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Abstract

Iodine is a key component of thyroid hormones. Iodine deficiency as well as iodine excess causes thyroid
disorders. Universal salt iodization has led to exposure to iodine above the recommended levels in
environmentally iodine sufficient regions disrupting thyroid physiology and in turn affecting reproductive
physiology. Effects of excess iodine on male reproductive organ is well studied but studies on ovarian and
uterine structural changes are scanty. Hence the present study investigates the histological changes in the
ovary and uterus after prolonged exposure to iodine in excess. The study clearly indicates changes in
ovarian follicular and corpus luteum number and structure. This was also accompanied by altered luminal
structure and number of secretory glands in the uterus. The probable cause was ovarian iodine accumulation
and altered thyroid physiology. Thus prolonged exposure of iodine in excess altered the normal histological
structure of ovary and uterus, posing detrimental to female reproductive system.
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Introduction

Iodine is an essential microelement needed for the
maintenance of the thyroid physiology. It is a major
component of the thyroid hormones (THs) (1, 2). As
such deficiency of iodine causes severe disruption

of thyroid function (3). As thyroid gland gets affected,
another important system to bear the brunt is the
reproductive system. The reproductive system is
affected at various degrees depending on the extent
of iodine deficiency but the most important effect
has been loss of fertility (4). The iodine deficiency
disorders (IDDs) was proposed to be curbed by
universal salt iodization programme. However, this
lead to the consumption of iodine equally in both
env i ronmenta l l y  iod ine  de f ic ien t  as  we l l  as
environmentally iodine sufficient areas (5). Prolonged
consumption of excess iodine (EI) in environmentally
iodine sufficient regions further lead to thyroid
dysfunctions like iodine induced hypothyroidism,
hyperthyroidism, autoimmune disorders and even
thyroid cancer (6,7). Under such circumstances it
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Material and Method

Reagents

Potassium Iodide (KI) was obtained from Merck,
Mumbai, India. All other reagents were procured from
Sisco Research Laboratories (SRL), Mumbai, India.

Animal Maintenance

A total of 120 healthy adult (90±5 days) female albino
rats (Rattus norvegicus) of Wistar strain weighing
100±10 gm were taken for the study. The animals
were divided into three groups (I, II, III), each
consist ing of  40 animals.  The animals were
maintained according to the protocol approved by
the Institutional Animal Ethics Committee (IAEC),
Department of Physiology, University of Calcutta with
assigned study approval reference number IAEC/IV/
Proposal/AC-02/2014 dated 11.08.2014.

The animals were housed in clean polypropylene
cages and maintained in a temperature of 22±2ºC
and relative humidity of 40-60% in an air-conditioned
animal house. A constant 12:12 light:dark cycle was
maintained throughout the period of study. The
animals were fed on standardized normal diet
consisting of 70% wheat, 20% Bengal gram, 5% fish
meal powder, 5% dry yeast powder, 0.75% refined
til oil, 0.25% shark liver oil, 4% non-iodized salt and
water ad libitum (17). Besides this, KI at a dose of
0.007mg/100g body weight (BW) were provided to all
the animals along with the balanced normal diet (18).
All efforts were made to reduce suffering of the
animals.

Experimental Design

The total number of 120 healthy adult female albino
rats (Rattus norvegicus) of Wistar strain weighing
100±10 gm were divided into 3 groups (Group I, Group
II and Group (III), each consisting of 40 animals.
Group I was designated as the Control (CON) group.
Groups II and III were the excessive iodine treated
groups at two different doses respectively. All the

might be stated that disturbed thyroid physiology
would probably also alter the physiology of the
reproductive system. And as such few recent
studies have shown that excess iodine altered
the structure and function of the male reproductive
system through ROS generation and hypothyroidism
that led to severe morphological changes in the
testis (8) and accessory organs (9). It may here
be s ta ted  tha t  thy ro id  phys io logy  has  a lso
been known to alter ovarian function as well as
female fert i l i ty (10). However, studies on the
effects of prolonged exposure to excess iodine in
environmentally iodine sufficient regions on ovary
are scanty.

It is known that iodine is incorporated into the thyroid
follicular cells through the sodium-iodide symporter
(NIS) present on the basolateral membrane of the
thyroid follicles (2). Recent evidences have also
shown the presence of NIS in the mammalian
ovary and uterus whose expression varies through
the  ovar ian  cyc le  (11 ,  12 ,  13) .  The iod ine
accumulation is higher in the ovary than all other
iodine accumulating organs except thyroid gland (14).
TSH has been shown to up-regulate NIS gene
expression whereas estradiol has been found to
increase proliferation (15).

