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INTRODUCTION 

The mode of action of protein hormones, particularly those 

produced by the anterior pituitary, is a problem which has not 

been satisfactorily answered. One might state that there are 

two general concepts of hormone action. One of these concepts 

regards the stimulation of the end organ a function of the 

concentration of the circulating blood level of the specific 

hormone. In support of this concept it has been shown that a 

given amount of hormone administered by continuous injection 

over a prolonged period of time has an effect on the specific 

end organ many times greater than an equivalent dose of that 

hormone given by single or multiple injections (Ingle and Li, 

1952). The other concept, sometimes referred to as the target 

organ localization theory, assumes that the hormone produced 

by the pituitary localizes in the specific organ which is stimu¬ 

lated. This would imply that a specific pituitary hormone, 

such as thyrotropin, should be selectively localized and per¬ 

haps metabolized by the thyroid. Rawson, Stern and Aub (1941) 

reported that explants of thyroid tissue are capable of inacti¬ 

vating thyrotropin, while other tissues studied failed to in¬ 

activate this hormone to the same extent. Their observations 

indicate a specific utilization or alteration of this hormone 

by the thyroid. The most convincing, but by no means conclusive, 

evidence supporting the localization theory is the recent work 

of Sonenberg, et al (1951aj 1951k** 1952). They have shown 

that certain pituitary preparations, AOTH, prolactin, grovrbh 
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hormone, and thyrotropin, when labelled with a radioactive iso¬ 

tope, showed preferential localization in their respective end 

organs when administered to experimental animals. 

It would appear from the work of Sonenberg, et al, that 

the use of radioisotopic-labelled hormones would be an excellent 
\ 

tool for various Investigations in endocrine research, of the 

many difficulties encountered in such work, the quantitative 

determination of physiological amounts of various hormones pro¬ 

duced by the anterior pituitary presents a problem for which 

no adequate or simple solution has been proposed. Ho assay 

methods for circulating anterior pituitary hormones, with the 

possible exception of the thyrotropic hormone bioassay method 

of D‘Angelo (19^9» 1950> 1951)> have been adapted to detect 

the minute quantities of hormone encountered In body fluid or 

tissue samples. If a satisfactory method could be perfected, 

it might then be possible to determine the concentration, the 

course, and the duration of a particular hormone in any tissue 

under normal or experimental conditions. 

It occurred to us that isotope-labeled anterior pituitary 

preparations might be adapted to an assay procedure based on 

the Isotopic dilution principle. Assuming specific localiza¬ 

tion in the target end organ to be a function of the amount 

of hormone injected, a small amount of isotope-labelled hor¬ 

mone preparation could then be added to a test sample contain¬ 

ing an unknown quantity of the hormone. By administering this 

preparation to an animal and determining the uptake of radio¬ 

activity in the end organ, one might expect to find a correla- 
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tion between-a decrease in the radioactivity of the end organ 

and the concentration of the hormone in the test sample when 

compared to the uptake of the labelled preparation administered 

alone. ■ 

Theoretically, there are several methods by which an iso¬ 

tope-labelled anterior pituitary hormone might be produced. 

(1) The hormone might be synthesized using amino acids 

containing radioactive sulfur or radioactive carbon* 

(2) The tagged hormone might also be produced by feeding 

isotope-labelled amino acids to large numbers of 

animals for a period of time long enough to allow 

radioactivity to be Incorporated into the pituitary 

proteins. The protein hormones could then be ex¬ 

tracted, fractionated and purified. Another modifi¬ 

cation of this method might also be attempted. Ex¬ 

plants of anterior pituitary tissue could be grown 

in media containing radioaotive nutrients and, as¬ 

suming that the tissue explants would manufacture 

and liberate hormones under these conditions, the 

. hormones could be harvested from the media, 

(3) A purified commercial anterior pituitary hormone pre¬ 

paration might be reacted with a radioactive element 

or compound 7/ithout destroying the biological acti¬ 

vity of the hormone. 

