 1l. It was & known protein
digestant if used in sufficlent quantity for sufficient time and
in the presence of heat if necessary; 2. NaOH was a chemical of
known composition, and therefore & given volume of a given concen-
tration would contain a given amount of solid material when dried;
3. Suitable drying converted NaOH to sodium carbonate (Nazcoj),
which was non-h&droscopic, hence, the water content of the plate
would not change upon exposure to air of different humidities, a

troublesome variant in laboratories not air- conditioned.

Plates were made by evenly distributing on & 14 mm watch
glass en aliquot of the solution to be counted. The concentration
of the solution was brought to the equivaient of 1 cc 2N NaCH and
left to dry at 37°C. until carbonatation had occurred. Plates of
the standerd (s) -- a dilution of the initial I'3l maferial used

to iodinate the prolactin and/or the I*P used for animal work--
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were mede at the same time in the same way, except that if the
1131 gtanderd was "carrier free", a 2N NaOH solution containing

10 gamma I~ as Nal was used to standardize the solid content of the
resulting plate. Theoretically, the addition of the "carrier® io-
dide (Nal) reduced the loss by volitalization of the fadioactive
iodine (I*31). Duplicate and sometimes triplicates of each sample

were plated. After carbonation, the plates were counted.

Counting:

Duplicate or triplicate plates were each counted twice
for at least 1000 counts and/or for 100 seconds. Whenever possible,
all of one experiment was counted in one day, in the same castle,
and at the same distance from the Geiger Muller tube. These counts
were indicative of relative rather than actual amounts of radio-
activity present, only a small fraction of which, about 8%, was

recordable.

The automatic control on the Berkley Decimal Scaler used
was set to stop recording after a given number of counts. The time
in seconds required for these counts (A count was equivalent to the
emission of one bete ray by the disintegrating nucleus of ome IL31
atom) (See Appendix) as well as the number of counts counted were
recorded. All counts were then adjusted by division or multiplica-
tion to the time required for 1000 counts, and recorded. By recip-

rocal, the count for 100 seconds was recorded, corrected for
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coincidence, and for per cent error (see Appendix). From this
corrected count, the background of the day for thé castle used

was subtracted, giving the “true", or here called “Plate", count

for that aliquot of that sample.: Since several, tﬁo at ieast,
counts per aliquot were taken and several aliquots of the same plat-
ed, the plate count of these several samples were averaged and the

average used for further caleulations.

Below is a table showing the actual counting of one set
of triplicate plates, each counted in duplicate: The background

for that day was 21.

Table 2

Conversion of time for 2000 counts to corrected count per 100 seconds.

Sample Total Seconds Time Counts Corrected Average
count 1000 counts 100 sec. Count
1l 2000 161 80.5 1242,.2 1221
" 161 " 1 "
2 " 174 87.0 1149.4 1128
" 167 83.5 1197.6 1177
3 L 178 89.0 1123.5 1103
" 178 89.0 1123.5 1103
1159

This table indicates the type of variation found with
same
duplicate plates of the/sample, as wellas the variation found in

counting the same plate successively.
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Corrections

' To correct for errors in the performance of the count-
ing apperatus & uranium standard sample (Uranium has such a long
half-life that any one sample can be counted time and again over
long periods of time without appreciable change in the count obtain-
ed.) was counted routinely morning and night, and often at midday
as well. When deviations from the known norm for that standard
sample of uranium were found, such deviations eould then be used to
determine the degree of deviation of the counting apparatus and
the proper corrective applied to the counts obtained during the

period in question.

If different distances from the thin mica end-window of
the G.M. tube had been used, the same plate counted under both con-
ditions provided a corrective by which all counts could be reduced

to those of a given distance from the tube.

Ir different castles had been used, two counts of the
same plate, one in one, the other in the other castle, provided

the necessary corrective..

The decay of I13l is exponential and its half-life is 8.0
days (Hevesy , p. 22, 1948). A table was set up showing the per
cent activity remaining after daily intervals. Suitable application

of these percentages were used to reduce all plate counts to that
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of a given day when an experiment had been counted over a number
of days. The following set of figures were obtained for successive
days counting of two samples.

Table 3

Effect of Time on Plate Count/100 seconds of Two Samples

Uranium Standard I*P Standard Background
Day Count  Average Found Theoretical Per Cent .:. -~ i .
(Ave.of 2) (of 4) Count Average Decay (Av. of 2)
(Av.of 6) (of 12)
2 AM 4026 237
PM 4045 4035 221 229 220 84.05 22
) AM 3994 158
PM 4009 4002 151 157 157 65.0 23
6 AM 4010 149
PM 4043 4026 145 147 143 595 22
1 AM 4061 134
PM 4061 4061 130 132 131 54.5 21
8 AM 3992 120
PM 4142 4067 120 120 120 50.0 24
9 AM 4043 111
PM 4035 4039 108 109.5 110 45.8 21
Av.4038 ~ ‘ Av.22

From the above table it will be seen that the Uranium
standard was found to be 4038 { 36, or an overall error of 0.893%,
with a daily spread of from O to 50, and an average of 21, or &
daily error of 0.521. The background, likewise, shows a spread

of 3 counts / 100 seconds, an error of 6.8%. Furthermore, it will
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be seen that the I®P standard varied from its theoretical by a
range of + 9 to -}; and that it varied only half of the time. The
corrected:count, and these represent averages for duplicate read-
ings of triplicate plates taken morning and evening, shows a varia-
tion of not more than + 8 to # 0.5, or an average of 2.3 counts in
a day, a % of about 1 in the ﬁlate counts. This is to be expected
for I131 decays exponentially to 50% in 8 days, and 1t will be
noted that each AM count is higher than the corresponding FM count.
The average, therefore, theoretically represented the count at the

middle of the counting period.

0f the I™P so prepared and measured, certain facts were
desired. In the first place, it was necessary to establish that

prolactin so iodinated was in truth iodinated. For this, dialysis

was used.

Small amounts of I®P and prolactin containing I® were
dialysed in the apparatus iiiustrated in Fig. 1l « 1 cc or~1ess,
containing 0.5 to 1 mgm of protein, was put into a sac made by
depressing a suitable square of cellophane into the top of the
dialysing chamber and held in plece with & rubber stopper. The
dialysing chamber-- a modified, large centrifuge tube---, thé side
arm, and the suction flask were filled with the dialysing fluid--

0.5 M Na,HPO,~KH,PO,, pH 7.6, buffer-- hereafter called pH 7.6







Figs 1. Drawing of the apparatus used in the dialysis

of small amounts of ITP.

1) dialysis sac

2) cellophane square

3} dialysing chamber

4} rubber stopper

5} side arms

6} suction flask

1) 250 ce bottle reservoir
8) pinch clamp

9) Erlenmeyer flask



31




32

phosphate buffer, in such a way that the fluid surrcunded the sac’
as high as the level of the bottom of the rubber stopper. Into
the neck of the suction flask, a 250 ee reservoir, also filied
with the same fluid, was inverted and so held that the bottom of
ites neck was on the same level asg the bottom of the rubber stopper.
By adjustment of the pinch-clamp on the rubber outlet tip of the
dialysing chamber, a constant flow of fluid around the sac was
mainteined. The dielysate was collected in an Erlenmeyer flask

which was changed at appropriate time intervals.

eriment l.

0.8 mgm of IP was thus dialysed for twelve hours against
a continuous stream otﬂpﬁ 7.6 phosphate buffer. No record was kept
of the flow rate. The dialysates were collected at 2-hour.. inter-
valg, alkalinized, evaporated to dryness, made up to 10 cc, and
1 cc aliquots were plated and counted. From Fig. 2 a progressive
fall in the activity of the dlalysates was found. At the end of
12 hours, all but 8% of the initial activity used to iodinate the

protein had been removed.

A gquestion as to whether this was an adequate time for

dialysis led to the following experiment.

Another sample of 0.8 mgm of I'P was similarly dialyzed
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Fig. 2. Curve showing percentage of counts removed
from 0.8 mgm of I™ at 0-12 hours by con-

tinuous flow dialysise.



PERCENTAGE OF COUNTS REMOVED
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DIALYSIS BY CONTINUOUS FLOW OF 0.8 mgm |sP

TIME IN HOURS

&
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for seventy-one hours. At the end of this time, 12.2% of the initial
activity was found in the dialyzed protein. At the end of the first
24 hours, 42.3% of the initial activity was in the protein, at 48
hours, 29% was still retained. The flow rate for the first 24 hours
had been 15 cc per hour, for the second 24 hours, 5 ¢¢ per hour.

The latter flow rate was continued until the 70th hour, at which

time the % activity remaining with the protein was 251. In the

last hour, the flow rate was stepped up to 200 cc an hour, and 50%

of the remaining activity was removed. The dialysis had been carried
out at room temperature, thus allowing the possibility of breakdown

of the protein; +this could explain the rapid drop in the last hour.

As a control, the third experiment was run.

ﬁeriment. 3

0.8 mgm of prolactin, to which had been added an amount
of I equivalent to that used to iodinate the sample dialyzed in
expefiment 2, was similarly dialyzed for 24 hours. A flow rate of
5 cc per hour was maintained for the first 18 hours, at which time
10% of the initial activity was retained in the protein. The flow
rate was then increased to 30 c¢c an hour, for 3 hours, at which time
the retained activity was 7.5%. The flow rate was again increased
to 60 cc per hoyr for 3 hours; and the retained activity at the

end of this period- i.e. 24 hours after the initiation of dialysis,
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was 3.2%.
Discussion:
. ]

From the first experiment it can be seen that the removal
of iodide from I™P was steady and exponential in character for the
first 12 hours. -From the second experiment, in which the iodination
had resulted in a greater incorporation of the available iodine
than in Experiment 1, only a little more than 50% of the I? had
been removed, while, at the same time, with 10 times less fluid
used to dialyze, all but-3.2% of the non-incorporated I had been
removed (Experiment 3). From these findings it was conéluded that
the iodination procedure was causing & true incorporation of I® onto

prolactin and not a mere adsorption.

Such dialysis was useful to demonstrate the incorporation
of iodine onto prolactin but was too time consuming for routine
geparation of iodo-prolactin. Precipitation by acetate buffer

at the isoelectric point of iodo-prolactin was therefore used.

PURIFICATION OF I"P ISOELECTRICALLY.
N

A protein is kmown to be most insoluble at a pH where the
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ionization of its acidic and basic groups are equal in number.
This pH is known &s the isoelectric point, and this point is a
characteristic of any protein. Usually the isoelectric point is
determined by electrophoresis, as that point at which no movement

of the protein molecules takes place in an electrical field.

Ii et al (194%) bas shown that the isoelectric point of
prolactin was 5.8 and of fully iodinated prolactin 4.8. (Iodin-
ation of phenolic radicals renders them more acidic (Neuberger,
1934), For minimal iodination, a pH of 5.4,and later of 5.7,
obtained with an 0.2 N NaAc-HAc buffer was used for precipitation
of I"P made with Schwenk's purified prolactin. (For IMAP3004,
10% acetic acid (dissociétion constant, 1l.75 x 10-5) was used in
preliminary work and proved satisfactory. However, I"P made with
Schwenk's purified prolactin dissolved in 1% acetic a&id used as
a wash); The 0.2N NaAc-HAc, pH 5.4 or 5.7, buffer proved a sat-

isfactory reagent, giving a clean precipitate easily handled.

Prolactin and its lodinated form were handled in volumes
of 1 cc or less by alternate solution and precipitation. To re-
move reagents no longer desired, the precipitated protein was spun
down by ordinary labo:atory centrifuge and the resulting supernatant
carefully pipetted off with a Pasteur pipette-- a length of glass
tubing drawn into a fine capillary tip, fitted with & rubber eye-

dropper bulb, the latter allowing precise control of fluid removal
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from 1 c¢c centrifuge tubes made by sealing off the end of a short
length of pyrex glass tubing. Convenient lengths of glass rod
drawn into a fairly fine point served as a mixing tool. Since
small volumes were being employed, one stirring rod, centrifuge
tube, and Pastuer pipette only were used for each preparation of
I'P. By thus reducing the glass surface necessarily exposed to
these small volumes, the loss of fluid and of 1131 was kept to &
minimame. Furthermore, aliquots rather than total samples were
used to determine the amount of radiocactivity per sample, since
the quantitative transfer of material was more subjeet to error

than that inherent in taking 1 cc aliquots of dilutions.

In the investigation of purification of IfP by isoelectriec

precipitation, the first point was how many waghes ﬁere required?

Eeriment 1.

1 mgm of prolactin was iodinated using 33.4 of 12ﬁ con-
taining 24,00 counts/min. IP was precipitated from 0.54 cc by
0+5 cc of 0.2N NaAc-HAc, pH 5.4, buffer, hereafter referred to as
5.4 acetate buffer. The mixture was centrifuged, the supernatant
pipetted off, plated and counted. The precipitate was wgshed ten
times with 0.1 ¢c of the 5.4 acetate buffer, centrifuged, the wash
pipetted off, plated and counted. The remaining precipitate was
dissolved in 2N NeOH, plated and counted. The % of the initial

activity present in the various fractions are recorded in Table 4.
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Table 4

EFFECT OF 10 WASHINGS AT ISO-ELECTRIC POINT
-

ON PURIFICATION OF RADIO-IODO PROLACTIN
L

Counts‘min. z loss
Zotal sctivity 24,000
Supernatant 16,000
Precipitation 8,000 3%%
Weash I 700 8.8
7,300 N
11 251 3.4
. 7,049 1.6
i1 115 .
»934 ’
w 104 1.5
6,830 ' ‘
V to VII '185(93) 2.7 049
45 '
vz " 10 1.1
- 6,574 ]
X - 4g 0.
292
Precipitation 6,456 12.1%

In this particular experiment, 66.67% of the original
activity was removed by the first supernatant, 8.8, 3.4, and 1.6%
by the first three washes respectively. Thereafter, about 1% was
removed per wash. The final precipitate contained 12.1% of the
initial activity. From this experiment it was decided that three

washes were sufficiént.

From other work carried out in the laboratory: consider-

able radioactivity adsorbed onto precipitated material could be
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removed by reprecipitation. This idea was tested in Experiment 2.

Eaeriment 2

3 mgm prolactin were iodinated by 378 gamma I»" contain-
ing 53,125 counts/min. I"P was precipitated with an equivalent
volume of 5.4 acetate buffer, centrifuged, washed twice, and dis-
solved in 1.6 cc of 0.5N NaOH. An 0.2 c¢c aliquot was taken for
counting, the remainder was reprecipitated with an equal volume
of 5.4 acetate buffer, washed a third time, and dissolved in 2N
NaOH. Aliquots of the various fractions were counted. The counts/
min. and the 1 radioactivity of that originally present are record-

ed in Table 5.
Table 5

EFFECT OF ISO-ELECTRIC PRECIPITATION AND REPRECIPITATION
o

4radio-
Count/min. activitz

Iodine Mixture 53,125 100%
lst supernatant 43,415 83.5
1st wash 2,095 4.0
2nd wash 580 1.1
2nd supernatant 3,482 6.7
3rd wash 0 0.0

Dissolved radio-iodo-prolactin 2,298 4.4

9917

83.51 of the activity in this case wes removed in the

first supernatant. 5.1% in the two succeeding washes, 6.7% in
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the second supernatant, and none in the third wash, leaving 4.4%

in the final IP. 99.7% of the activity was recovered.

Eigeriment 2.

As 8 check on the effectiveness of the sbove purifica-

tion procedure, quadruplicate samples of 1 mgm of prolactin each,

to which I" had been added, were subjected to a similar purifica-

tion. The counts‘obtained and the % activity retained in the

protein fractions are recorded in Table 6.

