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pituitary/thyroid axis begins to function in the devel-
oping fetus at 11 weeks of gestation. The main role of
fetal thyroid hormone secretion (T4 levels are demon-
strable at 18-20 weeks of gestation) is development of
the nervous system. A U.S. retrospective study assess-
ing maternal hypothyroidism and subsequent IQ defi-
cits in children ages 7-9 years found iodine deficiency
may be causing fetal brain damage and other neurologi-
cal defects, including lowered IQ, spasticity, ataxia, and
deaf-mutism.”® Evidence also indicates autoimmune
thyroiditis occurring during pregnancy appears to be
the result of iodine deficiency*' Iodine is also crucial
during lactation to provide continuing neurological de-
velopment of the infant.”> Breast-milk iodine levels in
a recent study of lactating mothers in Boston revealed
47 percent had levels insufficient to provide adequate
iodine to meet infant requirements.*
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Dietary Levels of Iodine: The Japanese

Phenomenon

Japanese populations have historically con-
sumed significant amounts of dietary iodine from sea-
weed intake, possibly consuming a minimum of 7,000
mcg iodine daily from kombu alone.”* Estimates of the
average daily Japanese iodine consumption vary from
5,280 mcg to 13,800 mcg;*** by comparison the aver-
age U.S. daily consumption is 167 mcg. The Japanese,
therefore, consume dietary iodine approximately 5-14
times above the upper safety limit of 1 mg by U.S. stan-
dards. Mean urinary iodine levels in Japanese popula-
tions are approximately twice the levels found in the
U.S. NHANES 2001-2002 data.” These higher lev-
els, however, appear to have no suppressive effect on
thyroid function as indicated by thyroid volume mea-
surements, the accepted standard for assessing thyroid
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Adapted from: De la Vieja A, et al. Physiol Rev 2000;80:1083-1105.

lodine, in the form of iodide, is absorbed in the thyroid follicle through the
sodium/iodine symported protein (NIS) found in the basolateral membrane of the
follicular cell. The activity of NIS is up-regulated by the binding of TSH to the TSH
receptors on the follicular cells (TSH-R). This allows the absorption and concentration
of iodine inside the cell to levels 20-40 times greater than that found in the blood.
lodide is then organified (oxidized) to iodine by thyroid peroxidase (TPO) and incorpo-
rated into the thyroglobulin molecule (Tg). Thyroid hgrar@hgsdie then

secreted into the bloodstream from the follicular cell.
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enlargement. A study comparing urine iodine and thy-
roid volume in Japanese children showed 16 percent
of those tested excreted over 1,000 mcg/L.** Elevated
levels of urinary iodine did not predict increased thy-
roid gland volume, as might be expected from data in
studies of Chinese populations associating excess levels
of iodine with autoimmune thyroiditis and hypothy-
roidism.” Japanese women who consume a traditional
high-seaweed diet also have a low incidence of benign
and malignant breast disease.”” Japanese women who
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The Role of Iodine in the Human Body

Jodine is found in nature in various forms:
inorganic sodium and potassium salts (iodides and
iodates), inorganic diatomic iodine (molecular iodine
or 1), and organic monoatomic iodine (Table 1). Sea-
weeds, such as wakame, nori or mekabu (used in sushi,
soups, salads, and in powdered form as a condiment)
and widely consumed in Asian cultures, contain high
quantities of iodine in several chemical forms, including
iodine in the molecular form (I,) and iodine organified
to proteins. These forms of iodine are

Figure 2. Antioxidant Functions of Iodine

Monoiodotyrosine (MIT)

L+ Tyrosine

TPO
_—
2H,0,
H, 4__)GPX(Se)
0

T
Deiodination

Diiodotyrosine (DIT)

lodine (L)) is catalyzed by thyroid peroxidase using H,0,. H,0, used in this reaction
decreases the amount of H,0, that would otherwise be available for damaging
oxidation reactions. Selenium containing GPX removes H,0, from the tissues, also

decreasing oxidative damage.

