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ABSTRACT 
In adequate iodine intake including and a number of environmental agents can affect thyroid gland functions in man and 

animals. Thiocyanate and catechin that arise for the consumption of cyanogenic and flavonoids containing foods 

respectively, affect thyroid hormone synthesis but the data comparing the goitrogenic/ antithyroid  potentiality of 

thiocyanate and catechin when act individually or synergistically on thyroid function found scanty. Experimental animals 

were divided into groups and orally administered either thiocyanate or catechin or both in combination for 30 days followed 

by analysis of thyroid gland weight, histology, thyroid peroxidase, sodium potassium ATPase, 5’-deiodinase- I activities, 

thyroid hormone profiles, urinary iodine and urinary thiocyanate of each group of animals. Enlarged thyroid showing 

hypertrophic and hyperplastic changes, decreased thyroid peroxidase, sodium potassium ATPase, 5’-deiodinase- I activities 

activities and thyroid hormone profiles were observed in the treated groups. Overall results reveal that goitrogenic/ 

antithyroid potentiality found highest after concomitant exposure of thiocyanate and catechin followed by thiocyanate and 

least after catechin.  
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INTRODUCTION 

Thyroid hormone plays a key role in many physiologic 

functions, and in the fetus and child, it is critical for brain 

and neurological development. Iodine is an essential trace 

element of great importance in human nutrition. The 

element is an integral part of the thyroid hormones1. Plants 

are known to produce more than 200,000 different bio-

active natural products (also denoted secondary 

metabolites) including cyanogens and polyphenols2,3. 

Regular consumption of cyanogenic foods containing 

cyanogenic glucosides, glucosinolates, and thiocyanate 

(SCN) affect thyroid physiology and may lead to the 

development of endemic goitre, especially in iodine 

deficient environments4. Besides iodide, thiocyanate ion is 

also an attractive inorganic substrate because it is classified 

as a pseudo halide and bears many resemblances to iodide 

in its chemical behaviour. Thiocyanate has been shown to 

competitively inhibit iodide uptake by the sodium iodide 

symporter and blocking iodide uptake into the thyroid can 

decrease thyroid hormone production5,6. It has previously 

been reported that a number of plant foods, including 

cauliflower, cabbage, mustard, turnip, and cassava, 

containing those substances may induce alterations in 

thyroid function as observed in in vivo and in vitro studies7-

10. Polyphenols are widely distributed in plant-derived 

foods and possess a variety of biological activities 

including antithyroid effects in experimental animals and 

humans. Flavonoids can inhibit various enzymatic 

activities such as protein tyrosine kinase and DNA 

topoisomerase I and II which are crucial for cellular 

proliferation11,12. Apart from these effects flavonoids 

inhibit thyroid peroxidase (TPO) in in vitro and in vivo in 

experimental animals and humans13-16 and also 5’-

deiodinase activity in vitro11,12. Certain plant foods contain 

both the naturally occurring goitrogenic/antithyroidal 

agents’ viz. polyphenols and cyanogens having different 

types of action on thyroid. Though their individual 

antithyroid effect have been studied however the 

information after their individual exposure in equal 

concentrations or after combined exposure of these 

goitrogen in thyroid gland functions on comparative aspect 

found almost unavailable. In the present study a 

comparative evaluation of the effects of thiocyanate 

(potassium thiocyanate) as a source of cyanogenic plant 

foods and commercially available pure catechin as a source 

of polyphenols in equal concentrations or a combination of 

those two goitrogenic agents on thyroid gland morphology, 

histology, thyroid hormonal profiles (T3, T4 and TSH), 

thyroid peroxidase (TPO) activity, 5’-deiodinase- I 

activity, sodium potassium ATPase (Na+-K+-ATPase) 

activity and iodine nutritional status in experimental 

animals have been investigated. 

 

MATERIALS AND METHODS 
Animals and treatment 

Three-month-old adult male albino rats of the Wistar strain 

weighing 150 ± 10g were used. The animals were 

maintained according to national guidelines and protocols, 
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and the study was approved by the Institutional Animal 

Ethics Committee. The animals were housed in clean 

polypropylene cages and maintained in a controlled 

environment at temperature 220C ± 20C and relative 

humidity (40% - 60%) in an animal house with a constant 

12 hour light/12 hour dark schedule. The animals were fed 

a standardized diet which consisted of 70% wheat, 20% 

Bengal gram, 5% fish meal powder, 4% dry yeast powder, 

0.75% refined sesame oil, 0.25% shark liver oil, and water 

ad libitum17. In the 30 days treatment, the experimental 

animals were divided into four groups of 8 animals each. 

First group was kept as control and administered sterile 

distilled water orally as vehicle. Second group animals 

were treated with pure catechin at a dose of 100 mg/kg 

body weight (≡15 mg catechin per rat as used in this study) 

orally. Third group received 25 mg of potassium 

thiocyanate (≡15 mg thiocyanate per rat as used in this 

study). Fourth group was subjected to pure  catechin at a 

dose of 100 mg/kg body weight15 (≡15 mg catechin per rat 

as used in this study) and 25 mg of thiocyanate18 (≡15 mg 

thiocyanate per rat as used in this study) orally.  Feed 

consumption, corrected for wasted feed, 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 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 30th days of the 

experiment, respectively. All the animals were sacrificed 

24 hours after the last feeding (i.e. during 9 am to 10 am 

on the day of experiment to avoid any discrepancy that 

may arise for diurnal variation) following standard 

protocols and ethical procedures. Blood samples were 

collected and serum separated for hormone assay. 