Table 6

RETENTION OF RADIO-IODIDE IN ISOELECTRIC PRECIPITATION METHOD FOR

PURIFICATICN OF RADIO-IODO-PROLACTIN WEEN ADDED To PROLACTIN AT 20°C
S

Eamale

Al-combined supernatants and washes
prolactin

Bl-combined supernatants and washes
prolectin

Cl-combined supernatants and washes
prolactin

Dl-combined supernatants and washes
prolectin

Counts
. ]

17,800
60

16,100
80

17,280
40

14,100
00

% Activity retained in
VR?otein fraction

023

0.00

Av. had 0026¢

99.74% of the activity had been removed.




On the basis of these findings, this method of purifica-
tion was adopted and became routine in all subsequent preparations

of 1I®P.

Removal of Hist l-bound iodine

The iodination of prolactin as here used should result
in preferential iodination of tyrosyl radicals (Olcott and Fraenkel-
Conrat, 1947). However, the possibility remained that histydyl
radicals might also react under these conditions. In order to rule
out such iodination, at the suggestion of C.H. 1i, after a suitable
time elapsed for the iocdination of the tyrosyl radicals, the re-
action was stopped by the reacidification of the reaction mixture
by addition of 1N HCl. Subsequent purification of four samples of
prolactin, two so treated and the others not acidified, resulted

in the % Yields recorded in Table 1.
Table 17

EFFECT OF ADDING STRONG ACID BEFORE PRECIPITATION OF R.I.Ps
= e e e e e e e e e e e )

(TO REMOVE I ATTACHRD TO HISTIDINE)
b~}

With acid Without acid
A 19.1% yield C  22.42% yield
B 22.42% yield D  18.774 vield

Average 20.76 Average 20.59
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- Table 77 indicates that there is no detectable difference
between the samples of prolactin that were acidified after iodination
and those that were not. From this it seemed safe to gay that any
iodination of histydyl radicals which had occurred was negligible.
However, such acidification was routinely incorporated in the

preparation of I"P.

Discussion:
.|

Since the G. M. tube cennot distinguish between I3t
éttached to protein and I131 adsorbed or free as a contaminating
ion, and since this study was to concern itself with the behavior
of I*P, removal of non-incorporated I" was essential. As a basis
for 6a1culation, and towards furtherihg the understanding of what
we were déaling with, iodination of a single radical, tyrosine, of
prolactin, was desired. These two conditions have been fulfilled,
for all but 0.25% of non-incorporated I® was removed by the iso-
electric precipitation and reprecipitation method, and no iodine
was apparently incorporated onto histydyl radicals of prolactin.
Prolactin does not contain free SH groups (Li, 1943), which will
also react with iodine, though not under the conditions used here,
nor will tryptophane (Olcott and Fraemnkel-Conrat, 1947), which is

also a constitutant amino acid of the hormone (Li, 1940 c).

One further fact was required. It had been noted that

the amount pf precipitate diminished considerably during the above
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“purification procedure, especially when samples of 1 mgm of prolactin
were initally iodinated. Therefore, mierokjeldahl analyses of two

such samples of 1 mgm of prolactin were kindly done by Dr. Nieman.

Protein loss During Isoelectric Purification
R R

5 mgm prolactin were weighed and dissolved in pH 7.6
phosphate buffer. Two 0.2 cc aliquots (1 mgm prolactin) were quant-
itatively transferred to microkjeldahl flasks and made up with
buffer to 1 cce Two similar aligquots were iodinated and purified
as detailed above. The supernatants and washes were pooled and
quantitatively transferred to microkjeldahl flasks. The precip-
itates were dissolved in 0.2 cc 0.5 N NaOH and also quantitatively
transferred to mierokjeldahl flasks. These samples were then
subjected to analysis and the amount of protein found in each are

recorded in Table 8.

Table 8

Eﬁﬂ of Brotein ag detenmiqu by microk;eldahl determinations in

samgles of prolactin, combined supermatants and washes, and final
R e

precipitates of I'P,
L]

Samples MGM PROTEIN
A. TUntreated prolactin 0.986
Bo ] n 10013
C. Pooled supernatants and washes 0505
D. u n n " 0500
E. Residual purified I®P. ) 0+469
F. " " " 0.500
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From these analyses it can be seen that 50% of the protein
is lost during purification. However, since isoelectric purifica-
tion was done at a pH initially midway between that of pure prolactin
and fully iodinated prolactin, and since, as will be shown, biolog-
ical assay of such minimally iodinated prolactin indicated no loss
of biological activity and even at times a gain, it wasthought that
the purification procedure as used not only removed inorgsnic ions,
especially I but also protein contaminants of the original prolac-

tin sample, thereby purifying it.

With all these knowledges in hand, a study could be made

of the factors affecting the yield of I®P.

FACTORS AFFECTING YIELD OF I®P
]

Calculation:
. ]

An aliquot of the 12131 used to iodinate a given sample
of prolactin was suitably diluted, am aliquot of this dilution
was plated and counted as previously deseribed. An aliquot of the
purified I"P was likewise diluted, and an aliquot plated and count-
ed. From ﬁhe figures so obtained, suitably multiplied by the dilu-
tlon. factors, the % of activity found in the I®P as compared to
the 12“ used to iodinate the protein could be détermined. This
figure was called % Yield. The aliquot of the purified I"P

dilution was also used as the "Standard" for whatever othér fractions
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were to result from the use of the purified I"P, suitably computed

as to volume and amount used.

Theoretical Yield:
b ]

As stated previously (p. 3 ), the immediate aim of this
problem was to incorporate iodine onto the tyrosyl radicals of pro=-
lactin. To repeat, to accomplish this end, the following conditions
had to be met:

1. A suitable concentration of prolactin and iodine had to
be provided.

2. A pH such that the iodine would react with the tyrosyl
radicals in preference to other radicals.

3« A buffer to counteract the acidity of hydrogen iodide

(HI), a by-product of the iodinating reaction.

4, A suitable time and temperature for the reaction to take
place.

From the chemical formula involved in iodination (see
p. 16 ), theoretically only half (50%) of the iodine would be avail-
able to react with the protein. If a theoretical yield is to be
obtained, all the iodine in the reaction releasing I, (see p. 16 )
must be so converted and must not be lost before it comes into contact
and reacts with prolactin. There were at least three sources of
losg: volitalization from acid solutiomn, adsorption onto glass,
and reconversion of molecular iodine to either iodide or iodate ioms,
neither of which would react with tyrosyl radicals. The first

two of these three conditions obtain in aeid solutions; +the

third occurs when the pH of theé solution containing the released
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I, rises above pH 10. Both acid solution and a pH greater than 10
were present in this work; a full 50% theoretical yield was un-
likely. Since 50% of the protein is lost during purification, a
yield of 25% would represent maximum iodination. Actuslly, yields

of 10 -151 were the average, with an occasional high of 20 ¢ %.

aerimental

Table 9 has been set up to indicate the actual steps
carried out in the preparation of any one semple of I"P. It has
been subdivided into those experiments in which the fﬁctors caus-
ing a low yield, those causing no appreciable effect on yield, and
those which resulted in a high yleld have been collected. Read-
ing across the table there are several subdivisions, namely: the
sections dealing with

l. dissolution of prolactin - amount used, final volume, and pH

2. iodine-releasing solution - amount, volume of combined KI
anddKIo3 solutions, type, concentration, and amount of acid
used.

3, IL3l golution - state, as to whether distilled (D) or not
(ND); concentration,as to whether it was evaporated down
(vd) or not (¥Wbd); and volume used.

4, Neutralization - as to concentration; volume and time at
which NaCH was added, A stends for after buffer was added,
and B for before.

5. Conditions of lodination - volume, volume per mgm prolactin,
pH, time, and temperature.

6. Acidification to remove iecdine from histydyl radicals -~ as
to type and amount of acid added.

7. Purification - as to pH, volume of precipitating agent;
volume of wash; strength and amount of alkali; volume of
wagh; and dissolving alkali, as to strength and volume used.

8. Percent Yield.




For Table 9, see pocket at backe
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All experiments, except 17 and 19, were run on single
samples; 17 and 19 ere the average for two runs. Experiment 20
involved the iodination of 2 mgm of prolactin, one of which was
purified by dialysis and the other by isoelectric precipitatione.
In all experiments, except 18 and 19, the iodine-releasing mix-
ture was used immediately after addition of KIOB. In 18 and 19,

the mixture was allowed to stand for & half hour before USee

In experiment 1, 21 acetic acid was used to release L,
which it failed to do. The yield wes 1.6%, which was actually

high for the method of purification was inadequate.

In experiment 2, a concentrated solution of I" was used,
with alkali in excess of the acid added to release I,. I, was

not satisfactorily released, snd the yield was 7.72%.

In experiment 3, non-distilled 1131 yag used; contamina-
ting bisulfite ion prevented either the release of I, or interferred
with its reaction with prolectin. The iodinating pH was less than
7.2 (a faint opalescence was noted), all of which résulted in a

yield of 1.19%.

In experiment 4, an excess of alkali was added to the
Iz-prolactin solution complex so that an iodipation pH of greater
then 10 was obtained. This overshooting of the pH converted the

I, to an unreacting form, and the yield was 8.5%.

2




50

In experiment 5, too much acid was added to the I,-
releasing mixture, which was not sufficiently neutralized by the
added buffer (prolactin solution). Amn iodination pH of 4 resulted,

and the yield was 4.7%.

Thus either too much or too little acid, presence of
contaminating ions, end excess alkalinity all affect the iodinat-

ion adversely, causing low yields.

Experiments 6 to 17 show that the pH of the precipitat-
ing buffer, the time and temperature of initial precipitation, the
time allowed for iodination, the addition of the neutralizing
alkali before or after the buffer, provided the prolactin was al-
ready present, have very little effect upon the ultimate yield.
An experimental error of plus and minus 10% is to be expected, and

these values are within that range.

In experiments 18 and 19, the iodine-releasing mixture
was allowed to stand for half an hour before use, and the concen-
tration of the protein was l.6 instead of 2.5%. Greater amounts
of alkali were used for the final dissolution, and the vials in
which the reaction was carried out were guamtatively rinsed. All

this resulted in the unusually high yield of 32.35%.

In experiment 20, the ilodinated protein was precipitated

for 48 hours in the cold (4°C.) after a long iodination period of
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5.5 hours in the presence of excess iodine. This resulted in the -

unusual yield of 43.9%.

The 21st experiment, as numbered, was actually the first
experiment, and was carried out on AP3004, while all the others were
done on Schwenk's purified prolactin. Apparently, acidificaﬁion
with glacial acetic acid was adequate; +the iodinating pH was 5.5;
the purification was inadequate. This is an example of a false

high yield.
Summary:

It has been demonstrated that I"P can be prepared in 1
mgm lots such that it incorporates an amount of iodine necessary
for the iodination of 1 tyrosyl radical per molecule. Such IP
can be freed of non-incorporated iodide, but in the process 501
of the protein is lost. It has been shown that under the con-
ditions used, the tyrosyl radicals but not the histydyl radicals
react. Various factors.influencing the iodination have been

studied and discussed.
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BIOLOGICAL ASSAY
=

After IfP had been prepared and purified, a series of

experiments were set up to test biological potency.

The "local" intradermal squab assay for prolactin was used
(Lyons 1933). This test is less reliable than intramusculer or
subcutaneous methods, but more semnsitive, and requires less material.
As used here, the day prior to initiation of assay, the crop gland
area of pigeons, obtained from a local market and kept in a wire
cage in the animal room, was plucked with care lest the skin be
injured. A double twist of the wings, c;ipped unsevenly to hinder
free flight and to act as identification, was useful in control-

ling the birds.

To inject intradermally, the bird was held by the assist-
ant in such a way that the crop gland to be injected was uppermost.
The injector, folloﬁing the line of the feather ridges to a point
midway between the median plane and the coricoclavicular joint,
instilled 0.1l cc of a suitable dilution of material of kmown potb-
ency-- 1 mgm of this prolactin in 2.4 ec of pH 7.6 phosphate buffer,
equalled 0.1 I.U./ 0.1 cc-- so as to raise a circular bleb. The
second crop gland was injected with the material to be assayed.
Each bird was therefore injected_twioo daily for four days. Four
0.1 cc injections over 1 crop gland equalled one assay, i.e. twice

8
the time and number of doses specified by Lyons (1937). Ninety-six
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hours after the first injection, the birds were sacrificed by sever-
ing the carotids through the opened beak. The birds were held head
down to facilitate bleeding, and the beak kept open by inserted
scissors until convulsive movements stopped. The crop gland was
split up the middle,:thé food thereinwashed out under a stream of
running water, and the skin stripped free of the underlying crop
gland wall. The wall was stretched between thumb and index finger.
Ageinst the frosted glass covering the flourescent lamp over the
work teble of the amimal room, observation of the crop gland was
made. Size of area affected and degree of opaclity were recorded.
The same operator read all the assays to insure uniformity of results.

A system of assessment was established; area was recorded as rel-

ative to the area occupied by a quarter (25¢), and a gradient to that

of a half-dollar was used as a basis for increments and diminutions.
Opacity was tabulated as +'s, a visable characteristic increase

being one #.

Eiaerimentalz

The first experiment was set up as follows:

These solutions were prepared: .

Al,2, and 3. contained 1,0.1, and 0.01 I.U. of untreated
prolactin.

B 1,2, and 3. contained 1,0.1, and 0.01 I.U. of qummy iodin-
ated prolactin (prolactin subjected to the manipulations in-
volved in iodination and purification of IfP.).

¢c1l,2, and 3. contained 1,0.1, and 0.01 I.U. of iodo-prolactin.
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Results obtained were:

Table 10

Effect of 3 dilutions of Brolactini dummy 1od1natedi and iodinated

prolactin on Crop Glands.
-]

Right Crop Gland Left Crop Gland
Pigeon Solution Response Solution Response
Injected Injected
No. 2 A3 pors B3 /
No. 3 B2 A c2 A
No. 4 42 HAHAF B2 M
No. 5 Bl prer CL A

No. 6 Al "Tremendous™ Bl A
These results may be summarized as follows:

A 0.01 I.U. g4 0.01 I.U. AAAAAA 1 I.U. "Tremendous"

B * " 7 N Ry,
¢ " o0 L s

From the summery, B and C, i.e. dummy lodinated and
iodinated--and this iodinated prolactin had been exposed to 12.6
gamma of iodine mgm of prolatin--produced identical reactions.

An apparent difference existed, however, between the reactions
produced by corresponding amounts of treated and untreated pro-
lactin (A as compared to B or C). As shown in the preceding
section, 501 of the protein is lost during purification of iodin-

ated prolactin, which probably accounts for the differences
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observed.

A second experiment was carried out six months later, at
a time when the amount of iodine being used per milligram of pro-
lactin was 32 gamma. In this experiment the following strengths

were used:

A-- 0.1, 0.05, end 0.01 I.U. per 0.1l cc qd x 4 --~ Untreated

prolactin
B-- 0.1, 0.05, .U. per 0.1l ¢¢c gd x 4 -~= Dunmy iodinated prolactin
Com 0 BoRow R Iodlnated prolaetin.

The results, obtained with a number of birds compareble to
those used in the previous experiment (6), were assessed for area

and opacity response. The findings are summarized in Table 1ll.

Teble 1l

Biological Potency of untreated, dumy iodinated, and iodinated !32 IVIZ)
Brolactin

Sample : Response
Area Opacity

A 0.1 IoUo/Ool ce 40¢ /%)‘f
A 0.05 I.U./0.1 cc 4AS¢  ALAA
A 0.01 I.U./0.1 cc 5¢ yA
B 0.1 I.U./0.1 cc 258 /44
C 0.1 I.U./0.1 cec 33¢ fhif

Experimental efror obscured any difference between 0.l and

0.05 I‘U./O.l cc qd x 4 for untreated prolactin. Actually, from
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these findings, the iodinated prolactin appears to be more active
than the dummy lodinated material. Both were less active than either
the 0.1 or 0.05 I.U./0.1 cc dose of untreated prolactin. It must be
remembered thet these findings should be compared with the 0.05 1.0/
O.1 cc dose of untreated prolactin rather then with the 0.1l I.U.

dose due to protein loss. In this instance, more than twice as much
iodine has been used, lsading to a greater degree of iodination and
hence, presumably, a greater loss in biological potemcy. Li et al
(194:) have claimed that the tyrosyl radicals were essential for this

biological activity.

