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Abstract

The thyroid gland regulates a wide range of physiological activities such as growth, metabolism, homeostasis, and cell 
proliferation and differentiation through the secretion of thyroid hormones (THs). Thyroid diseases are among the most 
common endocrine disorders, hypothyroidism is the most common clinical thyroid dysfunction. Hyperthyroidism means 
increased thyroid function and refers to excess metabolic state due to excessive synthesis and secretion of TH. Medicinal 
plants have been identified and used by humans throughout history. To name the herbs and natural antioxidants used to 
treat thyroid disorders including hypothyroidism and hyperthyroidism. Related articles were obtained using the Google 
Scholar, PubMed, and ScienceDirect databases. The results of this study indicate that medicinal plants include Fucus 
vesiculosus, Aegle marmelos, Coleus forskohlii, Linum usitatissimum, Withania somnifera, Commiphora mukul, Nigella 
sativa, and Bacopa monnieri. They can improve the hyperthyroidism in improving hyperthyroidism and herbal remedies, 
Melissa officinalis A. marmelos, Lycopus europaeus, Leonurus cardiaca, and Aloe barbadensis be effective. Herbal drugs 
cause comparatively fewer side effects. It is believed that the drugs derived from the plants are very safe and produce 
significant effects in the treatment of various diseases. Today, traditional medicine is being widely used and plants are still 
considered a major source of natural antioxidants that can serve as a clue for the development of new drugs.

Key words: Antioxidant role, hyperthyroidism, hypothyroidism, medicinal plants

Address for correspondence:  
Mahmoud Rafieian-Kopaei, Medical Plants Research 
Center, Basic Health Sciences Institute, Shahrekord 
University of Medical Sciences, Shahrekord, Iran. 
E-mail:  rafieian@yahoo.com

Received: 09-09-2018 
Revised: 22-09-2018 
Accepted: 30-09-2018

INTRODUCTION

Function of the Thyroid Gland

The thyroid gland regulates a wide range of 
physiological activities such as growth, 
metabolism, homeostasis, and cell 

proliferation and differentiation by secretion of 
thyroid hormones (THs).[1] The main product 
of the thyroid gland is mainly T4 prohormone 
(3,5,3,5-tetraiodothyronin), also known as 
thyroxine, and in less amounts, T3 active 
hormone (3,5,3′-triiodo-L-thyronine).[2] The 
major part of T3 is produced by 5-deiodination 
of T4 by iodothyronine deiodinase Type 1 and 
Type 2, and T3 is converted to inactive rT3 by 
iodothyronine deiodinase Type 3. THs exert 
their biological activities through binding 
to the TH receptor (TR) and transcribing 
specific genes. TRs, along with the receptors 

for steroids, retinoids, and Vitamin D, belong to the large 
family of nuclear receptors. The two main isoforms of TR 
are TRα and TRβ that are coded on distinct genes. TRs 
bind to the TH response elements (TREs) in the promoter 
of target genes to regulate their transcription. Plasma levels 
of T3 and T4 are controlled by negative feedback through 
the hypothalamic-pituitary-thyroid axis by the secretion of 
thyrotropin-releasing hormone (TRH) from the hypothalamus 
and the secretion of the thyroid-stimulating hormone (TSH) 
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from the pituitary.[3] Thyroid diseases are among the most 
common endocrine disorders[4] whose incidence increases 
with increasing age.[5] Subclinical thyroid disease is defined 
by abnormal serum TSH, but normal T3 and T4 levels and 
the patients do not always need treatment, while people 
with clinical thyroid disease have abnormal serum TSH, T3, 
and T4 levels and need treatment.[6] 5–9% of adults suffer 
from subclinical thyroid disease and 7.5–8% of the general 
population develop clinical thyroid disease.[7] Early diagnosis 
and management of thyroid disease is very important as it 
is associated with increased pathogenicity and mortality, 
especially in the elderly.[5]

Hypothyroidism

Hypothyroidism is the most common clinical thyroid 
dysfunction[5] and is more prevalent in women and the 
elderly.[8] Its prevalence is approximately 2% in adult women 
and 0.2% in adult men and increases to 0.5% at age 75 years.[9] 
Hypothyroidism can be divided into two categories: Primary 
hypothyroidism and secondary hypothyroidism.[9] Primary 
hypothyroidism refers to thyroid deficiency to produce 
sufficient amounts of TH. Secondary (central) hypothyroidism 
occurs much less frequently and is due to decreased thyroid 
stimulation by TSH due to hypopituitarism or hypothalamic 
disease. The main cause of hypothyroidism across the globe 
is iodine deficiency, and in regions, where sufficient amounts 
of iodine are available, Hashimoto’s (autoimmune) thyroiditis 
is the most common cause of the disease.[10] Iodine is essential 
for the production of THs. In 2005, almost 2 billion (one-third 
of the world’s population) suffered from iodine deficiency 
and were at risk of developing iodine deficiency disorders 
(IDDs).[11] Women of reproductive age are at the highest risk 
of IDD due to effects on ovulation, fertility, and pregnancy.[12] 
Hashimoto’s thyroiditis is a type of autoimmune thyroiditis 
that involves lymphocytic infiltration into the gland and 
production of autoantibodies toward thyroglobulin and thyroid 
peroxidase. As a result, the structural unit and the enzyme 
responsible for the production of the hormone are blocked.[13] 
Congenital hypothyroidism (CH) is one of the most important 
and preventable causes of mental retardation, and one of the 
most common diseases related to psychiatric disorders and 
growth restriction in newborns.[14] Today, thyroid screening is 
being conducted at birth in many countries across the world 
due to the importance of CH.[15] Subclinical hypothyroidism is 
a more moderate type of thyroid disease associated with high 
serum TSH levels (above the reference range) when serum FT4 
concentrations are within the normal reference range.[16,17] The 
signs and symptoms of hypothyroidism are non-specific and 
delicate. The disease is often difficult to diagnose and may be 
misdiagnosed as other diseases, especially in postnatal women 
and the elderly.[18] Signs and symptoms of hypothyroidism 
include fatigue, lethargy, concentration difficulty, depression, 
weight gain, dryness, skin roughness and itching, hair thinning, 
cold intolerance, sweating, constipation, menstrual disorders, 
muscle cramps, infertility and abortion, bradycardia, and 
hypotension. Laboratory findings include decreased T4, 

increased TSH, specific antithyroid antibodies, increased 
low-density lipoprotein (LDL), increased LFTs, increased 
creatine and myoglobin, and anemia.[5,19-21] Irrespective of age, 
levothyroxine is the first drug of choice for hypothyroidism 
due to its long half-life. The average replacement dose is 
16 μg/kg for each individual.[17] Children may need higher 
doses of levothyroxine, while the elderly may need lower 
doses. In some patients, a sudden increase in levothyroxine 
may increase myocardial oxygen demand and cause heart 
failure.[13] Thyroid function tests are performed 6 weeks after 
starting treatment and the effectiveness of the treatment is 
measured by TSH sensitivity testing.[13]