Thus under the present scenario it is evident that
not only there is presence of NIS in the ovary but
also accumulation of iodine and as such excess
iodine accumulation is also known to affect thyroid
gland. However, as stated earlier, available reports
on the effects of excess iodine exposure to ovary
are scanty. Thus the present study was undertaken
to investigate the structural alterations in the ovary
and uterus due to prolonged exposure to iodine in
excess. Excess iodine was administered in the form
of potassium iodide (KI) dissolved in distilled water,
at two different doses for a period of 60 days. One
dose was 100 times excess of the normal required
level of iodine (100EI) and was tolerable to the thyroid
gland (13). The other was 500 times excess of the
normal required level of iodine, that affects the thyroid
physiology (13, 16).
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animals were treated for 60 days. Prior to treatment
the estrous cycle of all the animals were studied for
at least two consecutive complete cycles, to confirm
normal cyclicity of all the experimental animals. The
normal duration of the estrous cycle corresponds to
5±1 days (19).

Group I – Group I was the control group, consisting
of 40 animals and fed with a normal diet, as
mentioned earlier and an adequate iodine of 7 µg/
100 g body weight per animal per day (16).

Group II – Excess iodine (100EI) administered group.
This group consisted of 40 animals and were
administered excessive KI at a dose of 0.7mg KI/
100g BW dissolved in sterile water. This dose
corresponded to 100 times the physiological daily
required dose of iodine (16) and henceforth would be
referred to as 100 EI (100 times excessive iodine).
This dose is known not to cause any significant
alteration in the thyroid physiology and hence the
serum THs leve ls  and thus  cons idered as
physiologically tolerable dose (20).

Group III - Excessive iodine (500EI) administered
group. This group consisted of 40 animals and were
administered excessive KI at a dose of 3.5 mg KI/
100g BW dissolved in sterile water. This dose
corresponded to 500 times the physiological daily
required dose of iodine (16) and henceforth would be
referred to as 500 EI (500 times excessive iodine).

Treatment duration for all the three groups was set
at 60 days so as to provide enough time for the
animals to undergo a number of estrous cycles that
also correspond to an equivalent number of ovarian
cycles. The animals were sacrificed 24 hours after
the last treatment. Animals were grouped and
sacrificed according to the stage of estrous cycle
(proestrous, estrous, metestrous and diestrous), all
animals having in the same phase being sacrificed
together. This was done to study the changes in the
ovary throughout the different stages of estrous cycle.

Both the doses of excessive iodine as used in the
form of KI (100 EI and 500 EI) were non-toxic as
evident f rom the serum glutamic oxaloacet ic
transaminase (SGOT) and serum glutamic pyruvic

transaminase (SGPT) levels (13). The animals were
sacrificed by cervical dislocation following protocol
and ethical procedures. Fresh ovary and uterine tissue
samples were collected and processed for histology.

Histological study of Ovary and Uterus

Immediately after the sacrifice, the ovary and uterus
of experimental animals (of all groups- I, II and III)
from all stages of estrous cycle were collected and
were fixed in Bouin’s fluid followed by embedding in
paraffin. Five (5) µm thick paraffin sections of each
of these organs were taken and subsequently stained
with hematoxyl in and eosin.  Each s l ide was
examined under a Bright Field Microscope (Model:
EVOS XL Core Imaging System, Life Technologies,
Cat.No. AMEX 100) at different magnifications of 80X
and 200X for observable histological changes. It may
be mentioned here that in group III, that is, 500EI
administered group of animals, metestrous stage of
estrous cycle was absent. Hence in the present
study, histology of both ovary and uterus in this
stage could not be represented.

Statistical Analysis

The data was expressed as Mean±standard deviation
(SD). One way Analysis of Variance (ANOVA) was
done with multiple comparisons using Tukey’s post
hoc test for statistical evaluation of the data. In all
experimental data sets, a value of P<0.05 was
considered as statistically significant. Statistical
analyses were performed using GraphPad Prism 6
for Windows (GraphPad Software Inc., USA) and MS-
Of f i ce  Exce l  2010 (Mic rosof t  Corpora t ion ,
Washington, USA).

Results

The histological changes in the ovary and uterus are
represented in the Figures 1 (A-K) and 2 (A-K)
respectively.

