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Abstract 

Congenital hypothyroidism is inadequate production of thyroid hormone in infants from 

birth. Treatment of hypothyroidism often involves an iodine-rich diet since iodine is a 

vital precursor for thyroid hormone synthesis. Red snapper fish is a saltwater fish that 

contain a high amount of iodine and other beneficial macro/micronutrients, yet no report 

was found on the effect of this fish consumption on hypothyroidism. The objective of this 

study was to determine the effectiveness of red snapper (Lutjanus sp.) fish on thyroid 

gland activity, manifested by low FT4 level and high TSH level, two diagnostic indicators 

of hypothyroidism. This study used a post-test and controlled group design. Pregnant 

female rats were given propylthiouracil orally for four weeks to induce hypothyroidism in 

their offspring. All hypothyroid offspring were divided into five treatment groups, i.e., 

negative control, positive control (thyroxin therapy), red snapper enriched diet at 25% and 

50% dosage, also a combination of levothyroxine and red snapper. The thyroid gland 

activity was detected by measuring blood serum FT4 and TSH and histological 

examination of the thyroid gland using HE staining. The level of FT4 and TSH in each 

treatment group were analyzed with the one-way ANOVA test. The results showed that 

the group that received a 50% red snapper diet has a normal level of FT4 and TSH, 

whereas the FT4 level increased two-fold; the TSH level decreased significantly. The 

organization of the thyroid gland showed a remarkable change of the lumen diameter, 

indicating a higher amount of hormone production by the gland. 

1. Introduction 

The thyroid gland produces thyroid hormone, mainly 

triiodothyronine (T3) and thyroxine (T4). The thyroid 

hormone synthesis is affected by a feedback mechanism 

involving Thyroid Stimulating Hormone (TSH). 

Inadequate thyroid hormone production caused the 

human body unable to function normally, a condition 

called hypothyroidism. Individuals who have 

hypothyroidism have low FT4 and elevated TSH 

(Zimmerman et al., 2015). Therefore, blood TSH and 

FT4 level serve as diagnostic tool for hypothyroidism. 

In fetus and infants, thyroid hormone deficiency (i.e., 

congenital hypothyroidism) can cause physical 

deformities, impaired neurological function, and 

cretinism. Cretinism is a severe thyroid hormone 

deficiency in the newborn, causing mental retardation, 

deaf, mute, and stunted growth (Rastogi and LaFranchi, 

2010; Zimmerman et al., 2015). Globally, the prevalence 

of congenital hypothyroidism is 1:3000, and several 

countries showing a lower prevalence, e.g., 1:7000 in 

Japan, 1:3026 in Malaysia. In Indonesia, congenital 

hypothyroidism is still quite common. In 2000-2014, 

there were 85 newborns with congenital hypothyroidism 

detected from the total 213,669 birth, giving a ratio of 

1:2513 (Mranani, 2014; Wassner and Brown, 2015). A 

higher congenital hypothyroidism prevalence ratio in 

Indonesia compared to the global ratio indicates an 

urgency to solve this problem. 

Iodine is a crucial micronutrient needed to synthesize 

the thyroid hormone. Iodine deficiency causes low 

thyroid hormone production, which in turn causing 

several health problems. Groups prone to iodine 

deficiency are pregnant and breastfeeding women, also 

children. In pregnant women, the thyroid hormone helps 

the fetus develop. Deficiency of this hormone may 

increase the risk of metabolism and physiological 

activity problems, fetus growth and development, 

especially the nervous system and brain (Skeaff, 2011; 

Wassner, 2017). 
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Most congenital hypothyroidism cases in Indonesia 

were due to the low iodine intake in pregnant women 

(Mranani, 2014). Therefore, consuming an iodine-rich 

diet is highly recommended during pregnancy 

(Alexander et al., 2017). Saltwater fish is one of the food 

sources containing a high amount of iodine. Low 

consumption of saltwater fish during pregnancy 

increased the risk of iodine deficiency by 3.44 times 

higher than a higher saltwater fish consumption (Alfitri 

et al., 2016). Indeed, several saltwater fishes from the 

Indonesian ocean, e.g., mackerel, large head hairtail, red 

snapper, jackfish, and ponyfish, have a high iodine 

content ranging between 91-118 µg/100 g (Gunanti et 

al., 1999).  

