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Histomorphological and Biochemical Analysis of Large Goitres
in Iodine Replete Gangetic Plains of West Bengal, India:
Is The Spectrum Shifting Towards Graves’ Disease?
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Abstract

Background and Objective: Endemic goitre is the most important clinical manifestation of iodine deficiency
disorders (IDDs). To prevent IDDs, universal salt iodisation (USI) has been implemented, irrespective of the
environmental iodine content of the region that might not necessarily be iodine-deficient, like the Gangetic
plains of West Bengal (WB), India. In this study, surgical specimens of goitrous thyroids from patients of
the Gangetic plains of WB were investigated with the objective to explore the aetiology of large goitres.

Materials and Methods: Seven specimens of thyroid tissue of large goitrous subjects after their thyroidectomy
were collected during June 2014 - May 2015. To know their thyroid functional status, serum total thyroxine
(TT4), total triiodothyronine (TT3) and thyroid stimulating hormone (TSH) were assayed prior to their surgery
; to understand their thyroid gland status, histology of thyroid as well as the activity of thyroid hormone
synthesizing enzymes as sodium-potassium adenosine triphosphatase (Na-K-ATPase), thyroid peroxidase
(TPO) and deiodinase (5’DI) from excised specimen were assayed.

Results: The pre-operative serum TT3, TT4 and TSH levels were within normal range in all patients. In thyroid
tissue specimen, activities of enzymes (Na+-K+-ATPase, TPO, 5’-DI) were noted. The follicles were distended
with colloids as found in colloid goitre, with flattened lining epithelial cells. Further involution was almost
complete. However, there were areas having smaller follicles with peripheral vacuolations and scalloping
within the thin colloids, showing that resorption of colloid continued to occur as found in Graves’ disease.

Conclusion: Large goitres in patients belonging to iodine replete Gangetic plains of West Bengal histologically
mimic Graves’ disease apparently developed for the consumption of dietary goitrogens, including excess
iodine for USI programme.
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and allied human practices. For example, thiocyanate
(SCN–) from the cyanogenic plant-foods (2, 8) that
competes with iodide for entry within the thyroid
follicles, exposure to excessive dietary calcium (9),
microbial and other contaminants in drinking water
(10), and even tobacco-smoke inhalation (11) might
act as goitrogens and aggravate the consequences
of iodine deficiency that might be existing in its given
extent at the population level. On the other hand,
even excess iodine has been found to increase the
prevalence of thyroid disorders including goitre (12).

It needs to be emphasised that iodine deficiency
alone might not be enough for goitrogenesis due to
the efficient adaptability of human physiology whereby
the thyroid’s iodine trapping capacity is increased
(13, 14). This has been observed in experimental
goitrogenesis in animal models too (15). In both
human subjects and experimental animals, there was
high iodine uptake with rapid turnover, increased
thyroid stimulating hormone (TSH) level, low TT4 and
normal TT3 levels in plasma. Thyroids of iodine-
deficient rats showed glandular hypertrophy with great
increase in vascularity and small follicles with much
decreased luminal spaces. However this pattern of
iodine dynamics, with a high turnover of thyroid iodine,
disappears with age (16). Therefore, by increasing
iodine uptake with minimal dietary supply, utilising
endogenous iodine, and increasing the potentiality
of thyroid hormone synthesis by shifting the synthesis
towards T3, the thyroid compensates successfully
for low dietary iodine. Further, increased generation
of T3 by thyroid, which decreases the loss of T4 and
iodine through rT3 pathway, occurs in endemic iodine-
deficient areas (8, 17). The occurrence of goitres in
relatively iodine-sufficient areas therefore implies that
the  environmental  goi t rogens overwhelm the
com pensatory m echanism  o f  hum an thyro id
physiology and result in thyroid swellings which often
attain large size. Large goitres are not an adaptation
to iodine deficiency but rather an overreaction of
thyroid just as the keloid is an overreaction in the
scarring process.