A third experiment was carried out using 63 gamma of iodine
to ilodinate 1 mgm of prolactin. Again, untreated prolactin, dummy
lodinated prolactin, and iodoprolactin were assayed. Six birds and
the same dilutions as in the previous experiment were used. The

results are summarized in Table 12.

Table 12

BEffect of untreated‘ dﬁﬁﬂ{ iodinatedI and iodinated (63 ) Brolactin

on Crop Glands.
L]

Sample Dose Response Opacity
Area
Untreated Prolactin 0.1 I.U./0.1 ce¢ 43,5¢ FAAEF
0.05I.U./0.1 cc 25.0¢ ik
Dummy iodinated prolactin 0.1 I.U./0.1 cec 25.0¢ ik

Iodinated prolactin 0.1 I.U./0.1 ec 17.5¢ it
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The dummy iodinated prolactin corresponded almost exactly
in response to that obtained with half as much untreated prolactin.
The iodo-prolactin showed a smaller response in both area and opacity
then did its uniodinated control. An excess of iodine was used, in
fact. five times as much as was theoretically necessary to iodinate,
to the di-iodo form,one tyrosyl radical; the probability existed
that not one but several radicals were iodinated which, along with
the protein loss, would account for the diminished activity. The loss

in area was of the order of 30%, and that of opacity, 40%.

A fourth, much more extensive experiment, was done later.
The iodo-prolactin was made with 37.5 gamma per mgm. Only prolactin
plus iodide, subjected to the chemical manipulations involved in iod-
ination and purification of iodo-prolactin in three dose levels,
namely, 0.2, 0.1, and 0.05 I.U./0.1 cec {(on the basis of the original
protein used and not on the fimal protein content, probably of the order
of 50%) was assayed sgainst the corresponding iodo-prolactin. 36
birds, or 72 crop glands, were used; 144 readings were taken. Follow-
ing intradermal injections of 0.l cc each day for four days, the
birds were sacrificed 96 hours after the first injection, and area
and opacity of the reaction assessed as before. Table 13 summarizes

the results.




Table 13

58

Biological Agsay - I.D. Pigeon Crog Gland Method

(Averge of 6 readings per Eoua.)

Presumed Prolactin Presumed IP (37.5 ¥ /mgm)

Potency Area Opacity Poteney Area Opacity

0.20 I.U./0.1 e¢ 175 3.17 0.20 1.U./0.1 cc-62.5 2.83

0.10 " 54 3.0 0.,20 % " 50.0 3.0

0.10 * " 36 2.67 0.10 ° 20.8 1.67

0.05 * " 35 1.83 0.20 ® ® 47.5 245

0,05 " " 40 2.33 0,10 " " 46.67 2.17

0.05 * " 49 2.20 0.05 " W 32.5 2.20
Retained Retained

Average Activity Activity

0.20 * " 75 3.17 0,20 ® ¢ 53  (70.0%) 2.78 (87.8%)

0.10 * " 45 2.83 0.10 " ® 33.5 (74.5%) 1.92 (68.0%)

0.05 " ™ 412,02 0.05 " " 32,5 (79.3%) 2.20 (108.0%)

74.58% Av. 87.92% Av.

At these three dose levels, the least loss in area (100%-

19+25%) oceurred with the greatest dilution (0.05 I.U./0.l ce}, and

the greatest loss (100% - 70.00%) with the smallest dilution (0.20

IoU./Ool cc) .

The opacity findings are inconsistent, showing the
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greatest loss for the intermediate dose, and an actual increase for
the smallest dose. The averages indicate that when prolactin is
iodinated so that 1 - 3 tyrosyl radicals are involved, there is a
loss of reaction of about 25% in area and 12% in opacity, as compar-
ed with that due to material which has simply been subjected to ths

manipulations involved.
Discugsion:

The first experiment showed that when 12.6 gamma of iodine
was used to iodinate a mgm of prolactin, there was no detectablé
difference between dummy iodinated and iodo-prolactin. This degree
of iodination qorresponds to a l in 10 tyresyl radical iodination to
the di-iode-state. There was & detectable difference between the
untreated prolactin and the chemically manipulated and iodinated pro~
lactin. Probably this difference was due to the loss of protein

material in the purificatiorn of the iodo-prolactin.

When 32 gamma of iodine were used to iodinate prolactin,
and this assayed against chemically manipulated material and un-
treated prolactin, a preparation somewhat more biologically active
was obtained (that is, more biologically active than the correspond-
ing material subjected simply to the chemical manipulations). Here
two and a half times as much iodine was employed for the same amount
of prolactin. It is conceivable that some oxidative reactions also

took place with iodine as the effective agent which liberated active
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fiocieties of the original protein, and that this liberation, apparent-
ly not affecting the bonds essential for biological activity, en-
hanced biological potency. It is possible also that the contamin-
ating material of the original preparation was removed, thus concen=-
trating the reactive protein. This enhancement of activity was

found in none of the other experiments and therefore may be due to

experimental error.

When 63 gamma of iodine per mgm of prolactin were used
to prepare iodo-prolactin, and this assayed against untreated and
chemically manipulated prolactin, it was found that the untreated
prolactin was twice as active as the chemically manipulated prolactin
at a dose of 0.1 I.U./0.1 ce. This suggests that 50% of the protein
had been lost in the chemical mamipulatiors. Iodo~prolactin was
less active when assessed by area and opascity of reaction. The
diminution in area reaction was of the order of 30%, that of opacity
reaction of the order of 401. The amount of iodine used here is
5 times the amount needed to effect a theoretical ome-in-ten tryosyl
radical conversion to di-iodo-tyrosine. These results indicated
that the decrease in activity was proportional to the number of

tyroasyl groups iodinated.

In the fourth experiment, the amount of iodine used was
37.5 gamma, an amount 2.5 times that theoretically necessary to
iodinate to the di~iodo-form ome of the nine tyrosyl radicals known

to be present in any one molecule of prolactin. Presumably, 2 - 3
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radicals, i.e., as many as one-third of those present, had been
iodinated. 1n this experiment on a large number of birds, this
iodinated prolactin was assayed against dummy iodinated prolactin
in three dose levels. A consistent loss in biological activity
was found in the iodo-prolactin as compared to that of the chemical-
ly manipulated material. This loss was detectable as a diminished
area of response as well as a decreasedopacity of reaction. The
overall area loss was of the order of 25%, while that of the opacity_
was of the order of 12%. If as many as one-third of the tyrosyl
groups had been iodinated, then, from this experiment, it can be
said that the area loss is rather more indicative of the number of
tyrosyl groups iodinated and is a more sensitive index than the
opacity. It must, however, be remembered that these are purely
subjective assessments, and far more careful work must be done to

establish any such interrelationship.

Furthermore, it should be streased that even after the
rather heroic treatment this protein material received, it was still
capable of producing a biclogical reaction, and that, apparently,
the material was completely non-toxic as no.- irritative reactions

were observed at any time throughout the course of these experiments.

Conclusions:

l. Wwhen the biological assay results on 6 birds of 0.05 I.U,

of prolactin subjected to the chemical menipulations involved in
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iodination and purification of IfP in the absence of iodine--here .
called dummy iodinated prolectin--were compared with these obtained
with a similar amount of untreated prolactin no detectable difference
in biological response was obtained. (Since 50% of the protein
nitrogen was lost in the process of iodination ard purification,

this comparison had to be made between an original 0.1 I.U. of duamy

iodinated prolactin and 0.05 I.U. of untreated prolactin.)

2+ When 0.05 I.U. of prolactin containing 1 di-iodo-tryosine
radical per molecule, was assayed against 0,05 I1.U. of dummy iod-

inated prolactin, no difference in biological response was observed.

3. When 0.05 I.U. prolactin conteining 4.5 radicals of
di-iodo-tyrosine per molecule was assayed against an equivalent
amount of dummy iodinated prolactin a definite loss in biological.
potency was found (301 in area of crop gland response and 50% in_

opacity response).

4. When 0.05, 0.1, and 0.2 I.U. of prolactin containing 2.5
di-iodo~tyrosyl radicals per molecule of prolactin were assayed
against an equivalent amount of dummy iodinated prolactin on a
much larger number of birds, an average of 25% loss in area of

crop gland response and of 12% in opacity response was obtained.

From these findings it was tentatively comcluded that
the loss in biological activity was roughly proportional to the

number of tyrosine radicals iodinated. The methods of iodination
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and purification as here used seemed to have no effect on the bio-~-
logical activity of the protein per se other than that attributable

to the loss of protein nitrogen in the process.

RECOVERY OF I"P FROM TISSUES:
L )

INTRODUCTION:
SRR

Once I"P had been prepared, purified, proved biologically
active and non-toxic, it was ready for use. To repeat: the aim of
thisg investigation was the study of the distribution and metabolism
of I®P within the animal body; the means were the detection of the
presence or absence of radio-asctivity within a given biological
sample. The tools available were the Geiger Muller Counter and
photographic emulsion; both could indicate only how much radio-

activity, due to emission of the beta rays of IlBl, was present.

Tissues of en animal could be prepared for estimation of
all the radio-activity present. Aliquots of tissue digested in
2N NaQH were plated and counted by the G.Me. tube. The result of

31--and

such determinations in no way indicated in what form I1
hence, presumably, carrier iodine (due to the careful mixing of
these two isotopes)-existed. The aim, therefore, was to find a
way to estimate the amount of iodine which was still bound to the

protein, prolactin. For this, organic and inorganic iodine of the tissue
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samples were separated. The work done on this problem is the subject

of this section.

Preaaration of Tissues for Biochemical Analzses:

Tissues from uninjected or injected animals were removed
from freshly sacrificed animals, weighed, either digested in 2N
NaOH, (such that for every 100 mgm of tissue 1l cc was used), or
cut fine; put into elither a Potter-Elvejehlm glass homogenizer or
e Waring Blendor, with 10% TCA, 0.9% NaCl, buffered 10% TCA(5 g
TCA in 25 ce H,0, 4N Na(OH added drop-wise until pH 5.4 by brom-
cresol green paper, and 25 ¢¢ 0.2 NaAc-HAe, pH 5.4, buffer),
Somogyl Zinc sulfate reagent No. l. *, or diethyl ether, and homogenized.
If the tissues could not be immediafely homogenized, they were

chilled to, and held at, 4°C., or rapidly frozen on solid CO,.

X somogyi Zine Sulfate Reagents—- 1.25 g ZnS6,.TH,0 to 12.5 cc

0.25N H2804 in 100 cc water.- Reagent No.1 0.75N NaOH was
Reagent No. II.

Homoﬁenization

Homogenization was used to so break up tissues that a
virtual protein solution, i.e., a smaller than cell-size homogen-
ate, would be obtained, and was carried out as follows: After
the tissue had been weighed and cut into small pieces, the frag-

ments were eased to the bottom of a Potter-Elvejehlm glass
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homogenizer by its glass piston, the requisite amount of homogeniz-
ing fluid was added, the stem of the piston attached to the drive
of a one-twelfth horsepowér motor, and the rheostat slowly turned
up until the piston was rotating at a fair speed. The outside
jacket of the homogenizer was gently but firmly eased up and over
the piston, by hand, until the fragmentis disintegrated. When no
fragments of tissue could be detected by visual inspection, homogen-
ization was considered complete. A creamy suspension resulted.
Paranchymetous tissues were easy to homogenize, but if the tissue
were fibrous, homogenization was brokem into steps to allow for
cooling; otherwise the protein could have coagulated. Fibrous
tissues required time to homogenize to a suspension which could

be handled in a graduated 5 cc pipette. The reagents used, exdépt
for 0.9% NaCl, undoubtedly caused chemical alterations of the tiasue

proteins.
Gelation
RN

To facilitate homogenization, especially of fatty tissues,
on the suggestion of Dr. 0. Denstedt, three gelations on dry ice
and thawings at room temperature were carried out along with di-

ethyl ether homogenization.

Iwoahilization

Tissues, chiefly lactat;ng mammary glands, were cut,
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placed in Potter-Elvejelhm glass homogenizers which were attached
by rubber suction caps to a glass caterpillar, this to a trap, and
that to & Duo-Seal Vacuum Pump. The caterpillar, with its attached
homogenizers, -was packed in solid €0, in & cardboard carton, in-
sulated by newspepers, within a larger carton placed on a plate

glass sleb on the laboratory work bench. A temperature of less than
-20°C. and a pressure of 4 mm Hg were maintained for 4 days. The
adequacy of lyophilization was judged by the behavior of the material
upon subsequent homogenization in anaesthetic di-ethyl ether. If the
homogenization was easy, lyoﬁhilization was complete. Incidentally,
the change in color, from old rose to chalk pink, of the tissues
fragments was also used as a rough guide for the complete removal of
weter. Once such tissues had been thus lyophilized, care had to be
taken to rapidly submerge them in di-ethyl sether when they were
taken off the caterpillar, after the suction had been turned off -

otherwise they rapidly took up water from the atmosphere.

Preliminary E:Berimental Results:

To effect a separation of organic iodine from inorganic
iodide, precipitation of protein was selected. Various protein
precipitatants were tried; trichloroacetic acid (TCA), isoelectric
(at the isoelectric point of I"P) precipitation, 95% ethyl alcohol,
addition of carrier iodo-prolaétin to facilitate precipitation of

minute amounts of protein material (usually of the order of 0.1 mgm
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of less, containing only a few gamma of iodine), and colloidal’
hydroxides of heavy metals. The most suitable precipitant of
organic iodine was found to be zinec hydroxide. (Somogyi (1930}
used acid zince sulfate, neutralized with sodium hydroxide to

free blood of protein material prior to blood sugar estimations}).

Parallel studies on iodination, purification, in vitro
recovery from tissues, and biological use of I"P were carried on
simultaneously, and new factors were incorporated as they came to
light. This progressive development made results less comparable.
Therefore, illustrative experiments of preliminary experiments

have been selected and are tabulated in Table 14,
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For Table 14, see pocket at back.
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From Table 14 the following significant facts were culled

and progressively incorporated into further experimental work:

1. 10 and 5% TCA have pH's of less then, and about, 1.
IP is soluble in this pH range.

2. Addition to tissue homogenates did not sufficiently
neutralize 101 TCA to cause satisfactory precipitation
of IfP.

3. Neutralizing 10% TCA to pH 5.4 caused complete precip-
itation of IMP, but addition of tissue homogenates,
under these conditions, resulted in only 75% precipitation.

4. 5% acetic acid, in place of 10% TCA neutralized to the
same pH, is an unsatisfactory protein precipitant.

5. 10% TCA buffered to pH 5.4 is less satisfactory than
neutralized 10% TCA as an I"P precipitamt. 95% ethyl
alcohol dissolves 10% TCA (pH 5.4) precipitated IP.
Under these conditions, ether does not dissolve I%P.

6. Addition of carrier IP under the conditions of the
preceding experiment does not sufficiently increase
the recovery of I'P to warrant its use.

T. Use of 0.2N NaAc-HAc, pH 5.4, buffer as a tissue homogen-
ate precipitant is highly unsatisfactory.

8. The fat of lactating mammary gland interferred with
attempts to precipitate protein containing I"P.

9. Colloidal copper hydroxide gave & satisfactory precip-
itate with liver homogenate and water, but not with
plasma, to each of which had been added I"P.
From these experiments, it was concluded that isocelec-
tric precipitation of tissue homogenates to which IfP had been
added was futile, that the usual protein precipitants i.e., TCA

and alcobol, dissolvedrather than precipitated I"P, and that a

colloidal hydroxide of a heavy metal would prove satisfactory.
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However, due to the eolour of copper solutions, paper pH and liquid
pH indicators were useless in determination of the exact neutrality
needed. Use of the Beckman pH meter was both time-consuming and
impractical due to potential cross contamination. For these reasons,
copper hydroxide was abandoned in favor of zine hydroxide, end the
Somogyi zinc sulfate method for the determination of protein-bound
iodihe was adapted for use as indicated in the following series of

experiments.