Hyperthyroidism

Hyperthyroidism means increased thyroid function and 
refers to excess metabolic state due to excessive synthesis 
and secretion of TH.[22] The prevalence of hyperthyroidism 
is 0.2–0.5% in women that is approximately 10 times higher 
than in men. The most common cause of hyperthyroidism 
in iodine-rich regions is Graves’ disease, which results in 
the production of antibody against the TSH receptor that 
stimulates the thyroid gland and leads to overproduction 
of TH.[23] In areas where iodine insufficiency is common, 
production of excess TH due to toxic adenoma and toxic goiter 
is an important cause of hyperthyroidism.[24,25] Subclinical 
hyperthyroidism is a mild type of hyperthyroidism. It is 
associated with low levels of TSH (lower than the reference 
range) when the concentration of FT4 is within the reference 
range.[26,27] Diagnosis of hyperthyroidism is based on serum 
TSH levels. If T4 is measured at the same time, the accuracy 
of the diagnosis increases. Free T3 levels may be useful for 
confirmation of diagnosis, especially if T3 toxicity diagnosis 
is suspected.[24,28] The presence of antibodies against the 
TR shows the diagnosis of Graves’ disease. The symptoms 
and signs of the disease include fatigue, irritability, anxiety 
and anger, insomnia, palpitations, weight loss, increased 
appetite, heat intolerance, sweating, menstrual dysfunction, 
tachycardia, anemia, osteoporosis, and eye problems.[5,28]

Treatment

Treatments of choice for hyperthyroidism are more than those 
for hypothyroidism and include antithyroid drugs to reduce 
the synthesis and secretion of TH, radioiodine for the gland, 
and thyroidectomy to remove the thyroid gland.[7] The use of 
antithyroid drugs is a short-term treatment and is conducted 
before radioiodine and surgery. This method is low cost and 
noninvasive, and the risk of developing hypothyroidism 
due to it is low.[28,29] Metimazol is the only antithyroid drug 
approved for the treatment of hyperthyroidism in children 
and adolescents in the United States, after the US Food 
and Drug Administration issued an immunological warning 
against the use of propylthiouracil due to an increased risk 
of drug-induced hepatic necrosis in children and adolescents.
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The most common side effect of metimazol is skin rash, 
which is found in about 20% of patients, and the most severe 
side effects are bone marrow suppression and hepatotoxicity, 
occurring in <1% of patients.[30]

Treatments of Choice for Hypothyroidism

Instead of long-term antithyroid drug treatment, radioiodine 
is the preferred treatment of choice in most cases of 
Graves’ disease and toxic goiter in the elderly. This is an 
effective or definitive treatment. A return to normal thyroid 
function occurs slowly. There is more than 60% chance of 
developing hypothyroidism. Pregnancy should be delayed 
by 6 months.[17] β-blockers are used in combination with 
antithyroid drugs and after radioiodine to reduce the risk 
of tachycardia. After treatment with radioiodine, patients 
should undergo follow-up examinations at frequent intervals 
because most patients develop hypothyroidism and require 
TH replacement therapy.[17] Thyroidectomy (the removal of 
a part of the thyroid gland) is used less frequently due to the 
effectiveness of radiotherapy, but radiotherapy is a treatment 
of choice in young patients resistant to drug therapy and in 
some people who have thyroid neoplasms. Surgery is invasive 
and costly. The development of permanent hypothyroidism 
and laryngeal nerve injury is also likely.[13]

MATERIALS AND METHODS

We retrieved relevant publications using the keywords medicinal 
plants, hypothyroidism, and hyperthyroidism, and antioxidant 
role from the databases Google Scholar, PubMed, and 
ScienceDirect. After conducting the initial search and retrieving 
obtaining numerous articles on this subject, we found the results 
below by limiting our analysis to the most relevant articles.

RESULTS

Medicinal plants have been identified and used by humans 
throughout history. The effects of plants on human’s body 
are due to their chemical compounds. Herbal drugs cause 
comparatively fewer side effects. It is believed that the 
herbal drugs are very safe and lead to significant effects in 
treating various diseases.[31] Today, traditional medicine is 
being widely used and plants are still considered a major 
source of natural antioxidants that can serve as a clue for 
the development of new drugs.[32] Medicinal plants are rich 
in secondary metabolites that have an important role in the 
function of mammalian tissues in both health conditions 
and diseases.[33] Numerous antithyroid drugs are available, 
but they lead to adverse effects during long-term treatment. 
Therefore, medicinal plants can be used in the treatment 
of thyroid diseases. Many plants are used to treat thyroid 
diseases. Many of the plants act as an antithyroid agent in 
both hypothyroidism and hyperthyroidism.[34]

Antithyroid activity of certain plants has been demonstrated. 
Some of the important plants used to treat thyroid diseases 
are as follows:[35-40]

Bugleweed is used as a thyroid suppressor that stops thyroid 
function and is one of the most effective plants on thyroid 
disease.

Bugleweed and its extract have several beneficial effects 
including preventing the binding of thyroid-stimulating 
antibodies for Graves’ disease to thyroid disease, prevent the 
production of TSH, reduce the peripheral T4 deiodination, 
and inhibit iodine metabolism.[34]

Avena sativa Linn.

A. sativa Linn. is a plant of the Poaceae family and is locally 
called Jai or Javi. Green meal that is also used as food 
contains minerals and Vitamin B that is effective on health 
and improves thyroid function.[41]

Plants Used to Treat Hypothyroidism

Gotu kola leaves are useful for treating hypothyroidism. The 
leaves contain asiatic, asiaticoside, brahmoside, and brahmic 
acid. It has been suggested that it stimulates the synthesis of T4.[34]

Ashwagandha

Ashwagandha is a plant of the Solanaceae family. Withania 
somnifera is one of the few iodine free medicinal plants 
that are known to stimulate TH function. Some studies have 
shown that Ashwagandha only increases T4, but some studies 
have indicated that it increases both T3 and T4.

In another recent study, Ashwagandha was found to increase 
TSH and T4 levels in TH status, and in people who did not 
receive Ashwagandha, thyroid function decreased.

In a study in 50 patients with hypothyroidism (increased TSH 
by 4.5–10 fold), 600 mg of Ashwagandha root extract and 
starch, a placebo, were administered for 8 weeks.

Ashwagandha, compared to the placebo, led to normal 
function of TSH, T3 (18.6% in week 4 and 41.5% in week 8) 
and T4 (9.3% in week 4 and 19.6% in week 8) levels 
increased.

Botanists have reported that the plant is more effective 
on borderline underactive thyroid than on advanced 
hypothyroidism. However, it can play a supportive role in 
conventional drug therapies.[42]

Ashwagandha contains steroidal alkaloids and saponin. 
These chemicals are involved in increasing the production of 
T4 hormone through converting T4 to T3.[34]
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Previous studies have shown that Ashwagandha is a good 
treatment for hypothyroidism. Significant increases in serum 
T4 levels indicate stimulatory effects at the glandular level.

