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Abstract Iodine is an integral component of thyroid hor-

mones. Relationship between the level of iodine intake and

the risk of occurrence of thyroid diseases is ‘U’ shaped,

that indicates there is an increasing risk with both low and

high iodine intake. There are studies to evaluate thyroid

functions in iodine deficient regions on humans and ani-

mals. To prevent iodine deficiency iodized salt has been

introduced through universal salt iodization programme

and enormous benefits have been achieved. However,

improper monitoring of iodine content in edible salt at

consumer level have increased the risk of excessive iodine

intake leading serious health consequences to thyroid as

iodine induced hypothyroidism, hyperthyroidism, goitre,

thyroid gland disruption, thyrocyte apoptosis, thyroiditis,

etc. Further, excess iodine induces marked alteration in the

morphology and histology of testis along with male

accessory sex organs including functional characteristics of

sperm which are associated with the antifertility potential;

in female cyclic ovarian function changes leading to

decreased fertility potential that prevents pregnancy.

Hypothyroidism caused by excess iodine impairs glial cell

structure causing functional as well as morphological

impairment of the major areas of brain developing neuro-

logical disorders interrupting connectivity of neural net-

works that signals early cognitive impairments triggering

cognitive weakening, memory impairment and depression.

Iodine in excess has the immunomodulatory effect in thy-

roid developing autoimmunity. Prolonged exposure of

excess iodine impairs carbohydrate and lipid metabolic

pattern and the histoarchitecture of the pancreas, liver,

kidney, as well as skeletal and cardiac muscles. All these

show the emergence of several health consequences in

post-salt iodization.

Keywords Excess iodine � Thyroid � Brain � Immune

system � Reproduction � Metabolism

Introduction

Dietary supplies of iodine in adequate amount is an

essential constituent of thyroid hormones thyroxine (T4)

and triiodothyronine (T3) synthesis and is necessary for

regular growth, differentiation, maturity and metabolic

processes (Pearce et al.2013). Thyroid gland functions are

impaired both in iodine deficiency and in excess. The

effects of iodine in thyroid are complex with a ‘U’ shaped

relationship between iodine intake and risk of thyroid

diseases (Laurberg et al. 2001). Iodine deficiency may

cause thyroid dysfunction leading to severe thyroid dis-

eases such as endemic goitre and congenital hypothy-

roidism (Medani et al. 2011; Kurtoğlu et al. 2014). To

prevent and control iodine deficiency disorders (IDDs)

addition of iodine to edible salt through universal salt

iodization programme has been recommended globally

(WHO/UNICEF/ICCIDD 2007). Potassium iodide (KI)

and potassium iodate (KIO3) are in common use as salt

iodization agents in most countries (Bürgi et al. 2001).

Iodine prophylaxis through iodized salt has been

implemented almost globally to prevent and manage IDDs,

resulting in enormous benefits in all aspects of life in the

affected communities (Hetzel and Dunn 1989). However a

single ‘one size fits all’ standard/uniform salt iodization

ignoring the local specific conditions like bioavailability of
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iodine in food and water, goitrogenic//antithyroidal con-

stituents present in consumed food has increased the risk of

excess iodine intake (Leung and Braverman 2014) in many

regions (Zimmermann 2008) Besides the improper moni-

toring of salt iodine content during post salt iodization

period not only affect thyroid functions (Andersson et al.

2010) but may have adverse effect on thyroid hormone

responsive organs like reproduction (Chakraborty et al.

2016; Mahapatra and Chandra 2017), brain (Mandal et al.

2017), metabolism (Sarkar et al. 2018) and immune system

(Saha et al 2019). All these aspects based on available

information have been reviewed in this article.

Median Urinary Iodine: An Indicator of Iodine
Intake

Urinary excretion pattern of iodine is considered as a

valuable indicator to understand the regular consumption

of iodine because the major portion of iodine present in

body is eliminated through urine, generally more than 90

per cent; thus, the iodine concentration in urine reflects the

individual iodine intake (Dunn et al. 1993). In persons,

elimination of body’s iodine alters time to time even in

24 h. Epidemiological criteria for assessing iodine nutrition

is therefore based on median urinary iodine concentration

of school-age children (6–12 years) in 30 urine samples

from an area as defined by WHO/UNICEF/ICCIDD (2007).

After the key recommendations made in 2007 of WHO/

UNICEF/IGN (Iodine Global Network), in the expert

Technical Group Meeting in December, 2015, certain

emerging recommendations came out in the revised

‘UNICEF Guidance on the Meeting of Salt Iodization

Programmes and Determination of Population iodine Sta-

tus’ (UNICEF and IGN 2018) that are highlighted below.

1. Recommended intake of iodine in communities likely

to be examined from all classes of population with

special reference to most affected classes. This is

because, median value of iodine that is eliminated

through urine (mUIC) in the school children

(6–12 years) does not reflect iodine nutritional status

of lactating and pregnant mothers who need more.