SOMOGYI ZINC SULFATE FRACTIONATION OF ORGANICALLY-BOUND IODINE FROM
)
INORGANIC IODIDE
L

In 1930 Somogyl described a method using acid zinc sul-
fate neutralized to pH 7 to obtain protein-free blood filtrates.
His purpose was to determine blood sugar levels. However, his
reagent (12.5 cc of 0.25N HpSO4 plus 1.25 g ZnS04.THp0 in 100 co
water and 0.75N NaOH) and the proportions used in his "second
procedure"(to 1 part plesma protein add 8 parts of acid zine sul-
fate and 1 part of alkali) have been adopted for meny uses, and

were adaptable here.

Not only the proteins of plasma, but of other tissues

as well, were to be precipitated.

The biological material-- to which small amounts of

iodine, as inorganic iodide (I"}, or organically-bound iodine
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{I"P) was added-- was obtained from freshly sacrificed rats.
Heparinized blood, drawn from the inferior vena cava, was freed of
red blood cells by centrifugation and the resulting plasms used.
Organs were removed, weighed, and homogenized in Somogyi zinc
sulfate reagent such that for 500 mgm wet weight, 8 cc was used.
Of such an homogenate, suitable aliquots (4 c¢c usually) were put
into graduated cemntrifuge tubes, and the amount of I"P (0.1 mgm
in 0.2 cc) or I® (0.2 ce), one drop of 1% phenolphthélein 80l-
ution, and 0.5 éc or more of 0.75N NaQOH were added. The result-
ing mixtures were centrifuged, the supernetants pipetted off, the
precipitates washed with 3 cec of triply distilled water, and the
supernatants and washes were pooled, 1 cc aliquots were plated
with 1 ce 2N NaOH and counted. Precipitates were digested in 3
cc 2N NaOH, and 1 cc aliquots plated and counted. All plates

of a given experiment were counted on the same day, in the same
castle, and at the same time of day. The precipitate fractions
were calculated as the percent of initial activity, added, and
recorded in Table 15 . The extremes of these percentages for
quadruplicate or duplicate samples processed at one time, as

well as the averages, are recorded in the last columms of the

same table.

Effect of tissue type, pH, tissue concentration, time,
precipitation in the cold, replacement of H20 by isotonic sodium

sulfate solution as a wash, and effect of I"P concentration were .
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For Table 15, see pocket at back.




systematically studied. The results of the various experiments

are summarized in Table 15.

RESULTS
.
EVOLUTION OF METHOD
I

Effect of Tissue es.

Recoveries of IP added to plasms were most consistent,
as indicated by the small spread of percentages for the four samples
testeds From it, most inorganic iodide was eliminated. Recoveries
of I'P from liver showed the greatest spread; most iodide was
retained. Recoveries of I"P from kidney were best, removal of

iodide was intermediate in smount and spread.

Sufficient alkali to just turn phenolphthalein red-- an
excess of the amount required for the proportions established by
Somogyi-- was used. The unsatisfactory results obtained with liver

and plasma were attributed to this excess.

Effect of EE.

Addition of the exact proportions of 8 parts of Somogyi
zine sulfate reagent and 1 part of alkali to 0.3 c¢ of plasma
resulted in a pH of 7.0. Recovery of organic iodine added to

plasma increased from 87 of the control experiment to 911; the
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spread in the four samples was somewhat less. Removal of iodide

was, however, quite unsatisfactory in both instances. Recovery of

I"P added to liver at a pH of 7 was considerably better than that

of the previous experiment, as well ‘as that of its own control.

The spread here was reduced. Iodide was as unsatisfactorily removed with
liver as with plasma, probably due to poor mixing during washing of

precipitates.

Effect of Tissue Concentration:
L. ]

What the protein concentration of the };8:1 ratio should
be, was studied in five graded concentrations of rat liver obtained
by suitably diluting a 500 mgm to 8 c¢c homogenate with homogeniz-
ing reagent. A small but steady improvement in the amount of organ=-
ically-bound iodine recovered in the precipitates as the amount of
protein material was increased, was found. Spread of percentages
was small. The iodide adsorbed onto the precipitated protein in
greater amounts then was desired. From this, the highest concen-
tration here investigated, namely, 500 mgm of wet tissue per 8 cc
of Somogyl zine sulfate reagent, was adopted as routine. (This
represented a 1.875% protein concentration, if wet tissue weight
is 70% water; the 301 solids would then be largely protein in

nature) .
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Effect of Cold and Time:
- -

Though initial precipitation gave water-clear supernat-
ants, washes were milky, indicating loss of precipitate, which
led to an investigation of the effect of cold and time on complete-
ness of precipitation. Two groups, one treated as described above,
the other, without centrifugation and kept in the icebox over
night, were set up. After washing, on the second day, combined
supernatants and washes were again kept in the icebox overnight.
More care in mixing the resulting precipitates with the washes
reduced the amount of iodide in the final precipitates. (The
final precipitates of the table are those recovered from this sec-
ond icebox treatment.] In both instances, 10 to 15% more organ-
ically-bound activity was recovered in the secondary precipitates,
while the amount of?fﬁgiganic iodide here precipitated, was less
than 1%, i.e., 0.85% in the first apnd 0.39% in the second instance.

This latter finding led to the routine use of the icebox treatment

prior to centrifugation.

Effect of isotonic sodium sulfate in Blace of water as wash.

The washes were still milky, and since the supernatants
were clear, a NapSO, wash solution, isotonic with the original
supernatant, was tried. Conditions similar to those in the first
run of the previous experiment, i.e., centrifugation prior to

initial icebox treatment, were used. A slight improvement in the
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average recovery of orgsmnically-bound iodine, and a spread of 0.21
was obtained. Precipitated inorganic iodide was negligible. Iso-
tonic NapS0, made manipulation easy; washes were clean and the

precipitate compact.

Effect of EQP cogcentration

When the method had been worked out as detailed above,
the effect of I"P concentration was studied. Rat plasma, to which
half as much I”P as used previously, was processed. In two samples,
an average of 65% I"P was recovered in the precipitate fractions--
a recovery 25% poorér than that obtained in the effect of pH in-
vestigation. Adsorption of I resulted in an average of 11.85% in
two similer semples-- a figuré closely resembling that obitained

before. Here, however, the spread was much less.

From the above series of experiments, these modifications
were deemed satisfactory for most tissues. Plasma, a more concen-
trated protein solution (6%), still caused poor recoveries, and
tissues with a high fat content, especially lactating mammary gland,
proved difficult both to manipulate and from which to obtain good
recoveries. Further study on the latter tissue was therefore under-

taken.

Mammaz; Glands: Effect of Tissue Concentration:

Effect of tissue concentration studies, (See Tablel5 ]},
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identical to that carried out om liver, proved disappointing. Poor
recoveries, with poor duplication of results in presumably duplicate
samples, were found. Extraction of inorganic iodide was unsatis-

factory. Evidently the interferring fat had to be removed.
Effect of Ether Bxtraction:
. ]

Since alcohol dissolved IP (See Preliminary Studies,
pe 69 , and Fleischer, 1943) and etﬁer did not, extraction with
ether before and after precipitation of Somogyi zinc sulfate homo-
genates of mammary glands (homogenization was difficult, due to
presence of fat and fibrous tissue) showed that recovery of IP
in the precipitate after ether extraction was unsatisfactory,‘
whereas that done before precipitation was better. Good removal
of iodide was obtained by both methods. Effect of removing fat
with ether prior to homogenization--~ to facillitate homogenization
itself, the tissue was frozen and thawed three times to break down
the tissues cells without disrupting the tissue protein-- was tried.
(A smaller than cell-size homogenate was desired because injected
inorganic iodide might find its way into the tissue cells. Were
a larger then cell-size homogenate to be prepared and subsequently
treated as described above, material found in the precipitate
would be called organically~-bound iodine, whereas, in actuality,
it would be intracellular inorganic iodide). With these two

modifications in mind; to extract the tiasue prior to Somogyi
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Zine sulfate homogenization, and to attempt a smaller than cell-

size homogenate, the following experiment wes set up.
Experimental:
b ]

The memmary gland of a lactating rat was removed, weighed,
and cut into fine pieces. 10 cc of diethyl ether per gram of
mammary gland tissue was added, the mixture rapidly frozen on dry
ice, allowed to thaw, homogenized, and these processes repeated twice
more. The ether supernatant was pipetted off and set aside. The
gummy homogenate mass, containing some sand (homogenization had been
carried out in a Waring Blendor) was rehomogenized in a Potter-
Elvejehlm glass homogenizer in the requisite amount of Somogyi zine
sulfate reagent. Four 2 cc¢ aliguots were taeken, and 0.1 ec containing
0.05 mgm of I"P containing 0.9 gamma of I, were added. To four
similar 2 cc¢ éliquots, 0.1 cc containing 6.98 gamma of I®, were

added. These 8 aliquots were then treated in the usual manner.
Results:
E ]

Under these conditions, 85% of the organically-bound
iodine and 12.6% of the inorganic iodide was found in the respec-
tive precipitates (See Table 15 )-- a distinet improvement. The
spread had been cut down to about 3.5% for organically-pound

idoine and to a little more than 2% for the imorgenic iodide.
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Discussion:
]

This experiment was carried out in vitro and, therefore,
was not strictly comparable to condifions usual in tissue work
from animels injected with either I® or I®P. In the case here
descfibed, mammary gland tissue preéumably had had its fat extracted
prior to addition of iodine-containing material, which under these
conditions was certian to be extracellular. However, in tissues
taken from injected animals neither fat removal nor extracellularity
of material could be expected. Such fat removal facilitated hand-
ling, but mammary gland fractionetion was still as much of a problem

ag ever.

This modification of the Somogyi zinc sulfate fractionation
of organic iodine from inorganic iodide was based on Barker's (1948)
study of the determination of protein-bound iodine of plasma. For
that he described four distinct steps, only the first of whieh,
precipitation and washing of proteins, has been used here. In his
method, 2 ml of heparinized plasma wes treated with an unspecified
amount of Somogyli acid zinc sulfate resgent, centrifuged 10 minutes,
the supernatant poured off, and the precipitate washed free of in-
organic iodide by four successive washings of 25 ml each of triply-
distilled water. DBarker also found that 500 mgm of rat liver,
kidney, heart, and skeletal muscle could be homogenized with 8 ce¢

of acid zine sulfate reagent, subsequently transferred to a 50 ml
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tentrifuge tube by four rinsings of the homogenizer with 4 ml each

of the reagent -~ meking a total of 24 ce per each 500 mgm of tissue
used. This was then precipitated with sufficient 0.75 N NaOH (about
3 c¢) to cause phenol red to turn a permenent pink (pH 6.8 to 8.4--

Handbook of Chemistry and Physics, 29th Edition, p. 1365, 1945.)

Under these conditions,99.92% of 1000 gamma of inorganic
iodide per 100 ml of plasma could be removed, whereas 5 gamma % of
added thyroxine iodine was retained completely, and 5 gamma % of

added di-iodo~-tyrosine was "retained to 75% completion®.

The purpose here was to determine recovery of the organic-
ally-bound iodine of I"P present in, or added to, tissue. Represent-
ative aliquots rather ﬁhan total samples were to be used, and the
iodine content was determined by measurement of the amouht of 1131
by the G.M. tube. The amounts of 1131 so determined. in no way
indicated the endogenous iodine content of the tissue studied but
were agsumed to represent the added iodine. Hence quantitative
recovery of total iodine was not the aim as was the case with
Barker, The modifications of the first step of his procedure de--
scribed above resulted in & recovery of 96.5% of 0.l mgm of known
protein-bound iodine, I"P, from 250 mgm of rat liver and the
elimination of all but 1-2% of 1 - 2 gamma of inorganic iodide,

I?., From these findings, it was assumed that orgenic iodine
moieties down to as amall a molecular size as di-iodo-tyrosine

(Barker, 1948), would be recovered in the precipitate. Therefore,
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this precipitate fraction was called "organically-bound" rather than

*protein-bound" iodine.

Summaa;:

When, for every 8 cc of Somogyl zinec sulfate reagent, 500
mgm of wet rat tissue was homogenized, neutralized by 1 ec of 0.75N
NaOH, held in the cold for 24 - 48 hours twice, and the resulting
precipitate washed with a volume of isotonic NayS0, equivalent to
the homogenate aliquot investigated, 96.51 of 0.1 mgm of I"P contain-
ing sbout 2 gamma of I can be recovered, and all but l.5¢-of a

similar quantity of I™™ can be remowed from such & tissue preparation.

From 0.5 cc of plasma, 65% of 0.05 mgm and 90.6% from 0.3
cec of plasma of similarly iodinated prolactin can be recovered int

the precipitate, while about 88% of a like amount of I can be removed.

By ether homogenization of thrice frozen mammary tissue,
followed by Somogyi zinc sulfate fractionmation, 85.2% of 0.05 mgm
of I"P containing about 1 gamma of I" can be recovered in the pre-
cipitate fraction, while about 87% of a similar amount of I™® can

be removede.

Since the biological work of this investigation was to
be done on mice rather than rats, the effectiveness of this modified
method in recovering kmown organically-bound iodine, I"P, and

eliminating inorganic iodide, I™", was checked on mouse tissues:
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In Vitro Recovery of I"P and I" From 3 Day Lactating Mouse Tissues:
L - - ____________— ___________________J
Experimental:
E ]

Homogenates of liver, kidney, thymus, spleen, adrenal, and
ovary were prepared, using Somogyl zine sulfate reagent. To 2 ce or
smaller aliquots of these homogenates, 0.1 cc containing 0.05 mgm of
I?P, or 0.1 cc containing 3.9 gamma of I?, were added. These mixtures
wére processed as previously described. -The percentage of added radio-
activity retained in the precipitate, i.e. organically-bound iodine,

are recorded in Table

Four aliquots of plasma were divided into two groups. To
one group & similar amount of IPP was added; to the other, I*. One
aliquot of each group was treated with twice, the remaining fwo
aliquots with four times the amounts of Somogyl zinc sulfate reagents
previously used. The organically~bound fractions are likewise

recorded in Table 16.

Table 16

Percentage Recovery in Precipitates of 0.05 mgm I"P and 3.9 gamma of I

Added to Tissues of a 3 Day lactating Mouse Subjected to Somogyi Zinc
L - ____ - __—

Sulfate Fractionation Procedurse.

Organs Ifp In
4 Organic Iodine 4 Organic Iodine

Plasma I 91.0 6.8
Liver 86.0 6.1
Kidney 81.5 3.3
Adrenal 81.0 6.8
Ovary 85.0 9.7
‘Thymus and Spleen 60.0 6.3

Plasma I treated with 2 X quantity acid ZnSQ4 usually used.
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In this experiment half ag much I*P, 0.05 mgm as compared with
0.1 mgm, has been used. Recoveries with liver, kidney, adrenal, and
ovary average 83.4%. Elimination of inorgamnic iodide has been about
94% complete for these same organs. ' Recovery from plasma has been as
complete with twice as much Somogyi zinc sulfate reagents as it was
with twice as much I"P and the ususl amount of Somogyi zinc sulfate
from rat plasma. These findings suggest that a corrective of 20%
needs to be applied to the organically-bound iodine figures, and one
of 5% to those of inorganic iodide, on the assumption, of course,
that the various tissues or the method have not caused a breakdown
of the I"P, with a removal of the iodine label. The latter possibil-
ities, though not rulled out, seem unlikely in the light of the

findings of Barker.

