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Abstract

The measurements of iodine and bromine concentrations in the
thyroid specimens and the sera, obtained from the patients with
various thyroid disorders, were taken by neutron activation analysis
following a rapid ion-exchange radiochemical separation of induced
#Na in the irradiated samples. Among the patients, 5 cases of nodular
goiter, 5 cases of thyroid carcinoma and 5 cases of thyrotoxicosis
were included.

The iodine concentrations in the diseased thyroid tissues were
found to be lower than those of the corresponding “normal” tissues.
The iodine levels in the sera were too low to be measured accurately
by the present method.

The bromine concentrations in the diseased tissues did not differ
significantly from those of the “normal” tissues. The concentrations
of bromine in the diseased tissues were less than the levels in the
sera, while the bromine levels in the “normal” tissues were virtually
equal to those of the sera.

The iodine and bromine contents per mg of phosphorus or nitro-
gen in the thyroid tissues were also investigated.

INTRODUCTION

The neutron activation analysis is known to be a sensitive analytical
technique for the determination of most chemical elements, with high accuracy
even at very low concentration levels. This technique has therefore appeared
to be advantageous for the study of minor or trace elements in small biological
samples.” v

In humans, iodine is closely involved in thyroid hormone metabolism,
while the role of bromine in the thyroid physiology is still largely’ unknown.?

The aim of the present study is to investigate the contents of iodine
and bromine in the thyroid specimens, obtained from the patients with various
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thyroid disorders at surgical operations.

MATERIALS AND METHOi)S

Samples : One or two grams of diseased and surrounding ‘“normal”
thyroid tissues were obtained at the surgical operations of the patients with
various thyroid diseases at a hospital. Among them, 5 cases of papillary
adenocarcinoma, 5 cases of follicular adenoma and 5 cases of primary hyperplasia
(Graves’ disease) were included. The diagnosis was confirmed by histopathol-
ogical observations. The samples were dissected out, weighed and stored in
10 percent formalin solution for the convenience of transportation of them
from the hospital to our laboratory. Blood samples were taken from the
patients, just prior to surgical operations. The sera were separated by cen-
trifugation and stored in polyethylene containers at -25°C. The thyroid
specimens of approximately 0.5 g in wet weight were dried in a desiccator.
The dried specimens were digested in a mixed solution of 2 ml of 2N KOH
and 1 ml of 1 percent KNO, on a hot plate, and were evaporated to dryness
by a slightly modified method of Brodie et al.®

The digested samples were then ashed in a muffel furnace at approxi-
mately 550° for 6 hours. The sera of 0.5 ml aliquot were treated in the same
manner. The loss of iodine in the whole procedure for digestion and ashing
was determined by adding a known amount of “T to the samples, and found
to be negligible. The ashed samples were dissolved in 2 ml of redistilled water,
then 50 ul of them were pipetted on 2 x 2 cm filter papers (Toyo-roshi No. 51),
and dried under a infra-red rays lump. Standard iodine and bromine sources
were prepared similarly from solutions of KI and NH,Br.

Irradiations : The reactions used were I (n,«) I (TL=25min) and
YBr (n, ) #Br (T;=35.9hr). The samples together with standards were placed
in plastic containers. Filter paper blanks and formalin blanks were also prepared
in the same manner. Irradiations of the samples were performed in the center
experimental hole of the TRIGA II reactor in the Musashi Institute of
Technology, for 1 hour at an estimated thermal neutron flux of 4.5 10% n/sec.
cm?,

Chemical separation of induced *Na : Immediately after the irradiation,
samples were transferred to glass beakers with approximately 3 ml of redistilled
water for extraction. The extraction procedure was repeated 3 times. Approx-
imately 10 ml of the resulting solution was passed through a resin column
(1.5 cm in diameter X 10 cm in height) containing Dowex 50 x 8 resin (100-200
mesh, 1.5 cm in diameter X3 cm in height) at a rate of 5 ml/min, to remove
¥Na and other radioactive cations.” The chemical yields of the separation
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procedures for iodine and bromine were checked by experiments with radioactive
tracers of I and ®Br, and found to be 96.0 percent and 95.0 percent respec-
tively. The efficiency of the removal of *Na was also determined by introducing
%Na as a tracer, and found that it was almost completely removed by this
method.

Measurements : 2] and ¥Br activities: induced in the samples were

evaluated by means of gamma-ray spectromety with a 2%><2% in. NaI(Tl)-

detector connected to a 400 channel puls-height analyzer (Hitachi Type 403).

Determination of iodine : The quantitative determination of iodine was
made by comparing the induced activities of *[ in the irradiated thyroid samples
with those of a series of iodine standards irradiated under identical conditions.
The radioactivity of 21 was measured by the peak-area method on the basis
of the 0.45 Mev photopeak, and corrected by its decay.

