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SUMMARY

Maize (Zea mays) is the third most planted food crop and one of the major energy sources among the
people of the semiarid tropics. Presence of cyanogenic glucosides, which are antithyroidal substances, in
maize is well established. However, the effect of chronic consumption of maize on thyroid status under
varying levels of iodine nutrition remains unexplored. In this study, goitrogenic content and in vitro thyroid
peroxidase (TPO) inhibiting activity of maize of Indian origin, along with its in vivo anti-thyroid potential
without and with extra iodine supplementation, has been evaluated. Edible part of maize contains thiocyanate
(20 ± 2mg/kg), cyanogenic glucosides (10.12 ± 1.2 mg/kg) and glucosinolates (2.5 ± 0.2 mg/kg). In vitro
inhibition of TPO activity was found in fresh maize extract but the presence of extra iodide in the incubation
media showed reduction in such inhibition to a certain extent. Inhibition constant (IC

50
) and PTU equivalence

of fresh maize were 66.25 ± 1.42 µg and 1.36, respectively. Significant increase in urinary excretion of
thiocyanate and iodine was observed in the rats fed maize for 45 days and 90 days, respectively, associated
with increased thyroid weight, decreased TPO activity and serum total circulating T

4
 and T

3
 levels as

compared to their respective controls. A relative state of morphological as well as biochemical hypothyroidism
developed gradually in chronic maize fed rats. Adequate iodine supplementation in maize fed groups of
rats improved the thyroid status to a certain extent but failed to prevent the antithyroidal activity of the
plant food.

Key words: Maize, goitrogens, iodine, thyroid hormones, thyroid peroxidase

Introduction

The cyanogenic plant maize (Zea mays) is the
third most planted food crop in most of the world including
India and its subcontinents. Cyanogenic glucosides
(thiocyanate precursors) have been found in several staple
foods like cassava, bamboo shoot, sweet potatoes including
maize (Gaitan, 1988; Chandra et al., 2004b). The
cyanogenic glucoside present in maize is 2-O-β-D-
glucopyranosyl-4-hydroxy-7-methoxy-1, 4-benzoxazin-3-
one (Mirjam et al., 2001). Regular consumption of
cyanogenic foods containing cyanogenic glucosides,
glucosinolates and thiocyanate affect thyroid physiology
and may develop endemic goitre in long run, especially in
iodine deficient environment (Delange et al., 1982). Dietary
supplies of iodine and cyanogenic plant food (thiocyanate
precursors) are determined by measuring the excretory
pattern of iodine and thiocyanate, respectively (Querido
et al., 1974; Dunn et al., 1993).

Though maize is one of the most important food
crops of the semiarid tropics and it constitutes the main
source of food energy for many poor people, literature on
its goitrogenic/antithyroid potential under varying states
of iodine nutrition is not available. Since experimental
studies on maize of Indian origin, especially with reference
to aetiopathogenesis of thyroid disorders, are lacking the
present study was undertaken to evaluate the thyroid status
after chronic consumption of fresh maize under conditions
of varying iodide intake in the rat.

Materials and Methods

Collection of maize

Fresh maize was collected from the local markets
for the measurement of goitrogenic constituents, assay of
in vitro TPO activity and also for feeding the experimental
animals.
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Animals

Wistar rats weighing 80 ± 5 g were allocated to
control and experimental groups of ten each. Animals were
caged in well-ventilated stainless steel cages and
maintained in the laboratory on standardized normal diet
(20% protein), which consisted of 70% wheat, 20% Bengal
gram, 5% fish meal powder, 4% dry yeast powder, 0.75%
refined til oil and 0.25% shark liver oil, and water ad libitum
(Chandra et al., 2004b).

Feeding study

Control rats were fed normal laboratory diet.
Experimental rats were fed normal laboratory diet
replacing one-third of the diet with fresh maize. In
potassium iodide (KI) supplemented group, rats were fed
normal laboratory diet with extra iodide at 12-14 µg/rat /
day (Gaitan and Merino, 1976). In maize-fed and potassium
iodide (KI) supplemented group, rats were fed both maize
(1/3 portion of diet) and extra iodide at 12-14 ìg/rat/day.
The animals were maintained with above-mentioned
regimen for 45 and 90 days, respectively. Based on change
in body weight, the first set of rats treated for 45 days
were considered as growing rats while the second set of
rats treated for 90 days were considered as mature rats
(Chandra et al., 2004b).

