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STUDIES IN IODINE METABOLISM 1975 - 1976 

Investigations during the past twelve months have included the following 

subjects: 

I. Factors which Influence Release of Radioiodine from Thyroid Glands 

(Preliminary Experiments). 

II. Contamination of Commercially Available Low-Iodine Diets. 

III. Effects of Hypoxia on Release of Iodine from Thyroid Glands of 

Rats and Mice. 

IV. Development of Practical Tests for Available Iodine in Low-Iodine 

Diets. 

V. Reproduction and Abnormal Thyreoglobulin of Rats Maintained on 

Low-Iodine Diets. 

VI. Observations on Radioactivity in Animal Thyroids. 

VII. Collaboration with Other Laboratories Regarding Radium in Bovine 

Thyroids. 
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DETAILED SUMMARY OF ACCOMPLISHMENTS: April 1975 - March 1976: 

I. Factors which Influence Release of Radioiodine from Thyroid Glands 

(Preliminary Experiments): 

Our previous data suggested that undefined individual factors were 

sometimes the most important determinants of the release rate for radio-

iodine from thyroids of rats fed low iodine diets. 

Therefore, a limited experiment was undertaken in which individual 

animals served as their own controls. 
125 Rats were injected with I and radioactivity was measured over 

the neck area every few hours or days, as necessary, to determine the 
125 125 pattern of release of I from the neck. After the I had be<jn 

reduced to 10% of the initial value, the experiment was repeated on each 

rat, using injection. Four hours after the dose, the animals 

were injected with agents expected to hasten the release of from the 

thyroid. The initial experiment became a control for each animal and 

the difference between the and experiments showed the effectiveness 

of the agents used to hasten release. Results are tabulated in Table I 

and for comparison, we have shown only the hours necessary for the neck 

radioiodine to be reduced to 10% of its initial value. 

These limited data agree with our previous observations that 

perchlorate was the most effective releasing agent of these three, but the 

experiment also suggested that rats with short retention times in control 

experiments showed the smallest change from perchlorate of iodide treatment. 

Furthermore, the smallest of the control values (78 hours) was very close 

to the average for KI or KI + CIO. treatment (83 hours). 
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TABLE I 

Hours Necessary for Neck Radioiodine to Reach 10% of Maximum Retention 

Rat # Control K C 1 0
A
 K I K I + KC10-

(12*I) i131i) (131I) (131I) 
39 >170 hrs. 30 

40 >180 hrs, 42 

41 160 86 

42 130 120 

43 78 66 

44 >180 60 
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This preliminary experiment caused us to try to relate to the biological 
131 

half-life of I in the rat thyroids to the total iodine content of the 

thyroid of each individual gland, as measured ill vivo. (Since there are 

new methods to measure total iodine in human thyroids by fluorescent x-ray 

analysis, any relationship between total iodine in the thyroid and 

biological half-life, may be potentially useful). 125 Therefore, a series of rats was fed I-labeled low iodine diet until 
125 their thyroids were labeled to isotopic equilibrium and the I was then 

127 
measured in their thyroid glands and expressed as I (micrograms per 

thyroid). 131 The animals were then injected with a tracer dose of I arid the 

individual release rates of were measured on each of tne animals. 
131 The maximum uptake of I was not a significant index of total iodine 

131 
in the thyroid, but Tables II and III shov/ that the release rate of I 

was inversely related to the total chemical iodine of the thyroid glands. 

It is clear that these preliminary experiments must be repeated in larger 

groups of animals, but there is a strong suggestion that measurement of 

total iodine in the thyroid may have predictive value in estimating the 

potential biological half-life of normal rats fed low iodine diet. 

II. Contamination of Commercially Available Low-Iodine Diets: 

Upon the completion of this experiment, we experienced great 

difficulty in obtaining a consistent low iodine diet from any of several 

manufacturers, and consequently we were temporarily forced to abandon 

chronic experiments with rats fed labeled low iodine diets. IVe found 

that low iodine diets from two major producers were highly contaminated 

with iodine contents which increased from 0.006 ugl/g to 0.03 ugl/g?. 



125 Total Thyroidal Iodine (Measured by I Equilibrium) Compared to Biological 

Half-Life of 1 3 II in Neck 

Animal # 
7 
6 
12 
Mean 

TABLE II 

RATS: Diet, TTieracon, Low-Iodine (0.016 ug I/g) 

THYROID 
% of 125i 
in 10g Diet 

38 
48 
90 

ug I in 
Thyroid 

.061 

.077 

.144 

131 
Max. I Uptake 

% Dose 
60 
60 
90 

58 + 27.5 .094 + .044 

BL/2 
(hrs) 

32 
died 
40 
36 

4 
5 

10 

Mean 

116 
200 
300 
205 + 92 

.186 

.320 

.480 

.328 + .147 

70 
70 
80 

55 
73 
77 
68 + 11.7 

1 
2 
6 
Mean 

MICE: Diet, Remington, Low-Iodine (0.013 ugl/g) 
65.4 
91.8 
93.2 

83.4 + 15.6 

.084 .119 

.121 

.108 + .020 

90 
98 

100 

30 
57 
60 

49 + 16.5 

3 
4 
5 

137.8 
117.9 
218.7 

.178 

.153 

.284 

97 
100 
100 

95 
93 

112 

Mean 158.1 + 53.4 ,205 + .069 100 + 10.4 
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This appears to have resulted from contaminated grains in 1974 and 1975 and 

we were forced to develop a dependable test for iodine in low iodine diets 

and to test every barrel of diet that we had oltained. (See Section IV, 

entitled Dependable Assay for Available Iodine in Low-iodine Diets). 

