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INTRODUCTION 

The protein hormone, prolactin, has been of great interest 

to endocrinologists ever since the demonstration of its presence in 

the anterior pituitary by Stricker and Grueter in 1929. The action 

of this hormone was shown to be exerted on the fully developed mammary 

gland, causing the induction and maintenance of lactation (Nelson, 

1936). This role of the hormone has even been of economie 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-

aides 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. ~uestions such as "where does it go, and what does it do?" 
. 

could 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, radioactive 

isotopes are proving indispensible, 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, . 
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ROt only can the distribution to, and the metabolic transformations 

of the hormones within the various end organe be analyzed, but exact 

cellular, and even exact cellular organoid localizations be obtained. 

The basic techniques for sucb investigations are biochemical 

analyses carried out by means of the Geiger Muller tube and radio-

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

However, prolactin is a protein, in tact a simple protein, 

the intimate chemistry of which is unknown. Of itself, it is indis-

tinguishable from other proteine. To study its behavior, a label 

was needed. c14 wae economically impossible; N15 was undesirable in 

that it precluded autography which was deemed essential for ultimate 

proof of cellular localizatio~; radioactive conversion of oontained 

sulfur in an atomic pile would have led to destruction of the protein 

by oharring. Therefore, an exogeneous label was sought; rl31 was 

available, and would react witb the protein--prolactin contains 

tyrosyl radicale, and Dr. Gross, formerly of this laboratory, bad 

been successful in synthesizing r131 thyroxine by Horeau and Sue's 

{1~45) method which involves iodination of the tyrosyl radicale of 

di-iodo-thyronine. But Li et al (1941 a) had sbown that complete 

iodination of prolactin led to complete losa of biological activity. 

However, minimal iodination with r131 labelled iodine might result 

in a radioactive and biological1y active protein hormone which 

then could be traoed. 
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Thus the problem was undertaken; the evolution of the 

techniques used and the resulta 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 lavelled with radioactive iodine--r131--single molecules 

of which ean be detected due to emission of bata 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 aoid. The molecular iodine so 

formed was allowed to react with prolactin in a phosphate buffer 

at pH 7.6. Proof of iodination was obtained by dialysis while, 

routinely, radio-iodo-prolaotin was freed of unincorporated inor­

ganic iodide1 stable and radioactive, by isoelectric precipitation 

and reprecipitation, a procedure which presumably further purified 

the original protein sample of the hormone used. The protein loss 

of such purification was determined by miorokjeldahl; the degree 

of iodination obtained was determined by a study of yields, which 

incidentally elucidated the factors affecting auch iodination. 

To study the distribution, and more especially the 
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~atabolism, of small doses of radio-iodo-prolactin given to mice, 

a means of separating organically-bound iodine from inorganic iodide 

was evolved in vitro - the Somogyi zinc sulfate method for fraction­

ation of protein-bound iodine was thus adapted tor use with this 

material. 

Radio-iodo-prolaotin having been made, puritied, and reoovered 

from tissues, could then be used to study its distribution in the 

animal body. Mice were chosen as the test animal, and intravenous 

injection 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, caus6Qwide 

variations in the values obtained for any given organ. Distribution 

etudies showed a progressive change with time after injection and 

physiological state. Fractionation etudies showed a very rapid break­

dawn 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. 

Autographie study at 7 minutes indicated that the dis­

tribution was diffuse, with concentration, perivascularly, in all tissues 

studie4. 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 intracellular localizations 
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.were discovered. 

A search of the literature revealed the following tacts: 

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 auch 

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 principle 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 Britian. In the following 

10 years, the actuality of thts role in lactàtion was ·confirmed for 

many species; assays were proposed, evolved, and accepted (the 

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

probably the most reliable {Riddle et al, 1933)). With development 

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

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



6 

-prolactin was found. The content of the pituitary was assessed for 

many 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, 193.5; Tesauro, 1936; Langecker and Schenk, 

1936; Hoffmann; 1937; Leblond, 1937; and Lyons, 1937 b), blood 

(Tesauro, 1936; Leblond, 1937; Cunningham, Bickell and Tanner, 1940-

1941; and Meites and 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 onLthe isolation and purification of 

prolactin had been progressing. Riddle, Bates, and Dykshorn (1932 a) 

had published a method--which they subsequently modified (1932 b, 

1933, Bates and Riddle, 193.5). Gardner and Turner (1933), ~ons 

and Catchpole (1933), and ~avold, Hisaw and Leonard (1931), used 

slightly different methode. B erg.man and Turner ( 19 37) made a com­

parison of the four methode then collllDOn1y in use. White, starting 

with the acid-acetone technique of LYons {1936 - 37 a) obtained a 

crystalline preparation (White et al, 1937). Lyons (1937) and 

Schwenk et al (1943) also deve1oped methods for the isolation and 

purification of prolactin which White (1943) showed to have about 

the same potencies on careful assay. o. H. Li, working ln the same 

group as Lyons, began a careful study of the chemical and physical 

properties of this purified prolactin. In ten years a considerable 
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-mass of information was thus collected; (Li et al, 1940 a) elect­

rophoretic behavior; (Li et al, 1940 b) comparison of electrophoretic 

behavior of beef and sheep prolactin--no difference found; (Li et 

al, 1940 c) tyrosine and tryptophane content; (Li et al, 1941 c} 

solubility of sheep and beef hormone; (~ et al, 1941 b) reactions 

with iodine, (Li et al, 1941 a) molecular weight; (Li et al, 1942 c) 

a method of isolation; (Li, 1942 b) diffusion and viscosity measure­

ments; (Li, 1943) content of sulfur amino acids; (Li, 1944) effect 

of a detergent; (Li and Kalman, 1946) reactions with ketene; (Li 

and Fraenkel-Conrat, 1947) affect of esterification with methyl alcohol; 

(Li, 1949) the amino aoid composition of sheep lactogenic hormone; 

and finally, (Li et al, 1949 b) lack 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 White 

et al (1942) and White {1943) 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 wall as secondary and even tertiary effects. 

His list included 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. 
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-Later, a~out 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; Mayer and Klein, 1949 b; Mayer and Klein, 1949 c; 

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 prolatin 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 the hormone have not been considered. This 

approach also has been used by Sonenberg et al {1951 b) who reported 

their findinga late in 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 

intravenously 1nto the mouse, by following the radioactive label, 
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I 131 • The resulta obtained would appear to indicate tbat such a 

material 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 process. 
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EXPERIMENTAL METHODS AND RESULTS 

IlfTRODUOTION 

The aim was to prepare a radio-iodo-prolactin which would 

beb.ave like natural prolactiD.. 

To tollow physiological amounts ot prolactin in an animal 

body, a radioactive prolactin was required since prolactin itselt has 

no distinguishing characteristics. Prolactin contains tyrosyl radicale 
c 

(Li et al, 1940) whieh could be readily iodinated (Olcott and Fraenkel-

Oonrat, 1947) with iodine--stable Il27, or radioactive Il31. Since 

Il31 prolactin would be traeeable by detection of the emission of beta 

rays by the I131 (deteeted either physically by Geiger Muller tube, 

or autographically by action of beta rays on photographie emulsion}, 

the behavior of I 131 prolactin could be used to follow iodinated pro-

lactin but not prolactin itselt necessarily. If, however, an iodinated 

prolactin could be prepared whieh resembled physiologieal prolaetin 

in behavior, then trace-labelled rl31 prolactin mi%ed with r127 iodin­

ated prolactin could be said to behave like prolactin whieh could 

then be tollowed by rl3l beta rays. But tully iodinated prolaetin 
a 

was almost biologically inert (Li et ~1,1941}. It was thought that 

minimal iodination would cause minimal reduction in biological be­

havior. Were it possible to prepare auch a minimally iodinated rl27 

prolactin incorporating trace-labelled r131 prolactin, very small 

~unts, i.e. within presumed physiological range, could be injec~ed 
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and the behavior of prolactin studied by tracing !131. Such a prep-

aration should contain iodine insufficient to affect the iodine bal-

ances of the body, and radioacti vi ty insuffi cient to cause significant 

radiation damage. Therefore auch an Il27 + 131 prolactin, hereafter 

designated I*P, was prepared. 

PREPARATION OF I*f. 
jJ 

The following materials were available and were prepared 

for use. 

PBEP MlATION OF REACT.WS: 

Prolaetin: 

Pellets, 10 mgm each, of International Standard Prolactin, 

Sample No • .AP3004, with a biological potency of 10 International 

Uni ts per mgm., were available and were used in preliminary work. 

This material was not a pure preparation, having a contamiiiBlit( s) 

whose properties were unknown but presum.ably those of biologically 

inert protein. A pH of 12, and at least li hours were required to 

dissolve one pellet in 0.2 cc lN NaOH. Subsequently, 0.8 cc of water 

could be added; but such a solution was never too satisfactor,y: 

alweys 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 pituitaries. This preparation 
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had a potency of 24 International Prolactin Uni ta 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 reoeived, removed, and weighed with the precision pre­

seri bed in a quantitative chEIIIli stry laboratory. Care was required, 

for this tl uf:f'y white powder wa.s lo st in slight air di sturbances. 

Weighing was therefore done w1 thin 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, 

a microkjeldahl check was rtm by Dr. Neiman at the Medical Laboratories 

of the Royal Victoria Hospital. Of two 1 mgm samples so weighed, 

1.031 and O. 996 mgm of protein were found, an accura.cy 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 solvants of increasing pH. Not until 

strong alkali was tr:l.ed, was solution obta.ined. A pH of a.t lea.st 8 

wa.s necessa.ry for initial solution, but once dissolved, prola.ctin 

could be kept in solution ,:lit> a pH as low as a pH of 7.2; below this, 

it precipitated. This behavior suggested the formation of a sodium 

salt which was more soluble than the initial material. As a consequence, 

for each 5 mgm to be dissolved, 0.25 cc of O.lN NaOH, + 0.25 cc of 

distilled water,and 0.5 cc of O.l:M Na~o4-Iœt}P04, pH 7.6, buffer was 
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.added to the weighed dry :powder. (The 0 ·511 phosphate butter was 

.llade by weig)l.ing and dissolving &.81 grams of KH2P04 in lOO co of 

diatilled. •ter and 2 gru.s ot Ne.OH pellets in lOO cc of water. 

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

was added and the who le diluted to 200 ee.) • 0.2 ce of auch a solu-

tion contained 1 l1gll of prolactin. Prolactin was found to be read-

ily soluble also in strong acid, 1 aga in 0.02 cc of IN or 5 N HCl. 

This indicated that its hydrochloride was even ~re soluble than its 

sodiwa salt. 'l'his latter .11ethod of solution was used in 110re recent 

sœll voluaes, for aeid was a necessary reagent 1n release of ~' 

and prolactin contained no cysteine radicale which would react with 

iodine at sueh a pH'Li, 1943). 

!he second necessary reagent was radio-active iodine. 

Radio-active Iodine 

TelluriWI is boabarded wi th neutrons in the •oJD.ic pile 

(Ballantine aa4 Cohn, 194?) at Chalk River. The metal is dissolved 

in acid and the iodine distilled oft and collected 1:n an alkaline 

solution which is neutralized to a physiological pH (Hevesy, 1948). 

The I130 (Siri, 1949) and the Te13l (B .a: 0, 194;) al~o prese:at 

bave auch short half-lives, 12.6 and 30 hours respectively,that they 

will have disintegrated to Xe130(ETans, 1947) and rl3l (Ballantine 

ud Oohn, 1947) whieh has a half-life of 8 daye (Evans, 1947} before 

à (B & C, 1947) : (Bal1antine and Cohn, 1947) 
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use was made of' these radioaciive solutions. Thus the only isotope 

used in this work was rl31. 

The material came to the laboratory regularly in an aqueous 

solution as Nai131, sodium iodide. The actual weight of' iodine pres-

ent was usually less than could be detected by the usual chemical 

methode~ in other words, it was usually •carrier f'ree• and contained 

only radioactive isotopes of' iodine. The volume containing 1 mc 

varied widely tro~ shipment to shipment. 

Sincedisintegrations of' radioactive isotopes in aqueous 

solutions cause formation ot hydrogen peroxide {Krenz, 1948), a re-

ducing agent, bisulfite, was added as a counteractant. In the case 

ot iodine~ this was necessary for H202(hydrogen peroxide) oxidized 

iodide ions to molecular iodine which then volàt•illzed and was lost. 

For this work, iodide ions had to be oxidized to molecular iodine, 

and bisulf'ite ions were a contaminant which bad to be removed. There­

f'ore, the rl31 solution as it came back tram Chalk River was distilled 

by Chanay Distillation, as modif'ied by Dr. Jack Gross ot this Labor­

atory (1949} tor use w1th the small amounts of' ~od1de contained in 

auch radio-active solutions. Otan initial quantity of' r 131, 10 ~ 

5~ was recovered in the d1stillate when 1 cc o.OlN NaOH was used in 

the trap, as compared to 80 ±. 5f. when 1 ec of' o.2,5N NaOH was so em-
.. 

ployed. This last proved a hindrance for the dist111ate (10-20cc) 

had to be evaporated to 0.1 cc or less (a time-consuming necessity), 

which also concentrated the alkali to strengths of' greater than 2R. 
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Such manipulations meant losa of radioactivity as can be seen from 

the following typical exemple: Of 4.41 x 108 counts distilled, 

3.58 x 108 were round in the fresh and 3·23 x 108 counts in the con­

centrated distillate, or a total losa of 28~ of the initial radio­

activity. Furthermore, to use this rl3l, it had to be converted to 

molecular 1odine, which required the presence of exoess aoid. In 

the volumes employed, to obtain auch &n excess acid, 5N strength 

had to be used to oounteraot the alkali present in the r131 dis-

tilled concentrated solution. This had two disadvantages: heat 

evolution, and the enhanoement of the volatilization of the I 2 so 

formed. Also, it had been tound at Oak Ridge that r131 was strongly 

adsorbed to glass in acid media, and since such small amounts were 

present in these samples, this factor undoubtedly played a large 

role in the otherwise un.aecoun.table losses. Thus, in sUJJllllary, to 

get rid of H202, bisulfite had to we added; to get rid of bisulfite, 

rl31 had to be distilled; to retain distilled rl31, strong alkali 

had to be used; to counteract this strong alkali, strong acid had to 

be employed, which, in turn, enhanced the loss of ~l3l both by 

volat<iliJation and glass adsorption. To allow for these losses, at 

least twice as much rl31 as was needed for a given experiment had to 

be available initially. 

The third necessary reactant was molecular iodine (stable, 

I 12? and radioactive I 131 hereafter designated rn2). 2 J 2 , 
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Release oi' Molecular Iodine 

To iodinated prolactin, the i'ollowing two reactions were 

used routinely: 

and 

where .~H stands t'or the tyrosyl radical, and R t'or the rest 
Ift 

oi' prolactin; I2 stands t'or molecular iodine; -<:)-œ t'or radio­
I 

active di-iodo-tyrosyl radical; KI t'or potassium iodide; Nar131 

t'or sodium radioactive iodine; KI0
3 

t'or potassium iodate; BA t'or 

any acid; KA the potassium salt oi' the acid used; and H20 t'or 

water. From the i'irst equation: per molecule oi' prolactin, 2 mol-

ecules oi' molecular iodine are required t'or each tyrosyl radical to 

be iodinated. From the second formula: once the amount oi' iodine 

is known, the amount oi' KI and Kio3 needed to produce this a.mount 

oi' iodine can be calculated. 

Calculation 

To calculate the amount oi' molecular iodine {the weight 

oi' rl31 was never consideredJ too little was prese~t (Leblond, 

1951) ) required t'or a determined amount oi' prolactin, the i'ollowing 

i'acts were needed: 
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1. The nwnber of tyrosyl radicale/molecule prolactin. 
2. The number of prolactin molecules/gram prolactin preparation. 
;. The number of iodine .molecules needed to react with one 

tyrosyl radical. 
4. The quantitativeness of the interaction of KI and KIO; in 

i'o rming I2 • 
5· The quantitativeness oi' the reaction between I2 and the 

tyrosyl radical oi' prolactin. 
6. The amount oi' KI and KIO required. 
'7 • The volume oi' the ~ i'or~ing mixture. 

In 194'7, when the work was undertaken, the nwnber o:f ty-

rosyl radicale per .molecule o:f prolactin was unknown. For beai' and 
a 

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

The .molecular weight o:f prolactin was unknown; it had 

been set between the extremes o:f 16,000 and 35,000 (~nite, A, 1946). 

The number o:f iodine atoms necessary to convert tyrosine 

to di-iodo-tyrosine was 4. 

The completeness o:f the reaction between KI and Kio
3

, in 

the presence o:f excess acid, was 10oj.. (This reaction is used to 

standardize sodium thiosultate solutions :for quantitative analyses. 

(Handbook o:f Chemistry and Physics 1945, 29th Edition, p. 1337 Nos. 2?&28}.} 

The completeness o:r the reaction between tyrosyl radicale 

and available iodine was not known; it was assumed to be 100~, tor 

Li, ~ons and Evans claimed in 1941 that "In about 45 minutes, iodine 

was completely used up by tyrosine, wb.en equal .moles o:r iodine and 

tyrosine were dissolved in 6.66 M urea solutions o:f pH 6.85 with O.IM 

phosphate butter at roOlll temperature. Similarly, 1 per cent lac­

togenic hormone? ('1s1nce the bee:r hormone contains s.i4 per cent 
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tyrosine, 1 per cent hormone solutions is equivalent to }.2 x 10-3 

mole of tyrosine. Therefore, 6.4 x 10-3 mole of iodine is required 

to iodinate completely the tyrosine groups in the hor.mone.) in the 

same solvant takes up 2.65 x 10-3 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 4~ of Studies on Pituitary Lactogenic 

Hormone, v. Reactions with iodine. J. Biol. Cham. 1~41. ~. 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 severa! times. 

On the basie 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 Kio 3 (Colwnns XYI and XVII). The 
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For Table 1, see pocket at back. 
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preparation of these precise solutions depended on oareful weigh-

ing and quantitative transfer of dissolved materials to acourate 

volumetrie tlasks, tilling exactly to the mark, and mixing thoroughly 

by ~nversion twenty or more times. 

To measure the volumes required ( Column XV) , graduated 

pipettes of 0.1 or 0.2 oc were employed. The pipette was filled 

by mouth suotion (tor solutions containing more than the minutest 

amounts of radioactivity, tuberculin syringes or pipettes titted 

with an adapted greased 5 cc syringe were used) and stoppered by 

the ball of the thUilb. Fluid was allowed to run out un til the tluid 

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 caretully inserted into the small test tube where 

the reaction was to tak:e 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 touohad to the side 

of the test tube and the pipette oarefully withdrawn. The pipette 

was read betore, during,and atter measurement, and as a rough check 

on acouracy the fluid level in the graduated test tube was observed 

atter each suoh addition. 

Once the amount ot iodine bad been caloulated and the KI 

and Kio
3 

solutions made, mixing of the distilled Il31 and KI was 

--------~ 
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the next step-- the validity of labelling of carrier iodine depen~~d 

on this tor Il~l and I127 have identioal chemical behaviors. 

The tollowing reagents were placed in a graduated centri­

fuge tube in the tollowing order: the aoid, the KI, and the I131 

solutions. The centrifuge tube was grasped lightly between thum.b 

and index tinger ot the lett hand and the tip of the tube struck 

she.rply several times by the index tinger ot 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 

ot KI03 was added, the tube agitated, and appearance of yellow I 2 

colour was observed. If the various concentrations were correct, 

this yellow colour appeared rapidly and in proportion to the amount 

ot iodine available tor release. The real stumbling bloek to the 

release ot iodine was eveatually traoea to the alkali in the dis­

tilled ooncentrated I131 solutions,a troublesome variant both to 

control and to assess. With the entire distillate, a small volume 

ot concentrated acid, 0.07 cc of 5N HCl, was used. If less dis­

tillate was needed, the amount ot aeid was calculated aooordingly. 

Atter these three reactants had been so prepared, the 

iodination of prolactin could be undertaken. 
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ÏODINATION OF PROLACTIN 

Theoretical -Id et al's Conditions tor Iodination or Prolactin. 

For tull iodination or lOO agm or the prolactin prepara­
a 

tion (1283 B), Li et al (1941) used the tollowing conditions: 

a. A lOj. final concentration ot the protein. 
b. In an 0.25 :Y: Na2BP04-KH2P04, pH 7, butter, 
c. A 2.5 x lo-2 N I2 in ~. 0.125 N KI solution, 
d. Room temperature, 
e. Reaction ti.me - one hour. 

Experimental Conditions as used here: 

Prolactin, as previously shown, was not soluble, even 

atter initial solution in strong alkali, at a pH lower than 7.2. 

Theretore, l mgm was dissolved in 0.0.5 cc o.l.N NaOH t- 0.05 cc ~0 

4- 0.1 cc 0.,5!4 Na2BP04-~ro4 , pH 7.6, butter, or a total volume 

ot 0.2 cc and a concentration or ~. 

TO this 0.2 cc solution containing l mgm ot prolactin 

was add.ed 0.2 cc containing ~·. The concentration ot I 2 was reduc­

ed, for .min1JDa1 rather than tul1 iodination was desired; no excess 

iodide (KI) was present. In the 0.2 c~ solution, the concentration 

was ot the order ot 2 x 1o-.5 N, an approximte figure tor the actual 

weight or rl31 was not included. Since excess acid was required to 

release I2 trom KI and .KI03, and since r131 had been trapped in 1 cc 

ot 0.25 N NaOH during distillation and subsequent1y concentrated to 

0.1 cc or less, i.e., a concentration ot 2.5N tor 0.1 cc ot distilled 
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concentrated !131, 0.07 cc ot .5N HOl was employed. The interaction 

of this HOl and NaOH should give a concentration ot 1.2;N NaCl in 

0.2 cc, in which a negligible amount of KI was dissolved (approxim­

ately 2 • .5 x 10-.5 N) • 

Since the ty~osyl radicale ot prolactin will react beat with 

I2 at a mildly alkaline pe, (the reaction ot tyrosine with iodine 
a 

has been shown by ~ (1942) to be most rapid at auch a pH}, and 

since the combination of the prolactin solution and the acid iodine-

releasing mixture resulted in an acid solution, sufficient alkali 

bad to be added to bring the pH back to that of the butter (pH 7 .6) 

in which prolactin wae dissolved. For this purpose 0.04 cc of 0 • .5 

N NaOH was e.dded. 

When this coabination: 0.2 cc of prolactin solution, 0.2 

cc of I 2-releasing mixture, and 0.04 of o.;N NaOH, had bean eftected, 

the iodination of prolaotin was allowed to proceed tor at least 20 

minutes at room temperature. 

In order to study the yield of I~, and in tact to use it 

at all, a standard way of determining the emission of the beta rays 

of !131 bad to be set up. (In the amounts to be so studied the 

emission of beta rays was the only measurable quantity.) 

Beta rays can be detected, as has been said ear1ier, 

either by Geiger Muller tube or by photographie emulsion. The 
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îatter was applicable to tissues of animale injected with rl31_ 

containing materials; the former to chemical analyses as well. 

TO use the G.M. tube to follow chemical reactions, 0 plates" had 

to be made and "counted' 

neter~tion ot r131 content of aaterials: 

Pla ting: 

All œterials to be plated, unless already in solution, 

were digested in 2N NaOH with or without the aid of heat. 2N NaOH 

was chosen for the following reasons: 1. It was a known protein 

digestant it used in sutficient guantity for sutficient time and 

in the presence of heat if necessary; 2. NaOH was a chemical of 

known composition, and therefore a given volume of a given concen­

tration would contain a given amount ot solid material when dried; 

;. Suitable drying converted NaOH to sodium carbonate (Na2co
3
), 

which was non-hydroscopic, hence, the water content ot the plate 

would not change upon exposure to air of different humidities, a 

troublesome variant in laboratories not air~ condi.tioned. 

Plates were made by evenly distributing on a 14 mm watch 

glass an aliguot ot the solution to be counted. The concentration 

of the solution was brought to the equivalent of 1 cc 2N NaOH and 

lett to dry at 37°0. unt11 carbonatation had occurred. Plates ot 

the standard {s) -- a dilution of the initial rl31 aa~erial used 

to 1od1nate the prolactin and/or the I*P used for animal work--



25 

were .made at the same tim.e in the same way, except that if' the 

rl3l standard was •carrier tree", a 2N NaOH solution containing 

10 gamma I- as Nai was used to standardize the solid content of' the 

resulting plate. Theoretically, the addition or the "carrier" io­

dide (Nai) reduced the losa by volitalization of' the radioactive 

iodine (rl3l). Duplicata and sometimes triplicatas of' each sample 

were plated. Af'ter carbonation, the plates were counted.. 

Oounting: 

Duplicata or triplicata plates were each eounted twice 

f'or at least 1000 counts and/or tor lOO seconds. Whenever possible, 

all of' one experiment was counted. in one day, in the s8Jile 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 traction of' which, about 8~, was 

recorda ble. 

The automatic control on the Berkley Decimal Scaler used 

was set to stop recording atter a given number of' counts. The time 

in seconds required tor these counts (Â eount was equivalent to the 

emission of' one beta ray by the disintegrating nucleus of' one rl3l 

atom) (See Appendix} as well as the nWilber of' counts counted were 

reeorded. All counts were then adjusted by division or multiplica­

tion to the time required tor 1000 counts, and recorded. By recip­

roeal, the count tor lOO seconds was recorded, corrected tor 
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ooincidenee, and tor percent error (see Appendix). From this 

corrected count, the background of the day for the castle used 

was subtracted, giving the "trueu, or here called "Plate", eount 

for that aliquot of that sample. Binee several, two at leest, 

counts per aliquot were taken and several aliquote of the same plat-

ed, the plate count of these several samplee were averaged and the 

average used tor turther caleulations. 

Below is a table showing the actual counting of one set 

of triplicata plates, each counted in duplicata: The background 

tor that day was 21. 

Table 2 

Conversion of time tor 2000 counts to corrected count per lOO seconds. 

Sample Total Seconds TiRe Counts Corrected Average 

1 

2 

3 

count 1000 counts 100 sec. Count 

2000 161 80 • .5 1242.2 1221 
Il 

.. 
Il 

" .. 

161 " n " 
174 87.0 1149.4 1128 
167 83-.5 1197·6 1177 

178 89.0 1123·.5 1103 
178 89.0 1123·.5 1103 

11.59 

This table 1nd1cates the type of variation tound with 
same 

duplicata plates of the,/sample, as wellas the variation found in 

counting the same plate successively. 
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Corrections 

To correct tor errors in the performance or the count­

ing appe.ratus a uranium. standard sample (Uranium has such a long 

halt-lite that any one sample can be counted time and again over 

long periode ot time without appreciable change in the count obtain­

ed.) wa.s counted routinely .morning and night, and otten at midday 

as well. When deviations trom the known norm. for tbat standard 

sample of uranium were round, auch deviations could then be used to 

detel'lline the degree of deviation or the counting apparatus and 

the proper corrective applied to the eounts obtained during the 

period in question. 

It 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 ot a given distance tro~ the tube. 

It different castles had been used, two counts of the 

same plate, one in one, the other 1n the other castle, provided 

the necessary corrective •• 

The deoay of rl31 1s exponential and its halt-lite is 8.0 

days (Hevesr.y , p. 22, 1948). A table was set up showing the per 

cent activity remaining atter daily 1nterTals. Suitable application 

ot these percentages were used to reduce all plate counts to that 
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,pt a glven da~ when an experiment had been counted over a num.ber 

ot days. The following set of figures were obtained tor successive 

daye counting of two samples. 

Table 3 

Ettect of Time on Plate Count/100 seconde of Two Samples 

Uranium Standard I"P Standard Background 
Day Count Average Found Theoretical Per Cent . . .. . .. , . 

(Av.ot 2) {of 4) Count Average 
(Av.ot 6) (ot 12) 

Decay (AT. ot 2) 

2 

6 

7 

8 

9 

.AM 4026 
PM 4045 4035 

AM 3994 
PM 4009 4002 

AM. 4010 
PM 4043 4026 

AM 4061 
PM 4061 4061 

AM 3992 
PM 4142 4067 

AM 4043 
PM 4035 4039 

237 
221 

1.58 
1.57 

149 
145 

134 
130 

120 
120 

111 
108 

229 220 84.05 

157 157 65.0 

147 143 

132 131 

120 120 50.0 

109·5 llO 45.8 

From the above table it will be seen that the Uranium 

standard was found to be 4038 ~ 36, or an overal1 error ot 0.893~, 

with a dai1y spread of from 0 to 50, and an average of 21, or a 

dai1y error of 0.52~. The background, likewise, shows a spread 

of 3 counts / 100 seconds, an error of 6.8~. Furthermore, it will 

22 

23 

22 

21 

24 

21 

Av.22 
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be seen that the Iap standard varted trom its theoretical by a 

range of ~ 9 to -3, and that it varied only half of the time. The 

corrected count, and these represent averages tor duplicata read­

ing& or triplicata plates taken mor.ning and evening, shows a varia­

tion or not more than • 8 to • 0.5, or an average of 2.3 counts in 

a day, a ~or about 1 in the plate counts. This is to be expected 

tor Il3l decays exponentially to 50~ in 8 days, and it will be 

noted that each AM count is higher than the corresponding FM count. 

The aTerage, theretore, theoretically represented the count at the 

middle of the counting period. 