Measurement of urinary iodine and thiocyanate 

The urine sample was digested followed by subsequent 

ashing, and iodide was measured by its catalytic action on 

the reduction of ceric ion Ce+2 to cerous ion Ce+3 (19), 

maintaining internal quality control. While thiocyanate 

concentrations in urine samples were measured using the 

method of Aldridge20 as modified by Michajlovskij and 

Langer21. 

Thyroid weight 

Just after sacrifice, the rat thyroid glands were dissected 

out and weighed. The relative weight of thyroid gland (mg) 

was expressed per 100 g body weight. 

ELISA of serum triiodothyronine (T3) and thyroxine (T4) 

Just before sacrifice, blood samples were collected from 

each rat under ether anaesthesia and the serum was 

separated for the assay of T3 and T4. All the samples were 

stored at -50oC prior to measurement. Total serum T3 and 

T4 were assayed using ELISA kits obtained from RFCL 

Limited, India (Code no HETT 0210 and HETF 0914 

respectively). The sensitivities of the T3 and T4 assays 

were 0.04 ng/ml and 0.4 mg/dl, respectively. 

ELISA of serum thyroid stimulating hormone (TSH) 

Thyroid stimulating hormone level was measured using 

Cusabio Biotech Limited, Rat TSH kit [Lot 

no.C0710270665]. This assay employs the quantitative 

sandwich enzyme immunoassay technique. Antibody 

specific for TSH has been pre-coated onto a microplate. 

Standards and samples (100µl) are pipetted into the wells 

with 50µl Horseradish (HRP) conjugated antibody specific 

for TSH. Following a wash to remove any unbound 

reagent, a substrate solution is added to the wells and 

colour develops in proportion to the amount of TSH bound 

in the initial step. The colour development is stopped and 

the intensity of the colour is measured and absorbance was 

read against 450 nm wavelength in ELISA reader (Merck).  

Assay of thyroid peroxidase (TPO) activity 

A 10% homogenate was prepared using thyroid tissue 

collected from the sacrificed animals in a phosphate buffer 

(pH 7.2, 100mM) and sucrose solution (500 mM) at 4ºC. 

Homogenization was carried out in a glass homogenizer 

(Potter-Elvehjem, Germany). The homogenate was 

centrifuged at 1000g for 10 min and this low-speed 

supernatant was further centrifuged at 10,000 g 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 g for one hour. 

Immediately after centrifugation the precipitate was 

dissolved in phosphate buffer. Thyroid peroxidase activity 

was measured in a 1 ml cuvette containing 0.9 µl acetate 

buffer (pH 5.2, 50 mM). 10 µl potassium iodide (1.7 mM), 

20 µl microsomal fraction of thyroid tissue, and freshly 

prepared 20 µl hydrogen peroxide (0.3 mM) were added to 

start the reaction for assaying TPO activity (ΔOD/min/mg 

protein) in a spectrophotometer (UV-1240 Shimadzu) at 

353 nm.  The pooled sample was assayed in duplicate. 

Thyroid peroxidase activity was measured by the method 

of Alexander22. The tissue protein level was determined by 

the method of Lowry23 using bovine serum albumin as a 

standard. The results are expressed as change in optical 

density (ΔOD)/min/mg protein. 

5’-deiodinase I (5’-DI) assay 

Iodothyronine 5’-deiodinase type I (5’-DI) activity was 

measured according to the method of Ködding24 with slight 

modifications. Briefly, a substrate solution of 0.1 M Tris-

HCl buffer (pH 7.4), 3 mM EDTA, and 150 mM DTE 

containing 0.4 mM T4 and 100-150 mg thyroid tissue 

protein in a final volume of 400 ml was incubated at 370C 

for 30 min. The monodeiodination reaction of T4 to T3 

was terminated by addition of 800 ml ice-cold absolute 

ethanol, followed by shaking for 8 min at 40C. The 

reactants were then centrifuged at 10,500 g at 40C for 8 

min and the ethanol supernatants were collected for 

measurement of T3 content. For all samples, values for 

zero time were prepared by adding the thyroid tissue to the 

substrate containing T4 after the addition of alcohol. The 

concentration of T3 in the ethanolic extract after 0 and 30 

min of incubation were estimated by enzyme-linked 

immune sorbent assay (ELISA). The activity of 5’-DI was 

calculated as the difference between the 0 and 30 min 

values and expressed in terms of pmoles T3 formed/mg 

protein. The pooled sample was assayed in duplicate. The 

validity of the assay method was determined by pre-

incubation of the sample with the 5’-DI inhibitor, 

propylthiouracil (PTU), that resulted in >50% inhibition of 

the enzymatic activity. Conversion of T4 to rT3 by 5’-DI, 
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unlike T4 to T3 monodeiodination, cannot proceed under 

such simulated conditions, as rT3 formation can occur only 

under high pH and substrate concentrations. 

