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Abstract. Hypothyroidism is an endocrine disorder characterized by abnormally low thyroid hormone
production, resulting in the deficiency of thyroid hormone. Hypothyroid can be treated by giving synthetic
drug intake of L-thyroxin (T4) and L-triiodothyronine (T3) as a replacement or supplementary therapy in
patients. Some of the drugs used for this purpose are Liotrix, Thyrolar and many more. The main objective
of this research work is to find natural compounds that can help to stimulate thyroid hormone production.
The molecules were screened based on the Lipinski’s rule of 5. A total of 115 molecules were selected.
1NAV, a thyroid receptor alpha in complex with an agonist selective for thyroid receptor beta, was selected
as the target protein. The molecules were subjected to docking analysis with 1NAV. The most effective
compounds were isolated from Ashvagandha (Withania Somnifera), Astragalus (Huang Qi), Gotukola
(Centella Asiatica), Triphala, Punarnava, Bauhinia Purpurea, Watercress and Dandelions (Taraxacum
Officinale). The compounds were subjected to toxicity analysis and those that passed the toxicity tests were
analyzed for binding site. From the active site analysis it was found that amino acids like Asp, Gly, Lys, Val,
Asn, Gly, and Arg; which were present on site 7, showed the most prominent site. In silico docking results
showed that 5 compounds viz Withaferin A, Calycosin-7-O-Beta-D-Glucoside, Withanolide D, Rotenone and
Quercetin were the lead compound for the disease. Amongst these 5, Withaferin A and Calycosin-7-O-BetaD-Glucoside gave the best results.
Keywords: hypothyroidism, natural molecules, Lipinski rule, toxicity, active site, Withaferin A,
Calycosin-7-O-Beta-D-Glucoside

1. Introduction
Hypothyroidism is a condition in which the thyroid gland does not make enough thyroid hormone. The
most common cause of hypothyroidism is inflammation of the thyroid gland, which damages the gland’s
cells. The purpose of the treatment is to replace the undersupplied thyroid hormone. Levothyroxine is the
most commonly used medication [1] [2]. Insufficient amount of thyroid hormone leads to increase in TSH
level which may cause the thyroid gland to enlarge and form goiter [3]. Natural remedy includes use of many
herbs, primarily Withania Somnifera(Ashvagandha)[4][8],Bauhinia Purpurea[5], Astragalus[9][10],
Punarnava[11][12], Triphala[11], Gotukola[13] and many more[14]. Thyroid hormone receptor alpha
1NAV was selected as the target protein [15]. It is an endocrine nuclear receptor that mediates the
transcriptional effects of thyroid hormone (triiodothyronine, T3) [16]. It acts as an agonist i.e. it stimulates
the production of thyroid hormone by triggering a response in the cell. Some effects of thyroid hormones
may be therapeutically useful in non-thyroid disorders if adverse effects can be minimized or eliminated. For
instance, thyroid cancer is found to be less aggressive when THRA1 expression is increased [7] From a
series of homologous R(1)-substituted carboxylic acid derivatives, increasing chain length was found to have
a profound effect on affinity and selectivity in a radio receptor binding assay for the human thyroid hormone
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receptors alpha(1) and beta(1) [6]. The thyroid hormone receptor (THRA) interacts with thyroid hormone
receptor group. This can be observed in the TR/RXR pathway [17] [18].

2. Method
2.1.

Collection of Compounds

The biochemical compounds found in the natural herbs were collected through a literature survey. These
compounds were screened using Lipinski’s rule of 5. The structure of molecules that concurred with the
Lipinski rule was downloaded in the SDF format from the chemical database, PubChem. A total of 115
molecules were collected.

2.2. Energy Minimization
The screened biochemical compounds were energy minimized using Marvin Sketch, a java based
chemical editor for drawing chemical structures, queries and reactions. 10 conformers for each molecule
were obtained and the one with the least energy was selected. Subsequently, these energy minimized
molecules were used as ligands for docking against the selected receptor molecule.
“See Fig. 1.a, Fig. 1.b, Fig. 1.c.”

2.3. Selection of the Receptor
In accordance to the literature studies and the research carried out, the thyroid hormone receptor alpha
1(THRA1), a high affinity agonist receptor for triiodothyronine [19] [20], was selected as the target molecule.
It is one of the several receptors for thyroid hormone that have been shown to mediate the biological
activities of thyroid hormone [21]. It belongs to the nuclear hormone receptor family and its interaction
with the thyroid hormone receptor group can be observed in the TR/RXR pathway. It is also involved in the
transcription factor activity. Its structure was retrieved from Protein Data Bank (PDB), 1NAV being the
PDB ID for the protein molecule.

2.4. Docking of Receptor with Ligand
The energy minimized ligands and the selected target protein was subjected to docking using Auto Dock
Vina and compounds (approx. 10 to 15) with the least binding affinity were sorted out. These compounds
were docked with the target protein using HEX (see table 1). The binding site was located using Q-site
finder (see table 2). The site common to maximum number of compounds was put forward as the binding
site of our lead compound. The site of the lead compounds and the binding site of the commercial drug,
Liotrix, was compared “see Fig. 2.a, Fig. 2.b and Fig. 3”

2.5. Toxicity Analysis
Toxicity analysis was carried out for the ligand molecules using OpenTox. Toxicity findings for some
compounds were not available in OpenTox. In such a situation, QSIRIS Property Explorer was used to
determine drug likeliness of the compound. Human health effects such as carcinogenicity, tendency to cause
irritation and corrosiveness to skin and eyes and mutagenecity were evaluated and the molecules which
passed the toxicity test were selected for further analysis (see table 3).