Feed consumption, corrected for feed wasted, and
body weight were measured every seven days. During
the last week of the treatment animals in each group were
kept in metabolic cages for 24 hr to collect the urine over
xylene for the analysis of iodine and thiocyanate. At the
end of the experimental period the body weights of the
rats were recorded and the animals were sacrificed at the
end of the 45th and 90th days of the experiment following
the prescribed ethical procedures. Just before sacrifice,
blood samples were collected from each rat from the portal
vein under ether anesthesia and the serum was separated
for the assay of T

4
 and T

3
 and kept at –20oC till analysis.

Just after sacrifice, the thyroid glands were dissected out
and, after removing the connective tissues, weighed and
preserved to assay the thyroid peroxidase (TPO) activity.

Measurement of dietary goitrogens in maize

Cyanogenic glucoside: It was measured following the
method of Lambert et al. (1975). The test material was
hydrolyzed by the enzyme glucosidase (β - glucosidase)
and the hydrocyanic acid thus liberated was trapped in
sodium hydroxide. Cyanide content of trapped hydrocyanic
acid was then determined quantitatively.

Glucosinolates/thioglucosides: The enzyme
thioglucosidase reacts with thioglucosides, producing
thiocyanate. Following this principle total thioglucosides
was measured according to Gmelin and Virtanen (1960).
The thiocyanate thus produced was determined adopting
the method of Aldridge (1945), as modified by Michajlovskij
and Langer (1958).

Thiocyanate: The plant food was extracted with clean
sand and water and refluxed subsequently. The extract
containing thiocyanate was then allowed to react with
benzidine hydrochloride and the intensity of color thus
formed was measured photometrically following the
method of Aldridge (1945), as modified by Michajlovskij
and Langer (1958).

In vitro inhibitory effect of maize on thyroid peroxidase
activity - To evaluate in vitro anti-TPO activity of maize,
human thyroid tissue was collected from ENT Department,
S.S.K.M. Hospital, Kolkata. Edible part of each fresh plant
was homogenized in assay buffer (5 mg plant tissue in
5ml, pH 7.2, 100mM phosphate buffer) and then
centrifuged at 700 xg for 10 min. After centrifugation, 50µl
of aliquot of the supernatant was taken separately in a
1ml cuvettes containing acetate buffer (pH 5.2, 50mM),
potassium iodide (1.7 mM) and microsomal fraction of
thyroid tissue. Freshly prepared hydrogen peroxide (0.3
mM) was added last to start the reaction to assay the
TPO activity (∆OD /min/mg protein) under the influence
of the respective extracts, following the procedure of
Gaitan et al. (1989), modified by Chandra et al. (2004a).

Anti-TPO activity of the plant extract in the above-
mentioned condition was also studied in presence of excess
potassium iodide. For this purpose, in the cuvettes
maintaining the same concentration of assay buffer, the
extract and H

2
O

2
, the concentration of potassium iodide

was increased and it was found highest after adding 20µl
of KI (3.4mM) and ∆OD /min/mg protein was recorded.

Assay of IC
50 

and 6-n-propyl-2-thiouracil (PTU)
equivalence (Chandra et al. 2004a) - The activity of raw
plant extract was also evaluated in terms of the
concentration necessary to produce 50% inhibition (IC

50
)

of thyroid peroxidase activity. The effect of raw plant
extract was studied at different concentrations ranging
from 10 µg to 150µg original fresh plant to determine the
concentration required to produce IC

50
 of thyroid

peroxidase activity. The TPO activity under the influence
of the plant at a particular concentration, as percentage of
inhibition of the control value, was plotted against the
concentration of the original plant extract, and the
concentration at which 50% inhibition occurred (IC

50
) was
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determined from the plot.  The IC
50

 value of the plant
given is mean ± SD of 6 observations. To compare the
relative anti-TPO activity of the plant against a known
antagonist, IC

50
 of 6-n-propyl-2-thiouracil (PTU obtained

from Sigma Chemical Co.) was determined.

Analysis of urine

Estimation of iodine: It was measured by dry-ashing
following the method of Karmarkar et al. (1986). In this
method the iodine content in the urine sample was
estimated by drying urine at 600oC, in presence of
potassium carbonate, and the iodine present in the ash
was measured by cerric-arsenite system.

Estimation of thiocyanate: It was measured following
the method of Aldridge (1945) as modified by Michajlovskij
and Langer (1958). Trichloroacetic acid was added to urine
sample, mixed and centrifuged. Saturated bromine water
was added to the supernatant and 4% arsenic trioxide
(As

2
O

3
) was then added to oxidise all bromine present in

the sample. After that, benzidine hydrochloride and pyridine
mixture were added and the color developed gradually.
After 30 min, the optical density was measured at 525
nm.