Thyroidal (Na+- K+)-ATPase assay 

Thyroidal Na+- K+-ATPase activity was measured by a 

modification of the method of Esmann25. In brief, the 

microsomal fraction of the thyroid tissue homogenate was 

incubated in reaction mixtures of (i) 30 mM imidazole 

HCl, 130 mM NaCl, 20 mM KCl, 4 mM MgCl2 and (ii) 1 

mM ouabain (Sigma Chemical Co., St. Louis, MO 63178, 

USA) at pH 7.4 for 60 min at 00C. The reaction was started 

by the addition of 4 mM Tris-ATP at 370C and stopped 

with 0.1 mL of 20% SDS after 10 min. The inorganic 

phosphate (Pi) liberated was determined by reading the 

absorbance at 850 nm in a UV-mini1240 

spectrophotometer, (Shimadzu, Japan), by the method of 

Baginski26 The enzyme activity was expressed as nmols of 

Pi liberated per hour per mg protein calculated from a 

standard curve of potassium dihydrogen phosphate. The 

pooled sample was assayed in duplicate. 

Protein estimation 

Proteins were estimated by the method of Lowry23 using 

bovine serum albumin (BSA) as the standard protein. 

Statistical analysis 

Results were expressed as mean ± standard deviation. One-

way analysis of variance (ANOVA) was first carried out to 

test for differences across the mean values of all groups. If 

between-group differences were established, the values of 

the treated groups were compared with those of the control 

group using Tukey’s procedure. A value of p < 0.05 was 

interpreted as statistically significant. Statistical analyses 

were performed using Origin 8 and MS-Office Excel 2007 

software packages. 

 

RESULTS 

Thyroid weight 

The weight of the thyroid glands was significantly 

increased (P<0.05) after administration of catechin, 

thiocyanate (SCN) and catechin + thiocyanate (SCN) for 

30 days as compared to their respective control groups. 

Intergroup variation was also noticed within the groups as 

shown in the Figure 1. 

Thyroid peroxidase assay 

Figure 2 compares the effect of catechin, thiocyanate 

(SCN) and catechin + thiocyanate (SCN) administration on 

thyroid peroxidase activity. Thyroid peroxidase activity 

was decreased significantly (P<0.05) after administration 

of catechin, thiocyanate (SCN) and catechin + thiocyanate 

(SCN) for 30 days when compared with the control. More 

pronounced decrease in the activity of the enzyme 

observed after catechin + thiocyanate (SCN) treatment in 

comparison to other groups treated singly with SCN or 

catechin. 

Thyroidal 5’-deiodinase I assay 

Figure 3 demonstrates thyroidal 5’-deiodinase I (5’-DI) 

activity in control, catechin, thiocyanate (SCN) and 

catechin + thiocyanate (SCN) treated experimental 

animals. A statistically significant (P<0.05) inhibition in 

the activity of 5’-DI found in treated groups.  

Thyroidal (Na+-K+)-ATPase assay 

Figure 4 compares the activity status of thyroidal (Na+-

K+)-ATPase in control and experimental animals.  (Na+-

K+)-ATPase activity was significantly (P<0.05) decreased 

after administration of thiocyanate (SCN) and catechin + 

thiocyanate (SCN) for 30 days when compared to controls 

however increased (Na+-K+)-ATPase activity was found in 

catechin treated group. 

Thyroid hormone level 

Figures 5 and 6 show serum T3 andT4 levels in control, 

catechin, thiocyanate (SCN) and catechin + thiocyanate 

treated animals. The serum T3 and T4 levels were 

significantly (P<0.05) decreased in animals after 

administration of catechin, thiocyanate (SCN) and 

catechin + thiocyanate as compared to controls. Intergroup 

variation was also noticed as shown in the figure.  Like 

thyroid hormone profiles, significant alteration (P<0.05) 

was also noted in serum TSH level in the treated groups as 

compared to control (Figure 7).  

Urinary iodine and urinary thiocyanate concentration 

Urinary excretion of iodine and thiocyanate were 

significantly (P<0.05) increased in the catechin, 

thiocyanate (SCN) and catechin + thiocyanate treated 

groups when compared against control. Intergroup 

variation between the treated groups was also recorded as 

depicted in Figure 8. 

Histological studies of thyroid 

Histological assessments performed on thyroid sections 

from the different groups of animals are presented in Plate 

1. 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. In the 

thyroids of the catechin, thiocyanate (SCN) and catechin + 

thiocyanate treated rats; there was an increase in the 

number of irregularly-shaped small follicles filled with 

relatively less colloid, including hypertrophied and 

hyperplasic follicular epithelial cells. 

Morphometric / histometric analysis 

The data of morphometric / histometric analysis of thyroid 

gland of the control and treated groups are depicted in 

Table-1. that showed increase in the areas of both the 

follicular cells as well as colloid in the treated groups than 

that of the control group.  Semiquantitative assessment of 

thyroid follicles of control group was shown mostly to be 

made up of small and medium sized follicle with a 

relatively few large follicle while the large and medium 

sized follicles increased in catechin, thiocyanate (SCN) 

and catechin + thiocyanate exposed group of animals 

showed in Table-1. Maximum changes were found in 

catechin + thiocyanate treated group followed by 

thiocyanate (SCN) and catechin that indicates a 

development of catechin, thiocyanate and thiocyanate + 

catechin induced cytomorphological modifications. 