TPO - Thyroperoxidase

GPX - Glutathione Peroxidase
T, - Triiodothyronine

T, - Tetraiodothyronine
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Diiodotyrosine (DIT)

absorbed through the intestinal tract via
two different mechanisms. Molecular
iodine (I,) is transported by facilitated
diffusion. Iodides (I") are absorbed via a
transport protein in the gastric mucosa
called the sodium-iodide symporter, a
molecule found in a variety of tissues
in the body that utilize and concentrate
iodine — the thyroid, mammary tissue,
salivary gland, and cervix.??

In order to produce concentra-
ted iodine-based hormones, the thyroid
tissue sodium-iodide symporter pro-
tein, a critical plasma membrane protein
in the thyroid follicular cells, sequesters
iodide from the extracellular fluid. The
iodide molecule then moves across the
apical membrane to the cell-colloid
surface where it is oxidized by thyroid
peroxidase (TPO). In this form it is
bound to tyrosine residues in the thyro-
globulin molecule and these mono- and
diiodotyrosines become the precursors
to commonly known thyroid hormones
T, and T, (Figure 1). Iodine accounts

consume a Western diet low in seaweed or who emi-
grate to the United States lose this protective advantage
and gain the same risk for fibrocystic breast disease and
breast cancer as their Western counterparts.’**! Japan
also has a low incidence of iodine-deficiency goiter and
autoimmune thyroiditis.” It has been hypothesized the
amount of iodine in the Japanese diet has a protective
effect for breast and thyroid disease.®
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for 65 percent of the molecular weight
of T, and 59 percent of the molecular
weight of T_."

In an adult with suflicient iodine intake, ap-
proximately 15-20 mg iodine is concentrated in the tis-
sues of the thyroid gland. However, only 30 percent of
the body’s iodine is concentrated in the thyroid tissue
and thyroid hormones. The remaining nonhormonal io-
dine is found in a variety of tissues, including mammary
tissue, eye, gastric mucosa, cervix, and salivary glands.
With the exception of mammary tissue, the function of
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iodine in these tissues is largely unknown."" Mammary
tissue’s role in sequestering and concentrating iodine is
related to fetal and neonatal development and is largely
evolutionary, as detailed below. However, iodine’s role
in mammary and other tissues has also been shown to
have an antioxidant function. Iodide can act as an elec-
tron donor in the presence of hydrogen peroxide, perox-
idase, and some polyunsaturated fatty acids, decreasing
damage by free oxygen radicals (Figure 2).>** Iodine-
deficient glands contain increased amounts of malondi-
aldehyde, a product of lipid peroxidation that can occur
as a result of inadequate iodine stores.”® Concentrations
of iodine as low as 15 micromolar (achievable in human
serum) have the same antioxidant activity as ascorbic
acid.”” This antioxidant effect of iodine may explain the
therapeutic effects of seaweed baths or iodine-rich so-
lutions known as thalassotherapy used historically to
treat ocular diseases, thyroid disease, diabetes, cardiac
and respiratory disease, and arteriosclerosis.”’

Animal studies have shown iodine normalizes
elevated adrenal corticosteroid hormone secretion re-
lated to the stress response®® and reverses the effect of
hypothyroidism on the ovaries, testicles, and thymus in
thyroidectomized rats.”® Iodine may also have a role in
immune function; when placed in a medium contain-
ing 10°M iodide, human leukocytes synthesize thyrox-

ine*

Testing Iodine Levels

More than 90 percent of dietary iodine is ex-
creted in the urine. Single random urine sampling is the
standard accepted method of measuring body stores
of iodine. The World Health Organization has deter-
mined 50-99 mcg/L indicates mild deficiency, 20-49
mcg/L indicates moderate deficiency, and less than 20
indicates severe deficiency.'® Because random urine
samples have been found to be adequate for population
screening, there is little advantage in calculating urine
iodine:creatinine ratios. For individual measurements,
however, multiple spot urine iodine measurements or
24-hour urine iodine evaluations are more precise.*

Medical Uses of Iodine

Lugol’s Solution

Lugol’s solution (produced by French physi-
cian Jean Lugol in 1829) consists of five-percent iodine
and 10-percent potassium iodide in solution. It was
originally used to treat “scrofula” and 40 years later to
treat anthrax infections. Lugol’s solution became widely
used in medicine in the early 1900s to treat a variety of
disorders, including simple goiter and Graves disease,*
and by 1932 had become commonplace in medical prac-
tice.”” Even as late as 1995, pharmaceutical texts recom-
mended the use of 0.1-0.3 mL Lugol’s five-percent solu-
tion for the treatment of simple goiter,* the equivalent
of 12.5-37.5 mg iodine. Lugol’s solution fell out of favor
for the treatment of iodine-deficiency diseases as the
availability of thyroid extracts and iodized salt became
more widely used. Multiple pharmaceutical medications
used currently contain iodine.