In the setting of goitrogenesis in iodine-sufficient
areas where the implicating factors include various
env i ronm enta l  goi t rogens  a long wi th  iod ine
supplementation in salt, the need arises to evaluate

Introduction

The major manifestations of iodine def iciency
disorders (IDDs) are endemic goitre, mental defects,
deaf-mutism, still-birth and miscarriages, weakness
and paralysis of muscles as well as lesser degrees
of mental and physical dysfunctional states (1).
Prevalence of visible goitre has been reported from
the Sundarban delta covering the districts of 24-
Paraganas of coastal West Bengal. Results from our
earlier survey on endemic goitre in the Sundarban
delta of North and South 24-Paragana districts
revealed that school-children in the age-group of 6-
12 years from both sexes were severely affected by
endemic goitre (2, 3). School children in the age
group 6-12 years from both sexes were selected for
the study, because of their high vulnerability to goitre,
easy access ib i l i t y,  and tha t  they are  the
representative of their community (4). This age group
reflected the correct status of iodine nutrition in the
general population (5). Goitre survey was conducted
in those areas during 2001–2006 in post salt
iodization period (which till continued) under the
financial assistance of DST (Govt. of West Bengal).
After that no such study has been organised and
thus the results of our study might be considered as
the last published report (2, 3).

Although the intake of iodised salt in this region was
little more than 65%, the median urinary iodine levels
in these children was more than adequate as iodine
content in drinking water indicates that the region is
iodine replete and thus there was no biochemical
iodine deficiency of the population. The study area
is in the coastal region of West Bengal and the
iodine content in drinking water was measured and
found that it is 48.9±30.7 ug/l (6) Zeltser et al (7)
categorised the iodine deficient zones having less
than 4 ug/l of water; moderate deficient zone with
iodine level 4-10 ug/l and the relative deficient zone
having iodine level 20 ug/l of water. According to
these criteria, the region might be considered as
iodine replete zone as evident by iodine content in
drinking water. A positive correlation was found
between iodine content in drinking water and urinary
iodine level (6). The prevalence of goitre inspite of
this should therefore be explained by factors other
than iodine deficiency, like regional diet, environment
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the histologic and biochemical behaviour of large
goitre and to note any shift in the known pattern of
the disease pathology. In the present observational
(considering the sample size and non availability of
normal values of the investigated parameters) study,
the pathophysiology of  thyroids of  individuals
belonging to the Gangetic plains of West Bengal
having large goitres that were surgically removed have
been investigated by studying their histology,
hormone synthesising capacity as evident by the
ac t iv i t ies  o f  sod ium –potass ium  adenos ine
triphosphatase (Na+-K+-ATPase], thyroid peroxidase
(TPO), and deiodinase (5’-DI) as well as serum
thyroid hormone profile assessed prior to surgery.

Materials and Methods

Subject selection

All the patients who have large goitre were from
iodine- replete Gangetic plains of West Bengal, India
got admitted in Medical College & Hospital, Kolkata
during June 2014 – May 2015 for removal of enlarged
thyroid. The age, sex, domicile and physical state
of the thyroid gland are shown in Table I. Necessary
approval of the Institutional Ethical Committee of the
Department of Physiology, University of Calcutta has
been obtained for the present investigation.

Clinical examination of goitre/large goitre

A thyroid gland is considered goitrous when each
lateral lobe has a volume greater than the terminal
phalanx of the thumbs of the subject being examined.

Simplified Classification of goitre by palpation (18)

Grade 0: No palpable or visible goitre

Grade 1: A goitre that is palpable but not visible
when the neck is in the normal position (i.e. the
thyroid is not visibly enlarged). Thyroid nodules in a
thyroid which is otherwise not enlarged fall into this
category.

Grade 2: A swelling in the neck that is clearly visible
when the neck is in a normal posit ion and is

consistent with an enlarged thyroid when the neck
is palpated.

All the dissected thyroids were distinct visible goitre
of Grade 2 as per above mentioned classification.
Goitre size of the patients was so large producing
symptoms and signs of mechanical obstruction and
compression, namely difficulty of breathing, stridor,
hoarseness and dysphagia collectively termed as
mass effects and their thyroid gland was thus
removed.