2. The ‘adequate’ range of iodine intake among school

children can be widened from 100 to 199 lg/L to

100–299 lg/L. This is because the range 200–299 lg/

L which has been defined earlier above requirement

among school children (WHO/UNICEF/ICCIDD,

2007) however, mUIC range of 100–299 lg/L not

associated with any dysfunction of thyroid.

3. In currently available methods, the mUIC can only be

used to define population iodine status and not to

quantify the proportion of the population with iodine

deficiency or iodine excess.

4. Iodine content in processed foods must be checked

through appropriate authority of the country.

Excess Iodine and Thyroid

Auto-regulatory Mechanism of Thyroid

A temporary decline in production of hormones in thyroid

gland that last for about one day found in rats after intake

of iodine over and above requirement is defined as Wolff–

Chaikoff effect (Wolff and Chaikoff 1948). When the

plasma iodine level is elevated the binding of iodine in

thyroid is decreased (Acute Wolff–Chaikoff effect); in

presence of continued high plasma iodine concentration

adaptation or escape from the acute effect takes place

within 2 days. This is because increased intrathyroidal

iodine decreases both sodium iodide symporter (NIS)

mRNA and protein expression by transcriptional inhibition

(Eng et al. 1999). In patients having specific risks factors,

can’t adopt acute Wolff–Chaikoff effect probably for a

damaged thyroid as a result of earlier pathological insults

causing iodine induced hypothyroidism; on the contrary in

some predisposed patients, an excess iodine is a rich sub-

strate for increased production of thyroid hormones leading

to iodine induced hyperthyroidism (the Jod-Basedow phe-

nomenon) that may be transient or permanent (Leung and

Braverman 2014). The generation of several inhibitory

substances within the thyroid follicles viz. iodolipids,

iodoacetones or iodoaldehydes are considered as the

effectors for inhibition of thyroid peroxidase activity by

reducing the formation of iodide to oxidized iodide (Pra-

myothin et al. 2011). Increased intrathyroidal iodine

seemed to decrease deiodinase activity might also

decreased thyroid hormone production (Hussein et al.

2012). In addition, propylthiouracil, ethyl mercaptoimida-

zole (MMI) and carbamizole are called thiourelene

antithyroid drugs. The thioureylene drugs are potent inhi-

bitors of TPO-catalysed iodination of protein and tyrosine

(Taurog 1976). Thiocyanate is the detoxification product of

cyanogenic plant foods which are naturally occurring

goitrogen and a potent inhibitor of iodine transport through

basal membrane of thyroid follicles (Erdoǧan 2003).

Thiocyanate even in presence of adequate iodine developed

goitre and led goitrous population towards hypo- and

hyperthyroidism with hypoechoic thyroid and thyroiditis

(Singh et al. 2021).
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Excess Iodine and Thyroid Autoimmune Disorders

There are reports of normalization of iodine status in global

scenario including India following universal salt iodization

(Kapil and Singh 2004; Kapil et al. 2004). There are studies

that showed an increase in autoimmune thyroiditis in

school children who had been supplemented with excess

iodine showing further a correlation between urinary iodine

excretion (UIE) and thyroidal microsomal antibody (Pala-

niappan et al. 2017). More than adequate iodine intake

could be a public health concern in terms of thyroid

function and thyroid autoimmunity in the Chinese popu-

lations (Teng et al. 2011), school children in Delhi,

(Gopalakrishnan et al. 2006), in North western Greece

(Zois et al.2003) and iodine supplemented areas of Athens

and suburbs (Kaloumenou et al. 2008). However, it has

also been reported that introduction of iodized salt to

severely iodine-deficient children does not provoke thyroid

autoimmunity (Zimmermann et al. 2003). In spite of ade-

quate iodine prophylaxis, goitre prevalence has not reduced

as much as expected indicating the involvement of factors

other than iodine deficiency in goitrogenesis in many areas

of India; further enlargement of thyroid for autoimmunity

may in part found responsible for existing goitre preva-

lence (Marwaha et al. 2003). In post salt iodization phase,

the children in the state of Manipur of north east India

found goitrous, in spite of their adequate iodine intake.

However, their genetic susceptibility associated with

excess thiocyanate exposure that comes for the consump-

tion of bamboo shoots might have increased the risk for the

development of autoimmune thyroid disorders in their

latter phases of life (Chandra and Singh 2012). The coastal

plains of the Gangetic West Bengal found environmentally

iodine replete but iodine prophylaxis is also in vogue in the

region. The people get iodine both from local food and

water however endemic goitre found prevalent The large

goitre that are found in the region were histomorphologi-

cally and biochemically examined after surgical removal of

the gland and observed that the large goitrous subjects were

affected by Graves’ disease and the possible reason for the

development of this thyroid autoimmunity was for the

consumption of dietary goitrogens (thiocyanate precursors)

and iodine over and above the recommended level

(Chandra et al.2018) as thiocyanate promotes thyroid gland

size and thyroid autoimmunity (Singh et al. 2021) while

iodine prophylaxis also induces the similar effect (Pa-

panastasiou et al.2007).