The findings that only 80 - 85% of the organically-bound
iodine has been recovered here suggests that in the case of plasma,
or tissue fragments in tissue homogenates, such recovery depends
upon adsorbability of I"P to other protein molecules, as well as to
the colloidal ZN(OH), formed, and that the smaller the amount of IVP
to be precipitated, the greater that adsorptive surface needs to be.
The protein content seems more importent in this respect than the
colloidal Zn(OH),, for twice as much ZN(QH)2 with the same amount of
plasma in the second plasma sample studied here, led to a marked
reduction in recovery. That plasma -- a 6% protein solution ==

provides a more effective precipitating agent when twice the usual
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amount of Colloidal Zn(OH), is also present, is indicated by the
recovery obtained. This fesult suggested that the finer the homogen-
ization -- hence the greater the number of protein particles available-
- the better the recovery of such amall amounts of organically-bound
iodine ought to be. Use of twice as much Somogyl zinc sulfate reagents
with plasma brings the % protein present in the solution to about

that of the tissue homogenates, such a 31 solution of protein seams

to be about the optimum concentration for recovery of small amounts

of Ifp,

In this experiment, twice as much inorganic iodide has

been added, 4 gamma as compared to 2 gamms used previously. The
more

removal seems to indicate that the/iodide to be removed, the more

carefully must the precipitates be washed,
Summary:

From this experiment it was concluded; that plasma should
be treated with twice the usual amount of Somogyl zine sulfate reagents;
that as fine a homogeﬁization as possible should be obtained; and
that the greater the amount of iodide to be removed, the more strin-

gent the washing of the precipitate should be.

So far the method had only been applied to tissues to which
either I"P or I" had been added. In tissues from an enimal injected

with I®P some time previously, both I®P or its degredation products
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and I" would be present. The question arose as to what effect

these conditions would have on the accuracy of the method.

Apglication of The Somogyi Zinc Sulfate Fractionation Method to Tissues
From Iniected Mice

Triplicate samples of liver taken ffom two CjH male mice
which had been given an intravenous injection of either 0.05 mgm of
I®P or 1.3 gamma of I? twenty minutes prior to sacrifice were
fractionated with Sohbgyi zinc sulfate reagents as described above.
The percenteges of organically-bound iodine recovered are recorded

in Table 17.
Table 17

Somogxi Zinc Sulfate Fractiopation Studies of Liver Aliqgots from Two

CzH Mice Injected I.V. 20 Minutes Prior to Sacrifice with 0.05 mgm
b _________________________ . _____________________ ]

Of I®P and l.3 gamma of I®
. .-}

Iep I
% Organic i Organic
Sample . Ilodine Iodine
A 6649 2249
B 63.8 23.0
c 637 22,5
Average 64.8 (814) 22.8 (21.5%4)

Coefficient of
Variation 2.8¢ 1.1%
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An average of 64.8% of the radioactivity presemnt in the
liver of thé animal injected with I®P was recovered in the precipitate.
The coefficient of variation for the three samples wes 2.8%. When
corrected, as indicated in the previous experiment, this figure rose
to 81%. An average of 22.8% of the activity present in the liver of
the inorganic iodide-injected animal was found in the precipitate
fraction. When corrected this came to 21.5%. The coefficient of

variation here was l.1%.

0f the 0.05 mgm IP activity injected into this CzH male
mouse, 30% was found in the liver at 20 minutes. Of this, 814 was
precipitable and so organically-bound. Therefore 20% was inorganic
iodide. When 1.3 gamma of inorganic iodide activity was injected,
only 6.6% was found in the liver after the same time interval, and
of this 21% was precipitable, and hence orgamically-bound. These
figures represent what was so at the time the seample was taken -

i.e., at the moment of sacrifice.

It is, however not likely that 0.0l7 gamma of inorganiec
iodide had been converted to organic iodine and entered the liver
20 minutes after intravenmous injection. Possibly the radio iodide
may be so intimately associated with tissue components as to pre-
cipitate with some of them. The finding of 30% of the injected
radioactivity from IfP in the liver 20 minutes after intravenous
injection does not mean that 30% of 6.05 mgm of I®P in the same

state in which it was injected was now in the liver. It only means
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that 30% of the 1131 incorporated on that 0.05 mgm of I"P was in the
liver at that instant, and that of that 30% activity, 867. was pre-
cipitable, and hence presumably organically-bound iodine. In spite
of the fact that only approximate data were obtained by the method,
it was found a useful tool in indicating the fate of injected IfP

in the body.

Summaaz:

Triplicate aliquots of livers removed from CjH male mice
injected intravemously 20 minutes prior to sacrifice with 0.05 mgnm
of I'P containing 0.05 gamma I"2 and 1.3 gamma of 1" were found to
contain 65% and 22.8% respectifely of the activity present in the
precipitate fractions. The coefficient of variation for the two
sets of triplicate semples was 2.8% in the case of I"P, and l.1% in

the case of inorgenic iodide.

However, this Somogyi zinc sulfate fractionation method
could not be satisfactorily applied to fatty tissues, especiﬁlly
lactating mammary gland. The fat had to be removed. In preliminary
work on rat tissues, extraction by ether had appeared promising.

This line was pursued in the following experiments:

Somoggi Zine Sulfate Fractionation of Mammary Gland Tissue Previously

Extracted with Bther
. ]

0.05 mgm of I'P and, in a control experiment, 3.9 gamma of
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inorganic iodide (IM) were added to equal weights of fresh mammery
gland tissue removed froma 3 day lactating mouse. For each gram
of tissue, 16 cc of ether was added, and the mixture homogenized

in a Waring Blendor with a little sand. These homogenastes were
chilled on dry ice thrice and rehomogenized in Potter-Elvejehlm
glass homogenizers. The ether supernatants were pipetted off. The
residual gummy mass was subjected to Somogyi zinc sulfate fraction-
ation in the usual mammer. The ether extract was evaporated to
dryness, re-extracted with a similar amount of (presumably water-
free) ether, the ether extract removed, evaporated to dryness,

and the residue digested in 2N NaOH, plated and counted separately.
The residue from the first ethér extraction, i.e., the water soluble
material carried over by the ether, was added to the pooled super-
natant and washes prior to their second icebox treatment, and sub-

sequently fractionated.

The stomach of the three day 0ld young to which 3.9

gamma of I™ had been added were similarly treated.

The results for the % organically-bound and the ether

extractable iodine are recorded in Table 18.
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Table 18

Z Recoverz of 0.05 nem I?P and 3.9 gamma I® in Mammary Gland Tissue

And Stomaeh Contents of 3 Day 01ld Young, Extracted With Bther Prior
AR R

To Somogyi Zinc Sulfate Fractionation
e S

Ifp In
% Organic 4 Ether % Organic % Ether
Iodine Extractable Iodine Extractable
Todine Todine
Mammry Gland 52.5 l 12.8 4.6 2.64
Stomach Contents 2.4 0.98

Since ether extraction was done at the beginning of the
procedure, 12.8% of the activity was removed by the ether before
the Somogyi zinc sulfate procedure. This left 87.2% of the activity
to be fractionated. OF the total,52.6% (or 60% of what remasined
there) was recovered in the organically-bound fraction. From the
experiment on the other mouse tissues also containing 0.05 mgm of
I"P, a corrective of 15 = 201 was deemed necessary. If a 20%
corrective is applied, the organically-bound icdine should be
69 +75%, which leaves nearly 20% as inorganic iodide. Under the
conditions of this experiment, the fresh mammary gland with its
added I"P was homogenized at room temperature, with ether as a
homogenizing agent. The homogenization was most difficult, result-
ing in a gummy mass. A question arises as to whether any proteolytic
enzymes present in this tissue may not have broken up I"P and hence

account for the inorganic iodide fraction - the result of further
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dehalogenation -~ for mere splitting of the I"P should first result
in fragments not smaller than di-icdo-~tyrosine, which should precipit-

ate as organically-bound iodine, according to Barker (1948).

The 12.8% ether extractable activity may be due to solubil-
ity of I'P in ether or in the water which is carried by ether.
Ether will take up one-thirteenth of its weight in water. Or, I"P
may be soluble in mammery gland fat whiech, in turn, is soluble in

ether, These possibilities required further investigation.

All but 4.6 and 2.4% of added inorganic iodide (3.9
gemma) were removed from the precipitates of mammary gland and
stomach contents. Only 2.64 and 0.98% of such iodide was extract-
able by ether under the conditions used. These findings ruled
againsgt activity being present in ether extracts purely on the
basis of the weight of water teken up, for, surely, inorganic iodide

is more soluble than I®P.

Out of this experiment the question arose as to what ether
extraction would do to the recovery of IfP added to other tissues.

The following experiment was therefore set up:

Effect on Recovery of ITP Added to 3 Day Lactating Mouse Tissues,

Ether Extracted
]

Prior to Somogyli Zinc Sulfate Fractionation;

To plasma, liver, kidney, adremal, ovary, spleen, and

thymus, and mammary gland of a 3 day lactating mouse 0.025 mgm of
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I?P was added. 2 aliquots of & gimilar amount of IP were also set
up. These mixtures were rapidly frozem on dry ice. Amounts of dry
ether--16 cc for every gram of tissue--were added. These mixtures
were allowed to thaw at room temperature,;Egﬁzgenized,refrozen,
rehomogenized twice more and centrifuged. The ether extracts were
removed and subsequently treated as deseribed for mammery gland in
the preceding experiment. To precipitated homogenates volumes of
acid zinc sulfate reagent, equivalent to the ether used,were added,
and the mixtures carefully rehomogenized. 2 cc or smaller aliquots

of these mixtures were taken, precipitated, and subsequently treated

as usual. The findings are recorded in Table 19.
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Table 19

Somogyi Zine Sulfate Fractionation After Ether Extraction of 0.025 mgm
. - o

0f I"P Added to 3 Day Lactating Mouse Tissues

To Ether Extractable Iodine 4 Organic Iodine
4 Found % H0 Soluble % Found Expected Found % of Expected
Tissues -% Hp0 Activity
Soluble Recovered
Plasma 14.05 -10.7 =  3.35 86, 14,9 87.0
Liver 25.0 - " = 1l4.3 15, 57425 16.25
Kidney 33.1 - " =  23.0 66.3 58.5 9245
Lymphatic Tissue 28.0 - " = 17.3 72, 573 795
Adrenal 22.9 - " = 1.2 171 54.5 10.75
Ovary 18.8 - = 8. 81l.1 62.0 76.5
Mammary Gland 43.5 - " = 32.8 56.5 3749 67.0
Inp 9.1 - "z - 90.9 63.25  69.75
I*p 12.25 - " = 2, 87.75 5740 65.1
Average 74493

Considerable amounts of radiocactivity were extracted by
ether., Even I"P alone showed an average extractability of 10.7%.
Since this I"P was in an aqueous solution to which the ether had
been added, this extractability probably was due to its solubility
in the water extracted by the ether. In the other tissues, the I"P

may have dissolved in the tissue water which was then ether extractable.
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A corrective of the amount of IMP, itself soluble in ether, was
applied to all the other tissues, and the values obtained are record-
ed in the third column under % sther extractable iodine. Plasma
behaved like ITP itself, while all the other tissues (average of
16.8%) and especially mammary gland (32.8%4) showed & high % of

extractable iodine activity.

Since the contained I"P was first subjected to ether
extraction, only what was left after the extraction was fraction-~
able by the Somogyi zinc sulfate method. The variation in the

amount of organic iodine so recovered was considerable (65 - 92%).

In this experiment the tissues had been rapidly frozen -
prior to addition of ether, whieh should have eliminated proteolytie
acfivity, and repeatedly homogenized, which should have increased the

number of protein particles on which I"P could adsorb. Such homogen=-

ization should also have freed any tissue fat which was present,

which would then have allowed its extractibility by ether. Of the
tissues investigated, the fattiest was mammary gland, and from this,
ether extracted at least twice as much more I®P activity as from
any other tissue, except kidney, and lymphatié tissue. Why from
the last two, which are particularly paranchymatous tissues, such a
high propertion, of IPP activity should be ether extractable is not
understood. Perhaps their very paranchymatousness meant they had

more tissue water and hence dissolved more IPP.
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To rule out a tissue water factor, the following experiment

was performed:

Effect of Ezoghilization= Ether Bxtraction, and Somogyli Zinc Sulfate
R

Fractionation of 17 Day Lactating Mouse Mammary Gland Tissue to Which
L _

0.05 ngm I"P Bad Been Added

Three aliquots of mammary gland from a 17 day lactating
mouse were rapidly frozen on dry ice. 0.1 c¢c¢ containing 0.05 mgm
of I"P were added to two and 0.025 mgm to the third aliquot. The
mixtﬁres also were rapidly frozen, and then lyophilized for four
days at less than -20°C. and 4 mm Hg. Dry ether, 16 cc per gram
of tissue was added rapidly--as soon as the homogenizers were
removed from the caterpillar to which they had been attached during
lyophilization. The ether mixtures proved easy to homogenize.
After homogenization, the ether extract was removed, and the residue
was fractionated as usual by Somogyli zinc sulfate reagentis. The

results obtained are recorded in Table 20.
Table 20

Effect of Iythilization‘ Ether Extraction and Somogyi Zinc Sulfate

Extraction of Mammary Gland Tissue From a 17 Day Lactating Albino
Ly

Mouse to Which I™P Had Been Added
L .~ -~ _ " ]

Amount of % Ether Extractable % Organic Iodine
I"P added Iodine Expected Found % of Expected
, Activity
Recovered
" "o L 22.1 78.8 14.3 94,1

0.025 mgm with 0.15/ug In 30.8 69.2 65.0 94.0
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In this experiment the % organic iodine present after ether
extraction, was about 74% of which 68.3% was precipitated by the
Somogyi zinec sulfate method. This represents a 94% recovery of the
organic iodine remeining after ether extraction. Since no water was
present, and since homogenization was so much easier, the high per-
centages of ether extractable activity suggest that ITP must be soluble
in something that is extractable by ether, possibly fét. The 6%
not accounted for as orgsnic iodime under these conditions may rep-

resent breakdown of I"P, or more likely, loss somewhere along the way.

From this series of experiments it was concluded; that
one-eighth of the small amounts of IMP used were soluble in the water
that was extracted by ether, that from 25 - 30% of such emounts of
I*P were soluble in the fat of mammary gland; eand lesser eamounts,
about 17%, in some ether-extractable materials of other tissyes;
that following complete lyophilization, about 94% of the remaining
activity was recovered as organically-bound iodine; and that there

was at least a 6% loss in the method.



96

USE OF I"P IN THE ANIMAL BODY
A

INTRODUCTION

After the methods for the preparation and purification of
I*P and the fractionation of tissues containing the iodinated hormone
had been evolved, the next step was to inject the prepared material
into animals and to study their tissues to determine where and in

what form the injected radiocactivity was. For this purpose, C3H and

albino mice were used. These animals were raised in the animal room

of the laboratory and fed Purina Fox Chow and water ad lib.

Most experiments were acute, consisting of intravenous
injection of 0.1 cc containing a small quantity of I*P or, for
control purposes, I"" In mice, the jugular was fouﬁd the most suit-
able vein for this ﬁype of injection. Routinely, animals were
exsanguinated immediately antemortem to increase accuracy of bio-
chemical and autographic studies. The organs for chemistry and/or
autography were removed repidly and weighed, aliquots were placed in
fixative or treated as previously described for biochemical estimations.
The carcass, any unused tissue, and any bits of adsorbent cotton
containing traces of blood were digested in 2N NaOH (1 cc/ 200 mgnm
tissue) and subsequently counted; in this way the recovered radio-
activity was held within 101 of that injected. All weights of
animals, organs, and aliquots of organs used, as well as all volumes

of homogenates and aliquots thereof, were recorded, as were such
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pertinent data as time of injection and sacrifice, condition and
reaction of the animal. From such experimental findings, biological

data has been calculated.
Calculation of Results:
e

To study distribution within a given animsl, the results
were expressed as per cent recovered dose. To study distribution in
the same organs of different animals, the results were expressed as
concentration. ‘'Wo study what was taking place within a single organ,
the percentages of organically-bound and ether-extractable iodine
were estimated.

