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Abstract

After the Chernobyl accident the stable iodine was used in millions of children

and adults for the protection of the thyroid against accidental irradiation after the

uptake of radioactive iodine isotopes.

To understand better how stable iodine acts, the development of the thyroid and

the synthesis and excretion of the thyroid hormones were described.

The thyroid gland of adult men needs regular daily supply with about 150-200 ug

of stable iodine. Iodine under the form of iodines is trapped by the thyroid from the

circulation, is concentrated and create intrathyroidal pool of iodine which is large and

has long biological half time.

The radioactive iodine isotopes emitted to the atmosphere during nuclear accident

were inhaled or digested and later on trapped by the thyroid gland, irradiating the

thyroid.

The uptake of radioactive iodine may by prevented in nearly 100% if the stable

iodine will be in sufficiently large quantity before the release radioactive isotopes to

the atmosphere. It may also, at least partially reduce the thyroid uptake of radioactive

isotopes even if given later.

The quantity of stable iodine recommended differs, however most of the data

indicate that the dosis of 100 mg given to the adult persons might nearly totally block

the thyroid iodine uptake.

The prophylactic action carried out in Poland after the Chernobyl disaster when

about 12 million children and 6 million adults received the stable iodine allowed to

collect well documented data in this matter.

It was stated that 70 mg of stable iodine is blocking the thyroid uptake with the

mean of 82% after 24 hours, 39% after 48 hours and only 26% after 72 hours.

Therefore it seems that the blocking dosis (which may be even less than 70 mg)

should be given every 24 hours for a few days hoping that the most serious danger of

contamination with radioactive iodine will pass.
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The foetus and new-born are especially sensitive to the irradiation because of the

small size of their thyroid gland and its ability to accumulate radioactive iodine. They

should be protected in the first place, together with pregnant and lactating women as

well as children and adolescents.

The possible side effects were discussed but according to the literature and Polish

experience they do not play a significant role.

Finally, the importance of a regular, proper alimentation with stable iodine was

underlined stating that the thyroid of the person from iodine deficient areas has

always higher iodine uptake and is therefore much more exposed to the internal

irradiation in case of a nuclear catastrophe.

1. INTRODUCTION

The Chernobyl nuclear plant accident in 1986 and emission to the atmosphere of

a large quantity of different radioactive iodine isotopes stimulated scientists and

practitioners as well as different international organizations to consider how much the

use of stable iodine may protect the thyroid gland against accidental irradiation.

The important role of the thyroid gland in the development,growth and well being

of man is well known and no one in fact have doubts that the thyroid should be

protected.

The stable iodine seems to be the most important and most effective element

which can protect or at least partly protect the thyroid gland against the accidental

radioiodine uptake during nuclear catastrophe.

The stable iodine was in fact widely used as the thyroid blocking agent after the

Chernobyl accident, undoubtedly on the largest and well organized scale in Poland

[4,8]. Nevertheless it was initiated as well in various countries by some groups of

people or many individuals. As it happened quite often when the worst threat had

gone the discussion started if the prophylactic use of stable iodine following nuclear

accident was a proper way to protect the thyroid and if so how to do that and how to

limit or even better to eliminate the possible side effects both early and late.

2. IODINE REQUIREMENT AND METABOLISM

It is clear that before using the stable iodine for the protection of the thyroid gland

it is necessary to know the ways of the thyroid development, growth and its

physiological functions.
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The thyroid needs for the production of hormones, which are thyroxine (T4) and

triiodothyronine (T3) a regular supply with sufficient quantity of iodine.

This quantity recommended by the WHO is 150 - 200 meg (asiodide) daily [10].

The other institutions like the Food and Nutrition Board and the National

Academy of Sciences, National Council of USA and European Society of Pediatrics

Gastroenterology and Nutrition recommended the following daily intake for different

groups of people [5,10]:

30 meg for children from 0 - 6 months

45 meg for children from 6-12 months

60 - 100 meg for children from 1-10 years

100 - 150 meg for those over 10 years

125 - 150 for pregnant and lactating women

The total iodine contents in the body of a healthy adult person is about 15-20 mg

and the quantity of the iodine utilized during the whole human life is about 4-5 g [5].