Excess Iodine and Hypothyroidism

In individuals who could not adopt acute Wolf–Chaikoff

effect because of their damaged thyroid for earlier patho-

logical consequences or medication developed iodine-

induced hypothyroidism as evident by their low thyroid

hormone profile as well as enhanced TSH (Safran and

Braverman 1982; Saberi and Utiger 1975; Eng et al. 1999).

Sodium–Iodide Symporter (NIS), the transmembrane

glycoprotein found in the basal membrane of follicular

cells in thyroid actively transport iodide from circulation

into thyroid (Dai et al. 1996). High concentration of iodide

(I-) decreased NIS expression and thyroid function

through PI3K/AKt signalling pathway. The reactive oxy-

gen species (ROS) that is generated through this pathway

under the influence of excess I- inhibits NIS expression in

thyrocytes indicating the role of thyroid oxidative status to

the Wolff–Chaikoff effect (Serrano-Nascimento

et al.2014, 2016).

Excess Iodine and Hyperthyroidism

Excess iodine load is a rich substrate for production of

thyroid hormone in some susceptible subjects leading to

iodine induced hyperthyroidism (Jod Basedow phenomena)

(Leung and Braverman 2014). Wolff–Chaikoff effect is

found in euthyroid persons only. The outcome of excess

iodine on euthyroid subjects would not be compared with

those who are susceptible to thyroid diseases. Iodine

induced hyperthyroidism (Jod-Basadow phenomena) was

described first in early 1800’s where endemic goitrous

subjects were affected by thyrotoxocis after iodine sup-

plementation than in individuals without goitre (Coindet

1821). Hyperthyroidism that developed after iodine sup-

plementation might be transient or permanent that includes

nontoxic or diffuse nodular goitre, latent Grave’s disease

and long-standing iodine deficiency (Hussein et al. 2012).

Iodine—induced hyperthyroidism in euthyroid individuals

with nodular goitre in iodine—replete region has also been

noticed after excessive iodine supplementation (Vagenakis

et al.1972).

Excess Iodine and Thyroid Gland Disruption

The morphological and functional status of thyroid gland

after the exposure of iodine (KI) over and above the rec-

ommended level, two different doses as physiological dose

(100 times more than the recommended level) and phar-

macological dose (500 times more than its recommended

level) administered through gavage to adult female rats

regularly for two different durations as short (30 days) and

long (60 days) respectively (Lupachik et al.2007). Serum

GOT and GPT levels of the KI exposed group of animals

after both the doses for different durations were assayed

and found that these levels were not elevated in any of the

groups compared to normal rats suggesting that no toxicity

developed after the exposure of iodine as mentioned

(Chakraborty et al. 2016; Mahapatra and Chandra 2017).
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Iodine nutritional status, iodine content of thyroid, thyroid

hormonal profiles following serum T4 and T3 and histology

of thyroid were studied.

In all, the results revealed that excretion of iodine

increased on dose and time dependent manner in compar-

ison to normal group. Significant change in iodine content

of thyroid noticed in all the groups except the group treated

with physiological dose for short duration. In consistent

with iodine content in thyroid, significant decrease in

serum T3 level and increase in serum T4 level was found in

all the groups except the group as mentioned. The relative

thyroid gland weight was increased along with hypertro-

phy, hyperplasia of follicular cells and scalloping of colloid

within thyroid follicles resulting in necrosis and atrophy of

the follicles resembling goitre occurred in all the groups

depending on dose and duration of iodine exposure. The

study concludes that excess iodine even in physiological

dose may develop biochemical hypothyroidism if the

exposure is continued long while excessive iodine in

pharmacological doses develop such a state of hypothy-

roidism both after short and prolonged exposure (Chakra-

borty et al. 2016; Mahapatra and Chandra 2017).

KI is reported also to diminish the hyperplasia as well as

hypervascularity of thyroid which is characterized by the

diffuse goiter of Graves’ disease. Therefore, treatment with

KI is a common practice in surgical therapy for this dis-

order. It has been hypothesized that iodine binds to organic

compounds that interfere with the metabolic processes

required for development and maintenance of hyperplasia

and the possible cause for thyroid involution after excess

iodine (Pisarev and Itoiz 1972). The possible mechanism is

that that intracellular KI is necessary to exert its effect on

protein synthesis, and that this effect is mediated through

an organic form of iodine, probably iodothyronines. This

action of KI is specific for the thyroid gland only. There-

fore, potassium iodide (KI) has shown to have an

antigoitrogenic action and inhibits in vivo thyroid protein

biosynthesis (Pisarev and Aiello 1976).