The per cent of the recovered dose was calculated from the
corrected plate count/100 seconds. The total recovered}%ggaobtained
by summafion of the total organ counts for a given animal. (In the
case of plasma, only the aliguot actually used was included, since
the rest was either still in the organs or in the carcass; using the
whole plasma meant counting it twice.) The per cent of the total

recovered dose attributable to a single organ was then determined.

Concentration is a pure number, i.e., it has no units, for
those of weights and counts/100 seconds cancel out in computation.
It is interpreted as follows: A concentration of 1 means a random
distribution; of greater than 1, specific pickup; of less than 1,
interference with random distribution. Concentration is obtained by

dividing -
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total organ count b total recovered count
total organ weight (in mgm) body weight (in mgm)

The reliability of these two indices of measurement depend-
ed upon the accuracy of the G.M. counter and the preparation of
aliquots studied. The G.M. counter has an accuracy of lOO% f_ 51;
duplicate or triplicate aliquots were prepared wherever possible,

thereby reducing experimental error to ¥ 10%.

Percentages of organically-bound and ether-extractable
iodine has been explained in considerable detail in the preceding

section. Their value has also been assessed critically.

In the presentation of data to follow, the methods used
on the organs of an experimental animal will be indicated simply
asy 1) used for autography; 2) digested in 2N NaOH; 3) fractionated
by Somogyi zinec sulfate method; or 4) ether-extracted and fraction-

ated as in 3).

The findings will be divided into two large groups--
biochemical and autographic--and the former will be further subdivid-

ed into technical and biological factors affecting distribution.

BIOCHEMICAL FINDINGS:
e ——

The experiments to be presented were done on single animals
in many cases and their validity as such only is claimed. However,

the findings obtained suggest avenues for future investigation. In
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these experiments the following routine and symbolization were usedj

The intravenous route was chosen to insure uniformity of

distribution and because endogenous prolactin is probably so distributed.

The amount of protein injected will be indicated as a
decimal-- i.e., 0.05 mgm I®P. The amount of iodine so injected . .
varied from 2 to 0.24ug. ‘The degree of iodination will be expressed
as the number of iodine atoms/molecule of prolactin, in the following
way---(7.1 I, atoms/molecule prolactin). The exact time of day of
injection will be recorded; the experimental duration will be spec-
ified in minutes. Sex, species, and physiological states, other

than "normal”, will be stated.

Technical Factors Affecting Distribution of I"P
S

In Cjﬂ male mice, the amount of protein injected, the
degree of iodination, and the time of day of injection were found
to affect distribution of I®P at 20 minutes after intravenous

administratione.

Effect of Amount of Protein Injected:
L -~~~ -~ "]

This experiment consisted of & comparison of the dis-
tribution of I"P in two C3H male mice, one of which was given 0.1

mgm of INP, and the other, half that dose.
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Ezaerimental:

A. One C3H male mouse was given O.1 mgm I"P (7.6 I atoms/
molecule prolactin) at 10:30 A.M. The animal was sacrificed
twenty minutes later and the organs fractionated by the
Somogyl zinc sulfate method.

B. One C3H male mouse was given 0.05 mgm I"P (7.1 Ipatoms/
molecule prolactin) at 9:30 A.M., and sacrificed twenty

minutes later. The organs were fractionated by the Somogyi
zinc sulfate method.

The findings are recorded in Table 21.

Table 21

Effect of 0.1 and 0.05 mgm I®P (Containing 7.6 and 7.1 I, Atoms/Molecule
]
Prolactin‘ Resgectively) in CEE Male Mice At Twenty Minutes

% Recovered Dose Concentration 1 Organic Iodine
Animals A B A B A B
Organs (0.1 mgm) (0.05 mgm) (0.1 mgm) (0.05 mgm) (0.1 mgm) (0.05 mgm)

Plasma 25e5 11.27 7.64 4.24 98.5 87.5
Muscle 25.8 13.6 0.51 0.33 96.0 74.0
Adrenal 0.24 0.08 12.6 2.06 95.0 15.0
Thyroid 0.09 0.15 3.95

2.07 99.0

Findings:

From Table 21 , more activity was in the plasma of Animal A;
of that contained activity, mosfyziganically-bound. This was also
true of muscle. Even though these animals were exsanguinated, this
high figure in the muscle suggested that part at least was due to

contained blood. The smaller per cents of organically-bound iodine,
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and especially the higher total in the thyroid of Animal B, suggested
a larger breakdown of the smaller dose. The lodine in the thyroid

of the latter animal had apparently been rapidly incorporated into
thyroglobulin, a fact suggested by the high % organic iodine figure
for that organ in that enimal. These findings suggested that there
was a threshold both for removal from the blood and for rate of
breakdown of IP. The figures obtained for Animal B suggeéted that

the muscle and possibly the adrenal were sites of catabolism.

Effect of the Degree of Iodination of Protein Injected:
L. ________ ]

This experiment consisted of a comparison of the distribu-
tion of 0.05 mgm of I"P in two CsH male mice, one of which was given
a dose of I®P containing 7.1 12 atoms per molecule, while the other

was given the same amount of IP containing 2.1 I2 atoms per molecule.

Ezgerimentalz

A. One CzH male mouse was given 0.05 mgm of I"P (7.1 I, atoms/
molecile of prolactin) at 9:30 A.M. and sacrificed twenty
minutes later. Its organs were subjected to Somogyi zinc
sulfate fractionation.

B. One CzH male mouse was given 0.05 mgm of I"P (2.1 I, atoms/
" molecule prolactin) at 9:50 A.M; and sacrificed twenty
minutes later. The organs were subjected to Somogyl zine
sulfate fractiomation.

The findings are recorded in Table 22.
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Table 22

Effect of Degree of Iodination on Distribution of 0.05 mgm I"P in
b ]

GEH Male Mice at 20 Miputes

% Recovered Dose Concentration % Organic Iodine
Animals A B A B A B
Organs (7.1) (2.1) (7.1) (2.1) (7.1) (2.1)
Plasma’ 11.27 15.96 4.24 3416 87.5 33.2
Liver 2745 29433 546 5.8 87.0 82.0
Adrenal 0.08 0.17 2.06 0.73 715.0 19.0
Thyroid 0.1l5 0.5 2.07 Te7 99.0

Findings:
E ]

From Table 22 , though there was more total activity in the
plasme of the animal given the less heavily iodinated I"P, the con-
centration and the % organic iodine were less, indicatiﬁg that more
I*P had been removed from the blood and catabolized to the extent
that the freed inorganic iodide had re-entered the circulation. This
supposition was confirmed by the larger % recovered dose and higher
concentration in the thyroid. The adrenal appeared to contain more
activity on the basis of per cent recovered dose, but this proved not
to be true on concentration-~breakdown here seemed to be considerable.
The liver appeared to collect protein regardless of its degree of
iodination. No significant difference in % orgaﬁic iodine was found
for this organ in these two animels. From these findings it was
concluded that less heavily iodinated prolactin left the blood stream
more rapidly than more heavily iodinated material, and that breekdown

or dehalogenation, without true catabolism of the prolactin itgself,
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was considerably greater with the less heavily iodinated materials

Effect of Time of Day of Injection on the Distribution of I®P
]

This experiment consisted of the comparison of the distribu-
tion of I™P in 2 C;H male mice, one of which was injected at 9:30 A,M. a

and the other at 4:00 P.M.

E;gprimenta%;

A. One CzH male mouse was given 0.05 mgm I'"P (7.1 I, atoms/
moleciile prolactin) at 9:30 A.M. and sacrificed twenty
minutes later. The organs were subjected to Somogyi
zinc sulfate fractionation.

B. One C;H male mouse was given 0.05 mgm IP (7.1 I, atoms/
molecile prolactin) at 4:00 P.M. and sacrificed twenty
minutes later. The organs were subjected to Somogyl
zine sulfate fractionation.

The findings are recorded in Table 23.
Table 23

Effect of Time of Day of Injection of 0.05 mgm I"P in CzH Male Mice

Twenty Minutes Before Sacrifice
- - - ]

% Recovered Dose Concentration % Organic Iodine
Animals A B A B A B
Orgens (9:30) (4:00) (9:30) (4:00) (9:30) (4:00)
Plasma 11027 704 4,24 l.42 8705 90.0
Liver 2745 17.5 5'6 3.42 87 0 8405
Kidney Tel 4.9 5.18 2.98 81.5 7133
Muscle 13.6 9.0 0.33 0.18 74.0 1745
Adrenal 0.08 0.04 2.06 1.24 15.0 69 .5
Thyroid 0.15 0.18 2.07 3430 99.0 90.0
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?indi&gs:

From Table?23 , the per cent recovered dose and the con-
centration figures were lower throughout for all the organs here
studied in the animal injected in the afternoon except for the
thyroid which had both a higher total content and concentration and
a lower % organically-bound iodine figure, indicating that of the
greater amount there, less had been converted to thyroglobulin.
The kidney figures also indicated greater breekdown for the after-
noon than the morning injected animal, though this may be merely
a reflection of the smaller concentration in that organ. From
these findings it was concluded, that though the material appeared
to diffuse out of the blood faster, probably it was pooled some-
where else, and that distribution was slower in the afbernoon than
in the morning. The animals were observed to be more sluggish in

the afternoon.
Summary:
]

From these three experiments, it was concluded that: +the
larger the amount of protein injected, the more slowly it was re-
moved from the circulation and the slower the breakdown; the
more heavily iodinated the injected protein, the more slowly it

or dehalogenated
was removed from the blood and more slowly catabolized. Distribu-

tion was probably slower in the afternoon, but that time of day

of injection made very little difference in degree of catabolism.
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The muscle, kidney, and adrenal seemed to be sites of breakdown,
while the liver seemed to be a protein-concentrating organ.

Attention was then turned to biologicel factors which
might affect the distribution of I®P. Sex, physiological state,

and time after injection were investigated.

Bioloﬁical Factors Affectiaﬁ the Distribution of I"P

Effect of Sex on the Distribution of I'P

This experiment consists of the comparison of the dis-

tribution of I® in one male and one female C7H mouse.

Experimental:

A. One CH male mouse was given 0.05 mgm I"P (2.1 I, atoms/
molecule prolactin) at 9:50 A.M. and was sacrificed
twenty minutes later. The organs were subjected to
Somogyl zinc sulfate fractionation.

B, One C,H female mouse was given 0.05 mgm I'P (2.3 I
atoms?molecule prolactin} at 12:00 noon and sacrificed
twenty nminutes later. The organs were subjected to
Somogyi zinc sulfate fractionation.

The findings are recorded in Table 24,
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Table 24

Effect of Sex on the Distribution of 0.05 mgm I?P in C3H Mice
m

Twenty Minutes After Injection
k]

% Recovered Dose Concentration % Organic Iodine
Organs Male Female Male Temale Male Female
Plasma 15.96 9.26 3.16 2.17 33.2 1361
Liver 29.33 45.26 5.8 8.35 82.0 90.5
Adrenal 0.17 0.98 0073 7018 19 0 llv}

Findings:
L _ ]

Though this female was injected two hours later in the day
than the male, there was less activity in the blood and more in the
liver and adrenal than in the male, and of what was there, more was
organically-bound, indicating that less catabolism had taken place
or that the freed iodide had been more rapidly removed. The concen=~
tration in the adrenal here appeared to be ten times that in the male,
and though the figures for per cent organic iodine were not too
different, that for the female indicated tremendous breakdown. Such
a finding suggested that the adrenal may be a true target organ for

prolactin.

Effect of Physiological State on Distribution of 0.05 mgm I®P at
P I

Twenty Minutes
.- ]

This experiment consisted of a comparison of the
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distribution of IfP in a CjH normal, a 3 day post partum albino, and

a three day lactating slbino mouse.

Experimental:
L - ]

A.

Be.

Ce

One C3H female mouse was given 0.05 mgm I*"P (2.3 I, atoms/
molecule prolactin) at 12:00 noon and sacrificed twenty
minutes later. The organs were subjected to Somogyi

zine sulfate fractionation.

One 3 day post partum albino mouse was given 0.05 mgm ITP
(1.0 I, atom/ molecule prolactin) at 5:00 P.M. and sacrificed
twenty minutes later. The organs were subjected to Somogyi
zinc sulfate fractionation.

One 3 day léctating albino mouse was given 0.05 mgm IPP
(1.0 I, atoms/molecule prolactin) at 5:30 and sacrificed

twenty minutes later. The organs were subjected to
Somogyi zinc sulfate fractionation.

The findings are tabulated in Table. 25.

Table 25

Effect of Physiolgg}cal States on the Distribution of 0.05 mgm I"P

In Mice at Twenty Minutes
L ]

Animals % Recovered Dose Concentration % Organic Iodine
State A B c A B C A B c
Organs Normal 3dpp 3dl Normal 3dpp 341 Normal 3dpp  3%dl
Plasma 9.26 5¢3 1le59 2.17 1.6 0.47 73,1 7l.3 8l.5
Liver 45.26 19.75 8.6 8e35 249 1.51 90.5 70.2 B82.5
Kidney 9026 4,22 2013 8055 308 1025 61.0 5005 6808
Adrenal 0.98 0.03 0.07 7.18 le3  2.94  11.3 99.5 99.9
Ovary 0.25 0.2 0.07 1.03 1.6 0.40 77.0 40.9 95.0
Mammary Glend 4.3 19.3 0.69 3.5 38.8 22.9
Thyroid 0.4 0497 6.67 22.4

Sum 65.01  34.30 32.73
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Findinﬁs:

By summing the per cent recovered dose for these seven
orgens in these three animals, twice as much total activity was
present in the normal as in the postpartum or lactating animal.

The liver contained the largest amount in the normasl and postpartum
animals while most was found in the mammary gland in the lactating
animal. A decreasing total activity was found in plasma, kidney,
and ovary, Meammary gland and thyroid showed increasing totals in
the lactating as compared to the postpartum enimal. The total
activity of the adrenal was lowest for the postpartum, highest for

the normal, and intermediary for the lectating animal.

The concentration figures showed the same trends. All
except that of the meammary gland in the postpartum and the ovary and plasma
in the lactating animal were greater than 1, indicating specific
plck-up of injected material. Concentrations for liver, kidney,
and adrensl in the normal, of liver, kidney, and thyroid in the
: kidney,
postpartum, and of liver,/adrenal, memmary glend and thyroid in the
lactating animal were greater than that of the respective plasmas.,
Such findings indicated that not only was there selective pick-up,
but retention as well of material in these sites. The per cént

organic iodine figures suggested that the kidney and adrenal of

the normal, the kidney, ovary and mammary gland in the postpartum,

and the kidney and mammary gland in particular in the lactating
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animal were the presumed sites of breakdown.

Distribution of I"P and I3l in Cé& Male Mice at About 2 Hours
After Iniection

This experiment consisted of the comparison of the
distribution of 0.05 mgm of prolactin-- one sample of which contain-
ed 2.0 I, atoms per molecule, and the other of which contained 1.0
I, atoms per molecule, injected into single CjH male mice;-with the
distribution of an equivalent amount of carrier free 1131 jodide
ions also injected into & 03H male mouse. All three animals were

sacrificed about two hours after injection.

Ezgerimental:

A. One CsH male mouse was given 0.05 mgm I"P (2.0 I, atoms/
molecule prolactin) at 10:40 A.M. and was sacrlficed
155 minutes later. The organs were digested in 2N NaQH.