Ot the I~ so prepared and measured, certain tacts were 

desired. In the tiret place, it was necessary to establish that 

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

was used. 

Dialysis- To prove I~ truly iodinated 

Small amounts of I 0P and prolactin containing I 0 were 

dialysed in the apparatus illustrated in Fig. 1 • l cc or lesa, 

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 chaaber and held in place with a rubber stopper. The 

dialysing chamber-- a modified, large centrifuge tube---, the aide 

ar.m, and the suotion tlask were filled with the dialysing fluid--

0.5 M Na2HP04-K82Po4, pH ?•6, butter-- hereafter called pH ?.6 





Fig. 1. Drawing of the apparatus used in the dialysis 

of small amounts of If'P. 

1) dialysis sac 
2) cellophane square 
3) dialysing chamber 
4) rubber stopper 
.5} s ide arma 
6} suction flask 
7) 2.50 cc bottle reservoir 
8) pinch clamp 
9) Erlenmeyer flask 
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phosphate butter, in such a way that the fluid surrounded the sac· 

as high as the leval of the bottom of the rubber stopper. Into 

the neck of the suction flask, a 250 cc reservoir, also tilled 

with the same tluid, was inverted and so held that the bottom of 

its neck was on the same level as the bottom of the rubber stopper. 

By adjustment ot the pinch-clamp on the rubber outlet tip of the 

dialysing chamber, a constant flow of fluid around the sac was 

maintained. The dialysate was collected in an Erlenm.eyer tlask 

which was changed at appropriate time intervals. 

E:periment 1. 

o.S mgm of I~ was thus dialysed tor twelve hours against 

a continuous stream ot pH 7.6 phosphate butter. No record was kept 

ot the tlow rate. The dialysates were collected at 2-hour.. inter­

vals, alkalinized, evaporated to dryness, made up to 10 oc, and 

1 cc aliquote were plated and counted. From Fig. 2 a progressive 

tall in the activity of the dialysates was found. At the end of 

12 hours, all but 8~ of the initial activity used to iodinate the 

protein had been removed. 

A question as to whether this was an adequate ti.Jile tor 

dialysis led to the following experiment. 

hperi.JD.ent 2 • 

Another sample of 0.8 .mgm of IftJ> was similarly dialyzed 
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Fig. 2. Curve showing percentage of counts removed 

from 0.8 mgm of rn at 0-12 hours by con­

tinuous flow dialysis. 
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~or 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 cc per hour. 

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

time the ~ activity remaining with the protein was 2~. 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. 

hj>eriment 3. 

0.8 mgm of prolactin, to which had been added an amount 

of IR equivalent to that used to iodinate the sample dialyzed in 

experiment 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 activit) was retained in the protein. The flow 

rate was then increased to 30 cc an hour, for 3 hours, at which time 

the retained activity was 7·5~· The flow rate was again increased 

to 60 cc per ho~ for 3 hours, and the retained activity at the 

end of this period- i.e. 24 hours after the initiation of dialysis, 



Discussion: 

From the first exper:llnent it can be seen that the removal 

of iodide from r•p was steady and exponential in character for the 

tiret 12 hours. From the second experiment, in which the iodination 

had resulted in a greater incorporation of the available iodine 

than in ~eriment 1, only a little more than 50~ of the r• had 

been removed, while, at the same time, with 10 times less fluid 

used to dialyze, all but·3·2~ of the non-incorporated ! 8 had been 

removed (Experiment 3). From these findings it was concluded that 

the iodination procedure was causing a true incorporation of r• onto 

prolactin and not a mere adsorption. 

Such dialysis was useful to demonstrate the incorporation 

of iodine onto prolactin but was too time consum.ing for routine 

separation of iodo-prolactin. Precipitation by acetate buffer 

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

PURIFICATION OF Iltp ISOELECTRIC.ALLY. 

A protein is known to be most insoluble at a pH where the 
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ionization o~ its acidic and basic groups are equal in number. 

This pH is know.n as the isoelectric point, and this point is a 

charaeteristic 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. 

a 
Li et al (1941) bas shown that the isoelectric point of 

prolactin was ,5.8 and of tully iodinated prolactin 4.8. (!odin-

ation of phenolic radicale randers them more acidic (Neuberger, 

1934). For minimal iodination, a pH of ,5.4,and later of .5·1, 

obtained with an 0.2 N NaAc-BAc buffer was used for precipitation 

of I~ made with Schwenk's puritied prolactin. (For IftAP3004, 

1~ acetic acid (dissociation constant, 1·7.5 x 10-.5} was used in 

prelim.inary work and proved satis~actory. However, I"P made w1 th 

Schwenk's puritied prolactin dissolved in 1~ acetic acid used as 

a wash). The 0.2N NaAc-HAc, pH .5·4 or .5·1, butter proved a sat-

isfactory reagent, giving a clean precipitate easily handled. 

Prolactin and its iodinated torm were handled 1n volumes 

ot 1 cc or lees by alternate solution and precipitation. To re-

move reagents no longer desired, the preeipitated protein was spun 

down by ordinary laboratory centrifuge and the resulting supernatant 

caretully pipetted ott with a Pasteur pipette-- a length of glass 

tubing drawn into a fine capillary tip, fitted with a rubber eye-

dro~per bulb, the latter allowing precise control of fluid removal 



f'ro.m. 1 cc centrituge tubes .made by seali.Dg of'f' the end of' a short 

length of' pyrex glass tubing. Convenient lengths of' glass rod 

draw into a f'airly tine point served as a .mixing tool. Since 

small volumes were being employed, one stirring rod, centrifuge 

tube, and Pastuer pipette only were used tor each preparation of' 

IflF. By thus reducing the glass surtace necessarily e:x:posed to 

these small volumes, the loss of' f'luid and of' I 131 was kept to a 

.m1n1JnUil. Furthermore, aliquote rather than total samples were 

used to determine the amount of radioactivity per sample, since 

the quantitative transter of material was more subject to error 

than that inherent in taking 1 cc aliquote of' dilutions. 

In the investigation of' purification of' I~ by isoelectrie 

precipitation, the tirst point was how many waàhes were required? 

l mgm ot prolactin was iodinated using 33.4 ot 12ft eon­

taining 24,00 counts/min. Iltp was preoipitated from 0 ·54 oc by 

0.5 co of' o.ZN NaAc~o, PH 5•4, butter, hereatter reterred to as 

5.4 acetate butter. The .mixture was centrituged, the supernatant 

pipetted ott, plated and oounted. The precipitate wa.s washed ten 

times with 0.1 oc of' the 5·4 acetate butter, oentrituged, the wash 

pipetted off, plated and counted. The remaining precipita te was 

dissolved in 2N NaOH, plated and counted. The ~ ot the initial 

àctivity present in the various tractions are recorded in Table 4. 
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Table 4 

El!'F.ICT OF 10 WASHINGS AT ISO-~TRIC POINT 

ON PURIFICATION OF RADIO-IOOO PROIACTDJ 

Counts,Jilin. f. losa 

Total aotivity 24,000 

Supernatant 
Precipitation 

16~000 
B,ooo 33'f. 

Wash I "700 8.8 
7,300 

II 2.51 3·4 
'1 ,049 

III -d* ,93 
1.6 

IV "104 
6,830 

1.5 

V to VII ~(93} 
' .5 

2·7 0·9 

VIII ·. 70 1.1 
6,.574 

IX ~ ,5 
o.'J 

x ~ Precipitation ' 5 
1.1 

12.rJ. 

In this particular experiment, 66.67~ of the original 

activity was removed by the ~irst aupernatant, 8.8, 3•4, and 1.6~ 

by the tirst three washes respectively. Theree.tter, about l'f. was 

rem.oved per n.sh. The final precipitate contained 12.1~ of the 
1 

initial activity. From this experiment it was decided that three 

washes were sufficient. 

From other work carried out in the laboratory: consider-

able radioactivity adsorbed onto precipitated material could be 
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removed by repreeipitation. This idea was tested in Experim.ent 2. 

!xperi.ment 2. 

3 mgm prolaetin were iodinated by 378 gamma I2n contain­

ing 53,125 counts/min. I~ was precipitated with an equivalent 

volume ot 5·4 acetate butter, eentrituged, washed twice, and dis­

solved in 1.6 cc ot 0.5N NaOH. An 0.2 cc aliquot was taken tor 

counting, the remainder was reprecipitated with an equal volume 

ot 5·4 acetate butter, washed a third ti.me, and dissolved in 2N 

NaOH. Aliquote of the various tractions were eounted. The counts/ 

min. and the ~ radioactivity of that originally present are record-

ed in Table 5. 

Table 5 

DFEOT OF ISO-E!Jl:CTRIC PRECIPITATION .AND REPRECIPITATION 

Iodine Mixture 
let supernatant 
lst wash 
2nd wash 
2nd supernatant 
3rd wash 

Dissolved radio-iodo-prolaotin 

Count/llin. 

53,125 
43,47.5 
2,09.5 

580 
3,482 

0 

2,298 

~ad1o­
act1v1ty 

lOoj. 
83·.5 
4.0 
1.1 
6.7 
o.o 

83.5~ of the activity in this case was removed in the 

tiret 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 4.4j. · 

in the final IftP. 99·71- ot the activity was recovered. 

!:periment } • 

As a check on the ettectiveness ot the above puritica-

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

to which Ift had been added, were subjected to a similar puritica-

tion. The counts obtained and the 1- activity retained in the 

protein tractions are recorded in Table 6. 

Table 6 

REENTION OF RADIO-IODIDJ: IN ISOELECTRIC PR!CIPITATION M!THOD FOR 

PURmCATION OF RADIO-IODO-POOLACTIN WHl!N ADDED TO PROIACTm AT 20°0 

ewnple 

Al-combined supernatants and washes 
prolactin 

Bl-combined supernatants and washes 
prolactin 

Cl-combined supernatants and washes 
prolactin 

Dl-caœbined supernatants and washes 
prolactin 

1- Activity retained in 
Counts protein traction 

17,800 
60 0·33 

16,100 
so 0.49 

17 ,28o 
40 0.23 

14,100 
00 o.oo 

Av. - 0.26'f. 

99·74~ of the activity had been ramoved. 
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On the basis of these findings, this method or purifica­

tion was adopted and became routine in all subsequent preparations 

ot I*P. 

Removal of Histyà.yl-bound iodine 

The iodination of prolactin as here used should result 

in preferential iodination ot tyroayl radicale (Olcott and Fraenkel­

Conrat, 1947}• However, the possibility remained that histydyl 

radicale might also react under these conditions. In order to rule 

out such iodination, at the suggestion of C.H. ~, atter a suitable 

time elapsed for the iodination ot the tyrosyl radicale, the re­

action was stopped by the reacidifioation of the reaction mixture 

by addition of lN HCl. Subsequent purification of four samples of 

prolaotin, two so treated and the others not aciditied, resulted 

in the j. Yields reoorded in Table 7• 

Table 7 

EFFECT OF ADDING STRONG ACID BEFORE PRJ!X}!PITATION OF R.I.P. 

A 

B 

With acid 

19 .lj. yield 

22.4~ yield 

Average 20.76 

0 

D 

Without acid 

22.42j. yield 

18.77j. yield 

Average 20.59 
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Table 7 indicates that there 1s no detectable difference 

between the samples of prolactin that were acidified after iodination 

and those that were not. From this it seamed safe to say that any 

iodination of histydyl radicale which had occurred was negligible. 

However, such acidification was routinely incorporated in the 

preparation of I"P. 

Discussion: 

Binee the G. M. tube oannot distinguish between Il3l 

attached to protein and r131 adsorbed or free as a contaminating 

ion, and since this study was to conoern itself with the behavior 

of I"P, removal of non-incorporated I" was essential. As a basie 

for calculation, and towards furthering the understanding of what 

we were dealing with, iodination of a single radical, tyrosine, of 

prolactin, was desired. These two conditions have been fulfilled, 

for all but 0.25Î of non-incorporated r• was removed by the iso­

electric precipitation and reprecipitation method, and no iodine 

was apparently incorporated onto histydyl radicale of prolactin. 

PTolactin does not contain free SH groups{~, 1943}, which will 

also react with iodine, though not under the conditions used here, 

nor will tryptophane ( Olcott and Fraenkel-Conrat, 1947), which is 

also a constitutant amino aoid of the hormone(~, 1940 c). 

One further fact was required. It had been noted that 

the amount pf preoipitate diminished considerably during the above 
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purification procedure, especially when samples of 1 mgm of prolactin 

were initally iodinated. Theretore, microkjeldahl aœlyses of two 

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

Protein Losa During Isoelectric Purification 

5 mgm prolaetin were weighed and dissolved in pH 7•6 

phosphate butter. Two 0.2 cc aliquote (1 mgm prolactin) were quant-

itatively transterred to microkjeldahl tlasks and made up with 

butter to 1 cc. Two silll1lar aliquote were iodinated and puritied 

as detailed above. The supernatants and washes were pocled and 

quantitatively transferred to microkjeldahl tlasks. The precip-

itates were dissolved in 0.2 cc 0.5 N NaOH and also quantitatively 

transterred to microkjeldahl tlasks. These samples were then 

subjected to analysis and the amount ot protein tound in each are 

recorded in Table 8. 

Table 8 

M§m or protein as determined by mierokjeldahl determinations in 

samples of prolact1n, combined aupernatants and washes, and final 

precipitates of I~. 

Samples 

A. Untreated prolactin 
B. • " 
C. PQoled supernatants and washes 
D. 11 n n n 

~. Residual puritied IftP 
F. • " " 

MGM PROTEm 

o.~86 
1.013 
0.,50.5 
0.,500 
0.46~ 
0.500 



4.5 

From these analyses it can be seen that .50~ of' the protein 

is lost during purification. However, since isoelectric purifica­

tion waa done at a pH initially midway between that of' pure prolactin 

and tully iodinated prolactin, and sinee, as will be shown, biolog­

ieal assay of' auch minimally iodinated prolactin indicated no losa 

ot biological activity and even at times a gain, it wasthought that 

the purification procedure as used not onl.y remove4 inorpnio 1ona, 

especially r;·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 atfecting the yield of' I~. 

FACTORS Al!'FECTING YIELD OF I ftp 

Oalculation: 

An aliquot of' the I 2
131 used to iodinate a given sample 

ot prolactin was suitably diluted, an aliquot of this dilution 

was plated and eounted as previously described. An aliquot of the 

purified Iftp was likewise diluted, and an aliquot plated and count­

ed. From the figures so obtained, suitably multiplied by the dil1l­

,tion factors, the "f. of activity :f'ound in the IftP as eompared to 

the Iz• used to 1odine.te the protein eould be determined. This 

figure was called ~ Yield. The aliquot of' the puri:f'ied Iftp 

dilution was also used as the "Standard" tor whatever other tractions 
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\fere to result from the use of the purified Iftp, suitably computed 

as to volWile and amount used. 

Theoretioal Yield: 

As stated previously (p. 3 }, the immediate aim of this 

problem was to inoorporate iodine onto the tyrosyl radicale of pro-

lactin. To repeat, to accomplish this end, the following conditions 

had to be met: 

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

2. A pH suoh that the iodine would react with the tyrosyl 
radicale in preference to other radicale. 

;. A butter to oounteract the acidity of hydrogen iodide 
(HI}, a by-product of the iodinating reaction. 

4. A sui table 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 2 (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 

losa: volitalization from acid solution, adsorption onto glass, 

and reconversion of molecular iodine to either iodide or iodate ions, 

neither of which would react with tyrosyl radicale. The first 

two of these three conditions obtain in acid solutions; the 

third occurs when the pH of thè solution containing the released 
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r2 risee above pH 10. Both ac id solution and a pH great er tban 10 

were presen~ in this work; a full 50~ theoretical yield was un­

likely. Since 50~ of the protein is lost during purification, a 

yield of 25j. would represent .ma:x:im:um iodination. Actually, yields 

of 10 -15~ were the average, with an occasional high of 20 ~ j.. 

&perimental 

Table 9 has been set up to indioate the aotual steps 

oarried out in the preparation of any one sample of I~. It has 

been subdivided into those experimenta in which the factors caus-

ing a low yield, those causing no appreciable effect on yield, and 

those which resulted in a high yield have been collected. Read-

ing across the table there are several subdivisions, namely: the 

sections dealing with 

1. dissolution of prolaotin - 8.110unt used, final volume, and pH 
2. iodine-releasing solution - amount, volume of oombined KI 

and Kio3 solutions, type, concentration, and amount ot acid 
used. 

3· rl3l solution - state, as to whether distilled (D) or not 
(ND); concentration,as to whether it was evaporated down 
(bd) or not (:Dbd}; and volWile used. 

4. Neutralization - as to concentration; volume and tiae at 
which NaOH wa.s added, A stands tor atter butfer wa.s added, 
and B for before. - -

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

6. Acidification to remove iodine from histydyl radicale - as 
to type and amount ot ac id aQ.ded. 

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

B. Percent Yield. 



For Table 9, see pooket at baok. 
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All experimenta, except 17 and 19, were run on single 

samples; 17 and 19 are the average tor two runa. EXperiment 20 

involved the iodination ot 2 mgm ot prolactin, one ot which was 

puritied by dialysis and the other by isoelectric precipitation. 

In all experimenta, except 18 and 19, the iodine-releasing mix­

ture was used imm.ediate1y atter addition ot KI0
3

• In 18 and 19, 

the mixture was al1owed to stand tor a ha1t hour before use. 

In experiment 1, 2~ aeetic acid was used to release I 2 , 

which it tailed to do. The yield was 1.6~, which was actually 

high tor the method of purification was inadequate. 

In experiment 2, a concentrated solution ot Ift was used, 

with alkali in excess ot the acid added to release r 2• I 2 was 

not satistactorily re1eased, and the yie1d was 7•72~. 

In e:xperilllent 3, non-distilled rl31 was used; contamiAa-

tlng bisultite ion prevented either the re1ease of r 2 or interterred 

with its reaction with prolactin. The iodinating pH was lesa than 

1·2 (a taint opalescence was noted), all of which resulted in a 

yield of 1.19~. 

In experiment 4, an excess ot alka1i was added to the 

r 2-prolact1n solution complex so that an iodination pH of greater 

than 10 was obtained. This overshooting or the pH converted the 

r 2 to an unreacting torm, and the yield was 8 ·.5~· 
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In experiment .5, too .m.uch acid was added to the r2-

releasing mixture, which was not sutticiently neutralized by the 

added butter (prolactin solution). An iodination pH ot 4 resulted, 

and the yield was 4·7~· 

Thus either too much or too little acid, presence of 

contaminating ions, and excess alkalinity all affect the 1odinat­

ion adversely, causing low yields. 

Experimente 6 to 17 show that the pH of the precipitat­

ing butter, the time and temperature of initial precipitation, the 

time allowed for iodination, the addition of the neutralizing 

alkali betore or atter the butter, provided the prolactin was al­

ready present, have very little etfect upon the ultimate yield. 

An experimental error o:r plus and minus 101- is to be e:x:pected, and 

these values are within that range. 

In experimenta 18 and 19, the iodine-releasing mixture 

was allowed to stand tor halt an hour betore use, and the concen­

tration of the protein was 1.6 instead of 2.5~. Greater amounts 

ot alkali were used for the final dissolution, and the vials 1n 

which the reaction was earried out were quantatively rinsed. All 

this resulted in the unusually high yield of 32·3.5~· 

In experi.m.ent 20, the iodinated protein was precipitated. 

for 48 hours in the cold (4oo.} atter a long iodtnation period of 



51 

~·5 hours in the presence of excess iodine. This resulted in the· 

unusual yield of 43·9Î• 

The 2lst 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, acidification 

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 rap can be prepared in 1 

mgm lots auch that it incorporates an amount of iodine necessary 

for the iodination of 1 tyrosyl radical per molecule. Such rap 

can be treed of non-incorporated iodide, but in the process 501-

ot the protein is lost. It has been shown that under the con­

ditions used, the tyrosyl radicale but not the histydyl radicale 

react• Various factors.influencing the iodination have been 

studied and discussed. 
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BIOU>GICAL ASSAY 

Atter Iftp had been prepared and purified, a series of 

experimenta were set up to test biological potency. 

The "local" intradermal equab assay tor prolactin was used 
a 

(Lfons 1937). This test is lese reliable than intramusoular or 

subcutaneous methode, but more sensitive, and requires lesa 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, clipped unevenly to hinder 

tree tlight and to act as identification, was usetul in control-

ling the b irds. 

To inject intradermally, the bird was held by the assist­

ant in auch a way that the crop gland to be injected We.s uppermost. 

The injector, tollowing the line of the teather ridges to a point 

midway between the median plane and the coricoclavicular joint, 

instilled 0.1 co or a suitable dilution or material or known pot-

ency-- 1 mgm of this prolactin in 2.4 cc of pH 1.6 phosphate bufter, 

equalled 0.1 I.U./ 0.1 cc-- so as to raise a circular bleb. The 

second crop gland was injeeted with the material to be assayed. 

Each bird was theretore injeeted twioe daily tor four daye. Four 

0.1 cc injections over 1 orop gland equalled one assay, i.e. twice 
a 

the time and num.ber of doses specitied 'by Lyons (1937)• Ninety-six 
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hours atter the first injection, the birds were sacriticed by sever-

ing the carotide through the opened beak. The birds were held head 

down to tacilitate bleeding, and the beak kept open by inserted 

scissors until convulsive movements stopped. The crop gland was 

split up the .middle,~thè 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. 

Against the frosted glass covering the flourescent lamp over the 

work table of the amimal room, observation ot the crop gland was 

made. Size of area affected and degree of opaci ty were recorded. 

The same operator read all the assays to insure uniformity of resulta. 

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

ative to the area occupied by a quarter (25,é), and a gradient to .tbat 

of a halt-dollar was used as a basie for increments and diminutions. 

Opaeity was tabulated as ~·s, a visable characteristic increase 

being one f• 

eperimental: 

The first experiment was set up as follows: 

These solutions were prepared: 

A 1,2, and 3· contained 1,0.1, and 0.01 r.u. of untreated 
prolactin. 
B 1,2, and 3· contained 1,0.1, and 0.01 I.U. of dUJ!liiW iodin­
ated prolactin (prolactin sub~ected to the manipulations in­
volved in iodination and purification of rnp.). 
C 1,2, and 3· contained 1,0.1, and 0.01 I.U. of iodo-prolactin. 
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Resulta obtained were: 

Table 10 

Effect of 3 dilutions of prolaetin, dummy iodinated, and iodinated 

prolaetin on Crop Glands. 

Right Crop Gland Left Crop Gland 
Pigeon Solution Response Solution Response 

Injeeted Injeeted 

No. 1 B3 1- 03 0 
No. 2 A3 fl-1- B3 f 
No. 3 B2 1- 1- 02 fi-
No. 4 A2 1-1-1-1-1-1- B2 fl-ff 
No. 5 Bl 1-1-1-1-1-f Cl 1-1-1-fl-
No. 6 Al "Tremendous" Bl 1-1-ffl-f 

These resulte may be summarized as follows: 

A o.o1 r.u. fl-f o.o1 r.u. J.fl-1-1-1- 1 I.U. "Tremendous• 

B tt " 1- " " J.f. " " 1-fffff 

c .. " 0 tt n 1-J. " " 

From the SUJnJœ.ry, B and C, 1. e. dummy iodina t ed and 

iodinated--and this iodinated prolaetin had been exposed to 12.6 

gamma of iodine mgm of prolatin--produeed identieal reactions. 

An apparent difference existed, however, between the reactions 

produced by eorresponding amounts of treated and untreated pro-

lac tin (A as eompared to B or C) • As shown in the preceding 

section, 50~ of the protein is lost during purification of iodin-

ated prolactin, whieh 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 ot pro-

lactin was 32 gamma. In this experiment the following strengths 

were used: 

A-- 0.1, 0.05, 
pro lac tin 

and 0.01 I.U. per 0.1 cc qd x 4 --- Untreated 

B-- 0.1, 0.05, I.U. per 0.1 cc qd x 4 --- Du.mllly iodinated prolactin 
0-- Il Il ~ " " " • " " --- Iodinated prolactine 

The resulta, obtained with a number ot birds comparable to 

tho se used in the previous experiment ( 6) , were assessed for area 

and opacity response. The tindings are summarized in Table 11. 

Table 11 

Biological Potency of untreated, dummy iodinated, and iodinated (32 lfi2) 

pro lac tin 

Sample 

A 0.1 I.U./0.1 cc 
A 0.05 I.U./0.1 cc 
A o.o1 r.u.;o.l cc 
B 0.1 I.U./0.1 cc 
c 0.1 r.u.;o.l cc 

Response 
Area Opacity 

Experimental error obscured any difference between 0.1 and 

0.05 I. / l . u. o. cc qd x 4 tor untreated prolact1n. Actually, trom 
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these findings, the iodinated prolactin appears to be more active 

than the dummy iodinated. me.terial. Both were lesa active than either 

the 0.1 or o.o; I.U./0.1 co dose of untreated prolactin. It must be 

reœembered that these findings should be compared with the 0.05 I.U/ 

0.1 co dose of untreated prolactin rather than with the 0.1 I.u. 

dose due to protein losa. In this instance, more than twiee as mueh 

iodine has been used, leading to a greater degree of iodination and 

hence, presumably, a greater losa in biological potency. Li et al 
a 

(1941) have claimed that the tyrosyl radicale were essential for this 

biological activity. 

A third experiment was carried out using 63 gamma of iodine 

to iodinate 1 m.gm of prolactin. Again, untreated prolactin, dwnmy 

iodinated prolaotin, and iodoprolaotin were assayed. Six birds and 

the same dilutions as in the previous e:x:periaent were used. The 

resulta are summarized in Table 12. 

Table 12 

Effect of untreated, d~ iodinated, and iodinated ( 63 Y) prolaotia 

on Crop Glands. 

Sample 

Untreated Prolactin 

Dose 

0.1 r.u.;o.l ce 
o.o;r.u.;o.l cc 

Dummy iodinated prolaotin 0.1 I.u.;o.l cc 

Iodinated prolactin 0.1 I.u.;o.l ec 

Response Opaoity 
Area 

43·5- fffff 
25·0' ff • 
25·0- ff ~ 

1 '7 ·5' f4: 
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The dummy iodinated prolactin corresponded almost exactly 

in reeponse to that obtained with halt as much untreated prolactin. 

The iodo-prolactin showed a smaller response in both area and opacity 

than did its uniodinated control. An excess of iodine was used, in 

tact, five times as muchas was theoretically necessary to iodinate, 

to the di-iodo form,one tyrosyl radical; the probability existed 

that not one but several radioals were iodinated which, along with 

the prote in loss, would aoeount for the diminished acti vi ty. The losa 

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 chemioal manipulations involved in iod­

ination and purification of iodo-prolaotin in three dose levels, 

namelJ, 0.2, 0.1, and 0.05 I.u.;o.l oe {on the basie or the original 

protein used and not on the final protein content, probably of the order 

of 50~) was assayed against the corresponding iodo-prolactin. 36 

birds, or 72 crop glands, were used; 144 readings were taken. Follow­

ing intradermal injections or 0.1 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 resulta. 



Table 13 

Biologica1 .A.asay - I.D. Pigeon Crop Gland Method 

(.A.ver:ge of ' readiegs per goup.) 

Presum.ed Pro la ct in Presume4 IP- ( 37 ·.5 't' /mgm) 
Potenoy Ares Opacity Poteney Ares Opacity 

<;>.2o r.u.;o.1 cc 7.5 3·17 0.20 I.U./0.1 cc 62.,5 2.83 

0.10 If tl .54 3·0 0.20 lt tl ,50.0 3·0 

0.10 n .. 36 2-67 0.10 n " 20.8 1.67 

o.o.5 Il " 3.5 1.83 0.20 .. " 47·.5 2.,5 

0.0,5 Il " 40 2·33 0.10 " .. 46.67 2.17 

o.o.5 Il " 49 2.20 0.0,5 " .. 32·.5 2.20 

Retained Retained 
Average Aotivity Aotivity 

0.20 Il Il 7.5 3·17 0.20 Il .. .53 {70.0~) 2.78 (87.8~} 

o.1o n ft 4.5 2.83 0.10 " " 33·.5 (74·.5~) 1·92 {68.0~) 

o.o.5 Il .. 41 2.12 0.0,5 " .. 32·.5 (79·3~) 2.20 (108.0~) 

7 4.,58'(. Av. 87.92'1- Av. 

At these three dose levels, the leaet loss in area {lOOj.-

79·2.5~) oceurred with the greatest dilution (0.0.5 I.U./0.1 cc}, and 

the greatest 1oss (loo'f. - ?O.oo'f.) with the smallest dilution (0.20 

I.U./0.1 ec). The opaoity findings are inconsistant, showing the 
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greatest loss tor the intermediate dose, and an actual increase for 

the smallest dose. The averages indicate that when prolactin is 

iodinated so that 1 - 3 tyrosyl radicale are involved, there is a 

loss ot reaction of about 25~ in area and 12~ in opacity, as compar­

ed with that due to material which has simply been subjected to the 

manipulations involved. 

Discussion: 

The first experim.ent showeQ. that wh en 12.6 gamma ot iodine 

was used to iodinate a mgm of prolactin, there was no detectable 

difference between dummy iodtnated and iodo-prolactin. This degree 

of iodination corresponds to a 1 in 10 tyresyl radical iodination to 

the di-iodo-state. There was a detectable difference between the 

untreated prolactin and the chemically œnipulated and iodinated pro­

lactin. Probably this difference was due to the losa of protein 

material in the purification of the iodo-prolactin. 

