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ABSTRACT 

 

Breast cancer accounts up to 25% of cases of worldwide cancers and there exist several 

causes which lead to manifestation of breast cancer. Women suffering from thyroid 

autoimmunity, particularly Hashimoto’s thyroiditis, have a greater propensity to develop 

breast cancer, of the ER positive subtype. Hashimoto’s thyroiditis causes hypothyroidism, 

which increases levels of free estradiol in the body and increased free estradiol is correlated 

with greater chance of developing breast cancer. Several FDA approved drugs, which are 

synthetic formulations, are approved for treatment of breast cancer, but there are observed 

side effects including development of autoimmune disorders. The risk of developing 

multiple autoimmune syndrome in patients already suffering from Hashimoto’s thyroiditis 

is too great. Thus, natural compounds are needed as inhibitors of various pathways of breast 

cancer. Pharmacophore modelling of FDA approved drugs was performed to obtain natural 

compounds with similar structures and docking analysis was done against the target 

receptors. Anisotine obtained from Justicia adhatoda was observed to be the lead compound 

in this study. Justicia adhatoda, also known as Malabar nut is being used in Indian 

traditional medicine for thousands of years, so anisotine can most likely be well tolerated 

by the body without any side effects and be used as a possible replacement for several drugs 

for treating patients of breast cancer already suffering from Hashimoto’s thyroiditis. 

 

Keywords: Hashimoto’s thyroiditis, Breast cancer, ER positive, Aromatase, CDK6, DHFR, 

Docking, Bioavailability testing, Natural compound, Anisotine 
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CHAPTER 1 

INTRODUCTION 

 

 

 

Thyroid gland is required for several metabolic reactions. Thyroid autoimmunity is a 

condition where the immune cells of the host attack the thyroid glands interpreting it 

as foreign to the host. This attack results in damage to the thyroid gland and causes its 

function to diminish over time. Thyroid autoimmunity is a condition which lasts for a 

lifetime once it manifests. Thyroid gland controls and coordinates metabolic 

homoeostasis and any disorder disrupts this careful balance[1]. Thyroid autoimmunity 

manifests itself in two forms: hypothyroidism and hyperthyroidism. The occurrence 

and manifestation of either of the two types depends on the type of damage to the 

thyroid gland and other related conditions. There is a transcription factor NF-κB which 

is directly related to autoimmunity [2]. It is involved in controlling and regulating of 

genes to maintain immunity, inflammation, cell survival, cell proliferation, and cell 

differentiation.  

 

1.1. Hashimoto’s Thyroiditis 

Hashimoto's thyroiditis(HT) is an autoimmune condition which leads to  

hypothyroidism. This disease is more common in women aged from 30 to 50. Women 

have a greater propensity of developing HT about 4-10 times greater than that of 

men[3].When thyroid gland is infiltrated by lymphocytes, they come in close contact 

to thyrocytes, penetrate in the cytoplasm and destroy the thyrocytes[4], followed by 

damage to the thyroid resulting in insufficient hormone formation leading to increased 

concentration of Thyroid Stimulating Hormone (TSH) and lowered levels of 

Thyroxine(T4)[5]. Lowered levels of T4 lead to lower levels of Triiodothyronine(T3) 

as T4 is converted to T3 . Epidemiological studies suggest that iodine-sufficient people 



2 
 

are more prone to developing HT than iodine-deficient ones[3]. Complications such 

as diabetes, high blood pressure, and heart failure are observed. The symptoms include 

muscle pain, weight gain, goiter, irregular menstrual periods, and slow heart rate. 

Hepatitis C virus can lead to Hashimoto's disease, and other causes include genes, 

medicines for treating bipolar disorders, and toxin exposure[3]. The patients are 

diagnosed via blood tests, and levothyroxine is used to treat hypothyroidism[6].  

 

1.2. Graves’ Disease 

Graves' disease(GD) is a condition with autoimmunity leading to hyperthyroidism. 