Measurement of thyroid peroxidase activity

A 10% homogenate of thyroid tissue was prepared
in phosphate buffer (pH 7.2, 100mM) and sucrose solution
(500 mM) at 4oC. Homogenization was carried out in a
Potter- Elvehjem glass homogenizer for 45-60 sec at 2000
rpm and about 15 strokes min–1. The homogenate was
centrifuged at 1000 xg for 10 min and the resultant
supernatant was further centrifuged at 10,000 xg for 10
min at 4oC to obtain the mitochondrial fraction. The
microsomal fraction containing most of the peroxidase
activity was obtained by centrifuging the post-mitochondrial
supernatant at 1,05,000 xg for one hour. After
centrifugation, the precipitate was solubilized in phosphate
buffer. Thyroid peroxidase activity was measured following
I

3
- formation from iodide using spectrophotometer (UV-

1240 Shimadzu, Japan) at 353 nm by the method of
Alexander (1962). For performing the kinetic assay, in a 1
ml cuvette, 0.9 ml of sodium acetate buffer (pH 5.2, 50
mM), 10 µl KI (1.7 mM) and 20 µl microsomal fraction of
thyroid tissue containing 0.03-0.04 mg protein were added
and the reaction was started by the addition of 20 µl freshly
prepared H

2
O

2
 (0.3 mM) according to laboratory

standardization. The thyroid tissue protein level was
determined by the method of Lowry et al. (1951) using
bovine serum albumin as standard. The results are
expressed as ∆OD /min/mg protein.

Assay of total circulating thyroxine and
triiodothyronine using ELISA Kit

Total serum thyroxine and triiodothyronine were
measured using ELISA kit supplied by Lilac Chemicals,
(USA).

Histological study of the thyroid gland

At the end of the experiments, the thyroid glands
of rats were dissected out and fixed in formol buffer
solution and then embedded in paraffin after usual
processing. Sections were cut at 5-6 µm thickness, stained
with hematoxylin and eosin, and observed in a microscope.

Statistical analysis

All data were statistically analyzed and presented
as mean ± SD. Comparison among the groups was
performed by ANOVA followed by multiple comparison
t-test.

Results

Goitrogen content

Goitrogen content in fresh edible portion of maize
was measured. Cyanogenic glucosides formed 10.12±1.2
mg/kg wet weight, glucosinolates 2.5±0.2 mg/kg wet
weight and free thiocyanate 20±2 mg/kg wet weight.

In vitro inhibitory effect of maize on thyroid peroxidase
activity

 TPO activity of control (10µl KI, 1.7 mM) rat
was 1.62±0.054 ∆OD/min/mg protein. In vitro inhibitory
effect of edible part of maize on thyroid peroxidase activity
was determined after application of fresh maize extract
with and without extra iodide in the incubation media. In
vitro TPO activity was 0.562±0.02 ∆OD/min/mg protein
in rat exposed to aqueous extract of fresh maize and it
was just 65% as compared to control. After addition extra
iodide in the incubation medium (20 µl KI, 3.4 mM)
inhibitory effect was reduced to a certain extent, and TPO
activity was 0.590±0.03 ∆OD/min/mg protein (69%) as
compared to control.

Relative anti-TPO potential

The relative anti-TPO potential of the test material
and PTU was determined by estimating the amount of
plant food or PTU capable of producing 50% inhibition
(IC

50
) of TPO activity. IC

50
 and PTU equivalence of maize

were 66.25±1.42 µg and 1.36, respectively.

Urinary thiocyanate, urinary iodine as well as
thyroid weight, thyroid peroxidase activity and serum
circulating levels of total T

4
 and T

3
 in control, maize-fed,
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KI supplemented and maize-fed + KI supplemented groups
of rats, treated for 45 days and 90 days, respectively, were
measured and the results are presented in the table 1.

Urinary thiocyanate concentration

Rats fed maize for 45 days and 90 days showed
significant increase in urinary thiocyanate concentration
(p<0.001and p<0.01, respecively) as compared to their
respective controls. Of these two sets (45 days and 90
days) thiocyanate excretion was higher in the longer
duration maize-fed group. Iodine supplementation increased
the thiocyanate excretion in both the maize-fed groups
treated for different durations, in comparison to maize-
fed iodine non-supplemented groups.

Urinary iodine concentration

 Urinary excretion of iodine was increased, but
not significantly, in maize-fed groups of rats treated for 45
days and 90 days, respectively, when compared to their

respective controls. Urinary excretion of iodine was higher
in iodine-supplemented groups of rats.