Iodine and Fibrocystic Breast Disease

The breast concentrates iodine to a greater
degree than the thyroid gland;* human milk contains
a concentration of iodine four times greater than thy-
roid tissue.”” This evolutionary mechanism is necessary
for neonatal thyroid function and consequent normal
neural development.** Mammary tissue also produces
two separate deiodinase enzymes: deiodinase type 1
and deiodinase type 2, which can convert T, to T . De-
iodinases control the amount of free iodine present in
breast tissue — higher levels during puberty, pregnancy,
and lactation, and lower levels in nonpregnant or post-
partum phases (Figure 3).*

Biopsy-proven studies find fibrocystic breast
disease (FBD) in nine percent of women. Autopsy stud-
ies, however, reveal only 10-20 percent of FBD cases ap-
peared to have been biopsied, leading to a significantly
larger prevalence.* Studies by Eskin et al found iodine
deficiency in a rat model resulted in breast hyperplasia
that responded to iodine repletion at a dose of 0.1 mg/
kg body weight,” equivalent to a 5-mg dose in a 50-kg
(110-pound) female. This group also determined that
molecular iodine is the active form of iodine in breast
tissue in animal models and it is less thyrotoxic than io-
dide because more of the molecular iodine is selectively
concentrated in breast tissue than thyroid tissue. A sig-
nificant amount of data shows the mammary gland is
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more efficient in capturing and concentrating molecular
iodine than the thyroid gland.®

Ghent and Eskin continued their iodine-
repletion studies in women with diagnosed FBD.***!
Through a series of three trials assessing different forms
of iodine — first sodium iodide or protein-bound iodide,
then molecular iodine — they examined efficacy and
toxicity of weight-based iodine dosing, extrapolating
from the animal model dose. Beginning with an uncon-
trolled study of 233 women with FBD, they compared
sodium iodide to protein-bound iodide for a period of
2-5 years. Patients (n=1,365), including those who did
not respond to either form of iodide were switched to
molecular iodine using a 0.07-0.09 mg/kg dose. They
concluded that the molecular form of iodine was more
effective and had a significantly lower side-effect profile
than iodide forms. Both subjective and physician-eval-
uated clinical improvements were noted in 65 percent
of women on a weight-based dose of 3-6 mg molecular

Alternative Medicine Review Volume 13, Number 2 2008

iodine. This compared to a subjective improvement of
33 percent in the placebo group (Table 2). No subjects
treated with molecular iodine had thyroid-related side
effects, and no changes were noted in thyroid lab val-
ues or on physical examination. In study #3, 56 women
with FBD were randomized to either molecular iodine
or placebo for six months. They were assessed by phy-
sician examination and subjective evaluation every two
months, and followed with thyroid blood tests and
mammography at the beginning and end of the trial.*°
After six months, 65 percent of the treatment group ex-
perienced significant improvement. By contrast, in the
placebo group 33 percent experienced improvement
while three percent demonstrated worsening on physi-
cian examination.

Another human study evaluating iodine and
FBD examined the effect of an iodine compound of
sodium iodide and iodate.’> Based on animal stud-
ies showing molecular iodine is less thyrotoxic than

Figure 3. Deiodinase Control of Iodine in Breast Tissue
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Mammary gland produces either a majority of deiodinase type 1 (DI1)
during pregnancy/lactation or a majority of deiodinase type 2 during
nonpregnant or postpartum (postlactation) periods. lodine is absorbed via
the sodium iodine symporter (NIS) and oxidized by lactoperoxidase (LPO).
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Table 2. Iodine Repletion Studies in Women with FBD