Collection of large goitrous tissue

Small portions from surgically removed thyroid glands
of patients, who underwent surgery in the Department
of Otorhinolaryngology and Head-Neck Surgery,
Medical College and Hospital, Kolkata, were collected
just after surgery in iceboxes and immediately
transfer red to the Department of  Physio logy,
University of Calcutta. Prior to surgery, informed
consent was obtained from the patients that part of
their surgically removed thyroid tissue would be
analysed for certain histo-biochemical investigations.
Details of the patients viz, age, sex, place of
residence, drugs they used, physical status of thyroid
gland and pre-operative serum thyroid hormone profile
were recorded from the hospital records. In the
laboratory, portions of the collected thyroid gland
were preserved at -20°C for further processing. The
samples were collected during the period of June
2014 to May 2015.

Histology of the thyroid gland

The surgically removed portion of the thyroid gland
was fixed in 10% neutral buffered formalin fixative
and embedded in paraffin. Sections were stained with
haematoxylin and eosin and were examined under
light compound microscope (Model: CH20i Olympus;
serial no. 8A06177) at ×100 and ×400 magnifications
for histopathology. The photomicrographs were taken
using Nikon Cool Pix P1500 digital camera.

Assay of thyroid hormone synthesising activities

Thyroid peroxidase (TPO) activity

In this study, the TPO activity was measured by the
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method introduced by Alexander in 1962 (19). A 10%
homogenate was prepared using pooled thyroid
tissues (i.e., thyroid tissue from different areas of
ectomised thyroid gland in a particular patient)
obtained from the surgically resected sample in
phosphate buffer (pH 7.2, 100 mM) and sucrose
solution (500 mM) at 4°C. Homogenisation was
carried out in a glass homogeniser (Potter-Elvehjem)
for 45-60s at 4400×g and about 15 strokes/min. The
homogenate was centrifuged at 1000×g for 10 min.
This low-speed supernatant was further centrifuged
at 10,000×g for 10 min at 4°C to get the mitochondrial
f rac t ion. Immediate ly af ter  centr i fugat ion the
precipitate was solubilised in phosphate buffer (pH
7.2). TPO activity was measured in a 1ml cuvette
containing 0.9 ml acetate buffer (pH 5.2, 50 mM), 10
µl potassium iodide (1.7 mM) and 20 µl microsomal
fraction of thyroid tissue. Finally, freshly prepared
20 µl hydrogen peroxide (0.3 mM) was added to
start the reaction for assaying the TPO activity (OD/
min/mg protein) in spectrophotometer (UV-1240
Shimadzu) at 353 nm. The pooled sample was
assayed in duplicate.

Na+-K+-ATPase activity

Thyroidal Na+-K+-ATPase activity was measured by
the method of Esmann (20) with slight modification
as described by Sarkar (21). In brief, microsomal
fraction of thyroid tissue homogenate was incubated
in react ion m ix tures of  ( i )  30 mM im idazole
hydrochloric acid (HCl), 130 mM sodium chloride
(NaCl), 20 mM potassium chloride (KCl), 4 mM
magnesium chloride (MgCl

2
) and (ii) 30 mM imidazole

HCl, 4 mM MgCl
2
 and 1 mMouabain (Sigma Chemical

Co., USA) at pH 7.4 for 60 minutes at 0°C. The
reaction was started by addition of 4 mMTris-ATP
(hydroxym ethylam ionoethane hydroch lor ide
adenosine triphosphate) at 37%C and stopped with
0.1 ml of 20% SDS (sodium dodecyl sulphate) after
10 minutes. The inorganic phosphate (Pi) liberated
was determined by reading the absorbance at 850
nm in a UV-mini1240, Shimadzu, Japan following the
method of Baginski et al. (22). The enzyme activity
was expressed as “nmol of Pi liberated per hour per
mg protein” calculated from a standard curve of
potassium dihydrogen phosphate. The pooled sample
was assayed in duplicate.