When 32 gamma ot iodine were used to iodinate prolactin, 

and this assayed against chemieally manipulated material and un­

treated prolactin, a preparation somewhat more biologically active 

was obtained (that is, more biologically active than the correspoad­

ing material subjected simply to the chemieal manipulations). Rere 

two and a b.a.lf times as much iodine was employed tor the same amount 

ot prolactin. It is oonceivable that some oxidative reactions also 

took place with iodine as the effective agent which liberated active 
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moieties of the original protein, and that this liberation, apparent­

ly not attecting the bonds essential tor 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 

round in none or the other experimenta and therefore llJB.l' be due to 

experimental error. 

When 6.3 gamma or iodine per .111g11 or prolaetin were used 

to prepare iodo-prolactin, and this assayed against untreated and 

chemically manipulated prolactin, 1t was round that the untreated 

prolactin was twice as active as the chemically manipulated prolaotin 

at a dose of 0.1 r.u.;o.l cc. This suggests that 50~ of the protein 

had been lost in the chemical manipulations. Iodo-prolactin was 

less active when assessed by area and opacity of reaction. The 

diminution in area reaction was ot the order of ?;l)j., that or opacity 

reaction ot the order ot 41Jj.. The amount of iodine used here is 

5 tiaes the amount needed to ettect a theoretical one-in-ten tryosyl 

radical conversion to di-iode-tyrosine. These resulta indicated 

that the decrease in activity was proportional to the number of 

tyrosyl groups iodinated. 

In the tourth experilnent, the aJIIOunt of iodine used was 

.3?·5 gamma, an amount 2.5 times that theoretically necessary to 

iodinate to the di-iodo-form one ot the nine tyrosyl radicals known 

to be present in any one .molecule ot prolactin. Presum.ably, 2 - 3 
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radicale, i.e., as many as one-third of .those present, had been 

iodinated. ln 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 com~to that of the chemical­

ly Jli8Ilipulated material. This loss was detectable as a diminished 

area of response as wall as a decreasedopacity of reaction. The 

overall area losa was of the arder of 25~, while that of the opacity 

was of the arder 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 remambered that these are purely 

subjective assessments, and far more careful work must be dona to 

establish any auch interrelationship. 

Furthermore, it should be streased that even after the 

rather heroic treatment this protein material received, it was still 

capable of producing a biological reaction, and that, apparently, 

the material was complet ely non-toxic as no_· irritative reactions 

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

Conclusions: 

1. When the biological assay resulta on 6 birds of 0.05 I.U. 

of prolactin subjected to the chemical manipulations involved in 
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.iodination and purification of IftF in the absence of iodine--here . 

called dummy iodinated prolactin--were compared with thpse 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 and purification, 

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

iodinated prolactin and 0.05 r.u. or untreated prolactin.) 

2. When 0.05 r.u. of prolactin containing 1 di-iodo-tryosine 

radical per molecule, was assayed against 0.05 r.u. of dummy iod­

inated prolactin1 no difference in biological response was observed. 

3· When 0.05 r.u. prolaotin containing 4.5 radicale of 

di-iode-tyrosine per molecule was assayed against an equivalent 

amount of dummy iodinated prolactin a definite loss in biological 

potency was found (30~ in area of crop gland response and 50~ in 

opacity response). 

4. When 0.05, 0.1, and 0.2 r.u. of prolactin containing 2.5 

di-iodo-tyrosyl radicale per molecule of prolactin were assayed 

against an equivalent amount of dummy iodinated prolaotin on a 

muoh larger number of birds, an average of 25~ losa in area of 

crop gland response and of 12~ in opaoity response was obtained. 

From these findings it was tentatively concluded that 

the losa in biological activity was roughly proportional to the 

number of tyrosine radicale iodinated. The methode of iodination 



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 losa of protein nitrogen in the process. 

Rl!:COVERY OF Iltp FROM T:r.ssuJS: 

INTRODUCTION: 

Onoe IftP had been prepared, purified, proved biologioally 

active and non-toxic, it was ready for use. To repeat: the aim of 

this 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-activity within a given biological 

sample. The tools available were the Geiger Muller Counter and 

photographie emulsion; both could indicate on~y how muoh radio­

activity, due to emission of the beta rays of r131 , was present. 

Tissues of an animal could be prepared for estimation of 

all the radio-activity present. Aliquote of tissue digested in 

2N NaOH were plated and counted by the G.M. tube. The result of 

auch determinations in no way indicated in what form r131--and 

henoe, presumably, carrier iodine (due to the careful mixing of 

these two ieotopes)-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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sam.ples were separated. The work done on this problem is the subject 

of this section. 

Preparation of Tissues for Biochemieal Analyses: 

Tissues from uninjected or injected animale were removed 

from freshly sacrificed animale, weighed, either digested in 2N 

NaOH, (auch that for every lOO mgm of tissue 1 cc was used), or 

eut fine; put into either a Potter-Elvejehlm glass homogenizer or 

a Waring Blendor, with 101- TCA, O.tj'f. NaCl, buffered lOj. TCA(.5 g 

TCA in 2.5 ce ~0, 4N NaOH added drop-wise until pH .5 .4 by brom­

eresol green paper, and 2.5 cc 0.2 NaAc-BAc, pH ,5.4, buffer), 

Somogyi Zinc sulfate reagent No. 1. •, or diethyl ether, and homogenized. 

If the tissues could not be immediately homogenized, they were 

chilled to, and held at,4°C., or rapidly frozen on solid co2 • 

.t: Somogyi Zinc Sulfate Reagents-- 1.2.5 g ZnS04 ·7Ha~ to 12 • .5 cc 
0.2,5N H2so4 in lOO ce water-- Reagent NC)~l 0•75N NaOH was · 
Reagent No. II. 

Homogenization 

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 eut into small pieces, the frag-

ments were eased to the bottom of a Potter-Elvejehlm glass 
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liomogenizer 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-tweltth horsepower 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 fragments disintegrated. When no 

fragments ot tissue could be detected by visual inspection, homogen­

ization was considered complete. A creamy suspension resulted. 

Paranchymatous tissues were easy to homogenize, but it the tissue 

were fibrous, homogenization was broken 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 ueed, exoept 

tor o.~ NaCl, undoubtedly caused chemical alterations of the tissue 

prote ina. 

Gela ti on 

Tb facilitate homogenization, especially ot fatty tissues, 

on the suggestion of Dr. o. Denstedt, three gelations on dry ice 

and thawings at room temperature were carried out along with di­

ethyl ether homogenization. 

~ophilization 

Tissues, chiefly lactating memmary glands, were eut, 



66 

placed in Potter-Elvejelhm glass hoaogenizers which were attached 

by rubber suction caps to a glass caterpillar, this to a trap, and 

that to a Duo-seal Vacuum Pwnp. The caterpillar, with its attached 

ho.mogenizers, ·,was packed in solid 002 in a cardboard carton, in­

sulated by newspapers, within a larger carton placed on a plate 

glass slab on the laboratory work bench. A temperature or lees than 

-20°0. and a pressure or 4 mm Hg were aaintained tor 4 days. The 

adequaey of lyophilization was judged by the behavior of the material 

upon subsequent ho.mogenization in anaesthetic di-ethyl ether. It the 

homogenization was easy, lyophilization was complete. Incidentally, 

the change in color, from old rose to chalk pink, of the tissues 

fragments was also used as a rough guide tor the complete removal ot 

water. Once auch tissues had been thus lyophilized, care had to be 

taken to rapidly submerge them in di-ethyl ether when they were 

taken ott the caterpillar, atter the suction had been turned off -

otherwise they rapidly took up water from the atmosphere. 

Preliminary Experimental Resulta: 

To ettect a separation of organic iodine from 1norgan1c 

iodide, precipitation of protein was selected. Various protein 

precipitatants were tried; trichloroacetic acid (TCA}, isoeleetric 

(at the isoelectric point or I-P) precipitation, 95Î ethyl alcohol, 

addition of carrier iodo-prolactin to tacilitate precipitation of 

minute amounts of protein .material (ueually of the order of 0.1 .mgm 



ot lesa, containing only a few gamma or iodine). and colloidal· 

hydroxides of heavy metals. The most suitable precipitant of 

organio iodine was round to be zinc hydroxide. (Somogyi (1930) 

used acid zinc sulfate, neutralized with sodium hydroxide to 

tree blood or protein material prior to blood sugar estimations). 

Parallel studies on iodination, purification, in vitro 

recovery from tissues, and biological use of I~ were carried on 

simultaneously, and new factors were incorporated as they came to 

light. This progressive development made resulta lees comparable. 

Therefore, illustrative experimenta of preliminary experimenta 

have been selected and are tabulated in Table 14. 
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From Table 14 the following signifioant tacts were culled 

and progressively incorporated into turther experimental work: 

1. 10 and 5'f. 'l'CA have pH' s of lesa than, and about, 1. 
Iftp is soluble in thia pH range. 

2. Addition to tissue homogenates did not sufficiently 
neutralize lOj. TOA to cause satisfaotory precipitation 
of If'F. 

3· Neutralizing lOÏ TCA to pH 5·4 caused complete precip­
itation of I*P, but addition ot tissue homogenates, 
under these conditions, resulted in only 7~ precipitation. 

4. ~ acetic acid, in place of lO'f. TCA neutralized to the 
same PH, is an unsatisfactory protein precipitant. 

10~ TCA buttered to PH 5·4 is lesa satisfaotory than 
neutralized 10"/. TCA as an I"P precipitant. 95j. ethyl 
alcohol dissolves lO'f. TCA (pH 5.4) precipitated I~. 
Under theae 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 rnp to warrant its use. 

7. Use of o.2N HaAc-HAo, pH 'j.4, buffer as a tissue ho.œogen­
ate precipitant is highly unsatisfactory. 

8. The fat of lactating mamœry gland interferred with 
attempts to preoipitate protein containing rnp. 

9· Colloidal oopper hydroxide gave a satisfactory precip­
itate with liver hoaogenate and water, but not with 
plasma, to each of wh.ich had been added rnp. 

From these experimenta, it was conoluded tbat isoelec-

tric precipitation of tissue homogenates to which Iftp had been 

added was tutile, that the usual protein precipitants i.e., TUA 

and alcohol, dissolvedrather than precipitated rnp, and that a 

c~lloidal hydroxide of a heaTy metal would prove satisfactory. 
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Sowever, due to the colour of copper solutions, paper pH and liqu1~ 

pH indicators were useless in determination of the exact neutrality 

needed. Use of the Beckman pH .meter wa.s both ti.me-consuming and 

impractical due to potential cross contamination. For these reasons, 

copper hydroxide was abandoned in :favor of zinc hydroxide, and the 

Somogyi zinc sulfate method :for the determination of protein-bound 

iodine was adapted tor use as indicated in the tollowing series ot 

exp eri.men t s. 

SOMOGYI ZINC SULFATE FRACTIONATION OF ORGANICALLY-BOUND IODINE FROM 

moRG.ANIC IODIDE 

In 1930 Somogyi described a method using acid zinc sul­

tate neutralized to pH 7 to obtain protein-free blood filtrates. 

Bis purpose was to deter.mine blood sugar levels. HOwever, his 

reagent (12.5 cc ot o.25N H2so4 plus 1.25 g ZnSo4•?H20 in lOO cc 

water and 0.75N NaOH) and the proportions used in his "second 

procedure"(to l part plasma protein add 8 parts of acid zinc sul­

fate and l part of alkali) have been adopted tor many uses, and 

were adaptable here. 

Not only the proteine of plasma, but ot other tissues 

as well, were to be precipitated. 

The biological .material-- to which small amounts of 

iodine, as inorganic iodide (IR}, or organ1cally-bound iodine 
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(IftJ>) was added-- was obtained i'ro.m. freshly sacrificed rats. 

Heparinized blood, drawn from the inferior vena cava, was freed of 

red blood celle by centrifugation and the resulting plasma used. 

Organe were removed, weighed, and ho.mogenized in Somogyi zinc 

sulfate reagent such that for 500 mgm wet weight, 8 co was used. 

Ot such an ho.mogenate, suitable aliquote (4 co usually) were put 

into graduated centrifuge tubes, and the amount of rnp (0.1 mgm 

in 0.2 cc) or r• (0.2 cc), one drop of 1~ phenolphthalein sol­

ution, and 0.5 cc or more of 0.7.5N NaOH were added. The result­

ing .mixtures were centrifuged, the supernatants pipetted ott, the 

precipitates washed with 3 ce of triply distilled water, and the 

supernatants and washes were pooled, 1 cc aliquote were plated 

with 1 cc 2N NaOH and counted. Precipitates were digested in 3 

ce 2N NaOH, and 1 cc aliquote plated and counted. All plates 

of a given experiment were counted on the same day, in the same 

castle, and at the sa.m.e time of day. The precip1tate fractions 

were calculated as the percent of initial activity, added, and 

reeorded in Table 15 • The extremes of these percentages for 

quadruplicate or duplicata samples prooessed at one time, as 

well as the averages, are recorded in the last colu.m.ns of the 

same table. 

Effeet of tissue type, pH, tissue concentration, time, 

precipitation in the cold, replacement of H20 by isotonie sodium 

sulfate solution as a wash, and affect of I~ concentration were . 
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systematically studied. The resulta of the various experimenta 

are summarized in Table 1.5 • 

RESULTS 

l.YOWTION OF :wmiOD 

Effect of Tissue Types. 

Recoveries of I~ added to plasma were most consistent, 

as indieated by the small spread of pereentages for the four samples 

tested. From it, most inorganic iodide was eliminated. Reeoveries 

of I"P from 11 ver showed the great est spread; .most iodide was 

retained. Recoveries of Iftp from kid.ney were best, removal ot 

iodide was intermediate in amount 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 resulta obtained with liver 

and plasma were attributed to this exeess. 

Etfect of pl1· 

Addition of the exact proportions of 8 parts of Somogyi 

zinc sulfate reagent and 1 part of alkali to 0.3 co of plasma 

resulted in a pH of 7.0. Recovery of organic iodine added to 

plasma increased from 87 of the control experiment to 91~; the 
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épread in the four samples was somewhat lesa. Removal of iodide 

was, however, quite unsatisfaotory in both instances. Recovery ot 

I~ added to liver at a pH of 7 was considerab1y better than that 

of the previous experiment, as we1l'as that of its own control. 

The spread here was reduced. Iodide was as unsatisfaotol11y removed with 

liver as with plasma, probably due to poor .mixing during washing of 

precipitates. 

Rtfect of Tissue Concentration: 

What the protein concentration of the 1:8:1 ratio shou1d -
be, was studied in five graded concentrations of rat 1iver obtained 

by suitably diluting a 500 mgm to 8 cc homogenate with homogeniz-

ing reagent. A sma11 but steady improvement in the a.mount of organ-

ical1y-bound iodine recovered in the precipitates as the amount of 

protein materia1 was increased, was round. Spread of percentages 

was sma11. The iodide adsorbed onto the precipitated protein in 

greater amounts than was desired. From this, the highest concen-

tration here investigated, namely, 500 mgm of wet tissue per 8 oc 

of Somogyi zinc sulfate reagent, was adopted as routine. (This 

represented a 1.875~ protein concentration, if wet tissue weight 

is 70j. water; the 30"/. solids would then be 1argely protein in 

nature). 
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gffect of Cold and Time: 

Though initial precipitation gave water-clear supernat-

ante, washes were milky, indicating losa of precipitate, which 

led to an investigation of the effect of cold and time on complete-

ness of precipitation. Two groups, one treated as descrived 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 overnilht• 

:More care in mxing the resulting preoipitates with the washes 

reduced the amount of iodide in the final preoipitates. (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, 
extra 

while the amount of/inorganic iodide here precipitated, was less 

than 1~, i.e., o.8~ in the first and 0.3~~ in the second instance. 

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

prior to centrifugation. 

Etfect of isotonie sodiwn sulfate in place of water as wash. 

The washes were still mil.ky, and sinoe the supernatants 

were clear, a Na2so4 wash solution, isotonie 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 



?6 

average recovery ot organically-bound iodine, and a spread of 0.2~ 

was obtained. Precipitated inorganic iodide was negligible. Iso­

tonie Na2so4 made manipulation easy; washes were clean and the 

precipitate compact. 

Eftect o~ 0~ cqaeentration 

When the method had been worked out as detailed above, 

the affect of IftP concentration was studied. Rat plasma, to which 

half as much I~P as used previously, was processed. In two samples, 

an average of 65~ Iftp was recovered in the precipitate fractions-­

a recovery 25~ poorer than that obtained in the affect of pH in­

vestigation. Adsorption of I~'~ resulted in an average of 11.8~ in 

two similar samples-- a figure closely resembling that obtained 

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

From the above series of experimenta, 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. 

Maœmarz Glands: Effect of Tissue Concentration: 

Effeet of tissue concentration etudies, (See Table 1.5 ) , 
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fdentical to that carried out on liver, proved disappointing. Poor 

recoveries, with poor duplication of resulta in presumably duplicata 

samples, were found. Extraction of inorganic iodide was unsatis­

factory. Evidently the interferring fat had to be removed. 

Etfect of ~her ~raction: 

Since alcohol diesolTed Iftp (See Preliminary Studies, 

P• 69 , and Fl•ischer, 1943) and ether did not, extraction with 

ether before and after precipitation of Somogyi zinc sulfate homo­

genates of mammary glands (homogenization was ditficult, due to 

presence of fat and fibrous tissue) showed that recovery of I~ 

in the precipitate after ether extraction was unsatisfactory, 

whereas that done before precipitation was better. Good removal 

of iodide was obtained by both methode. Etfect 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 cella without disrupting the tissue protein-- was tried. 

(A smaller than oell-size homogenate was desired because injected 

1norganic iod1de might find 1ts way 1nto the tissue cella. Were 

a larger than 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 extraet the tissue prier to Somogyi 



~inc sulfate homogenization, and to attempt a smaller tban cell­

size hoJIIOgenate, the :t'ollowing experiment was set up. 

lb:p erimental: 

The .mamma.ry gland of a lactating rat was removed, weighed, 

and eut 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 maas, containing some sand {homogenization had been 

carried out in a Waring Blendor} was rehomogenized in a Potter­

Elvejehlm. glass homogenizer in the requisite a.mount or Somogyi zinc 

sulfate reagent. Four 2 cc aliquote were taken, and 0.1 cc containing 

0.05 mgm of I11f' containing 0.9 g8Jilllla of Ifl, were added. To tour 

similar 2 cc aliquote, 0.1 cc containing 0.98 gamma of I~, were 

added. Tbese 8 aliquote were then treated in the usual manner. 

Resulta: 

Under these conditions, 85~ of the organically-bound 

iodine and 12.6~ of the inorganic iodide was round in the respec­

tive precipitates (See Table 15 }-- a distinct improvement. The 

spread had been eut down to about 3·5~ for organical~-Pound 

idoine and to a little more than 2~ for the inorganic iodide. 
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Discussion: 

This experiment was carried out in vitro and, therefore, 

was not strictly comparable to conditions usual in tissue work 

from animale injected with either I• or I•P. In the case here 

descfibed, mammary gland tissue presumably 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. Sueh fat removal facilitated hand­

ling, but mammary gland fractionation was still as much of a problem 

as 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 which, 

precipitation and washing of proteine, has been used here. In his 

method, 2 ml of heparinized plasma was treated with an unspecified 

amount of Somogyi acid zinc sulfate reagent, 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. Barker also found that 500 mgm of rat liver, 

kidney, heart, and skeletal muscle could be homogenized with 8 cc 

of acid zinc sulfate reagent, subsequently transferred to a 50 ml 
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oentrituge tube by four rinsings of the homogenizer with 4 ml eaeh 

of the reagent -- making a total of 24 ce per eaeh -500 mgm of tissue 

used. This was then preeipitated with suffieient 0.75 N NaOH (about 

3 cc) to cause phenol red to turn a permanent pink (pH 6.8 to 8.4-­

Handbook of Chemistry and Physics, 29th Edition, P• 1365, 1945.} 

Under these conditions,99·92Î of 1000 gamma of inorganic 

iodide per lOO 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 7~ completion". 

The purpose here was to determine recovery of the organic­

ally-bound iodine of Iftp present in, or added to, tissue. Represent­

ative aliquote rather than total samples were to be used, and the 

iodine content was determined by measurement of the amouht of rl31 

by the G.M. tube. The amounts of rl31 so determined, in no way 

indicated the endogenous iodine content of the tissue studied but 

were assumed to represent the added iodine. Renee quantitative 

reoovery of total iodine was not the aim as was the ease with 

Barker. The modifications of the first step of his procedure de-­

scribed above resulted in a recovery of 96.5~ of 0.1 mgm of known 

protein-bound iodine, IftP, from 250 mgm of rat liver and the 

elimination of all but 1-2~ of 1 - 2 gamma of inorganic iodide, 

rt. From these findings, it was assumed that organic iodine 

moieties down to as amall a molecular aize 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 

Mprotein-bound" iodine. 

summarr: 

When, for avery 8 cc of Somogyi zinc sulfate reagent, 500 

mgm of wet rat tissue was homogenized, neutralized by 1 cc of 0.75N 

NaOH, held in the cold for 24 - 48 hours twice, and the resulting 

precipitate washed with a volume of isotonie Na2so4 equivalent to 

the homogenate aliquot investigated, 96·5~ of 0.1 mgm of I~ contain­

ing about 2 gamma of IR can be recovered, and all but 1.~ of a 

similar quantity of 1-• can be remo•ed from such a tissue preparation. 

From 0.5 cc of plasma, 6~ of 0.05 mgm and 90.6~ from 0.3 

cc of plasma of similarly iodinated prolactin can be recovered int 

the precipitate, while about 88~ of a like amount of 1• can be removed. 

By ether homogenization of thriee frozen mammary ti~sue, 

followed by Somogyi zinc sulfate fractionation, 85.2~ of 0.05 mgm 

of I~ containing about 1 gamma of In can be recovered in the pre­

cipitate fraction, while about 87~ of a similar amount of r-• can 

be removed. 

Since the biological work of this investigation was to 

be done on mice rather than rats, the effectiveness of this modified 

method in recovering known organically-bound iodine, I•P, and 

eliminating inorganic iodide, I-•, was checked on meuse tissues: 
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In Vitro Recovery of I•P and 111 From 3 Day Lactating Meuse Tissues: 

Experimental: 

HOmogenates of liver, kidney, thymus, spleen, adrenal, and 

ovary were prepared, using Somogyi zinc sulfate reagent. To 2 ce or 

smaller aliquote of these homogenates, 0.1 cc containing o.o; mgm of 

I"P, or 0.1 cc containing 3·9 gamma of r•, were added. These mixtures 

were processed as previously described. The percentage of added radio-

activity retained in the precipitate, i.e. organically-bound iodine, 

are recorded in Table 

Four aliquote of plasma were divided into two groups. To 

one group a similar amount of I 11P was added; to the ether, 111 • One 

aliquot of each group was treated with twice, the remaining two 

aliquote with four times the amounts of Somogyi zinc sulfate reagents 

previously used. The organieally-bound fractions are likewise 

recorded in Table 16. 

Table 16 

Percentage Recovery in Precipitates.of o.o; mgm rnp and 3•? gamma ot rn 

Added to Tissues of a 3 Day Lactating 14ouse Subjected to Somogyi Zinc 

Organs 

Plasma I 
Li ver 
Kidney 
Adrenal 
Ovary 
Thymus and Spleen 

Sulfate Fraetionation Procedure. 

IftJ> 
~ Organic Iodine 

91.0 
86.0 
81.; 
81.0 
s;.o 
6o.o 

I" 
~ Organic Iodine 

6.8 
6.1 
-3·3 
6.8 
9 ·7 
6.3 

Plasma I treated with 2 X quantity acid ZnS04 usually used. 
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In this experiment half as much IftP, 0.05 mgm as compared with 

0.1 mgm, has been used. Recoveries with liver, kidney, adrenal, and 

ovary average 83.4~. Elimination of inorganic iodide has been about 

94~ complete for these same organe. Reeovery from plasma has been as 

complete with twice as much Somogyi zinc sulfate reagents as it was 

with twice as much IftP and the usual 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 6~ 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~, 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'f. of the organically-bound 

iodine has been recovered here suggests that in the case of plasma, 

or tissue fragments in tissue homogenates, auch recovery depends 

upon adsorbability of I~P to other protein molecules, as well as to 

the colloidal ZN(OH) 2 formed, and that the smaller the amount of Iftp 

to be precipitated, the greater tba.t adsorptive surface needs to be. 

The protein content seems more important in this respect than the 

colloidal Zn(o:a} 2, for twice as rouch ZN(OH) 2 with the same amount of 

plasma in the second plasma sample studied here,led to a marked 

reduction in recovery. That plasma -- a 6j. protein solution -­

provides a more effective precipitating agent when twice the usual 
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~unt of Colloidal Zn(OH) 2 is also present, is indicated by the 

recovery obtained. This result suggested that the finer the homogen-

ization -- hence the greater the number of protein particles available-

- the better the recovery of such small amounts of organically-bound 

iodine ought to be. Use of twice as much Somogyi zinc sulfate reagents 

with plasma brings the ~ protein present in the solution to about 

that of the tissue homogenates, auch a ;~ solution of protein seems 

to be about the optimum concentration for recovery of small amounts 

of Itlp. 

In this experiment, twice as much inorganic iodide has 

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

removal seems to indicate that th~/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 Somogyi zinc sulfate reagents; 

that as fine a homogenization 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 IftF or rn had been added. In tissues from an animal injected 

with I~P some time previously, both r•p or its degradation products 
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and Ift would be present. The question arose as to what effeet 

these conditions would have on the aceuraoy of the method. 

Application of The Somogyi Zinc Sultate Frac~ionation Method to Tissues 

From Injeeted Miee 

Triplieate sa.mples of liver taken Uom two C;H male miee 

whieh had been given an intravenous injection of either 0.0.5 mgm of 

I 11P or 1.3 gamma of I 11 twenty .minutes prior to sacrifice were 

fractionated with Somogii zinc sulfate reagents as described above. 

The percentages of organically-bound iodine recovered are recorded 

in Table 17. 

Table 17 

Somogri Zinc Sulfate Fraetionation Studies of Liver Aliquote from Two 

CJH Mice Injected I.V. 20 Minutes Prior to Sacrifice with 0.0.5 mgm 

Of I11p and 1.3 gamma of I" 

I"P r• 
j. Organic 'f. Organic 

Sample Iodine Iodine 

A 66.9 22·9 

B 6;.8 23.0 

c 63-7 22 • .5 -
Average 64.8 (81~) 22 .8 ( 21 • .5j.) 

Coefficient ot 
Variation 2.8~ 1.1~ 
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An average of 64.8~ of the radioactivity present in the 

liver of thà animal injected with I~ was recovered in the precipitate. 

The coefficient of variation for the three samples was 2.8~. When 

corrected, as indicated in the previous experiment, this figure rose 

to 81~. An average or 22.8~ of the activity present in the liver of 

the inorganic iodide-injected animal was round in the precipitate 

fraction. When corrected this came to 21.5j.. The coefficient of 

variation here was 1.1~. 

Of the 0.05 mgm I~ activity injected into this CjH male 

mouse, 30~ was round in the liver at 20 minutes. Of this, 81~ was 

precipitable and so organical1y-bound. Therefore 20j. was inorganic 

iodide. When 1.3 gamma of inorganic iodide activity was injected, 

only 6.6~ was round in the liver atter the same time interval, and 

of this 21~ was prec1pitab1e, and hence organica1ly-bound. fhese 

figures represent what was so at the time the sample was taken -

i.e., at the moment of sacrifice. 

It is, however not likely tbat 0.017 gamma of inorganio 

iodide had been converted to organic iodine and entered the liver 

20 minutes after intravenous injection. Possib1y 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 I~ in the 1iver 20 minutes after intravenous 

injection does not mean that 30j. of 0.05 mgm of IftP 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 r131 incorporated on that 0.05 mgm of rap was in the 

liver at that instant, and that of that 30~ activity, 80~ was pre­

cipitable, and hence preaumably organically-bound iodine. In spite 

of the tact that only approximate data were obtained by the method, 

it was found a useful tool in indicating the tate of injected I 0P 

in the body. 

summarz: 

Triplicata aliquote of livers removed from c3H male mice 

injected intravenously 20 minutes prior to sacrifice with 0.05 mgm 

of Iftp containing 0.05 gamma Ift2 and 1.3 gamma of Ift were found to 

contain 65~ and 22.8~ respectively of the activity present in the 

precipitate fractions. The coefficient of variation for the two 

sets of triplicata samples was 2.~ in the case of Iftp, and 1.1~ in 

the case of inorganic iodide. 

HOwever, this Somogyi zinc sulfate fractionation method 

could not be satisfactorily applied to fatty tissues, especially 

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 experimenta: 

Somogri Zinc Sulfate Fractionation of Mammary Gland Tissue Previously 

Extracted with Ether 

0.05 mgm of I~ and, in a control experiment, 3·9 gamma of 
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inorgania iodide {Ift} were added to equal weights of fresh mammary 

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 homogenates were 

chilled on dry ice thriee 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 manner. 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 ether 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 ieebox treatment, and sub­

sequently fractionated. 