Excess Iodine and Thyrocyte Apoptosis

The toxicity of iodine excess has shown both in cell sys-

tems and in animals. Thyroid gland involution has been

demonstrated in rats (Mahmoud et al.1986; Belshaw and

Becker 1973). Iodide inhibits the growth of thyroid cell and

induces morphological changes of porcine thyroid cells in

in vitro studies (Takasu et al. 1985). Effects of iodide

appears to be species specific because cytotoxic effect of

iodide has been demonstrated in FRTL-5 cells of rats but

not found in thyrocytes of dog in primary culture (Golstein

and Dumont 1996) Iodide induced cytotoxic effect on

thyrocytes of rat showed necrotic and apoptotic charac-

teristics, showing the involvement of the controlled

regulation of cell death leading to an active process of cell

self-destruction that requires activation of the genetic

programme, inducing changes in morphology, DNA frag-

mentation and protein cross-linking (Cohen 1993);Ellis

et al. 1991). Excess iodide induced apoptosis showed that

DNA damage is not the primary event in immortalized

thyroid cell line (TAD-2) in primary cultures of human

thyroid cells. This type of apoptosis is p53 independent,

does not require protein synthesis, and is not induced by

modulation of Bcl-2, Bcl-XL, or Bax protein expression.

However, indicate that excess molecular iodide, produced

by oxidation of ionic iodine through endogenous peroxi-

dases, induces apoptosis in thyroid cells through a mech-

anism involving generation of free radicals (Vitale et al.

2000). (Fig. 1).

Excess Iodine and Thyroid Hormone Receptive
Systems

Disruption in Reproduction

Thyroid hormones regulate development and growth of

gonads and their functions throughout the different phases

of life. Iodine prophylaxis through salt has increased iodine

intake in population especially in iodine-rich regions and

pose a serious risk in public health (Alsayed et al. 2008;

Camargo et al. 2008) including infertility (Paulı́ková et al.

2002), still births, abortions and embryo toxicity (Han et al.

2012).

Disruption in Male Reproduction

Supplementations of excess iodine have increased iodine

content in testis in proportion to the dose exposed. Excess

iodine induces marked alteration in the morphology and

histology of testis along with accessory sex organs viz.

epididymis, ventral prostrate, seminal vesicles as well as

coagulating gland in adult rats; in the seminiferous tubules,

degeneration in spermatogonia and germ cell content was

noticed. Electron microscopic observations also portrayed

the absence of sperm in excess iodine exposed groups.

Under the influence of iodine in excess the serum testos-

terone level was reduced which might be the probable

cause for the changes as mentioned. Excess iodine also

affects the functional characteristics of sperm i.e. acrosome

integrity, motility, mitochondrial membrane potential,

plasma membrane integrity, DNA fragmentation, cell

cycle, apoptosis—all these are associated with the

antifertility potential (Chakraborty et al. 2016; Chandra

and Chakraborty 2017).
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Disruption in Female Reproduction

The average duration of estrous cycle is 4.8 days in adult

female rats and is almost consistent (Astwood 1939;

Blandau et al.1941). Based on the characteristic of vaginal

smear, the duration of individual steps of the estrous cycle

of rats with a four- or five-day cycle are designated as

proestrous (12–14 h), estrous (25–27 h), metestrous

(6–8 h) and diestrous (55–57 h) respectively. Slight vari-

ations depending on species and age have also been

reported (Everett 1980; Felicio et al. 1984). The rhythmical

changes that take place in the ovary of a sexually mature

female rat is dependent on the changes in the gonadal

hormonal levels as well as pituitary gonadotropins (Lerner

1969; Neguin et al. 1975). Serum levels of estrogens,

progesterone, LH and FSH are the major regulators in

modulating the cyclical changes in females. Any exoge-

nous or internal stimulus that brings about changes in the

ovarian physiology consequently brings about respective

changes in the estrous cycle periodicity.

After excess and excessive iodine (physiological and

pharmacological doses respectively) ingestion in adult

female rats, marked alteration in the periodicity at each

stage resulting in overall increase in total duration of cycle

was found. In ovary, iodine accumulation is also varied

with the stages of estrous cycle in iodine ingested groups of

animals; maximum accumulation of iodine was noticed in

estrous stage followed by diestrous and least in proestrous

stage in comparison to normal adult female rats. To

understand the possible cause for the alteration in the

duration of estrous cycle, serum gonadal hormones

(estrogens and progesterone) and gonadotropins (LH and

Fig. 1 Excess iodine induced thyroid status
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FSH) levels were assayed in excess and excessive iodine

exposed groups of animals.