Deiodinase activity

Deiodinase (5’-DI) activity has been measured
according to the method of Ködding et al. (23) with
slight modification. Briefly, a substrate solution of
0.1 M Tris-HCl buffer (pH 7.4), 3 mM ethylene
diamninetetrachloro acetic acid (EDTA) and 150 mM
dithioerythritol (DTE) containing 0.4 µM T4 and100-
150 µg pooled thyroid tissue protein in a final volume
of 400 µl was incubated at 37°C for 30 minutes. The
monodeiodination reaction of T4 to T3 was terminated
by the addition of 800 µl ice-cold absolute ethanol,
followed by shaking for 8 minutes at 4°C. The
reactants were then centrifuged at 10,500×g at 4°C
for 8 minutes and the ethanol supernatants were
collected for measurement of T3 content. For all
samples, values for zero time were prepared by adding
the tissue to the substrate containing T4 after the
addition of alcohol. The concentration of T3 in the
ethanolic extract after 0 and 30 minutes of incubation
were estimated by ELISA. The activity of 5’-DI was
calculated as the difference of the 0 and 30 minute
values and expressed in terms of “pmoles T3 formed
per mg of protein”. The pooled sample was assayed
in duplicate. The validity of the method of assay has
been justified by the pre-incubation of the sample
with the 5’-DI inhibitor, propylthiouracil (PTU) that
resulted in >50% inhibition of the enzyme activity. It
needs to be mentioned here that conversion of T4 to
rT3 by 5’-DI cannot proceed under such simulated
conditions, as rT3 formation can occur only under a
high pH and substrate concentration, unlike T4 to T3
monodeiodination, as found in our experimental
condition.

Protein estimation

For the assay of thyroid peroxidase (TPO) activity
total protein in thyroid tissue was estimated by the
method of Lowry et al. (24) using bovine serum
albumin (BSA) as the standard protein. The results
of TPO activity is expressed in terms of  OD
change/min/mg protein. In goitrous subjects there is
increased level of TSH, low level of T4 and normal
level of T3 in plasma (16).

ELISA of serum total thyroxine (TT4)

All the samples for measurement were preserved at
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-20°C. Circulating TT4 level was assayed using ELISA
TT4 kit obtained from RFCL Limited, India [Code no.
HETT 908 T4]. The sensitivity of the TT4 assay was
0.4 µg/dl.

ELISA of serum total triiodothyronine (TT3)

All the samples for measurement were preserved at
–20°C. Circulating TT3 level was assayed using
ELISA. TT3 kit obtained from RFCL Limited, India
[Code no. HETT 1028]. The sensitivity of the tT3
assay was 0.04 ng/ml.

ELISA of serum thyroid stimulating hormone (TSH)

Serum samples were preserved at  -20°C for
measurement of TSH. Circulating TSH level was
assayed using ELISA TSH kit obtained from Phoenix
Pharmaceuticals, Inc [Cat no. EK-310-01]. The
sensitivity of the TSH assay was 0.2 µIU/ml.

For assay of TT4, TT3 and TSH in serum 2.5-3 ml
blood was collected from individual patient in sterile
syringe. Automated analyzers were not available in
the Institute where the study was conducted and
measured TT4 and TT3 using ELISA for thyroid
functional tests and not free T4 and free T3 though
it is known that thyroid binding proteins (TBP) might
interfere in the assessment of total thyroid hormone
profile.

Results

The particulars of the patients along with their
demographic details and physical nature of the
goitres have been summarised in Table I. All seven

patients were women with an average age of 33 years
(range: 18-53 years). All of them belonged to the
southern districts of West Bengal in the Gangetic
p la ins ,  and had la rge go i t res  (grade 2)  a t
presentation. Goitre sizes of the patients were so
large that that these were producing mass effect to
the affected subjects and thus their glands were
removed.

Histology of the thyroid gland

Most of the thyroid follicles were embedded within
prominent fibrous stroma and were found to be large
and distended with well-stained colloids, with almost
complete involution. The lining epithelium was
intensely hyperplastic with flattened epithelial cells
that comprised of tall columnar cells with prominent
vesicular nuclei showing a marked tendency to form
papilliferous projections into the lumen. In lower
magnification (x100), the whole of the goitrous thyroid
had a gross histologic picture similar to that found
in colloid goitre (Fig. 1).