 

DISCUSSION 

Factors other than iodine deficiency are known to interfere 

with thyroid metabolism. Antithyroid effects of feeding 

goitrogenic foods containing thiocyanate precursor are 

well established8,10,27,28. It has been also reported that tea 

extracts, both green and black, have potent antithyroidal 

activity for the presence of flavonoids15,16. In different  
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goitre endemic regions people are exposed to thiocyanate 

(SCN), polyphenols or both for the consumption of 

goitrogenic foods that are used as common vegetables and 

beverage. Many plant foods contain both the goitrogenic 

constituents viz. cyanogens and polyphenols and thus act 

synergistically on thyroid glands disrupting thyroidal  

                  

 

 

Figure 1. Changes in the relative thyroid gland weight of 

rats administered with catechin, thiocyanate (SCN) and 

catechin + thiocyanate (SCN) for 30 days. Each bar 

denotes mean ± SD, n = 8. One-way analysis of variance 

(ANOVA) test followed by Tukey’s post hoc test was 

performed to determine differences across means of 

different groups. a Control versus others groups (p<0.05); 
b catechin versus thiocyanate (SCN) (p<0.05); c 

thiocyanate (SCN) versus thiocyanate (SCN) + catechin 

(p<0.05); d thiocyanate (SCN) + catechin versus catechin 

(p<0.05). 

Figure 2.  Thyroid peroxidase (TPO) activity of catechin, 

thiocyanate (SCN) and catechin + thiocyanate (SCN) 

treated animals for 30 days. Each bar denotes mean ± SD 

of three pooled samples. Each pool contained a mixture of 

three thyroid glands isolated from three individual rats. 

One-way analysis of variance (ANOVA) test followed by 

Tukey’s post hoc test was performed to determine 

differences across means of different groups. a Control 

versus others groups (p<0.05); b catechin versus 

thiocyanate (SCN) (p<0.05); c thiocyanate (SCN) versus 

thiocyanate (SCN) + catechin (p<0.05); d thiocyanate 

(SCN) + catechin versus catechin (p<0.05). 

 

 
 

Figure 3.  Thyroid 5’-deiodinase I (5’-DI) activity of 

catechin, thiocyanate (SCN) and catechin + thiocyanate 

(SCN) treated animals for 30 days.  Each bar denotes 

mean± SD of three pooled samples.Each pool contained a 

mixture of three thyroid glands isolated from three 

individual rats. One-way analysis of variance (ANOVA) 

test followed by Tukey’s post hoc test was performed to 

determine differences across means of different groups. a 

Control versus others groups (p<0.05); b catechin versus 

thiocyanate (SCN) (p<0.05); c thiocyanate (SCN) versus 

thiocyanate (SCN) + catechin (p<0.05); d thiocyanate 

(SCN) + catechin versus catechin (p<0.05). 

 

Figure 4. Thyroidal (Na+-K+)-ATPase activity of catechin, 

thiocyanate (SCN) and catechin + thiocyanate (SCN) 

treated animals for 30 days. Each bar denotes mean± SD 

of three pooled samples. Each pool contained a mixture of 

three thyroid glands isolated from three individual rats. 

The assay was repeated twice. One-way analysis of 

variance (ANOVA) test followed by Tukey’s post hoc test 

was performed to determine differences across means of 

different groups a Control versus others groups (p<0.05); b 

catechin versus thiocyanate (SCN) (p<0.05); c thiocyanate 

(SCN) versus thiocyanate (SCN) + catechin (p>0.05); d 

thiocyanate (SCN) + catechin versus catechin (p<0.05). 
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synthesizing and secretary functions. However the 

information on the goitrogenic potency in comparative 

aspect after ingestion of equal concentration of  

thiocyanate, polyphenols (catechin) and both the 

thiocyanate and polyphenols in combination is scanty. In 

the present investigation therefore a comparative 

evaluation of the goitrogenic / antithyroid potency of 

thiocyanate (potassium thiocyanate), catechin  

 
 

Figure 5.  Serum T3 level of catechin, thiocyanate (SCN) 

and catechin + thiocyanate (SCN) treated animals for 30 

days. Each bar denotes mean± SD. One-way analysis of 

variance (ANOVA) test followed by Tukey’s post hoc test 

was performed to determine differences across means of 

different groups. a Control versus others groups (p<0.05); 
b catechin versus thiocyanate (SCN) (p<0.05); c 

thiocyanate (SCN) versus thiocyanate (SCN) + catechin 

(p<0.05);d thiocyanate (SCN) + catechin versus catechin 

(p>0.05). 

 

Figure 6.  Serum T4 level of catechin, thiocyanate (SCN) 

and catechin + thiocyanate (SCN) treated animals for 30 

days. Each bar denotes mean± SD. One-way analysis of 

variance (ANOVA) test followed by Tukey’s post hoc test 

was performed to determine differences across means of 

different groups a Control versus others groups (p<0.05); b 

catechin versus thiocyanate (SCN) (p<0.05); c thiocyanate 

(SCN) versus thiocyanate (SCN) + catechin (p<0.05); d 

thiocyanate (SCN) + catechin versus catechin (p<0.05). 

 

  
Figure 7.  Serum TSH level of catechin, thiocyanate 

(SCN) and catechin + thiocyanate (SCN) treated animals 

for 30 days. Each bar denotes mean± SD. One-way 

analysis of variance (ANOVA) test followed by Tukey’s 

post hoc test was performed to determine differences 

across means of different groups a Control versus others 

groups (p<0.05); b catechin versus thiocyanate (SCN) 

(p<0.05); c thiocyanate (SCN) versus thiocyanate (SCN) + 

catechin (p<0.05); d thiocyanate (SCN) + catechin versus 

catechin (p<0.05). 

