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Background

Both breast cancer and hypothyroldism are disorders that are

Britain and the Unitéd States <(1). The incidence of breast cancer in
Japan is one~tenth that of Great Britain @). The average dietary
consumption in Japan is § grams per &ay while that of Great Britain is
only 0.1 nmilligrams per day. As a result of these and other findings,
many investigations have been conducted to determine the relationships
between hypothyroidism and breast diseases and iodine deficiency alone
and breast diseases.

it was discovered in the 1950's that the ability to iodinate and
the mechanisms by which icdination occurs are present in mammary
tissues B>, Originally, this process in the mammary glands was
assuped to be similar to the iodine trapping and corganification process
of the thyroid gland). Iodine generally circulates in the
blocdstream as iodide salts. Ilodide trapping occurs when the thyroid
accumulates these iodides against a concentration gradient, oxidizes
the iodides to ifodine, and then organifies them to ilodoproteins. 'The
initial organification _process produces moniodotyrosines and
diiodaotyrosines. These hormone precursors are then coupled together to
synthesize triiodothyronines and thyroxine.

The entire process of iodine metabolism in the thyroid {s under
the control of thyroid stimulating hormone (TSH), which is secreted by
the adenohypophysis. An lodine deficlency resuits in an inadequate
amount of thyroid hormone which causes continued secretion of TSH which

then causes the thyroid giand. to enlarge and a goiter to develop O,
Ry |
The major enzyme involved in iodine metabolism in the thyroid is

peroxidase (3). Vhen peroxidase is denatured or inhibited with



goitrigens such as perchiorate or thiocyanate, neither iodination nor
ocrganification can occur. Consequently, no organified products are
produced (9. The discovery of a mammary peroxidase 1s correlated with
the ability to ilodinate (7). In the breast, these prmédufea are nore
apparent during metabolically active conditions such as pregnancy and
iactation (13). This suggests that in the breast oxidation and
aféanificatian are mediated by hormones, specifical;y, estrogen (@&,
Resting human breasts also have the ability to iodinate compounds but
these tissues have serious limitations- in the ability to convert iodidé
to iodine (8), It is believed that in the resting condition, the
ability to lodinate is related to hormone influences associated with
the menstrual cycle B). Th;arefmre, in both active and resting breast
conditions, estrogen plays a signlflcant role in iodine metabolism.

ﬁammary tumor perexidaﬁsse activity is probably an estrogen induced
characteristic of é hormone dependent mammary tumor (9). Breast cancer
may. be e.nhanced in the presence of estrogen and hiéh levels of estrogen
receptors (10). Changes in bresst dyspiasia are enbanced by sex
steroid therapy 11

Hypothyroidism alone does not induce breast tissue atypia but
iodine deficiency does (12). Eskin has found that when laboratory rats
showing mammary gland atypla due to perchlorate blickade are given
thyroxine replacement, the atypia was not alleviated 4. Therefore,
by the work of Eskin and othere, it was discovered that it is clearly
the iodine blockade of the breast and not hypothyroidism that causes
mammary gland dysplasia (4). From the sampe studles, Eskin also
discovered that in order for the rerchlorate influence to be effective,

there 1s a need for estrogen and that estrogen requires iodine for



normal breast function,

Because the thyroid is totally dependent on ilodldes for hormone
synthesis (2, and icdide metabolisn is more efficlent in the thyroiaq
than the breast €2, the avallability of icdides to the breast for
oxidation and organification is limited.

If iondine in its diatomic form is given, it diffuses into the
brea&t cells and the initial oxidative step of the metabolic pathway is
éiiminated (6>, Becausme the thyroid does not trap "iodine into the
cells ag well as the breast and the breast doss not trap icdides as
efficiently as ﬁhe thyroid, diatomic iodine becomes more available to
the breast (13) and caﬁpetition for lodine is reduced significantly.
Assuming that the thyroid bhas a greater affinity for iodides than
diatomic iodine and the breast, vice versa, a further investigation was
made to prove that iodine therapy is efficaclous in improving the

histological pathology of mammary gland dysplasia.
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Introduction

Prior work has shown that iodine deficiency has induced breast
tissue atypla and dysplasia, as well as hypothyroidism in the thyrold.
The breast traps lodine and organifles it although not as efficiently
as the thyroid (1). The thyroid traps iodides in the bleood by
diffusion and oxidizes it with peroxidase (1), which {s the major
enzynme involved in organification and oxidation. It has been found
that perchlorate blocks the activitles of peroxidase, which would lead
to an increase in breast and thyroid abnormalities. Eskin has found
that jodine is more significant in improving mammary tissue
abnormalities than iodides because the initial step of the metabolic
process is eliminated, and the ilodine can be orgenified without
impairmeﬂﬁt_ by peroxidase blockade ).
| Our investigation was designed to determine lodine
association with the breast and thyreoid gland, and their affinities for
the chemical formé. Ve used experimental animals 4o study the
changes in both mammary and thyroid tissues after both iodine and
iodide theraples. A conclusion was drawn from comparison of

p}iyﬁieal, histological and biochemical evidence.