Type Study #1 Prospective
of Study Uncontrolled
Duration 2 years/5 years

Number of 233 on Lugol’'s
Participants for 2 years
588 on iodized casein
for 5 years
Medication 31-62 mg |
& Dosage (n=233)
lodine caseinate
10 mg/day (n=588)
Evaluation Subjective and clinical

evaluation

Study #2 Prospective
Control Crossover

9.9 months
post crossover

1,365 for minimum of
8.9 months: total
treatment time
4,813 woman-years

Molecular iodine

Study #3 Prospective
Control Double-blind

6 months

56

Molecular iodine 0.07-

0.07-0.09 mg/kg body 0.09 mg/kg
weight/day body weight/day
Subjective and clinical Pre & post
evaluation mammaography;
TSH, T3, T4

iodide, this particular formulation was used because it
generates molecular iodine as a result of dissolution in
stomach acid. The randomized, double-blinded, place-
bo-controlled study evaluated the safety and efficacy of
three dosages — 1.5, 3.0, and 6.0 mg — in 111 women.
Patients were assessed by physicians and reported pain
based on a standardized scale. The greatest reduction in
pain, evident by month 3, occurred at the 6.0-mg dose.
By month 6, 51.7 percent of study participants on 6.0
mg reported at least a 50-percent pain reduction, while
the placebo group reported an 8.3 percent reduction.
The efficacy of this iodine compound appeared to be
dose-related, with a 6.0-mg dosage resulting in a greater
level of pain reduction in a greater number of patients
than the 3.0-mg dose (Table 3). Due to the small num-
ber of women in the study, however, the p value did not
reach significance.

Iodine and Breast Cancer

In Japan, age-adjusted breast cancer incidence
is 6.6 per 100,000. In comparison, the U.S. age-ad-
justed breast cancer incidence is 22 per 100,000 and
the UK. rate is 27 per 100,000.>* Japan also has sig-
nificantly lower rates of hypothyroidism, autoimmune
thyroid disease, and hyperthyroid conditions, while the
average daily dietary iodine intake may be as high as
25 times that of the United States.?”” The incidence of
breast cancer in Japanese women who emigrate to the
United States and adopt a Western diet equals that of
non-Japanese women living in the United States.”® The
lower incidence of both FBD and breast cancer have
been attributed to the increased dietary intake of iodine
in the traditional Japanese diet.”®

Data on the link between breast cancer and thy-
roid disease is unclear, with some studies clearly show-
ing an increased incidence of hypothyroidism and auto-
immunity in breast cancer patients, while other studies
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Table 3. Dose-dependent Efficacy of an Iodine Compound for FBD

1.5 mg 3.0 mg 6.0 mg
Placebo lodine lodine lodine p
All randomized subjects with pain, tenderness, and 0/15(0%) 0/10 (0%) 7/28 5/27 0.047
nodularity at baseline (25.0%) (18.5%)
All randomized subjects with moderate or severe pain, 0/12 (0%) 0/9 (0%) 5/22 5/27 0.106
tenderness, and nodularity at baseline (27.3%) (18.5%)

Adapted from: Kessler JH. The effect of supraphysiologic levels of iodine on patients with cyclic mastalgia. Breast Journal 2004;10:328-336.

show no significant association.’**” Smyth found a sig-
nificantly greater mean thyroid volume in female breast
cancer patients compared to controls.*®

The studies on iodine and breast cancer in both
humans and animal models point to a closer associa-
tion with iodine and malignant cell growth. Iodine de-
ficiency has been shown to alter the structure and func-
tion of the mammary glands of rats, especially alveolar
cells. I, is distinctly more effective than I in diminishing
ductal hyperplasia and perilobular fibrosis in mammary
glands, using the same total iodine doses in both treat-
ments.* A clinical study of breast cancer patients found
breast tissue levels of iodine were significantly lower in
the breast tissue of women with diagnosed breast can-
cer than in breast tissue of women with either normal
breasts or benign fibroadenoma.”®