Figure 8. Urinary excretion of iodine and urinary 

thiocyanate of catechin, thiocyanate (SCN) and catechin + 

thiocyanate (SCN) treated animals for 30 days.  Each bar 

denotes mean± SD, n = 8. One-way analysis of variance 

(ANOVA) test followed by Tukey’s post hoc test was 

performed to determine differences across means of 

different groups. a Control versus others groups (p<0.05); 
b catechin versus thiocyanate (SCN) (p<0.05); c 

thiocyanate (SCN) versus thiocyanate (SCN) + catechin 

(p<0.05); d thiocyanate (SCN) + catechin versus catechin 

(p<0.05). a’ Control versus others groups (p<0.05); b’ 

catechin versus thiocyanate (SCN) (p<0.05); c’ 

thiocyanate (SCN) versus thiocyanate (SCN) + catechin 

(p<0.05); d’ thiocyanate (SCN) + catechin versus catechin 

(p<0.05). 
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 (polyphenols) and their synergistic effect on thyroid in 

experimental animals have been investigated. The weight 

of the thyroid gland was higher in all the treated groups of 

rats as compare to control after feeding of thiocyanate, 

catechin and a combination of catechin and thiocyanate 

respectively. Histopathologically, a severe degree of 

follicular hyperplasia of thyroids was found in 

thiocyanate-catechin treated rats, developing a 

morphological state of hypothyroidism. This abnormality 

was of lesser magnitude after individual exposure of 

thiocyanate and catechin in experimental animals. 

Enlargement of thyroid gland that occurred under the 

influence of those goitrogenic substances might be for the 

reduced synthesis of T4 and T3 that in turn stimulates the 

release of TSH through hypothalamo-pituitary axis by 

compensatory mechanism15 that causes further growth and 

development of thyroid follicles resulting enlargement of 

thyroid gland weight15. Thyroid peroxidase (TPO) is the 

heme-containing enzyme and its activity is restricted to the 

apical membrane, but most of the thyroid TPO is 

intracellular, being located in the perinuclear part of the 

endoplasmic reticulum29,30. The biosynthesis of thyroid 

hormone from thyroglobulin is catalyzed by thyroid 

peroxidase (TPO). Thiocyanate competes with iodide (I) 

trapping as well as its oxidation and binding to 

thyroglobulin at the level of the thyroperoxidase enzyme31. 

Hence, excess SCN induces both release of iodine from the 

thyroid cell and ultimately its loss from the body through 

urine. As a consequence, SCN ultimately results in an I-

deficient thyroid and there occurs a decrease in thyroid 

hormone synthesis28. Some of the natural flavonoids 

inhibit TPO in vitro16, 32. It seems to be competitive; since 

the enzyme Vmax was unchanged and Km for iodide was 

significantly increased, it likely is able to scavenge H2O2, 

an essential TPO cofactor32. The findings of this study 

provide evidence that the effects are substantially larger 

after combined exposure of thiocyanate and catechin than 

the effects seen on only after one factor at a time. Present 

investigation further suggests that both thiocyanate and 

catechin are the potential antithyroid agents and decrease 

thyroid peroxidase (TPO) activity in vivo and the inhibition 

is more if they act synergistically. Through their inhibitory 

activity on thyroid peroxidase resulting less synthesis of 

thyroid hormone, they caused elevated TSH level, which 

promoted thyroid gland growth as observed in this study. 

Inside the cells, thyroid hormone molecules can be 

modified on a cell-specific fashion through the deiodinase 

group of enzymes. These are homodimeric Type I integral 

membrane selenoproteins composed of a single N-terminal 

trans-membrane segment connected to a larger globular 

domain with a selenocysteine-containing active centre 

embedded in a thioredoxin-like fold. The iodothyronine 

deiodinases catalyze the removal of an iodine residue from 

the pro-hormone thyroxine (T4) molecule, thus producing 

either the active form triiodothyronine T3 i.e. activation or 

inactive metabolites reverse T3 i.e. inactivation. Type I 

deiodinase (DIO1) catalyzes both reactions. DIO1 is 

expressed predominantly in the liver, kidney, and thyroid 

gland, but it is also detected in other organs, such as the 

heart, anterior pituitary gland, and lactating mammary 

gland. Catechin and combined exposure of thiocyanate-

catechin significantly reduced the activity of DIO1 in the 

thyroid gland, suggesting that polyphenol decreases the 

rate of conversion of T4 to T3. It has previously been 

reported that synthetic flavonoids such as EMD21388, 

green tea, black tea, and natural plant-derived flavonoids 

inhibit DIO1 activity in vivo15,33. Reduced DIO1 activity 

was also noted in thiocyanate administered group however 

there was no earlier report in this regard. The Na+/I− 

symporter (NIS) is the plasma membrane glycoprotein that 

mediates active I− uptake into the thyroid follicular cells. 