D

Materials and Methods

Ten Sprague-Dawley albino virgin female rats welighing initially
220~25¢ grams were divided into three groups for the two waal study.

All rats were put on an lodine-deficient diet and deionized
distilled drinking water for two weeks. They were also given
perchlorate treated water for the first four days of the experimenﬁ and
estrogen injections every octher day.

‘ Group I, the control group, consisted of two rats. They were
given the iodine-deficient diet for 2 weeks, the perchiorate treated
water for the first 4 days, the estrogen injections every other day,
and then no further treatment.

Group II consisted of four rats. They received the iodine
deficient diet for 2 weeks, the perchlorate treated water for the first
4 days and estrogen injections every other day. In addition, group II
was also given nascent iodine.fcr the second week of the experiment.

Group Il consisted of four rats. This group was glven the iodine
deficignt diet for 2 weeks, perchlorate treated water for the first 4
days and estrogen injections every other day. In addition, group III
was treated with potassium iodide for the second week of the
experiment,
| Perchlorate treatment consisted of 400 mg /7100 ml NaCiO in
delonized, distilled water for the first 4 days.

Estrogen treatment consisted of intramuscular injections of 2.5 ug
0f estradiol suspended in 0.1 ml of sesame o©il adminisiered every other
day for the entire two weeks. In order to insure estrus cycling 4in the
animals, vaginal smears were taken every other day and the day of
necropsy.

Indine therapy consisted of 80 ug of nascent lodine per 100 mi of
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doubly distilled water. Each rat consumes about 2% ml per day,
therefore, the dosage for each rat was 20 ug of iodine per day or
80 ug per kilogram of boedy weight.

Todide therapy consisted of 120 ug of potassium iodide per
100 1l of doubly distilled water. °The dosage per rat per day vas
approximately 30 ug per day or 120 ug pef kilogram of bhody weight.
Thg difference between iodine and iodide therapies were calculated
uéing the molar differences of the iodine formulations. The final
iodine availability of both compounds wvere similar.

The rats were weighed initially and then daily to confirm
proper growth patterns,

At the end ¢f the two week study., the rats were Killed with
carbon dioxide. The mammary dglands and the thyroid glands were
dissected free and weighed. They were then fixed in a 10% formalin
solution for histological studies. Venous blood was removed from
the inferior vena cava. Immediately following removal, the blood
was centrifuged for ten minutes and the serum was colleéted and
frozen for chemical studies.

The microscopic slides of the thyroid and mammary tissues were
stained with hemotoxylin and eosin and then were later observed
with the aid of a pathologist.

The dosage of iodine, 80 ug per kilogram of body weight, was
derived from cilinical data (Dr. William Ghent) as representing

improvement of fibrocystic disgsease in women.



wgﬁi§§E§ Figure 1 displays the average weight gain per group. The
results of our selectively randomized groups show that the rat weights
are conparable to normal rats of the same age. There was no
significant change in average total weights throughout the experiment.
The average weight gain was greater in the controls by 17.5 grams
(Figure 1). Iodide treated rats lost 28 grams initially, which may

hhve caused acute hyperthyroidism. The controls and iodine treated
rats had a gradually increasing welght gain suppméting normal thyroid
function, weight gain from icdine therapy, and no significant changes
after perchlorate treatment,

The weights of the dissected tissues are displayed in table 1.
These welghts are given per kilogram animal wéight. The results show
that group 3 had the most normal welght while that of groups 1 and 2
were higher than normal, .?he statistical comparison of thyroid weights
proved to be significant only in the comparison between groups 1 and 3.
The difference in breast tissue weighte between group 3 and each other
was statistically significant. Group 3 bad the highest breast weight,
while groups 1 and 2 had lower weights with group 2 being closest to

normal,

Vaginal Smears Figures 2-4 demonstrate the stages of the estrus cycle

in the rats during the two week pericd, as a response to estrogen
administration every other day. All rats achieved estrus at least two
days before necropsy as verified by the vaginal smears taken on

alternating days of estrogen administration.
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Histological Evaluation of Breast Tissue

The evaluation of breast tissue histology was graded on a scale of
i1 to 4, with 1 being a normal, inactive, non-lactating breast, and 4
being the most atyplcal, overactive breast. These evaluations of the
breast tissue were made with respect to lobular hyperplasia, cyst
formation, evidence of secretion, perilobunlar fibrosils and periductal
fibrosis. These gradings are listed in tables 2 and 3.