Before considering any of the above methods, it is first 

necessary to consider their feasibility under laboratory condi¬ 

tions, Although much information regarding the chemical com- 
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position and physical characteristics of proteins has been 

accumulated, the exact structure of a specific protein moler- 

cule is still to-be determined. However, Li (1951) has recent¬ 

ly reported that anterior pituitary adrenocorticotropin (ACTH), 

a protein considered to have a moleoular weight of about 

20,000, actually contains its biological activity in one of 

its peptide fragments. By digesting the protein with pepsin 

to an extent of 60$ destruction of the molecule and extracting 

the non-protein fraction, a peptide can be isolated of a mole¬ 

cular weight of about 1,200, which has essentially the same 

biological activity as the Intact ACTH protein. The average 

peptide chain on this AOTH peptide varies from 7 to 9 amino 

acid units. The amino acid composition of this material is 

already known and the hope has been expressed that it may be 

synthesized in the not too distant future. If this should in¬ 

deed be the case, the synthesis of isotope-labelled AOTH pep¬ 

tide would logically follow. 

Producing the labelled hormone in vivo, although possible, 

would in most instances be Impractical*- The limiting factors 

of this procedure would be the amount of isotope that could 

be fed safely to the animals chosen and the kinetics of the 

incorporation of the labelled amino acids into the specific 

pituitary proteins. This procedure has been used very effec¬ 

tively in preparing radioactive thyroid hormone, for there Is 

a selective uptake of the administered radioiodine and subse¬ 

quent biosynthesis of the hormone by the thyroid of the animal. 

In vivo tagging of viruses with phosphorus using radioactive 



phosphorus 32 as the tracer has already been attempted (See Al- 

tenberg, 1951). Abdou and Tarver (1952) have recently reported 

the labelling of plasma proteins in animals fed carbon l4 serine. 

The third method, that of chemically reacting the protein 

hormone with a radioactive element or compound, was the only 

method considered feasible and the one chosen for this study. 

Although there are many reactions of proteins with a variety 

of elements and compounds, only the iodination reaction was used 

in this problem. 

The effect of iodination on the biological specificity of 

a protein depends on the degree of iodination. , Albert, et al 

(1946a; 1946b) demonstrated that thyrotropic hormone could be 

inactivated with elemental iodine. Li and Evans (1946), in a 

review on the chemistry of anterior pituitary hormones, cite 

evidence supporting the contention that iodination of these hor¬ 

mones destroys their biological activity. This is due to the 

fact that rigorous iodination under many conditions, or partial 

iodination under acid conditions, leads to oxidation reactions, 

Including that of sulfhydrijp. groups, with a net loss of biologi¬ 

cal specifioity. In contrast, Li, Simpson, and Evans (1946) 

have shown that ACTH could be reacted with several moles of 

iodine per mole of protein without greatly altering its biologi¬ 

cal activity, Furthermore, a considerable body of evidence 

has been accumulated to indicate that when some proteins are 

labelled with a few substituent groups of iodine per molecule 

of protein, there is little Impairment of biologic speoificity 

(Shahrokh, 1943\ Landsteiner, 1947; Eisen and Keston, 1949). 
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Mild iodination under proper conditions leads only to the iodl- 

natlon of aromatic amino acid groups of the protein, primarily 

tyrosine. 

Since carrier-free iodine 131 has "been available for the 

past decade, iodination has become the method of choice in 

radio-tagging experiments with various protein preparations. 

Included in these are a number of proteins of biological Im¬ 

portance. Studies with radioiodine-labelled Insulin have been 

done by Reiner, et al (1942; 1943), an*3- Ferrebee, et al (1951). 

Serum albumin labelled with radioiodine has been studied by Eisen 

and Keston (19^9)• Pressman and his co-workers have reported 

a number of studies in animals using iodine-labelled antibody 

preparations (Pressman and Keighly, 19461; Pressman, 1949; 

Pressman and Sternberger, 1950a, 1950b> Pressman and Eisen, 

1950; Pressman, et al, 1949; 1950). Antigen preparations 

have also been tagged v/ith radioiodine for application to im¬ 

munological studies (Talmage, et al, 1951)* Studies with iodi- 

nated preparations of several anterior pituitary preparations 

have been reported. Radioiodine-labelled ACTH preparations 

have been studied by Sonenberg, et al (1951), and Ferrebee, et 

al (1951)* Iodine-labelled prolactin preparations have been 

studied in animals by Sonenberg, et al (1951) and Cox (1951). 