Patients with hypothyroidism need lifelong treatment 

that is effective and has minimal side effects. This 

research is intended to explore the benefits of saltwater 

fish consumption on alleviating hypothyroidism in 

human. Snapper fish, which is abundant, easy to access, 

and relatively cheap, contains iodine and other important 

nutrients making it a superior dietary alternative to 

improve hypothyroidism (Gunanti et al., 1999; Arai et 

al., 2015). However, the literature on the use of fish for 

hypothyroid therapy is still limited. Our recent study 

demonstrated that red snapper fish (Lutjanus sp.) 

contains a high amount of iodine (93.8 µg/100 g) and 

increased the number of pyramid cells in the rat (Rattus 

norvegicus) brain with hypothyroidism (Herawati et al., 

2021). This study aimed to investigate the effect of red 

snapper-enriched diets on the FT4 and TSH hormones in 

rats with hypothyroidism. The results of this study could 

suggest a probable health solution with better overall 

effects so that the quality of life for people with 

hypothyroidism will improve. 

 

2. Materials and methods 

2.1 Animal (rats) care 

The experiment using albino rat (R. norvegicus) was 

performed by following guidelines and regulations of 

animal care facilities of Integrated Laboratory Units, 

Universitas Sebelas Maret (UNS), Indonesia. Ethical 

clearance with authorization number 477/UN27.06/

KEPK/EC/2019 was provided by the Health Research 

Ethics Committee of the Faculty of Medicine, UNS. Rats 

used for the experiments were the wild-type Sprague-

Dawley (SD) rats purchased from the Faculty of 

Pharmacy, Setia Budi University, Indonesia. There were 

eight rats (6 females and 2 males) provided with food 

and drink ad libitum and kept under controlled 

temperature, light, and humidity. The females mate with 

the males and the pups (i.e., infant rats) with a confirmed 

case of hypothyroidism were used for the experiments. 

The method to induce hypothyroidism is described 

below. 

2.2 Inducing hypothyroidism in pregnant rats 

The pregnant rats were treated with a daily dose of 

0.05% (w/v) or Propylthiouracil (PTU) in their drinking 

water ad libitum for three weeks (week 3 pregnancy until 

day 21 lactation) (Donzelli et al., 2016, Bunker et al., 

2017). To increase the solubility, PTU was dissolved in 

100 ml distilled water contained 25 ml of 1% Carboxy 

Methyl Cellulose (CMC).  

2.3 Measurement of blood serum FT4 and TSH 

To confirm the pups’ status of hypothyroidism, their 

blood serum FT4 and TSH were measured at the age of 4 

weeks. The blood samples were collected using a 

capillary collector tube from the pups’ orbital sinus. The 

blood samples were put on ice and allowed to clot, then 

centrifuged at 2000×g for 10 mins. Next, the 

measurement of FT4 and TSH level was done using the 

ELISA kit (CUSABIO, USA, Cat No. CSB-E05079r; 

CSB-E05115r, respectively) according to the 

manufacturer’s instruction. The absorbance was 

measured on a microtiter plate reader (Bio-Rad). This 

part of the experiment was done at the Research and 

Development Center for Iodine Deficiency Disorders 

(Balai Penelitian dan Pengembangan Gangguan Akibat 

Kekurangan Yodium), Magelang, Indonesia. Data were 

analyzed using one-way ANOVA followed by Duncan’s 

multiple range test. p < 0.05 was considered significant. 

2.4 Treatment groups 

Pups (4 weeks old) confirmed with hypothyroidism 

were divided into five treatment groups containing three 

individuals each, i.e., (1) negative control, (2) positive 

control receiving levothyroxine (L-thyroxine), (3) 25% 

red snapper dietary supplement, (4) 50% red snapper 

dietary supplement, and (5) combination of thyroxine 

and 25% red snapper dietary supplement. Each treatment 

was given for four weeks.  

2.5 Diets and determination of iodine content 

This study used red snapper fishes (weighing 200 

grams each) obtained from a local supermarket. To 

prepare the fish supplement, the fishes were cleaned, 

scaled, then steamed for 15 mins. The prepared fish 

mixed with basal diet broiler-2 (BR-2) at a ratio based on 

the treatment dose as described above. Rat group treated 

with red snapper enriched diet were fed twice a day with 

each serving constituted 10% of their body weight. Each 

rat was kept in an individual cage. The leftover food in 

each cage (if any) was weighed using a digital scale, 

including any food that had spilt onto the bottom of the 
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cage. The recording of food intake was performed every 

24 hrs. Determination of iodine concentrations was based 

on spectrophotometric measurements of the Sandell-

Kolhoff-reaction as described elsewhere (Keller, 1973).  

2.6 Oral administration of levothyroxine 

Levothyroxine sodium was prepared by dissolving it 

in aquadest until it reached a final concentration of 0.005 

μg/g and stored at -20°C. The solution was given by 

intragastric administration once per day to the positive 

control group. 