This disease manifests as production of antibodies, i.e., thyroid-stimulating 

immunoglobulins, which bind to thyroid cells and causing excessive production of 

thyroxine leading to GD. Immunocompromised people and women are mainly affected 

by this disorder and it occurs mainly in the range of 30-60 years[7]. Patients with 

rheumatoid arthritis, vitiligo, celiac disease and Addison's disease are likely to have 

GD. The complications linked with GD include irregular heartbeat, menstrual 

problems, osteoporosis or bone thinning, and infection in the eye, known as Graves' 

ophthalmopathy[7]. It can also create a problem at the time of pregnancy for both 

mother and child. Weight loss, trembling hands, goiter, diarrhoea, muscle weakness 

are some of the more common symptoms observed. The patient is known to have 

Graves' dermopathy, i.e., reddish thickening of skin on shins[7]. The Human T-

Lymphotropic virus is a known cause in 6-8% of cases[8]. The diagnosis is done via 

blood tests and radioiodine therapy treats the disease[9]. Beta-blockers and anti-

thyroid medicines are given to treat hyperthyroidism[7][10], and are known to cause 

liver failure and allergic reactions and may require thyroid surgery[11]. 

1.3. Breast Cancer 

Breast cancer is the second most common cancer among women, which affects 

millions worldwide and over 25% of cases every year are breast cancer cases[12]. 

Women have a propensity of developing breast cancer over 100 times greater than 

men. Breast cancer affects women irrespective of their reproductive status with an 

almost similar intensity for women before and after menopause. Causes can include 
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anything from aging, genetic predisposition, autoimmunity, estrogen levels, sex and 

family history[13].  

 

Fig 1.1: Development of Breast Cancer 

 

 

Treatment of breast cancer 

Treatment of breast cancer can include surgical resection of the tumor, or ovaries in 

case of ER positive tumor, using chemotherapy, inhibitors for pathways involved in 

cell cycle and radiotherapy where resection is not possible in advanced metastatic 

tumors[12].  

In case of pathway inhibitors, is has been observed that the inhibitors often lead to the 

development of autoimmune disorders[14]–[17]. This raises significant concern over 

the use of these drugs in patients already suffering from autoimmune disorders such as 

Hashimoto’s thyroiditis or systematic lupus erythematosus. Thus, this study aims to 

find natural compounds which can be used as a suitable replacement for them. Natural 

compounds are obtained from medicinal plants which have been used since time 

immemorial in Indian medicinal formulations and have a greater tolerance in 

comparison to the synthetic formulations used as drugs. 
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CHAPTER 2 

LITERATURE REVIEW 

 

 

 

 

2.1. Breast cancer in patients with Hashimoto’s Thyroiditis 

There are several clinical studies that correlate thyroid autoimmunity as a significant 

cause of breast cancer[18][19]. Anti-thyroid peroxidase antibody (TPOAb) has a 

greater propensity of causing breast cancer compared to antithyroglobulin antibody 

(TgAb)[20]. Autoimmunity is proven as to be a significant prognosis factor for breast 

cancer[18], with it being counted on a negative scale, with patients suffering from 

thyroid autoimmunity having a poor prognosis.  It is proposed that thyroperoxidase is 

not fully transcribed in less differentiated breast cancer[21].  

Of all the subtypes of breast cancer, in an analysis of 867 patients, Chiappa et al.[22] 

found ER levels to be elevated in patients, indicating that the patients of breast cancer 

suffering from Hashimoto’s Thyroiditis, are ER positive(98%), and no other receptors 

showed any statistical difference between the control group and test group. 

In addition to this, high estrogen levels are known to be correlated with higher chance 

of autoimmune response in women and the same can be extended towards the 

development of Hashimoto’s Thyroiditis in women[23]. women with hypothyroidism 

have been observed to have an increase in unbound or free estrogen levels[24] and free 

estrogen levels are a prognostic factor of developing breast cancer in both pre- and 

post-menopausal women[23][24]. Elevation in free estrogen is attributed to the 

decrease of sex-hormone binding globulin(SHBG) , which is involved in metabolic 

clearance[24] of free estrogen from the body. 
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2.2. Factors affecting ER-positive breast cancer 

2.2.1. Aromatase 

Aromatase is the rate- limiting enzyme which converts testosterone to estrogen, 

specifically 17 β-estradiol(E2), the biologically active estrogen[27].  

 

Fig 2.1: Conversion of testosterone to estradiol 

Aromatase is encoded by the gene CYP19A1, located on chromosome 15q21.1[28] and 

is a member of the cytochrome p450 superfamily. Estrogen synthesised by aromatase 

is utilized in a myriad of functions: the most well-known function is its role in 

reproductive health as a hormone, but is also involved in vascular biology, metabolism, 

mineralization of bone and cognitive function[29]. 