Exposure of iodine over and above the recommended

level to experimental female animals serum gonadal hor-

monal levels were altered that regulate the changes in

estrous cyclic pattern. Serum estradiol (E2) level was

decreased in excess iodine administered group but

remained elevated in excessive iodine exposed group

throughout the stages of estrous cycle. In other words, there

developed a hypoestrogenic state in excess iodine group

but a hyperestrogenic state in excessive iodine exposed

group compared to normal animals. These altered changes

in gonadal hormonal profiles had induced alteration in the

activities in steroidogenic enzymes in the different stages

of estrous cycle. Activities of steroidogenic enzymes (viz

D5 3b HSD, 17b HSD and aromatase) found elevated in

excessive iodine exposed group and was responsible for the

increased serum estrogen (E2) level developing a hypere-

strogenic state; while the decreased activities of the

steroidogenic enzymes in excess iodine exposed animals

was responsible for the decreased serum estrogen and

progesterone levels. The changes that occurred in gonadal

hormonal levels has also reflected in the alteration with the

activity of pituitary–gonadal axis that brings an alteration

in serum LH and FSH levels (Mahapatra et al. 2017).

Therefore, on exposure to excess and excessive iodine, the

normal ovarian function was disrupted that has also been

attributed in the fertility potential. It is evident from the

number of neonates analysed after successful mating till

delivery of the litter. The presence of sperm in vaginal

smear is considered as day ‘0’ of pregnancy and after

21–23 days (gestation period of rats) the neonates were

counted. Following this the number of neonates was anal-

ysed in normal and iodine exposed groups of experimental

animals. In normal rats maximum number of pups indicates

100% fertility index while in both the excess and excessive

iodine exposed groups of animals pregnancy does not occur

indicating negative fertility index (Mahapatra et al. 2017).

Impairment of Iodine Nutritional Status of Breast Fed

infants

Expression of NIS is high in the lactating mammary gland

and thus capable to concentrate iodine even when the

iodine intake is low and thus even in the phase of iodine

deficiency iodine supply to the new born is maintained

through breast milk (Tazebay et al. 2000). In coastal areas

of West Bengal, India the environment is iodine replete; in

addition iodine is supplemented through iodized salt.

Median urinary iodine concentration (MIC) of both lac-

tating mothers and their absolutely breast fed infants

(0–3 months) were found higher than the recommended

level as per WHO/UNICEF/ICCIDD (2007) guidelines.

The overall UIC of the breast fed infants found signifi-

cantly higher than their mothers. The median breast milk

iodine concentration was significantly higher than the

mothers’ median UIC. Therefore, the iodine nutritional

status of the breast fed infants of the studied areas is at the

limit of above requirement and excess to a certain portion

or in other words they are at the risk of excess iodine (Pal

et al. 2018).

The influence of excess iodine on intelligence in human

is yet to establish. Epidemiological findings did not show

the effects of excess iodine on intelligence (Gao et al.

2004). However, iodine excess can damage children’s

intelligence level (Liu et al. 2009) and it is also observed

that iodine excess at a certain concentration can cause

intelligence damage as observe through meta-analysis (Ren

and Zhong 2014). The main reason of impairing intelli-

gence is that iodine excess induces hypothyroidism (Burgi

2010), which in turn can cause mental retardation (Krassas

et al. 2015); moreover there are in vitro and in vivo studies

revealing that excess iodine damages nerve cells. Iodine in

excess can cause impairment of learning and memory in

2-month-old male offspring (Zhao et al. 2019) and

4-month-old females (Cui et al. 2018).

Disruption in Functional and Morphological

(Histological) Status of Brain

Functional Status

The brain is the largest and most complex organ in the

body consists of billions of nerve cells that communicate in

trillions of connections through synapses. The specialized

areas of brain are cerebral cortex, cerebellum, hippocam-

pus, and hypothalamus. Exposure of iodine over and above

the recommended level in the functional status of the major

areas of brain was studied following Na?-K? ATPase,

acetylcholine esterase (AchE) and monoamino oxidase

(MAO) activities.

Sodium–potassium-ATPase (Na?-K?-ATPase) is

involved in the maintenance of polarized condition in nerve

cells because of its asymmetrical distribution of Na? and

K? ions across the plasma membrane. This ion gradient

determines the resting potential of cells and drive sec-

ondary processes (Blanco and Mercer 1998; Mobasheri

et al. 2001). Cognitive deficit has been reported in situa-

tions where Na?-K?-ATPase activity was reduced such as

Alzheimer disease and under oxidative stress (Hattori et al.

1998: Lehotský et al. 1999). In cerebral cortex and hip-

pocampus, after exposure of iodine in excess (physiologi-

cal dose) and excessive (pharmacological dose) doses for

short and prolonged duration decreased Na?-K?-ATPase

actively markedly however no such changes were noticed
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in hypothalamus and cerebellum in brain of adult male rats

(Mandal et al. 2016).