Thyroid weight

Significant increase in thyroid weight was
observed in both the maize-fed groups of rats treated for
different durations in comparison to their respective control
groups (p<.001 and p< 0.05). The gain in thyroid weight
was more in the group fed maize for the longer duration.
The apparent gain in thyroid weight was more in both the
groups fed maize for different durations compared to of
maize-fed iodine supplemented groups but the differences
were not significant.

Histological studies of thyroid

In control rats thyroid follicles were lined by low
cuboidal epithelial cells filled with colloid and all the follicles
were almost equal and regular in size. There was an
increase in the number of irregularly shaped small follicles

Table 1- Maize induced alteration on urinary thiocyanate, urinary iodine and thyroid weight thyroid functional statu
under varying iodide intake in rats for (A) 45 days and (B) 90 days

 
Groups      Urinary    thiocyanate 

                  (m moles/L) 

 
    Urinary      
    iodine 
    (m moles/L) 

 
Thyroid weight 
mg/100g body 
weight 

 
TPO activity  
∆OD /min/ 
mg protein 

 
SerumT4  
µg/dl 

 
Serum T3  
ng/dl 

 
24.85 ± 0.85 

 
7.19 ±0.18 

 
4.02 ± 0.03 

 
4.2 ± 0.11 

 
126.34 ± 2.54  

 
Control         A    0.17 ± 0.01 

                      

                     B       0.19 ± 0.05 
32.51± 1.4 8.47 ± 0.7 5.16 ± 0.52 4.52 ± 0.33 144.33±2.43 

 
30.64±0.29 

 
8.72 ± 0.18 * 

 

 
3.04 ± 0.09 ** 

 
3.75 ± 0.08 ** 

 
118.34±1.2* 

 
Maize           A      0.73 ± 0.12)* 
fed 

                     B      0.95±0.11# # 38.43±0.81 10.81± 0.58 # # 1.81± 0.18 # # 3.57± 0.07 # 125.78±1.2 # 
 

 
178.01 ± 2.68 

 
5.84 ± 0.21 

 

 
7.56 ± 0.48  

 
4.47± 0.1  

 
135.24± 4.47  
 

 
KI                 A     0.18±  0.02 
supplemented 
                     B      0.21 ± 0.09 187.77±1.51 7.7 ± 0.15 

 
9.84 ± 1.64  4.76±0.31 151.87±2.54 

 

 
188.15 ±1.25 

 
7.09± 0.07 

 
5.33 ± 0.34 

 
3.9 ± 0.1 

 
123.57 ±0.59 
 

Maize 
fed  KI         A    0.88 ± 0.04) * 
supplemented 
                    B     1.08 ± 0.16) #  196.27±1.00 9.07 ± 0.08 

 
3.67 ± 0.29 3.98±0.08 130.86±0.76# #  

 

 
Values are mean ± SD of ten observations. Those bearing superscripts are significantly different by ANOVA followed
by multiple comparison t test
*P<0.001, ** p<0.05 when compared with (A) 45 days control
# p<0.001, # # p<0.05 when compared with (B) 90 days control
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Fig. 1. Photomicrographs of thyroid glands of the different groups (H&E, X20). A, control; B, control + KI treated;
C, maize-fed; D, maize-fed and KI treated

A B

C D
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filled with relatively less colloid, showing hypertrophied
and hyperplasic follicular epithelial cells in the thyroid of
maize-fed groups of rats. Variation in the number and size
of follicular cells and colloid content were observed in KI-
supplemented and non-supplemented maize-fed groups of
rats. In addition, the colloid stained more intensely with
eosin in maize-fed rats compared to control and KI-
supplemented group of rats (Fig 1).

Thyroid peroxidase activity

In maize-fed rats the thyroid peroxidase activity
decreased significantly compared to the corresponding
controls (p<0.05 for 45 days and p<0.05 for 90 days).
Between the two maize-fed groups i.e., one for 45 days
and the other for 90 days, TPO inhibition was more in the
group fed maize for 90 days than 45 days. Supplementation
of iodine to both the maize-fed groups resulted in increase
of the TPO activity in comparison to only maize- fed groups
but failed to restore its activity to normal.

Serum T4 and T3 levels

Total circulating T
4
 and T

3
 levels were determined

in rats fed maize for different durations and compared
with their respective controls. Total serum T

4
 and T

3
 levels

decreased significantly (p<0.05 and p<0.001) after feeding
maize. Between the two maize-fed groups the reduction
was more pronounced in the group treated for longer
duration. Supplementation of iodine in both the maize fed
groups resulted in increase of the serum T

4
 and T

3
 levels

to that of maize only fed groups but did not bring it back to
the normal level.