The Na+ gradient that provides the driving force for I− 

uptake is maintained by the (Na+-K+)-ATPase. Both NIS 

and the (Na+-K+)-ATPase are located on the basolateral 

side of the follicular cells. Thiocyanate (SCN-) is a potent 

inhibitor like ouabain and perchlorate of iodine transport, 

acting as a competitor but without being concentrated in 

the thyroid and not inhibiting TSH- mediated cAMP  

Table 1: Morphometric/histometric and semiquantitative assessment of thyroid follicles of experimental animals 

administered with catechin, thiocyanate (SCN) and catechin + thiocyanate (SCN) for 30 days. 

Groups  Parameters  

Mean 

individual 

follicular area 

(mm2) 

Mean colloidal 

area in 

individual 

follicle (mm2) 

Small 

follicles (%) 

Medium 

follicles (%) 

Large 

follicles (%) 

Immature 

follicles 

(%) 

       

Control 1.38 ± 0.03 

 

1.26 ± 0.02 

 

43 37 16 4 

Catechin 1.47 ± 0.04∗ 1.29 ± 0.03∗ 35 39 21 5 

Thiocyanate 

(SCN) 
1.62 ± 0.05∗ 1.44 ± 0.04∗ 28 39 30 3 

Thiocyanate 

(SCN) + Catechin 
1.90 ± 0.06∗ 1.77 ± 0.04∗ 22 40 35 3 

One-way analysis of variance (ANOVA) test followed by Tukey’s post hoc test was to determine differences across 

means of different groups. Values with asterisk (*) are significantly different by ANOVA at p < 0.05 when compared 

to control for 30 days. Data are presented as the mean ± SD, n = 8.  Small follicle, follicular diameter of 5–10  µm; 

medium follicle, follicular diameter of 11–15  µm; large follicle, follicular diameter of 16–20  µm; and immature follicle 

having follicular diameter 0–5  µm.  
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production or (Na+-K+)-ATPase activity34, 35, 36. In the 

present investigation, (Na+-K+)-ATPase activity was 

decreased after thiocyanate exposure and increased after 

catechin exposure; however after the combined exposure 

of thiocyanate-catechin, the activity of this enzyme found 

less than normal showing the predominance of thiocyanate 

over catechin. In this study, thiocyanate, catechin and 

thiocyanate-catechin induced hypothyroidism presumably 

results from an elevated circulating thyroid-stimulating 

hormone (TSH) concentrations in response to the 

inhibition of thyroid hormone synthesis. This has been 

evidenced by high circulating level of TSH and 

corresponding decrease in T4 level. Urinary iodine 

excretion is a good marker of the very recent dietary intake 

of iodine and therefore, is the index of choice for 

evaluating the degree of iodine deficiency and of its 

correction. Urinary iodine reflects iodine nutritional status 

because 90% of ingested iodine is excreted in the urine37. 

In the present study the urinary excretion of iodine was 

markedly high in thiocyanate and thiocyanate-catechin 

treated group of rats but no alteration was found in control 

and catechin treated group of rats because thiocyanate 

when present in excess concentration, also stimulates the 

efflux of iodide from thyroid gland28,38,39 that results in 

increased excretion of iodine through urine40. This study 

consolidates earlier findings that the iodine-retaining 

capacity of the thyroid gland/body depends on the 

concentration of thiocyanate as well as the amount of 

iodine ingested9. Serum T3 and T4 levels found 

significantly lower in the treated groups as compared to 

controls. Decreased circulating hormone levels were 

associated with decreased thyroid hormone synthesis due 

to inhibition of TPO activity of the thyroid gland under the 

influence of thiocyanate and catechin. We can explain this 

result by the fact that thiocyanate has an inhibitory effect 

on T4 5’-monodeiodination (DI), as demonstrated by 

Langer41. It is known that flavonoids cause inhibition in 

vitro TPO activity16,17 and scavenge H2O2
32. Inhibition of 

both iodide uptake and thyroidal iodide efflux due to 

excess thiocyanate42 and flavonoids for its anti TPO 

activity and deiodination might have decreased the 

synthesis of thyroid hormones. This result can be 

 
Plate 1. Photomicrographs of paraffin-embedded H&E-stained rat thyroid sections. (A) Rat thyroid section (400X) from 

control animals; thyroid follicles were lined by low cuboidal epithelial cells filled with colloid and all the follicles were 

almost equal and regular in size. (B) Rat thyroid section (400X) from treated with catechin for 30 days; there was an 

increase in the number of irregularly-shaped follicles filled with depleted colloid, and including hypertrophied and 

hyperplasic follicular epithelial cells. (C) Rat thyroid section (400X) from animals treated with thiocyanate (SCN) for 30 

days; thyroid follicles were more irregular and larger with hypertrophy and hyperplasia of follicular epithelial cells. D) 