 

Structure of Aromatase 

Aromatase is comprised of a single chain of 503 amino acid residues, and is associated 

with a heme group[30].  
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Fig 2.2: Structure of aromatase complexed with heme[30] 

 

Role of aromatase in breast cancer 

In ER positive breast cancer, aromatase plays a critical role i.e., it causes conversion 

of testosterone to estrogen. Three sources of aromatase production are known to 

support breast cancer cell development: ovaries, subcutaneous adipose tissue and the 

cancer cell themselves. Of them, ovaries are more common source for pre-menopausal 

women, while adipose tissue and breast cancer cells are the source for aromatase in 

post-menopausal women[31]. 

During normal growth and development of breast tissue, aromatase synthesis is low 

and uses the distal promoter 1.4, which constitutively maintains a low but constant 

level of aromatase production. Once cancer manifests in breast tissue, the altered cells 

start expressing prostaglandin E2(PGE2), which increases aromatase production by 

switching to promoter 1.3 and 1.7 is addition to promoter 1.4, causing a massive 

increase in aromatase production and by extension increase in the estrogen synthesis 

in the body[29] and estrogen is known to increase cell proliferation and decrease 

apoptosis[32]. 
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Fig 2.3: Aromatase production in normal and cancer cell 

 

Inhibitors of aromatase 

Aromatase inhibitors, are non-steroidal compounds, which bind to the aromatase and 

prevent binding of testosterone, which doesn’t allow the conversion of testosterone to 

estrogen, thus limiting its synthesis. Clinical trials have shown the effectivity of 

anastrozole, which reduced the rate of development of breast cancer: MAP.3 and IBIS-

II in the initial 5 years after the administration[33]. The updated trials for IBIS-II 

revealed the rate of cancer inhibition by anastrozole was maintained up to 12 years in 

the next follow-up[33]. 

Despite the benefits provided by aromatase inhibitors, they are not without side effects 

of their own. There are recorded evidences of anastrozole being used for ER positive 

breast cancer, leading to development of further autoimmune disorders such as 

subacute cutaneous lupus erythematosus(SCLE)[17], pruritus[14], and cutaneous 

vasculitis[34]. 

 

2.2.2. CDK6 

Cyclin dependant kinase-6 or CDK6 is a checkpoint regulator of the cell cycle and 

regulates the G1/S-phase transition in complex with CDK4. It is encoded by the gene 

CDK6, located on chromosome 7q21.2. CDK6 is associated with cyclin D1 and 

complexes with it to phosphorylate retinoblastoma protein Rb, which releases E2F, to 

initiate cell cycle progression[35].  
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Structure of CDK6 

CDK6 has a protein structure comprising of 326 amino acids and forms 5 stranded β-

sheet at the amino terminal, with the carboxy terminal consisting of α-helices[36]. 

 

Fig 2.4: Structure of CDK6[37] 

 

Role of CDK6 in breast cancer 

CDK6 is involved in phosphorylation of Rb protein, which is utilised in cell cycle to 

pass through the G1 to S transition stage and move to S-phase. In breast cancer, the 

cell cycle checkpoints are dysregulated and cyclin D1 production is upregulated[35]. 

Upregulation of CCND1 gene, responsible for cyclin D1 production, was observed in 

60% of ER positive breast cancer cases[38]. 

CDK6 amplification is a driver of oncogenesis in breast cancer[39] and  also known 

to increase expression of VEGF-A and induce neoangiogenesis, promoting cancer cell 

proliferation[40]. CDK6 also induces drug resistance against its inhibitors and also 

against inhibitors of ER, as demonstrated experimentally by Yang et al.[41]. 

 

Inhibitors of CDK6 

CDK6 inhibitors act on CDK6 and prevent formation of complex between cyclin D1 

and CDK6. Palbociclib, ribociclib and abemaciclib are the FDA approved drugs 
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against CDK6[39]. Abemaciclib is the most widely used inhibitor of the three, and has 

potent single agent activity, with a greater potential to penetrate breast tissue compared 

to other inhibitors due to increased lipophilicity[42] and increasing disease free 

survival to >25 months when used in conjunction with aromatase inhibitors[40]. 

