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STUDIES IN IODINE METABOLISM 1973-1974 

Investigations during the past nine months have included the following subjects: 

I. Barium and Sulfur with Radium Concentrated in Bovine Thyroids. 

71. Radium in Bovine Thyroids from Colorado. 

III. Elemental Analysis of Psa-nvoma Bodies, from Human Thyroid Carcinoma. 

IV. Elemental Analysis of Experimental Psammoma Bodies Compared to 

Psaranoma Bodies in Carcinoma. 

V. Developmental Studies of Rats Maintained on Low Iodine Diets. 

VI. Synthesis of Abnormal Thyreoglobulin in Rats Maintained on Low Iodine 

Diet for Long Durations. 

VII. Effects of CLO^ with Nal on Iodine Retention in Thyroid Glands. 

VIII. Comment Regarding Radioimmunoassay (RIA) of Tj in Normal Human Feces. 
131 IX. Continuous Measurement of I Fallout in Animal Thyroids. 
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DETAILED SUMMARY OF ACCOMPLISHMENTS: JUNE 1973 - March 1974: 

I. Barium and Sulfur with Radium Concentrated in Bovine Thyroids: 

We have previously found chat radium is concentrated in occasional 

bovine thyroids. Within the last two years we have found that more than 

70% of bovine thyroids (40 of 56 glands) from Nigeria, West Africa contain 

radium in localized concretions (10-40 microns in diameter). Several of 

these thyroids and others containing radium from North America were 

transported to the University of California, Lawrence Livermore Radiation 

Laboratory, and studied for total elemental analysis of the radium 

concretions. With the cooperation of Dr. W. L. Robison, we completed the 

total elemental analysis on representative concretions. We established 

the fact that the predominant composition of the radium bodies was barium 

and sulfur, probably as barium sulfate. Sixty such concretions were 

analyzed for barium, sulfur, calcium, and phosphorus and the results have 

been submitted for publication. Publication (submitted to Science): 

Van Middlesworth and Robison, Thyroid Concentration of Barium and Radium, 

see publication list for manuscript. 

The enclosed figures, Figure 1 and 2, illustrate additional data in 

these studies. 

II. Radium in Bovine Thyroids from Colorado: 

Following the Plowshare experiment in Colorado, designed to 

release natural gas, bovine thyroids were sent to our laboratory by 

Dr. B. S. Evans of the State of Colorado, Department of Health. It was 
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our intention to analyze these glands for radioactive isotopes which may 

be related to the Plowshare experiment. These thyroids will ultimately be 

129 131 analyzed for I and for radium isotopes. No I was observed but 40% 

of the thyroids (11 of 14 glands) sent from Rio Blanco, Colorado contained 

quantities of radium which were readily measured. This is the highest 

incidence of radium containing bovine thyroids that we have observed outside 

o f those from Nigeria and Ghana, Africa. Some of the data are included in 

the publication noted under the above Item I. 

III. Elemental Analysis of Psammoma Bodies, from Human Thyroid Carcinoma: 

While we were investigating bovine thyroids to analyze the radium 

bodies, specimens from human thyroid carcinoma were submitted to us by 

Dr. A. L. Vickery of Massachusetts General Hospital. The papillary 

carcinoma contained psammoma bodies which are frequently characteristic 

of papillary carcinoma, and these calcific structures were analyzed on 

the electron microprobe. Total elemental analysis of the psammoma bodies 

proves them to be predominantly calcium and phosphorus (of the elements 

heavier than oxygen) and we assumed that they exist as calcium phosphate. 

Quantitative analysis of these psammoma bodies has not been completed. 

The absence of barium and sulfur with the preponderance of calcium and 

phosphorus proved that the psammoma bodies, associated with human thyroid 

carcinoma, have an entirely different composition from the radium bodies 

observed in bovine thyroids. Publication (abstract) Van Middlesworth, 

Robison and Vickery, Federation Proceedings, 1974, Electron Microprobe 

Analysis of Psammoma Bodies in Thyroids. 