The ovary in the diestrous stage (magnification 80X)
of the control group (Figure 1A) shows the presence
of numerous corpora lutea (CL) in various stages of
development and a few follicles in early stages of
development. The diestrous stage of the 100 EI
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Fig. 1 : Photomicrographs of H & E stained ovary sections showing the structural changes in the ovary (magnification 80X)
in diestrous, proestrous, estrous and metestrous stages of control (Fig. 1A, 1D, 1G and 1J), 100 EI (KI at a dose of
0.7 mg KI/100g BW) (Fig. 1B, 1E, 1H and 1K) and 500 EI (KI at a dose of 3.5 mg KI/100g BW) (Fig. 1C, 1F and 1I).
In the micrographs, CL represents corpus luteum and DF developing follicles.
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Fig. 2 : Photomicrographs of H & E stained uterine sections showing the structural changes in the uterus (magnification 200X)
in diestrous, proestrous, and stages of control (Fig. 2A, 2D and 2G), 100 EI (KI at a dose of 0.7 mg KI/100g BW) (Fig.
2B, 2E, and 2H) and 500 EI (KI at a dose of 3.5 mg KI/100g BW) (Fig. 2C, 2F and 2I) and in metestrous stage
(magnification 80X) of control (Fig. 2J) and 100 EI (KI at a dose of 0.7 mg KI/100g BW) (Fig. 2K). In the micrographs,
E represents endometrium, G and white arrow points to uterine secretory glands and L represents lumen of the uterus.
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administered animals (Figure 1B) show the presence
of developing follicles (DF) in different stages of
development which is not the characteristic of normal
diestrous stage, one or two corpora lutea and slightly
regressed ovary. The ovary of the 500 EI administered
animals (Figure 1C) in the diestrous stage shows
hypertrophied ovary with many corpora lutea like
bodies and very few follicles.

The ovary in the proestrous stage (magnification 80X)
of the control group (Figure 1D) shows developing
fol l icles (DF) in various stages, primordial to
secondary and normal stroma. The ovary in the
proestrous stage of the 100 EI administered group
(Figure 1E) shows regressed ovary with few follicles
but also the presence of corpora lutea (CL) like
bodies. The ovary in the proestrous stage of the 500
EI administered group (Figure 1F) show an increased
number of corpora lutea with very few developing
follicles.

The ovary in the estrous stage (magnification 80X) of
the control group (Figure 1G) shows the presence of
normal developing follicles (DF) in the various stages
of development. The ovary in the estrous stage of
the 100 EI administered group (Figure 1H) shows
the presence of few follicles besides corpora lutea
(CL) like bodies. However the ovary in the estrous
stage of 500 EI administered group (Figure 1I) shows
the presence of many corpora lutea (CL) like bodies
and very limited number of follicles.

The ovary in the metestrous stage (magnification 80X)
of the control group (Figure 1J) shows the presence
of few follicles and newly formed corpora lutea (CL).
The ovary in the metestrous stage of the 100 EI
administered group (Fig 1K) shows corpora lutea and
few developing follicles. However, as stated earlier,
in the 500 EI administered group of animals the
metestrous stage was found to be absent.

The uterus in the diestrous stage (magnification 200X)
of the control group (Figure 2A) shows a well arranged
structure showing the three layers of the uterus, viz.,
perimetrium, myometrium and endometrium. The
endometrium (E) has few secretory glands (G), with
a uterine lumen (L) lined by endothelial cells. The
uterus in the d iestrous stage of  the 100 EI

administered animals (Figure 2B) show enlarged
uter ine  lumen (L)  w i th  lumina l  l in ing  be ing
discontinuous and detached from endometrium at
certain areas. There are hypertrophic changes in the
uterus. But the uterus of the 500 EI administered
animals (Figure 2C) in the diestrous stage gives a
dismantled appearance of the endometrium with more
than one lumen-l ike structures, few glandular
structures and also some large secretory tissues
(G) with compact cellular arrangement and high blood
supply. The luminal lining is slightly indistinct. There
is hypertrophic changes in the uterus.

The proestrous stage (magnification 200X) of the
control animals shows (Figure 2D) well-arranged
structure of the uterus showing myometr ium,
endometrium (E) and uterine lumen (L) with well
distinguished luminal endothelial cell lining and few
secretory glands (G). The uterus of the 100 EI
administered animals in the proestrous stage (Figure
2E) shows an enlarged lumen with less distinct
luminal lining and very few secretory glands. However,
the uterus of the 500 EI administered animals (Figure
2F) in the proestrous stage shows a hypertrophied
state with distorted uterine lumen showing disrupted
and deformed luminal lining with an altered shape of
the lumen.