Discussion

The major goitrogenic substances of cyanogenic
origin viz., cyanogenic glucosides, glucosinolates and
thiocyanate were found in different concentrations in the
edible part of fresh maize. Goitrogenic / antithyroid potential
of cyanogenic glucosides, glucosinolates and thiocyanate
is well established (Gaitan, 1990). These goitrogenic
substances act in conjunction with iodine deficiency in the
development of endemic goitre and associated disorders
(Lagasse et al., 1980). This emphasizes the need to
investigate the importance of goitrogens in influencing
thyroid function under varying states of iodine intake.
Though maize is one of the major plant foods in the third
world countries including India but its antithyroidal potential
under varying intakes of iodide has not been evaluated. In

India, consumption of cyanogenic plant, as evidenced by
urinary thiocyanate level, is considered an etiological factor
for the persistence of residual goitre in post-salt iodization
phase (Chandra and Ray, 2001; Marwaha et al., 2003).
To find the possible antithyroidal activity of maize, if any,
its in vitro inhibitory effect on thyroid peroxidase activity
using human thyroid tissue was studied with aqueous
extract of fresh maize and found that the edible part of
the fresh plant has potent inhibitory activity on this
regulatory enzyme for thyroid hormone synthesis. There
are evidences to reverse the goitrogenic/ antithyroid
potential of thiocyanate or thiocyanate-like compounds
present in cyanogenic plants by supplementing extra iodine
(Schone et al., 1990; Rao and Lakshmy, 1995). Therefore,
in vitro anti-TPO potential of maize in the presence of
extra iodide was also determined and it was found that
extra iodide supplementation reduced the anti-TPO activity
to a certain extent but failed to obviate it totally.

After ingestion, cyanogenic glucosides and
glucosinolates of cyanogenic plant foods are converted to
thiocyanates, isothiocyanate-like active goitrogenic
substances, by widespread glucosidases, sulfur transferase
and myrosinase enzymes present in the plant itself and
the animal tissues (Montgomery, 1969; Van Etten and Wolff
1973). Urinary excretion of thiocyanate is considered as
a marker to evaluate the dietary supplies of cyanogenic
foods (Querido et al., 1974) because the thiocyanate thus
formed in the body, after metabolism of cyanogenic
constituents, determines its concentration in the blood
followed by its appearance in the urine (Michajlovskij and
Langer, 1958). Thus, the increased concentration of
thiocyanate in the urine in maize fed rats further indicates
that these goitrogens are metabolized to thiocyanate. The
concentration of thiocyanate in urine was more in the group
fed maize for a longer duration. Supplementation of extra
iodine in maize-fed rats further increased the thiocyanate
excretion and this observation was consistent with the
earlier observation by Dehlberg et al. (1984). Thiocyanate
or thiocyanate-like compounds that arise from cyanogenic
plants inhibit the uptake of iodide by the thyroid gland (Tewe
et al., 1984), interfering with the iodide-concentrating
mechanism of the gland (Bobek et al., 1992). Thiocyanate,
when present in excess concentration, also stimulates the
efflux of iodide from thyroid gland (Halmi 1961; Ermans
and Bourdoux 1989) that results ain increased excretion
of iodine in urine (Maloof and Soodak, 1959). Earlier

Chandra  et al. 22



workers also reported that presence of cyanogenic
glucosides, glucosinolates, in the diet cause increased
urinary excretion of iodine (Dahlberg et al., 1984; Schone
et al., 2001). In the present study the urinary excretion of
iodine in maize-fed groups of rats for different durations
was increased markedly because of the conversion of these
cyanogenic constituents to thiocyanate. The free
thiocyanate of maize might have prevented the uptake of
iodide by the thyroid gland and stimulated the efflux of
iodide from thyroid, resulting an increase in urinary iodine.
Excretion of iodine through urine is considered as a marker
of iodine nutritional status because 90% of body’s iodine
is excreted in urine (Dunn et al., 1993). Thus, in spite of
adequate iodide intake, thyroid gland fails to concentrate
iodide for synthesis of thyroid hormone because of the
interference of excess thiocyanate or thiocyanate-like
compounds present in maize. This study further indicates
that iodine-retaining capacity of the thyroid gland / body
depends on the concentration of thiocyanate or
consumption pattern of cyanogenic plant foods that are
ultimately metabolized to thiocyanate.