III. Effects of Hypoxia on Release of Iodine from Thyroid Glands of Rats 

and Mice: 

SiiAUltaneous with these experiments regarding accelerating 

the release of radioiodine from thyroids, we tested the effects of hypoxia 

on the release of Tadioiodine from the thyroid of rats. Previous investigators 

have published widely different results from this type of experiment, so 

we investigated the effect of hypoxia on the release of iodine from thyroids 

of rats maintained on low iodine diets, llypoxia was produced by exposure 

of the animals to ventilated chambers with air pressure maintained at 

240 mmHg at 23° to 24°C. 

Figures 1-4 show that hypoxia dependably inhibited the release of 

radioiodine from the thyroid of rats and mice and treatment with thyroid 

stimulating hormone and thyrotropin releasing hormone CPig* 4) had little 
125 

or no influence on the release of I in the presence of hypoxia. The 

thyroids of these control animals were so stimulated by the low-iodine 

diet that there was no measurable effect from bovine TSH (Pig- 4) even 

in controls. 

In conclusion, severe hypoxia prevents the release of thyroidal iodine, 

even in presence of exogenous TSH, however, radioiodine uptake continues 

even in the presence of hypoxia. 
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IV. Development of Practical Tests for Available Iodine in Low Iodine Diets: 

Chemical methods for measurement of dietary iodine are not 

satisfactory beli»w 0.0S ug I/gm diet. In the past we have leisurely 

measured iodine in low iodine diets by labeling rats to isotopic equilibrium 

with a radioactive diet and ultimately measuring the specific activity of 

iodine in their thyroid glands. During the past year, the contamination 

of commercial low iodine diet required us to develop a practical and 

versatile test for all dietary materials. 

To hasten equilibrium, v/e fed weanling mice 1% potassium perchlorate 

in drinking water for four days, followed by distilled water. At that 
125 

time we fed I labeled diet's continually for 30 days. The rate of 
125 accumulation of I in the thyroids was measured for 30 days, after 125 which the mice were killed. The I was measured in the thyroids (and 

125 expressed as grams of labeled diet necessary to supply the thyroid I) 

then the glands were digested in chloric acid, the solutions were made 
125 127 

alkaline, and analyzed for I and I per ml of final solution. In 
125 

each case the I was expressed as grams of diet necessary to supply 
125 

the I in the thyroid or in 1 ml of solution. The biologically 

available iodine was then calculated as follows: 
127 125 127 [micrograms I/ml]/[grams of diet necessary to supply I/ml] = ug I/gm diet 

Figure 5 and Table IV show that the time necessary for the radioactivity 

in the thyroid of these animals to reach a maximum plateau was inversely 

related to the available total iodine per gram of diet. Indeed, the rate 

of equilibration became a convenient biological index of the available 

iodine in the diet. V/e were able to estimate the available iodine content 
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TABLE IV 

Biologically Available Iodine in Low-Iodine Diets 

(Estimates by Equilibrium Label in Mice and by Specific Activity of Thyroid) 

(All Low-Iodine 
Except Purina) 

General Biochem. (1973) 

U.S. Siochem. (1975) 

Theracon (1975) 

ICN (1975) 

Nutritional Biochem. (1972) 

Purina Lab Chow (Normal) 

Time Required for 125i jn Thyroid 
to Plateau 

(Days) 

> 34 

> 3 4 

19 

13 

6 

3 

Biologically Estimated 
Dietary Iodine 

[0.3 X (1 * time for Plateau)] 
: ug I/g Diet 

0.008 

0 .008 

0 .016 

0.023 

0.05 

p>>0.1 

Dietary Iodine by 
Final Analysis 
ug I/gm Diet 

0.007 +0.002 

0.008 + 0 . 0 0 2 

0^0167 + 0.0001 

0.024 +0.001 

0.05 +0.02 

1.37 + 0.047 
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of 5 different diets by the expression: 

C X time for ^uilibrium s I/g' w h e r e C = 311 e m P i r i c a l f a c t o r 

This relation did not hold for the normal diet because equilibrium occurred 

within less than the minimum time that was measured (3 days) (See Table IV). 

Evidental.ly, diets which contain more than the total thyroidal iodine in 

less than one daily ration, would have to be diluted with another known 

low-iodine source, if this method is to be used on high-iodine diets. 