The estrous stage (magnification 200X) of the control
group shows (Figure 2G) normal arrangement of all
the layers with a proper lumen (L) and a couple of
secretory glands (G). The uterus of the 100 EI
administered animals (Figure 2H) in the estrous stage
shows enlarged uterine lumen (L) with the endothelial
lining jutting out into the lumen with almost no
secretory  g lands.  The uterus o f  the 500 EI
administered animals (Figure 2I) in the estrous stage
shows a hypertrophied uterus having an elongated,
narrow lumen and few secretory glands.

The metestrous stage (magnification 80X) of the
control group shows (Figure 2J) almost a star shaped
lumen (L) surrounded by numerous secretory glands
(G) of various sizes in the endometrium (E) and
surrounded by myometrium and perimetrium. The
uterus in the metestrous stage of the 100 EI
administered animals (Figure 2K) show an enlarged
lumen with discontinuous and disoriented luminal
lining at some areas and regressed endometrium.



172 Mahapatra, Chattopadhyay and Chandra Indian J Physiol Pharmacol 2017; 61(2)

Discussion

The ovary is the principal organ in females producing
the steroidal hormones estrogens (estradiol and
estr iol)  and progesterone. The synthesis and
degradation of these hormones are said to be affected
by a number of both external as well as internal
factors (21). Of the internal factors thyroid hormones
is of tremendous importance (22). Any alteration in
the serum thyroid hormonal (THs) levels and thyroid
function induce changes in the functional status of
the ovary and also cause a respective alterations in
the activity of the ovarian steroidogenic enzymes,
serum estrogen levels and so on (4). The altered
functional status is also represented by the altered
histology of the ovary as well as uterus. Similarly
external factors that cause compromised ovarian
function also lead to an altered ovarian histology
(23).

Iodine is an important trace element required for the
synthesis of THs. Under euthyroid conditions, iodine
availability is normal, thus the THs are maintained
within their physiological range. However, prolonged
consumption of excess iodine (EI) beyond 100
times the required level altered the thyroid function
causing changes in the serum THs levels (5, 16).
Excess iodine under such conditions poses as an
external factor which also seemed to cause changes
in the serum estradiol levels by upregulating the
expression of estrogen metabolising enzymes as well
as by down regulating estrogen responsive genes
(24, 25).

As observed in the present study, the micrographs
of both the ovary as well as the uterus, revealed
significant alterations in the histological features in
both the 100EI administered group of animals as
well as the 500EI administered groups of animals as
compared to that of the control group of animals in
the respective stages of estrous cycle. There was
also a significant difference in the altered histology
between the 100 EI and 500EI treated groups.

As stated earlier, excess iodine at 100 times the
normal required level, does not alter the thyroid
functional status significantly (5). There is an ovarian

accumulation of iodine taking place under normal
iodine exposure as shown in previous studies (13,
14). Thus, there is an increase in the iodine
accumula t ion  in  ovary  w i th  excess  iod ine
consumption as reported in a recent study (13). Iodine
accumulation is also found in case of testes and
thyroid (8). Previous studies have revealed that this
iodine accumulation is further affected by altered
estrogen levels as well as altered thyroid function
(23). In the present investigation, the micrographic
images of ovarian sections of the 100 EI administered
group of animals (Fig. 1B, 1E, 1H and 1K) show a
somewhat slightly regressed ovary with the presence
of developing follicles (DF) and also corpus luteum
irrespective of the stage of estous cycle as compared
to the micrograph images of ovarian sections of
normal group of animals (Fig. 1A, 1D, 1G and 1J).
Thus it may be stated that the observed changes in
the ovarian histology in the 100 EI administered group
of animals may be attributed to the excess iodide
accumulation in the ovary as excess iodine is well
known to bring about changes in the ovarian steroid
hormonal profile which is known to be instrumental
in bringing about further alterations in the ovarian
structure (24, 25).