The chemical determinations of iodine in the same samples were also
performed by a slightly modified method of Shichijo et al®, in order to compare
the activation-analysis values with the chemical analysis values.

Determination of bromine : After a delay of 1 day to allow the decay
of the 25 min %I, the same samples were counted again for the determination
of ¥Br by counting the energy regions of the photopeaks at 0.55, 0.61 and
0.77 Mev. The activity of ®Br was also corrected by the decay. '

Determination of nitrogen : Several mg of dried thyroid tissues were
weighed and digested, and the nitrogen contents in the specimens were determi-
ned by the Kjeldahl-Nessler method®, as an index of protein content in the
specimens.

Determination of phosphorus : Approximately 5 mg of dried thyroid
tissues were digested by adding conc. H,SO, and H,0,, then phosphorus contents
in the samples were determined by a slightly modified method of Fiske-
Subharow™.

RESULTS

Total of 25 thyroid samples were analyzed by the both methods of
neutron activation analysis and chemical analysis for iodine determination. A
close correlation was observed between activation analysis values and chemical-
analysis values (r=0.786, p<C0.001), though the values for the activation
analysis were found to be slightly but consistently higher than those for the
chemical method by approximately 3.3 percent.

The results of the activation analytical study of iodine in the fresh
tissue (I pg/tissue g), iodine-to-phosphorus ratio (I wpg/P mg) and iodine-
to-nitrogen ratio (I xg/N mg) in the diseased and corresponding “normal”
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thyroid tissues are summarized in Table I.

TABLE 1. Iodine concentrations in the thyroid tissues by neutron activation analysis
pathological No. of “normal” tissues diseased tissues
diagnosis cases | ] ug/tissue g ‘ I pg/P mg “ I rg/N mg | I ng/tissue g _ I pg/P mg |I pg/N mg
follicular 5 | 842.14204.6 | 1948.9+590.1 | 31.349.4 | 264.3+179.8%%| 496.6+176.7%%| 10.1%6.6%*
adenoma
papillary ok ok *
adenocarcinoma 5 429.9+4 90.5 .| 639.0+159.8 14.7+3.1 237.2+ 70.8 199.0+ 71.8 8.7+2.9
primary
hyperplasia 5 250.9+ 37.2 | 432.0+161.1 | 10.4+1.8

statistically significant **p<0.01 *p<0.05

TABLE 2. Bromine concentrations in the thyroid tissues and the sera by neutron activation analysis

v.mnro_ommoﬁ No. of “normal” tissues diseased tissues sera
diagnosis cases | Br ug/tissue g | Br p#g/P mg | Br pg/N mg | Br pg/tissue g | Br p¢g/P mg _wn #g/N mg | Br £g/ml
follicular 5 5.542.1 12.044.2 | 0.2140.07 | 4.4+1.2 8.9+2.2 | 0.1740.04 | 7.24+1.3
adenoma

papillary . X X . . . ) * i ) ) )
adenocarcinoma| ° 8.1£3.7 12.31£6.1 | 0.27£0.11 6.6+1.7 5.3+1.1 0.29+0.07 | 7.7+1.7
primary 5 4.740.8 8.6+2.3 | 0.20+0.05 | 6.940.7
hyperplasia
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The iodine concentrations in the thyroid tissues of adenoma, as well as
carcinoma were significantly less than those of the “normal” tissues. The iodine
concentrations in the tissues of hyperplasia were also significantly lower than
those of the “normal” tissues for adenoma or carcinoma, though the corres-
ponding “normal” tissues for hyperplasia were not available. The iodine contents
per unit weight of phosphorus and nitrogen in the diseased tissues were signi-
ficantly less than those in the “normal” tissues. It is also shown that the
iodine contents per mg of phosphorus in the cancerous tissues were significantly
less than those of adenoma or hyperplasia, while the iodine contents per g of
fresh tissues or those per mg of nitrogen in the diseased tissues were found
to be virtually of equal levels.

The iodine levels in the sera of the patients were too low to be measured
accurately.

The bromine levels (ug) in fresh tissue (g), phosphorus (mg) and nitrogen
(mg) basis in the diseased and the corresponding “normal” tissues are listed
in Table 2. The bromine levels in the sera of the patients are also shown
in the tame table,

The bromine concentrations in the tissues of adenoma, carcinoma or
hyperplasia did not differ significantly from those of the “normal” tissues for
adenoma or carcinoma, though the mean values for these diseased tissues were
lower than those of the “normal” tissues. The bromine concentrations in the
diseased tissues were less than the levels in the sera, while the bromine levels
in the *normal” tissues did not differ significantly from those of the sera.