Overdependence on CDK6 inhibitors have proven to be deleterious as it can trigger 

resistance against itself in the body on the patient[40] and is can also trigger 

autoimmune disorders such as SCLE[16], where discontinuation of abemaciclib 

resolved the symptoms which warrants the need to carefully monitor its effects. 

 

2.2.3. DHFR 

Dihydrofolate reductase(DHFR) converts dihydrofolic acid to tetrahydrofolic acid, 

which is required in the synthesis of purines for cell replication. Dihydrofolate 

reductase is encoded by the DHFR gene, located on chromosome 5q14.1 region. 

 

 

Fig 2.5: Conversion of dihydrofolate to tetrahydrofolate by DHFR 
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Structure of DHFR 

DHFR consists of 8 stranded β-pleated sheets as the central backbone. Seven of these 

sheets run parallel, while the last runs antiparallel in orientation[43]. Loop1 or Met20 

is a critical component of the active site, as it surrounds the subdomain near the active 

site[44]. 

 

Fig 2.6: Structure of DHFR[45] 

Role of DHFR in breast cancer 

DHFR is observed to play a role in synthesis of purines and thus involved in cellular 

proliferation. In breast cancer cells, upregulation of DHFR is observed[46], with 

resistance towards drugs due to mutations in DHFR gene. Estrogen levels are also 

known to increase the DHFR levels and resistance towards DHFR inhibitors[46][47]. 

 

Inhibitors of DHFR 

Inhibitors of DHFR, such as methotrexate are used to as antagonists of DHFR, to halt 

the production of tetrahydrofolate and by extension purine synthesis. Purine synthesis 

is a necessary step for cellular replication and halting this step inhibits replication 

during the S phase[48]. Methotrexate is used for invasive breast cancer and despite not 

having a good solubility and non-specific targeting[49], is the preferred drug of choice 

for inhibiting DHFR, in combination with 5-FU. 
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Side effects of methotrexate use include suppressed immune function, 

hepatotoxicity[50] and stomatitis[51], with discontinuation resolving the symptoms. 

 

2.2.4. PI3K 

Phosphatidylinositol-3-kinase(PI3K) is an enzyme responsible for converting 

phosphatidyl-(4,5)-bisphosphate(PIP2) to phosphatidyl-(3,4,5)trisphosphate(PIP3) 

[52].  The enzyme works in concert with extracellular signalling via G-protein coupled 

receptors(GPCR) to convert PIP2 to PIP3, which is involved in recruiting protein kinase 

B(AKT), which  further phosphorylates mTOR to activate it, targeting other target 

proteins in the nucleus, triggering cellular growth and proliferation[52]. 

 

Fig 2.7: Conversion of PIP2 to PIP3 by PI3K leading to cellular proliferation 

 

Structure of PI3K 

PI3K comprises of 2 subunits, 85 kDa regulatory subunit, p85 and a catalytic subunit 

of 110 kDa, p110[53], which has 4 isoforms α, β, γ, δ of which α is the most common 

subunit[54]. 
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Fig 2.8: Structure of PI3K[55] 

 

Role of PI3K in breast cancer 

PI3K, being involved in cellular proliferation, is deregulated in breast cancer, with ER 

positive cancers showing a mutation in α isoform of p110, encoded by PIK3CA gene, 

in about 40% of ER positive cancers[54], with advanced cancers having PIK3CA 

mutations in 30% cases[53]. Also, it is observed, that ER and PI3K pathways are 

correlated, with ER+ and PIK3CA mutations being resistant to anti-estrogen 

medications[56]. 

Inhibitors of PI3K 

PI3K isoform specific inhibitors are utilised as treatment methods to stop the PI3K 

induced cellular signalling. Alpelisib is used as the inhibitor of p110α, which is the 

most common mutation of p110 subunits[56], and has shown promising results when 

used in addition to endocrine therapy for metastatic ER positive breast cancer[57]. 

Alpelisib increased the progressive free survival to 11 months from 5.7 months in case 

of PIK3CA mutated breast cancer and thus was approved by FDA in 2019[58]. 

Side effects associated with alpelisib include rash, dermatitis, diarrhoea, fatigue, 

hyperglycemia and nausea[58][59], with symptoms being resolved by discontinuation 

of the drugs, as they have a short half-life[56] 

 

2.2.5 NK-1R 
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Neurokinins, also known as tachykinins, are neurotransmitters with a common 

structure of Phe-X-Gly-Met-Leu-NH2. Three neurokinins are known: Substance P, 

Neurokinin A and Neurokinin B[60]. 