The photomicrograph images of the ovarian sections
of the 500 EI administered group of animals (Fig.
1C, 1F, and 1I) depicted several other changes in
the follicular structure and arrangement. Several
studies have reported that altered THs levels cause
alterations in the ovarian structure and function (10,
13). Previous studies have shown that excess iodine
above 100 times the normal required level affects
thyroid function (5, 10, 13). Besides, this evidences
show that altered thyroid physiology leads to elevated
serum E2 levels along with low serum LH and high
serum FSH levels that altogether lead to altered
ovarian physiological changes (13, 27). Thus the
observed changes in the present study in the 500 EI
administered group of animals may be attributed to
the summated effects of both excess iodide (13, 17,
18) as well as altered THs (4, 13, 22). The absence
of a dist inct metestrous stage in the 500 EI
administered group of animals may also be attributed
to the altered steroidogenesis, serum hormonal
status of estrogens, progesterone and gonadotrophins
as reported earlier (13).



Indian J Physiol Pharmacol 2017; 61(2) Excess Iodine and Ovary 173

The micrograph images of uterine sections of the
control group of animals show normal characteristics
of uterus as also previously reported (26) throughout
the entire period of estrous cycle. However, the
images of uterine sections of both the 100 EI as
well as the 500 EI administered group of animals
show a remarkable alteration in the lumen size,
luminal lining as well as the uterine glands. Most
prominent changes were observed in the diestrous
stage of 500 EI administered group of animals.
Profuse vasculature, numerous uterine glands and
no characteristic lumen as observed were probably
due to the hormonal alterations that resulted from
altered ovarian structure and THs (13, 26). Uterine
structure in the proestrous stage in the control shows
dilation of the lumen as also seen in earlier studies
of normal uterine morphology (26). The100 EI
administered groups of animals also showed similar
structure. However, the 500 EI administered group
shows a somewhat slit-like appearance. As reported
by earlier studies, under normal hormonal profile in
control and/or normal animals, the uterine sections
show normal features (26). But excess iodine (24,
25) as well as altered thyroid function (4, 22) is well
known to bring about changes in the steroid hormonal
profiles (estrogen and progesterone), they cause
altered ovarian morphology (as also evidenced) and
reported earlier (13). This altered ovarian structure
and the modified hormonal profile (13) further causes
the observed changes in the uterus. Thus the
observed changes may be attributed to the changes
in the progesterone and estrogen profiles of these

animals, as these hormones act synergistically to
bring about the changes in the uterine morphology
(13, 26).

Thus from the present investigation it may be stated
that prolonged exposure to excess iodine over and
above the normal required dosage in environmentally
iodine sufficient regions may be responsible for
significant alterations in the ovarian and uterine
histology even at dosages where thyroid function is
unaffected. This may further lead to altered functional
status of the female reproductive system of which
ovary is the main functional organ. Hence in the
present scenario the evident altered ovarian and
uterine structure may pose to be a novel finding as
a consequence of the exposure to excess iodine
through various sources in environmentally iodine
sufficient regions. And this excess iodine may thus
further be considered to be detrimental to the female
reproductive system besides the thyroid gland as
previously established. However, further investigation
is needed to asses other changes associated with
this structural change and the probable reason behind
the present observations.

Acknowledgements

We take this opportunity to sincerely express our
gratitude for the UGC NET fellowship provided to the
first author by the University Grants Commission,
Government of India.

References

1. Jannini EA, Ulisse S, D’Armiento M. Thyroid hormone and
male gonadal function. Endocr Rev 1995; 16: 443–453.

2. Eskandari S, Loo DDF, Dai G. Na+/I- Symporter. Mechanism,
stoichiometry and specificity. J Biol Chem 1997; 272:
27230–27238.

3. Zimmerman MB, Jooste PL, Pandav PS. Iodine deficiency
disorders. Lancet 2008; 372: 1251–1262.

4. Poppe K, Velkeniers B. Female fertility and the thyroid.
Best Pract Res Clin Endocrinol Metab 2004; 18: 153–
165.

5. Wolff J. Iodide goiter and the pharmacologic effects of
excess iodide. Am J Med. 1969; 47: 101–124.

6. Mussig K. Iodine-induced toxic effects due to seaweed
consumption. In: Preedy VR, Burrow GN, Ross Watson R,
eds. Comprehensive Handbook of Iodine. Amsterdam,
Elsevier, 2009: 897–908.

7. Alsayed A, Gad AM, Abdel-Baset H, Abdel-Fattah A,
Ahmed A, Azab A. Excess urinary iodine is associated
wi th  auto immune subc l in ica l  hypothyro id ism among
Egyptian women. Endocr J 2008; 55: 601–605.

8. Chakraborty A, Mandal J, Mondal C, Sinha S, Chandra
AK. Effect of excess iodine on oxidative stress markers,
steroidogenic-enzyme activities, testicular morphology and
functions in adult male rats. Biol Trace Elem Res 2016;
172: 380–394.