The bromine contents per mg of phosphorus in the diseased tissues were
slightly less than those of the “normal” tissues, while the bromine contents
per mg of nitrogen in the diseased tissues were virtually equal to those of the
“normal” tissues.

No detectable amount of iodine or bromine in the filter paper extract

TABLE 3. Phosphorus and nitrogen concentrations in the thyroid
tissues by chemical methods

l pathological No. of “normal” tissues diseased tissues
diagnosis cases | P mg/tissue g | N mg/tissue g | P mg/tissue g | N mg/tissue g
follicular 5 | 0.4740.15 25.945.0 | 0.0140.47 | 26.0+3.2
ggg;lgg;g'cin(;ma 5 0.7240.53 29.6+1.9 1.27+0.37% 23.3+7.8
ﬁ;,i;z?;%;asia 5 0.7140.38 25.945.0
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or formalin solution was observed by the neutron activation analysis.
The contents of phosphorus and nitrogen in the thyroid specimens were
also determined by chemical methods and listed in Table 3.

DISCUSSION
Neutron activation analysis is a highly sensitive and specific method of
detecting elements in biological materials, however, the measurements of trace
elements in biological specimens by this method is interfered with the high
levels of sodium usually present.® The activity of *Na (T+=15hr) induced

by neutron irradiation masks the activity of less abundunt elements, and is
particularly serious when the measurements of other activities with shorter half-
lives, such as '*I (T} =25min).

In the present study, a time consuming procedure for alkali-ashing of
the thyroid specimens and the sera were accomplished prior to neutron irradi-
ation, then the measurements of ®I and ®Br were performed following the
rapid ion-exchange radiochemical separation of #Na in irradiated samples. The
removal of *Na in roughly 20 irradiated samples can be accomplished within
1 hour by this method.

Estimation of iodine in the human thyroids or the sera of healthy subjects
by neutron activation analysis or conventional chemical methods have been
performed by many investigators® %1219,

The mean iodine concentration in the “normal” thyroid tissues obtained
from the patients with thyroid carcinoma was significantly lower (p<C0.05) than
that of the“normal” tissues for adenoma., The reason is unknown, however,
this may reflect the influence of cancerous tissue to its surrounding “normal”
tissue. The former value is in agreement with reported values for normal
Japanese individuals'®, though the considerable variations in the thyroid levels
of iodine was observed in the previously published values. The variations
are probably, in part, due to varying iodine intake in the cases studied.

The mean values for iodine concentrations in the diseased thyroid ‘tissues
were lower than those of the corresponding “normal” tissues. Reported values
for diseased thyroid tissues are very few, but Widdowson-et al.!® reported that-
iodine concentrations in the hyperplastic thyroid glands were reduced compared
with those of the normal glands. : e

The bromine levels in the sera of the patients were within the range of
values listed in the “Biology Data Book”'® or other reportéd values.'® No
definate relation was found to exist between the bromine levels in the sera and
the type of thyroid diseases. The bromine concentrations in the diseased and
the “normal” thyroid tissues were found to be equal to or slightly less than




IODINE AND BROMINE IN HUMAN THYROID 33

the values for the sera, although several authors®!” reported that there was
some concentration of bromine in the thyroid gland. The varieties found in
the results in the present study and other studies, may in part reflect the vari-
ations in bromine intake of the subjects studied.!®

Little information has been available in the literatures on the bromine
contents in the thyroid tissue, especially in the diseased tissues. The bromine
values for the “normal” thyroid tissues in the present study were comparable
to Ucko’s data'®, while considerably higher values were reported by Neufeld.'”
The variations observed in the results of these studies are probably, in part,
due to the difference of analytical methods employed.

The basis for the comparison of normal and diseased thyroid tissues is
thought to be not the same in all kinds of thyroid disorders, since some of
them, the cells and structures of diseased and normal tissues are so different
that they cannot be directly compared.

In this respect, the comparison of iodine and bromine concentrations
in the diseased and the “normal” thyroid tissues were made in relation to the
corresponding phosphorus or nitrogen content, in addition to fresh weight basis.
By examining the data presented in Table 1 and Table 2, it appears that both
ratios of I ug/P mg and Br ug/P mg in the cancerous thyroid tissues are
significantly less than those of the adenoma or hyperplastic thyroid tissues.
This may, in part, be due to increasing amount of phosphorus in the growing
cancerous tissues, as shown in Table 3. The levels of phosphorus and nitrogen
in the “normal” thyroid tissues were found to be within the range of previously
published values.!®

It must be emphasized that the present investigation is of a preliminary
nature and that the experimental material is not sufficiently extensive to permit
a statistical evaluation of the data. Nevertheless, certain trends were observed
in the results and indicated that further studies into the area might be necessary.
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