The stomach of the three day old young to which 3·9 

gamma of Ift had been added were similarly treated. 

The resulta for the i organically-bound and the ether 

extractable iodine are recorded in Table 18. 
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Table 18 

f Recovery of 0.05 mgm I 9P and 3·9 gamma r• in Mammary Gland Tissue 

And Stomach Contents of 3 Day Old Young, Extracted With Ether Prier 

To Soroogyi Zinc Sulfate Fractionation 

1- Orgallic 
Iodine 

:Mamma.ry Gland 52 ·5 
Stomach Contents 

!ftp 

j. Ether 
Extractable 

Iodine 

12.8 

1- Organic 
Iodine 

rn 
. j. Ether 
Extra etable 

Iodine 

Since ether extraction was done at the beginning of the 

procedure, 12.~ of the activity was removed by the ether before 

the Somogyi zinc sulfate procedure. This 1eft 87.21- of the activity 

to be fractionated. Of the tota1,52.6j. (or 60"/. of what remained 

there} was recovered in the organical1y-bound fraction. From the 

experiment on the other meuse tissues also containing 0.05 mgm of 

rnp, a corrective of 15 - 2~ was deemed necessary. If a 20"/. 

corrective is applied, the organically-bound iodine should be 

69·75"/., which 1eaves nearly 20j. as inorganic iodide. Under the 

conditions of this experiment, the fresh mammary gland with its 

added IftP was homogenized at room temperature, with ether as a 

homogenizing agent. The homogenization was most difficu1t, result-

ing in a gummy mass. A question arises as to whether any proteo1ytic 

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-iodo-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~ in ether or in the water which is carried by ether. 

Ether will take up one-thirteenth of its weight in water. Or, I~ 

may be soluble in mammary gland fat which, in turn, is soluble in 

ether. These possibilities required further investigation. 

All but 4.6 and 2.4~ of added inorganic iodide (3.9 

gamma} were removed from the precipitates of mammary gland and 

stomach contents. Only 2.64 and 0.98~ of auch iodide was extract­

able by ether under the conditions used. These findings ruled 

against activity being present in ether extracts purely on the 

basie of the weight of water taken up, for, surely, inorganic iodide 

is more soluble than I~. 

Out of this experiment the question arose as to what ether 

extraction would do to the recovery of IftP added to other tissues. 

The following experiment was therefore set up: 

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

Ether Extracted 

Prior to Somogyi Zinc Sulfate Fractionation; 

Tb plasma, liver, kidney, adrenal, ovary, spleen, and 

thymus, and mammary gland of a 3 day lactating mouse 0.025 mgm of 
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rnp was added. 2 aliquote of a similar amount of IRF were also set 

up. These mixtures were rapidly frozen on dry ioe. Am.ounts of dry 

ether--16 oo for avery gram of tissue--were added. These mixtures 
were 

were allowed to thaw at room temperature,jhomogeniz•~refrozen, 

rehomogenized twioe more and oentrifuged. The ether extraots were 

removed and subsequently treated as desoribed for mammary gland in 

the preoeding experiment. To preoipitated homogenates volumes of 

aoid zinc sulfate reagent, equivalent to the ether used,were added, 

and the mixtures oaretully rehomogenized. 2 oo or smaller aliquote 

of these mixtures were taken, preoipitated, and subsequently treated 

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

Somogyi Zinc Sulfate Fractionation After Ether Extraction of 0.025 mgm 

Of Itlp Added to 3 Day La.ctating Mouse Tissues 

To Ether Extractable Iodine ~ Organic Iodine 
'f. Found ~ H20 Soluble 'f. Found E:x:pected Found j. of Expected 

Tissues -j. H20 
Soluble 

Plasma 14.05 - 10.7 = 3·35 86. 74·9 

Li ver 25.0 Il = 14··3 75· 57·2.5 

Kidney 33·7 " = 23.0 66.3 ,58.,5 

~mphatic Tissue 28.0 tt 
= 17 ·3 72. .57·3 

Ad renal 22.9 " = u.2 77·1 54·.5 

Ovary 18.8 Il = 8.1 81.1 62.0 

Mamma.ry Gland 43·.5 n = 32.8 56-5 37·9 

I"P 9·1 If = 90·9 63.25 

I"P 12.25 " = 2.6 87 ·7 .5 57·0 

Average 

Considerable amounts of radioactivity were extracted by 

ether. Even Itlp alone showed an average extractability of l0.7j.. 

Since this I~ was in an aqueous solution to which the ether had 

been added, this extractability probably was due to its solubility 

Activity 
Recovered 

87.0 

76.2.5 

92·.5 

79·5 

70·7.5 

76-5 

67.0 

69-7.5 

65.1 

74·93 

in the water extracted by the ether. In the other tissues, the I~ 

may have dissolved in the tissue water which was then ether extractable. 



93 

A corrective of the amount of I~, itself soluble in ether, was 

applied to all the ether tissues, and the values obtained are record­

ad in the third column under ~ .ether extractable iodine. Plasma 

behaved like Iftp itself, while all the ether tissues (average of 

16.8~} and especially mammary gland (32.8~} showed a high i of 

extractable iodine activity. 

Since the contained Iftp 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, which should have eliminated proteolytic 

activity, and repeatedly homogenized, which should have increased the 

number of protein particles on which I~ 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 waa mammary gland, and from this, 

ether extracted at least twice as much more I~ activity as from 

any ether tissue, except kidney, and lymphatic tissue. \Vhy from 

the last two, which are particularly paranchymatous tissues, auch a 

high prop•rtion, of I~ activity should be ether extractable is not 

understood. Perhaps their very paranchymatousness meant they had 

more tissue water and hence dissolved more Iftp. 
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Tb rule out a tissue water factor, the following experiment 

was perf'ormed: 

Ef'fect of L[ophilization, Ether Extraction, and Somogyi Zinc Sulfate 

Fractionation of 17 Day Lactating Meuse Mammary Gland Tissue to Which 

0.05 mgm. IftF Bad Been Added 

Three aliquote of mammary gland from a 17 day lactating 

meuse were rapidly frozen on dry ice. 0.1 cc containing 0.05 mgm 

of Iltp were added to two and 0.025 mgm to the third aliquot. The 

mixtures also were rapidly frozen, and then lyophilized for four 

days at less than -20°0. 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 Soaogyi zinc sulfate reagents. The 

resulta obtained are recorded in Table 20. 

Table 20 

Effect of ~ophilization, Ether Extracti~n and Somogyi Zinc Sulfate 

Extraction of Ma.mm.ary Gland Tissue From a 17 Day Lactating Albino 

Meuse to Which I"P Had Been Added 

Amount of 
IftJ? added 

9.05 mgm with o.o3;ug I" 

" " " " " " 
0.02.5 mgm with 0.15 ;ug I" 

~ Ether Extractable ~ Organic Iodine 
Iodine Expected Found ~ of Expected 

26.7 
22.1 

3Q.8 

Activity 
Recovered 

93·4 
94.1 

94.0 
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In this experi.ment the j. organic iodine present after ether 

extraction, was about ?4j. of which 68.3j. was precipitated by the 

Somogyi zinc sulfate method. This representa a 94j. recovery of the 

organic iodine rema.ining 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 rnp must be soluble 

in something that is extractable b~ ether, possibly fat. The 6j. 

not acoounted for as organic iodiùe under these conditions may rep­

resent breakdown of IftF, or more likely, loss somewhere along the way. 

From this series of experimenta it was concluded; that 

one-eighth of the s.mall amounts of Ifti> used were soluble in the water 

that was extracted by ether, that from 2.5 - 30j. of auch amounts of 

Iftp were soluble in the fat of ma.rnmary gland; end lasser am.ounts, 

about l?j., in some ether-extractable materials of other tiss~es; 

that following complete lyophilization, about 94j. of the remaining 

activity was recovered as organically-bound iodine; and that there 

was at least a 6j. loss in the method. 
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U S E 0 F I" P I N T H E A N I M A L B 0 D Y 

mTRODUOTION 

After the methode for the preparation and purification of 

I~ and the fractionation of tissues oontaining the iodinated hormone 

had been evolved, the next step was to injeot the prepared material 

into animale and to study their tissues to determine where and in 

wbat torm. the injeoted radioaotivity was. For this purpose, O;H and 

albino mice were used. These anilDa.ls were raised in the animal room 

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

Most experimenta were aoute, consisting of intravenous 

injection of 0.1 oc containing a small quantity of IftF or, for 

I
_,.. 

control purposes, ·· • In mioe, the juguler was round the most suit-

able vein for this type of injection. Routinely, animale were 

exsanguinated immediately antemortem to increase accuracy of bio-

chemical and autographie etudies. The organe for chemistry and/or 

autography were removed rapidly and weighed, aliquote were placed in 

fixative or treated as previously described for biochemical estimations. 

The oarcass, any unused tissue, and any bits of adsorbent cotton 

oontaining traces or blood were digested in 2N NaOH (1 cc/ 200 mgm 

tissue) and subsequently counted; in this way the recovered radio­

activity was held within 10~ or that injected. All weights of 

animale, organs, and aliquote or organs used, as well as all volumes 

of homogenates and aliquote thereof, were recorded, as were auch 
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pertinent data as time of injection and sacrifice, condition and 

reaction of the animal. From auch experimental findings, biological 

data has been calculated. 

Calculation of Resulta: 

Tb study distribution within a given animal, the resulta 

were expressed as per cent recovered dose. To study distribution in 

the same organs of different animale, the resulta were expressed as 

concentration. 'l'o 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 

correoted plate count/100 seconds. 
dose 

The total recoveredjwas obtained 

by summation of the total organ counts for a given animal. (In the 

case of plasma, only the aliquot actually used was included, since 

the rest was either still in the organe 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 meana a random 

distribution; of greater than 1, specifie pickup; of lesa than 1, 

interference with random distribution. Concentration is obtained by 

dividing 
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total organ count by 
total organ weigb.t (in .mgm) 

total recovered count 
body weigb.t ( in mgm) 

• 

The reliability of these two indices of measurement depend-

ed upon the accuracy of the G.M. counter and the preparation of 

aliquote studied. The G.M. counter has an accuracy of 100~ ! 3~; 

duplicata or triplicata aliquote 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 organe of an experimental animal will be indicated si.mply 

ast 1) used for autography; 2) digested in 2N NaOH; 3) fractionated. 

by Somogyi zinc sulfate method; or 4) ether-extracted and fraction-

ated as in 3) • 

The findings will be divided into two large groups--

biochemical and autographie--and the former will be turther subdivid-

ed into technical and biological factors affecting distribution. 

BIOCHEMICAL FINDINGS: 

The experimenta 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 experimenta the following routine and symbolization ~ usedl 

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 IftF. The amount of iodine so injected 

varied from 2 to 0.2/~· The degree of iodination will be expressed 

as the number of iodine atome/molecule of prolactin, in the following 

way---(7.1 12 atome/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 

In Cjd male mice, the amount of protein injected, the 

degree of iodination, and the time of day of injection were found 

to affect distribution of Iftp at 20 minutes after intravenous 

administration. 

Effect of Amount of Protein Injected: 

This experiment consisted of a comparison of the dis­

tribution of r•p in two C}H male mice, one of which was given 0.1 

mgm of I•P, and the other, half that dose. 
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Experimental: 

A. One O}ff male mouse was given 0.1 mgm I•P (7.6 I2 atoms/ 
molecule prolaetin} at 10:}0 A.M. The animal was sacrificed 
twenty minutes later and the organs fractionated by the 
Somogyi zinc sulfate method. 

B. One 03fi male mouse was given 0.05 .mgm I"P (7 .1 I2atoms/ 
molecule prolaetin) at 9:}0 A.M., and sacrificed twenty 
minutes later. The organs were fraetionated by the Somogyi 
zinc sulfate method. 

The findings are recorded in Table 21.. 

Table 21 

Effect of 0.1 and 0.05 mgm 1ap (Oontaining 7.6 and 7.1 Ia Atoms/Molecule 

Prolactin, Respectively) in Of 14a.le l4ice At Twenty Minutes 

~ Recovered Dose Oonc:entra.tion t Organic Iodine 
Ani.Jnals A B A B A B 
Or gans ( 0.1 mgm) (0.0.5 .mgm} (0.1 .mgm} (0.05 .mgm} (0.1 mgm) (0.05 .mgm) 

Plasma 25·5 11.27 7-64 4.24 98·5 87 ·5 
Muscle 25.8 1}.6 0.51 0.33 96.0 74.0 
Adrenal 0.24 o.08 12.6 2.06 95·0 75·0 
Thyroid 0.09 0.1.5 3·95 2.07 99·0 

Findings: 

From Table 21 , more activity was in the plasma of Animal A; 
was 

of that contained activity, mostjorganically-bound. This was also 

true of muscle. Even though these animals were exsanguinated, this 

high figure in the muscle suggested that part at !east was due to 

contained blood. The smaller per cents or organically-bound iodine, 
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and especially the higher total in the thyroid of Animal B, suggested 

a larger ùreakdown of the smaller dose. The iodine in the thyroid 

of the latter animal had apparently been rapidly incorporated into 

thyroglobulin, a tact suggested by the high ~ organic iodine figure 

for that organ in that animal. These findings suggested that there 

was a threshold bath for removal from the blood and for rate of 

breakdown of IftF. The figures obtained tor Animal B suggested that 

the muscle and possibly the adrenal were sites ot catabolism. 

Etfect of the Degree ot Iodination of Protein Injected: 

This experiment consisted of a comparison of the distribu-

tian of 0.05 mgm of IftF in two C;H male mice, one of which was given 

a dose or r•P containing ?·1 r2 atoms per molecule, while the ether 

was given the same amount of Iftp containing 2.1 r2 atoms per molecule. 

Experimental: 

A. One a~ .male mouse was given 0.05 mgm of rnp (7.1 r2 atome/ 
molecUle of prolactin) at ~:30 A.M. and sacrificed twenty 
minutes later. Its organs were subjected to Somogyi zinc 
sulfate fractionation• 

B. One C;H male mouse was given 0.05 mgm ot IftP (2.1 I2 atoms/ 
molecule prolactin) at 9:50 A.M; and sacrificed twenty 
.minutes later. The organe were subjected to Somogyi zinc 
sulfate fractionation. 

The tindings are recorded in Table 22. 
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Table 22 

Etfect of Degree of Iodination on Distribution of 0.05 mgm Iftp in 

C3H Male Mice at 20 Minutes 

~ Recovered Dose Concentration j. Organic Iodine 
Animal a A B A B A B 
Or gans ( 7 .1) (2.1) ( 7 .1) (2.1) ( 7 .1} ( 2 .. 1) 

PlaSlll8. · 11.27 15.96 4.24 3·16 87 ·5 33·2 
Li ver 27·5 29 ·33 5·6 ,.a 87.0 82.0 
Adrenal o.o8 0.17 2.06 0·73 75·0 19·0 
Thyroid 0.15 0·57 2.07 7·7 99·0 

Findings: 

From Table 22 , though there was more total activity in the 

plasma of the animal given the less heavily iodinated I~P, the con-

centration and the j. organic iodine were lees, indicating that more 

Iftp had been removed from the blood and eatabolized to the extent 

that the freed inorganic iodide had re-entered the circulation. This 

supposition was confirmed by the larger j. recovered dose and higher 

concentration in the thyroid. The adrenal appeared to contain more 

activity on the basie 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 j. organic iodine was found 

for this organ in these two animale. From these findings it was 

concluded that lesa heavily iodinated prolactin left the blood stream 

more rapidly than more heavily iodinated materiel, and that breakdown 

or dehalogenation, without true cataboliam of the prolactin itself . , 
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was considerably greater with the less heavily iodinated material• 

·Etfect of Time of Day of Injection on the Distribution of r•p 

This experiment consisted of the comparison of the distribu-

tion of I~ in 2 OJff male mice, one of which was injected at 9:30 A.M. a 

and the other at 4:00 P.M. 

Experimental: 

Effect 

A. One 0~ .male mouse was given 0.0.5 mgm IftF (7 .1 I 2 atoms/ 
molecule prolactin) at 9:30A.M. and sacrificed twenty 
minutes later. The organs were subjected to Somogyi 
zinc sulfate fractionation. 

B. One 0-J! JDB.le mouse was gi ven 0 .0..5 mgm I"F ( 7 .1 ~ a toma/ 
molecUle prolactin) at 4:00 P.M. and sacrificed twenty 
minutes later. The organe were subjected to Somogyi 
zinc sulfate fractionation. 

The findings are recorded in Table 23. 

Table 23 

of Time of Day of Injection of 0.0..5 .mgm rttp in O;H Male J.Uce 

Twenty Minutes Before Sacrifice 

~ Recovered Dose Concentration "f. Organic Iodine 
Ani.mals Â B Â B A B 
Organe (9:30) ( 4:00) (9:30) {4:00) (9:30) (4:00) 

Plasma ll.27 7·4 4.24 1.42 87·..5 90·0 
Li ver 27·..5 17·.5 ,5.6 3·42 87.0 84 • ..5 
Kidney 7·1 4.9 5.18 2.98 81 • ..5 73·3 
Muscle 13.6 9·0 0·33 0.18 74.0 77 ·5 
Adrenal o.o8 0.04 2.06 1.24 75·0 69·5 
Thyroid 0.15 0.18 2.07 3·30 99·0 90.0 
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Findiegs: 

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, lesa had been converted to thyroglobulin. 

The kidney figures also indicated greater breakdown for the after-

noon than the m.orning injected animal, though this may be merely 

a reflection of the smaller concentration in that organ. From 

these findings it was coneluded,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 af~ernoon than 

in the morning. The animale were observed to be more sluggish in 

the afternoon. 

Su.m.mary: 

From these three expertments, 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 catabolizeq(. Distribu-

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

of injection made very little difference in degree of cataboliam~ 
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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 biological factors which 

might affect the distribution of Iftp. Sex, physiological state, 

and time after injection were investigated. 

Biological Factors Affectirg the Distribution of I~ 

Effect of Sex on the Distribution of I~ 

This experiment consista of the comparison of the dis-

tribution of rftp in one male and one female CjH meuse. 

Experimental: 

A. One c3H .male meuse was given 0.0.5 .mgm I~ (2.1 12 atoms/ 
molecule prolactin) at 9:.50 A.M. and was sacrificed 
twenty minutes later. The organe were subjected to 
Somogyi zinc sulfate fractionation. 

B. One CH fe.ma.le mouse was given 0.0.5 mgm I"P (2.3 I~ 
atomsfmclecule prolactin) at 12:00 noon and sacriflced 
twenty minutes later. The organe were subjected to 
Somogyi zinc sulfate fractionation. 

The findings are recorded in Table 24. 
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Table 24 

Effect of Sax on the Distribution of 0.05 mgœ r•p in Cjff Mica 

Organe 

Plasma 
Li ver 
Adrenal 

Findings: 

Twenty Minutes After Injection 

~ Recovered Dose 
Male Female 

15.96 
29-33 
0.17 

Concentration 
Male Female 

~ Organic Iodine 
Male Female 

33·2 
82.0 
19.0 

Though this female was injected two hours later in the day 

than the male, there was laas activity in the blood and more in the 

liver and adreœl than in the male, and of what was there, more was 

organically-bound, indicating that lesa 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 par cent organic iodine were not too 

different, that for the female indicated tremendous breakdown. Such 

a !tinding suggested tha t the adrenal may be a true target organ for 

prolactin. 

Effect of Physiological State on Distribution of 0.05 mgm I~ at 

Twenty Minutes 

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

a three day lactating albino meuse. 

Experimental: 

A. One C.YI female mouse was given 0.0.5 mgm I"P (2 • .3 I 2 atoms/ 
molecule prolactin) at 12:00 noon and sacrificed twenty 
minutes later. The organs were subjected to Somogyi 
zinc sulfate fractionation. 

B. One 3 day post partum albino mouse wa.s given 0.0.5 mgm Ift!' 
(1.0 I 2 atom/ molecule prolactin) at .5:00 P.M. and sacrificed 
twenty minutes later. The organe were subjected to Somogyi 
zinc sulfate fractionation. 

c. One 3 day lactating albino mouse was given 0.0.5 mgm I~ 
(1.0 r 2 atoms/molecule prolactin) at .5:30 and sacrificed 
twenty minutes later. The organe were subjected to 
Somogyi zinc sulfate fractionation. 

The findings are tabulated in Table. 2.5. 

Table 2.5 

Effect of Physiological States on the Distribution of 0.05 mgm rnp 

In Mice at Twenty Minutes 

Animale ~ Recovered Dose Concentration ~ Organic Iodine 
State A B c A B c A B c 
Or gans Normal 3d pp 3dl Normal 3d pp 3dl Normal 3d pp 3dl 

Plasma 9.26 .5·3 1-.59 2.1'] 1.6 0.47 73·1 '71·3 81 • .5 
Li ver 4,5.26 19 ·'7 .5 8.6 8.3.5 2.9 1.,51 90·.5 ']0.2 82.,5 
Kidney 9-26 4.22 2.13 8-5.5 3·8 1.2,5 61.0 .50·.5 68.8 
Adrenal 0.98 0.03 o.O'J 7.18 1.3 2.94 11.3 99·.5 99·9 
Ovary 0.2,5 0.2 0.07 1-03 1.6 0.40 ']'].0 40.9 9.5·0 
Mammary Gland 4.3 19 ·3 0.69 3·.5 ,38.8 22.9 
Thyroid 0.4 0·97 6.6'1 22.4 

Sum 6,5.01 34·30 32·'73 
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Findings: 

By summing the per cent recovered dose for these seven 

organe in these three animale, twice as much total activity was 

present in the normal as in the postpartum or lactating animal. 

The li ver contained the largest amount in the normal and post:partum. 

animale while most was found in the .mamm.a.ry gland in the lactating 

animal. A decreasing total activity was found in :plasma, kidney, 

and ovary, Mammary gland and thyroid showed increasing totals in 

the lactating as com:pared to the :postpartum animal. The total 

activity of the adrenal was lowest for the post:partum, highest for 

the normal, and intermediary for the lactating animal. 

The concentration figures showed the same trends. All 

e:x:ce:pt that of the .mammary gland in the postpartwn and the ovary and plasma 

in the lactating animal were greater tban 1, indicating specifie 

pick-u:p of injected material. Concentrations for liver, kidney, 

and adrenal in the norma~ of liver, kidney, and thyroid in the 
kidney, 

postpartum, and o~ liver,/adrenal, mammary gland 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 cent 

organic iodine figures suggested that the kidney and adrenal of 

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

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

Distribution of I~ and rl31 in CjH Male Mice at About 2 Hours 

After Injection 

This experiment consisted of the comparison of the 

distribution of o.o; rogm of prolactin-- one sample of which contain-

ed 2.0 r 2 atoms per molecule, and the other of which contained 1.0 

r 2 atoms per molecule, injected into single Cj[ male mice--with the 

distribution of an equivalent amount of carrier free rl31 iodide 

ions also injected into a c3H male mouse. All three animale were 

sacrificed about two hours after injection. 

Experimental: 

A. One CjH .male mouse was given o.o; .mgm IftP (2.0 r 2 atoms/ 
molecule prolactin) at 10:40 A.M. and was saorificed 
155 minutes later. The organe were digested in 2N NaOH. 

B. One C~ male mouse was given o.o; mgm rnp (1.0 I2 atoms/ 
molecUle prolactin) at 10:30 A.M. and was sacrificed 120 
minutes later. The organs were digested in 2N NaOH. 

c. One c3H male mouse was given 0.1 cc containing an equiva­
lent amount of "carrier free" rl31 as Nai. at 10:30 A.M. 
and sacrifioed 135 minutes later. The organe were digested 
in 2N NaOH. 

The findings for Î recovered dose and concentration are 

to be found in Table 26. 
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Table 26 

Distribution of IftP and r-131 in C?ff Male Mice at About 135 Minutes 

j. Recovered Dose Concentration 
r-131 r~ 1-131 Iftp 

Or gans A B c A B c 

Plasma 6.3 5·4 4.5 1.32 1.0 1.34 
Li ver 9·5 5·4 2.7 1·33 0.76 0.42 
Kidney 2.3 ;.6 3·5 1.68 1.51 1.50 
Heart 0.14 0.17 0.43 o.;o 
Lung l.E>8 0.24 ·i.61 0.58 
Sto.ma.ch 7·63 14.05 6.03 4.32 
Small Intestine 22.7 ;.8; 3·87 o.:;s5 
Muscle 17 .l 3€>.4 o.;;. 0.66 
Skin 20.4 16.; 0.58 0.?7 
Submaxillary Gland 0.12 0.05 0.41 0·35 
Spleen '1·4 3·78 ;.61 2·7'7 
'l'estis 0.23 0.50 0.2;1 0.56 
Prostate 0.42 0.25 1.96 1.56 
Seminal Vesicles 1.68 1.75 0.76 2·79 
Brain o.o8 o.o6 0.04 0.07 o.o4 o.o; 
Pituitary o.o1 0.002 3·51 0.50 
Adrenal 0.02 o.eo5 0·39 0.20 
'l'hyroid 1.65 2.6 73·32 177·90 
Oarcass 62.5 33·2 16.? 0.71 0.28 

Discussion: 

Stomach, small intestine, muscle, and skin account for 

67.83j. and 64.58~ of the recovered dose in the animals given the 

rnp and r-131 respectively. Plasma, liver, and kidney account for 

18.1j., l4.4j. and 10.7j. more in the three animals respectively. The 

spleen, seminal vesicles, and thyroid account for 10.73 and 8.13j. 

in the second and third animals here tabulated. These organs together, 
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therefore, account for 91.8~~ of the total recovered dose in the 

IftP-injected animale, and 82.58i in the r-131-injected animal~. 

Therefore, at this time interval, the distribution is similar. Note 

that the lesa iodinatèd protein material has a distribution closer 

to that. of the r-13l_injected animal than the more heavily iodinated 

material. 

Comparison of the concentration figures for these three 

animale shows that liver, lung, small intestine, and spleen have 

higher concentrations in the IftP-injected animale, 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 

rAp 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 r-131-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 organe 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 rnp 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 iodinated protein 

molecules not yet destroyed, and the differences in the number of 

potent1al iodide ions here injected. 

Since two hours proved too late--the distribution tound 

approached that of inorganic iodide too closely for differentiation--

a distribution study in 3 day lactat1ng albino mice at twenty 

minutes was undertaken. 

Distribution of rnp and Ift in 3 Day Lactating Albino Mice 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. 

Experilllental 

One 3 day lactating albino mouse was given 0.05 mgm of 
IRP (1.0 r2 atome/molecule prolactin) at 5:30 p.~. and 
sacrificed twenty minutes later. The organs were subjected 
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to Somogyi zinc sulfate fractionation. 

Three 3 day lactating albino mice were given 0.1 cc contain­
ing 0.78 gamma of Ift at 3:30, 4:30, and 5:30 P.M. The,r 
were sacrificed twenty minutes later and their organe sub­
jected to Somogyi zinc sulfate fractionation. 

The findings for ~ recovered dose, eoncentr~tion, and ~ 
organic iodine are recorded in Table 27. 

Table 27 

DISTRIBUTION OF I"P AND I• IN 3.:MY LACTATmG AIBmO MIC.E AT 20 MINUTXS 

~ Recovered Dose Concentration ~ Organic Iodine 
I"P Ift I"P Ill lf'P Ifl 

Av. of Av. of 
Or gans Three Three 

Plasma 1.59 4.28 0.47 1.31 81.5 2.3 
Li ver 8.60 2.99 lo5l 0.51 82.5 8.9 
Kidney 2.13 0.84 lo25 Oo59 68.8 6.4 
Ad renal 0.07 0.01 2.94 0·35 99·9 3·6 
Ovary 0.07 0.04 0.4 0·33 95·0 1.2 
.Mammary Gland 19 ·30 6.98 3·5 1.34 22.9 3·4 
Thyroid 0.97 0 .. 16 22.4 40.0 
Car cas 67.27 86.17 

Discussion: 

Here there are differences. There is more total aetivity 

in the liver, kidney, adrenal, ovary, and mammary gland of the Iftp_ 

injeoted animal, and lesa in the plasma than in the same organe of 

~ 4 the I - injected animale. This low plasma ~ recovered dose and 

concentration was unusual. In most cases, plasma concentration was 

higher in the Iftp-injected animale than that of the corresponding 
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_ft 1 I -injected contro animale. On the basie of concentration, therè 

is more throughout in the IftF than in the r-ft- injected animal, 

except for the plasma, as already mentioned, and except in the 

thyroid where there is twice as much in the r-ft- injected animale. 

That, in the thyroid, the concentrations do not show a greater 

difference, indicates how much of the injected I~ 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 .ma.nuœ.ry gland. From the ir per cent organic 

-" iodine findings, the I - injected animale show practically no 

incorporation of If' into any organic conpounds by this time. 

The concentration in the liver of the rnP-injected animal 

is three times that of the r-ft-injected animal, while that of the 

kidney is twice, of the adrenal nine times, and of the .ma.m.mary 

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 -injeeted animal probably indicates the extent of the 

blood flow to that organ in this lactating state, 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 IftP, though the smaller recoverable per cent of organic 

iodine here may be a reflection of breakdown somewhere elae, auch 

as in the mammary gland, with excretion of iodide by the kidney. 
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The high concentration in the adrenal of the 1~-injected animal in 

comparison ·to the I_n -injected animal is suggestive of specifie 

pickup of IfT. 