In central nervous system acetyl choline esterase

(AChE) alters neuronal activity, synaptic plasticity and co-

ordinates firing the group of neurones by regulating the

concentration of acetylcholine (Krakowiak et al. 2012).

AChE activity was increased in cerebral cortex and hip-

pocampus after excess iodine exposure in adult male albino

rats but reverse effect was observed in hypothalamus and

cerebellum (Mandal et al. 2016).

Monoamine oxidase (MAO) converts amines to their

corresponding aldehydes. The monoamine hypothesis

postulates that depression is due to deficiency of mono-

amine neurotransmitter nor-epinephrine (NE) and 5-hy-

droxy tryptophan (5-HT) in the important areas of brain

((Fišar et al. 2010). MAO activity was increased after

excess iodine treatment in cerebral cortex, hippocampus

and cerebellum but no such alteration was found in

hypothalamus (unpublished results).

Certain biomarkers of stress in major areas of brain was

studied and found that in cerebral cortex, lipid peroxidation

level was augmented depending on dose and time of

exposure of excess iodine, while catalase and SOD activity

initially increased and then decreased. Similar changes

were noticed in hippocampus but the severity was less than

cerebral cortex. However such changes were not noticed in

hypothalamus and cerebellum. Therefore all the concerned

antioxidant enzyme activities failed to cope up the situation

possibly for breakdown of antioxidant defence mechanism

creating a state of cytotoxicity and brain damage in cortex

and hippocampus (unpublished results).

Morphological (Histological) Status

To study the influence of iodine exposure over and above

the recommended level on structural alteration in major

areas of brain, the morphological and histological changes

in cerebral cortex, hippocampus, hypothalamus and cere-

bellum were investigated.

A significant decrease in weight of the cerebral cortex,

hippocampus, and cerebellum were noted depending on

doses and duration of the exposure of iodine in excess

however no such change was noticed in hypothalamus.

Histological changes of the different areas of brain have

been discussed in the preceding section.

(i) Cerebral cortex

Histological alterations evident by changes in astro-

cytes, microglia, oligodendroglia and axon fibres in cere-

bral cortex have been studied using silver nitrate stain

taking silver nitrate at different concentrations (Weil and

Davenport 1933).

Typical astrogliosis (number and concentration of

astrocytes) found after the exposure of excess iodine but

the length of their processes decreased gradually. Astro-

cytes with their long radiating processes maintain the

integrity of the cortex and they also convert T4 to T3 for the

presence of deiodinase 2 (D2) (Guadaño-Ferraz et al. 1997.

Astrogliosis occurs due to toxic and traumatic means

through a complex process that includes morphological and

functional changes (Colangelo et al. 2012). Exposure of

excess and excessive iodine both for short and long dura-

tions respectively showed no toxic effect as serum SGOT

and SGPT levels remained unaltered indicating the

involvement of other mechanism. Presumably the devel-

oped hypothyroidism after excess iodine exposure induced

astroglosis.

Microglia is the phagocytic cells of nervous system

involved in cleaning the cell debris; during phagocytic

reaction with foreign bodies microglia are degenerated.

Presence of amoeboid microglia is a marker of inflamma-

tion (Arcuri et al. 2017). After exposure of excess and

excessive iodine for long duration, hypothyroidism pro-

gresses that increased microglia concentration, further

ramification of microglia took place that in course of time

change the shape of amoeboid called amoeboid microglia

(unpublished results).

Oligodendroglias are the glial cells of nervous system

and are involved in the generation of myelin sheath (Nave

and Werner 2014). Excess iodine exposure for long dura-

tion caused degeneration of nerve fibres for impaired

myelin sheath (unpublished results).

Exposure of excess iodine for prolonged duration has

detrimental effect on cerebral cortex manifested by

astrogliosis, degeneration of axon fibres and other sup-

porting cells that may lead to degenerative disease (un-

published results).

(ii) Hippocampus

In hippocampus excess iodine exposure for longer

duration had increased the number of astrocytes as well as

disintegrated microglia (unpublished results) Disintegra-

tion of microglia is the sign of neuroinflamation in hip-

pocampus (Bruccoleri and Harry 2000; Harry and Kraft

2008). Excessive iodine treatment had also increased

oligodendrocytes concentration rather numbers but these

cells undergo degenerative changes; such degenerative

changes decrease the efficacy of these cells in the forma-

tion of myelin sheath (Bradl and Lassmann. 2010).

(iii) Hypothalamus

This area is quite resistant to morphological rather

structural changes induced by excess iodine in respect of

glial cells (astrocytes, microglia and oligodendroglia) as

well as nerve fibres. Excess iodine induced hypothyroidism

results in less thyroid hormones (T4 and T3) in circulation
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that is responsible for histological changes in the different

areas of brain however, the distribution of thyroid hormone

receptors in this region found less in hypothalamus (un-

published results).