Group i, the control, demonstrated the greates% amount of
periductal and perilobular fibroses as compared to the other two
groups. This group appeared to have ﬁinim&l lobular hyperplasia and
secretions. There was also definite cyst formation in this group. It
is evident that the animals in this group have fibrocystic disease of
the breast.

Group 2, the lodine tfeated group demonstrated no evidence of
significant histeological change as compared to groups 1 and 3. There
was some focal infiammation and dilation of ducts in one of the
animals. This, however did not prove to be fibrocystic disease.
Overail, the animals in this group appeared the most normal in terms of
breast activity.

- Group 3, the iodide treated group, demongtrated the most
significant cases of fibrocystic disease. These animals had the
greatest amount of secretions andllobuZar hyperplasia as well as cyst
formation as compared to the other two groups. There was alsc evidence
of adenomas and macrophages were present. Silgnificant perilobular and
periductal fibrosis appeared in this group, but this was to a lesser

degree than that of group 1.
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Histological Evaluation of the Thyroid Tissue

The evaluation of the thyroid tissue histology was made with
respect to follicle size, presence of colleid, scalloping of c¢oiloid
and the epithelial condition regarding the presence of papillary areas,
metaplasia, hyperplasia, and adencmas. These evaluations are
illustrated in Table 5.

The animals in group 1, the control group, bhad medium to large
s;zed follicles with abundant colloid and significant colloid
scalloping. There was also focal metaplasia present in this group.
This indicates that the animals in this group bave relatively inactive
thyrold glands,

The animale in group 2, the ilodine treated group, had nmore large
follifeles than those in group 1. VWhile there was abundant colioid for
the most part, it was difficut to determine collold scalloping. This
was due to the sloughing appearance 1f the epithelium which was
characteristic of this group, This indicates that the animais ip this
group exhibit reduced thyroid actlvity.

The animals in group 3, the iodide itreated group, kad the most
normal appearance out of all the groups with few exceptio.nss. The
follicle slze of this group was large for the most part with colloid
and colloid scalloping present. Two out of the four animals had
adenomasg, but had otherwise normally funciioning, active thyroid

glands,
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Table 1: Dissected Thyroid and Breast Weights

Thyroid Weight Breast Weight
Group # Rat # (mg/ke rat) (mg/kg rat)
1 105.50 3467 .89
2 98.65 3475 .82
x = 102.1 X = 3473.86
Sh= 4.844 5D = 8.436
SEM =  3.42D. SEM = 5.97
1 102.46 4311.48
2 89,29 3513.39
3 92.11 4298.25
4 106.84 5576.92
x = 87.68 ¥ = 4425,01
S o= 8,330 S = B853.80
SEM = 4.165 SEM = 426.9
i 105,80 6834.86
2 91,74 4054 .13
3 81.08 6531.83
4 79.65 6150.44
- x = 89,48 x = 6117.74
8D o= 11.96 8D = 824.73
SEM = 5,979 SFM = 412.37

x — Arithmetic mean of weights for the respective group
5D - Standard deviation of the weights for the respective group
SEM - Standard error of the arithmetic mean
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Figure 3

Graphs depicting the Estrus
cycle of the 4 rats in cage #2.
Eight vaginal smears were taken
over a period of 2 weeks. These
gmears were taken on alternate
days of estrogen administration.