The weight of the thyroid gland was increased in
maize-fed rats, mediated through its goitrogenic
constituents. Supplementation of extra iodine though
prevented the gain in thyroid weight in the maize fed rats
to an extent but was not capable to normalize it because
the effect of thiocyanate, when present in a low
concentration, may be precipitated by iodine (Ermans and
Bourdoux, 1989) but such an effect for excess thiocyanate
that arises from cyanogenic glucosides and the
intermediate derivatives of glucosinolates viz.,
isothiocyanate, goitrin, etc., is not generally antagonized
by excess iodine (Schone et al., 1994; Lakshmy et al.,
1995; Chandra et al., 2004).

Thyroid histology was also altered in both the
treated groups of rats, and the changes were almost similar
in nature but the variation was in severity. Thyroid follicles
in treated rats were lined with high follicular epithelial cells
containing less colloid, reduced in size, irregular in shaped
and stained deeply with eosin. The number of follicles was
more, indicating hypertrophy and hyperplasia of the
follicular epithelium under the influence cyanogenic
constituents of the plant. Deeply stained eosinophilic colloid
in the follicles of the treated animals indicated that the
entry of iodine into the follicles for synthesis of thyroid
hormones was reduced markedly under the influence of
goitrogenic constituents and their metabolites present in

maize. The changes as noted in the thyroid gland histology
in maize-fed rats were almost similar in nature to that of
TSH-stimulated diffuse goiter, as suggested by Kanno et
al. (1990). In the control group of rats, the thyroid follicles
were almost regular in shape and normal in size, filled
with relatively more homogeneous colloid and they were
lined by flat cuboidal epithelial cells. The more eosinophilic
colloid in the treated rats indicated an iodine deficient
colloid as reported by Gaitan et al. (1993), and in the
present study similar observation was made in the thyroid
section of experimental animals. In KI-supplemented
groups the deterioration in thyroid  structure were more
less than treated group but iodine supplementation could
not bring back its normal structure.

Thiocyanate having the same molecular size as
that of iodide inhibits the incorporation of iodide into
thyroglobulin by competing with iodide at the thyroid
peroxidase level (Ermans and Bourdoux, 1989). Besides,
thiocyanate prevents the iodide oxidation by thyroid
peroxidase, depending upon the binding of thiocyanate to
the substrate site with lower affinities (Virion et al., 1980).
In maize fed groups of rats TPO activity was markedly
reduced because thiocyanate that arises from enzymatic
degradation of thiocyanate precursors in maize had
inhibited thyroid peroxidase activity probably by inhibiting
the incorporation of iodide or iodide oxidation or both the
mechanism. Like morphological alteration in thyroid, TPO
activity was reduced in proportion with the duration of
maize feeding inspite of the intake of adequate iodine.

Diet deprived of iodide but rich in thiocyanate
lowers the circulating level of thyroxine and triiodothyronine
in rats (Papas et al. 1979; Lakshmy et al., 1995). In both
the maize fed groups the urinary concentration of
thiocyanate was high while the circulating thyroid
hormones were low indicating that thiocyanate and its
precursors present in maize had reduced the circulating
T4 and T3 levels. Decreased circulating hormone levels
were associated with decreased thyroid hormone synthesis
because of inhibition of TPO activity of thyroid gland in
rats fed with fresh maize was observed in the present
study. The regulatory role of TPO on thyroid hormone
synthesis has been confirmed by earlier studies (Taurog
1970; Gaitan 1990; Virion et al., 1980). Inhibition of iodide
uptake and thyroidal iodide efflux due to excess thiocyanate
(Ermans and Bourdoux, 1989; Maloof  and Soodak, 1959)
might be other reasons for the decreased synthesis of
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thyroid hormones in maize fed rats. Supplementation of
iodide through diet had increased the thyroid hormone levels
to an extent along with slight increase TPO activity but
failed to bring back at normal level.

The overall results showed that chronic
consumption of chronic consumption of maize gradually
developed a relative state of biochemical as well as
morphological hypothyroidism even in presence of adequate
iodine in circulation. Besides the inhibition of iodide uptake
and iodide efflux, the other etiological factor underlying
this phenomenon is the in vivo inhibition of TPO activity in
chronic maize fed animals. Prolonged feeding showed
more deleterious effect on thyroid status even in presence
of adequate iodine intake. Extra iodide supplementation
had reduced the antithyroidal activity of maize to some
extent but failed to mitigate the effect totally. In vivo TPO
inhibitory activity under the influence of maize has further
been confirmed by in vitro study using human thyroid tissue
with and without extra iodide.