Each neurokinin has a particular receptor[60]: 

 Substance P- Neurokinin-1 Receptor (NK-1R) 

 Neurokinin A- Neurokinin-2 Receptor (NK-2R) 

 Neurokinin B- Neurokinin-3 Receptor (NK-3R) 

NK-1R is the most common receptor and a seven transmembrane GPCR and is 

involved in stimulus for noxious sensations and thus controls sensations of nausea and 

emesis[61]. In addition to this, Substance P binding causes activation and release of 

Phospholipase-C(PLC), which leads to downstream signalling by activation of 

Phospholipase A2, arachidonic acid, and leukotrienes. All these molecules result in 

inflammation, anti-apoptosis and cell proliferation. Thus, NK-1R is upregulated in 

organs affected by inflammation and in patients with inflammatory bowel disease[62]. 

In addition to this, NK-1R/Substance P is also known to cause other disorders like 

cancer and Systematic Lupus Erythematosus(SLE), Rheumatoid Arthritis(RA) and 

Alopecia Areata(AA)[62].  

 

Structure of NK-1R 

Neurokinin-1 receptor is a receptor of 407 residues, with high affinity binding for 

Substance-P. the structure shows high similarity between species, showing 94.5% 

similarity between humans and mice[62]. A truncated variant also occurs in humans 

due to incomplete splicing leading to a COOH terminal truncated protein of 311 

residues[63]. 
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Fig 2.9: Structure of Neurokinin-1 receptor[64] 

 

Role of NK-1R 

NK-1R is involved in inflammation and thus by extension, plays a role in pathogenesis 

of cancer. Experimental evidences support this observation, demonstrating the fact that 

NK-1R and Substance P complex is involved in the proliferation of several cell lines: 

melanocytes, breast cancer, astrocytes, pancreatic cancer, glioblastoma, 

retinoblastoma etc[65]. Patients with autoimmune diseases have a higher tendency to 

develop  

NK-1R maintains the tumor microenvironment in breast cancer  in the following ways: 

 Angiogenesis 

Angiogenesis is the process of formation of new blood vessels and a crucial 

step for cancer cell proliferation. In cancer, neoangiogenesis is a hallmark of 

tumor development and elevated levels of NK-1R and Substance P[66] are 

observed, which influences neoangiogenesis by allowing tumoral blood flow 

and stromal development[66]. 

 Metastasis 

Metastasis is the process of a benign tumor becoming metastatic i.e., the cells 

begin to slough off the initial tumor site and start migrating to other locations 

and get deposited there to form a neoplasm at the site of deposition, spreading 
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the tumor to different sites of the body. Substance P and NK-1R are known to 

cause cancer cell migration in a similar manner to leukocyte extravasation via 

directed chemotactic migration[65][67]. 

 

Inhibitors of Neurokinin-1 Receptor 

Aprepitant is an FDA approved inhibitor of NK-1R, sold under the brand name Emend, 

and is an antagonist against NK-1R. It binds to the active site and prevents the 

interaction of NK-1R with Substance P. Aprepitant is known to be used in several 

diseases such as pruritus[68] and after chemotherapy induced vomiting as an 

antiemetic[69]. Also, it is proven as a novel inhibitor for several types of cancer 

including but not limited to breast cancer[70][71].  
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CHAPTER 3 

METHODOLOGY 

 

 

 

 

3.1. Identification of FDA approved drugs 

FDA approved drugs for breast cancer was identified from NCI website 

(https://www.cancer.gov/about-cancer/treatment/drugs/breast). The drugs were 

downloaded in .3d sdf format from PubChem, converted to both .mol2 and .pdb 

formats using Biovia DS Visualizer 2021. 

 

3.2. Pharmacophore Modelling 

The drugs in .mol2 format were loaded on PharmaGist[72], a ligand based detection 

webserver for pharmacophore modelling. The webserver creates a pharmacophore of 

the input ligands and checks them over for different parameters such as spatial features, 

number of aromatic centres, donors, acceptors etc. 