This indispensable element is delivered to the men and animals with the food and

water. Additional source of iodine supplementation may be the iodized salt and

different iodine containing medicines (fig 1.)

Figure one shows the model of iodine metabolism. The iodine in the inorganic

form of iodides is absorbed from the digestive tract or inhaled from the

contaminated air in case of a nuclear accident and create in the circulating blood

extrathyroidal iodine pool containing 40-60 meg of iodine. The iodides are trapped

from the circulation mostly by the thyroid. The thyroid pool contains about

10000-15000 meg of iodine predominantly as iodothyrosines and iodothyronines.

The smaller quantity of iodine is also trapped from the extrathyroidal pool by the

salivary glands, stomach, placenta, and breast.

The rest of plasma inorganic iodine is excreted in the major part with urine and in

small quantity with the bile and feces.(fig.2.)

Figure 2 shows the iodine turnover in man. It is worth to note that all the phases of

iodine turnover are stimulated by thyrotropin (TSH). The inhibiting substances are

different at different stages of synthesis and secretion of thyroid hormones.
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The trapping process is inhibited by perchlorate and thiocyanate, the

oxidation of the iodides to elementary form while organification is inhibited by

derivates of thiourea similarly as coupling of thyrosines. The releasing of T4 and T3

from the thyroglobulin and excretion to the circulating blood may be inhibited by

the iodine.

The products of the thyroid hormones metabolism like thriiodo and

tetraiodoacids (TRIAC and TETRAC)and others under the form of glucuronians are

excreted with bile and feces.

As the majority of the plasma iodides are excreted by kidneys, it is considered

that iodine urine excretion is in very close relation to the daily iodine intake and

is generally accepted as an index of sufficient or insufficient alimentation with iodine.

The plasma iodine clearance occurs mainly through thyroid iodine trapping

mechanism and kidneys excretion. Both processes are fast and as the result of that the

plasma iodine turnover has half time of 6-8 hours.

On the contrary the thyroid gland iodine clearance is much slower with biological

half time of about 80-100 days. As it was mentioned before, the thyroid iodine

content is about 10000-15000 meg [2]. Considering the daily intake of 100-200 meg

of iodine and the daily excretion of about 130mcg of iodine in the form of 100-200

meg thyroid hormones (see figure 3), the slow metabolic rate of thyroidal iodine

pool is understandable (fig.3.).

The large quantities of stable iodine accumulated by the thyroid gland remain there

for a long time. Radioactive iodine trapped by the thyroid is disappearing faster with

the so called effective half time which is the combination of both biological and

physical half time. However, even this shorter time is long enough for the irradiation

of the gland that is why the protection of the thyroid against radioiodine accumulation

is so important.

According to Stanbury the ratio of iodine in the thyroid to that in plasma (the T/S

ratio) is constant and if the iodine plasma concentration increases the organification of

the iodine also increases. However this ratio may fall in case when the plasma

concentration of iodine increases above 15-28mcg/dl [11]. Such a situation is known

as the Wolff-Chaikoff phenomenon [1,7,13,14]. This phenomenon concerns the

inhibition of the organification process which after trapping iodides is the next step in

the thyroid hormones synthesis.
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In the majority of cases this inhibition is rather transient with the duration of few

hours or maximum few days. However in some persons this inhibition may persist

and develop hypothyroidism or even goiter. The Wolff-Chaikoff phenomenon is

independent of the hypothalamo-pituitary control and is an important side effect in

case of the use of very large doses of iodine as an thyroid protecting agent. The

model of iodine metabolism described above is applicable to the well developed
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thyroid in adult person. However the different stages of the thyroid gland

development create several other aspects which it is necessary to take into

consideration before the application of stable iodine for the thyroid gland protection.