It also affects cellular antioxidant system. Withania can also 
indirectly stimulate thyroid activity by acting on the cellular 
antioxidant system.[43,44]

Guggul, known as Commiphora mukul, supports thyroid 
function. It is a member of the Burseraceae family and contains 
aromatic sticky resins with pharmaceutical properties.[45]

Guggul has been reported to be beneficial for increasing iodine 
absorption by the thyroid gland and also for enhancing the 
activity of peroxidase.[46] Guggul can also decrease lipid profile 
by supporting the basic function of the thyroid metabolism.[47]

Guggul contains a sterol called guggulsterones, which acts on 
the bile acid receptor and processes lipids and also is involved 
in its hyperlipidemic effects.[48] Guggul inhibits LDL oxidation, 
which is a part of the mechanism of atherosclerosis.[49]

LDL levels can be changed using guggul supplements. It can 
also reduce lipid profile through thyroid function, which has 
been demonstrated in animal studies.

A compound of Commiphora, oleoresin, increases iodine 
reabsorption by the thyroid gland and also increases the 
activity of thyroxidase. The guggul extract contains oleoresin. 
It has a strong thyroid-stimulating activity. It also increases 
the production of T3 by increasing the conversion of T4 to T3.

It increases lipid peroxidation and also increases serum T3 
level. Recent studies have shown that certain compounds 
of guggul resin have anti-inflammatory properties, lower 
cholesterol, and other blood lipids and support thyroid 
function in different ways.[50] Preliminary studies have shown 
that guggul improves the thyroid function and increases the 
conversion of T4 to T3 and T3.[42]

Zingiber officinale (Rosc.) is a plant of the Zingiberaceae 
family. Ginger is an important domestic remedy for thyroid 
function.

Ginger is rich in zinc, potassium, and magnesium. Ginger 
is a suitable herbal remedy because of its anti-inflammatory 
properties. Ginger can be used in different ways to treat 
thyroid diseases.[51]

Other Effective Medicinal Plants on Hypothyroidism

Bacopa monnieri from the scrophulariaceae family Function: 
B. monnieri stimulates thyroid activity by increasing the 
amount of T4 and is used to treat hypothyroidism.[52]

Since T4 (but not T3) levels are increased by B. monnieri, it 
can be concluded that the plant extract stimulates or releases 

T4 directly at the glandular level, but not through peripheral 
conversion of T4 to T3.[53]

Two other herbs, Aegle marmelos and Aloe vera, reduce either 
one or both THs. Among these two plants, marmelos have a 
better potential to reduce T3 by 62%, which is comparable to 
the reduction by the standard drug propylthiouracil.

Although A. vera extract decreases serum T3 and T4 
concentrations, its inhibition rates for the two hormones are 
25% and 13%, respectively, which indicates that the extract 
may not be adequately effective in reducing the concentration 
of THs. However, A. vera extract can be a better choice for mild 
hyperthyroidism cases because it does not produce a toxic effect 
on the liver. It seems that A. marmelos is relatively more effective 
than A. vera to reduce thyroid function and can, therefore, be 
considered for the regulation of hyperthyroidism.[53]

Coleus forskohlii (Lamiaceae family)

C. forskohlii increases the production and secretion of the 
hormone. It can also help keep the hormone level. C. forskohlii 
leaves are recommended for hypothyroidism in some cases. 
C. forskohlii stimulates adenylate cyclase and, therefore, has 
been recommended to reduce the effect of TSH because the 
activated adenylate cyclase binds to the TSH receptor. The 
compound forskolin (obtained from C. forskohlii leaves) 
increases the synthesis of T4 through thyroid follicles.[54]

Linum usitatissimum is a member of the Linaceae family 
and is locally called Alsi/Bijari. L. usitatissimum seeds are 
important for thyroid health and help promote TH production, 
which reduces predisposition to hypothyroidism.[41]

Nigella (black cumin) seed

A study in 40 patients with Hashimoto’s thyroiditis showed 
that Nigella sativa powder reduced TSH level and increased 
T3 and T4 levels.[42]

Coconut oil

Preliminary studies have shown that coconut oil and other 
fats, such as avocado oil, support thyroid function probably 
in a way in which the body activates the TH. Some reports 
have shown the improvement and reduction of goiter.[38] 
Bacopa monnieri (L.) Pennell: B. monnieri is a member of 
the Scrophulariaceae family and is locally called Chhoti 
brahmi/Jal-Neem. B. monnieri has been reported to treat 
hypothyroidism if used in half a glass twice a day for 
7–10 days. This tonic medicinal plant is used for underactive 
thyroid. Preliminary studies have shown that B. monnieri 
increases T4 but is not effective on T3.[42]

Bladder wracks

Bladder wracks are a member of the Fucaceae family and 
the Phaeophyceae genus and are found in the Pacific Ocean. 
Fucus vesiculosus contains flavonoids and fluconazole 
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and has been reported to have high antioxidant activity. 
F. vesiculosus[55] is a rich source of iodine and bioavailable.

It is also rich in minerals such as calcium, potassium, 
comparatively lower amount of phosphorus, selenium, and 
magnesium. It also contains adequate amounts of Vitamins 
A, D, E, K, B2, B3, and B6. F. vesiculosus, which contains 
all of these minerals and vitamins, has a beneficial effect 
on thyroid function,[56] and also helps reduce the activity of 
trans-sialidase in the blood. Trans-sialidase is an enzyme 
associated with cholesterol accumulation.

This can be helpful for patients with hypothyroidism as 
reduced metabolism is associated with hyperlipidemia.[57]

Versicolor

Versicolor is also called blue flag. Versicolor is a small wild 
plant found in the marshlands of North America. Versicolor 
enhances the function of the thyroid gland by increasing the 
production of T3. It is a detoxifying agent and is specifically 
used to treat thyroid enlargement. It is also useful for the 
treatment of hepatosplenomegaly. It contains volatile oils, 
resins, alkaloids, and oleoresin.[49]

Plants Used to Treat Hyperthyroidism

Melissa officinalis (Lamiaceae family)

As noted in previous studies, the lemon balm affects the 
blocking of TSH binding to the receptor by influencing the 
hormone and the receptor itself. It also prevents the production 
of cyclic AMP stimulated by TSH receptor antibodies.