No lymphocytic proliferation was noted. However,
there were areas with numerous proportionately
smaller follicles that could be visible under higher
magnification (x400) throughout the gland. Some
areas of col loid within these fol l ic les stained
relatively pale, and the portion towards the edges of
the fo l l ic les  were excessively scal loped. The
centrifugal resorption of the colloid material resulted
in peripheral vacuolations (Fig. 2). Rest of the lumen
had only strands of pale-staining secretions. The
histologic picture comprising of aggregates of these
smaller follicles closely resembled that of Graves’
disease.

TABLE I : Baseline characteristics of subjects having large goitres.

Serial No. Age (years) Sex Domici le Physical state of the enlarged thyroid

S1 24 Female South 24-Paraganas Colloid goitre
S2 25 Female South 24-Paraganas Colloid goitre
S3 38 Female North 24-Paraganas Colloid goitre
S4 45 Female Howrah Colloid goitre
S5 24 Female PurbaMedinipur Colloid goitre
S6 18 Female North 24 Paraganas Colloid goitre
S7 53 Female South 24-Paraganas Nodular colloid goitre

S1-7 indicate the serial order of the subjects affected by colloid goitre.
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Fig. 2 : Photomicrographs of thyroid sections showed areas of smaller follicles having thinner, poorly stained colloid with
peripheral resorption, scalloping and resultant vacoulations (arrows), mimicking Graves’ disease. (H&E; x400) [S1-7
indicates the serial order of the subjects affected by colloid goiter].

Fig. 1 : Photomicrographs of thyroid sections showed large follicles with densely-stained colloid aterial with flattened lining
epithelium. (H&E; x100) [S1-7 indicates the serial order of the subjects affected by colloid goiter.]
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Thyroid hormone synthesising enzymes activit ies

It was observed that the surgically resected goitrous
thyroid glands had Na+-K+-ATPase, TPO and 5’-DI
activities (Table II). To compare the effect of these
enzymes activities with normal was not possible
because of non-availability of control data.

Thyroid hormone profi les

In this study, all the patients affected with large
goitre were inherently euthyroid at presentation as
evident by their pre-operative blood TFT level as
serum TSH, TT4 and TT3 levels except one (S5) who
had raised serum TT3 (Table II). All the studied
individuals were within their reproductive age group
and hai led  f rom  rura l  a reas.  Pr io r  to the i r
thyroidectomy in Medical College and Hospital,
Kolkata, detai led history as a part  of  rout ine
investigation regarding their food habits as well as
the use of drugs if any were obtained. The drug
history specifically included the use of contraceptive
pills, and also any other medication that could
adversely affect the thyroid physiology, and it was
revealed that none of them had such practice in the
past. However, it must be stated that estimating the
estrogen level in the blood was certainly not a routine
pre-operative investigation, and hence was not done.
Considering the intrinsic variability of hormonal levels
in human body that is essentially physiologic, it can
be speculated that the particular woman (S5) could
have had her estrogen level at a higher normal level,
that might have caused the high serum T3 value.
However,  we bel ieve that  this  should not  be
considered as representative throughout the sample
population, and would in no way threaten the

interpretation we obtained in our study.Based on the
observation of the present study it is difficult to
explain the cause of high serum T3 of that patient.
There are factors that can influence the molecular
affinity in thyroid homeostasis. High estrogen level
lowers the affinity of thyroid binding protein (TBP) to
bind with T3. Reproductive periodicity of the patient
(S5) may be one such factor (25).

The normal range of T3 is 0.6-1.81 ng/ml, of T4 is
4.0-11.0 µg/dl, and of TSH is 0.32-6.1 µIU/ml (As
per manufacturer’s protocol)

Discussions

The present article has attempted to explore the
effects of excess iodine from food (including edible
iodised salt) and water on the thyroid physiology in
a region where there is no dearth of environmental
iodine as evident from our earlier studies (2, 3), in
terms of histologic changes and activities of the
intrinsic thyroid enzymes. All the studied subjects
had large goitre were from the same rural geographic
region having low-socioeconomic status and their
iodine consumption was adequate. North and South
24-Parganas districts are mostly rural, located in
the coastal belt of Gangetic West Bengal, account
for the major populous distr ic ts in the state.
Agriculture is the main profession of the rural people
however they are also engaged in other activities
l ike f ishing, carpentry and in var ious jobs in
unorganized sectors. Both the districts have similar
sex ratio and literacy rate. The women in the rural
areas are mostly engaged in their household work
and they also helped their families in the agricultural