M - Metestrus
D - Diestrus
P - Proestrus
E -~ Estrus

bl
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Graphs depicting the Estrus

. ARt cycle of the 4 rais in cage #3.
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Table 2. Histologic Gradineg of Manmary Tissue

Lobular Cyst Perilobular Periductal
Group # Rat # Hyperplasia Secretion Formation Fibrosis Fibrosis
1 1 1 2 3 3 3
1 2 1 1 1 3 3
2 1 1 1 2 2 1
2 2 1 1 1 1 1
2 3 1 1 1 1 1
2 4 1 2 1 1 1
3 1 4 4 2 2 3
3 2 1 1. 2 2 2
3 3 2 4. L 1 9
3 4 1 32 2 2 2

Low to High (1-4)

Taple 3: Comparative Histologic Grading of Mammary Tissue

Lobular Cyst Perilobular Periductal
Group # .. & Hyperplasia - Secretion Formation Fibrosis Fibrosis
i 1 1.5 2.5 3 3
2 1 1.25 1 1 1

3 2 3 2.25 1.75 2.25
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Discussion

In this study, the animals were made ilodine deficient by two
methods: an icdine deficient diet and a perchlorate blockade of
peroxidase, the enzyme involved in oxidation and ocrganification of
icdine. As we and others have cbserved, lodine must be processed by a
cartain mechanism or it is otherwise useless. The question remained as
ga which tissue breast or thyroid, would respond best to which chemical
form of therapeutic icdine, diatomic or iomnic as a treatment for the
histological pathology caused by the iodine deficiency.

Although ilodine deficlency causes breast atypla, it has been
discovered by others that the condition and the treatments are enhanced
by estrogen ). The estrogen dose in this study was
pharmacophysialmgical,2nnjging up to a constant estrus within a few
days. Figures 2-4 show that estrus was not immediately achieved which
proves that the estrogen was not immediately achieved which proves that
the estrogen was not given in a saturated quantity. Reasons for the
rats being in other stages of estrus include: irritation of the
vaginal wall cavsing diestrus.-and an improper estrogen quantity in
relation to weight and physiology which may have caused the rat to be
in metestrus or proestrus by the time the vaginal smear was taken.

As wea observed by the mammary ti$$§e and thyroid tis$ue weights
and the histological results from both tissues, iodine is clearly the
more effective of the two theraples for fibrocystic disease of the
breast in fats. It was apparent that ifodine in its diatomic form
relieved all of the pathological disorders. Iodide treatment, however,

appeared to worsen the condition in all aspects recorded except in

periductal and perilocbular fibrosis. In these areas, the histology was
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worse dn the aontrols lodicalbloay that indidde relisves omly tTimited
periductail and parilovular fibrosie. in the thyroid gland, we obwarved
the reversae. The itodide troeatod rats, with oxception of adenomoas that
are unexplainable at this time, had the moat normal thyroid gloands ams
wmwen Dy Lhe welgbhis and hisiclogy. The coplrol groap anid the fremted
group {group Z) had similar thyroid welights and histological
appearancaes which indicates that iodine had ipittie or no therapeutic
effect on the thyroid glonds of rots. ‘

Ther Lomolh Lbhal Lhe frestments evoled such Aiflexwenl respoossess in
Both types of iodine dependant tisSssues Suggests that the moechanicms for
igdination differ in the mammary giande and the thyroid glands of rota,
an paerhaps, hubans,

Thils Jiffereosce wonadel sesan b Gu e lsbe wliil Lhea amonset evf
pernxidase in each tiﬁgue; The mammary gland has & lesser amount of
peroxidace ac comﬁarcd o the thyrald., Therefore, iodide tropping and
oxidation i much more efficient in the thyrold becsouse it contains
adeguatbe peroxidese, The: breast. on the other band, with Lis 1imited
‘amount of peroxidase oan inttisate only a minimal amount of 1odide for
oxidation.

For women with fibroocystic disease, lodine would ssem to be the
treatiment of oholoe, Noib ooly Jdoss U relleve breast Limwmos atypts,
but also 1t has no demaging effect on the thyroid giand, nes opposed to
axcass jodidec which may caucae hypertayroldism,

For future experiments, we suggest a longer perdod of time for
lodine deficlency to inciease the amount of bresst altyplsa ammd delsrmioe

whethar or not iodineg would be ag affactive undar more chronic atyplcal

Cconcditions.
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Conclusions
Iodine deficiency is correlated with mammery tissue atypia, which
resembles fibrocystic disease in humans.
Estrogen enhances the active condition of the breast and any
therapies acting upon the breast tissue in rats.
lodine reverses the histology of fibrocystic disease in rat
breasts.
Iodine is more therapeutlc in the rat breast than iodide.
Indide has a minimal effect on the rat breast but is effective in
the thyroid.
Potassium iodide improves the iodine deficient thyroid condition,
but proves to be an inadeguate therapy for the fibrooystic disease

and other breast atypia that occurs.
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