Swnmary: 

From this study of distribution, it seems safe to say 

that in 3 day lactating mica a difference does exist between the 

distribution of I~ and Ift at twenty minutes after injection. 

From these studies it was thought that an investigation 

of the affect of time after injection on the distribution of rnp 

in Cjl and 3 day lactating albino mice would be advisable. The 

following studies were carried out. 

Effect of Time After Injection on The Distribution of 0.05 mgm of rnp 

This experiment consisted of the comparison of the 

distribution of Iftp given to series of CjH male and 3 day lactating 

albino mice which were sacrificed atter increasing intervals follow-

ing intravenous injection. 

Experimental: 

One CjH male mouse was given 0.05 mgm IftP (0.4 12 atome/ 
.molecule prolactin} at 12:00 noon and sacrificed 1-2 
minutes later. The organs were subjected to Somogyi zinc 
sulfate fractionation. 

One cyr .male 1110use was given 0.05 mgm I"P (1.1 12 atoms/ 
molecule prolactin} at 4:00 P.M. and sacrificed 10 minutee 
later. The organs were subjected to Somogyi zinc sulfate 
fractionation. 
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One C~ male mouse was given 0.03 mgm I"P (2.1 I2 atoms/ 
molecule prolactin} at 9:50A.M. and sacrificed twenty 
minutes later. The organs were subjected to Somogyi zinc 
sulfate fractionation. 

One C~ feJDB.le mouse na given 0.05 .mgm In:P (2.3 I2 atoms/ 
molecule prolactin} at 12:00 noon and aacrificed twenty 
minutes later. The organs were subjected to Somogyi zinc 
sulfate fractionation. 

One c3H male meuse was given 0.05 mgm IftF (1.1 I2 atoms/ 
molecule prolactin) at 12:00 noon and sacrificed thirty 
minutes later. The organe were subjected to Somogyi zinc 
sulfate fractionation. 

Two Cjl male mice were given 0.05 mgm Iftp ( 2 I2 atoms/ 
molecule prolactin) at 12:30 P.M. and 12:35 p.M. and 
sacrificed 130 and 160 minutes later respectively. The 
organe were digeeted in 2N NaOH. The findings were averaged. 

The findinge for these animale are recorded in Table 28. 

Three 3 day lactating albino mice were given 0.05 mgm Iftp 
(0.77 I2 atome/molecule prolacti~at 3:30P.M., 4:00P.M 
and 3:10 P.M. and sacrificed 5, 20, and 60 minutes later 
respectively. Their organe were subjected to ether extraction 
and Somogyi zinc sulfate fractionation. 

The findings for these animale are recorded in Table 29. 

Discussion: 

At 1-2 minvtes after injection in CjH mice, 97~ of the 

activity was found in the blood, what waa found in the other organs 

investigated was what plasma was contained theretnafter exsanguination. 

At 10 minutes, the activity which was in the blood had largely movei 

out of that vehicle into the extracellular spaces, chiefly perivascular 

in location, and so the plasma total activity had !allen, and that.of 
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Effect of Time after Injection Of 0.0.5 J.tJ.grit r'P. in c3H Male Mi6e 
. -

~ Recovered Dose Concentration ~ Organic Iodine {Corrected) 
1-2 10 20 30 14.5 1-2 10 20 30 14.5 1-2 10 20 30 

Organs min. min. min. min. min. min. min. min. min. min. min. min. min. min. 

Plasma 9 6 .6,5 1,5.60 1,5.96 6.,5.5 7.88 28.4 4.68 3·2 1.98 1.9 99.21 9.5·0 66.8 ,58.0 
Li ver .5·39 1,5.74 29 ·33 17.67 .5·9 1.0 3·31 ,5.8 3.48 1.36 99 ·9 91.2 82. .51·.5 
Kidney 1.9 .5 7.62 9.26k 4.68 1.72 1.64 4.66 8.,5,5~ 2.6 1.21 99·9 8,5.0 61. a ,56.0 
Stomach 1.,58 3·2 3·9 ~ 4.,52 16.4 1.27 1.69 2.12~ 4.63 10.88 77·.5 2.5·.5 24.6 k. 1,5.0 
Sm. Int. 10.44 9·13 8.70â 28.,59 18.3 1.0,5 0.98 2 .oü 0.96 2·9.5 6o.o 32.4 10.,5 ~ 6.o 
Adrenal o.o6 0.17 0.02 0.01.5 0.49 0.73 12.0 0.32 19.0 39·4 
Testis 0.04 0 • .52 0.23 o.31 o.89 o.11 32.4 .52·.5 

~ - Female 

Table 29 
Effect of Time after Injection of 0.0.5 mgm rnp in 3 Day Lactating Albino Mice 

Î Recovered Dose Concentration ~ Organic Iodine ~ Ether Extractable Iodine 
.5 20 60 .5 20 60 .5 20 60 .5 20 60 

Or gans min. min. min. min. min. min. min. min. min. min. min. min. 

Plasma 11 .• 1 7 .1,5 1.7,5 3.66 2.13 0.0,5 98.0 82.6 70.0 2.1 1.,5 6.6 
Li ver 36·3 1.5 .2,5 27.0 7.16 2.68 4.2 78.8 62.,5 26.2 10.2 10.9 1.4 
Kidney 37·3 2.7.5 10.6.5 8.2; 2.88 10.6 68.0 49 ·.5 66.,5 s.o 7·3 ,5.0 
Mamm. Gl. 7·32 10·9 12.8.5 1.79 1.87 1.6 18.2 11.2 12.7 21.7 14.9 ;.2 
Thymus 0.,51 2.1; o.o; 1.19 2.01 0.24 
Spleen o.67 0.47 0.11 1.62 o.82 0.38 
Ad renal 0.12 o.o6 0.02 3·23 1.82 0.22 
Ovary 0.19 o.o4 o.o; 1.82 0.,54 0.31 
Thyroid 0.12 0.17 0.70 0·73 2.64 10.70 
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the organe had risen probably in proportion to their content of 

perivascular extracellular spaces. Thes~ of the organe investigated, 

seemed to be greatest in liver, kidney, and small intestine. This 

process had continued at twenty minutes (the animale used tor this 

part or the st~dy received a dose or IftP with 2 times as ~ch iodine 

on each molecule of prolactin - It had previously been shown that 

auch diffuses lesa well.) with some shitt from organe not here 

investigated back into these organe, tor the blood total had not 

changed noticeably, while liver and kidney seem to have added 

considerably to their totale. The amount in the small intestine 

had not changed much. What was in the amall 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 and was now down to about 7~· The amount 

round 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 

secretes iodide into its lumen, just as it does chloride. Apparently, 

at this time, insutticient iodide had been readsorbed or passed on 

to the lumen of the small intestine to counteract this excretory or , 
rather secretory, tunction ot the stomach. The amount in the small 

intestine was now nearly 3/10 or all that which was injected. It 

probably contained, in its lumen, some from the stomach, some in 
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its capillary beda, and soma in its lymphoid accumulations, all o~ 

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 random distribution everywhere examined except in 

the plasma and kidney. The greater-than-randoa 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 were 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. At 

145 minutes, blood had not much changed; liver and kidney were 

now back to nearly random; stomach was very high; and intestine 

was three times random, probably a sp111-over from stomach; 

adrenal was down to a third of a random 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 break down had apparently been orderly but continuous, as study 

of the figures indicatea. 

When the figures for the three day lactating animale 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 lOj. of the activity was still in 

the plasma. The peaks seemed to be at five rather than twenty 

minutes as before, with a large accumulation in the liver at tbat 

time, which continued and diminished a fourth by 60 minutes. The 

high kidney finding at 5 mi~tes 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 ether organe here 

investigated showed a steady downward trend in total activity 

contained, except thyroid, which showed a steady rise. 

The concentration figures reflected the changing total 

contained-activity of these organs. Kidney and thyroid showed 

a peak at 60 minutes. The concentration in mammary gland 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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1- organic iodine figures indicated that roammary gland and 

liver were either breaking up the injected iodinated protein or 

were accumulating the iodide removed from the material in break-

down elsewhere. Surprisingly, the plasma and kidney had hign 

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 hign figures 

for liver and mammary gland for 5 and 20 minutes, with a maintain-

ed figure for kidney and a sudden elevation in plasma at 60 min-

utes. At that time, the same figures for liver and mammary gland 

had fallen sharply. Just wha.t the se findings mean is not known. 

Sununary: 

1. The total recoverable activity of plasma fell with 

time in both C3ff and 3 day lactating albino mice, as did the 

concentration and the ~ organic iodide. The rate of fall was 

faster in the lactating than in the male mice. 

The total recoverable activity and the concentration of 

that activity in the liver and kidney rose to a peak at 20 min-
lactating 

utes, then fell in the c3H males, while in the 3 da~albino~,these 

were found to be high at 5 minutes, subsequently fell, at twenty 

minutes, but rose again by 60 minutes. The i organic iodine fell 
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to 50~ in the c3H males, and in the 3 day lactating females values­

of 62 • .5Î for the liver and of 49·.5Î in the kidney were found at 

20 minutes. At an hour,these values were modified to 26.2i for 

the li ver and to 66.,5j. for the kidney in the latter series. 10j. 

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 that value at the later time interval, i.e., twenty min­

utes. At an hour, these values were 1.4 and !).Oj. for the liver 

and kidney respectively. 

The stomach and small intestine in the CjH 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 organe 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 2.9.5 at this same time. By thirty minutes, practically all of 

this activity was as inorganic iodide. 

In the c3H males, the adrenal showed negligible total 

ac ti vi ty but a high concentration of 12 ._o at 30 minutes. 'l'he per 

cent organic iodide was always low. In the lactating animals, 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 r•p injected intravenously rapidly diffuses out 

of the vascular tree into the extracellur spaces, from which it is 

either carried back to the blood stream by the lymphatics, or 

trapped in lympoid accumulations, By thirty minutes, some 50~ has 

been destroyed, if it is injected into Cjff 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 animale, there 

was a progressive increase in the total contained activity with a 

maintained concentration of about 1.75. Only small amounts (about 

14~) 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 14.9j., and by one hour, to 

3.2~. From these findings, it was surmised that I~ is taken to, 
is 

and collecte in, the lactating mammary gland; there itjheld 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 Iftp was found to concentrate in lactating mammary 
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glands, a study of the metabolism of rnp in this tissue was under-

taken. 

Metabolism of IftP in Lactating 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 aize of dose of I"P given to 3 day lactating 

albino 11lice 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 
IftF (1.5 I 2 atoms/molecule prolactin) at 5:30P.M. and 
5:10 P.M. and sacrificed 5 and 10 minutes later. The 
mammary glands were lyophilized at -20°0 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 0P (1.5 I 2 atome/molecule prolactin) at 4:45 and 5:10 p.K. 
respectively. The animals were sacrificed 5 and 10 minutes 
later. The mammary glands were treated as described above. 

The resulta are recorded in Table 30· 
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Table 30 

Effect of Time and Dose on Fractionation of Radioactivity in Mammary 

Glands of 3 Day Lactating Albino Mice Given I"P Intravenously 

1- jo 1- 1-
Treatment Recovered Concen- Inorganic Organic Ether 

Dose tration Iodide Iodide Soluble 
Iodide 

.5 min. 0.0.5 mgm. 3·98 0.,58 68.8 17 • .5.5 13.8.5 

.5 min. 0.2,5 .mgm 4.83 0.91 70.0 21.3 8.8 

10 min. 0.0,5 mgm ,5.8 0.94 8,5.4 7·2 7·3 

10 min. 0.2,5 1llgiD. 2.6 0.66 79·3 n.i 9·6 

Discussion: 

From the above table, though the j. recovered dose and 

concentration are not remarkable, the j. inorganic iodide found 

indicated marked breakdown, an average of 7.5·.51- for these four 

glands. In fact, only about 30j. is not accounted for as inorganic 

iodide at ; minutes, whi1e on1y 17.7 j. is not so accounted for at 

10 minutes, or near1y ha1f 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 sma11 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 longer time interval. The 

latter was a little more than half the former. With the five times 
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Iarger dose, the differences do not appear in this ether-soluble 

fraction. Under these controlled conditions, these ether-soluble 

percentages are small. 

This study was extenàed to longer time intervals, and to 

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

Eftect ot Time on Distribution of Iftp in Marnmary Glands of 1? Day 

Lactating Albino Mice 

This experiment consisted of the comparison of the fraction-

ation tindings tor a series of 17 day lactating mouse mammary gland 

tissues sacrificed at increasing time intervals atter injection of 

IRp intravenously. 

Experimental: 

Five 17-day lactating albino mice were given 0.05 mgm of r•p 
(1.56 r2 atoms/molecule of prolactin} at 11:37 A.M., 12:10 
P.M., 2:12 P.M., 2:05P.M. and 2:00P.M., and were sacrificed 
at 5, 10, 20, 40, and 60 minutes respectively. The mammary 
glands were lyophilized at -20°0 and 4 mm Hg for 4 daye, 
extracted with ether, and subjected to Somogyi zinc sulfate 
tractionation. The resulta 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 tell slightly, to 21~ at 60 minutes. The ~ organic 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 
sacrificed at various time intervals after 
intravenous injection of 0.05 mgm of Iftp. 
A curve showing the per cent of the original 
injected dose present in the glands at these 
various time intervals is added also, 



128 

METABOLISM OF 0.05mg I*P BY MAMMARY GLANDS OF 

17 DAY LACTAT ING ALBINO MICE 
80 

·"""· 

___ .-o 

70 

60 / 

50 

,' e-- ORGANIC IDOINE 

O---- INORGANIC IODINE 
0--- ETHER SOl...l.ft..E lODI NE 
0 ------ INJECTEO DOSE 

.... 40 

"' 
1 

1 c( 
1-
:z: .... 
~ 30 .... 
a. 

20 

10 

' 1 

1 
0""',,0 

0 1015202530354045.505560 

TIME IN MINUTES 



129 

~allen to 33fo, and continued to fall to 20j. at the end of one hour. 
The per cent inorganic iodide rose correspondingly. The ~ ether­

iodine 
extractabl~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 breakdown here had 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 materiel 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 undertaken. 

Study of In Vitro Catabolism of IftF by 17-Day Ia.ctating Mam.ma.ry Gland~--

This experiment consisted of the comparison of the fraction-

ation tindings for 17 day mammary gland tissue homogenates to which 
had been added 

0.05 mgm rnP/and which were then incutated for varying lengths of 

tim.e. 

!!ferimental: 

To the mammary gland tissue of a 17-day lactating albino 
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meuse divided into 4 equal aliquote following homogenizati~n 
in normal saline, 0.05 mgm rnp (1.5 I2 atome/molecule of 
prolactin dissolved in o.l 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 res8ectively. 
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 

Effect of incubation on 220 mgm of mammary gland tissue from a 17-day 
lactating albino meuse to which 0.05 mgm rnp (1.5 I2 atoms/molecule 
prolactin) had been added, following lyophiiization, ether extraction, 
and Somogyi z1nc sulfate tractionat1on. 

Time incubated 'f. Organic iodine 'f. Inorganic iodine 1· Ether 
extractable 

5 minutes 70·5 3·77 25.6 
10 minutes ?8.0 5·3 16.7 
20 minutes 75·0 5·25 19.8 
40 minutes 73·0 4·73 22.15 

Average 74.1 4.?6 21.06 

Discussion: 

Incubation had no effect whatsoever on the added rnp 

activity. Homogenates of JI18IIUil8ry glands from a 17-day lactating 

albino meuse do not have the capacity to break the carbon-ta-

iodine bond. 

This finding did not of course prove that mam.mary gland 

slices might not have had the ability to catabolize IftP. A more 

likely explanation is that rnp is broken down under living conditions 

iodine 
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only. This finding, however, opened the question as to whether the 

iodide found in the lactating mamroary gland really did arise from 

catabollsm within the gland, or whether it was the result of cat­

abolism elsewhere in the body, with transport of the freed iodine 

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

All that can be said from these experimenta 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 

It bas been shown that such factors as 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 bas 

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 catabolism there 

or elsewhere has not been settled. It has, however, been shown 

that the material is 50~ catabolized by 30 minutes in c3H male mice, 

and that by two hours, its behavior so closely resembles iodide as 

to make interpretation difficult. Such a destruction is surprisi~ 
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ând suggests that the endogenous hormone must exert its action 

rapidly on its various end organe, i.e. mammary gland, adrenal, and 

ovary. 

AUTOGRAPHie RESULTS: 

Introduction: 

Beta rays emitted by rl3l will affect photographie 

emulsion in the same way light rays do. Tissue sections contain­

ing radioactivity can be coated with photographie emulsion and, 

arter a suitable exposure time, devel9ped as an ordinary photo­

graph. In such tissue sections, wherever rl31 had been, the over­

lying photographie emulsion will contain silver grains, minute 

partiales of metallic 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 which a layer of photographie 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

nique was therefore evolved. 
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Autographie Technique: 

Fixation: 

Tissues trom treshly sacriticed animals were plunged 

into tormalin or orth fixatives, moditied by addition or substit­

ution of ammonium ions, and adjusted to the isoelectric point ot 

Iftp. Such modifications--the first to enhance polymerization ot 

the protein (Fraenkel-Conrat and Mecham, 1949), and the second to 

aid rapid precipitation ot the material in situ--used on tissues 

trom animale given large (0.5 mgm} doses of IftP intravenously only 

a short time (7 and 20 minutes} betore sacrifice, resulted in the 

autographe on which the following description is based. After 

fixation for 12 to 24 hours, the tissues were subjected to the 

usual histological and autographie procedures described immediately 

below: 

Histological Techniques: 

The fixed tissues were washed in running water for 24 

hours, trimmed, embedded in paraffin, eut into 5-lOJl sections, 

mounted on glass slides with the aid of an albumin adhesive, and 

dehydrated preparatory to ataining with hematoxylin and eosin 

{halt of any set of tissues were lett unstained). The slides 

were then coated with colloidin which tormed a protective film 

less than 1 f thick. This eliminated chemical reactions of the 

emulsion. 
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Autographie Technique: 

* The prepared elides were counteùjto determine the oontain-

ed aotivity as a guide to time of exposure required, coated with 

melted photographie 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°0. 

Samples were removed in pairs, developed as in routine photography, 

and mounted in Canada Balsam. NT4 emulsion was used. The result­

ing autographe 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 aize and insoluble 

proteins only remained. 

Autggraphic Findings: 

The autographie distribution of IftP was as follows: 

All organe studied showed some "autographie reaction"--

hereafter called simply "reaction"--the degree of which varied in 

intensity (Fig. 4 ). This general reaction was traoed to perivas-

cular concentrations and to slight but definite reaotionsin all 

tissue spaces. 

In deoreasing arder of magnitude, specifie concentrations 

A.. by Geigèr Muller Tube. 
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Fig. 4. Unstained coated autograph of the orth fixed 

tissues of a 3 day lactating albino mouse 

given an intravenous injection of 0.5 mgm of 

rnp containing 0.3 mc of rl31. 

1) Kidney 
2) Liver 
3) Heart 
4) Eye 
5) Jejunum 
6} Spleen 
7) Uterus 
8} Urinary Bladder 
9) Lung 

10) Pancreas 
11} Mesenteric Lymph Node 
12) Ovary 
13) Mammary Gland 
14} Muscle 
1.5l Brain 
16) Thyroid 
17} Ovary 
18) Salivary Gland 

This picture shows the relative intensity 

of reaction obtained in the various organs. 



. . . /o~ 

1 
l4 



137 

were found in the 1) kidney, 2) the thyroid, 3) the liver, 4) the 

lung, 5) the lymphatic organe such as the spleen, 6) the interstitial 

parts of the entire gastrointestinal tract and other hollow viscera 

such as the urinary~bladder, 7) the en~ocrine organe, 8) the fatty 
•.· ' ' ,,• ·-t'.,./~'.''·.!,.,,;' 

tissues from the mesentery, 9} the muscle and muscular organs 

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

salivary glands, 11) the ski~and 12} the brain. 

1) Kidney. 

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. Oomparatively little 

reaction was found between these intense concentrations. On high 

power microscopie 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 the reaction to: 

1) the space between the visceral and parietal layera of Bowman's 

capsule surrounding glomeruli, and 2) to the proximal segments of 

some proximal convoluted tubules. More distally, the reaction was 

found to overlie the apices of the cella surrounding the proximal 

convoluted tubules. 

2) Thyroid. 

An intense reaction was found over the apices of the 
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Fig. 5· Unstained coated autograph of the liver of the 
same animal. 

x 12 
This picture indicates that the reaction in the 
liver is diffuse but tends to concentrated over 
the sinusoids. 

Fig. 6. Stained coated autograph of the kidney of the 
same animal. 

The reaction here is discrete and limited to 
the cortex. 

x 12 

Fig. 7• Stained coated autograph of the same kidney as 
that in Figure 6. 

x 237 
The reaction here is also around the glomerulus 
in Bowman's capsule and throughout a length of 
convoluted tubule. Note the large non~eacting 
areas of kidney cortex. 
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-rollicular cella of the thyroid gland. This was tho~ght due to the 

incorporation of freed iodide from the I~ rather than to the r•p 

itself. {Fig. 4 

3) Liver. 

The reaction in the liver was diffUse throughout. Only the 

large blood vessels were relatively unreactive. On careful study, 

slightly more reaction was found over the sinusoids, and espeoially 

over the Kupffer cells ,. 

i tself. {Fig. 5 

4) Lung. 

than over tho se of the li ver parenchyma 

An apparently random patohy distribution of intensely 

heavy accumulations was found. These were traced to small blood 

vessels, and gave the appearance of discrete masses plugging these 

vessels. Between auch, the lung parenchyma was surprisingly free 

of reaction {Fig. 4 ) • 

.5) Spleen and Lymph Nodes. 

The reaction in the spleen (Fig. 8 } neatly outlined 

the vascular channels. There were accumulations in the sinusoids 

between the lympnatic nodules of the white pulp. 

Along a collection of lymphatic nodules in the mesentery, 

a definite reaction was found surrounding the central lymphatic 
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Fig. 8. Unstained coated autograph of spleen of the 
same animal. 

X40 
The reaction here is perivascular and about the 
periphery of the white pulp nodules. 

Fig. 9· Unstained coated autograph of Mesenteric 
lymph nodules from the same animal. 

x 27 
The reaction here is perinodular i.e. in the 
sinusoids between the central nodules. 
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nodule. This was heaviest on the mesenteric root sida and nearl~ 

absent on the serosal sida. Between such nodules, the reticulum 

encloaed heavy reactions wi thin the sinusoida. (Fig. 9 } • 

Gastrointestinal Tract and Other Hollow Viscera: 

The subaucosal areas of the gastrointestinal tract, 

urinary bladder, fallopian tube, and uterus stood out in sharp 

contrast to the mucosa itself in unstained slides. All the 

interstitial spaces showed a uniformly diffuse reaction with 

concentrations along the blood vessels. (Fig. 4 In the 

gaatrointestinal tract, especially in the intestine, (Figs. 10 

and 11 ), this reaction extended into the cores of the villi, 

and was intensified at the tips. There was a definite reaction 

between the two muscle coats as wall as a lesa promounced sub­

serosal reaction. In the villi, the reaction tended to diffuse 

out from the core itself to overlie the bases of the epithelial 

cella. (Fig. 11 } The spread of reaction, however, was auch as 

to raise the question as to whether this was due to the spread of 

reaction obtained with any I13l-containing substance. (The energy 

of the beta particles of r13l is auch as to cause a somewhat 

diffuse reaction rather than the sharply localized reaction obtain­

ed wi th c14 who se bata particles posseas lesa energy.) 

7} Endocrine Glands. 

The adrenal showed a diffuse reaction throughout the 



144 



Fig. 10. Stained coated autograph of duodenum from the 
same ani.m.a.l. 

The reaction is most pronounced in the core 
of the villi and in the submucosa. The 
reaction between the muscle coats is lesa 
distinct here. 

x 108 

Fig. 11. Unstained coated autograph of jejunum from a 
3 day lactating albino mouse given 0.5 mgm of 
I 8P containing 0.3 mc of rl31 7 minutes prior 
to sacrifice 

x 108 
This shows the reaction in the core of the 
villi and along the 1ine between the two muscle 
layera. Note that the reaction is slightly 
more intense at the apex of the two central 
villi. 
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-cortex which was intracellular. No areas or zones of increased 

reaction were round. The medulla apparently did not react. 

The ovary (Fig. 12 } showed a striking reaction through­

out the corpora lutea. This was dense, diffuse, and intracellular. 

The rest of the ovarian tissue was relatively i'ree of reaction 

except for the larger blood vessels which also showed a heavy ring­

like réaction in the perivascular tissue. In one i'ollicle, a 

reaction was round in the liquon· folliculi. 

8) Fatty Tissue. 

Throughout a section of mesenteric fat, a diffuse 

reaction was observed. (Fig. 4 ) • 

9) Muscle and Muscular Tissues. 

In a section of skeletal muscle there was a slight 

reaction limited to the interfibrous spaces and the usual accumu­

lations about the more obvious blood vessels. The muscle fibers 

themselves seemed relatively free of reaction. {Fig. 4 ). 

The heart showed a similar reaction; one got the impression 

of a negative image of a i'amiliar object for all the interstitial 

spaces stood out and none of the muscle fibers, which were them­

selves relatively free of reaction. The pericardial adventitia 

and the endocardial intima also showed reaction. (Fig. 4 ). 
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Fig. 12. Stained coated autograph of 
ovary of same anima.l. 

x 43 
There is an intense reaction 
over the corpora lutea. 
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10) Glandular Reaotions. 

The pancreas and salivary glands showed a diffuse reaction 

between the acini, with def'inite concentrations along the blood 

vessels in the adventitia and septa of' each. No other special 

localizations were f'ound in these organe (Fig. 4 ) • 

In an unstained elide, over the ma.mmary gland {Fig. 13 

and 14), there were nwnerous juxtaposed angular, but nearly 

circular, figures, which corresponded to the outlines of the alveoli. 

The reaction overlay the bases of' two adjacent sets of' alveolar 

celle and taded out into Qackground f'og as the centers of the 

alveoli were approached. (Fig. 14 ) • There were the usual accwnu­

lations about the blood vessels {Fig. 13 } • 

11) Skin. 

The reaction here was interstitial and showed no parti­

cular concentrations. It was diffuse throughout except f'or def'inite 

concentrations along the blood vessels. 

12) Brain. 

A perivascular reaction was found in the epicerebral 

and His' perivascular spaces. Cerebral tissue itself showed little 

or no reaction except in the immediate environs of these reacting 

blood vessels. 
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Fig. 13. Unstained coated autograph of mammary gland 
of same aninal. 

This shows a blood vessel and surrounding 
alveoli. The reaction is located over and 
between adjacent alveoli and gives the 
impression of a chicken wire pattern. 

Fig. 14. Unstained coated autograph of mammary gland 
of same animal. 

x 98 

x 373 
The reaction is seen to overlie the bases of 
the cells lining two adjacent alveoli. 
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Summary 

There were diffuse intercellular reactions in all organs 

studied (Fig. 4), with greater accumulations of silver grains along, 

but outside of, the smaller vessels of the organs. 

Intense reactions were found in the proximal convoluted 

tubules of the kidney, (Fig. 7 },over the apices of the follcular 

cells of the thyroid, (Fig. 4 ), diffusely throughout the liver 

{Fig. 5 }, intracellularly throughout the corpora lutea of the 

ovary (Fig. 12 ), intracellularly in the cortex of the adrenal, in 

the sinusoids of the spleen (Fig. 8 ) , and lymphatic accumulations 

(Fig. 9 ), and over the bases of the alveolar cells of the mammary 

gland (Fig. 13 and 14 ), as well as between them. 

Diffuse but definite reactions were round along the 

intestine, in the cores of the villi (Fig. 10 and 11), and in 

the submucosal and intermuscular layera, as well as subserosally, 

in the interstitial tissue of pancreas and salivary glands, fatty 

tissue {Fig. 4 ), and in the loose connective tissues of the skin 

and lamina propria of the hollow viscera (Fig. 4 ). 
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-'DISCUSSION OF DISTRIBUTION OF IfiF IN THE .ANIMAL BODY 

The ease with which diffusion of Iftp out from the 

plasma into, and mixing in, the extravascular spaces takes place 

is affected by several factors; auch as the amount of protein 

initially injected; and the degree to which it is iodinated; the 

time of the day when the injection was made; and the state of the 

animal into which the material was injected. The more material 

which has to be so mixed, the longer it takes--by twenty minutes 

the concentration of 0.1 mgm in the plasma as compared to that of 

0.05 mgm. was 7.64 as compared to 4.24 (Tables 21 and 22) while 

the same amount of protein iodinated to different extents, gave 

concentration of 4.24 for that iodinated to 7.1 I2 atoms per 

molecule as compared to ;.16 for IftF iodinated to 2.1 I2 atoms 

per molecule (Table 22) (of the latter a lot was already iodide). 