TABLE II : Thyroid hormone profiles and the activity status of thyroid
hormone-synthesising enzymes (Na+-K+-ATPase, TPO, 5’-DI)

Serial T3 T4 TSH TPO activity 5’-DI activity Na+-K+-ATPase activity
No. (ng/ml) (µg/dl) (µIU/ml) (OD/min/mg protein) (pmolT3/ng protein) (µmol Pi/hr/mg protein)

S1 1.700 5.850 0.890 0.037 0.506 0.80029
S2 1.400 4.910 1.020 0.033 1.006 0.6200
S3 1.710 6.650 0.950 0.020 0.467 1.1966
S4 1.800 9.420 1.300 0.009 2.500 1.795
S5 2.720 7.630 1.070 0.023 1.119 1.43
S6 0.970 9.580 1.360 0.056 0.756 1.338
S7 1.230 8.910 1.060 0.155 1.483 1.2673

S1-7indicatethe serial order of the subjects affected by colloid goitre.
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activities. They are mostly literate and belong to low
socio-economic group. The intake of iodine of the
people in the region is adequate however endemic
goitre among the school children found prevalent (2,
3, 26). The urinary iodine excretions of those patients
have not been assayed because they visited the
hospital in different time during the study period 2014-
2015. Further there is no significance to measure
urinary iodine excretion of individual subject as the
same vary from day to day, and within a given day.
However such variation tends to even out among
population (18). Chromatographic studies have shown
that most of the intra-thyroidal iodine in large goitres
present as iodotyrosines. There is an increase of
monoiodotyrosine (MIT) percentage and a reduction
of diiodotyrosine (DIT) and principally of the T4
fractions. Most of the iodine stores seem to be
sequestered into poorly iodinated tyrosine that fails
to take part in iodothyronine synthesis (27). Reduced
capacity of synthesis and secretion of thyroid
hormones in large goitres is evidenced when the
serum concentrations of TT4 and fT4 are significantly
reduced and TSH level increased in both goitrous
and non-goitrous subjects from severely goitre-
endemic areas (28).  However  in  the present
investigation, the TT3, TT4 and TSH levels of all
subjects were within normal range. The patients were
tested for thyroid functions (only TT4 / TT3 and TSH)
once only in the pre-operative period (except for those
rare patients who were found to have deranged TFT),
and these patients had no previous lab data. This is
because that a large goitre takes years, even
decades to develop. Due to the low-socioeconomic
condition and poor health awareness in the rural
a reas,  m os t  o f  the  sub jects  cont inue wi th
progressively enlarging thyroid for years, and seek
medical advice only when it starts causing mass
effects. So the routine hospital visits are not the
conventional practice, and when they do visit, the
subsequent surgical work-up includes a one-time
TFT. All the patients in this study with large goitre
were euthyroid only came to the notice of the
investigators when they were tested for TFT. TFT
which is mandatory for all individual who would
undergo any thyroid surgery. Except enlargement of
the thyroid gland, most specific features for hypo-
and hyper thyroidism including any eye signs were
not observed. If it was found that their serum T4, T3

and TSH levels were not in normal range (i.e.
euthyroid) they were provided proper medical
t rea tm ent  to  m ake them  euthyro id  which  is
considered mandatory for surgery. In these patients
only follow-up TFT was done at repeated intervals
until it comes within normal range. The euthyroid
state of all the large goitrous subjects would be
explained on the fact that their large thyroid size
was not for iodine deficiency but for the intake of
iodine in excess within physiological level where TT3,
TT4 and TSH levels remain normal (29) but their
occurred hypertrophy and scalloping of the colloid
as observed in experimental animals (30).