Fig. 1: (a) 2D Structure of Liotrix (b) 3D Structure of Withaferin A 3D (c) Structure of Calycosin-7-O-Beta-DGlucoside
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(a)

(b)

Fig. 2: (a) Binding Site of Withaferin A (b) Binding Site of Calycosin-7-O-Beta-D-Glucoside.

The green color shows the Active Site 7, which was found to be the most prominent site. Amino acids
like Asp, Gly, Lys, Val, Asn, Arg were present on this site.

3. Result
From an assemblage of 115 biochemical compounds, top 5 molecules were obtained after docking and
toxicity analysis. These were Withaferin A, Calycosin-7-O-Beta-D-Glucoside, Withanolide D, Rotenone and
Quercetin. From the active site analysis it was observed that amino acids like Asp, Gly, Lys, Val, Asn, Gly,
Arg; which were present on site 7, showed the most prominent binding site. The commercial drug Liotrix
was taken as the reference drug. It was docked against the target protein 1NAV using HEX. It bound to site
7 with a docking score (E Total) of -204.65. Withaferin A (from Ashvagandha) showed the highest docking
score (E Total) of -184.25 followed by Calycosin-7-O-Beta-D-Glucoside (from Astragalus) with a score of 174.11. Both of these compounds showed high drug likeliness and are not carcinogenic. Withaferin A may
cause some irritation. Calycosin-7-O-Beta-D-Glucoside showed no such irritating effects (see table 3). Both
of these compounds proved to be the best lead compounds for the treatment of hypothyroid.

4. Discussion
The primary goal of the research was to unearth natural chemical compounds that can be used as an
agonist (increase thyroid hormone level in patients) for the treatment of hypothyroid. Natural compounds
isolated from the hypothyroid treating herbs were screened based on Lipinski’s rule of 5. A total of 115
molecules were obtained. These molecules were subjected to docking analysis with the target protein 1NAV
using Auto Dock Vina and HEX. Molecules with the highest binding affinity and E Total were selected and
made to undergo toxicity analysis. The selected molecules, that passed the toxicity test, were analyzed for
binding site. From the active site analysis, using Q-Site Finder, it was observed that amino acids like Asp,
Gly, Lys, Val, Asn, Gly, Arg; which were present on site 7, showed the most prominent binding site. The 5
natural compounds that bound to site 7 were Withaferin A, Calycsin-7-O-Beta-D-Glucoside, Withanolide D,
Rotenone and Quercetin. Amongst these, Withaferin A and Calycosin-7-O-Beta-D-Glucoside gave the best
results.

Fig 3: Comparison of Commercial Drugs vs. Natural Compounds
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NOTE: Astragalus (Calycosin-7-O-Beta-D-Glucoside) is usually recommended for hyperthyroid and is
sometimes cited as being barred for use in the treatment of hypothyroid [14] [22]. However, the results
obtained in this research contradict the above statement showing results in favor of Astragalus.

5. Conclusion
In the In Silico docking results, 5 compounds viz. Withaferin A, Calycosin-7-O-Beta-D-Glucoside,
Withanolide D, Rotenone and Quercetin were established as the lead compounds for the treatment of
hypothyroid. Amongst these five, Withaferin A and Calycosin-7-O-Beta-D-Glucoside gave the best results.
Most of the chemical and physical properties, such as hydrogen bond-acceptor, hydrogen bond-donor, heavy
atom count etc. of the drug Liotrix and the lead compound Calycosin-7-O-Beta-D-Glucoside were analogous.
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List of tables:
Table 1: Scores from Auto dock Vina and HEX
S.No

Name Of The Ligand

1
2
3
4
5

Withaferin A
Calycosin-7-O-Beta-D-Glucoside
Withanolide D
Rotenone
Quercetin

Binding Affinity
(Auto Dock Vina Score)
-7.3
-6.7
-7.8
-7.0
-6.7

E Total (Hex Score)
-184.25
-174.11
-166.55
-119.33
-110.24

Table2: Binding Site Analysis Using Q-Site Finder.
S.No
1
2
3
4
5

Compound Name
Withaferin A
Calycosin-7-O-Beta-D-Glucoside
Withanolide D
Rotenone
Quercetin

Active Site
SITE 7
SITE 7
SITE 7
SITE 7
SITE 7

Table 3: Toxicity Analysis Using OpenTox
Compound Name

Carcinogenicity

Withaferin A

NO

Calycosin-7-O-betaD-glucoside
Withanolide D
Rotenone

NO

Quercetin

Skin/Eye Irritation & Corrosiveness And
Mutagenecity
May cause skin/eye irritation. Medium risk of
mutagenecity
NO

NO
medium risk of tumerogenic and
reproductive effect
medium risk of tumerogenic and
reproductive effect

Highly mutagenic and irritant
Highly irritant. Not corrosive to skin. (for eye
irritation: not lesion r34, r35, r36 or r41)
Irritating and corrosive to skin. Highly mutagenic.
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