Conventionally, lemon balm is used to treat hyperthyroidism 
symptoms such as tachycardia, insomnia, and hyperactivity. 
The M. officinalis extract increases the secretion of TRH and 
TSH levels and subsequently increases T3 and T4 levels. 
The increase in T3 and T4 can ultimately lead to a decrease 
in TSH levels through negative feedback.[58] A. marmelos 
(L. Corr.) is a member of the Rutaceae family and is locally 
called Bael/Shriphal. Its pharmaceutical use is such that its 
leaves are sliced in half a glass and used 3 times a day for 
7–10 days to treat hyperthyroidism.[41]

Aloe barbadensis (mill) is a member of the Liliaceae 
family and is locally called Ghee kwar/Gwarpatha. Its 
pharmaceutical use is such that its brewed leaf is used twice 
a day to treat hyperthyroidism.[41]

Lemon balm, motherwort, bugleweed, and self-heal: Lemon 
balm, motherwort, bugleweed, and self-heal are four 
medicinal plants that can be used, either in combination or 
separately to treat hyperthyroidism. Preliminary studies 
have shown that lemon balm (M. officinalis), motherwort 
(Leonurus cardiaca), and bugleweed (Lycopus europaeus) 
inhibit TSH through binding to receptor sites and reduce the 
excess production of TH.

These plants are rich in rosmarinic acid that is beneficial 
for various thyroid conditions. These plants also block 
the antithyroid effects of immunoglobulins and reduce 
conversion of T4 to T3.[42]

Lemon balm is used as a thyroid suppressant for the treatment 
of hyperthyroidism. The plant is effective on the hormone and 
the receptor by preventing the binding of TSH to the receptor.

It can also prevent the production of cyclic AMP to stimulate 
TSH receptor as an antibody. Lemon balm also contains a 
large amount of rosmarinic acid.

Motherwort mainly has anti-inflammatory activity, because 
it contains a flavonoid called quercetin. It is important 
to reduce inflammation or swelling to treat autoimmune 
diseases, and therefore, motherwort is a good choice to treat 
hyperthyroidism. In this case, the action of the 5-deiodinase 
is prevented.[34]

In a study in 400 hyperthyroid patients, bugleweed was found 
to significantly reduce the symptoms.[59] Cardiovascular stress 
that is common in hyperthyroidism has also been observed to 
reduce by motherwort and Bugleweed, and less markedly, by 
lemon balm.

Self-heal contains rosmarinic acid in abundance and has been 
found in a study to be able to goiter in both hyperthyroidism 
and hypothyroidism in combination with drug therapy.[42]

The gromwell belongs to the Boraginaceae family and 
contains rosmarinic acid. The most important action of this 
plant in hyperthyroidism is to prevent TSH from binding to 
thyroid follicles. It also reduces the peripheral deiodination 
of T4 and also reduces the secretion of the TH.[34]

Rose marry is a plant of the Lamiaceae family. It has a high 
amount of rosmarinic acid and is used to treat hyperthyroidism.

This acid influences the effect of TSH on the receptor site and 
also prevents the effect of immunoglobulin on TSH receptor. 
In addition, it reduces the peripheral change in T3.

Sage, the other members of this plant family, exerts the same 
effect.[34]

Some of the plant drugs which are used in the treatment of 
thyroid dysfunction in conditions of hypothyroidism and 
hyperthyroidism are given in Table 1.

Antioxidant Role and Thyroid Diseases

THs regulate oxidative metabolism and thus play an 
important role in the production of free radicals. In addition, 
they regulate synthesis and destruction of proteins and 
vitamins as well as synthesis of enzymes.[60] It is known that 
the TH biosynthesis is an oxidative biochemical reaction that 
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depends on peroxide formation.[68] Changes in THs levels can 
be one of the main physiological mediators for the regulation 
of oxidative stress in vivo, which depends on their known 
role in influencing the mitochondrial respiratory chain.[69] 
One of the main effects of THs is increasing mitochondrial 
respiratory chain that increases the production of reactive 
oxygen species (ROS), leading ultimately to oxidative 
damage to membrane lipids.[70] The thyroid gland is an organ 
where oxidative processes are essential for the production of 
TH. It is estimated that a large amount of ROS, especially 
H2O2, is produced in the thyroid under physiological 
conditions. Hydrogen peroxide is an essential factor for 
TH biosynthesis. This compound is produced in the thyroid 
gland.[71] The reactive nature of oxygen and its mediators 
seem to be involved in endocrine autoimmune diseases 
such as certain thyroid disorders.[72] The most common 
autoimmune disease is Graves’ disease that is associated with 
excessive production of THs due to continuous stimulation 
of the TSH receptor by thyroid-stimulating antibodies.[73,74] 
Although the causes of autoimmune events have not yet been 
determined, evidence suggests the role of oxidative stress in 
the pathogenesis of the disease.[75] Experimental studies have 
confirmed that changes in thyroid function have a significant 
impact on the activity of the compounds of mitochondrial 
respiratory chain in mouse liver.[75,76] It has been suggested 
that mitochondrial respiratory chain dysfunction due to 
hyperthyroidism accelerates the formation of ROS[76,77] 
and may also cause changes in the potential of antioxidant 
systems. Hydrogen peroxide acts as an electron receptor at 

all steps of the TH synthesis, i.e., it is essential for activity 
of thyroperoxidase, the key enzyme for thyroid synthesis, 
in iodide oxidation and then its organization, as well as in 
the iodotyrosine binding reactions.[78] An increase in H2O2 
production, alongside subsequent increase in free radicals 
(especially OH), occurs under all conditions associated with 
increased blood TSH levels. Therefore, stimulating TSH 
leads to goiter development, and under certain conditions, 
triggers the onset of thyroid cancer through the oxidative 
stress mechanism. Oxidative stress provides the conditions 
for cell proliferation.[79,80]

The natural antioxidants present in plants remove harmful 
free radicals from the body. Antioxidants exert effect by 
suppressing the formation of ROS by inhibiting enzymes 
or chelating rare elements. Antioxidants are vital elements 
that protect the body against oxidative stress damage that is 
induced by free radicals.[81] Clinical and experimental studies 
have shown increased free radical levels in hyperthyroidism. 
Hyperthyroidism is a Hyper meth asic state that increases 
with total oxygen consumption, causing the formation of 
ROS and other free radicals or the occurrence of oxidative 
stress.[82] Vitamin A increases the conversion of T4 to T3. 
Vitamin E is an important factor for suppressing free radicals 
and increasing immune system capacity.[83] The reduction of 
Vitamin E in thyroid disorders leads to the conclusion that 
high rates of free radical metabolism are ongoing.[84] Active 
oxygen radicals prevent the activity of the enzyme involved 
in conversion of T4 to active T3, which can be mitigated by 

Table1: Plants act on hypothyroidism and hyperthyroidism
Plant Family Antithyroid effect
Fucus vesiculosus Fucaceae Treatment for thyroid disorders, a supplement for weight loss and iodine, especially 

for hypothyroidism [61]

Fucus and 
Laminaria

Laminariaceae Seaweed contains iodine and polysaccharide that affects the production of TH. It 
has long been used to treat thyroid diseases [51]

Bauhinia purpurea Caesalpiniaceae It is known to have antibacterial, antidiabetic, anti-inflammatory, and anticancer 
properties and regulates TH [62]

Ficus carica Moraceae Only one TH, either T3 or T4, was altered by the plant extract [63]