The activities of the thyroid hormone-synthesising
enzymes were measured from the surgical specimens
available, and it was observed that the large goitrous
thyroids showed activities for Na+-K+-ATPase that
actively transport iodide (I–) into the thyroid gland
which is a crucial and rate-limiting step in the
biosynthesis of thyroid hormones and plays an
important role in the metabol ism, growth and
maturation of a variety of organ systems (31). Na+/
I– symporter (NIS) is a key plasma membrane protein
that catalyses the active accumulation of I– in the
thyroid gland; it co-transports two Na+ along with
one I– ion, with the transmembrane Na+ gradient
serving as the driving force for I– uptake. The sodium
gradient, providing the energy for this transfer, is
generated by the ouabain-sensitive Na+-K+-ATPase;
TPO which is a heme-containing enzyme, is found
in the apical membrane of thyroid follicular cells that
catalyses the biosynthesis of thyroid hormones, i.e.,
oxidation of inorganic iodide (I–) to reactive iodine for
binding iodine to tyrosyl residues in thyroglobulin
(19); iodothyronine 5-deiodinase type I (5’-DI) is a
m em ber  of  a group o f  seleno-enzym es tha t
metabolise thyroid hormones and thus modulate their
actions. 5’-DI is predominantly found in liver, kidney
and thyroid and is responsible for generating most
of the circulat ing T3. 5’-DI can catalyse both
activation of T4 by outer-ring deiodination and
inactivation of T4 by inner-ring deiodination to produce
rT3 ( 32). However, due to non-availability of control
values it is difficult to indicate whether their activity
statuses in vitro as observed from the surgical
specimens were within normal ranges, or to assign
any physiologic and/or clinical significance to these
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findings. Contextual references can be discussed here
from the observations of our earlier studies involving
human as well as animal models that looked for the
effects of excess iodine, various goitrogenic plants
foods and community food habits on the biochemical
and morphological patterns of goitrous thyroid and it
was found that prolonged exposure of  those
substances resulted in a state of hypothyroidism (2,
3, 7, 33-40). In such conditions, the activity of Na+-
K+-ATPase was enhanced while that of TPO and 5’-
DI was decreased. In one of our earlier study where
the TPO activity of thyroid tissue obtained from the
large goitrous subjects from the same region have
been assayed and found that their TPO activity was
1.62±0.054 (OD/min/mg of protein (41). In the
present study, TPO activity of the patients having
large goitre was in the ranges 0.009–0.155 and thus
considerably less using the similar protocol from the
same laboratory. Available literature does not explain
any such result. The morphological changes included
increase in the size and weight of the gland with
hypertrophy and hyperplasia of the follicular cells
surrounding the colloidal space; serum T3 and T4
levels were low and TSH level was enhanced.

One of the most important revelations of the present
study is the histologic transition observed in the
goitrous thyroids of subjects belonging to iodine-
sufficient areas receiving additional iodine through
the diet and environment. It was noted that most of
the thyroid follicles were distended with well-stained
colloids and lined by flattened epithelial cells - a
histologic picture resembling colloid goitre as
observed under the low power. However under higher
magnifications, areas of relatively smaller follicles
were noted that had thinner colloids with peripheral
resorption resulting in vacuolations - a feature that
characterises Graves’ disease. Graves’ disease is
essentially an autoimmune disorder with development
of antibodies against the thyrotropin (TSH) receptors,
and it needs to be emphasised that the resemblance
with Graves’ disease we found in this study while
evaluating the large goitrous thyroids was only
histologic. Exploring the extent of similarity between
the two disease states apart from histology, that is,
in terms of molecular etiology and clinical features,
was beyond the scope of this study.