(iv) Cerebellum

The density of astrocytes and oligodendrocytes in

cerebellum was increased after prolonged excess iodine

exposure. The concentration of oligodendrocytes was

increased with the increase in perinuclear space for disso-

lution of the membrane with the dose and duration of

iodine exposure. Further there occurred degeneration of

axon fibres in the medulla of cerebellum containing white

matter. The probable reason of such changes in cellular

architecture is for increased lipid peroxidation after expo-

sure of excess and excessive iodine for prolonged duration

(unpublished results).

Excess iodine induced hypothyroidism therefore, impair

glial cell functions causing functional as well as morpho-

logical impairment of the major areas of brain developing

neurological disorders. Neurodegeneration begins for fail-

ure in brain homeostasis and alterations in connectivity of

neural networks that signals for early cognitive impair-

ments (Kimelberg and Nedergaard 2010; Heneka et al.

2010). Adult hypothyroid patients show cognitive weak-

ening, memory impairment and depression (Boelaert and

Franklyn 2005; Chen et al. 2012; Cortés et al. 2012) and

the observations as found after excess iodine exposure are

consistent with clinical symptoms.

Disruption in Immune System

Thyroid autoimmunity from iodine prophylaxis is another

induction of excess iodine intake. Experiments conducted

in animal models reveal that iodine could initiate or

intensify thyroid autoimmunity however its effects in

humans found not consistent because of inherited, racial

and ecological variations ((Papanastasi et al.2007). The

mechanisms that have been anticipated for iodine induced

thyroid autoimmunity are.

(i) Increased immunogenicity of a highly iodinated Tg

(Ruwhof and Drexhage 2001)

(ii) Toxic effect of iodine in thyroid follicular cells

(Mahmoud et al. 1986) and

(iii) Direct stimulation by iodine on immune and

immune-related cells (Mooij et al. 1994; Sharma

et al. 2005).

Iodine incorporation in thyroglobulin molecules

increases its antigenicity by the formation of iodinated neo-

epitopes in experimental animal models. In genetically pre-

disposed animals, excess iodine leads to high incidence

whereas low iodine intake leads to low incidence of auto

immune thryroiditis (Ruwhof and Drexhage 2001). The

other suggested mechanism by which iodine modulates

thyroid auto immunity after intake of high dose of iodine to

goitrous animals causes necrosis and inflammation of

thyroid cells (Mahmoud et al. 1986). This is because rel-

atively large amounts of iodine oxidized by TPO producing

large amount of oxygen radicals that causes damage of cell

membrane, which could be the first step of lymphocytic

infiltration and autoimmunity. The third proposed mecha-

nism is that iodine stimulates immune cells such as mac-

rophages, T and B lymphocytes and dendritic cells.

Thyroid hormones, iodinated Tg and the iodinated com-

pounds enhance the transition of monocytes into dendritic

cells (Mooij et al. 1994). In addition, iodine excess

increases expression of intercellular adhesion molecules- I

which promotes cell to cell interaction and enhances the

inflammatory process in thyroid cell in genetically sus-

ceptible mice for the development of auto immune thy-

roiditis (Sharma et al. 2005).

It has also been reported from our laboratory that

exposure of iodine in moderate and excessive doses in rat

caused impairment of SOD, Catalase and GPx activities

leading to elevated NO, LPO in lymphocytes with

increased IL-6 and TNF-a level, lymphocytic proliferation

and DNA damage depending on the doses of iodine that

might be the cause of autoimmune thyroid disease in long

run (Saha et al. 2019).

Iodine in excess therefore, has an immunomodulatory

effect in thyroid developing autoimmunity. In one of our

studies reported from Manipur of North East India, a

classical goitre endemic belt in Sub Himalayan region mild

goiter endemicity found prevalent of children and women

in spite of effective salt iodization. A percentage of goi-

trous population has sub clinical and overt hypo- and

hyperthyroidism with elevated thyroid auto antibodies and

hypoechoic thyroid and they were at the risk of malig-

nancy. In general there is no evidence of autoimmunity in

those affected by endemic goitre (Weetman 2003). This

study concludes that elevated thyroid auto antibodies along

with exposure of iodine and thiocyanate in current level

might be the possible reason for progression the goitrous

population towards thyroid auto immune disorders (Singh

et al. 2021).