B. One C;H male mouse was given 0.05 mgm I"P (1.0 I, atoms/
molecile prolactin) at 10:30 A.M. and was sacrificed 120
minutes later. The organs were digested in 2N NaQH.

G, One C;H male mouse was given Q. l ¢cc containing an equiva-
lent &mount of "carrier free" I'3l as Nal. at 10:30 A.M.

and sacrificed 135 minutes later. The organs were digested
in 2N NaOH.

The findings for % recovered dose and concentration are

to be found in Table 26.
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Table 26
Distribution of I'P and I-131 in O3H Male Mice at About 135 Minutes
% Recovered Dose Concentration
1P I-131 IfP 1-131

Organs A B c A . B c
Plasna 603 5.4 4.5 1.32 1.0 l.34
Liver 9.5 5.4 2.7 1.33 0.76 0.42
Kidney 203 306 3.5 1.68 1051 1050
Heart 0.14 0.17 0.43 030
Stomach 7 06} 14005 6003 4.32
Smell Intestine 22.1 3.83 3.8 0.+35
Muscle 17.1 30.4 0.33. 0.66
Skin 20.4 16.3 0.58 0.7
Submaxillary Gland 0.12 0.05 0.41 035
Spleen 704 3078 3061 2.7‘]
Testis 0.23% 0.50 0.21 0.56
Prostate 0.42 0.25 1.96 1.56
Seminal Vesicles 1.68 1.75 0.76 2.79
Brain 0.08 0.06 0.04 0.07 0.04 0.03
Adrenal 0.02 - 0.605 039 0.20
Thyroid - 1.65 2.6 13432 177490
Carcass 62.5 33.2 16.7 0.71 0.28
Discussion:

Stomach, small intestine, muscle, and skin aceount for
67.83%L and 64.58% of the recovered dose in the animals given the
IP and I~131 respectively. Plasma, liver, and kidney account for
18.1%, 14.4% and 10.7% more in the three animals respectively. The
spleen, seminal vesicles, and thyroid account for 10.73 and 8.13%

in the second and third animals here tabulated. These organs together,
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therefore, account for 91.83% of the total recovered dose in the
I"P-injected enimals, and 82.58% in the I"13l_injected animal.
Tﬁerefore, at this time interval, the distribution is similar. Note
that the less iodinated protein material has a distribution closer
to that of the I'l3l-injected animal than the more heavily iodiﬁated

material.

Comparison of the concentration figures for these three
animals shows that liver, lung, small intestine, and spleen have
higher concentrations in the I"P-injected animals, while muscle,
seminal vesicles, and thyroid have smaller concentrations. Liver,
lung, and small intestine have extensive capillary beds, while small
intestine and spleen have large accumulations of lymphatic nodules
which probably have trapped and held the protein molecules. This
is particularly true of the lung, the first capillary bed which the
I®P has to traverse after injection into the jugular vein. The
smaller concentrations may be considered as interference with the
free distribution of iodide ions by the circulation. Not only was

the I"13 1

-injected animal given free iodide ions, but also it was
given far fewer ions. Thus, this apparent interference with iodide
distribution may be only a reflection of this difference in numbers
of ions available. The higher concentration in such organs as the
thyroid in particular, would give rise to such figures. The fact

that there is as much concentration in the thyroid of the animal

given I"P as there is, is evidence of the extent to which the injected
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protein-bound iodine has been freed.

Conclusion:
-]

From these findings it can be concluded, that, by two
hours, injected I®P (iodinated so that there are 1 or 2 iodine
atoms per molecule) has been destroyed to such an extent that its
distribution resembles that of iodide ions. The discrepancies
found are explainable on the basis of stasis in capillary bed, or
ensnarement by lymphoid accumulations of those lodinated protein
molecules not yet destroyed, and the differences in the number of

potential iodide ions here injected.

Since two hours proved too late--the distribution found
approached that of inorganic iodide too closely for differentiation--
a distribution study in 3 day lactating albino mice at twenty

minutes was undertaken.

Distribution of IP and I" in 3 Day Lactating Albino liice at 20 Minutes

This experiment consisted of the comparison of the dis-
tribution of I"P and I" in 3 day lactating albino mice twenty

minutes after injection.

Experimental
L ]

One 3 day lacteting albino mouse was given 0.05 mgm of
I°P (1.0 I, atoms/molecule prolactin) at 5:30 P.M. and
sacrificed twenty minutes later. The organs were subjected
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to Somogyi zine sulfate fractionation.

Three 3 day lactating albino mice were given 0.l cc contain-
ing 0.78 gamma of I" at 3:30, 4:30, and 5:30 P.M. They

were sacrificed twenty minutes later and their organs sub-
jected to Somogyi zinc sulfate fractionation.

The findings for % recovered dose, concentrgtion, and %
organic iodine are recorded in Table 27.

Table 27

DISTRIBUTION OF IP AND I® IN 3 DAY LACTATING ALBINO MICE AT 20 MINUTES
I I

% Recovered Dose Concentration $ Organic lodine
Irp In Inp In ' I%p in
. Av., of . ) Av. of
Organs Three Three
Plasma 1.59 4.28 0.47 1.3l 81.5 2.3
Liver 8060 2099 1051 0051 82 05 809
Adrenal 0.07 0.01 2494 0.35 99.9 3.6
Ovary 0007 0.04 0.4 0.33 9500 1.2
Mammary Gland 19.30 6.98 3¢5 1.34 22.9 2e4
Thyroid 0.97 0.76 22.4 40.0
Carcas 67.27 86.17
Discussion:

Here there are differences. There is more total activity
in the liver, kidney, adrenal, ovary, and memmary gland of the I®P-
in jected animal, and less in the plasma than in the same organs 6f
the I""- injected animals. This low plasma % recovered dose and

concentration was unusual. In most cases, plasma concentration was

higher in the I"P-injected animals than that of the corresponding
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I'"-injected control animals. On the basis of concentration, there
is more throughout in the I"P than in the I~'- injected animal,
except for the plasma, as aiready mentioned,.and except in the
thyroid where there is twice as much in the I’"- injected animals.
That, in the thyroid, the concentrations do no£ show a greater
difference, indicates how much of the injected I"P has been broken
down at this time interval in this 3 day lactaing animal. From the
per cent organic iodine figures, the major breakdown seems to be
taking place in the mammary gland. From their per cent orgamnic
iodine findings, the - injected animals show practically no

incorporation of I" into any organic conpounds by this time.

The concentration in the liver of the I"P-injected animal
is three times that of the I’"-injected animal, while that of the
kidney is twice, of the adrenal nine times, and of the mammary
gland about three times. The concentration in the ovary is the
same in both cases. The high concentration in the mammary gland
of the I‘"-injected animal probably indicates the extent of the
blood flow to that organ in this lactating stete, and also the
avidity of the gland for everything. Iodide is known to be exereted
in milk (Cushny, 1940}. From these figures, liver and kidney seem
to be protein concentrators, and kidney too seems to be causing some
breakdown of I®P, though the smaller recoverable per cent of organiec
iodine here mey be a reflection of breakdown somewhere else, such

as in the mammary gland, with exceretion of iodide by the kidney.
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The high concentration in the adrenal of the IP-injected animal in
comparison to the I‘"-injected animal is suggestive of specific

pickup of IP.
Summary:
L

From thig study of distribution, it seems safe to say
that in 3 day lactating mice a difference does exist between the

distribution of I"P and I" at twenty minutes after injection.

From these studies 1t was thought that an investigation
of the effect of time after injection on the distribution of 1P
in C;H and 3% day lactating albino mice would be advisable. The

following studies were carried out.

Effect of Time After Injection on The Distribution 6f 0.05 mgm of I®P

This experiment consisted of the comparison of the
distribution of I®P given to series of Cs male and 3 day lactating
albino mice which were sacrificed after increasing intervals follow-

ing intravenous injection.

Ezzerimental:

One CzH male mouse was given 0.05 mgm I"P (0.4 I, atoms/
.molecule prolactin) at 12:00 noon and sacrificed 1-2
minutes later. The organs were subjected to Somogyi zine
sulfate fractionation.

One CjE male mouse was given 0.05 mgm I*P (1.1 I, atoms/
molecule prolactin) at 4:00 P.M. and sacrificed 10 minutes
later. The orgaens were subjected to Somogyi zine sulfate
fractionation.
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One CzH male mouse was given 0.05 mgm I"P (2.1 I, atoms/
molecule prolactin] at 9:50 A.M. and sacrificed twenty
minutes later., The organs were subjected to Somogyli zinc
sulfate fractionation.

One CzH female mouse was given 0.05 mgm I"P (2.3 I, atoms/
molecule prolactin} at 12:00 noon and sacrificed twenty
minutes later. The organs were subjected to Somogyl zinc
sulfate fractionation.

One CzH male mouse was given 0.05 mgm I"P (l.l I» atoms/
moleciile prolactin) at 12:00 noon and sacrificed thirty
minutes later. The organe were subjected to Somogyi zine
sulfate fractionation.

Two CzH male mice were given 0.05 mgm IP (2 I, atoms/
molecule prolactin) at 12:30 P.M. and 12:35 P.M. apd

gsacrificed 130 and 160 minutes later respectively. The
orgens were digested in 2N NaQH. The findings were averaged.

The findings for these animals are recorded in Table 28.

Three 3 day lactating albino mice were given 0.05 mgm I'P
(077 I, atoms/molecule prolactin) at 3:30 P.M., 4:00 P.M

and 3:10 P.M. and sacrificed 5, 20, and 60 minutes later
respectively. Their orgens were subjected to ether extraction
and Somogyi zine sulfate fractionation.

The findings for these animals are recorded in Table 29.
Digeussion:

At 1-2 minytes after injection in CzH mice, 97 of the
activity was found in the blood, what was found in the other organs
invegtigated was what plasma was contained thereinafter exsanguination.
At 10 minutes, the activity which was in the blood had largely moved
out of that vehicle into the extracellular spaces, chiefly perivascular

in location, and so the plasma total activity had fallen, and that. of



Table 28

Effect of Time after Injection ¢f 0.05 mgm IP in C;H Male Mice

Concentration % Organic Iodine (Corrected)

% Recovered Dose
1-2 10 20 30 145 1-2 10 20 30 145 1-2 10 20 30
Organs min. min. min. min,. min. min, min. min. min. mine. min. mine mine. min.
Plasma 96-65 15060 15096 6055 7088 2804 4.68 302 ln98 1.9 99.21 9500 6608 58.0
Liver 5-39 15074 29 033 17067 509 1.0 3031 5.8 3048 1036 99 o? 91.2 82. 5105
Kidney 1.95 T.62 9.26& 4.68 1l.72 1.64 4.66 B8.55& 2.6 1.21  99.9 85.0 6l. & 56.0
Stomach 1058 302 309 k 4052 1604 1027 1-69 2.12% 4-63 10088 77-5 25.5 24.6 ¥4 1500
Sme. Int. 10.44 9.13 8.704 28.59 18.3 1.05 0.98 2.04k 0.96 2495 60.0 32.4 10.56 & 6.0
Adrenal 0 -06 0017 0.02 00015 0049 0.73 12.0 0 032 19 «0 39 o4
Testis 0.04 0.52 0.23 0031 0.89 O.1l1 32.4 5205
% - Female
Table 29

BEffect of Time after Injection of 0.05 mgm I"P in 3 Day Lactating Albino MWice

% Recovered Dose Concentration % Organic Iodine % Ether Extractable Iodine
5 20 60 5 20 60 5 20 60 5 20 60
Organs min. min. mine. min. min. min. min. min. mine min. mine mine
Plasma 11.1 715 1.75 3.66 2.13 0.05 98.0 82.6 70.0 2.1 1.5 6.6
Liver 3643 15.25 27.0 T.16 2.68 4.2 18.8 62.5 26.2 10.2 10.9 l.4
Kidney 37.3 2.75 10.65 8.23 2.88 10.6 68.0 49.5 66.5 5.0 7.3 5.0
Mamm. Gl. 7632 10.9 12.85 1.79 1.87 1.6 18.2 11.2 12.7 21.7 14.9 32
Thymus 0051 2.13 0003 1019 2.01 0.24
Spleen 0.67 0.47 0.11 1.62 0.82 0.38
Adrenal 0.12 0.06 0.02 3.23 1.82 0.22
OvaI'y 0.19 0.04 0-03 1.82 0.54 0031
ThyI'Oid 0.12 0017 0.70 0073 2.64 10.70
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‘the orgens had risen probably in proportion to their content of
perivascular extracellular spaces. These of the organs investigated,
seemed to be greatest in liver, kidney, and small intestine. This
process had continued at twenty minutes (the animals used for this
part of the study received a dose of I®P with 2 times as mich iodine
on each molecule of prolactin - It had.previously been shown that
such diffuses less well.) with some shift from organs not here
investigated back into these organs, for the blood total had not
changed noticeably, while liver and kidney seem to have added
considerably to their totals. The amount in the small intestine

had not changed much. What was in the small intestine 10 minutes
earlier probably now had moved on to the liver via the portal vein,
while new material had taken its place from the systemic circulation
and, in turn, had moved out into the perivascular spaces of this
large capillary bed. By thirty minutes, the level in the blood had
again dropped by half end was now down to about 7%. The amount
found in the liver had passed its peak and was beginning to move

out again, while that in the kidney certainly had. The stomach con-
tinued to show an increasing total, since presumably, this organ
gsecretes iodide into its lumen, just as it does chloride. Apparently,
at this time, insufficient iodide had been readsorbed or passed on
to the lumen of the small intestine to counteract this excretory or
rather secretory, function of the stomach. The amount in the small
intestine was now nearly 3/10 of all that which was injected. It

probably contained, in its lumen, some from the stomach, some in
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its capillary beds, and some in its lymphoid accumulations, all of
which together account for this surprising total. By two hours,

only stomach and intestine still showed large amounts of activity.

The concentration figures for the 1-2 minute animal indicat-
ed a more or less rapndom distribution everywhere examined except in
the plaesme and kidney. The greater-than-random distribution of the
kidney may be attributed to the large capillary bed. By ten minutes,
the concentration in kidney equaled that of blood; that in the liver
was not far behind; while that in the stomach was already greater-
than-random, a fact not true for the small intestine at this time.
At 20 minutes, kidney and liver wefe greater than plasma in concent
ration, and stomach and small intestine were twice random, while
adrenal had not quite reached random distribution. At 30 minutes,
plasma was twice random; kidney was rapidly approaching that of
blood; intestine and adrenal were now random, or slightly greater;
liver and stomach showed considerable concentrations still. A%

145 minutes, blood had not much changed; liver and kidney were
pow back to nearly random; stomach was very high; and intestine
was three times random, probably a spill-over from stomach;

adrenal was down to a third of a rendom distribution.

When the % organic iodine figures are studied, the most
obvious finding wasthat by 30 minutes half of the injected material
had been destroyed; only 50% - 60% of it could be recovered as

organically-bound activity, and in the stomach and small intestine,
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the break down was marked. (The figure for the adrenal is not reliable).
This breek down had apparently been orderly but continuous, as study

of the figures indicates.

When the figures for the three day lactating animals are
examined (See Table 29 ); similar trends are noted. Here, how-
ever, the whole process seems to have been speeded up, for, by 5
minutes, only a little more than 10% of the activity was still in
the plasma. The peaks seemed to be at five rather than twenty
minutes as hefore, with a large accumulation in the liver at that
time, which continued and diminished a fourth by 60 minutes. The
high kidney finding at 5 minutes was followed by a considerably
lower one at 20 minutes, and a high one again at 60 minutes,
probably representing iodide excretion at this latter time. The
total in the mammary gland continued to rise slowly but steadily.
Thymus had a peak at 20 minutes, but all the other organs here
investigated showed a steady downward trend in total activity

contained, except thyroid, which showed & steady rise.