Diffusion at 20 minutes out of the blood stream was faster in the 

afternoon than in the morning, (4.24 as compared to 1.42 at 4:00 

in the afternoon - (Table 23)), was faster in the female (3.16 

as compared to 2.17 (Table 24 }}, and increasingly rapid in the 

postpartum and lactating states (1.6 for the postpartum state 

and OA7 for the lactating state (Table 25 ) } • These findings 

would be expected on theoretical grounds, for the more molecules 

which have to diffuse, the longer it will take; the bulkier or 

more distorted the molecule (provided the addition of iodine atoms 

to a prolactin molecul~ does so distort it), the harder it will he 
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-'for it to diffuse across, and the more sluggishly diffuse through, 

extracellular fluids in order to come to a complete state of mixing, 

though at the same time the more conspicuous it will be in the 

population of molecules already there, and hence, presumably, the 

faster it will be reduced to undistinguishable material by the 

scavanger cella in these very same extravascular spaces. The in­

creasingly rapid removal from the circulation in the increasingly 

demanding physiological states may be just an expression by the 

body .of its need for this material, and its avidity to convert it 

into moieties which fit its needs. Or it may represent an increased 

vascular permeability which, in turn, allows freer exit to the body 

from the vascular system. In the afternoon when the metabolic 

rates are slowed, the greater stasis may make diffusion faster 

through the capillarJ walls, due to the lessening rapidity of flow 

which might otherwise sweep such molecules along before they 

could diffuse out into the extracellular fluide. 

Since I"P diffuses o~t of the vasoular system from a 

higher to a lower concentration, so freed iodide will diffuse 

back into the blood stream from a higher to a lower concentration, 

and from there it will be distributed and concentrated in those 

organs which have a special affinity for it, i.e. thyroid and 

stomach. Other molecules will be distributed uniformly throughout 

the extraoellular fluids in the skin and gastro-intestinal tract 

especially where high totals are found as late as 2 hours after 
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~he initial injection of rnp (Table 26 ). Those organs which have 

a special affinity for iodide will continue to remove it from the 

blood and in time return it in the same or a different form. But 

the blood probably is only a passive vehicle for it; it may attaeh 

it onto one of its proteins in order to reduce the number of mol­
it 

ecules which/carries along, and thus maintain its own osmotic 

pressure. 

The liver, on the other hand, at 20 minutes does not 

distinguish'between the degree to which the protein material is 

iodinated for it had a concentration of ,5.6 and ,5.8 for 0.0.5 mgm 

of r•P,one sample of which was iodinated to 7·1 and the ether to 

2.1 r 2 a toms per molecule (Table 22 ) • Both were injected about 

9:4.5 A.M. However, a sample of the more heavily iodinated material 

injected in the afternoon resulted in a concentration of only 3.42 

(Table 23 ) , while a female injected at noon with less heavily 

iodinated material, resulted in a concentration of 8.3.5 (Table 24 ). 

A postpartum and a lactating animal injected later in the afternoon 

with a still lesa heavily iodinated sample of rnp resulted in con­

centrations of 2.9 and 1 • .5 (Table 2.5}. l!.,rom these figures, the 

concentration in the liver appears to depend only upon the rate 

of diffusion from the blood. The usual per cent of recoverable 

organic iodine in this organ at this time,i.e. 20 minutes,was 82.8~, 

which, in the light of its sizable concentration, may be indicative 

of breakdown. Mei t:i:rs ( personal communication) sa id that addition 
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of prolactin to liver slices in vitro resulted in loss of biological 

potency, thua indicating breakdown. The catabolism ao indicated 

may, however, not be the same as that which would result in release 

of iodide. (This needs investigation). The 17·~~ (Table 25 ) of 

inorganic iodide recoverable from liver at 20 minutes may simply 

indicate breakdown elsewhere, with carriage to the liver by the blood 

stream. The amount of iodide round in liver has been shown to in-

crease with time, so that by 30 minutes, in o3H male mice, 50~ is in 

that form (Table 28 ). In three day lactating mice, an ether­

extractable portion, 10~ of concentrations of 7.2 and 2.7 at 5 and 

20 minutes (Table 29 ) was found. The meaning or the nature of these 

fractions has not been elucidated. From the data at hand, the liver 
a 

acta lik~/Protein collecter. The autographe indicate that the dis-

tribution is diffuse at 7 minutes (Fig.~ ), and that the Kupfer 

cella are slightly more active than the rest of the liver tissue. 

The kidney, like the liver, is a protein collecter and 

does not distinguish, in the first instance, between degrees of 

iodination of the protein collected. tts concentration also is a 

reflection of tbat of the blood (Fig. 16 ), though it is higher 

than the blood except at the very earliest time intervals studied. 

Thus, at 20 minutes in Ojff male mice given 0.05 mgm at 9:30 A.M., 

it has a concentration of 5.18 (Table 23 ), while the sample of 

rnp injected in the afternoon, resulted in a concentration at the 

same time of only 2.98 (Table 23). The female injected at noon 
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with a lesa heavily iodinated Inp had a concentration of 8.~, 

(Table 24 ) , and the postpartwn animal injected at .5:00P.M •. ·had· 

a concentration of 3.8 (Table 2.5 ), a concentration higher than 

that of the male injected only an hour earlier. A 3 day lactating 

mouse injected at 5:30 P.M. led to a concentration (Table 25 ) of 

IftF in the kidney of 1.25. The kidney, unlike the liver, does 

make a differentiation between heavily and lightly iodinated pro­

lactine (Tables 23 and 25 ), for in the noon-injected animal, where 

the concentration is highest, the recoverable organic iodine was 

only 61~, while that of the 9:30 A. M. injected animal was 81 • .5~ 

(in the latter case, there was far more iodide to be recovered of 

course which may account for the higner i of recoverable organic 

iodine). In the 5 p.M. injected postpartum animal (Table 25 ), 

only 50~ of the materiel present was organically bound. 

In Fig. 15 the per cent injected doses of 0.1 mgm I~ 

(7.6 I 2 atoms/molecule prolactin) given to a series of CjH male 

mice are plotted against time. A~ the activity in the plasma fell, 

that in the liver and kidney rose. In the liver the total activity 

found crossed that of the plasma at ten minutes then continued to 

rise to a peak of 2.5~ ~t twenty minutes, while that of the kidney 

never rose as high as that of the plasma, but apparently came into 

equilibrium with it shortly after ten minutes, then followed it 

(Fig. 15 ) • 

From the autograph~, (Fig. 6 and 7 ), this I~ is 
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Fig. 15. Ourves of per cent injected dose at successive 
time intervals after intravenoue injection of 
0.1 mgm of IftJ> to C;H male mice for plasma, 
liver, and kidney. 

Note that the curve for liver crosses that of 
plasma at 10 minutes and rises to a peak of 
25i at 20 minutes, while that of kidney 
approaches and then follows that of plasma. 
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~nitially in the glomeruli capillaries and then in the proximal 

convoluted tubules. By twenty minutes after injection it can 
being 

actually be seen/reabsorbed by these cella for the line of silver 

granules which,higher up in the tubule was one, splits to form two 

lines which overlie the inner surfaces of the cella lining the 

proximal convoluted tubules. Furthermore, it is interesting to 

observe that only a few of the many glomeruli of the kidney seem 

to work at any one time. ("a fact which has been k:nown for quite 

a while (Boyd 1944) and which is strikingly demonstrated in these 

autographe). In fact, such a protein, iodinated in such a way, 

should provide a useful tool to study renal physiology. 

A rising concentration was found in those animals whose 

stomach wall and contents were studied, starting with a concentration 

of a little over 1 and rising to one greater than 10 by two hours 

(Table 28). The per cent of recoverable organic iodine falls from a 

high of 77 .r;j. to a low of 1r;.oj. by thirty minutes (Table 28 ) • The 

initial high 1-organic iodin·e probably was either contained blood or 

iodide trapped within cella and there precipitated. The stomach 

is known to concentrate iodide ions in the same way it concentrates 

chloride ions (Leblond 1951) and to excrete them into its lumen. 

They may be converted there by the acid medium into I 2, which could 

then react with the proteins in the stomach contents. 

The small intestine has one of the largest capillary beds 

in the body (Franklin, 1951), hence large amounts of injected 
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-material are found there. A concentration, vascillating from 1-2, 

was found in a time series study done on CjH male mice (Table 28 }, 

The initial high per cent recovereble organic iodine fell rapidly 

to one of 6~ by thirty minutes (Table 28 ). Autographe of this 

tissue show, at 7 minutes, anywhere along it,a uniform diffuse 

reaction throughout the cores of the villi (Figs.lO and 11 ) 

with a slight concentration at thè tips and along the vascular 

bed, between the inner and outer muscle coat. At this time, in 

the lymphatic accumulations (Figs. 8 and 9 also, one side and 

the distal and proximal ends of individual nodules show a reaction 

which fades as the center of the nodule is approached. This in­

dicates that the ly~phatic channels drain into these nodules, all 

on one side, and that that aide is toward the root of the mesentery 

in which they were found (Fig. 9 ). The continuing high concen­

tration probably is due to these accumulations in the lymphatic 

nodules for the capillary beds must fill rapidly and then empty, the 

flow in must equal the flow out, for the concentration remained 

surprisingly constant for sometime (Table 28 ). Undoubtedly this 

is one of the sites of breakdown both in the lymphatic nodules and 

in the extravascular spaces throughout the cores of the villi. 

Inorganic iodide secreted in the stomach must in time find its way 

into the lumen of the gut and help account for the high iodide con­

tent at the later time intervals. Any iodinated protein from the 

stomach lumen may be rebroken down here. An entero-hepatic cir­

culation of iodine is believed to exist (Leblond, 1951) as a 
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protective mechanism for animale deficient in iodine. This would 

allow reabsorption and reuse of a scarce element essential to the 

body economy. It has beenshown that in animals with an adequate 

iodine intake, thyroxine iodine is excreted in the feces, whereas 

physiological thyroxine iodide is secreted, via the kidney, in the 

urine (Gross, 1949), and that thyroxine, or its conjugates or 

metabolitès, is excreted by the liver into the bile. (Leblond, 

personal communication). Hence the need for this entero-hepatic 

circulation of iodide. 

The muscle at 20 minutes has a higher concentration if 

0.1 mgm of material rather than 0.05 mgm has been injected (0.51 

as compared to 0.33, (Table 21 )), and a higher concentration in 

the morning-injected than in the afternoon-injected animal (0.33 

as compared to 0.18 (Table 23 )). This probably is a reflection of 

what is happening in the blood, 

The thymus and spleen in 3 day lactating animals show 

reasonably high concentrations (Table 29 ). These are probably 

dye to the lymphoid accumulations contained therein. The autographe 

of these two organs indicate such is the case (Figs. 8 and 9 

The story in the adrenal is lesa clear. A large dose of 

heavily iodinated prolactin given at 10:30 A.M. to a CjH male mouse 

resulted in a high concentration of 12.6 (Table 21 ), while a 

smaller dose with nearly the same degree of iodination, resulted 
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in a 2.06 concentration only (Table 21 ). The same size dose iodinated 

to 2.1 instead of 7.1 r2 atome per molecule also given at 9:50 in the 

A.M. led to a concentration of only 0.73 (Table 22 ), while a more 

heavily iodinated IftP sample given in the afternoon resulted in a 

concentration of 1.24 (Table 23 }. Considerable breakdown appears to 

have taken place, for the corresponding percentages of recoverable 

organic iodines were 9~, 75, 19, and 69·5~ (Tables 21, 22 and 23) 

which correspond generally with the observed concentrations. There­

fore the lower the concentration, the more obvious the breakdown, 

which is mone apparent inthe lightly iodinated sample. 

A female injected with a similarly lightly iodinated 

prolactin at neon showed a concentration of 7.18 and a breakdown of 

nearly 90~ by 20 minutes (Table 24 }, while a postpartum and lactating 

female, injected in the late afternoon had concentrations of 1.3 

and 2.9 (Table 25 }, and all of the activity was recoverable as 

organically-bound. By autography, it is evident that there is an 

intracellular localization of prolactin at 7 minutes in a three 

day laotating animal. It is an intense reaction, diffuse throughout 

the cortex but not affecting the medulla. Whether there is con­

tamination of the original material with A1CH (which has been 

iodinated and hence shows this reaction) cannet be said; also it 

cannet be ruled out, though the methods used to purify the prepared 

I*P were believed to help remove any contaminating material origin­

ally present in this sample of prolactin. 
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In the time series run on the three day lactating anima~s 

(Table 2~ ) , a concentration of 3·23 was found in the adrenal at 

5 minutes, a concentration of 1.82 at 20 minutes,and one of only 

0.22 by 60 minutes. If prolactin does have a specifie effect on 

the adrenal, it must be an extremely rapid one, and the material 

must be destroyed in the process. In the C}H male meuse time series 

(Table 28), a rising concentration to 30 minutes, with a high of 

12, was found. By two hours it was back to 0.32. 

In the ovary in the female Cjff mouse injected at noon 

with the 2.3 I 2 atoms/molecule of prolactin, a concentration of 

1.03--i.e. one equal to random distribution--was found (Table 25), 

while in the 3 day postpartum female injected late in the afternoon, 

there was concentration of 1.6 with only 40.9~ of it recoverable as 

organically-bound iodine. (Table 25 ). The three day lactating 

female injected at the same time ofday with a similar dose of 

prolactin (Table 25 ) showed only a 0.4 concentration, and ~5Î of 

it was recoverable as organically-bound 1odine. In the time series 

done of 3 day lactating albino mice (Table 29 ) , an initial concen-

tration of 1.82 fell to 0.31 by 60 minutes. On autogr~phy, a strong 

reaction was found over the corpora lutea of a 3 day lactating mouse 

injected 7 minutes prior to sacrifice (Fig. 12 There was an 

intracellular reaction present throughout the corpora lutea. In one 

follicle, a reaction was found in the liquor folliculi. During the 
b 

course of this work, a paper appeared by Senenberg et al (1951) of 
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Sloan Kettering Insti tute. This group had prepared a similar IAF 

(they had trace-labelled their materiel rather than minimally 

iodinated it as was done here). They found autographie evidence 

of corpora lutea concentration and concentration in follicular fluid 

in one ovary. Their test animal was the rat. 

In the mau.mary gland of a 3 day postpartum. m.ouse given 0 .0.5 

mgm rnp containing I r 2 atom per molecule, a concentration of 0.69. with 

only 38.8~ recoverable organic iodine was found, while in a 3 day 

lactating albino mouse given a similar dose of Iftp similarly iodinated, 

a concentration of 3·.5, with an ?7Î breakdown to inorganic iodide, 

was found at 20 minutes (Table 2.5 ) • In a time series on three day 

lactating mice, a concentration of about 1.8 was maintained for an 

hour, with a falling ~ of recoverable organic iodine and ether 
{Table 29) 

extractable iodine as wel~ Autographically, at 7 minutes (Figs. 13 

and 14) a chicken wire-like reaction was found over the alveolar 

cella of the lactating gland. Since the gland is a large organ, and 

since the jo recoverable organically-bound activity is so small so soon, 

demonstration of the presence of I~ in the roammary gland is difficult. 

It requires a large dose whioh has been rendered highly active, and use 

of a fixative which promotes polymerization of the protein material so 

that it is hëld in the tissue sections during preparation of the 

slides. Since all but protein materiels containing rl31 would be 

washed out in such an autographie preparation, it seems quite safe 

to say that in the mouse, at least, it is possible to demonstrate 
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the presence of rnp in the lactating mammary gland. In the rat, 

* Sonenberg et al did not find itj~t 20 minutes, the tnyroid of the 

animal given 0.1 .mgm I"P ( containing ? .6 I 2 a toms/molecule) had a 

concentration of 3·95 at 20 minutes (Table 21 ) while a similar 

animal given a small dose (0.05 mgm} similarly iodinated (7.1 r 2 

atome/molecule) at a similar time af day (9:30A.M.) had a concentra-

tion of 2.07. When more lightly iodinated (2.1 I 2 atoms/molecule)prolactin 

wae likewise given to a Ojfl male at a similar time of day (9:50 A.M.} 

the concentration was ?·? (Table 22 ). This was taken to indicate 

that smaller more lightly iodinated doses of prolactin led to raster 
or more evident dehalogenation 

breakdown/with consequent pickup of more iodide by the gland. Of the 

last two concentrations, 99 and 90Î were organic iodide - indicating 

rapid incorporation of the rl31 into thyroglobulin (Table 22 ). When 

the more heavily iodinated prolactin was administered in the after­
(3.30) 

noon (4:00P.M., Table 23 ) a concentrationjcomparable to that 

obtained with the more heavily iodinated larger dose given in the 

morning was obtained (3: 9~ Table 21 ) • This was taken to indicate 

that removal of freed iodine to the thyroid by the blood waa alower 

in the afternoon. 

In the three day postpartum animal injected with 0.05 mgm 

I~P (1.0 I 2 atoms/molecule prolactin) at 5:00 P.M.,a concentration 

of 6.67 was found,while a similar dose was given to a three day 

lactating animal at a similar time of day (5:30 P.M.),a concen-

tration of 22.4 was found (Table 25 ). These very much increased 

â Paragraph 
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~oncentrations were thought to be due to the increased metabolic · 

rates of these increasingly stressful physiological states. In a 

time series run on 3 day lactating albino mice, the thyroid concen-

tration was found to rise with time to 20 minutes but to have fallen 

at 60 minutes (Table 29 ). This was interpreted as a rapid pickup ~ 

rapid incorporation of I-" into thyroglobulin,and a rapid release of 

freed thryoxine to the circulation. 

In Fig. 16 the concentration and peP cent organically­
iodine, 

bound/as found for a Ojff male mouse injected with 0.05 mgm of I~P 

(7.1 I2 atoms/moleoule prolactin) at 9:30 A.M.,is compared with 
that of 

its Ift control, and/a 3 day lactating albino mouse given 0.5 mgm 

of I"P (1.0 I 2 atoms/molecule) at 5:30P.M. is compared with its 

I" control. From the graph (Fig. 16 ), in the OjH male meuse the 

activity accumulates in the liver, kidney, and thyroid, and of that 

in the first three organs - plasma, liver, and kidnêy - a large per 

cent was still organically-bound. (This was a heavily iodinated 

sample; it takes longer for the iodine to be freed from a heavily 

than from a more lightly iodinated prolactin sample.) In the control 

animal, the plasma concentration is not too different,though a bit 

lower, while that of the liver and kidney are considerably lesa. 

Here the organically-bound iodine is negligible. In the lactating 

animals, there is less in the liver and kidney at this time, with 
more 

more in the adrenal and a lot/in the mammary gland, which more or lesa 

resembles the findings for liver in the male. Note that the ovary 
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Fig. 16. Graphs of the distribution at 20 minutes of 
0.05 mgm IftP (7.1 I2 atoms/molecule prolactin) 
injected intravenously at 9:30A.M. intQ a 
C}H male mouse and its corresponding r- control 
and of the distribution at 20 minutes of 0.05 
mgm Iftp (0.77 I 2 atome/molecule prolactin) 
injected intravenously at 5:30 P.M. into a 
three day lactating albino meuse and its I -· 
control. 

The concentration for the various organe de­
picted is represented by the dotted colums, 
superimposed on which are the per cent organic 
iodihe recoverable as dark gray columna. The 
cross hatched columns represent the total _ 
iodine concentration for the thyroid gland. 

The organe represented are: plasma (PL.), 
li ver {LI.), kidney {KY.), adrenal (ADR.), 
thyroid (T.), ovary {OV.), and mammary 
gland (ld.G.). 

The explanation is to be found in the text. 

-------:-"""'! 
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~howed a lees than random distribution. Already, at this time in~r-

val, considerable breakdown had occurred, as evidenced by the large 

concentration in the thyroid and mammary gland. The iodide control,values 

in this case, were all at a lower leval. More was in the thyroid. 

An attempt has been made to study the metabolism of the 

If'P in the lactating gland. So far, no answer has been found to the 

,uestion of whether the breakdown takes place in the gland, or whether 

it becomes anavid iodine concentrator when it takes on the lactating 

state. The latter, from the figures obtained, seems hardly probable. 

But in vitro homogenization in saline, with subsequent incubation in 

the presence of rnp, led to no breakdown of IRP after 40 minutes. 

From the findings presented,it seems reasonable to postulate 

the following theory of the factors governing the distribution of 

I~. From the blood, to which it is added in the jugular vein, it 

goes to the heart where it is mixed with the systemic venous blood, 

thence to the lunga, where any undissolved protein partiales are 

filtered out by the small capillaries (Fig. 4 ), thence back to the 

left heart,and from there out to be distributed to the body generally. 

Probably it is contained within the vessels until it reaches the 

various capillary beds where it diffuses out, first into the peri­

vâscular (adventitial),and then into the extracellular spaces. Here 

it is carried either by lymphatics to the various lymphatic nodules 
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such as those in the mesentery (Fig. 9), or by extracellar fluid 

current into contact with celle of the various organe. Those organe 

which have a special affinity for it-- the liver, kidney, adrenal, 

corpus luteum, and mammary gland-- specifically pick it up and it be­

comas intercellular. Autographically (Fige. 12 and 14), in all these 

organe but the rnammary gland, the reaction is intense, whereas in 

those organe which have no special affinity for it, it diffuses in 

and out-- thus giving rise to the weak, diffuse, overall reactions 

round in all other tissues studied (Fig. 4). Some cella catabolize 

or dehalogenate it, thus releasing its contained r131 which, in turn, 

diffuses out of the cella and is carried by the ly.mph and/or blood 

back to the circulation. Here it is carried to the thyroid where it 

is concentrated and incorporated into thyroglobulin and gives rise 

to "ring reactions" (Fig. 4). The blood also ~carry it to other 

organe where, on biochemical analysis, it probably accounts for the 

inorganic iodide fraction round at the later time intervals. The pre­

sumed sites of breakdown are the mammar) gland, muscle, kidney, liver, 

and reticulo-endothelial system. In the kidney, rnp seems to be 

filtered out through the glomeruli into the proximal convoluted tubu­

les where it is either reabsorbed as such or freed of iodide, or it 

is excreted as such, depending upon the needs of the body. The iodide 

so freed, here or elsewhere, is excreted as such, or mixed with the 

iodide pool of the body. Exactly what happens to I~ in the organe 

of special affinity-- adrenal, ovary, mammary gland especially, and 

possibly the reticulo-endothelial system-- is, as yet, unknown. Once 

the iodine label has been removed, the hormone oan no longer be fol­

lowed by the methods here employed. 
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GENERAL DISCUSSION 

Prolacti~ for purposes of this discussion, is defined as 

that substance(s) which causes a characteristic pigeon crop gland 

response. Such a biological definition indicates nothing of the 

cheœâstry or physical chemistry of the substance(s) which presumably 

is protein in nature, for a simple protein--one containing only 

amino acids--has been isolated from pituitary tissue (White et al, 

1937) and shown to cause this characteristic pigeon crop gland 

response. The amino acid content of this protein hormone has been 

elucidated by Li {1949) who has shown also that certain contained 

radicale are necessary for this characteristic response (Li et al, 
a 

19~1, Id and Kalman, 1946 and Li and Fraenkel-Conrat, 1947}• 

The need for a label for Prolactin: 

Due to its chemical inconspicuousness, the contained amino 
common 

acids are those/to most proteine, prolactin is not discernable in 

the maas of protein material of any given organ. As yet, the dis-

tribution of the endogenous hormone cannot be studied because 

methods for its chemical or physical isolation are either not 

available or not sufficiently developed; furthermore, the assays 

available are too gross to detect the minute amounts present in 

the tissues of single small laboratory animale. Therefore, a 

label was needed to trac~ by physical means, this chemical entity (s) 

in the animal body. The most desirable label would have been 
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-endogenously incorporated cl4, or even s35, since synthesis, as yét, 

is out of the question bedause the intimate chemiatry of the hormone, 

or its biologically active moiety(s), is unknown. By charring, pile 

conversion to its radioactive isotope of sulfur contained within 

the purified protein would have resulted in ,d.estruction. of the 

protein itself in all probability. 

Desirability of r131 as a protein label: 

For these reasons, an exogenous label, rl31, chemically 

incorporated onto a purified preparation of this protein hormone, 

was used, thus rendering the material non-physiological. r131 

was chosen because of its availability and because, to quote Dixon 

et al (1951 a), "The rl3l label is desirable because: 

1. rt can be attached to proteins in traceable amounts 
without measurably altering their immunological 
specificity. 

2. Available evidence indicates that rn3 protein bound 
is a stable chemical link which in vitro resista wide 
changes in temperature and pa, salt excbange dialysis, 
prolonged storage and enzymatic action •••• In vivo 
it appears that the iodine remains attach~d to the 
protein as long as the latter is immunologically 
detectable. 

the 
3· Prompt excretion ofï r" label liberated by antigen 

metabolism can be accomplished by iodine prefeeding 
to saturate the iodine-utilizing tissues. 

4. The rn liberated by protein metabolism is not appreciably 
incorporated either by synthesis or interchange into the 
rabbit's own proteine as determined by activity measure­
ments of plasma protein fractions after administration 
of rn labeled homologous globulin. Furthermore, rn 
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injected as inorganic iodide into iodine-prefed animals 
is rapidly excreted unchanged in the form of iodide. In 
contrast, the injection of rn attached as a protein 
label is followed by the excretion of non-protein organic 
combinations of rn, probably di-iodo-tyrosine and perhaps 
other amino acid forms, as well as iodide, suggesting 
actual protein degradation prior to liberation of the 
iodine label. This difference in excretion forme was 
determined by paper partition autoradiograms •••••• 11 

3. rn he rein a ft er refere to I 131. n 

Quoted from The Effect of Sensitization and X-Radiation on the 
Metabolism of rl31 Labeleà Proteine, F. J. Dixon, s. O. Bukantz and 
G. J. Dammin. Science, March 9, 1951, Vol. 113, No. 2932, p. 274. 

Incorporation of iodine (I2
127) onto the tyrosyl radicale 

of this protein converted it from an undistinguishable entity to 

one that could be followed, for as little as 0.01 gamma of iodine 

can be detected by the highly sensitive ceric arsenious catalysis 

method (Gross 1949}. However, certain detection of such amounts 

added to the relatively sizable pool of circulating iodide in the 

form of iodo-prolactin would have required either hugh doses of 

minimally iodinated prolactin or more moderate doses of maximally 

iodinated prolactin which would have been biologically inert (Li, et al, 
a 

1941) and hence, only a protein foreign to the animal body. By 

use of r131 as a label for the iodine label, minimally iodinated 

prolactin in relatively minute doses could be administered and the 

labelled compound easily detected, so long as the label remained 

attached to the protein in all the organe of the animal body. 



Effect of the r131 Label on Prolactin 

Chemically 

Chemically, iodo-prolactin is different by its very iodine 

content, However, this chemical difference was presumably limited 
etala 

to the tyrosyl radicals (L~ 1941) to which the iodine was attached. 

To a compound containing only carbon, hydrogen, oxygen, sulfur, and 

nitrogen, all small atoms, a few very large atoms had been added. 

In the maas of small elements making up a protein, one, two or even 

several iodine atoms do not add much in weight, but, at the points 

of attachment, such iodine atoms must have altered the local elect-

rical balances and steriochemistry considerably. If auch an added 

iodine atom is also radioactive, alteration in local atatus quo 

certainly occurs at the moment, if not before, of disintegration 

with its concomitant emission of a beta particle and gamma ray and 

transmutation of an iodine atom into the inert gas atom, zenon. The 

recoil of such a disintegration must strain the local chemical bonds 

to, if not beyond, the breaking point. Though the total effect of 

one auch disintegration cannot currently be measured, the local 

diaturbances caused must influence local energy interchanges and 

hence chemical reactions, which in turn influence physiological 

and eventually morphological behavior, currently grouped under the 

term "radiation damage". A good example of auch is the interference 

with the production of antibodies in previously irradiated rabbits 

given I~ bovine gamma globulin intravenously by Dixon et al (1951 a}. 
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When,in molecules of iodo-prolactin containing one r131 atom, the -

isotope disintegrates, the resulting "radiation damage may prepare 

the way for abnormalties of tissue reaction to other iodo-prolactin 

molecules, while the affect in the disrupted iodo-prolactin molecule 

cannot be followed longer. When, however, a similar disintegration 

occurs in a molecule of iodo-prolactin containing more than one r131 

atom, the resulting disruption not only affects the surrounding 

tissue, but also the entity being traeed and probably givea rise 

thereby to abnormal molecules whose behavior may affect the resulta 

obtained. 'I'hese "radiation damage" factors, whether measurable or 

not, must not be forgotten in any isotopie work. 

Biologically: 

Iodination of prolactin must alter the biology of this 
et al, a 

hormone, for L:i/ ( 1941) has shown that the tyrosyl radicals are 

essential for biological behavior as measured on the pigeon crop 

gland. That a number of such radicals have to be iodinated for 

this difference in biologieal behavior to beeome evident ean mean 

either that only some tyrosyl radicals are essential, or that the 

biological assay methoœused are dependant either on the more difficult-

ly iodinated tyrosyl radicale, or are not sensitive enough to dis-

tinguish between other than minimal and gross iodination. The latter 

would appear to be true for a difference was found with prolactin 

iodinated so that 3 or more tyrosyl radicals were in the di-iodo-

form, as compared to samples which were iodinated so that only one 
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tyrosyl radical had been iodinated (see page 62 and Tables 10, 12 and 13). 

Furthermore, the distribution work done in mice indicated that the 

animal body handles more heavily iodinated prolactin differently 

from minimally iodinated .materiel ( see page 102 and Tables 22 and 2.5). 