2.7 Histological analysis of thyroid gland 

All treated eight weeks old rats were euthanized 

using inhaled anaesthetics and the thyroid gland from 

each rat was extracted using a surgical instrument. The 

glands were preserved in 10% neutral buffered formalin 

for 2 days and embedded in paraffin. The preserved 

thyroid gland was sliced into sections of 5 μm, placed on 

glass slides, and counterstained with hematoxylin and 

eosin. The slides were examined, and images were taken 

using a digital microscope (Nikon ECLIPSE Ni-E) at 

100× and 400× magnification. The diameter of a 

follicle’s lumen was quantified based on the mean of two 

perpendicular lumens and the data were analyzed using 

the Chi-square test.  

 

3. Results and discussion 

The hypothyroid condition on rats used in this study 

was determined based on the decreased FT4 and 

increased TSH level compared to the normal condition 

(Soonawala et al., 2018). According to earlier studies, 

the normal thyroid hormone level of R. norvegicus was 

28.4 pmol/L for FT4 (Zamoner et al., 2008) and 1.7 

mIU/L for TSH (Donzelli et al., 2016). This study 

showed that a month after PTU induction, all pups have 

a lower FT4 level (<13.7 pmol/L) compared with the 

normal condition and TSH level higher than normal 

(>1.7 mIU/L) (Figure 1). This result proved that PTU has 

effectively induced congenital hypothyroidism when 

given to pregnant rats as reported previously (Zamoner et 

al., 2008; Donzelli et al., 2016). The red snapper-

enriched diets were given to three groups of pups (4 

weeks old) with confirmed congenital hypothyroidism 

during 4 weeks of treatments. After 4 weeks of 

treatments, these three rat groups showed significant 

changes in their level of FT4 and TSH towards the 

normal range compared to the negative control group 

(Figure 1 A-B). 

The anatomical and histological observation of the 

rats’ thyroid gland was consistent with their thyroid 

hormone level. Anatomically, the two lobes of the 

thyroid gland on the negative control group showed a 

bigger size compared to other groups of treatment 

(Figure 2). Based on the microscopical observation, the 

tissue structural organization of this group was also 

different compared with others, i.e., there were more 

follicles with smaller size and the shape of follicular 

cells were columnar. On the contrary, the thyroid gland 

on rats given red snapper-enriched diets consisted of a 

bigger size follicle filled with colloids, indicative of 

higher hormone production (Figure 3). The follicle is a 

structural and functional unit of the thyroid gland. 

Thyroid follicles act as storage compartments where the 

middle part contains colloid to store prohormone. In this 

study, the diameter of a follicle’s lumen was quantified 

based on the mean of two perpendicular lumens (Figure 

4). To simplify the data analysis, the diameter 

measurement results grouped into three diameter range 

Figure 1. The effect of red snapper dietary supplement on blood 

serum FT4 and TSH of rats with congenital hypothyroidism. 

(A) FT4 level before and after treatments (B) TSH level before 

and after treatments (*p<0.05). 

Figure 2. The thyroid gland lobes between different treatment 

groups of rats with congenital hypothyroidism. I: negative 

control, II: positive control with levothyroxine, III: 25% red 

snapper dietary supplement, IV: 50% red snapper dietary 

supplement, V: a combination of 25% red snapper dietary 

supplement and levothyroxine. 
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groups, i.e., short (0 – 33.3 µm), medium (33.4 – 66.7 

µm), and long (66.8 – 100.0 µm) (Figure 5). 

The follicle’s lumen diameter of the rat group fed 

with a 25% red snapper enriched diet fell in the long 

(10%), medium (46%), and short (44%) range. These 

diameter ranges were not significantly different when the 

dosage of red snapper supplement increased by 50%. On 

the contrary, the negative control rats showed a 

significantly different result with a short (85%) diameter 

range dominated the medium (15%) (Figures 3 and 5). 

Further analysis with Chi-square showed a significant 

difference in the thyroid follicle’s lumen diameter 

between groups of treatments. The longer diameter of 

colloid indicates a higher synthesis and secretion activity 

of the thyroid gland in rats treated with a red snapper-

enriched diet. The corrected FT4 and TSH level towards 

a normal condition after treated with a red snapper diet 

also signify this finding (Figure 1). 

The variety of lumen size as shown in Figure 3 also 

indicates that a thyroid lobe can contain follicles with 

different activity levels. An irregular follicle size 

commonly found on six months old adult mice (Lee et 

al., 2016). Possibly, the changes observed in the thyroid 

glands’ follicle suffering from a pathological condition 

(i.e., hypothyroidism) was due to external stimulation 

such as changes in TSH level and micronutrient supply 

provided by the red snapper supplement.  