The concentration figures reflected the changing total
contained-activity of these organs. Xidney and thyroid showed
a peak at 60 minutes. The concentration in mammary glend was
maintained. (The animals were not being suckled and so this
accumulated activity was not being lost through the milk; rather

it seemed to be being stored there.)
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% organic iodine figures indicated that mammary gland and
liver were either breaking up the injected iodinated protein or
were accumulating the iodide remo?ed from the material in break-
down elsewhere, Surprisingly, the plasma and kidney had high
organically-bound iodine figures. Could these indicate some degree
of synthesis of the freed iodine into some other compound, such as

thyroxine?

The per cent ether~extractable iodine shows high figures
for liver and mam@ary gland for 5 apd 20 minutes, with a maintaine-
ed figure for kidney and a sudden elevatibn in plasma at 60 min-
utes. At that time, the same figures for liver and mammary gland

had fallen sharply. Just what these findings mean is not known.

Summary:
]

l. The total recoverable activity of plasma fell with
time in both C;H and 3 day lactating albino mice, as did the
concentration and the % organic iodide. The rate of fall was

faster in the lactating then in the male mice.

The total recoverable activity and the concentration of
that aetivity in the liver and kidney rose to a peak at 20 min-
lactating
utes, then fell in the C3H males, while in the 3 day/albinos,these
were found to be high at 5 minutes, subsequently fell, at twenty

minutes, but rose again by 60 minutes. The % organic iodine fell
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to 50% in the C;H males, and in the 3 day lactating females values-
of 62.5% for the liver and of 49.5% in the kidney were found at

20 minutes. At an hour, these values were modified to 26.2% for
the liver and to 66.5% for the kidney in the latterseries. 10%

of the activity was ether-extractable in the liver for the first
two time intervals studied in the 3 day lactating females, with
approximately half that in the kidney at the earlier, and three-
fourths thaf value at the later time interval, i.e., twenty min-
utes. At an hour, these values were 1.4 and 5.0% for the liver

and kidney respectively.

The stomach and small intestine in the C3H mice showed
a random distribution at 5 and 10 minutes, an amazing finding in
the light of the fact that these specimens contained the contents
of these organs as well as the organs themselves. This condition
continued for the small intestine, while the stomach showed an in=-
creasing concentration with time to the high figure of 10.88 at 2
hours. The concentration of the small intestine had also increased
to 2.95 at this same time. By thirty minutes, practically all of

this activity was as inorganic iodide.

In the CjH males, the adrenal showed negligible total
activity but a high concentration of 1l2.0at 30 minutes. The per
cent organic iodide was always low. In the lactating animels, the

adrenal showed a falling content and concentration, as did the
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ovary. The thyroid showed an increasing content and concentration

indicating the extent of breakdown.

From these time distribution studies, it seems that .
minimally iodinated I®P injected imtravenously rapidly diffuses out
of the vascular tree into the extracellur spaces, from which it is
either carried back to the blood stream by the lymphaties, or
trapped in lympoid accumulations, By thirty minutes, some 50% has
been destroyed, if it is injected into C;H male mice; the exact
time for a comparable breakdown in 3 day lactating albino mice has

not as yet been elucidated.

In the mammary gland of the lactating animals, there
was a progressive increase in the total contained activity with a
maintained concentration of about 1.75. Only small amounts (about
141) of the contained activity can be recovered as organic iodine,
while at 5 minutes, a fifth of the activity was ether-extractable.
At twenty minutes this had fallen to 14.9%, and by one hour, to
3.2%. From these findings, it was surmised that I"P is teken to,
and collects in, the lactating mammsry gland; thefe it}geld for
excretion into the milk, probably as iodide. The intermediaries
of the presumed catabolism in the mammary gland are as yet unknown,

as they are for other sites, which have not as yet been definitely

established.

When I®P was found to concentrate in lactating memmary
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glands, a study of the metabolism of I®P in this tissue was under-

taken.

Metabolism of IP in Lactatinﬁ Mammary Gland Tissue

Effect of Size of Dose on Fractionation of Radioactivity in Mammary
“

Gland Tissue

This experiment consisted of a comparison of the time
after injection and size of dose of I"P given to 3 day lactating
albino mice. on the fractionation of the I"P contained in the

mammary glands.

Experimental:
- ]

Two 3 day lactating albino mice were given 0.05 mgm of
1P (1.5 I, atoms/molecule prolactin) at 5:30 P.M. and
5:10 P.Ms and sacrificed 5 and 10 minutes later. The
mammary glands were lyophilized at -20°C for four days,
extracted with ether, and fractionated with Somogyi
zinc sulfate reagents.

Two 3 day lactating albino mice were given 0.25 mgm of

I"P (1.5 I, atoms/molecule prolactin) at 4:45 and 5:10 P.M.
respectively. The enimals were sacrificed 5 and 16 minutes
later. The mammary glands were treated as described above.

The results are recorded in Table 30.
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Table 30

Effect of Time and Dose on Fractionation of Radiocactivity in Mammary

Glands of 3 Day Lactatiqg,Albino liice Given I"P Intravenously

% y A

Treatment Recovered Concen~ Inorganic Organic Ether
Dose tration Iodide Iodide Soluble
Jodide
5 min. 0.05 mgm 3098 0058 6808 17 055 13085
5 min. 0.25 mgm 4083 0091 70 .0 2103 8.8
10 min. 0005 mgm 508 0094 8504 T2 7'3
10 min, 0.25 ngm 206 0.66 79.3 llol 906
Discusgsion:

From the above table, though the'i recovered dose and
concentration are not remarkable, the_% inorganic iodide found
indicated marked breakdown, an average of 75.51 for these four
glands. In fact, only about 30% is not accounted for as inorgamic
iodide at 5 minutes, while only 17.7 ¢ is not so accounted for at
10 minutes, or nearly half of what had not been broken down at 5
was by 10 minutes. The size of dose did not make much difference
at 5 minutes, while at 10 minutes, more of the small dose had been
destroyed. The amount found in the ether-soluble fraction was
greatest with the smallest dose, at. the shorter time interval, and
least with the smaller dose, at the lomger time interval. The

latter was a little more than half the former. With the five times
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larger dose, the differences do not appear in this ether-soluble
fraction. Under these controlled conditions, these ether-soluble

percentages are small.

This study was extended to longer time intervals, and to

a series of mice in full, rather than early lactation.

Effect of Time on Distribution of I®P in Mammary Glends of 17 Day

Lactating Albino Mice

This experiment consisted of the comparison of the fraction-
ation findings for a series of 17 day lactating mouse mammary gland
tissues sacrificed at increasing time intervals after injection of

IP intravenouslye.

Experimental:

Five 17-day lactating albino mice were given 0.05 mgm of I®P
(1.56 I, atoms/molecule of prolactin) at 11:37 A.M., 12:10
Pode, 2:12 P.M., 2:05 P.M. and 2:00 P.M., and were sacrificed
at 5, 10, 20, 40, and 60 minutes respectively. The memmary
glands were lyophilized at -20°C and 4 mm Hg for 4 days,
extracted with ether, and subjected to Somogyi zinc sulfate
fractionation. The results are recorded in Figure 3,

Discussion:
. ]

From Fig. 3 , the per cent injected dose in the mammary
glands rose steadily, with time, to a high of 23% at 40 minutes,
and then fell slightly, to 21% at 60 minutes. The ¢ organie iodine

recoverable at 5 minutes was 73% here, which by 20 minutes had
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Fig. 3. Curves showing percentages of, organic iodine,
inorganic iodide, and ether soluble iodine
in mammary glands of 17 day lactating mice
gacrificed at various time intervals after
intravenous injection of 0.05 mgm of I"P.
A curve showing the per cent of the original
injected dose present in the glands at these
various time intervals is added also,
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Tallen to 33%, and continued to fall to 20% at the end of one hour.

The per cent inorganic iodide rose correspondingly. The % ether-
icdine

extractable/ at 5 minutes was 4%, but rose to 11% by twenty minutes,

then fell off again, so that by 40 minutes it was down to 2.5%.

The breekdown here hed not occurred as rapidly as in the
former experiment, where, it will be remembered, that at 5 minutes,
there was already a 70% catabolism of the material.. The explanation
for this may lie in the fact that these animals are in full rather
than early lactation, and hence, the avidity of the gland for pro-

lactin is less, or its capacity to destroy the material is less.

Since the rise in % inorganic iodide paralleled the rise
in total contained activity in the gland, and since the impression
had been gained that the mammary gland was a locus for catabolism
of the iodinated hormone, investigation of in vitro catabolism

was undertakene.

Study of In Vitro Catabolism of IP by 17-Day Lactating Memmary Gland;
R

This experiment consisted of the comparison of the fraction-
ation findings for 17 dey mammary gland tissue homogenates to which
had been added
0.05 mgm I"P/and which were then incuteted for varying lengths of

time.

Eﬁgerimentalz

To the mammary gland tissue of a 17-day lactating albino
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mouse divided into 4 equal aliquots following homogenization
in normal saline, 0.05 mgm IP (1.5 I, atoms/molecule of
prolactin dissolved in 0.1l cc of 7.6 phosphate buffer)was
added. The mixture was incubated in an automatically con-
trolled 37°C oven for 5, 10, 20, and 40 minutes resgectively.
Subsequently, the incubates were lyophilized at -20°C and -

4 mm Hg for 96 hours, extracted with dry ether, and subjected
to Somogyi zinc sulfate fractionation. The findings are
tabulated in Table 31.

Table 31

BEffect of incubation on 220 mgm of mammary gland tissue from a 17-day
lactating albino mouse to which 0.05 mgm L"P (1.5 1, atoms/molecule
prolactin) had been added, following lyophilization, ether extraction,
and comogyl zinc sulfate fractionation.

Time incubated % Organic iodine % Inorganic iodine % Ether
extractable iodine

5 minutes 170.5 3.7 25.6

10 minutes 78 0 5 3 16 o]

20 minutes 7540 5425 19.8

40 minutes 713%.0 4.73 22415

Average 74.1 4.76 21.06

Discussion:

. ]

Incubation had no effect whatsoever on the added I™P
activity. Homogenates of mammary glands from a l7-day lactating
albino mouse do not have the capacity to break the carbon-to-

iodine bond.

This finding did not of course prove that mammary gland
slices might not have had the ability to catabolize I"P. A more

likely explanation is that I"P is broken down under living conditions
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only. This finding, however, opened the question as to whether the
iodide found in the lactating memmary gland really did arise from
catabolism within the gland, or whether it was the result of cat-
abolism elsewhere in the body, with transport of the freed iodine

here. BMuch more work needs to be done on this question.

All that can be said from these experiments is that a
large amount of the injected activity does collect in the lactat-
ing mammary gland; that the form of that activity does change with
time; but that the reasons for these observed changes are not as

yet understood.
General Conclusions
e

It has been shown that such factors &s amount of protein,
degree of iodination of the protein, time of day, sex, physiological
state, and time after injection all affect the distribution of the
minimally iodinated protein hormone. The physiological factors
back of these differences have been pointed out and an attempt has
been made to analyze the interactions of these forces. An attempt
has been made to study the metabolism of the material in the
lactating mammary gland, but the question of its catebolism there
or elsewhere has not been settled. It has, however, been shown
that the material is 50% catabolized by 30 -minutes in C;H male mice,
and that by two hours, its behavior so closely resembles iodide as

to make interpretation difficult. Such a destruction is surprising
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énd suggcests that the endogenous hormone must exert its action
rapidly on its various end organs, i.e. mammary gland, adrenal, and

ovary.
AUTOGRAPHIC RESULTS:
.3
Zhtroduction:

Beta rays emitted by 3L winl effect photographic
emulsion in the same way light rays do. Tissue sections contain-
ing radioactivity can be coated with photographic emulsion and,
after a suitable exposure time, developed as an ordinary photo-
graph. In such tissue sections, wherever 1131 had been, the over=-
lying photographic emulsion will contain silver grains, minute
particles of metalliec silver due to the conversion by the beta rays
of the photolytic silver granules of the emulsion to silver granules
which become grains upon development. By use of sufficiently thin
sections to whiech a layer of photographic emulsion has been applied
closely, this phenomenon can be used to make visable the cellular
localization of materials containing radioactive isotopes. For
use in this investigation, the retention of prolactin within such
histological preparations proved a problem. The following tech-

nigue was therefore evolved.
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Autographic Technigue:
R

Fixation:

Tissues from freshly sacrificed animals were plunged
into formalin or orth fixatives, modified by addition or substit-
ution of ammonium ions, and adjusted to the isoelectriec point of
IP, Such modifications--the first to enhance polymerization of
the protein (Fraenkel-Conrat and Mecham, 1949), and the second to
aid rapid precipitation of the material in situ--used on tissues
from animals given large (0.5 mgm} doses of I"P intravenously only
a short time (7 and 20 minutes) before sacrifice, resulted in the
autographs on which the following description is based. After
fixation for 12 to 24 hours, the tissues were subjected to the
usual histological and autographic procedures described immediately

below:

Histological Technisues:

The fixed tissues were washed in running water for 24
hours, trimmed, embedded in paraffim, cut into 5-10 m sections,
mounted on glass slides with the aid of an albumin adhesive, and
dehydrated preparatory to ataining with hematoxylin and eosin
(half of any set of tissues were left unstained). The slides
were then coated with colloidin which formed a protective film
less than l‘p.thick. This eliminated chemical reactions of the

emulsion.



134

Autograghic Technigue:

b
The prepared slides were counted/to determine the contain-

ed activity as a guide to time of exposure required, coated with
melted photographic emulsion (according to a modification of the
coating technique developed by Belanger and Leblond (Leblond et al,
1948)), and stored in light-tight boxes for exposure at -18°C.
Samples were removed in pairs, developed as in routine photography,
and mounted in Canade Balsam. NI, emulsion was used. The result-

ing autographs were studied and representative areas photographed.

In the preparation of such tissue sections, all inorganic
ions, fat, small organic molecules and easily soluble material was
removed. Polysaccharides of large molecular size and insoluble

proteins only remained.

Autographic Findings:

The autographic distribution of IMP was as follows:

All organs studied showed some "autographic reaction®--
hereafter called simply "reaction™--the degree of which varied in
intensity (Fig. 4 ). This general reaction was traced to perivas-
cular concentrations and to slight but definite reactionsin all

tissue spaces.

In decreasing order of magnitude, specific concentrations

& by Geigédr Muller Tube.
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Fig.

4.

Unstained coated autograph of the orth fixed
tissues of a 3 day lactating elbino mouse
given an intravenous injection of 0.5 mgm of

I"P containing 0.3 mc of 1131,

X 4.5
1) Kidney
2) Liver
3) Heart
4) Eye
5) Jejunum

)

) Spleen

) Uterus

) Urinary Bladder

) Lung

10) Pancreas

11) Mesenteric Lymph Node

12} Ovary

13) Memmery Gland
14) Musele

15} Brain

16) Thyroid

17} Ovary

18) salivary Gland
This picture shows the relative intensity

of reaction obtained in the various organs,
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were found in the 1) kidney, 2) the thyroid, 3) the liver, 4) the
lung, 5) the lymphatic organs such as the spleen, 6) the interstitial
parts of the entire gastrointestinal tract and other hollow viscera
such as the urinarygb;gdde{, 7)w§%34?¥chrine organs, 8) the fatty
tissues from the mesentery; 9} tﬁe muécle and muscular organs

such as the heart, 10} glandular tissues such as the mammary and

salivary glands, 11) the skin and 12} the brain.

1) Kidnez.

The intense reaction found in the kidney was limited to
the periphery of the organ. It was a discrete response (Fig.6 )
forming wiggly lines or segments thereof. Compafatively little
reaction was found between these intense concentrations. On high
power microscopic examination, these were found to be definite
streaks which took various shapes--often separated one from another
by wide areas of apparently unreacting tissue (Fig. 7 ). Exam-
ination of these made it possible to assign<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>