This handling may be due to interference with its permeability 

through vascular wells, its diffusion through extra-cellular spaces, 

and/or the increased load placed on the intercellular enzyme systems 

in either stripping it back to its native form or oatabolizing it 

to free iodide. 

The very presence of iodine atoms may also render those 

points of attachment, (Scatchard, 19.52) or the immediate enviorns, 

unaocessib1e to other enzyme systems which, in turn, may have to act 

before the protein moieties can react with other metabolic chains. 

The end resulta of these are the characteristic bio1ogical actions 

as interpreted by modifications of morphological or physiological 

function expressed as specifie secretion, auch as prog.esterone 

from the corpus 1uteum. Here again, ability to detect suoh bio­

logie differences is limited by the sensitivity of the methods avai1-

able, for they may be masked by the presence in a given sample 

supposèd1y homogeneous, of traces of native materiel, for minimal 

iodination of a pro1actin sample is a statistical phenomenon where 

the probability but not the certainty, due to the laws of chance, 

that most of the molecules of a given species will be effected 

(Latta, 1951), exista. Such minimal iodination, therefore, provides 
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no guarantee that all protein molecules will react even when subjacted 

to conditions which presumably induce most molecules to do so. Know­

ledge of just where and to how great an extent this minimal iodination 

affected this particular protein was not investigated; rather, it 

was assumed that preferably one tyrosyl radical per molecule would 

react with the available iodine, thus being changed to either the 

mono- or di-iodo-~form before a second radical of the same protein 

molecule would react. The validity of this supposition was not 

investigated. In fact, the homogeneity of the prolactin molecule 

population itself, or even the homogeneity of a heterogeneous prolactin 

molecule population cannot be claimed for the preparation used. 

There is disagreement among the purifiera and usera of prolactin as 

to what potency, in terms of the International Standard, a mgm. of 

purified hormone should be. Li (personal communication) claims a 

prolactin of 35 I. u. per mgm while Folley (personal communication) 

claims that prolactin preparations are never better than 24 I.U. per 

mgm. This problem cannot be settled with the present state of know­

ledge, for the criteria of protein homogeneity breakdown under 

scrutiny. How can lOO~ homogeneity ever be substantiated before 

the intimate chemistry and morphology of the substance under question 

has been thoroughly elucidated and universally accepted? 

Despite all these possibilities, minimally iodinated pro­

lactin can induce a pigeon crop gland response indistinguishable 

from that oaused by a similar amount of untreated prolactin, or 

of prolactin subjected to the chemical manipulations here employed 
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to iodinate and subsequently purify I~ (see page 62 ). Intraceliular 

autographe have been obtained in the proximal convoluted tubules of 

the kidney (Fig. 6 ), liver (Fig. 5 ), corpora lutea of the ovary 

(Fig. 12 }, adrenal, and alveolar cells of the mammary gland in 

lactation (Figs. 13 and 14 ). Iodination does not disturb the 
a 

antigenic activity of bovine gamma globulin (Dixon et al, L951), or 

hormonal action of insulin (Reiner et al, 1942 and 1943)• 

Strength of the Carbon Iodine Bond: 

If an isotope is to be a useful tool as a label for a 

substance, it must be so incorporated into the material to be 

studied as to become an intimate part of it, and it must stay with 

it long enough to serve its function as a label. Therefore, the 

strength of the carbon-to-iodine bond is important. Fine and 

Seligman brominated (1943), and later iodinated (1944), plasma 

protein, and found that of the amount of bromine incorporated, only 

3~ could be liberated by in vitro or in vivo hydrolysis, and that, 

therefore, 971- was firmly incorporated into one or more amino acide, 

presumably tyrosine or possibly tryptophane (Wormall, 1940}. Trypsin 

hydrolysis at 37°0 at pH 8 for 6 hours released only 4~ of the in­

corporated rl31 from the protein into the non-protein fraction--

apparently the supernatant from trichloroacetic acid precipitated 

protein--while acid hydrolysis with 25~ H2S04 at 90°C for 6 hours 

resulted in 40~ of the total activity appea~ing in the non-protein 
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fraction. They therefore claimed that the stability of the carbon~ 

iodine bond was similar to that of the bromine linkage (from which, 

they had previously claimed, bromine would be liberated by nothing 

less than destruction or degradation of the aromatic ring containing 

the bromine atom) for alkaline hydrolysis, but that the bond was 

weaker in strong acid. 40 hours of dialysis loosed onl~ 2i of the 

incorporated iodine so that it appeared in the non-protein fraction. 

Warren and Dixon (1948) partially iodinated bovine gamma globulin 

and found that, af~er 24 hours at room temperature in aqueous solu­

tion at a pH of 10.5, only 5i had split off, while at pH 5, 1·3i 

had been released. 24 hours in absolute alcohol, dioxane, ether, 

and paraffin removed 3i or less; they therefore claimed that the 

rl31 protein linkage was stable under their experimental conditions-­

conditions similar to those used in this investigation. Here the 

experience has been that considerable chemical manipulation can be 

done without apparently disrupting this carbon-iodine bond. Thus, 

from the data presented, it is assumed that the carbon-to-iodine 

bond is reasonably strong, and that in vivo freeing of iodine from 

Iftp is the result of catabolism of the I~P itself. Banks et al, 

(1949} found no activi~y in the protein free filtrate of dog plasma, 

though in the total plasma, there was considerable activity after 

subcutaneous injection of radioactive iodinated plasma proteine. 

They concluded that the r131 was still bound to the protein initially 
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a 
injected. Dixon et al, (1951) summed up this general consensus 

of opinion in their four points regarding the desirability of the 

rl31 protein labeL , as quoted earlier. 

Behavior of I11P 

The question of whether auch a minmally iodinated pro-

lactin truly portrays the behavior of the endogenous hormone can 

be answered only partially. It has been shown that it does cause 

a pigeon crop gland response, and that it does give rise to intra-

cellular autographs. However, as has already been pointed out, 

prolactin may be several hormones in one, the various protein 

moieties each being responsible for one of these responses, but 

not necessarily for another. Li has shown that not only tyrosyl 
a 

(Li et al, 1941} but also amino {Li and Kalman, 1946) and carboxyl 

radicals (Li and Fraenkel-Conrat, 1947) are essential for biological 

behavior. Each of these radicals in particular combinations of 

amine acids may actually be the active moieties, and the iodina-

tion of one or more tyrosine radicale would not interfere therefore 

with the biological behavior of the various parts of the molecule. 

That iodinated tyrosyl radicals are present in these various bio-

logical target organs is evidenced by the autographs, but that they 

are a necessary part of that particular hormonal activity cannot be 

claimed from the data available. Certainly, the particular tyrosyl 
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radical bearing the r131 cannot be the key group in these parti­

cular loci. Or, if they are, then some other part of the tyrosyl 

radical is active, not the positions ortho to the OH. 

Action of the Body on Intravenously Injected I"P 

Diffusion of I~ from Blood. 

0.05 mgm of I"P in 0.1 cc was routinely injected into the 

jugular vein of a mouse. This representa the addition of 10~ more 

fluid, lesa than 0.1~ more protein by weight, and the addition of 

about 1 X 1018 molecules to the blood of the animal injected (A 

mouse's plasma volume is about 1 cc, and is presumably a 6~ protein 

solution (Best and Taylor, 1943}). Since the injection was made 

into the jugular vein, the material would go first to the right 

heart where it would be mixed with the venous return from the 

systemic circulation and then be pumped out into the lunga. From 

the work on autography, it is known that tbere any particles of 

protein not dissolved, too large to get through the fine capil­

laries of this organ, were filtered out and held, giving rise to 

the peculiar patchy areas of intense reaction found in coated 

autographe of lung (Fig. 4 ). After this purification by filtra­

tion, the material would be returned via the pulmonary veins to 

the left heart and from there would be pumped out into the great 



vessels, which would distribute it to the general body. Since the 

heart rate of a mouse is of the order of 350 beats per minute nor­

mally, the time required for this initial wide distribution must have 

been only seconds in duration. From there it could not have taken 

long for it to have diffused out through the pores along the inter­

cellular lines of the vascular endothelium (Pappenheimer et al, 1951), 

for by seven minutes, it is found extravascularly wherever it has been 

sought. Perfusion into, and diffusion throughout the extracellular 

spaces must have been very rapid; the concentration in the blood 

tell from a high of 28.4 at 1-2 minutes after injection to 4.68 by 

10 minutes, and from a total content of 96.6;j. radioactivity to 

15.6j. in the asme time interval (Table 28 ). Albert and Keating 

(1951) injected 1-2 mgm of di-iodo-tyrosjne whose initial concen­

tration in 85 cc of blood/kg tell in two hours to one that cor­

responded to a volume of 530 ccjkg. From these findings, it is 

assumed that the plasma volume represente about 16j. of the extra­

cellular volume, and hence, presumabl~a similar state existed in 

the meuse with respect to Iftp by 10 minutes after injection. In 

this time of exit from the blood, the recoverable organic iodine 

in that tissue was 95"/.· From suah findings it is assumed that the 

blood, i.e. plasma, had little or no catabolic effect on the material, 

that it acted merely as the transporttng medium of the material 

distributed to the body generally. 

The distribution of r•p as here studied indicates that 
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-by 30 minutes after injection, not even balf of the intravenously · 

injected organically-bound iodine (as a dose of 0.05 mgm of rnp 

containing 2.0 or less iodine atoms per molecule) can bé recovered 

in the organic for.m by the Somogyi zinc sulfate method as here em-

ployed. A similar destruction independently has been observed 

with trace labelled iodo-prolactin (Sonenberg et al, (1951), and 

also with trace labelled iodo-adreno-cortico-trophic hormone 

(Sonenberg et al, 1951 h}. Different resulta were found for such 

iodinated proteins as serum protein, albumin, and globulin injected 

into normal dogs (Fine and Seligman, 1944}, or rabbits (Dixon et al, 
Dixon and Talmage, 1951 

1951 a and /}• The reasons for such differences have been sought. 

Certain obvious facts come to mind; the relative size 

of the molecules involved, and the species of test animals used. 

The albumins and globuline are relatively large molecules; albumin 

has a molecular weight of 69,000, and gamma globulin one of 90,000. 
0 

Both have molecular diameters of 35-40A· Scatchard (1952) claims 

that these are the smallest molecules which can be retained by the 

capillary walls. On pure size alone, auch a difference of removal 

from the blood can be explained, for prolactin:has a molecular weight 
though 

of 33,300 {Li, 1949}, an~that of the adreno-cortico-trophic hormone 

used by Sonenberg et al, (1951 ~) is not speèified; from its 

behavior, however, it must be relatively small also. 
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Mechanics of Diffusion from Blood: 

The albumins and globulins, however, do diffuse out of 
a 

the vascular system, for Dixon et al (1951) showed that by the end 

of 24 hours, all but 20~ of the injected dose of rabbit gamma globulin 

given to normal rabbits had so diffused. Thereafter, the rate of 

removal was considerably slower. This initial fall in blood concen-

tration was thought due to a mixing process by which the injected 

protein came into equilibrium with the extracellular space fluid 

from the more limited serum space fluid. In the work here reported 

on rnp, lesa than 20~ of the injected dose could be recovered from 

the blood by 10 minutes. 

This work was done on much smaller animale, mice rather 

than rabbits or dogs; it is not surprising that the whole process 

seems speeded up. Such a speed-up may reflect other factors than 

mere aize. Pappenheimer et al, (1951) have offered an explanation 

for this rapid removal from the blood in their evaluation of the 

pore size available for diffusion from the vascular system. They 

have shown that there is a virtual pore size gradiant with a means 

pore diameter of 24 R± 12 2, and that these pores which allow 

filtration of water and non-lipoid soluble materials from the 

vascular system are limited to about 0.2~ of the histological 

surface of the capillary endothelium, which they suggest may rep-

resent the intercellular areas. They studied a series of substances 

graded by molecular aize, the largest of which was insulin, and 
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were able to establish; that the rate of filtration from the blood 

of auch non-lipoid soluble substances depended upon both the range 

in osmotic pressure due to the added rnaterial along the length of 

the capillaries of the hind limb of cats and the concentration 

gradient of the added substance across the capillary membranes, an'd 

also on the molecular size as well. They pointed out that in this 

process of filtration out from the blood stream, there was not only 
out 

filtration/of the added material but diffusion in of the surrounding 

extra-cellular water, the latter in an attempt to re-establish the 

normal osmotic pressure level within the vascular system. A falling 

plasmaconcentration of injected material early after injection may 

be partly spurious. Blood hydration would render subsequent vascular 

filtration slower due to the smaller concentration differences on 

the two aides of the endothelial membrane involved. Furthermore, 

Pappenheimer et al found tha.t the diffusion rate of some substances, 

i.e. oxygen, could not be explained on the basis of pore aize only; 

from experimental trial, lipoid soluble substances had to have a 

rouch larger diffusing surf.ace available-- in fact, the whole capillary 

endothelium. Such substances, these workers claimed, could dissolve 

in the plasma membrane of the endothelial cell and thus, by crossing 

the cell, reach the extravascular spaces. I~P also may be soluble 

in fatty materials; its rapid diffusion may entail this type of 

transfer. 

Onc.e ou ta ide the capillaries, and from the autographe r•fl 
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moves through the capillary walls rapidly (by seven minutes it wa& 

found wherever it was sought (Fig. 4 ) along blood vessels}, it 

rapidly diffuses through extravascular spaces(evidenced by the rapid 

accumulations of it in the mesenteric lymph nodes for example)­

where by seven minutes, it is seen beginning to percolate through 

the sinusoidal spaces of such nodules (Fig. 9 } • Krieger et al 

(1950) showed that within an hour, in dogs injected with labelled 

plasma proteins, considerable amounts of auch proteins appeared in 

the thoracic duct lymph. The material could have gotten there only 

by filtration into and diffusion through the extravascular spaces, 

with subsequent collection by the lymphatics and bence, transport 

into the large lymphatic channel~thus establishing flow currents 

in the extravascular fluids. 

Once out ot the blood stream into the extravascular 

spaces, such an iodinated material presumably can permeate into 

and out of all the cella of the body. Here, it has been found that 

it permeates into the cells of the li ver (Figs. 5 and 4 } , 

proximal convoluted tubules of the kidney (Fig. 7 } , the corpus 

luteum of the ovary (Fig. 12 } , adrenal, and mammary alveolar cella 

(Figs. 13 and 14 ) specifically. What forces are at work in such 

intracellular concentrations? Ussing, (1949) points out that materials, 

ions in particular, concentrate in cells by being carried there in 

some relatively stable complex--as would be the case here,for it is 

the rl31 that is being measured--and that either the ion so carried, 



188 

or the carrier, is held within the cell by some constituent of the_cell 

itself, or collected there due to gradients of electrical and/or 

chemical potentials. It would be of interest to know what specifically 

causes this material to collect in such cella. 

The degree of concentration found in other places even­

tually may be traced to blood flow rates to different parts of the 

body (Franklin, 1951). For instance, why do some, but not all, 

glomeruli, with their juxtaposed proximal convoluted tubules, show 

intense pickup? Are some deprived of blood flow by the Trueta shunts, 

and do these shunts work rhythmically? Can auch shunts explain differences 

found from time to time in such organs as the lung apd skin? 

Sonenberg et al (1951 b) also have studied the distribution 

of radio-iodo-prolactin. 

50-300 gram rats of the Spraque-Dawley strain were injected 

intracardially with 1-1000 gamma of prolactin iodinated such that 6 

molecules contained 1 iodine atom, or 1 molecule contained 1.6 

iodine atoms per animal. Gamma ray emission in the tissues, which 

bad been subjected to prolonged mild hydrolysis, was measured by 

use of a multiple center-wire counter and contact autography. The 

resulta were calculated as per cent of the injected r131 per gram 

of organ and by the ratio of that "concentration" to that of blood. 

Their contrœls were radio-iodo-bovine serum albumin and radioactive 

inorganic iodide. They reported findings for 94 females--a part of 



the 200 animals studied--summarized in one table. No details are 

given as to the animal or experimental conditions used other than 

that the animal weights were uniform for a given experiment. 

It is impossible to compare their findings with those 

obtained here inasmuch as rats rather than mice, 1-1000 rather 

than 50 gamma of rather differently iodinated prolactin, nembutal 

rather than ether anaesthesia, and intracardial rather than the 

intravenous route, were used. Superficially, their findings 

resemble those obtained here except for the differences in manmary 

gland concentrations. 

The problem of the rapid catabolism of this radio-iodo­
k 

prolactin has not as yet been considered. One technical possibility 

exista. The lung autograph indicated that not all of the protein 

was in solution, for particles of apparently undissolved material 

were unable to traverse the capillary bed there. The autographe 

of liver, spleen, and lymph nodes suggest a fairly active pickup by 

the cella of the reticule-endothelial system whose function is to 

remove particulate matter from the circulation. Against this par-

ticulateness of the injected material are the diffuse autographie 

patterns found throughout the organs studied and the definite 

intracellular localizations obtained. However, since the reticule-

endothelial system is so widespread, the possibility does exist 

that the 50~ breakdown observed at 30 minutes is the result of 

catabolism of undissolved material which has been picked up by this 

• See page 192 
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system. Dixon and Talmage (1951) have shawn that in immune rabbit~, 

60~ of injected radio-ioda-bovine gamma globulin is catabolized in 

6 hours, while in non-immune animals, the catabolism is only 7~ in 

the same time. They postulate that the presence of the antibody 

causes an intravascular formation of antibody-antigen-complexes 

which is picked up by the reticuloendothelial cells, which then 

rapidly catabolize the material, with liberation of the r131. They 

do not state the size of such antibody-antigen complexes, but ob­

viously they would be larger than single molecules of either, and 

this very size factor may provide the necessary impetus for phagocytic 

uptake with consequent catabolism. The necessary size may be such 

as to explain the resulta obtained here~ though this seems unlikely. 

Asto the function of prolactin in the animal body, 

Meites(personal communication) has shawn that prolactin added to 

liver and lactating mammary gland slices in vitro resulta in loss 

of biological activity of the prolactin. No other tissues apparent­

ly have this effect. And Folley (1951) has shown in in vitro 

studies on the metabolism of the mammary gland that prolactin added 

to tissue slices of mammary gland taken after the young were born, 

raised the respiratory quotient, which in full lactation is 1.6 

to an even higher figure. This finding suggests that prolactin 

has some role in the production of mammary gland fat. It is noted 

in this work (page 9.5 ) that radio-iodo-prolactin was ether· 

extractable when added to homogenates of mammary gland from 3 or 17 
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day lactating mica, and it was postulated from these findings thatr 

it was soluble in mammary gland fat. 

The findings so far obtained in pursuit of this study 

have contributed to the general problem of lactation in that a 

high concentration of prolactin has been found in the lactating 

glands of mica soon after injection, and that a large breakdown of 

prolactin takes place in the mammary gland has been postulated. 

This high concentration in the mammary gland has not as yet been 

extended to mammary tumors, and bence the value of prolactin as 

a therapeutic tool in mammary cancer, has not been assessed. On 

this point, however, the large concentrations found in such organs 

as liver, kidney, adrenal, and ovary would render such use dangerous. 

From the standpoint of pure research, it appears that radio-iodo­

prolactin soon after injection behaves like a protein in its rapid 

removal from the blood and in its initial distribution in the 

extravascular spaces and in liver and kidney, like prolactin itself 

in its intracellular localizations in the corpora lutea of the ovary 

and mammary gland, and possibly in the adrenal as well, though this 

latter localization may be due to A.C.T.H. contamination. The high 

concentrations in auch organs as thyroid, stomach, intestine, and 

skin are probably only the reflection of its contained, and sub­

sequently freed, iodine. Insofar as this work bas shed light on 

what such a protein hormone does Dnmediately after injection, the 

general knowledges of biology have been advanced. However, much 

more work is needed to round out the many detecta and queries that 

have arisen. 
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The author wishes to reiterate the tact that the biologioal 

work was done on single animale. The validity of the resulta obtained 

and the conclusions drawn therefrom must be assessed with that in 

mind. For instance, in the matter of catabolism, a low per oent 

organically-bound· iodine was found in the plasma of the c3H male mouse 

given 0.05 mgm I~ (2.1 I 2 atoms/molecule prolactin) in the experi­

ment oited regarding the effect on distribution of prolactine of 

different degrees of iodination. This particular finding in this 

particular animal seemed proper in that a high thyroid concentration 

was also found. However, in other experimenta with similarly 

lightly iodinated prolactinsJconsiderably higher per cents of 

organically-bound iodine were found in plasma though the èorrespon­

ding concentrations were usually lower, and the thyroid concen­

trations higher (suggesting more rapid removal of freed inorganic 

iodide from the blood}. Since such a low ~ organically-bound iodine 

coupled with a high thyroid concentration suggested rapid catabolism 

of the protein (the same carbon-iodine bond in other proteins is 

so stable that free inorganic iodide is interpreted as catabolism. 

of the protein chain rather than simple disruption of the C-I 

bond), the implication is that the more nearly physiological the 

iodinated material, the more rapidly it is destroyed. Such would 

be out of line with Dixon's work on iodinated bovine serum albumin1 

and the suggestion that highly iodinated prolactin molecules would 

be so conspiouous in the extracellular population that they would 

be rapidly catabolized. Protein hormones, however, may have quite 
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different catabolio oharaoteristios than other proteine, such as 

those of the plasma. Of course, it is, also possible that pure 

dehalogenation is taking place, and that a minimally iodinated 

protein simply allows that phenomenon to become evident. 
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GENERAL SUM.M.ARY 

The protein pituitary hormone, prolactin, was iodinated 

with labelled iodine in such a way that fewer than three of the 
known . 

nine tyrosyl radicals;to be contained in each molecule o~ prolactin 

were converted tô the di-iodo-form. The material was proved to be 

truly iodinated to the extent of 43·7~ of the initial radioactivity, 

since all but this amount of radioactivity was removed by dialysis 

in 24 hours. When iodide was mixed simply with a like amount of 

prolactin (0.8 mgm}, only 3.2~ failed to be removed by dialysis in 

the same time. Reutinely, the iodinated prolactin was freed of 

unattached iodide by isoelectric (pH 5·4 or 5·7) precipitation and 

reprecipitation. It was shown that all but 0.26~ of radioactivity 

mixed with 1 mgm of prolactin as I-
11 

was removed. Microkjeldahl 

analysis showed that 50~ of the protein nitrogen of 1 mgm of pro-

lactin~- iodinated and so purified-- was lost in this process. In 

iodo-prolactin only tyrosine radicale were iodinated, for addition 

of acid to remove iodine attached to histydyl radicale after prolactin 

iodination made no difference in the extent of iodination. 

rnp was round to be biologically active by tuon's 

"intradermal" pigeon crop gland assay. Samples of material iodi-

nated to various degrees shmwed that iodination just sufficient 

to convert one tyrosyl radical to the di-iodo-form per molecule 

caused no .detectable loss of biological activity, whereas the use 
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gf two and a half times as much iodine caused a decrease of 25i in 

thè area of crop gland response and 12i in opacity. The technique 

of iodination as used bad no affect on the biological activity 

when the loss of 50~ protein in purification was taken into account. 

No irrative or toxic reactions were observed. 

80 to 85i of organically-bound iodine added as 0.05 mgm 

IftP to ' day lactating mouse tissues could be revovered in the pre­

cipitate fractions of tissues sujbected to the modified Somogyi 

zinc sulfate fractionation method. (The technique involved homoge­

nization of 500 mgm of wet tissue in Somogyi's acid zinc sulfate 

reagent No. I, subsequently neutralized to pH? by_addition of 1 cc 

of Oo?5N NaOH (Somogyi's reagent No. II). Precipitation in these 

reagente proceeded at 4°0 for 24 hours. The precipitates were washed 

3 times with ' cc of Na2so4 , isotonie with the initial supernatant. 

Any residual precipitate was recovered from the pooled supernatants 

and washes by a second precipitation at 4°C for 24 hours.) These 

modifications were worked out on the large organe of rats, i.e., 

liver, kidney, and plasma, from which 96.4i of 0.1 mgm of IftF 

could be recovered in the precipitate fraction, and all but about 

2~ of a similar amount of inorganic iodide (2 gamma) could be 

removed. Since the recoveries obtained with the smaller mouse 

tissues to which smaller amounts of IftP had been added were only 

80-85i, it was therefore thought necessary in this case to apply 

a 20i corrective to the recovery findings obtained with auch organe. 
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_This was done routinely. Ma.m.mary gland tissue had to be lyophili'zed 

at -2ooc. and 4 mm Hg for 96 hours before satisfactory recoveries 

of urganically-bound iodine could be obtained. 30~ of small amounts 

of added I''P ( 0.025 .mgni) were found to be ether-extractable und er 

these conditions, whereas, of similar amounts of added iodide, only 

small percentages, lesa than 5~, were ether-extractable from mammary 

gland tissues. 

Intravenous injections of 0.1 and 0.05 mgm of purified 

rap given to c3H male and albino female mice provided a way to study 

the distribution of the iodinated protein at time intervals up to 

2 hours. It was found that the distributions were affected by auch 

factors as amount of protein injected, time of day of injection, 

sex, physiological st~te, and time after injection when the tissues 

were examined. Iodide controle also were studied. It was found that 

the larger the dose, the slower it diffused out of the circulation 

into the extracellular spaces, and the more slowly it was catabolized 

to inorganic iodide. 

A time series at l-2, 10, 20, 30, and about 145 minutes 
male mice. This indicated that 

was run on Cji/removal of I"P from the blood was rapid at first and 

then slower. Furthermore, as the plasma concentration fell, that 

of the organe (liver, kidney, gastrointestinal tract, muscle, spleen, 

skin, ma.mma.ry gland, and endocrines) rose. In the kidney, a peak 

of radioactivity was reached earlier than in the liver where the 

peak was obtained at 20 minutes. The catabolism of Iftp proceeded 
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·at a rate auch that 50~ of the injected dose was reduced to inorganic 

iodide by 30 minutes. By two hours, the distribution obtained in 

mice given 0.05 mgm IRP (2.0 or 1.0 12 atoms/mèlecule prolactin) 

corresponded so closely to that obtained in one C}H male meuse given 

a similar amount of radioactivity in the form of "carrier-free" 

rl31 that no conclusions could be drawn ether than that considerable 

catabolism had taken place. 

A similar time series run in 3 day lactating female albino 

mica at 5, 20, and 60 minutes after injection indicated that the 

removal of I~ from the blood was even more rapid; that the uptake 

by the organe was faster in consequence; and that catabolism also 

was more rapid. The peak of activity here seemed to be at 5 rather 

than 20 minutes. The total contained activity in the lactating 

mammary gland rose with time, while the concentration was main­

tain~d or even fell slightly at the latest time intervàl. A high 

inorganic content was found even at 5 minutes and this increased 

with time, indicating a rapid catabolism. More than 20~ of the 

activity in the gland at 5 minutes was ether-soluble, while by 60 

minutes the same fration represented only 3.2~ of the contained 

activity. ~kewise, aammary glands of 17 day lactating albino 

mice given 0.05 mgm of I~ (0.77 12 atome/molecule prolactin) 

showed a rapid catabolism of the material with a fraction soluble 

in ether which rose for t~e first twenty minutes, and then tell 

(Fig. 3). However, in vitro incubation of IftP with mammary glanq_ 



~issue indicated no breakdown whatsoever. 

Autographe of organs obtained from a 3 day lactating mouse 

7 minutes after an intravenous injection of 0.5 mgm of hidhly radi-

active I~ indicated that, in all organe studied, there was at !east 

a weak diffuse reaction throughout the extracellular spaces and 

definite perivascular concentrations. Amounts of radioactivity of 

decreasing concentrations were found in many organe: kidney, thyroi-d, 

liver, gastro-intestinal tract, endocrine glands, lymphatic organe, and 

mammary gland. Intracellular localizations were present in the proximal 

convoluted tubules of the kidney, throughout the liver, adrenal cortex, 

andcorpora lutea of the ovary, as well as over the bases of the 

alveolar cella of the ma.m.ma.ry gland. The autographie reactions in 

the first four organe mentioned above were intense and unmistakable, 

even on naked eye inspection, while that in the mammary gland was 

definite but not intense. In the ma.mmary gland, the high content 

of inorganic iodide and ether-soluble IftF at this time precluded an 

autographie localization of an intensity similar to that found in 

the kidney, for auch a reaction depends upon the contained protein-

bound iodine rather than on the contained activity. 

high 
The/concentrations found in the stomach, skin, and 

especially the thyroid at the later time intervals are a measure 

of the catabolism of I~, or of its dehalmgenation. That intense 

autographie reactions found over the thyroid follicules at 7 minutes 

in 3 day lactating mice signifies how rapid beth the breakdown of 
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the injected material was and how rapidly the thyroid picked up an~ 

ineorporated the released iodide into its own protein-- thyroglobulin. 

Sueh an intense reaction suggested in this state at least the turn­

over of endogenous prolactin must be very rapid. 

The intense concentration both bj.ochemieally and auto­

graphically in the liver and kidney suggests that r•p here behaves 

like a protein only, and that possibly these organs are exereting 

or catabolizing it. The indifferent biochemical concentrations and 

autographie reactions found so generally throughout the body suggest 

also that it is simply behaving like a protein, passively at that. 