Animal and human studies show that in io-
dine-deficient states the breast parenchyma in rodents
and women show atypia, dysplasia, and even neopla-
sia.” Eskin et al demonstrated that iodine-deficient
breast tissue in animals is more susceptible to the effect
of carcinogens, and breast lesions occur in greater num-
bers and earlier in the process of neoplasia. Metabolic-
ally, iodine-deficient breasts show pathological changes
in RNA/DNA ratios, estrogen receptor proteins, and
cytosol iodine levels that lead to neoplasia.®* Clinically,
Eskin also demonstrated that women with hyperplastic
breast tissue have significantly higher radioactive iodine
uptake than women with normal breast tissue. The au-
thor hypothesized this was a result of inadequate breast
tissue iodine levels.®!
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Supplementation with iodine alone or in com-
bination with progesterone has been shown to shrink
breast tumors in animals. Lugol’s solution (1 g iodine
and 2 g potassium iodide in 100 mL of water) and me-
droxyprogesterone acetate given to rats with chemical-
ly-induced breast tumors resulted in a significant reduc-
tion of tumor growth compared to the control group
(that received no intervention).”” The most effective
dose of iodine was the lowest given — 0.0025 mg daily.
The weight-based dose equivalent of Lugol’s solution
would be 5.0 mg inorganic iodine for a 50-kg female.
This dose correlates with Eskin's research finding 0.1
mg/kg body weight per day inorganic iodine promotes
sufficiency in the rat necessary to improve signs and
symptoms of FBD.*

Another study of chemically-induced mamma-
ry cancer in rats found molecular iodine is more effective
at inhibiting mammary cancer than iodide or thyrox-
ine.”® The iodine used in the study was a 0.05-percent
molecular iodine compared to 0.05-percent potassium
iodide or thyroxine (3 mcg/mL), all in drinking water.
Rats receiving molecular iodine demonstrated greater
than 50-percent reduction in incidence of mammary
cancer (30%) compared to controls (72.7%). Iodine-
treated rats exhibited a strong and persistent reduction
in mammary cancer, and only the I treatment was capa-
ble of diminishing basal lipoperoxidation in mammary
glands — the theoretical mechanism for iodine’s action
in mammary cancer reduction. Reactive oxygen species,
specifically lipoperoxides, are involved in initiation and
promotion of carcinogenesis, where specific mutations
of certain genes occur.”’” In both studies, no toxic ef-
fects of iodine on thyroid function or other side effects
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at effective dosages were noted. Both authors recom-

mend the initiation of human breast cancer trials with
iodine.%%¢

Thyroid Toxicants: Perchlorate

Perchlorate is an inorganic anion that occurs
naturally in soil and is also made synthetically. The am-
monium salt of perchlorate is manufactured primarily
for use as a rocket propellant, in explosives manufactur-
ing, and as a pharmaceutical. Perchlorate is also natur-
ally occurring in fertilizers that contain nitrate-rich
mineral deposits.**

Recent studies have found significant perchlo-
rate contamination in groundwater throughout the
western United States as a result of ammonium perchlo-
rate disposal. Perchlorate (at levels over 4 ppb) has been
found to contaminate the drinking water of 11 million
people in the United States, and high levels of perchlo-
rate have also been found in the food supply. Human
milk has been found to contain five times the perchlo-
rate levels (10.1 mcg/L) of cow milk (2 mcg/L).®> Per-
chlorate contamination has also been documented in
grain, fruit, vegetables, dietary supplements, and forage
crops for livestock.*

Perchlorate is a known competitive inhibitor of
the sodium-iodide symporter in humans and can inhi-
bit iodide uptake, leading to the suppression of T, and
T,. Potassium perchlorate is currently used as a phar-
maceutical to treat thyrotoxicosis and hypothyroidism
induced by amiodarone.”

Due to recent evidence that perchlorate con-
tamination of food and water is a widespread phe-
nomenon, attempts have been made to evaluate the ef-
fect of perchlorate contamination on thyroid function
in the general population. An evaluation of the recent
NHANES 2001-2002 survey examined the relation-
ship of urinary perchlorate levels, urinary iodine levels,
serum TSH, and serum T, levels in adult men and wom-
en,”” resulting in three surprising findings. First, 36 per-
cent of women in the NHANES subset had low urine
iodine levels (<100 mcg/L), equivalent to 2.2 million
women nationwide, considering that the NHANES
subset is representative of the population in general.
The second finding was that perchlorate contamination,
as low as 5 ppb, is associated with elevations of TSH
and decreased serum T , in all 1,111 women regardless

of iodine status. Third, in women with low urine iodine
levels under 100 mcg/L (suggesting iodine insufficien-
cy), perchlorate at levels as low as 5 ppb was associated
with a 16-percent decrease in T . levels and elevation of
TSH levels, consistent with inhibition of iodide uptake.
In the group at highest risk of thyroid deficits, women
with urine iodine levels under 100 mcg/L, exposure to
5 ppb perchlorate could theoretically cause subclinical
hypothyroidism in 10 percent of that population.”