Figure 3 shows additional pictorial analysis of the electron microprobe 

results from analysis of these psammoma bodies. 
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IV. Elemental Analaysis of Experimental Psammonia Bodies Compared to 

Psammoma Bodies in Carcinoma: 

Previously we have observed intensely iodinated microscopic 

(20-30 microns in diameter) particles within rat thyroids, especially 

after the animals had been maintained on low iodine diets. The structures 

appear to be laminated and except for their location within follicles, 

they appeared like classical psammoma bodies. Our laboratory collaborated 

with the laboratory of Dr. Monte Greer and we published jointly the initial 

results of the discovery of these iodinated bodies (Grimm, Greer and 

Van Middlesworth, Iodine Concentration in Psammoma Bodies in the Thyroids 

of Rats Fed an Iodine-Deficient Diet for Long Periods, Endocrinology 87: 

245-248, 1970). Since the electron microprobe was useful in elemental 

analysis of classical psammoma bodies in human thyroids (III above) 

the concretions, considered to be psammoma bodies in the thyroids of 

rats, were analyzed for elemental content. Electron microprobe proved 

(see Figure 4) that there was frequently calcium associated with 

experimental psammoma bodies, occasionally phosphorus, and occasionally 

iodine. The composition of experimental psammoma bodies was not as 

constant as the psammoma bodies in carcinoma. However, it is reasonable 

to suspect that the experimental psammoma bodies may be precursors of 

psammoma bodies that have been found associated with papillary carcinoma. 

Clearly, more investigations on this subject are appropriate. 

V. Developmental Studies of Rats Maintained on Low Iodine Diet: 

Within the past two years, we have developed and investigated 

a low iodine diet which is far more nutritious than the standard 
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Remington. Diet and actually contains the same or less iodine than the 

Remington diet. The rate of growth of rats fed the nutritious-low-iodine 

diet was equal to the growth rate of controls and almost twice as great as 

rats fed classical Remington low-iodine diet (see Figure 5). 

We have raised animals into the second generation on this newly 

formulated low iodine diet and we find that the dams are four times more 

successful in raising their young than those fed Remington diet. For 

instance, only three of twelve dams successfully raised their small litters 

when the animals were maintained on a Remington Diet while twelve out of 

twelve maintained large litters when they were fed the nutritious-low-iodine 

diet. The new diet is formulated by Theracon, Inc., P. 0. 1493, Topeka, 

Kansas, the predominant protein source is purified soy protein and the 

total iodine content is approximately 0.01 - 0.02 micrograms of iodine 

per gram of diet. Previously, we showed, (Ekpechi and Van Middlesworth, 

Endocrinology 1973) that rats b o m to dams maintained on low iodine diet 

(Remington), were unable to synthesize triiodothyronine in the normal 

fashion. There was a question as to whether the low iodine, Remington 

diet, may have caused a generalized dietary deficiency. Therefore, with 

the help of Dr. David Becker of Cornell, we developed the nutritious-low-

iodine diet and^repeated the experiments of Ekpechi and Van Middlesworth. 

During the past year, we have obtained results similar tc Ekpechi and 

Van Middlesworth in rats maintained on the nutritious-low-iodine diet. 

In addition, we have found that pregnant rats fed Remington diet before 

conception have produced young which grow poorly, such that after weaning 

their weight gain was less than half normal. 



700 

600 

500 

</> 
< 
06 
O 

X 
g 
UJ 
£ 

b 
O 
CO 

400— 

300 

200 

120 

WEANLING RATS MALE 

FED DIET FROM WEANING 
r t c - o n t 

60 80 100 120 140 
DAYS AFTFR WEANING 



• ' - -

(12) 
THERACON 

LOW I 

(21) 
REMINGTON 

LOW I 

&JL 
60 80 100 120 140 

DAYS AFTER WEANING 
180 200 



- 8 -

We also observed that rats maintained on low-iodine diets have 

synthesized relatively large quantities of 3,3',51-triiodothyronine 

(reverse T p , see Figure 6. This compound has previously been shown to 

antagonize the effect of thyroxine and it has seldom been observed in 

thyroid glands. 

VI. Synthesis of Abnormal Thyroglobulin in Rats Maintained on Low 

Iodine Diet for Long Durations: 

In collaboration with Drs. Edelhoch of NIT and Dr. Salvatore 

of the University of Naples, we have completed a study on the ultra-

centrifuge properties of thyroglobulin in rats maintained or* low iodine 

diet fox more than one year. These animals had veTy large thyroids and 

the glands were analyzed by Salvatore and Edelhoch. The results showed 

a large concentration of highly polymerized thyroglobulin (27S). 

Publication: Rossi, G., Edelhoch, G. H., Tenore, A., Van Middlesworth, L., 

and Salvatore, G., Characterizations and Properties of Thyroid Iodoproteins 

from Severely Iodine Deficient Rats, Endocrinology 92:1241-1249, 1973. 

VII. . Effects of C10.J with Nal on Iodine Retention in Thyroid Glands: 

A simple series of experiments were undertaken to test the 

effectiveness of sodium iodide, potassium perchlorate, and a combination 

of the two in influencing the release of iodine from rats previously 
125 injected with I. Rats have been maintained on low-iodine diets for 

125 3-4 weeks and 10 microcuries of I were injected intraperitoneally. 