All these studies emphasized that a small number of iodine 

groups (1-6) per protein molecule does not destroy the biologi¬ 

cal specificity of the protein. 

The methods of iodination used by various Investigators 

for tagging studies, although differing in detail, are all 
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based on the addition of elemental iodine in solution, contain¬ 

ing I 131* to a protein in an alkaline buffer. Pressman and 

others added the free iodine in a ICI solution, containing the 

I 131, directly to the protein which is dissolved in a borate 

buffer solution at pH £.0. This mixture was allowed to stand 

for 15 minutes at room temperature, after which sodium thoisul- 

fate was added to reduce the excess iodine. Sonenberg, by a 
s 

method which he described as trace-labelling, added a minute 

amount of carrier iodide to the carrier-free I 131 and liber¬ 

ated the iodine in solution by the action of nitrous acid. This 

iodinating solution was then mixed with phosphate buffer of pH 

7.4 and added to the protein solution. The mixture was allowed 

to stand at room temperature for one hour and then dialysed to 

remove the unreacted iodine. Ferrebee, et al (1951) incorpor¬ 

ated the radioiodine in an iodine-iodide mixture. This iodina¬ 

ting mixture was slowly added to a buffered protein solution 

(pH 7.4) with constant mechanical stirring over a period of 4 

hours at 5° Centigrade. Preliminary studies in our laboratory 

with these various methods of iodination indicated that the 

method of Ferrebee, et al, was least likely to produce denatur- 

ation of the protein involved and consistently resulted in a 

higher yield of iodinated protein. 

PROBLEM 

This present investigation was undertaken to determine 

whether the "uptake" of I 131 ACTH in the adrenal was specific, 

and also to determine the feasibility of using labelled ACTH 
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and labelled prolactin for assay procedures. As the work pro¬ 

gressed, it became evident that the specificity of the locali¬ 

zation of radioactivity in the adrenal after administration of 

I 131 ACTH, might be open to question. Studies with I 131 pro- 

laotln indicated that this, too, would localize in the adrenals* 

Distribution studies with I 131 ACTH and I 131 prolactin 

have recently been reported in detail by Sonenberg, et al (1951a; 

1951b). They have shown that the radioaotivity in the adrenals, 

after the administration of I 131 ACTH, is firmly bound and 

cannot be removed by saline perfusion of the animal. The radio¬ 

activity of all other tissues, with the exception of the thyroid, 

is washed out by perfusion. Radioautographs of both perfused 

and non-perfused adrenals showed localization of radioactivity 

in the adrenal cortex. The localization of radioactivity in 

other tissues, particularly the liver, spleen, and kidney, is 

explained by their known action in removing foreign protein 

from the circulation. The uptake of radioactivity in the ad¬ 

renal after administration of I 131 prolactin is considered, 

by Sonenberg, et al, to be due to ACTH contamination of the 

prolactin preparation. 

Control studies using I 131 as a tracer were also done 

with iodinated serum albumin and iodide ion which demonstrated 

that relatively little radioactivity appeared in any of the 

endocrine glands as the result of their administration. Natur¬ 

ally there was specific uptake of the iodide ion by the thy¬ 

roid, a fact, considered when interpreting all studies with 

iodine containing preparations, 
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A non-pituitary protein hormone preparation, relaxin, (Hi- 

3&VJ and Zarrow, 195°) chosen as a control for the studies 

presented here since it is unlikely to contain ACTH. In addi¬ 

tion to its use as a control in these studies, it was of ?con- 

siderable interest to determine the effect of iodination on the 

biological activity of relaxin and to determine the distribu¬ 

tion of radioactivity after its administration to animals. How¬ 

ever, before iodination was attempted, qualitative studies of 

the amino acid composition of relaxin v/ere done using paper 

chromatography to demonstrate the presence of aromatic amino 

acids necessary for successful iodination. The amino acid com¬ 

position of the prolactin preparation was also determined to 

confirm the results reported using other methods of analysis 

(White, 194-9). Because of the limited amounts of ACTH made 

available for this study only animal studies were made with 

this preparation. Detailed studies have been reported on the 

amino acid composition of ACTH and the presence of aromatic 

amino acids established (Li and Evans, 194-7J Li, 1951). 