3. THE DEVELOPMENT OF THE THYROID GLAND

The thyroid gland appears early and may be visualised at about 16-17 days of

gestation [6]. At that time the thyroid of the fetus is not able to accumulate the

iodine. Such a possibility begins after 12-14 weeks of gestation. In case of

contamination with radioactive iodine at the time of fetal life the thyroid being very

small (1-3 g at terms) but trapping and concentrating the iodine is especially exposed

to the radiation. According to Escobar [6] the radioiodine uptake is especially high

per gram of tissue at mid gestation and sometimes may be 510 times higher than adult

thyroid gland.

Knowing that it is obvious that, first of all the pregnant women and new-borns

should be protected just as lactating mothers because of the transfer of the iodine with

mother milk to the new-born.

4. POSSIBILITY OF THE PROTECTION OF THE THYROID AGAINST

RADIOACTIVE IODINE

The radioactive iodine from the biological point of view, behaves as the stable

one. It is trapped, accumulated, concentrated by the thyroid gland and is irradiating

the gland. Therefore, it is worth to know how to reduce or eliminate the danger.

According to Stanbury it may happen in several ways [11].

1. "By saturating iodine transport and diluting the radioiodine entering the

thyroid."

2. "By eliciting the Wolff-Chaikoff effect."

3. "By permitting an increased storage of iodine leading to attainment of a new

steady state at a lower level of radioiodine uptake."

4. "By impending recirculation of radioiodine or by impending or enhancing the

release of stored iodine."

5. "By the schedules by which the radioactive and stable iodine enter the body."

The first way which may be realised by application of proper quantities of stable

iodine seems to be most useful and most effective.
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The second looks less promising because this is in fact the unwanted effect and its

nature is transient.

The third is very important but not applicable in the emergency situation

because quite long time is needed to obtain the reduction of the iodine uptake by the

thyroid. However, this way has to be taken into consideration and should be advisable

as the long-term prophylaxis in case of atomic plant workers or people living in the

neighbourhood.

The fourth is difficult to realise because it will be necessary to accelerate the

thyroid gland metabolism and make the effective half time of the accumulated

radioiodine very short.

The fifth is a crucial one because the prophylactic activities should start

immediately after releasing the radioiodine to atmosphere and such time relations

determine the success of the whole action.

According to Stanbury the inverse relation exists between the thyroid uptake of

radioiodine and supply of iodine in the diet [11].

It is known from different publications that there are sill large groups of world

population living in the iodine deficient areas. If in such places the daily supply of

iodine is below lOOmcg/day the thyroid uptake of the radioactive iodine will be high

reaching sometimes 40-60%.

In the areas with high daily iodine intake, for example 150 - 500 meg/day (like in

the USA and Japan) the thyroid radioactive uptake will be about 20%.

It is evident that the exposure of the thyroid gland to the radioactive iodine in case of

nuclear accident is much bigger in cases with higher thyroid radioiodine uptake than

with a low one.

5. QUANTITY OF STABLE IODINE BLOCKING THE RADIOACTIVE

IODINE THYROID UPTAKE

The time when the stable iodine was given is a very important factor, because the

blocking effect starts with the moment when the sufficient quantity of iodine reaches

the thyroid. If the stable iodine is given before the radioactive one the protective

effect will be, of course, much more effective than when it is done after inhalation

or digestion of radioactive iodine.

There are several observations and investigations done in connection with this

matter [4,11,12].
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Stanbury says that the dose of lOOmcg of stable iodine will be effective up to

60% in 24 hours and 25% after 40 hours [11]. However if the radioactive iodine is

trapped by the thyroid gland before the stable iodine was given (this happened during

the last catastrophe in Chernobyl) the blocking effect up to 50% of iodine uptake may

still occur considering the stable iodine was given no later than three hours after the

emission of the radioactivity to the atmosphere. If stable iodine was taken later, for

example 10 hours after an accident , immediate blocking effect would much

lower because of rapid accumulation of radioactive iodine prior to blocking.

It is important to remember, however, that the plasma iodine concentration of 10

mcg/dl is blocking further uptake of radioactive iodine which may be released to the

atmosphere later on in case of prolonged emission of radioactivity (as it happened

during Chernobyl catastrophe).