 

3.3. Natural Compound Selection 

Once the pharmacophore was obtained, it was run on ZincPharmer[73], a webserver 

based search engine, which scans the entire Zinc Database[74] for structures similar 

to the loaded pharmacophore. The results gave the hit compound, ZINC68198368(Fig 

3.1). 

In order to identify natural compounds with structural similarity for docking purpose, 

the SMILES structure of ZINC68198368 was uploaded into the IMPPAT 

database[75]. IMPPAT database is a curated database of Indian medicinal plants, with 
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the phytochemical information of each curated plant. The resulting compounds 

obtained were downloaded in .pdb format for docking analysis. 

 

 

Fig 3.1 :ZincPharmer showing pharmacophore and top hit ZINC68198368 

 

3.4. Protein Preparation 

All receptors for FDA approved drugs were downloaded, in 3D conformation from 

PDB[76] ,complexed to their inhibitors. Heteroatoms such as water and inhibitor 

complex were removed using Biovia DS Visualizer 2021, with the binding coordinates 

of the inhibitor being recorded. Once the heteroatoms were removed, the structure was 

energy minimised using Swiss PDB Viewer. Energy minimisation is an important step 

for ensuring proper molecular arrangement. 

TABLE 3.1: Receptor/inhibitor complexes taken from PDB 

Receptor/Inhibitor Complex RCSB PDB ID Reference 

Aromatase/Exemestane 3S7S [30] 

CDK6/ [5-[4-

(dimethylamino)piperidin-1-yl]-

1H-imidazo[4,5-b]pyridin-2-yl]-

(2-isoquinolin-4-ylpyridin-4-

yl)methanone 

 

 

4EZ5 

 

 

[37] 
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DHFR/ (2R)-6-[[methyl-(3,4,5-

trimethoxyphenyl)amino]methyl]-

1,2,5,6,7,8-

hexahydroquinazoline-2,4-

diamine 

 

 

1S3U 

 

 

[45] 

PI3K/ GDC-0980 3TL5 [55] 

NK-1R/Aprepitant 6HLO [64] 

 

 

 

Fig 3.2: Energy minimizing using Swiss PDB Viewer 

 

3.5. Bioavailability Testing 

The natural compounds obtained were subject to bioavailability testing using 

SwissADME[77], on several parameters such as molecular weight, Lipinski rule of 

five-which determines whether the target compound can act as a drug candidate or not 

[78], solubility, synthetic accessibility and lead likeness. SMILES of the compounds 

are accessed as input. The compounds satisfying these criteria can act as lead 

compounds and were subjected to molecular docking. 
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3.6. Docking Analysis 

Compounds satisfying bioavailability testing were subjected to molecular docking. For 

docking AutoDock ver4.2 was used. The graphical support for the same was provided 

by AutoDockTools ver1.5.7. Following steps were performed for docking analysis: 

 The energy minimised protein structure was loaded in pdb format and polar 

hydrogens were added, and non-polar hydrogens were merged. This was 

followed by addition of Kollman charges. Kollman charges ensure correct 

electrostatic potential of the protein structure. 

 

 Ligand was added in pdb format and similar process was followed as that of 

protein, for hydrogens and Kollman charges. In addition, Gasteiger charges 

were also added for the ligand. 

 

 Grid parameters were set using the coordinates of the inhibitor obtained, with 

a 40x40x40 grid box to ensure the ligand is docked at the same place to ensure 

optimal results. 

 

 AutoGrid was used to set the grid affinity and Lamarckian GA was used as 

search parameter. 

 
 

 AutoDock was initiated and the different conformations were tested for 

binding energy between the ligand and protein. The conformation which 

exhibited the lowest (more negative) binding energy was selected for 

visualization in Biovia DS Visualizer 2021 

 

 The same steps were repeated for all the ligands and receptors. 
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CHAPTER 4 

RESULTS 

 

 

 

4.1. Bioavailability Testing 

The natural compounds obtained from IMPPAT database were subjected to 

bioavailability testing to identify lead compounds. Of 35 compounds tested(Appendix 

A, Table S1), 6 showed zero lead likeness violations: Anisotine, Eseramine, 

Etamiphylline, Moupinamide, N-cis-ferulotyramine and Petasiphinol. These 

compounds were further subjected to docking analysis to check for binding efficiency. 