EXPERIMENTAL METHODS 

I. Chemical 

A. Qualitative amino acid determination 

Prolactin and relaxin were separately subjected to acid 

hydrolysis. 10 mgs. of each preparation were placed in a glass 

tube and 1 ml. of 6N HC1 added. The tube was then evacuated, 

sealed, and placed in an oven at a temperature of 120° Centi¬ 

grade. At the end of 24- hours, the tube was removed from the 
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oven and. the contents of the tube placed in a watch glass in 

\?hioh the hydrolysate was evaporated to dryness on a steam hath. 

This material was redissolved in distilled water and an ali¬ 

quot placed on the edge of a 9“ x 12” sheet of Whatman #4- fil¬ 

ter paper., The remainder of the procedure was essentially the 

same as that used in routine two-dimensional paper chromato¬ 

graphy (Dent, 194-7). 

B. Iodlnation 

A method essentially similar to that of Ferrebee, et al, 

was used for the iodlnation of the preparations of ACTH, pro¬ 

lactin, and relaxln. 10 mgs. of the particular hormone to be 

studied were dissolved in 1 ml, of M/15 phosphate buffer at pH 

7.4*. A mixture containing 0.3& mgs* of NaX, 0,l6 mgs. of Ig 

and 5~15 me. of I 131 per ml, was added dropwlse to the hor¬ 

mone preparation with constant stirring over a period of 4- hours 

at a temperature of 5° Centigrade, The amount of iodinating 

mixture added was varied to attain different degrees of iodina- 

tion. The iodinated preparation was then dialysed against 4- 

changes of 20 liters of 0.9$ NaCl for 72 hours. Little or no 

radioactivity was found in the final dialysate, indicating re¬ 

moval of the unreaoted iodine and iodide. The final radio¬ 

activity of the preparation represented from 10-15$ of the 

original radioiodine that had been added to the preparation. 

This iodinated preparation was then diluted with physiological 

saline so as to oontain a given quantity per ml, for injection 

purposes. 

C* Electrophoresis 
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Paper strip electrophoresis (Durrum, 1950; Cremer and 

Tiselius, 1950* Kunkel and Tiselius, 1951) of the labelled 

prolactin and the labelled relaxin were done to demonstrate 

the firmness of the iodine tagging. Since this phase of the 

work was not in progress when work was being done on the 

labelled AGTH preparations, no electrophoretic studies were 

carried out on this material. 

IX. Biological 

The studies reported here were done on female rats weigh¬ 

ing between 150-200 gms. In addition to the work with the 

rats, a single female rabbit weighing 2B00 gms. was used to 

determine the blood disappearance curve of I 131 relaxin. 

For the distribution studies, rats were injected intra¬ 

venously with 1.0 mg. of the various labelled preparations. 

Rats receiving the I 131 prolactin preparation were treated 

4-S hours previously with 1,000 units of chorionic gonadotropin. 

The rats were sacrificed at varying time intervals in order 

to determine the time of maximal uptake in the respective end 

organs. 

In the experiments designed to demonstrate a relationship 

between uptake of radioactivity in the end organ and the total 

amount of hormone administered, only 0.10 mg. of I 131 ACTH 

or 0.1 mg. of I 131 prolactin was administered. Varying amounts 

of unlabelled or ‘’carrier hormone” were added and the uptake 

of radioactivity in the respective end organs determined at 

the time of maximal uptake. 
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The rabbit was Injected intravenously with 10 mgs. of 

I 131 relaxin. Blood samples were taken at intervals up to 

24 hours for determination of radioactivity. 

The rats were sacrificed by exsanguination under ether 

anaesthesia. Representative portions of tissues or whole or¬ 

gans were removed, weighed and placed in vials containing 10$ 

NaOH. 