It has been reported that intake of excess iodine
increases the prevalence of  thyroid disorders
including goitre (12). Excess iodine has also been
reported to retain colloid, a classic characteristic of
iodine-induced goitre. Colloid retention exacerbated
by excess I– is associated with suppression of NIS
and pendrin expression which are responsible for
the transport of I– through basal and apical surfaces
of the thyroid follicles (42). In this study, most of
the goitres were colloidal in nature due to excess
colloid retention. The investigated individuals were
from the Gangetic West Bengal where there is no
environmental iodine deficiency. The people of the
region get extra iodine through iodised salt; in addition
they consume SCN-and flavonoid-containing foods
such as cabbage, cauliflower, mustard, radish etc.
and drink hard water rich in calcium that have
antithyroid/goitrogenic potentiality (7). Therefore the
possible causes for development of goitre in these
sub jects  are  the d ie tary and env i ronm enta l
antithyroid/goitrogenic factors including intake of
excess iodine. To substantiate our f inding as
mentioned earlier, laboratory based studies in
experimental animals were conducted and observed
that chronic exposure of iodine in excess even within
physiological level there developed hypertrophy and
scalloping of colloid with euthyroid functional status
(30) resembling the occurrence of Graves’ disease.
Based on these observations, we believe to have
found in the short study an early evidence of the
histological spectrum of large goitres from iodine
replete geographic areas shifting towards Graves’
disease. Although, this observation is not clinically
evident. However, autoimmune thyroid disorders have
been reported after iodine supplementation of the
population who were iodine deficient up to the age
group 40+ years (43). Further in post salt iodization
period, the goitrous children of Manipur, a sub
Himalayan environmentally iodine deplete region in
India having a background of inherited disposition to
autoimmunity are exposed to additional environmental
factor(s) (excess dietary thiocyanate) that higher the
risk for the development of autoimmune thyroid
disorders as Graves’ disease, Hashimotos thyroiditis
in their latter stages of life (44). Thyroid disorders
related to iodine deficiency decreased progressively
with the continuous iodine prophylaxis and the
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increased iodine intake. An adverse effect resulting
from iodine prophylaxis may be induction of thyroid
autoimmunity. Experiments performed in animal
models  suggest  that  iodine cou ld in i t ia te  or
exacerbate thyroid autoimmunity; the role of iodine
in humans remains controversial (45).

Limitations of the study

The study examined the surgically resected thyroid
specimens from seven patients who underwent
thyroidectomy in a tertiary-level teaching hospital. A
stronger and more extensive l iaison with the
concerned department and also involving the other
medical colleges of the city, and extending the period
of sample collection to a period greater than a year
could have fetched us with more samples. However,
we intended to observe the initial trend in the
behaviour of large goitrous thyroids of subjects
belonging to the iodine-sufficient areas with intake
of excess iodine. Nevertheless, our findings need to
be validated through a larger study with greater
sample size. Another major drawback of the present
effort is the lack of control that precluded us to
comment on the nature of the activities of Na+-K+-
ATPase, TPO and 5’-DI in the resected thyroid
specimens. To some extent, feasibility of such
comparisons would be beyond the scope of this
study. For an effective interpretation of the enzyme
activities, the study model needs to be a case-control
one, where ultrasonography-guided fine needle
aspiration biopsy from non-goitrous thyroids of
subjects belonging to the same geographic areas as

that of the cases (patients with large goitrous
thyroids in the Gangetic West Bengal) would serve
as the specimen sample from the controls.

Conclusions

The study has dealt with surgically resected thyroid
tissues from women having large goitres and
belonging to the Gangetic West Bengal where there
is no environmental iodine deficiency. Regular intake
of relatively excess iodine through food, water and
iodised salt as well as consumption of goitrogenic
foods were perhaps responsible for the development
of goitre in these patient cohorts. The TT3, TT4 and
TSH levels in the pre-operative period were within
normal range. The in-vitro Na+-K+-ATPase, TPO and
5’-DI activities were measured and showed that the
goitrous thyroid tissues possessed the capacity for
synthesis of thyroid hormones. All the goitres were
colloid in nature as evidenced by their excessive
colloid retention. However, there were areas with
smaller follicles that had peripheral vacuolations due
to resorption and scalloping of thinner and poorly-
stained colloid matter. The histologic picture in
sections of such large goitrous thyroids showed
evidence of Graves’ disease, indicating a possible
shift in the clinico-pathologic presentation of subjects
with goitre inhabiting iodine-sufficient areas and
exposed to excess iodine - a preliminary observation
that needs to be corroborated in future studies of
larger scale. The observations of this study are based
on regional findings but have important impact in
post salt iodisation scenario.
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