In normal physiological condition (euthyroid), 

thyroid hormone synthesis and secretion activity are 

under the normal range. The thyroid follicular cells 

surrounding the space filled with fluid (lumen) form a 

simple cuboidal epithelium (Figure 4, arrow) with 

medium size of lumen (Rajab et al., 2017; Khan and 

Farhana, 2019). The histological description of the 

thyroid gland in rats treated with a red snapper-enriched 

diet showed a similar physiological condition with the 

euthyroid mentioned (Figures 3 and 5). This result 

proves that red snapper contains a compound that 

initiates the synthesis and secretion activity of the 

thyroid gland. In hypothyroid condition, the stimulated 

follicular cells became highly active, columnar-shaped 

(hypertrophy), and experiencing hyperplasia (Figure 3) 

because TSH stimulates follicular cells to increase the 

thyroid hormone synthesis. TSH also stimulates the 

increase in thyroid hormone exocytosis rate, the coupling 

of thyroglobulin with iodine, and the breaking down of 

intracellular colloid. This overall process causes a drastic 

reduction in colloid’s volume, which morphologically 

manifested by the thyroid gland enlargement (Figure 2) 

due to the continuous stimulation (Stelios et al., 2007 

dan Zbucki et al., 2007). 

The functional balance of the thyroid gland is 

strongly affected by the proper amount of iodine. Iodine 

is a trace element that cannot be synthesized by human 

bodies and can only be fulfilled by a proper dietary 

intake. Earlier epidemiological studies have reported a 

positive correlation between sufficient iodine intake and 

the low incidence of thyroid abnormalities (Ballester et 

al., 2010; Eastman and Zimmermann, 2018). The red 

snapper fish used in this study has a high iodine content 

(98.03 mg/100 g; Table 1) compared to other 

consumable saltwater fish captured in the Indonesian 

ocean (Gunanti et al., 1999). Snapper fish fillet also 

contains a high amount of tyrosine (173% recommended 

Figure 3. The histology of thyroid gland of congenital 

hypothyroid rats stained with hematoxylin and eosin (negative 

control, positive control with levothyroxine, 25% red snapper 

dietary supplement, 50% red snapper dietary supplement, a 

combination of 25% red snapper dietary supplement and 

levothyroxine). 

Figure 4. The lumen diameter of the thyroid gland’s follicles 

Figure 5. The diameter of the follicle thyroid lumen of 

congenital hypothyroid rats with different treatments 

(negative control, positive control with levothyroxine, 25% 

red snapper dietary supplement, 50% red snapper dietary 

supplement, a combination of 25% red snapper dietary 

supplement and levothyroxine). 
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daily intake per 600 g), which is the thyroid hormone 

precursor (Citterio et al., 2019; Whitbread, 2020). 

Tyrosine is one of the amino acids which function as 

building blocks on the synthesis of thyroid hormone. 

Iodine will combine with tyrosine to form two types of 

thyroid hormone, i.e., T3 (triiodothyronine) and T4 

(thyroxine) in the thyroid gland.  

The thyroid hormone is a vital regulator in cell 

proliferation and growth. Therefore, maintaining the 

thyroid hormone at the optimal level is crucially 

important to support normal growth and health. The 

clinical manifestation of a young hypothyroid patient is 

stunted growth (Zimmerman et al., 2015). In this study, 

the rats’ growth was observed by measuring several 

parameters, i.e., weight, body length, and thorax 

circumference. The total daily meal intake recorded was 

the same since the rats always finished their daily meal, 

thus; the difference of growth in each group was not 

caused by different amount of food intake. The lowest 

growth curve was shown by the negative control group 

(Figure 6A-C). Stunted growth in hypothyroid rats 

showed that the thyroid hormone was crucially involved 

in the growth regulation during the fetal and postnatal 

periods through complex metabolism effects, stimulation 

of growth factor production, growth hormone (GH) 

secretion and action, and insulin-like growth factor (IGF-

1) (Mytilinaios et al., 2017; Teixeira et al., 2020). A 

higher growth parameter was shown in groups provided 

with red snapper diets (Figure 6A-C). The phenomena 

may be attributed to the normalization of the thyroid 

hormone level which promotes somatic growth. 

Nevertheless, the increase in weight gain on rats with red 

snapper-enriched diet groups might also cause by the 

nutritional value of red snapper feed. The rat’s feed 

supplemented by 50% red snapper has a richer protein 

content (0.6-1.5%) compared to the basal diet (BR-2) 

(Herawati et al., 2021). Our results showed that a red 

snapper-enriched diet at dosage 25% and 50% increase 

the thyroid hormone activity and support the growth of 

congenital hypothyroid rats.  
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