Radioactivity measurements were made by use of the Texas 

Company cup-type torroidal gamma counter (Hill, etal, 1950), 

permitting the direct counting of fluid and tissue samples. 
' * 4 

All determinations are given as a percentage of the injection 

solution, dilutions of which were used as standards of radio¬ 

activity. The counting error due to statistical fluctuation 

was ■+■ 1.5$ 

RESULTS 

I, Chemical ■■■•   -a 

The amino acid composition of the prolactin and the relaxin 

is shown in Table I. It can be seen from the table that both 

of these preparations contain aromatic amino acids. The pre¬ 

sence of these amino acids in prolactin had already been es¬ 

tablished. The presence of tyrosine and histidine in relaxin 

was good evidence that this preparation also could be success¬ 

fully iodinated. 

In the course of this study, many iodinated preparations 

of the three hormones were made and studied in animals, For 

the sake of uniformity in a comparative study, only data ob~ 
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Table I 

Amino Acids Present In Prolactin and. Relaxin as Determined, by 

Paper Chromatography 

Amino Acids Prolactin Relaxin 

1. alanine o + 

2. aspartic 4- + 

3- arginine 4- o 

4. oysteic 0 4- 

5. glutamic 4 4- 

6. glycine 4- + 

7. histidine 4- 4- 

a. isoleucine 4- o 

9. leucine + o 

10. lysine 4- 4- 

li. methionine 4- o 

12. phenylalanine 4- o 

13. proline 4- o 

14. serine 4- 4- 

15. threonine 4- o 

16. tryptophane 4- o 

17- tyrosine 4- 4- 

1a. valine 4- 4 



tained from preparations containing 1 iodine group per mole¬ 

cule of protein and at least 200 JA.C* of I 131 per mg. were 

selected for presentation. The number of iodine groups per 

molecule of protein was computed from the radioactivity bound 

in the preparations. The molecular xveight of ACTH is approximate' 

ly 20,000 (Li and Evans, 1946). 1 mg. of ACTH was bound to 

0.006*1- mgs. of iodine representing about a 1:1 ratio of iodine 

to ACTH. The molecular weight of prolactin is between 20,000 

and 30,000 (White, 1949)* and a similar amount of iodine (0.0064 

mgs.) was bound to 1 mg. of this preparation. The molecular 

weight of relaxin is approximately 9,000 (Frieden, 1950), and 

the preparation containing 0*014 mgs. of. iodine per mg. of re¬ 

laxin represented a 1:1 ratio of iodine to this molecule. 

Electrophoretic studies with the I 131 prolactin and I 131 

relaxin revealed that the iodine was firmly bound. Ho further 

interpretations of the electrophoretic studies were attempted. 

II. Biological 

The relationship between the distribution of radioactivity 

in various tissues and time after administration of I 131 ACTH 

is presented in Table II. Significant radioactivity, many times 

that of muscle, occurred within a few minutes in the adrenals, 

blood, liver, spleen and the thyroid. In the adrenals the high¬ 

est concentration of radioactivity occurred in 3 minutes. Table 

III summarizes the results obtained when using different amounts 

of ACTH carrier with 0.1 mg. of I 131 ACTH. This study was 

done at the time of maximal uptake (3 min.), and only the radlo- 
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Table II 