But the biochemical and autographie findings in the adrenal, corpora 

lutea, and mammary gland suggest that in these organs at least, it 

is exhibiting its hormonal nature. The autographie reactions in the 

first two of these three organs is so definately and unmistakably 

intracellular, so intense so soon after injection, and so uniform 

throughout, that the avidity of these organs forthis material can-

nat be doubted. In the mammary gland, where the material also 

collecta in large quantities, it is so rapidly catabolized on the 

other hand, that the autographe give a misleading picture. This 

very oatabolism here, when in other organs there seems to be •ela­

tively so little, may,beanother expression only of a similar avidity. 

This suggests another field for discriminate exploration. 
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APPENDIX 

COUNTING 

Two methode of detecting the presence of !131 were used 

in this work, the Geiger .Uller Tube and Photographie Emulsion. 

The Geiger Muller Tube works via the ionization of the few gas 

molecules left within the evacuated tube caused by the passage 

through them of a bata ray emitted by a single disintegrating 

nucleus of !131. Such bursts of ionization fire off a series of 

amplifiera which in turn tire off a series of electrical light 

circuits which are 11 counted" by a ecaler on an electrically 

driven meter. A clock is connected into the circuit in auch a 

way that the time required for a given number of disintegrations 

to occur is recorded simultaneously. The burst of ionizations 

resulting from the passage of a single beta particle through the 

partially evacuated G.M. tube ·is "quenched11 by the presence of 

a vapor, auch as alcohol, which,by absorpting the ionization, is 

b:f'oken up into sm.aller fragments. Bence with continual use, the 

the G.M. Tube eventually loses its "quenching" power and the 

ionizations set up become a continuous rather than single bursts. 

The high voltage applied ac:f'oss the G.M. tube facillitates the 

rapid piling up of the ions upon either the anode or cathode of 

the tube, and its pickup from there by the electric amplifying 

circuit. With auch an arrangement it is possible to obtain a 
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record of the individual disintegrations in the sample which resulted 

in a sufficiently energetic beta partiale emission to escape from 

the plate, traverse the intervening layer of air, penetrate the thin 

mica end window of the G.T. tube, and so set up ionizations within 

the G.M. tube itself. These in turn are picked up by the electric 

circuit outlined above, and hence recorded. 

From what has just been said, it will be realized that the 

"count" obtained representa only a traction of the total number of 

disintegrations actually taking place in the sample in a given time. 

The fraction recorded depends upon several factors: (1) the amount 

of solid present in the sample (solid causes self-absorption); 

(2) the position of the mica window (only those beta rays hitting 

and penetrating the window can be recorded); (3} the distance of 

the sample from the mica window (the grea ter the distance, the 

fewer the bata particles with enough energy to escape, cross the 

air interval, penetrate the window, and set up ionizations); 

(4) the thickness of the mica window (the thinner the window, 

the lower the energy the bata partiales require to traverse it); 

(5} the ease of ionization within the G.M. tube, a function of the 

number and size of the gas molecules to be ionized; {6} the ease 

of collecting the ionized particles on either the anode or cathode 

of the tube; (7) the threshold of the electrical pick-up circuits; 

(8) the effectiveness of the quenching gas (the more rapidly the 

~ursts of ionization are quenched, the more rapid the escape of 
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lndividual effective beta partiales can be and still be individually 

recorded; (9) the background of the apparatus; (10) and the 

amount of water present in the sample, (water acta as a self absorber). 

Of the 10 factors sited above, the following were constants: 

1. The amount of solid present, l cc of ZN NaOH per plate 
2. The position of the mica window; 
3. The dis tano e of the sample from the mica window. This 

could be varied, but the same distance was always used 
for any one e:xperim.ent or eorrected so that it would be 
the same; 

4. The thickness of the mica window; 
5· The ease of ionization within the G.M. Tube-- for any one 

given tube only of course; 
6. The ease of collecting the ions on the anode or cathode 

(The same voltage was used for any one experiment}. 
7• The threshold of the electrical pick up circuits; 
8. The effectivness of the quenching gas; {Tubes had a 

relatively long life in comparison to any one e:xperiment). 

The above factors with the exception of (1), {3), (9) and 

(10) were eharacteristics of the apparatus and hence were presumed 

constants. 

In regard to the amount of solid per plate, a minimum of 

the equivalent of l cc of 2N NaOH was always used. Slight to 

moderate variations were undoubtedly present as between plates 

made from very dilute aqueous solutions and tissue digests. However, 

the amount must have been negligible in comparison to that attribut-

able to the NaOH routinely used. 

The distance of the sample from the mica end window of 
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the G.M. \ube was a factor that could be varied. If a set of plates 

was found to be very high in activity, they were counted at a great­

er distance from the mica window than plates which were very low 

in activity. Bowever, all samples of any one experiment were either 

counted at the same distance from the mica window, or, the counts 

obtained were multiplied by a suitable correction factor determined 

by counting the same standard at the two distances. 

Care was taken by the entire group using these counters 

to maintain the background at the lowest possible figure. Back­

ground was always determined at the beginning and end of any eounting 

period, and if that period was long, in the middle as well. These 

backgrounds were averaged and subtracted from the act ual counts 

obtained. 

The state of function of the apparatus was deter.mined 

each ti.me 1 t was used by co un ting the Uranium Standard at the 

beginning and end of the period. Uranium has auch a long half­

life that the same sample counted day after day in an apparatus 

that is tunctioning uniformly changes to only an undetectable 

e:xtent. Any variation in the count of the Uranium. Standard, there­

fore, was always taken to indicate trouble in the apparatus. One 

ten-day period during whieh a large experiment was counted was 

found ta show wide variation in the performance of the apparatus. 

(See ti~e )(G~ài This trouble was subsequently traced baok 
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to variations in incoming voltage due to line variation and-was 

later compensated for by the installation of a constant voltage 

transformer. Therefore all counting of any given experiment was 

l~ited to approximately the same time of day. 

Furthermore, duplicate counts of every plate were .made 

as a check on the performance of the apparatus. Each plate was 

counted twice routinely, and if there was much discrepancy between 

the twq, counting was continued until two duplicate figures were 

obtained. 

Since the efficiency of the machine was beat in the 2000-

8000 range per lOO seconds, fast plates were either counted at a 

greater distance from the mica end-window of the tube or were held 

until some of their activity had disappeared. 

It was routine to count a given plate for not less than 

a 100 seconds and 1000 counts. In other words, if 1000 counts did 

not require lOO seconds, sufticient counts to occupy at least lOO 

seconds were counted. When a plate was very, very slow, a plate 

was counted for two successive counts of 500. Background was counted 

in this way. 

Since radioactive disintegration is a random phenomenon. 

the rate at which it takee place ie not a constant in the math­

ematical sense of the word. However, if a sufficient number of 

disintegrations are counted, a s~tistical rate can be established. 
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Thu~ the average of a large number of disintegrations occupying a 

given time is a truer .measure of rate than the number taking place 

in a short interva1. The Standard Error has been forma11zed as 

fo1lows: 

P = K VM, where K equals 1.960 for a 95"/. probability, and 

M is the num.ber of counts eounted., and l' is the "f. errer. For 

1000 counts, ~ was found to be 6.2. 

As an example, consider the case where the count was 2.50 

per 100 seconds and 1000 counts counted. The gross error is 250 x 

6.2"/. = 15.5, so the gross count is 250 ~ 15·5· If the background 

was 20 counts / 100 seconds and two times 500 counts were taken 

(i.e. 1000 counts), then 20 x 8.8 ("/.errer for 500 counts} equals 

1.76, so the background is 20 t 1.76 counts. 

The net count equals the plate count, minus the background 

count, plus and minus the square root of the background percentage 

error, plus the plate percentage error both squared, or 

2.50 

2.50 

- 20 ~v (15·5)2 

20 ±v' (240} .. 

230 :.. t/ 243.09 

230 l- 1.5 .6 

Therefore, the true count has a 9 5j. chance of being 

between 214 and 246 counts. This represente an error of J:. 6"f.. 
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Low counts have relatively large statistical errors. 

Highly active plates entail another type of error, namely, 

coincidence. In a highly active sample, the chance that two dis­

integrations will take place simultaneously increases as the activity 

increases. Thus, samples showing an activity of Boo counts per 

minute have a coincidence of 0.25j., or, in other words, not 800 but 

802 disintegrations have actually taken place. If 8000 disintegra­

tions appear to have taken place in the same length of time, actually 

8200 disintegrations have taken place. 

The application of these correctives to some actual counts 

done during the course of this work are illustrative. 

Two fractions from a particular sample of plasma were 

counted and found to contain 100 counts and 19,515 counts per 100 

seconds respectively. The coincidence factors were 0.05 and 4.5'f. 

respectively. The coincidence corrected counts were therefore 

100.05 and 20,780. These two factors were counted on May 8th, but 

the experiment was being ca1culated as if it had been counted on 

May lOth and on1y 84.05'f. of the activity wou1d then be present. 

These two counts wou1d then have been 84 and 17,045 respective1y. 

The first of these was counted for 1000 counts and the second for 

20,000 counts. The gross error for the first was 6.2j. or t 5.2 

and the gross error for the second was 1.35j. or ~ 235·5· The back­

ground that day was 21 and its gross error was t-1.76. Therefore~ 
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the true count for the first was 84 - 21 ~ 6.96 or 63 ~ 6.95---

an over all error of 11~, whereas the second was 17045 - 21 t 

237.26 or 17024! 237.26, or an error of 1.4~. In other words, 

there was a 95~ probability that the first count was true to with­

in 11~ while in the second there was a 95~ probability that the 

true count was within 1.4~ of 17024/lOOseconds. Counts in the 

1000 or lesa per +OO second range entailed an overall counting 

error of about 5~, those in the 1 - 10,000 range an error of about 

2.5~; those in the 10,000 up range a counting error of less than 

2~. In general then, the average error of counting was about 3~· 
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FACTORS INVOLVED IN CALCULA TI ON OF AMOUNT 1 OF IODINE NEEDED TO IODINATE PROIACTIN 

Units 

Date: 
1/48 

1/48 

2/48 

5/48 

5/49 

4/50 

12/50 

}/51 

Prolactin 

Type 

AP3004 

tt 

Schwenk 

" 
Il 

Il 

tt 

" 

Mol. Wt. 

(gm) 

35000 

16000 

35000 

35000 

35000 

33300 

33300 

34700 

I 

j. by 
wt. 

(~) 

II 

Tyrosine 

Proportion 
by wt. in 

1 mole 
prolactin 

(gm} 

1925 

883 

1575 

157 'j 

1575 

1498 

1630 

1630 

III 

Mol. wt. 

(gm) 

181.19 

181.19 

181.19 

181.19 

181.19 

181.19 

181.19 

181.19 

IV 

No. of' 
radicals 
molecule 

of' 
pro lac tin 

10.6 

4.87 

8.67 

8.67 

8.67 

8.29 

· v 

Wt. of' 4 
g. atoms 

(gm) 

507.68 

507.68 

507.68 

507.68 

507.68 

507.68 

507.68 

507.68 

VI 

wt. tleeded 
for complete 

iodination 
of' 1 mole 

of prolactin 

(gm) 

5392 

2479 

4410 

4410 

4410 

4240 

4575 

4575 

VII 

Iodine 

Wt. needed 
for complete 
iodination 
of' 1 mgin of 
prolactin 

l'j4 

15.5 

126 

126 

126 

126 

VIII 

*- Hawk and Bergëi.ïn- :Practical Physiologfcal Che.mistry;-mh "Ed., P. Blakiston's Son & Co., Inë. ;- ­
Philadelphia; p. 936, 1937• 

1) To get column III m~1tip1y Co1umn I by decimal f'orm of' column II. 
2) To get column V divide column III by column IV. 
3} To get co1umn VIII mu~tiply co1umn V by column VI. 
4} To get colman VIII divide column VII by column I. 
5) To get co1umn X multip1y column VIII by decimal for~ of column IX. 
6} To get co1umn XIII multiply column X by column XI and that by factor to make co1umn XII up to 100. i.e. 

40 x 2.5 = 100 
7) To get columns XVI and XVII, use 

.5KI &: KIO 3 &: 6HA. 
5(166) 214 

when 3I2 :: figure in co1umn XIII and column XVI = 

XIII = x and or 830 (figure of column XIII) = fig. of column XVI 
762 830 762 

Column XVII 

XIII _ x 
162 -m or 214 (x figure of column XIII) = fig. of column XVII 

762 

j. tyrosine 
to be 

iodinated 

10 

10 

10 

10 

10 

10 

11.1 

11.1 

lX 

Wt. needed 
to iodinate 

1- tyrosine 
in 1 mgm. 
prolactin 

12.6 

12.6 

12.6 

12.6 

x 

wt. prolactin j. yield 
to be (theoretical) 

iodinated 

(mgm) 

10 

10 

6 

3 

'j 

'j 

'j 

1 

XI 

(~} 

40 

20 

40 

lOO 

XII 

Sample calculation 3/51 

-2 

Amt. I 2 to be 
released 

(~ ) 

lOO 

lOO 

75 

37·8 

157·5 

3l.'j 

184 

14.65 

XIII 

Vol. of 
final sol. 
containing 

I2 

(cc} 

1 

1 

1 

0.2 

XIV 

Vol. of 
KI&: Kio3 

o.1o 

o.or; 

0.1 

0.1 

o.1 

o.o2 

xv 

KI conc. Kio3 Conc. 

mgm/lOOcc mgm/100cc 

175 

322 

196 

79·75 

XVI 

21.4 

21.4 

21.4 

21.4 . 

50 

86 

50 

20.2.5 

XVII 

34700 x 4.7 x 10-2 x 507.68gr 
181.19 34700 

x 1.11 x 10 x 1 x 1 = 14 65 1 -6 1000 • x 0 grams I 2/mgm. prolactin 

830 x 14.65 - 1.5·92 
762 

1.5.9 x 5 x lOO : 79.75 mgm 

Note 

and 214 6 14.65 = 4.12 
Î 2 

4.12 x 5 x 1000 = 20.25 mgm 

f. tyrosine x j. iodination x I2 = 2.8 x no. ~ prol. x yield factor = amt. I 2 to be released 
mol. wt. 
tyrosine 

0.047 x 0.111 x 2.8 x 1 x 1 = 14.65 



EXP. PROIACTIN 
NO. 

mgm . cc pH 

1 3 1.0 
2 1 0.2 
3 3 1.0 
4 1.5 0.5 
5 6 1.2 

7._6 
7·6 
7-6 
7·6 
7·6 

6 1 
7 Il 

8 ... !• 
9 Il 

10 lt 

11 ft 

12 " 
13 Il 

14 Il 

1.5 Il 

16 Il 

- --~ ~l>fj '! 

0.2 7·6 
Il " 
Il Il 

Il il 

Il " 

Il " 
n 11 

lt Il 

Il tt 

"B Il 

'.!A " 
.... -- Il 
~~ 

18 0.7 5 0. 2.5 tt 

19 Il " 

20 2. 0.4 tl 

2110. 1. 13.2 

CARRIER IODINE 

amt 
mg.P 

12.6 
12.2 
12.6 
62.,5-
12.6 

Il 

Il 

tt 

Il 

Il 

Il 

'If 

u 

Il 

Il 

1.5~7 
7·8.5 

31·.5 
7·.5 

cc 

0.1 
0.04 
o.1 
0.1 
0.2 

o.o4 
Il 

Il 

Il 

Il 

11 

" 
Il 

Il ,, 
Il 

. ,,~ 

HCl 
N 

2 
HAc 

1 
5 
1 
5 

1 
tl 

Il 

Il 

Il 

Il 

" 
tl 

Il 

n 

11 

o.o5 1 
Il " 

o.o8 n 
0.2 HAc 

cc 

0.05 
o.o2 
0.07 
0.05 
0.2 

0.02 
Il 

Il 

Il 

tl 

11 

Il 

Il 

Il 

Il 

Il 

Il 

0.2.5 
Il 

0.04 
0.05 

RADIO .* IODINE NEUTRALIZATION 

Na OH 
State conc. cc N ce Ylhen 

D 
Il 

ND 
D 
tt 

" 
Il 

" 
Il 

Il 

" 
11 

" 
ft 

Il 

11 

Il 

" n 
tl 

Il 

nbd 
bd 
lt 

nbd 
Il 

0.1 
0.14 
0.1.5 
0.25 
1.0 

11 0.14 
11 Il 

Il Il 

Il Il 

If Il 

Il Il 

Il " 

Il " 
Il Il 

1.1 Il 

Il Il 

.. - - - ~Il 

Il 

" 
" 
" 
Il 

Il 

li 

Il 

Il 

11 

Il 

tt 

" 
" tt 

o.1ok " 
11 k Il 

0.28 - Il 

0.2 

0.04 

0.1 

0.04 
tt 

Il 

Il 

Il 

11 

Il 

" 
Il 

n ,, 

0.0,5 
Il 

o.o8 

A 

tl 

Il 

Il 

If 

Il 

" 
'! 
tt 

Il 

" Il 

B 

A 
Il 

tl 

• r
2 

releasing mixture stood for 1/2 hour before addition of prolactin solution. 

1 

Tab 1le 9 

FACTORS AFFECTING YI&LD lOF RADIO-IODO-PROLA.CTIN 

IODlliATION 
Volume 
Final cc/ 

cc mg.P 

1.15 
0.44 
1.2.5 
o.69 

0.44 

Il 

" 
Il 

" 
" 
Il 

Il 

" 
Il 

0.47 
0.46 
0.88 
4.35 

0.4 
0.44 
0.42 
0.46 
0.4 

0.44 
11 

tl 

Il 

" 
11 

Il 

Il 

Il 

Il 

tl .. -

0.63 
0.62 
0.44 
0.44 

Il 

Il 

Il 

CONDITIONS 
Time 

pH min 
Temp. 
0 c 

iACIDIFICATION 

' HO l 
N cc 

FACTORS CAUSING IJJW YIEI.œ 

30 
hours 

30 
120 

30 

20 
n 

" 
Il 

tl 

ISOELECTRIC PURIFICATION WITH 0. 2N ACETATE BUFFER 
ppt. ppt •. 

pH vol. Wash NaOH vol. Wash NaOH 
cc cc cc N cc cc cc N 

ppt. c o.1 
,5.4 0.2 

u 1.2 
" 0.7 
Il 2 • .5 

cc 51o HAc. Wash 1 x c 
0.0.5 0.0.5 0 • .5 . 

" " 0.03 
0.2.5 0.2.5 0.0.5 
0 • .5 0 • .5 0.02 

0.0.5 
0.03 
0.6,5 
0.4 
0.7 

cc O.ljo HAc 
o.1 o.1 

0.4 0.4 0.2.5 

FACTORS NOT ECTINGYIELDS 

tt 

Il 

Il 

" 
Il 

11 

Il 

Il 

Il 

Il 

·-· 

60 
Il 

Il 

Il 

3 
20 
30 

210 
24° 
60 

" 

Il 

Il 

tl 

" 
" 
tl 

tl 

fi 

tt 

lt 

" 

1 
1 If 

n 

11 

Il 

1 
" Il 

l Il 
fi 

Il 

Il 
2417--~---i tt 

0.02 
Il 

" 
Il 

lt 

lt 

Il 

tl 

ft 

Il 

tt 

1t .., 

FACTORS CAUSmG IGH YIELDS 

60 
Il 

tt 

tt 

tt 

Il 
0.04 

c = with 

.fi 

" 
" Il 

Il 

Il 

Il 

Il 

" 

tt 

Il 

tf 

Il 

Il 

tt 

11 

0.1 
Il 

If 

" 11 

Il 

Il 

n 
Il 

Il 

Il 

tl 
~ 

Il 

Il 

Il 

lt 

Il 

Il 

Il 

Il 

Il 

Il _,.. 
11 

0 • .5 
ll 

lt 

Il 

tt 

" 
Il 

tt 

Il 

tl 

11 

0.03 0.2 
n 

" 
" 
Il 

If 

Il 

" 
Il 

Il 

Il 

tl 

Il 

tt 

Il 

tt 

Il 

fi 

tt 

Il 

n 

Il 

0.1 
n 
Il 

Il 

tl 

ft 

Il 

" 
Il 

Il 

Il 

11 

5·4 Il 0.2 0.2 0.2.5 o.s 0 • .5 0.2 
Il 0.2 Il Il 0.0.5 tt 0.75 Il 

•• ~o~o o.1 o.1_ o.o3 o.4 o • .5 o.1 
a1reaây appt. washed c 1 and 0 • .5 cc of ljoHAc 

48°4° = 48 hours at 4°0. 

Il 

tt 

,, 
lt 

Il 

Il 

" 
If 

Il 

" Il 

4N 
o.s 

ft 

Il 

Il 

" n 

n 

" 
Il 

Il ,, ,. 
" 

cc 

0.0.5 
o.s 
o.s 

PER CENT YIELD 

1~6 
7·72 
1.19 
8.,5 
4.7 

10.4 
10 • .5 
10.4 
10 ·1.5 
9·1.5 

10.4 
9. 6.5 

10 .1.5 
10.3 
10.3 
10-.!8 

9o21 

31.1 
33·6 
43·9 
38.2 

EXP. 
NO. 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
1.5 
16 ---- - --
17 

18 
19 
20 
21 



Table 

1 
1 

Effect of ;protein Precipitants on I 11P with or withou.t t+ssue proteine 



Table 15 

INVESTIGATION OF SOMOGYI zmc SULFATE METHOD OF FRACTIONATION OF ORGAN:CCAL'tY BOUND IODINE FROM lNORGANIC IODINE 
1 1 

Sa.mple Wt. of Wt. of For.m of . Wt. of 
Tissue Prolactin added iodine 

(mgm} (mgm} 

Etfect of Tissue Types 

Plasma 
n 

Li ver 
lt 

Kidney 
Il 

0.5 cc 
tt 

250· 
" 
tt 

ft 

Effect of pH 

Plasma 
n 

Plasma 
n 

Li ver 
tl 

11 

" 

Il 

Il 

Il 

tt 

Il 

Il 

o.1 

Il 

u 

n 

If 

tt 

tt 

Effect of Tissue Concentration 

Li ver 
tt 

n 
Il 

tt 

tt 

n 
lt 

Il 

tt 

50 
Il 

lOO 
lt 

150 
tt 

200 
lt 

250 
" 

" 

tt 

n 

Il 

n 

11 

activity 

I"F 
I" 

rnp 
If_' 

.. 
I"P 
I~ 

I"P 
I~ 

~ 

I"P. 
I~ 

I"P 
I~ 

rnp 
I~ 

2.1 
2.6 

2.1 
2.6 

2.1 
2.6 

2.65 
2.86 

2.6-5 
2.86 

2.6-5 
2.86 

2.6-5 
2.86 

1.53 
2.86 

1·53 
2.86 

1·53 
2.86 

1-53 
2.86 

1-53 
2.86 

Amt. of 
ZDS04 

(cc.) 

4.0 
n 

Il 

lt 

n 
li 

2.4 
tt 

n 
n 

4.0 
Il 

Il 

Il 

" 
tl 

' 

" 
Il 

Il 

Il 

n 

tt 

" 

Alm.t. of 
0.75N 
NaOH 
(cc .• ) 

Wash Solution 
Chemical Vol. 

3X 
(cc.} 

0 •. 5 plus &
1 
0 

u n fi 
3 
n 

lt 

Il 

Il 

" 

o.,, 
n 

Il 

Il 

o.s 
Il 

tl 

Il 

Il 

Il 

" 
n 

Il 

' 
Il 

n 

lt 

tt 

.. 
lt 

n 

n 

,:' " 
n 

n 

Il 

Il 

n 

tl ,, 

Il 

tt 

Il 

" 
Il 

tt 

tl 

tt 

tl 

n 

" 
n 
tt 

tt 

" 
n 

" 
' 
lt 

Il 

lt 

If 

Il 

tt 
"' 
~ 

tt 

If 

" 
Il 

" " ... 

lt 

n 

Effect of Cold and Ti.me (Centrifuged, 4°C for 24 hours, centrifuged.) 2 X 

Li ver 
Il 

Il 

Il 

Il Il 

lt 

Effect of cold and Time (4°C for 24 hours, centrifuged,} 2 X 

Li ver Il Il Il 

n tl 11 

Il 

n 

tl 

" 

li 

Il 

tl 

" 

&1 

~· 

ft 

pH No. of 
Sa.mples 

1 

Il 

n 

n 
Il 

1·0 
Il 

7·0 
' Il 

" 
tl 

tl 

n 

" 

1 n 

1 " 

Il 

tl 

tt 

Il 

4 
tl 

tl 

n 

tt 

Il 

" lt 

3 
tl 

4 
3 

4 
3 

2 
Il 

Il 

tl 

Il 

If 

If ., 
lt 

lt 

.. 
lt 

Il 

Effect of Na2S04 instead of water as washing solution: (centrifuged, 4°C for 24 hrs.} . 2 X 

Li ver 
tt 

Il 

Il 

Il 

" 
" 

ft 

Il 

Effect of Iflp Concentration (4°0 for 24 hours, centrifuged} 2 :x 

Plasma 

" 
0.5 
" 

MAMMARY GIAND 

0.05 

Effect of Tissue Concentration 
Mammary 
Gland 50 o.l 

" t.t 

tt 

lt 

tt 

Il 

Il 

ft 

n 

tl 

lOO 
tt 

150 
Il 

200 
" 

250 
lt 

Il 

n 

n 

Inp 
I~ 
I~ 
I~ 
I!'P 
I~ 

1·53 
2.86 

1·53 
2.86 

1·53 
2.86 
1-53 
2.86 
1-53 
2.86 

4 
li 

Il 

Il 

tt 

lt 

Il 

" 
tl 

Il 

Il 

lt 

tt 

tt 

tt 

" 
Il 

Il 

Il 

Il 

tl 

" 
tt 

Na~so4 

Il 

Il 

11 

tt 

· tl 

Il 

tt 

" 
Il 

Il 

Effect of Ether extraction (eentrifuged, 4°C for 24 .hours centrifuged} ' 2 X 
Af~er Zn(OH)2 precipitation 

" Il Il 
Il lt 

Before Zn{OH}2 precipitation 
Il " Il 

Il Il 

I"P 
I~ 

1·53 
2.86 

1·53 
2.86 

Il 

Il 

Il 

tt 

Il 

Il 

Il 

li 

li 

Il 

Il 

" 

" ~ 

tt 

Il 

" IJ 

lt 

n 
Jf 

tl 

Il .. 

If 

tt 

Il 

" 
Ether Homogenization and Zn(OH)2 precipitation (4°0-for 24 hours, centrifuged} 2 X 

Il 

tl 

(f 

Il 
0.05 Il 

tl 

Il 

Il 

Il 

tl 
" 
tf 

tl 

Il 

Il 

Il 

Il 

Il 

Il 

11 

" tt 

" 
" tt 

Il 

Il 

If 

Il 

1 tt 

1 tt 
1 

Il 

" 

2 
Il 

Il 

" 
Il 

Il 

lt 

Il 

Il 

" 
lt 

Il 

tt 

" 
tl 

tt 

4 
Il 

i Activity 
in precipi­
tate 

'19·2'1 
1.21 

67.24 
4.28 

88.86 
2.56 

90.6 
11.5 

86.9 ' 
8.3 

92.8 
9·3 

89.4 
15.8 

93·5 
14.25 

95·0 
14.25 

84.6 
95.42 
'~ l • .S . 

2.65 

81.0 
95·45 
1.8 
2.19 

86.0 
96.48 
1.6 
2.25 

65.0 
11.85 

41.66 
8.48 

53·4 
11.59 

76.28 
8.18 

88.36 
5·42 

59-52 
7.67 

21.4 
0.31 

65.29 
2.75 

85.2 
12.6 

RANGE 

(79·0 - 81.5} 
( 0·9 - 1.4) 

(50·3 - 82.9) 
( 2.4 - 5-6) 

( 86 • 5 - 91. 8) 
( 2.1- 3.2) 

(85·7 - 91.8) 
( '1·4- 14.4) 

(80.2 - 90.6) 
( 8.0 - 9.2) 

(90.0 - 96.5} 
( 8.1 - 10.0) 

('19·0 - 95·5} 
(14.0 - 18.1} 

(93·4 - 93.6} 
(14.1 - 14.4} 

(94.1 - 95·9l 
(15.4 - 15·57) 

(93·9 - 94.8} 
J11.1 - 11.3) 

(96.8 - 96.6) 
(13.8 - 22.7) 

(97-0- 9'7.4} 
(l3o2 -. l4e3) 

(33.6 - 4~.7) Initial 
("94•7 -,. 96.2) .Fi11al 
{. ·è . ; , •·- ) lilitial 
( 2.2 - 2.9) Final 

., . 
( 1.2 - 3·2) 

{96.4 - 96.6} 

( 1·5 - 2.9) 

(63.8 - 66.3) 
(11.6 - 12.1} 

(33·6 - 49.7) 
( 7·2 - 9.8) 

(43.6 - 63.1} 
( 10.1 - 13.0} 

('61.0 - 91·5) 
( 4.9 - 11.5) 
{82.5 - 91·51 
( 5·2 - 5-6) 
(21.1 - 92.9) 
( 4.9 - 10.5) 

(14.8 - 28.0) 
( 0.5 - o.l} 

(39·4 - 91.44) 
( 0.7 - 4-75} 

(82.9 - 86.5) 
(11.2 - 13.4) 

Initial 
Final 
Initial 
Final 

Initial 
Final 
Initial 
Final 