125 

TVo hours later, their I was measured in the neck area and the animals 

were injected with solutions containing 3 mg Nal or 20 mg KC10. or a 
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combination of these two agents. During the first four days of treatment, 

the radioiodine was lost from the thyroids of the treated animals at 

rates slightly greater than those from the untreated controls. However, 

from the 4th to the 25th day of treatment, the rats injected with Nal 
125 

with KCIO^ almost ceased to release I. The result is that after 25 

days of treatment, the animals subjected to combined therapy retained 

4-10 times more radioiodine in their thyroids than all the other animals. 

This is a surprising result but it appears as though the perchlorate 

greatly increased the effectiveness of iodine in impairing the release 

of thyroid hormone. We have conducted two such experiments (with a total 

of 24 rats, six animals in each group) and these surprising results have 

been confirmed (see Figures 7 and 8). 

VIII. Comment Regarding Radioimmunoassay (RIA) of T^ in Normal Human Feces: 

During the past 2 years we have measured T^ and T^ in butanol 

extracts of feces from hyperthyroid patients after treatment with radio-

iodine. The results were reported (American Thyroid Association, 1973). 

A research associate (Dr. Ming-hsiung Lu) was employed to develop radio-

immunoassay for Tg and T 4 on the fecal extract of hyperthyroid patients 

(the subjects in whom we had radiochemical data available). Ultimately, it 

was hoped to extend the methods to the measurement of T^ and T^ in the fecal 

extract of normal human beings. Initially the fecal extracts were found 

to contain an inhibitor of the usual radioimmunoassay in addition we were 

unable to obtain dependable financial support for Dr. Lu, therefore, this 

aspect of our studies had to be discontinued temporarily. 
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131 IX. Continuous Measurement of I Fallout in Animal Thyroids: 
131 

Routine measurements for I in cattle thyroids have been 

continued on specimens received from Memphis and Nashville, Tennessee; 

Brownwood, Texas; Birmingham, England; Melbourne, Australia; Palmerston, 

New Zealand; Taiwan, Formosa; Tokyo, Japan; Enugu, Nigeria; and Cali, 

Colombia. 

Unfortunately, the sheep slaughter at Nashville, Tennessee was 

discontinued in October 1973. The company (Swift) has continued to 

cooperate by sending samples of sheep thyroid from Brownwood, Texas, 

however, we have not previously samples that area. 131 
Only glands from the Southern Hemisphere have contained I 

during the past year. Our results from specimens obtained from the 

Southern Hemisphere have been summarized in a recent publication by 

Dr. Roger Melick of Australia. Publication: Melick, Roger and Van 

Middlesworth, L., Medical Journal of Australia, March 2, 1972, pps. 298-

301 (see fallour graphs). 
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Thyroid Iodoproteins from Severely Iodine-Deficient 
Rats, Endocrinology 92:1241-1249," 1973. 

Melick, Roger and L. Van Middlesworth, Radioiodine in 
Animal Thyroid Glands from 1966-1972, Medical Journal 
of Australia 1:298-301, 1974. 

Ekpechi, O.L.V., and L. Van Middlesworth, Iodinated 
Compounds in the Thyroids of the Offspring of Rats 
Maintained on Low-Iodine Diet, Endocrinology 92:1376-
1381, 1973. 

Boulos, M.S., V. J. Becker and 0. K. Manuel, Iodine-129 
in Thyroid Glands, Health Physics 24:375-378, 1 9 7 3 . ( S j ^ 4 X ) 

ABSTRACTS: 

1. Van Middlesworth, L., W. L. Robison and A. L. Vickery, Jr., 
Electron Microprobe Analysis of Psammoma Bodies in Thryoids, 
Federation Proceedings, 1974. 

2. Van Middlesworth, L., W. L. Robison, Thyroid Concentration 
of Barium and Radium, Endocrine Society, 1974. 

3. Van Middlesworth, L., Ming-hsiung Lu, and Tom Fowler, 
Estimation of Thyroidal from Measurement of Fecal 
T3/T4, American Thyroid Association, 1973. 

BOOK CHAPTERS: 
Goodman, H. Maurice and L. Van Middlesworth, The Thyroid, 
Medical Physiology, Thirteenth edition, edited by Mountcastle, 
1974. 
Van Middlesworth, L., Metabolism and Excretion of Thyroid 
Hormones, Handbook of Physiology, Chapter 14, 1974. 
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