Distribution of Radioactivity in Tissues of Rats 

After Administration of I 131 Labelled AOTH 
s 

AOTH I 131 PD3 

$ Injected Radioactivity per Gram of Tissue 

Blood Adrenals Ovary Spleen Liver 

5*20 1.03 0.66 0.30 3*92 

1,10 1.13 O.52 0.94 1.10 

1.30 0.S9 0.49 O.70 1.12 

0.66 0.30 0.43 0.63 1.44 

0.65 0,43 0.46 0.62 O.91 

0.62 O.70 0.42 0.75 0.34 

0.42 0.50 0,46 0.33 0.54 

Animal# 

1 

2 

3 

4 

5 
6 

7 

Animal# 

1 

2 v 

3 
4 

5 
6 

7 

Time in 
Minutes 

1.5 

3 

5 

10 

15 

20 

30 

Time 

1.5 

3 

5 

10 

15 

20 

30 

Kidney Pancreas Thyroid Muscle 

0.10 

0.11 

0.03 

0.07 

0.09 

0.09 

0.01 

3.20 

7.30 

10.10 

21.00 

11.40 

10.40 

7.50 

0.30 

0.30 

o*35 

0.29 

0*53 

0.50 

0.44 

l.4o 

0.61 

0.45 

1.63 

4.50 

6.20 

13. so 

Each animal received 1.0 mg* of AOTH (PD Lot# 10SH) labelled 
with 0.0064 mgs. of iodine containing approximately 200>cfo. 
of radioactivity. 



Table III 

The Effect of Adding Increasing Amounts of Unlabelled 

Hormone to I 131 ACTH on the Uptake of Radioactivity 

in the Adrenal 

I 131 ACTH PD 4 

Animal # I 131 
ACTH 
mgs. 

Carrier 
ACTH 

■mgs* 

$ Injected Radioactivity 
per Gram of Adrenal 

1 0.1 0 1.04 

2 0.5 1,01 

3 1.0 1.13 

4 5.0 1.10 

5 10.0 ' / 1.02 

Each animal reoeived 0.1 mgB. I 131 ACTH labelled with 0.00064 
mgs. of iodine containing approximately 20 Mo* of radioactivity. 



activity in the adrenals is presented since the distribution 

in the other tissues was found to he essentially the same as 

that presented in Table II. No relationship between radioacti¬ 

vity in the adrenal and the amount of carrier hormone could be 

established. 

The results of the distribution studies with I 131 prolac¬ 

tin are summarized in Table IV. Significant radioactivity ap¬ 

peared in the blood, ovary, adrenal, liver, spleen, kidney and 

thyroid, Plate #1 is a reproduction of the radioautograph of 

the ovaries of rat #3« The dark areas in the radioautograph 

correspond to the corpora lutea of the ovary in histological 

section* Table IV summarizes the data obtained when carrier 

prolactin is added to the labelled preparation. The animals 

were sacrificed at the time of maximal uptake (15 min*) of the 

labelled preparation. As with the AOTH, there is no detectable 

relationship between the uptake in the ovary and the amount 

of carrier hormone added. 

A limited supply of relaxin was available for investiga¬ 

tion. . Therefore, a complete study was not possible. However, 

distribution studies were carried out on three female rats. 

This data is summarized in Table VI. Again, as with the other 

preparations, significant activity is present in the blood, 

ovary, adrenal, liver, spleen, kidney and thyroid. 

The radioactivity of the blood samples obtained from the 

rabbit injected with I 131 relaxin is presented in Plate II. 

The radioactivity of the blood at five minutes was arbitrarily 

taken as 100and the radioactivity of subsequent samples was 



Table IV 

Distribution of Radioactivity in the Tissues of Rats 

After Administration of I 131 Labelled Prolactin 

I 131 Prolactin SQ3 

Animal# Time in $ Injected Radioactivity per Gram Tissue 
Minutes 

Blood Adrenals Ovary Spleen Liver 

1 3 3.05 1.20 3.66 1.74 7.70 

2 5 1.16 1.29 1.79 5. so 9.30 

3 10. 1.4o 1.60 1.03 1.14 3.12 

4 15 0.S4 1.24 1.43 1.32 2.42 

5 30 0.7B 1.20 0.77 0.46 1.66 

Animal# Time Kidney Pancreas Thyroid Muscle 

1 3 4.66 0.34 0.66 0.64 

2 5 5.92 0.24 3. so 0.47 

3 io 3.30 0.40 3.40 0.12 

4 15 17.0 0.42 2.40 0.16 

5 . 30 11.7 0.46 2.50 0.11 

Each animal received 1.0 mg. of I 131 prolactin (Squibb # 71713) 
labelled v/ith 0.0064 mg. of iodine containing approximately 
200 ;wc. of radioactivity. 