This is especially important because it is known that there are 22 different

radioisotopes of iodine. Majority of them have so short physical half time of

desintegration that it is possible to skip them. However, some of them, especially

those inhaled soon after the emission of the radioactivity to the atmosphere might be

responsible, beside 131-1, up to 40-50% for the total irradiation of the thyroid. It is

also possible that they are more responsible than 131-1 for the carcinogenic effect

occurring in the thyroid.

The problem of the size of the dose of stable iodine used as a blocking agent is

presented differently by the authors performing the investigations. Most of them

observed nearly complete blocking of the thyroid radioiodine uptake after the dose

of 100 meg iodine or more.

Our own investigations done on healthy adult volunteers shows that after a single

dose of 70 meg of stable iodine (in the form of Lugol's solution) blocked the thyroid

radioiodine (131-I)uptake with the average of 82% after 24 hours, 39% after 48

hours and 26% after 72 hours (3). The dose of 70 meg and Lugol's solution were

used because they corresponded to the quantity and form of stable iodine applied in

Poland for the thyroid protection after the Chernobyl accident. The results are shown

in figure 4.
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5. POSSIBLE SIDE EFFECTS AFTER THE PROPHYLACTIC USE OF

LARGE QUANTITIES OF IODINE

The application of stable iodine in large quantities may beside the expected

blocking of thyroid iodine uptake cause also several side effects as well. One of them

is Wolff-Chaikoff phenomenon already described. This one concerns the

intrathyroidal disturbances in organification of the iodine.

The others may affect digestive tract causing stomach pains,vomiting and

diarrhoeas as well as skin rash, breathlessness or pains of the thyroid.

The Polish experience in this matter shows that with the dose of 70 meg of stable

iodine given to adults and lower doses in case of children (reduced according to

age) such complications were rare and very seldom needed medical assistance. The

Wolff-Chaikoff phenomenon was not noted either in children or adults.

There are suggestions that the iodine, especially when given in large quantities,

may cause autoimmune thyroid disorders and disturb the thyroid gland functions.

Four years after Chernobyl catastrophe and distribution of 30-70 meg of iodine to

several minions of children and adults in Poland, the antithyroglobulin and

antimembrane antibodies were elevated only from 1.8 to 7.0% in different age

groups. The 7.0% was found in adult women's group consisting of more than 12

thousand investigated persons. All these figures are well corresponding to the values

observed before this prophylactic action.

Our observations are in agreement with the statement of Pinchera that "there is no

evidence that excess iodine may de novo elicit thyroid autoimmunity in normal

subject, particularly when given for short period" [9].

CONCLUSIONS

1. The physiological properties of the iodine metabolism of the thyroid gland create

suitable conditions for the protection of the thyroid gland against contamination with

radioactive iodine and internal irradiation.

2. The intake of stable iodine in sufficiently large quantities is saturating the thyroid

gland and if it happens before the inhalation or ingestion of radioactive iodine the

thyroid radioiodine uptake may beblocked significantly and quite often up to 100%.

3. The stable iodine given as the protective agent after inhalation or ingestion of the

radioactive iodine is not very efficient, however still might reduce the further uptake

of the iodine, taken with contaminated food, considering the iodine plasma

concentration will be in the range of 10-15 mcg/dl.
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4. The small size of the thyroid of fetus and newborn, its high radiosensitivity and

possibilities of radioiodine uptake create a special danger of very high irradiation.

Therefore, the pregnant women, newborns and lactating mothers should be treated as

a group needing in the first place prophylaxis with stable iodine in case of a nuclear

accident.

5. On the basis of Polish experience it seems that better protection of the thyroid

gland might be achieved when the prophylactic dose, even smaller than 70 meg, will

be repeated every 24 hours for a week. The blockade of the radioiodine uptake will

be more complete and the thyroid gland will be better protected against internal

irradiation.

6. From the point of view of the thyroid gland physiology the important protective

factor against the irradiation in case of a nuclear catastrophe is a proper

supplementation of the iodine in everyday diet prior to the accident. The dairy

delivery of about 200 meg of stable iodine will reduce the thyroid iodine uptake

significantly and diminish in this a way the danger of internal irradiation.
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