Mangifera indica Anacardiaceae It plays thyroid-stimulating and antiperoxidase roles [64]

Lithospermum 
officinale

Boraginaceae The club moss affects the hypothalamus-pituitary axis in the thyroid gland. It can 
prevent the peripheral deiodination of T4, and therefore, T3 is activated. The old 
studies on the composition of plants show that club moss can block TSH receptor [51]

Convolvulus 
pluricaulis choisy

Convolvulaceae Convolvulus strongly affects some of the liver enzymes and helps improve the 
symptoms of hyperthyroidism. It has anti-inflammatory properties and plays a role 
in reducing the symptoms of hyperthyroidism. Studies have also shown that it is 
beneficial for the treatment of hypothyroidism [65]

Leonurus cardiac Lamiaceae Motherwort is very important in autoimmune diseases and inflammation and 
therefore is a good choice to treat hyperthyroidism. In addition to reducing 
inflammation, it also inhibits 5-deiodinase [51]

Annona 
squamosal

Annonaceae The aqueous extract of Annona squamosa leaf can be useful to improve 
hyperthyroidism, which is an important causative factor for diabetes mellitus [66]

Rauvolfia 
serpentine

Apocynaceae The injection of Rauvolfia serpentina root extract significantly reduced the serum 
concentrations of T3 and T4 in mice with T4-induced hyperthyroidism [67]

TSH: Thyroid-stimulating hormone, TH: Thyroid hormones
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sufficient amounts of Vitamin E.[85] Vitamin E as an antioxidant 
can indirectly damage the H2O2 needed for iodine oxidation 
and thus reduces the TH biosynthesis.[86] Decreased Vitamin 
C levels in hyperthyroidism and a simultaneous increase in 
oxidative stress show that the antioxidant vitamin is oxidized, 
and therefore, antioxidant effect decreases. Hyperthyroidism 
is associated with an increase in the production of free 
radicals,[87] while in the hypothyroidism, the production of 
free radicals decreases. In fact, both hypothyroidism and 
hyperthyroidism are associated with an increase in oxidative 
stress and entail enzymatic and non-enzymatic antioxidants. In 
addition, some complaints due to hyperthyroidism are due to 
oxidative stress in target tissues. THs, unlike catalase (CAT), 
can act as oxidants and cause DNA damage, which occurs 
probably through the phenolic group. Other methods could 
include increased nitric oxide gene expression and excessive 
NO production, activation of hepatic Nf-Kb and subsequent 
increase in stimulating cytokines, ROS production, coupling 
mechanisms including uncoupling protein (UCP)-2 and 
UCP-3 regulated by THs in which increased turnover of 
mitochondrial proteins regulated by peroxisome proliferator-
activated receptor-γ, whose expression is increased by 
administration of T3.[87] Hyperthyroidism is exacerbated by 
oxidative metabolism and decreased plasma levels of lipid 
and lipoprotein. In the hypermetabolic state that occurs 
due to hyperthyroidism, the production of free radicals and 
lipid peroxidation in the mitochondria is accelerated, and 
the antioxidant defense system is altered.[77,88] The amount 
of arachidonic acid, a saturated fatty acid, increases in 
hyperthyroidism due to increased lipid peroxidation. Tissue 
changes that are related to hyperthyroidism are associated 
with the effects of the two THs on antioxidant enzymes (Mn, 
superoxide dismutase [SOD] or Cu, Zn, CAT, and glutathione 
peroxidase [GPX]).

In humans, hyperthyroidism is associated with a decrease 
in circulating alpha-tocopherol levels, and coenzyme Q10 
increases in hypothyroidism, and has been shown to be a 
sensitive indicator of the THs effect. Or, it can express TH 
in systemic disease conditions when T3 declines,[87] CAT 
activity increases in hyperthyroid patients and decreases in 
hypothyroid patients.[89-91] In another study, CAT was reduced 
in both hyperthyroidism and hypothyroidism. SOD activity 
increased in both hypothyroidism and hyperthyroidism, as 
well.[92] Regarding hypothyroidism, some have suggested 
that tissues may be protected against oxidative damage due 
to hypometabolic state.[66] However, recent studies have 
shown that oxidative stress increases in hypothyroidism.[93] 
In a study on 33 patients, it was argued that increased level of 
ROS in hypothyroidism may be associated with an oxidative 
environment, which results in a decrease in the antioxidant 
activity of PON1 and an increase in MDA and NO.[94] In a 
number of hypothyroid patients, the increase in MDA and NO 
levels was associated with a decrease in paraoxonase (PoN1), 
while the SOD level was not significantly different compared 
to the control group. Increased levels of MDA have also been 
reported in hypothyroid patients.[86] Chronic hypothyroidism 

manifests a defect in redox potential, leading to a free radical 
chain reaction, as well as metabolic suppression in antioxidant 
capacity. The use of antioxidants in hypothyroidism may 
be due to an increase in the production of free radicals in 
the respiratory chain in the mitochondrial inside layer.[89] 
Hypothyroidism is defined as decreased oxidative metabolism 
and elevated lipid and lipoprotein levels that occur due to 
metabolic suppression induced by low TSH levels.[95-97] 
In hypothyroidism, the amount of Vitamin E significantly 
decreases and β-carotene levels significantly increase, 
which can be attributed to the suppression of β-carotene to 
Vitamin E conversion due to TH deficiency.[98] Recently, it 
has been argued that active free radicals play an important 
role in the development of goiter in hypothyroidism.[99] T4 
reduces H2O2 production by decreasing TSH secretion in 
hypothyroid patients, which results in an increase in GPX 
scavenging activity, and therefore, the destruction extent of 
thyrocytes is further limited.[100]

Lipid peroxidation and oxidative stress induced by 
hypothyroidism occur as a result of an increase in the 
production of free radicals as well as a decrease in the 
antioxidant defense capacity.[68] The metabolic disorder that 
occurs due to autoimmune hypothyroidism can also increase 
oxidative stress.[92] Previous studies have shown that both 
hypothyroidism and hyperthyroidism are associated with 
increased oxidative stress including enzymatic and non-
enzymatic antioxidants.[68]

REFERENCES

1. Wu Y, Koenig RJ. Gene regulation by thyroid hormone. 
Trends Endocrinol Metab 2000;11:207-11.

2. Williams GR. Thyroid hormone actions in cartilage and 
bone. Lit Rev 2012;2:3-13.

3. Astapova I. Role of co-regulators in metabolic and 
transcriptional actions of thyroid hormone. J Mol 
Endocrinol 2016;56:73-97.

4. Oetting A, Yen PM. New insights into thyroid 
hormone action. Best Pract Res Clin Endocrinol Metab 
2007;21:193-208.

5. James S. Update on Thyroid Disorders. UK: National 
Medicines Information Centre; 2014.

6. Baskin HJ, Cobin RH, Duick DS, Gharib H, Guttler RB, 
Kaplan MM, et al. American association of clinical 
endocrinologists medical guidelines for clinical practice 
for the evaluation and treatment of hyperthyroidism and 
hypothyroidism. Endocr Pract 2002;8:457-69.