PLATE I 

RADIOAUTOGRAPH OF OVARIES OF RAT # 3 



Table V 

The Effect of Adding Increasing Amounts of Unlabelled Hormone 

to I 131 Prolactin on the Uptake of Radioactivity 

in the Ovary at 15 Minutes 

3 
I 131 Prolactin SO, 

Animal# I 131 Carrier 
Prolactin Prolactin 
mgs. mgs. 

1 0.1 0 

2 0.5 

3 1.0 

4 5«o 

5 10.0 

Injected Radioactivity per 
Gram of Ovary 

1.18 

1.28 

1.24 

1.30 

1.20 

Each animal received 0,1 mg. of I 131 Prolactin labelled with 
0.00064 mg. of iodine containing approximately 20yMo. of 
radioactivity. 



Table v* 
jJistribution of Radioactivity in the Tissues of the Hat 

After Administration of Relaxin X 13X ■ 

Rsl&sin X 131 

Animal# Tim in $ Injected Radioactivity per Gras Tissue 
Minutes 

Blood ovary Liver Adrenal Sidney 

X 5 3*10 1.00 2*?S 1*17 3.0 

2 15 • urn 0*96 2*74. 1*17 3*5 

3 30 2*04- 1*00 2«91 1*22 13*8 

Animal# Tim© • Thyroid - Uterus tiueele Mammary 
Gland 

Spleen 

1 5 1*03 0*60 0*12 . 0*24 1*34 

2 15 4.50 0.90- 0*4-3 0*2& 0*83 

■ 3 - 30 7.30 ■ 0*53 0*13 -0.4a 1*45 

Each animal received 1*0 mg* of relaxin labelled with 0*014- rags* 
of iodine containing approximately SQQ^cie* of 2 X3I* 
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expressed In terras of the percent of the value at''five minutes. 

Bioassay of the iodine-labelled relaxin indicated that very 

little biological activity was destroyed by the iodlnation 
* 

procedure* 

DISCUSSION 

Although these studies were originally undertaken to 

demonstrate the feasibility of using I 131 labelled ACTH and 

I 131 labelled prolactin for assay purposes it is quite appar¬ 

ent that this is not possible. As can be seen from Table III, 

the difference in uptake in the adrenal of labelled ACTH accom¬ 

panied with varying amounts of carrier is not significant. 

The identical situation is also true for the ovary with labelled 

prolactin (Table V). As little as 100 gamma of ACTH or pro¬ 

lactin and as much as 10 milligrams showed no difference in 

uptake. This suggests that only the iodinated protein may be 

selectively taken up by the adrenal or the ovary. It may al¬ 

so be that 10 mgs. of these hormones is below the maximum 

amount necessary to show differential uptake. 

The results obtained with the distribution of I 131 ACTH 

and I I31 prolactin are similar to the results reported by 

Sonenberg, et al (1951&J 1951b)• The uptake of radioacti¬ 

vity in the adrenal after administration of I 131 prolactin 

may be due to a non-specific localization or it may refleot 

a functional relationship between the prolactin and the adre¬ 

nals. A variety of metabolic effects have been ascribed to 

^Guinea pig assay reported by Dr. Robert Kroc.; 
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prolactin which are related to adrenal cortical function 

(White, 19^9)* 

No previous studies have been done with iodine labelled 

realxin and it was encouraging to find that there was reten¬ 

tion of biological activity after lodination. The localiza¬ 

tion of radioactivity in the ovaries and possibly in the uter¬ 

us v/as of interest since relaxin is known to occur in high 

concentrations in the reproductive tract (Hisaw and Zarrow, 

1950). The rate of diappearance of radioactivity from the 

blood of the rabbit after administration of I 131 relaxin is 

similar to the disappearance curve obtained by bioassay (Zar¬ 

row and Money, 19^3). It is possible that the localization 

of radioactivity in the adrenal after I 131 relaxin adminis¬ 

tration represents functional localization. Hisaw (personal 

communication) attributed the relief of the symptoms of arth¬ 

ritis in pregnant women to the presence of increased amounts 

of relaxin at this time. It is well known that AOTH is 

therapeutically effective in arthritis through its effects 

on the adrenal cortex. The relationship between relaxin 

and the adrenal has not been thoroughly studied but may be 

worthy of investigation In view of the results obtained in 

this study. 