Acknowledgment

The work is made possible under the financial
assistance of the Department of Science & Technology,
Government of India, New Delhi. The authors wish to
acknowledge late Sanjukta Mukhopadhyay for her keen
interest and active cooperation in the study.

References

Aldridge, WN (1945) The estimation of micro quantities
of cyanide and thiocyanate. Analyst (London).
70: 474-475.

Alexander  NM (1962) Assay procedure for thyroid
peroxidase. Anal Biochem. 4: 341-345.

Bobek S, Ewy Z, Kahl S and Pyska H (1992) Problems of
iodine and thiocyanate in domestic animals in
goitrogen areas of southern Polland.
Endocrinol Pol. 43 suppl: 70-82.

Chandra AK and Ray I (2001)  Dietary supplies of iodine
and thiocyanate on the etiology of endemic goiter
in Tripura. Ind J Pediat. 68: 399-404.

Chandra  AK, Mukhopadhyay S, Lahari D and Tripathy
S(2004) Goitrogenic content of cyanogenic plant
foods of Indian origin and their anti-thyroidal
activity in vitro. Indian J Med Res. 119: 180-
185.

Chandra, A K , Ghosh  D, Mukhopadhyay S and Tripathy
S (2004) Effect of bamboo shoot, Bambusa
arundinacea (Retz.) Willd. on thyroid status
under conditions of varying iodine intake in rats.
Indian J Exp Biol 42: 781-786.

Dahlberg PA., Bergmark A, Bjorck L, Bruce A,
Hambraeus L. and Claesson O (1984) Intake
of thiocyanate by way of milk and its possible
effect on thyroid function. Am J Clin Nutr. 39 :
416-420.

Delange F, Bourdoux P, Colinet E, Courtois P, Hermart P,
Lagasse R, et al., (1982) Nutritional factors
involved in the goitrogenic action of cassava .
In: Delange F, Ahluwalia R (eds)Cassava
toxicity and thyroid research and public health
issues.  Ottawa, Canada: International
Development Research Centre (IDRC-207e);
pp 17-26.

Dunn  J T, Crutchfield  HE , Gutekunst  R  and Dunn  A
D. Iodine deficiency disorders and urinary iodine
levels. In: Methods for measuring iodine in
urine. The Netherlands: ICCIDD/UNICEF/
WHO Publication , pp  7-10. (1993)

Ermans  A M  and Bourdoux P.  (1989)  Antithyroid
sulfurated compounds. In: Gaitan  E (Ed)
Environmental Goitrogens, Boca Raton: FL.
CRC Press, pp 15-31.

Gaitan E and Merino M (1976) Antigoitrogenic effect of
casein. Acta Endocrinol. 83 : 763-769.

Gaitan E, Goitrogens. In : Lazarus J E, Hall R (1998)  (Eds)
Hypothyroidism and Goitre:Clinical
Endocrinology and Metabolism, Vol 2
Philadelphia/ London: Bailliere Tindall /
Saunders, pp  683-702.

Gaitan E, Lindsay RH, Reichert RD, Ingbar SH, Cooksey
RC, Legan J, et al.(1989) Antithyroid and
goitrogenic effects of millet: Role of C-
Glycosylflavones. J Clin Endocrinol Metab .
68: 707-714.

Gaitan  E (1990) Goitrogens in food and water. Ann. Rev
Nutr., 10 : 21-39.

Chandra  et al. 24



Gmelin R and Virtanen AI (1960) The enzymatic formation
of thiocyanate (SCN) from a precursor in
Brassica species. Acta Chem Scand. 14: 507-
512.

Halmi NS(1961) Thyroid iodide transport. Vitam Horm.
19: 133-163.

Karmarkar MG, Pandav CS and Krishnamachari KAVR.
(1986) Principle and procedure for iodine
estimation. In: A laboratory manual. New
Delhi: Indian Council of Medical Research; pp.
1-14.

Lagasse RK, Luvivilla K, Yunga, Y, Gerard, M, Hanson,A,
Bourdoux, P, Delange, F and Thilly (1980) C H
Endemic goitre and cretinism in Ubangi. In:
Ermans  AM, Mbulamoko NM, Delange F and
Ahluwalia R  (Eds). Role of Cassava in the
Etilogy of Endemic Goitre and Cretinism.
Edited by International Development Research
Centre, Ottawa, Canada, IDRC-13e, pp 45-60.

Lakshmy R, Rao PS, Sesikeran B and Suryaprakash P
(1995) Iodine metabolism in response to
goitrogen induced altered thyroid status under
conditions of moderate and high intake of iodine.
Horm Metab Res. 27 : 450-454.