Disruption in Carbohydrate and Lipid Metabolism

Prolonged exposure of excess iodine in carbohydrate and

lipid metabolic pattern and the histoarchitecture of the

pancreas, liver, kidney, as well as skeletal and cardiac

muscles were studied in experimental animals. Under the

influence of excess iodine, the body weight and the

excretion of iodine in urine were increased while serum

thyroid hormone levels decreased developing a state of
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Physiological 
Dose (30 days)

Physiological 
Dose (60 days)

Pharmacological Dose (30 
days)

Pharmacological Dose
(60 days)

Reproduction

1) Male

� Sperm Count

� Sperm viability

2) Female

� Estrous 

cyclicity/Duration

� Fertility index (%)

Normal

Normal

-------

Low (+)

Low (+)

Extended

100%

Low (++)

Low (++)

-----

Low (+++)

Low (+++)

Ceased

100%

Brain

1) Cerebral Cortex

� AchE activity

� MAO activity

� Na-K ATPase activity

2) Hippocampus

� AchE activity

� MAO activity

� Na-K ATPase activity

3) Hypothalamus

� AchE activity

� MAO activity

� Na-K ATPase activity

4) Cerebellum

� AchE activity

� MAO activity

� Na-K ATPase activity

Immune System

No Change

No Change

No Change

No Change

No Change

No Change

No Change

No Change

No Change

No Change

No Change

No Change

No Change

Increased (+)

Increased (+)

Decreased (+)

Increased (+)

No Change

Decreased (+)

No Change

No Change

No Change

No Change

Increased (+)

No Change

Depressed (+)

IIncreased (++)

Increased (++)

Decreased (++)

No Change

Increased (+)

Decreased (++)

No Change

No Change

No Change

No Change

Increased (++)

No Change

Depressed (++)

InIncreased (+++)

Increased (+++)

Decreased (+++)

Increased (++)

Increased (++)

Decreased (+++)

No Change

No Change

No Change

No Change

Increased (+++)

No Change

Depressed (+++)

Carbohydrate and Lipid 

Metabolism

� Blood Glucose

� Cholesterol

� Triglycerides

� LDL

� VLDL

� HDL

� Disruption of Liver, 

Pancreas, Skeletal 

muscle

- - - Increased (+++)

Decreased (++)

Increased (+++)

AchE: Acetylcholine esterase, MAO: Monoamine oxidase, LDL: Low Density Lipoprotein, VLDL: Very Low Density 

Lipoprotein, HDL: High Density Lipoprotein 

(+) : Mild, (++) : Moderate, (+++) : High

Fig. 2 Effects of excess iodine (physiological dose) and excessive iodine (pharmacological dose) on thyroid hormone receptive systems for

different durations (30 days and 60 days)
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primary thyroid dysfunction. In consistent with these, there

was an increase in blood glucose, cholesterol, triglycerides,

low density lipoprotein (LDL), and very low density

lipoprotein (VLDL), while the levels of high density

lipoprotein (HDL) was decreased. However, in the liver

and skeletal muscle glycogen content was decreased and it

was increased in the cardiac muscle and renal tissue. His-

toarchitecture of the pancreas showed drastic disruption

with any recognizable characteristics. The structure of liver

revealed the enlarged central vein with degenerating hep-

atocytes, while the skeletal muscle showed dissolution of

muscle fibre cells associated with glycogen loss from these

organs. The heart shows the same features to that of a fatty

heart with cardiac muscles mutilation, while the kidney

shows an increase in glomerular tuft size with expansion of

Bowman’s space indicating structural disruption. Pro-

longed exposure of excess iodine causes a biochemical

state of hypothyroidism; the hypothyroidism that devel-

oped induces the hyperglycaemic and hypercholestromic

states, depletes glycogen at normal storage sites in the liver

and skeletal muscle at the expense in other sites as cardiac

muscle and kidney. Severe destruction of the pancreatic

structure is also evident from histological sections. All such

changes are prerogative for the pathogenesis of cardio-

vascular and renal diseases (Sarkar et al. 2018) (Fig. 2).

Conclusion

Iodine prophylaxis has increased iodine ingestion and

gradually decreased disorders of iodine deficiency however

a only ‘one size fits ‘ criterion not considering local setting

like accessibility of iodine in food and water in iodine-

replete milieu has augmented the danger of excess iodine

intake in inhabitants of several regions. Excess intake of

iodine caused iodine induced-thyroid disorders including

autoimmune disorders in vulnerable individuals but its

effects on thyroid hormone responsive systems have not

been explored effectively. Experiments performed in ani-

mal models propose that iodine in excess even in physio-

logical doses for long damages structural and functional

status of thyroid, both male and female reproductive sys-

tems leading to infertility, affect major areas of brain

causing neurodegenerative disorders, alter carbohydrate

and lipid metabolic pattern, impair immune functions

developing autoimmunity through diverse mechanisms

depending on relative strength and length of excess iodine

exposure.

Like its deficiency, iodine excess should be avoided not

only for the protection of thyroid functions but also for

other thyroid hormone receptive major systems as descri-

bed. For the rectification of iodine deficiency iodine pro-

phylaxis should be continued however proper follow-up

over time and continuous monitoring on iodine intake have

to sustain to avoid its unfavourable consequences.
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