  

  

a.
. 

b.
. 

c.
. 

d.
. 
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Fig 4.1: Natural compounds satisfying bioavailability parameters 

a)Anisotine b)Eseramine c)Etamiphylline 

 d)Moupinamide e) N-cis-ferulotyramine f)Petasiphinol 

 

 

4.2. Docking Studies 

Docking analysis was performed for the natural compounds obtained from the 

IMPPAT database., FDA approved drugs were themselves used as reference ligands 

against which the natural compounds were analysed for lower binding energy.   

4.2.1 Aromatase 

 

TABLE 4.1: Binding Energy of compounds against Aromatase 

Name of 

Compound 

Binding 

Energy(kcal/mol) 

Inhibition 

Constant(µmol) 

Intermolecular 

Energy(kcal/mol) 

Anastrozole* -7.65 3.68 -8.61 

Anisotine -8.30 0.824 -9.49 

Eseramine -7.06 12.80 -7.27 

Etamiphylline -5.85 54.24 -7.31 

Moupinamide -7.31 5.11 -9.61 

N-cis-

ferulotyramine 

-7.68 145.26 -7.62 

Petasiphinol -5.38 113.13 -8.67 

e.
. 

f. 
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* FDA Approved Drug 

Anisotine and N-cis-ferulotyramine have more binding affinity towards aromatase 

than the approved FDA drug, anastrozole. 

Anisotine shows the greatest binding efficiency among the compounds(-8.30 

kcal/mol). It forms van der Waals interactions with 9 amino acids, alkyl bonds with 5 

amino acids: Ile132, Phe134, Phe148, Ala306 and Met374. 

In addition, it also forms two conventional hydrogen bonds with Arg115 and Ala438, 

and a pi-sigma bond at Ile133. 

 

 

Fig 4.2: Interaction between aromatase and anisotine 

 

N-cis-ferulotyramine shows a binding energy of -7.68 kcal/mol  forms 13 van der 

Waals interactions, two conventional hydrogen bonds at Met374 and Leu477. 

Phe221 and Cys437 form alkyl linkages with the compound and Val370, Val 373 and 

Leu477 form pi-alkyl bonds. 
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Fig 4.3: Interaction between aromatase and N-cis-ferulotyramine 

 

 

4.2.2. CDK6 

TABLE 4.2: Binding Energy of compounds against CDK6 

Name of 

Compound 

Binding 

Energy(kcal/mol) 

Inhibition 

Constant(µmol) 

Intermolecular 

Energy(kcal/mol) 

Abemaciclib* -9.51 0.106 -11.60 

Anisotine -9.02 0.245 -10.21 

Eseramine -7.43 3.61 -8.02 

Etamiphylline -5.27 137.15 -6.76 

Moupinamide -7.48 3.28 -9.87 

N-cis-

ferulotyramine 

-6.70 12.27 -9.09 

Petasiphinol -7.25 4.87 -10.53 

*FDA Approved Drug 

No compounds showed greater binding energy than the FDA approved drug, 

Abemaciclib. 
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4.2.3. PI3K 

TABLE 4.3: Binding Energy of compounds against PI3K 

Name of 

Compound 

Binding 

Energy(kcal/mol) 

Inhibition 

Constant(µmol) 

Intermolecular 

Energy(kcal/mol) 

Alpelisib* -9.18 0.188 -10.67 

Anisotine -9.56 0.097 -10.76 

Eseramine -8.17 1.02 -8.77 

Etamiphylline -6.55 15.75 -8.04 

Moupinamide -8.98 0.262 -11.36 

N-cis-

ferulotyramine 

-8.02 1.32 -10.41 

Petasiphinol -8.70 0.422 -11.98 

*FDA Approved Drug 

 

Anisotine is observed to have greater binding affinity(-9.56 kcal/mol) towards PI3K 

compared to the FDA approved drug alpelisib(-9.18 kcal/mol). 

Anisotine forms one conventional hydrogen bond at Val882, seven van der Waals 

interactions, two pi-sigma bonds at Ile831 and Ile879. Four alkyl bonds are observed 

Trp812, Lys833, Leu838 and Ile963.  