The other more plausible explanation of the localization 

of radioactivity in the adrenal after the administration of 

these various labelled hormones may be the non-specific up¬ 

take of iodinated proteins of a similar molecular weight 

range. It is apparent from the data presented that radioacti- 

(16) 



vity is found in the adrenals as the result of the administra¬ 

tion of any of the preparations studied. Plate III shows the 

uptake of radioactivity in the adrenals at three different 

time intervals for each of the preparations. The uptake in 

the adrenals after administration of I 131 prolactin and I 131 

relaxin is consistently higher than that of I 131 ACTH at 5, 

10, and 15 minutes. Unfortunately no biological experiments 

have been done in this study or by other workers.on the dis¬ 

tribution of low molecular weight iodinated proteins. On the 

other hand, it is known that iodinated serum albumin (70,000 

M.W.) does not localize in any particular tissue but remains 

in the circulation for several days. The presence of radio¬ 

activity in a tissue after the administration of a labelled 

preparation does not necessarily imply that the intact prepa¬ 

ration has localized in that site. The injected material may 

be broken down into smaller iodinated residues very rapidly, 

and these residues may themselves have specific localization 

sites. Distribution studies with I 131 thyroxine were re¬ 

ported by Gross and LeBlond (19^7), and levels of radioacti¬ 

vity above that of blood were found in the adrenals at the 

end of two hours. Unfortunately these workers did no studies 

under two hours. 

In order to eliminate the difficulty of interpreting 

studies ..with iodine-labelled protein hormones it would be 

necessary to do comparative studies using the same prepara¬ 

tions labelled with other isotopes. Sonenberg (personal com¬ 

munication) has reoently labelled thyrotropic hormone with 

(17) 
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sulfur 32 and showed selective localisation in the thyroid. 

Gray and sterling (1950) reported that serum proteins could 

toe tagged with trivalent chromium using chromium 51 as the 

tracer* They further showed that there is no change in the 

electrophoretic pattern of the chromium-labelled serum albu¬ 

min indicating no great alteration in the protein molecule 

due to this tagging* The tagging of pituitary proteins with 

chromium 51 has already been attempted by us, but inconclu¬ 

sive data have been obtained because of the low specific 

activity of the radioactive chromium. Control studies on 

the distribution of administered trivalent chromium have al¬ 

ready been completed (Kraints and Talraage, 1952). 

SUMMARY AND CONCLUSIONS 

It has been shown that I I31 labelled ACTH and I 131 

labelled prolactin cannot be utilised in an assay technique 

by any simple procedure. It is further shown that the up¬ 

take of radioactivity in the adrenal after administration of 

I 131 ACTH may not be specific. A pituitary protein hormone^ 

prolactin, and a non-pituitary protein hormone, relaxin, 

labelled with'similar amounts of iodine and I 131 show an 

uptake of radioactivity in the adrenal that is as high or 

higher than that of labelled ACTH, On the other hand, there 

is no doubt of the localization of the radioactivity in the 

corpora lutea of the ovaries after administration of I Ipl 

prolactin. Tills observation is in accord with the known ef¬ 

fects of prolactin. Prolactin has been shown to maintain 



secreting corpora lutea (White, 19^9)* The localization of 

radioactivity in other physiologically important sites after 

the administration of I 131 prolactin and I 131 relaxin may 

merit interpretation, but judgement of the functional rela¬ 

tionship of this uptake is reserved until more complete 

studies are undertaken. If one could extract and identify 

the intact I 131 labelled hormones from their so-called locali¬ 

zation sites, many of the doubts concerning the validity of 

the localization would be dispelled. On the other hand, if 

similar distribution and uptake in the same organs were ob- 
r 

tained regardless of the Isotope used for labelling these 

preparations, this too would be convincing evidence that there 

is specific localization. All these factors are being con¬ 

sidered and explored to serve as a basis for continued inves¬ 

tigation in this problem. 

(19) 
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