Rat thyroid section (400X) from animals treated with thiocyanate (SCN) + catechin for 30 days; thyroid follicles were 

more irregular and larger with hypertrophy and hyperplasia of follicular epithelial cells. The number of small follicles is 

decreased.  
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explained by a feedback to the hypothalamo-pituitary-

thyroid axis, indicating the low levels of T4 and T3 in the 

blood; hence, more thyroid-stimulating hormone (TSH) 

was released in order to increase the production of these 

hormones. Consequently, hypothyroidism and 

hypertrophy of the thyroid gland were evidenced. Thyroid 

histology was also altered in the treated groups. Thyroid 

follicles in treated rats were lined with follicular epithelial 

cells containing less colloid, irregular in size and shape 

whereas in control, thyroid follicles were almost regular in 

shape and of normal in size, filled with relatively more 

homogeneous colloid, lined by flat cuboidal epithelial 

cells. The number of thyroid follicles was greater in treated 

groups, indicating hypertrophy and hyperplasia of the 

follicular epithelium under the influence of thiocyanate 

and catechin. The severity was more with thiocyanate than 

in catechin and found highest in thiocyanate-catechin 

administered group.The findings of this study clearly 

provide evidence that when thiocyanate or catechin are 

administered separately in equal concentration the 

decrease of T4 and T3 hormone levels found more with 

thiocyanate than that of catechin. However the 

concomitant exposures of thiocyanate-catechin in similar 

concentration further decreased in T3 and T4 level than 

their individual exposure. All these indicate that the 

thiocyanate does not antagonise the action of catechin on 

thyroid when they act synergistically rather their action 

found potentiated.   

 

ACKNOWLEDGMENTS 

The financial assistance by Rajiv Gandhi National 

Fellowship Scheme, University Grants Commission 

(UGC), New Delhi, to Chiranjit Mondal is gratefully 

acknowledged. 

 

REFERENCES 

1. Dunn  JT, Dunn  AD. Update on intrathyroidal iodine 

metabolism. Thyroid 2001; 11: 407-414. 

2. Bak S, Paquette S, Morant  M, Morant  A, Saito  S, 

Bjarnholt  N, Zagrobelny  M, Jorgensen K, Osmani S, 

Simonsen H. Cyanogenic glucosides: a case study for 

evolution and application of cytochromes P450. 

Phytochem Rev 2006; 5: 309-329. 

3. Zagrobelny M, Bak S, Moller BL. Cyanogenesis in 

plants and arthropods. Phytochemistry 2008; 69: 1457-

1468.      

4. Delange F, Bourdoux P, Colinet E, Courtois P, Hermart 

P, Lagasse R. 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). 1982, 17-

26. 

5. Tonacchera M, Pinchera A, Dimida A, Ferrarini E, 

Agretti P, Vitti P, Santini F, Crump K, Gibbs J. Relative 

potencies and additivity of perchlorate, thiocyanate, 

nitrate and iodide on the inhibition of radioactive iodide 

uptake by the human sodium iodide symporter. Thyroid 

2004; 14: 1012–1019 

6. Braverman LE, HE XM, Pino S, Cross M, Magnani B. 

The effect of perchlorate, thiocyanate, and nitrate on 

thyroid function in workers exposed to perchlorate 

long-term. J Clin Endocrinol Metab 2005; 90: 700–

706. 

7. Gaitan E. Goitrogens in food and water. Annu Rev Nutr 

1990; 10: 21.  

8. Chandra AK, Mukhopadhyay S, Lahari D, Tripathy S. 

Goitrogenic content of cyanogenic plant foods of 

Indian origin and their in vitro anti-thyroidal activity. 

Indian J Med Res 2004; 119: 180-185. 

9. Chandra AK, Lahari D, Tripathy S. Effect of maize 

(Zea mays) on thyroid status under conditions of 

varying iodine intake in rats. J Endocrinol Reprod 

2009; 1: 17- 26. 

10. Chandra AK, Singh LH, Ghosh S, Pearce EN. Role of 

Bamboo-Shoot in the Pathogenesis of Endemic Goiter 

in Manipur, North East India. Endocr Pract 2013; 

19(1): 36-45. 

11. Middleton E Jr, Kandaswami C, Theoharides TC. The 

effects of plant flavonoids on mammalian cells: 

implications for inflammation, heart disease, and 

cancer. Pharmacol Rev 2000; 52: 673–751. 

12. Ko¨hrle J. Flavonoids as a risk for goiter and 

hypothyroidism, In: Pe¨ter F, Wiersinga W, Hostalek 

U, Schattauer FK, Verlagsgesellschaftmb H. The 

Thyroid and Environment, Stuttgart, Germany. 2000; 

41–63. 

13. Divi  RL, Doerge DR. Inhibition of thyroid peroxidase 

by dietary flavonoids. Chem Res Toxicol 1996; 9: 16–

23. 

14. Sartelet H, Serghat S, Lobstein A, Ingenbleek Y, Anton 

R, Petitfre`re E. Flavonoids extracted from fonio millet 

(Digitaria exilis) reveal potent antithyroid properties. 

Nutrition 1996; 12: 100–106. 

15. Chandra AK, De N. Goitrogenic/antithyroidal 

potential of green tea extract in relation to catechin in 

rats. Food Chem Toxicol 2010; 48(8-9): 2304-11. 

16. Chandra AK, De N, Choudhury SR. Effect of different 

doses of un-fractionated green and black tea extracts on 

thyroid physiology. Hum Exp Toxicol 2011; 8: 884-96. 

17. Chandra AK, Mondal C, Sinha S, Chakraborty A. 

Synergic actions of polyphenols and cyanogens of 

peanut seed coat (Arachis hypogaea) on cytological, 

biochemical and functional changes in thyroid. Indian 

J Exp Biol 2015; 53: 143-151. 

18. Lakshmy R, Rao PS, Sesikeran B, Suryaprakash P. 

Iodine metabolism in response to goitrogen induced 

altered thyroid status under conditions of moderate and 

high intake of iodine. Horm Metab Res 1995; 27: 450-

454. 