7. Nagarathna PK, Jha DK. Study on antithyroid property 
of some herbal plants. Int J Pharm Sci Rev Res 
2013;23:203-11.

8. Vanderpump MP. The epidemiology of thyroid disease. 
Br Med Bull 2011;99:39-51.

9. Bello F, Bakari AG. Hypothyroidism in adults: A review 
and recent advances in management. J Diabetes 
Endocrinol 2012;3:57-69.



Shokri, et al.: Medicinal plants in remedies of thyroid diseases

International Journal of Green Pharmacy • July-Sep 2018 (Suppl) • 12 (3) | S480

10. Vanderpump MP, Tunbridge WM. Epidemiology and 
prevention of clinical and subclinical hypothyroidism. 
Thyroid 2002;12:839-47.

11. Andersson M, Takkouche B, Egli I, Allen HE, de 
Benoist  B. Current global iodine status and progress 
over the last decade towards the elimination of iodine 
deficiency. Bull World Health Organ 2005;83:518-25.

12. Delange F, Bürgi H, Chen ZP, Dunn JT. World status of 
monitoring iodine deficiency disorders control programs. 
Thyroid 2002;12:915-24.

13. Pinto A, Glick M. Management of patients with thyroid 
disease: Oral health considerations. J Am Dent Assoc 
2002;133:849-58.

14. Rahmani K, Yarahmadi S, Etemad K, Koosha A, 
Mehrabi Y, Aghang N, et al. Congenital hypothyroidism: 
Optimal initial dosage and time of initiation of 
treatment: A Systematic review. Int J Endocrinol Metab 
2016;14:e36080.

15. Deladoëy J, Ruel J, Giguère Y, Van Vliet G. Is the incidence 
of congenital hypothyroidism really increasing? A 
20-year retrospective population-based study in Québec. 
J Clin Endocrinol Metab 2011;96:2422-9.

16. Fatourechi V. Subclinical thyroid disease. Mayo Clin 
Proc 2001;76:413-7.

17. Mitrou P, Raptis SA, Dimitriadis G. Thyroid disease in 
older people. Maturitas 2011;70:5-9.

18. Garg A, Vanderpump MP. Subclinical thyroid disease. 
Br Med Bull 2001;107:101-16.

19. Jayakumar RV. Clinical approach to thyroid disease. 
J Assoc Physicians India 2011;59 Suppl:11-3.

20. Setian N. Hypothyroidism in children: Diagnosis and 
treatment. J Pediatria 2016;83:S209.

21. Truter I. Clinical review: Hyper and hypothyroidism.  SA 
Pharm J 2011;78:10-4.

22. Woeber KA. Update on the management of 
hyperthyroidism and hypothyroidism. Arch Intern Med 
2000;160:1067-71.

23. Brent GA. Clinical practice. Graves’ disease. N Engl J 
Med 2008;358:2594-605.

24. Daniels GH, Dayan CM. Thyroid Disorders (Fast Facts 
Series): Oxford: Health Press Limited; 2006.

25. Hermus A, Huysmans D. In: Braverman LE, Utiger RD. 
Pathogenesis of Nontoxic Diffuse and Nodular Goitre in 
Werner and Ingbar’s The Thyroid A Fundamental and 
Clinical Text. Philadelphia, PA: Lippincott Williams and 
Wilkins; 2005.

26. McDermott MT. Hyperthyroidism. Ann Intern Med 
2012;157:ITC1-16.

27. Samuels MH. Hyperthyroidism in Aging. Portland OR: 
Endotext, MDText. Com, Inc.; 2018.

28. Franklyn JA, Boelaert K. Thyrotoxicosis. Lancet 
2012;379:1155-66.

29. Carvalho DD, Rocha DR, Arbex AK. Hypothyroidism 
in childhood and adolescence. Open J Endocr Metab Dis 
2016;6:72.

30. Alagesaboopathi C. Ethnobotanical studies on useful 
plants of Sirumalai hills of Eastern Ghats, Dindigul 

district of Tamilnadu, Southern India. Int J Biosci 
2012;2:77-84.

31. Khatun S, Chatterjee NC, Cakilcioglu U. Antioxidant 
activity of the medicinal plant Coleus forskohlii Briq. 
Afr J Biotechnol 2015;10:10-4.

32. Taheri S, Zarei A, Changizi Ashtiyani S, Rezaei A, 
Zaheiri S. Evaluation of the effects of hydroalcoholic 
extract of Berberis vulgaris root on the activity of liver 
enzymes in male hypercholesterolemic rats. Avicenna J 
Phytomed 2012;2:153-61.

33. Gupta SW, Gidwani B, Kaur Cd. Herbal drugs for thyroid 
treatment. Int J Pharm Biol Sci 2016;63:62-70.

34. Verma KJ. Studies on traditional treatment of thyroid by 
the tribals of Chitrakoot district, Uttar Pradesh. Int J Sci 
Res 2012;3:2319-7064.

35. Beukhof CM, Massolt ET, Visser TJ, Korevaar TIM, 
Medici M, de Herder WW, et al. Effects of thyrotropin 
on peripheral thyroid hormone metabolism and serum 
lipids. Thyroid 2018;28:168-74.

36. Cooper DS. Antithyroid drugs. N Engl J Med 
2005;352:905-17.

37. Tahiliani P, Kar A. Role of Moringa oleifera leaf extract 
in the regulation of thyroid hormone status in adult male 
and female rats. Pharmacol Res 2000;41:319-23.

38. Panda S, Kar A. Evaluation of the antithyroid, 
antioxidative and antihyperglycemic activity of 
scopoletin from Aegle marmelos leaves in hyperthyroid 
rats. Phytother Res 2006;20:1103-5.

39. Tahiliani P, Kar A. The combined effects of trigonella 
and allium extracts in the regulation of hyperthyroidism 
in rats. Phytomedicine 2003;10:665-8.

40. Pereira B, Rosa LF, Safi DA, Bechara EJ, Curi R. Control 
of superoxide dismutase, catalase and glutathione 
peroxidase activities in rat lymphoid organs by thyroid 
hormones. J Endocrinol 1994;140:73-7.

41. Groves MN. Endocrine Class 3: Natural Thyroid 
Support. USA: Wintergreen Botanicals; 1994.

42. Skvaa K. Therapeutic uses of Withania somnifera 
(Ashwagandha) with a note on withanolides and its 
pharmacological actions. Asian J Pharm Clin Res 
2011;4:1-4

43. Tiwari R, Chakraborty S, Saminathan M, Dhama K, 
Singh SV. Ashwagandha (Withania somnifera): Role 
in safeguarding health, immunomodulatory effects, 
combating infections and therapeutic applications: 
A review. J Biol Sci 2014;14:77-94.