Subclinical hypothyroidismis currently defined
as an elevated TSH with T, and T, levels within normal
reference ranges.”’ The concern with this population of
women of childbearing age who have low urine iodine
levels is that undetected, subclinical hypothyroidism
can lead to fetal neurological damage.”

Iodine Toxicity

The U.S. recommended daily intake (RDI)
for dietary iodine is 150 mcg for adults, 220 mcg for
pregnancy, and 270 mcg during lactation.” The safe up-
per limit has been set at 1,000 mcg (1 mg) as a result
of studies assessing TSH levels with supplementation.
Iodine supplementation over this limit has been shown
to potentially contribute to an undetlying thyroid pa-
thology in those with Hashimoto's thyroiditis, Graves’
disease, or exacerbation of nodularities in euthyroid in-
dividuals if intake exceeds 20 mg iodine or iodide.”*”

Population studies have shown excessive io-
dine intake may increase the prevalence of autoimmune
thyroiditis in animals and humans, increasing the risk
of overt hypothyroidism.*® Studies following indi-
viduals with elevated anti-thyroid antibody titers have
shown that progression of hypothyroidism is correlated
with increasing iodine intake.”® Some reports of iodine
repletion, causing hyperthyroidism in individuals with
prior severe iodine deficiency, have shown reversion to
baseline in the continued presence of iodine repletion
3-5 years later.”® Another study of a large population in
China did not show a return to baseline after five years,
and those authors suggest maintaining serum TSH lev-
els in iodine-supplemented patients between 1.0 and
1.9 mIU to maintain the lowest incidence of abnormal
thyroid function during iodine supplementation.?®

In addition to pre-existing thyroid pathologies
exacerbated with iodine supplementation, excessive in-
gestion of iodine in medication (amiodarone) or water
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contamination may contribute to goiter, hypothyroid-
ism, elevated TSH levels, and ocular damage.” How-
ever, in studies referenced above by Eskin and Ghent,*
which excluded patients with pre-existing autoimmune
thyroid pathologies and used 3-6 mg molecular iodine
for up to five years, no associated thyroid abnormalities
were observed.>%>2

Selenium is required for the production of
deiodinase selenoenzymes. Clinical investigators in se-
lenium- and iodine-deficient populations conclude the
coexisting deficiencies cause increased TSH levels and
contribute to goiter development.” One French study
found an inverse relationship between selenium status
and thyroid volume.” Co-existing deficiencies become
problematic in areas where iodine supplementation is
promoted on a population-wide basis. Selenium sup-
plementation may be necessary to prevent potential thy-
roid damage from iodide supplementation in selenium-
deficient individuals.®

Conclusion

Iodine is an essential mineral for normal thy-
roid function, mammary gland development, and fetal
and infant neurological growth. Iodine deficiency is epi-
demic in developing countries and parts of Europe. Re-
cent evidence shows iodine deficiency is also strikingly
common among adult women in the United States. The
resulting risk for neurological impairment in fetal and
infant brain development and potential for mammary
dysplasia warrants closer evaluation of the general fe-
male population for iodine sufficiency. Also of concern
is widespread contamination of food and water supplies
with the known thyroid toxicant perchlorate, which
blocks iodine uptake in the thyroid gland and mam-
mary gland via competitive inhibition of the sodium
iodide symporter protein. Perchlorate may also increase
the risk for subclinical hypothyroidism in a subgroup of
women with low urine iodine levels.

The safety and efficacy of molecular iodine as
a therapeutic tool in the treatment of fibrocystic breast
disease has been well documented. Animal studies us-
ing iodine as a therapeutic intervention in breast cancer
have created an opportunity to investigate this therapy
in human breast cancer trials. Iodine replacement in
situations of diagnosed iodine deficiency must consider
pre-existing thyroid disease and the possibility of co-
existing selenium deficiency.
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