19. Karmarkar MG,  Pandav CS, Krishnamachari KAVR. 

Principle and procedure for iodine estimation- A 

laboratory manual, Indian Council of Medical 

Research, New Delhi, India. 1986, 1-14.  

20. Aldridge WN. The estimation of micro quantities of 

cyanide and thiocyanate. Analyst (London) 1945; 70: 

474-75. 

21. Michajlovskij N, Langer P. Studien uber Benziehungen 

zwischen Rhodanbildung und Kropfbildender 



Chiranjit et.al. / Studies on Goitrogenic… 

 IJPCR, January 2016, Volume 8, Issue 1 Page 116 

Eigenschaft von Nahrungsmitteln. in: Gehalt einiger 

Nahrungs mittel and praformierten Rhodanid. Z 

Physiol Chem 1958; 312: 26-30. 

22. Alexander NM. Assay procedure for thyroid 

peroxidase. Anal Biochem 1962; 4: 341-45.  

23. Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ. 

Protein measurement with the folin phenol reagent. J 

Biol Chem 1951; 193: 265-275. 

24. Ködding R, Fuhrmann H, von zur Mühlen A. 

Investigations on Iodothyronine deiodinase activity in 

the maturing rat brain. Endocrinology 1986; 118: 

1347–1352. 

25. Esmann M. ATPase and phosphate activity of (Na+-

K+)-ATPase: molar and specific activity, protein 

determination. Methods Enzymol 1988; 156: 105–115. 

26. Baginski ES, Foa PP, Zak B. Determination of 

phosphate: study of labile organic phosphate 

interference. Clin Chim Acta 1967; 15: 155–158. 

27. Bourdoux P, Delange M,Gerard M, Mafuta A, Houson 

AM Ermans. Evidence that cassava ingestion increases 

thiocyanate formation: A possible etiological factor in 

endemic goitre. J clin Endocrinol Metab 1978; 46: 613-

621.  

28. Chandra AK, Lahari D, Mukhopadhyay S,Tripathy S. 

Effect of cassava (Manihot esculenta crentz) on thyroid 

status under conditions of varying iodine intake in rats. 

Afr J Tradit Complement 2006; 3: 87-99.     

29. Alquier C, Ruf J, thouel-Haon AM, Carayon P. 

Immunocytochemical study of localization and traffic 

of thyroid peroxidase/microsomal antigen. 

Autoimmunity 1989; 3(2): 113 -123.  

30. Fayadat L, Niccoli-Sire P, Lanet J, Franc JL. Human 

thyroperoxidase is largely retained and  rapidly 

degraded in the endoplasmic reticulum. Its N-glycans 

are required for folding and intracellular trafficking. 

Endocrinology 1998; 139(10): 4277-4285.  

31. Ermans AM, Mbulamoko NM, Delange F. Role of 

cassava in the etiology of endemic goitre and cretinism. 

Ottawa: International Development Research Center, 

1980, 1–182. 

32. Ferreira ACF, Rosenthal D, Carvalho DP. Thyroid 

peroxidase inhibition by Kalanchoe   brasiliensis 

aqueous extract. Food Chem Toxicol 2000; 38: 417-

421.  

33. Schröder-van der Elst JP, van der Heide D, Romijn JA, 

Smit JW. Differential effects of natural flavonoids on 

growth and iodide content in a human Na+/I- symporter 

transfected follicular thyroid carcinoma cell line. Eur J 

Endocrinol 2004; 150: 557–564. 

34. Taurag A, Thyroid hormone synthesis and release. In 

The Thyroid, 4th ed. (Harper and Row Publishers, 

hagestown, Maryland), 1978, 31-61.  

35. Hill RN, Erdreich LS, Paynter OE, Roberts PA, 

Rosenthal SL, Wikinson CF, Thyroid follicular cell 

carcinogenesis: a review. Fundam Appl Toxicol 1989; 

12: 629-697. 

36. Spitzweg C, Morris JC. Sodium Iodide Symporter 

(NIS) and Thyroid, Hormones 2002; 1: 22. 

37. Dunn JT, Crutchfield HE, Gutekunst R, Dunn AD. 

Iodine deficiency disorders and urinary iodine levels. 

in: Methods for measuring iodine in urine.The 

Netherlands: ICCIDD/ UNICEF/ WHO, Publication, 

1993, 7-10. 

38. Halmi NS. Thyroid iodide transport. Vitam Horm 1961; 

19: 133-163. 

39. Ermans AM, Bourdoux P. Antithyroid Sulfurated 

Compounds, in: Environmental Goitrogens. Gaitan E, 

(Ed), (CRC Press, Boca Raton, F L), 1989, 15-31. 

40. Maloof F, Soodak M. The inhibition of the metabolism 

of thiocyanate in the thyroid   of the rat. Endocrinology 

1959; 65: 106-113. 

41. Langer P, Foldes O, Gschwendtova K. In vivo effect of 

amiodarone, thiocyanate, perchlorate and goitrin on 

thyroxine deiodination in rat liver. Endocrinol Exp 

1984; 18(3): 177-82. 

42. Moller BL, Poulton JE. Cyanogenic glucosides. in: 

Lea, P.J. (Ed.), Methods in Plant Biochemistry, 

Academic Press, San Diego, 9, 1993, 183–207. 

                        

 

 