44. Panda S, Kar A. Gugulu (Commiphora mukul) induces 
triiodothyronine production: Possible involvement of 
lipid peroxidation. Life Sci 1999;65:PL137-41.

45. Wu J, Xia C, Meier J, Li S, Hu X, Lala DS, et al. The 
hypolipidemic natural product guggulsterone acts as 
an antagonist of the bile acid receptor. Mol Endocrinol 
2002;16:1590-7.

46. Stansbury NJ, Saunders PP, Winston RA. Promoting 
healthy thyroid function with iodine, bladderwrack, 
guggul and iris. J Restor Med 2012;1:83-90.

47. Takasu N, Yamada T, Takasu M, Komiya I, Nagasawa Y, 



Shokri, et al.: Medicinal plants in remedies of thyroid diseases

International Journal of Green Pharmacy • July-Sep 2018 (Suppl) • 12 (3) | S481

Asawa T, et al. Disappearance of thyrotropin-
blocking antibodies and spontaneous recovery from 
hypothyroidism in autoimmune thyroiditis. N Engl J 
Med 1992;326:513-8.

48. Devdhar M, Ousman YH, Burman KD. Hypothyroidism. 
Endocrinol Metab Clin North Am 2007;36:595-615, 5.

49. Duwiejua M, Zeitlin IJ, Waterman PG, Chapman J, 
Mhango GJ, Provan GJ, et al. Anti-inflammatory 
activity of resins from some species of the plant family 
Burseraceae. Planta Med 1993;59:12-6.

50. Bharthi KN, Shubhashree MN, Bhat S. Herbal approach 
to management of thyroid disease. J Ayurvedic Herbal 
Med 2017;3:51-5.

51. Kar A, Panda S, Bharti S. Relative efficacy of three 
medicinal plant extracts in the alteration of thyroid 
hormone concentrations in male mice. J Ethnopharmacol 
2002;81:281-5.

52. Vishwakarma RK, Kumari U, Khan BM. Memory Booster 
Plant Bacopa monniera (Brahmi): Biotechnology and 
Molecular Aspects of Bacoside Biosynthesis. Medicinal 
Plants - Recent Advances in Research and Development. 
Singapore: Springer Publication.2016. p. 167-89.

53. Saunier B, Dib K, Delemer B, Jacquemin C, Corrèze C. 
Cyclic AMP regulation of gs protein. Thyrotropin and 
forskolin increase the quantity of stimulatory guanine 
nucleotide-binding proteins in cultured thyroid follicles. 
J Biol Chem 1990;265:19942-6.

54. Jime´nez-Escrig A, Jiménez-Jiménez I, Pulido R, Saura-
Calixto E. Antioxidant activity of fresh and processed 
edible seaweeds. J Sci Food Agric 2001;81:530-4.

55. Yan X, Chuda Y, Suzuki M, Nagata T. Fucoxanthin as the 
major antioxidant in Hijikia fusiformis, a common edible 
seaweed. Biosci Biotechnol Biochem 1999;63:605-7.

56. Tripathi YB, Malhotra OP, Tripathi SN. Thyroid 
stimulating action of Z-guggulsterone obtained from 
Commiphora mukul. Planta Med 1984;50:78-80.

57. Zarei SC, Sokhandani M, Rezaei A, Zaheiri S, Taheri S. 
Comparison between the effects of the alcholic extract 
of Mellissia officinalis and atorvastatin on serum levels 
of thyroid hormones in hypercholesterolemic male rats. 
Zahedan J Res Med Sci 2014;4:15-23.

58. Hameed RR, Faris K, Atya MM. Role of Fucus 
vesiculosus L extract in the regulation of thyroid 
hormones status in adult male rabbits. Kerbala J Pharm 
Sci 2014;7:67-74.

59. Carmeli E, Bachar A, Barchad S, Morad M, Merrick J. 
Antioxidant status in the serum of persons with 
intellectual disability and hypothyroidism: A pilot study. 
Res Dev Disabil 2008;29:431-8.

60. Resch U, Helsel G, Tatzber F, Sinzinger H. Antioxidant 
status in thyroid dysfunction. Clin Chem Lab Med 
2002;40:1132-4.

61. Kumar T, Chandrashekar K. Bauhinia purpurea Linn: 
A review of its ethnobotany, phytochemical and 
pharmacological profile. Res J Med Plant 2011;5:420-31.

62. Saxena V, Dharamveer GR, Saraf SA. Ficus carica 
leaf extract in regulation of thyroidism using ELISA 

technique. Asian J Pharm Clin Res 2012;5:44-8.
63. Parmar HS, Kar A. Protective role of Mangifera indica, 

Cucumis melo and Citrullus vulgaris peel extracts in 
chemically induced hypothyroidism. Chem Biol Interact 
2009;177:254-8.

64. Bhowmik D, Kumar K, Paswan S, Srivatava S, Yadav A, 
Dutta A. Traditional Indian herbs Convolvulus pluricaulis 
and its medicinal importance. J Pharm Phytochem 
2012;1:44.

65. Gajalakshmi S, Divya R, Divya V, Mythili S, 
Sathiavelu A. Pharmacological activities of Annona 
squamosa: A review. Int J Pharm Sci Rev Res 
2011;10:24-9.

66. Panda S, Kar A. Regulation of hyperthyroidism by 
Rauwolfia serpentina root extract in mice. Pharm Pharm 
Commun 2000;6:517-20.

67. Panda S, Kar A. Fruit extract of Emblica officinalis 
ameliorates hyperthyroidism and hepatic lipid 
peroxidation in mice. Pharmazie 2003;58:753-5.

68. Guerrero A, Pamplona R, Portero-Otín M, Barja G, 
López-Torres M. Effect of thyroid status on lipid 
composition and peroxidation in the mouse liver. Free 
Radic Biol Med 1999;26:73-80.

69. Nishiki K, Erecińska M, Wilson DF, Cooper S. 
Evaluation of oxidative phosphorylation in hearts from 
euthyroid, hypothyroid, and hyperthyroid rats. Am J 
Physiol 1978;235:C212-9.

70. Rigutto S, Hoste C, Grasberger H, Milenkovic M, 
Communi D, Dumont JE, et al. Activation of dual 
oxidases duox1 and duox2: Differential regulation 
mediated by camp-dependent protein kinase and protein 
kinase C-dependent phosphorylation. J Biol Chem 
2009;284:6725-34.

71. Sundaram V, Hanna AN, Koneru L, Newman HA, 
Falko JM. Both hypothyroidism and hyperthyroidism 
enhance low density lipoprotein oxidation. J Clin 
Endocrinol Metab 1997;82:3421-4.

72. Bagnasco M, Pesce G. Autoimmune thyroid disease: 
Immunological model and clinical problem. Fundam 
Clin Immunol 1996;4:7-27.