9. Chakraborty A, Chandra AK. Excess iodine induced
morphological as well as histological changes in male
accessory sex organs of adult rats. Ind J Physiol Allied
Sci 2014; 68: 76–85.

10. Healy DL, Trounson AO, Andersen AN. Female fertility:
causes and treatment. Lancet 1994: 343; 1539–1544.

11. Riesco-Eizaguirre G, Leoni SG, Mendiola M, Estevez-



174 Mahapatra, Chattopadhyay and Chandra Indian J Physiol Pharmacol 2017; 61(2)

Cebrero MA, Gal lego MI,  Redondo A, Hardisson D,
Santisteban P, De la Vieja A. NIS Mediates Iodide Uptake
in the Female Reproductive Tract and Is a Poor Prognostic
Factor in Ovarian Cancer. Journal of Clinical Endocrinology
& Metabolism 2014: 99; E1199–E1208.

12. Bengtsson G, Ewaldsson B,  Hansson E,  Ul lberg S.
Distribution and Fate of 131I in the mammalian ovary. Acta
Endocrinol 1963: 42; 122–128.

13. Mahapatra D, Chandra AK. Biphasic action of iodine in
excess at different doses on ovary in adult rats, J Trace
Elem Med Bio 2017; 39: 210–220.

14. & l ebodz i< sk i  AB.  Ovar ian  iod ide  up take  and
triiodothyronine generation in follicular fluid: The enigma
of the thyroid ovary interaction. Domest Anim Endocrinol
2005; 29: 97–103.

15. Furnalet to TW, Nguyen LQ, Jameson JL, .  Estradio l
increases proliferation and down-regulates the sodium/
iodide symporter gene in FRTL-5 cells. Endocrinology
1999: 140; 5705–5711.

16. Lupachik SV, Nadol’nik LI, Netsetskaya ZV, Vinogradov
VV. Ef fect  o f  Long- term In ject ion of  h igh doses of
Potassium Iodide on Iodine Metabolism in Rat Thyroid gland.
Biomed Khim 2007; 1: 53–57.

17. AK Chandra, A. Chatterjee, R Ghosh, M Sarkar, SK
Chaube. Protection against vanadium-induced testicular
toxicity by testosterone propionate in rats Toxicol Mech
Methods 2010; 24: 388–396.

18. Chandra AK, Ghosh R, Chatterjee A, Sarkar M. Amelioration
of vanadium-induced testicular toxicity and adrenocortical
hyperact iv i ty by vi tamin E acetate in rats.  Mol Cel l
Biochem 2007; 20: 306–315.

19. Paccola CC, Resende CG, Stumpp T, Miraglia SM, Cipriano
I .  The  ra t  es t rous  cyc le  rev is i ted :  a  quan t i ta t i ve
and qualitative analysis. Animal reproduction. 2013; 10:
677–683.

20. Hans Burgi. Iodine Excess. Best Pract Res Clin Endocrinol
Metab 2010; 24: 107–115.

21. Freeman, M. E. The neuroendocrine control of the ovarian
cycle of the rat. In The physiology of Reproduction, 2nd
ed. (E. Knobil, and J. D. Neill, eds.), (1994). Raven Press,
New York.

22. Krassas GE.  Thyro idd iseaseandfemale reproduct ion
(modern trends), Fertil Steril 2000; 74: 1063–1070

23. Trokoudes KM, Skordis N, Picolos MK. Infertility and thyroid
disorders. Curr Opin Obstet Gynecol  2006; 18: 446–
451.

24. Skibola CF, Curry JD, VandeVoort C, ConleyA, Smith
MT.Brown Kelp Modulates Endocrine Hormones in Female
Sprague-Dawley Rats and in Human Luteinized Granulosa
Cells1. J Nutr 2005; 135: 296–300.

25. Stoddard II FR, Brooks AD, Eskin BA, Johannes GJ. Iodine
Alters Gene Expression in the MCF7 Breast Cancer Cell
Line: Evidence for an Anti-Estrogen Effect of Iodine. Int
J Med Sci 2008; 5: 189–196.

26. Westwood FR. The female rat reproduct ive cycle: A
practical histological guide to staging. Toxicol Pathol 2008;
36: 375–384.

27. Weick RF, Noh KA. Inhibitory effects of estrogen and
progesterone on several parameters of pulsatile LH release
in the ovariectomized rat. Neuroendocrinology 1984; 38:
351–356.