Lambert JL, Ramasamy J and Paukestelis JV (1975)
Stable reagents for the colorimetric
determination of cyanide by modified Koning
reactions. Anal Chem. 47: 916-1918.

Lowry OH, Rosenbrough NJ, Farr AL and Randall R
(1951) Protein measurement with the Folin
phenol reagent. J Biol Chem. 193 : 265-75.

Maloof F and Soodak M (1959) The inhibition of the
metabolism of thiocyanate in the thyroid of the
rat.  Endocrinology. 65: 106-113.

Marwaha RK, Tandon N, Gupta N, Karak AK, Verma K
and Kochupillai N (2003) Residual goitre in the
postiodization phase: iodine status, thiocyanate
exposure and autoimmunity. Clin Endocrinol
59 (60): 672-677.

Michajlovskij N and Langer P (1958) Studien uber
Benziehungen zwischen Rhodanbildung und
Kropfbildender Eigenschaft von
Nahrungsmitteln. In: Gehalt einiger  Nahrungs
mittel and praformierten Rhodanid. Z Physiol
Chem. 312: 26-30.

Mirjam C, Muzaffer C, Velronique Z, Win PB, David RB,
Bernard H and Asim, E (2001) Crystal structure
of a monocotyledon (maize ZM Glu 1) beta-
glucosidase and a model of its complex with p-
nitrophenyl beta- D- thioglucoside. Biochem J.
354: 37-46.

Montgomery R.D., (1969) Cyanogens .In: Liener I. E (Eds)
Toxic Constituents of Plant Foodstuffs. New
York : Academic Press, pp 143-1 57.

Papas A, Ingalls JR, Campbell LD (1979) Studies on the
effects of rapessed meal on thyroid status of
cattle, glucosinolate and iodine content of milk
and other parameters. J Nutr. 109 : 112-119.

Pommier J, de Prailaune S and Nunez J (1972) Thyroid
particulate peroxidase. Biochimie 54 : 483-492.

Querido O, Delange F, Dunn JT., Fierro-Benitez R,
Ibbertson HK et al (1974). Defination of
endemic goitre and cretinism, classification of
goitre size and severity of endemias and survey
techniques. In: Dunn JT, GA Medeiros-Neto GA
(Eds) Endemic Goitre and Cretinism:
Continuing Threats to World Health.
Washington DC, USA .Pan American Health
Organization, Sci. Publ, pp 267-74.

Rao PS and Lakshmy R (1995) Role of goitrogens in iodine
deficiency disorders and brain development.
Indian J Med Res. 102 : 223- 226.

Schone F, Jahreis G, Lange R, Seffner W, Groppel B,
Hennig A  et al (1990) Effect of varying
glucosinolate and iodine intake via rapeseed
meal diets on serum thyroid hormone level and
total iodine in the thyroid in growing pigs.
Endocrinol Exp. 24: 415-527.

Schone  F , Paetzelt  H , Lange  R , Jahreis  G , Seffner
W  and Ludke  H (1994)  The effect of
thioglucoside-containing feed on the growth,
thyroid hormone and thiocyanate status of swine
and poultry. Berl Munch Tierazil Wochenschr.
107: 418-421.

Schone F, Leiterer M, Hartung H, Jahreis G and
Tischendorf F (2001) Rapeseed glucosinolates
and iodine in sows affect the milk iodine
concentration and the iodine status of piglets.
Br J Nutr. 85: 659-670.

Maize-induced alterations in thyroid under varying iodine 25



Taurog A(1970) Thyroid peroxidase and thyroxine
biosynthesis. Recent Progress in Horm Res.
26 : 189-241.

Taurog A (1976) The mechanism of action of the
thioureylene antithyroid drugs. Endocrinology.
98 : 1031-1046.

Tewe OO, Afolabi AO, Grisson FE, Littieton GK and Oke
OL (1984) Effect of varying dietary cyanide
levels on serum thyroxine and protein
metabolism in pigs. Nutr Rep Int. 30:1245-1249.

Van Etten CH and Wolff IA. (1973) Natural sulphur
compounds. In: Committee on Food Protection
Toxicants  Occurring  Naturally in Foods.
Food and nutrition Board. National Research
Council. Washington D.C. Publ.72, pp 210-234.
(1973)

Virion A, Deme D, Pommier J and Nunez J (1980)
Opposite effect of thiocyanate on tyrosine
iodination and thyroid hormone synthesis. Eur
J Biochem. 112 : 1-7.

Chandra  et al. 26