73. Schumm-Draeger PM, Jungheim K, Caspar G, 
Hermann G, Fortmeyer HP, Wenisch HJ, et al. Effect 
of graves’ intrathyroidal lymphocytes. Effect of 
graves’ disease intrathyroidal lymphocytes (ITL) 
on xenotransplants of human thyroid tissue in 
athymic nude mice. Exp Clin Endocrinol Diabetes 
1996;104 Suppl 4:60-3.

74. Wilson R, Chopra M, Bradley H, McKillop JH, 
Smith WE, Thomson JA, et al. Free radicals and graves’ 
disease: The effects of therapy. Clin Endocrinol (Oxf) 
1989;30:429-33.

75. Venditti P, Meo SD, Leo TD. Effect of thyroid state 
on characteristics determining the susceptibility to 
oxidative stress of mitochondrial fractions from rat liver. 
Cell Physiol Biochem 1996;6:283-95.

76. Asayama K, Dobashi K, Hayashibe H, Megata Y, 
Kato K. Lipid peroxidation and free radical scavengers 



Shokri, et al.: Medicinal plants in remedies of thyroid diseases

International Journal of Green Pharmacy • July-Sep 2018 (Suppl) • 12 (3) | S482

in thyroid dysfunction in the rat: A possible mechanism 
of injury to heart and skeletal muscle in hyperthyroidism. 
Endocrinology 1987;121:2112-8.

77. Karbownik M, Lewinski A. The role of oxidative stress 
in physiological and pathological processes in the 
thyroid gland; possible involvement in pineal-thyroid 
interactions. Neuro Endocrinol Lett 2003;24:293-303.

78. Poncin S, Gérard AC, Boucquey M, Senou M, 
Calderon PB, Knoops B, et al. Oxidative stress in the 
thyroid gland: From harmlessness to hazard depending 
on the iodine content. Endocrinology 2008;149:424-33.

79. Poncin S, Van Eeckoudt S, Humblet K, Colin IM, 
Gérard AC. Oxidative stress: A required condition for 
thyroid cell proliferation. Am J Pathol 2010;176:1355-63.

80. Bharti GA, Ganapathy PS, Dakappa SS. A review on 
medicinal plants having antioxidant potential. J Pharm 
Res 2012;5:4278-87.

81. Abalovich M, Llesuy S, Gutierrez S, Repetto M. 
Peripheral parameters of oxidative stress in graves’ 
disease: The effects of methimazole and 131 iodine 
treatments. Clin Endocrinol (Oxf) 2003;59:321-7.

82. Ersan S, Bakir S, Erdal Ersan E, Dogan O. Examination 
of free radical metabolism and antioxidant defence 
system elements in patients with obsessive-compulsive 
disorder. Prog Neuropsychopharmacol Biol Psychiatry 
2006;30:1039-42.

83. Garcin H, Higueret P. Thyroid hormones in Vitamin 
A-deficient rats: Effect of retinoic acid supplementation. 
Ann Nutr Metab 1983;27:495-500.

84. Brzezińska-Slebodzińska E, Pietras B. The protective 
role of some antioxidants and scavengers on the free 
radicals-induced inhibition of the liver iodothyronine 
5’-monodeiodinase activity and thiols content. J Physiol 
Pharmacol 1997;48:451-9.

85. Zamora R, Hidalgo FJ, Tappel AL. Comparative 
antioxidant effectiveness of dietary beta-carotene, 
Vitamin E, selenium and coenzyme Q10 in rat 
erythrocytes and plasma. J Nutr 1991;121:50-6.

86. Mancini A, Raimondo S, Di Segni C, Persano M, Gadotti G, 
Silvestrini A, et al. Thyroid hormones and antioxidant 
systems: Focus on oxidative stress in cardiovascular and 
pulmonary diseases. Int J Mol Sci 2013;14:23893-909.

87. Rueckschloss U, Quinn MT, Holtz J, Morawietz H. Dose-
dependent regulation of NAD(P)H oxidase expression 
by angiotensin II in human endothelial cells: Protective 
effect of angiotensin II Type 1 receptor blockade in 
patients with coronary artery disease. Arterioscler 
Thromb Vasc Biol 2002;22:1845-51.

88. Bednarek J, Wysocki H, Sowinski J. Oxidation products 

and antioxidant markers in plasma of patients with 
graves’ disease and toxic multinodular goiter: Effect of 
methimazole treatment. Free Radic Res 2004;38:659-64.

89. Komosinska-Vassev K, Olczyk K, Kucharz EJ, 
Marcisz C, Winsz-Szczotka K, Kotulska A, et al. Free 
radical activity and antioxidant defense mechanisms in 
patients with hyperthyroidism due to graves’ disease 
during therapy. Clin Chim Acta 2000;300:107-17.

90. Mark Messina and Geoffrey Redmond. Thyroid; 2006. 
Ahead of Print. DOI: Org/10.1089/thy.2006.16.249.

91. Sahoo DK, Roy A, Bhanja S, Chainy GB. Hypothyroidism 
impairs antioxidant defence system and testicular 
physiology during development and maturation. Gen 
Comp Endocrinol 2008;156:63-70.

92. Baskol G, Atmaca H, Tanriverdi F, Baskol M, Kocer D, 
Bayram F, et al. Oxidative stress and enzymatic antioxidant 
status in patients with hypothyroidism before and after 
treatment. Exp Clin Endocrinol Diabetes 2007;115:522-6.

93. Erdamar H, Demirci H, Yaman H, Erbil MK, Yakar T, 
Sancak B, et al. The effect of hypothyroidism, 
hyperthyroidism, and their treatment on parameters of 
oxidative stress and antioxidant status. Clin Chem Lab 
Med 2008;46:1004-10.

94. Pereira B, Costa-Rosa LF, Bechara EJ, Newsholme P, 
Curi R. Changes in the TBARs content and superoxide 
dismutase, catalase and glutathione peroxidase 
activities in the lymphoid organs and skeletal muscles 
of adrenodemedullated rats. Braz J Med Biol Res 
1998;31:827-33.

95. Paller MS. Hypothyroidism protects against free radical 
damage in ischemic acute renal failure. Kidney Int 
1986;29:1162-6.

96. Swaroop A, Ramasarma T. Heat exposure and hypothyroid 
conditions decrease hydrogen peroxide generation in 
liver mitochondria. Biochem J 1985;226:403-8.

97. Aktuna D, Buchinger W, Langsteger W, Meister E, 
Sternad H, Lorenz O, et al. Beta-carotene, Vitamin A and 
carrier proteins in thyroid diseases. Acta Med Austriaca 
1993;20:17-20.

98. Sadani G, Nadkarni G. Role of reactive oxygen species 
in induced hypothyroid goitres and hyperthyroidism in 
rats. Med Sci Res 1996;24:835-6.

99. Duntas LH. Selenium and the thyroid: A close-knit 
connection. J Clin Endocrinol Metab 2010;95:5180-8.

100. Dunn JT. Guarding our nation’s thyroid health. J Clin 
Endocrinol Metab 2002;872:486-8.

Source of Support: Nil. Conflict of Interest: None declared.