V. Reproduction and Abnormal Thyroglobulin of Rats Maintained on Low-Iodine 

Diets: 

Simultaneous with the above experiments, the ERDA indicated interest 

in our attempts to breed rats fed low iodine diets. (The interest was 

expressed by ERDA's recommendation to the International Atomic Energy Agency 

that our research results might be relevant to a planned symposium to be 

held by the IAEA entitled "International Symposium on Nuclear Techniques 

in Animal Production and Health as Related to the Soil-Plant System," to 

be held in Vienna, Austria during February 1976). 

Our abstract regarding the poor breeding of rats fed low-iodine diets 

was accepted for presentation at the IAEA meeting, so we undertook extensive 

studies to elucidate the mechanisms for the poor success at breeding. 

The data are summarized in the attached preprint, in summary they show: 

1. The addition of Nal to Remington low-iodine diet caused rats to 

breed much earlier than controls without added Nal. 

2. Remington low-iodine diet is inadequate in basic vitamins to 

maintain survival of most offspring born to the unsupplemented diet. 



3. Even if adequate vitamin supplements were added, the newborn 

still were unable to synthesize triiodothyronine as readily as adults and 

thyroxine synthesis was also impaired, see reference Ekpechi and Van 

Middlesworth, Endocrinology 92:1376 (1973). 

4. Newborn rats from dams raised on low iodine diet contained a 

thyroglobulin which is unusually unstable. 

VI. Observations on Radioactivity in Animal Thyroids: 
131 

Observations have continued regarding ' I and radium in animal 

thyroids from all continents. The enclosed report from Health Physics 

Journal "Radioiodine in Animal Thyroids During Nuclear Tests in 

Both Hemispheres", Health Physics 29:861-863, 1975, L. Van Middlesworth, 
summarizes some of the data from 1974-1975. During the past year we have 

131 
not observed I in any animal thyroids, but we have continued to 

accumulate data regarding the radium content of these glands. 

VII. Collaboration with Other Laboratories Regarding Radium in Bovine 

Thyroids: 
We sent 14 bovine thyroids from Nigeria, West Africa to 

Dr. Wogman of Battelle Northwest Laboratories and he has accurately 

quantitated the radium content of these thyroids. He found more than 100 

times the concentration of radium that he expected and Dr. Wogman 

summarized his data and has submitted the enclosed manuscript, "Radium 

Accumulation in Animal Thyroid Glands a Possible Method for Uraniun and 

Thorium Prospecting," N. A. Wogman, R. L. Brodzinski and L. Van Middlesworth, 

to the International Atomic Energy Agency for possible presentation in 

Mexico in 1976. 
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226 228 
The manuscript "Natural Ra and Hi in Thyroids of Cattle from 

Nigeria" by O.L.V. Ekpechi, L. Van Middlesworth and Gloria Cole, was 

published by the International Atomic Energy Agency in the past year. 

We have sent several radioautographs, showing radium bodies to 

Roger J. Cloutier of Oak Ridge Associated Universities, Oak Ridge, Tennessee, 

with the intention of measuring the radiation dose received by thyroids 

which contain these natural radium nodules. Dr. Cloutier has submitted 

to Health Physics Society the attached abstract entitled, "Radiation Dose 

to the Bovine Thyroid from Radium-Containing Nodules in the Follicle," 

Cloutier, Roger J., Watson, Evelyn E. and Van MiddleswOTth, L. 



PUBLICATIONS 1975 - 1976 

FULL PAPERS: 

1 31 
ORO-1643-127 1. Van Middleswortfi, L., Radioiodine ( I ) in Animal 

Thyroids During Nuclear Tests in Both Hemispheres, 
Health Physics 29:861-863, 1975. 

0R0-1643-128 2. Ekpechi, O.L.V., Van Middlesworth, L., and Cole, Gloria, 
Natural 226Ra and 228Th in Thyroids of Cattle from 
Nigeria, IAEA-SM-181/38: 401-407 (1974). 

ORO-1643-129 3. Van Middlesworth, L., Delayed Development, Death and 
Abnormal Tliyroglobulin in Rats Maintained on Low-Iodine 
Diets, IAEA-SM-205/18 (1976). 

SUBMITTED: 

1. Kogman, N. A., R. L. Brodzinski and L. Van Middlesworth, 
Radium Accumulation in Animal Thyroid Glands a Possible 
Method for Uranium and Thorium Prospecting, IAEA, 1976. 

ABSTRACTS: 

1. Van Middlesworth, L., Relations Between Iodine Intake and 
Effect of Goitrogens, Federation Proceedings, 1976. 

2. Van Middlesworth, L., Determination of Available Iodine 
in Low Iodine Diets, American Chemical Society, 1975. 

SUBMITTED: 

1. Cloutier, Roger J., V.'atson, Evelyn E., and Van Middlesworth, 
L., Radiation Dose to the Bovine Thyroid from Radium-
Containing Nodules in the Follicle, Health Physics Society, 
1976. 

REPORT: 

ORO-1643-126 1. Van Middlesworth, L., Annual Progress Report, E.R.D.A. 
Research Contract 1643, 1975-1976. 
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