Two carbon-hydrogen bonds are observed at Asp836 and Glu880, with a pi-sulfur 

bond being formed at Met953. 
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Fig 4.4: Interaction between anisotine and PI3K 

 

4.2.4 DHFR 

TABLE 4.4: Binding Energy of compounds against DHFR 

Name of 

Compound 

Binding 

Energy(kcal/mol) 

Inhibition 

Constant(µmol) 

Intermolecular 

Energy(kcal/mol) 

Methotrexate* -8.82 0.344 -12.69 

Anisotine -9.06 0.227 -10.26 

Eseramine -8.29 0.837 -8.89 

Etamiphylline -6.33 23.02 -7.82 

Moupinamide -7.74 2.11 -10.13 

N-cis-

ferulotyramine 

-7.19 5.4 -9.57 

Petasiphinol -8.01 1.34 -11.29 

*FDA Approved Drug 

Anisotine showed more binding affinity(-9.06 kcal/mol) than the FDA approved drug, 

methotrexate(-8.82 kcal/mol). 

Anisotine forms six van der Waals interactions, two pi-pi T-shaped interactions at 

Phe31 and Phe34, two alkyl interactions at Leu22 and Leu67. Two carbon-hydrogen 

bonds are observed at Ile60 and Pro61. 
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Four conventional hydrogen bonds are observed at Ile7, Ala9, Val115 and Tyr121. 

 

 

Fig 4.5: Interaction between anisotine and DHFR 

 

4.2.5. NK-1R 

TABLE 4.5: Binding Energy of compounds against NK-1R 

Name of 

Compound 

Binding 

Energy(kcal/mol) 

Inhibition 

Constant(µmol) 

Intermolecular 

Energy(kcal/mol) 

Aprepitant* -8.43 0.656 -10.82 

Anisotine -9.56 0.097 -10.76 

Eseramine -7.45 3.46 -8.05 

Etamiphylline -5.94 44.42 -7.43 

Moupinamide -7.90 1.61 -10.29 

N-cis-

ferulotyramine 

-7.14 5.87 -9.52 

Petasiphinol -8.06 1.24 -11.34 

*FDA Approved Drug 
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Of all the compounds tested, anisotine(-9.56 kcal/mol) shows greater binding affinity 

for NK-1R than the FDA approved drug aprepitant(-8.43 kcal/mol).  

Anisotine forms six van der Waals interactions with six amino acids, two alkyl bonds 

with Ile116 and Met295. It also forms two pi-sigma bonds with Val200 and Trp261. 

In addition, three conventional hydrogen bonds at His197, Thr201 and His265 are 

observed, with pi-amide and pi stacked bonds with Pro112 and Phe264. 

 

Fig 4.6: Interaction between Anisotine and NK-1R 

 

 

The bioavailability and docking studies indicate that anisotine has a greater binding 

affinity for four receptors: aromatase, DHFR, CDK6 and NK-1R. The greater binding 

affinity indicates a more efficient binding between anisotine and the receptors 

compared to the FDA approved drugs used as reference, with an exception of CDK6, 

where it showed less affinity than the reference drug compound. 
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CHAPTER 5 

DISCUSSION 

 

 

Section 2.1 states the correlation between Hashimoto’s thyroiditis and breast cancer 

development. Hypothyroidism caused by Hashimoto’s thyroiditis, is known to reduce 

the concentrations of sex hormone binding globulin(SHBG). SHBG, binds to the free 

sex hormones, both estrogen and testosterone, to ensure their clearance from the body.  

In conditions that reduce the concentrations of SHBG[26], it cannot bind efficiently to 

the sex hormones, and their clearance rate is reduced. Such a situation causes elevation 

in the levels of free sex hormones. E2 levels are known to correspond with prognosis 

of breast cancer development and increase of free estradiol aggravates the chance[25], 

with the development of ER positive breast cancer being observed in patients with 

Hashimoto’s thyroiditis[22].  

ER positive breast cancer metastasizes in the body using several receptors and targets, 

chief of which is aromatase, which can convert free testosterone to even more free E2, 

further increasing its levels. Aromatase inhibitors, such as anastrozole are able to halt 

the function of aromatase to limit estrogen synthesis, but are known to cause serious 

side effects which include development of autoimmune diseases such as SLE and 

vasculitis[16][34]. The patient being exposed to further autoimmune diseases in 

addition to Hashimoto’s thyroiditis can result in development of multiple autoimmune 

syndrome(MAS)[79]. MAS is known to occur in about 25% of patients already 

suffering from an autoimmune disorder. Similar autoimmune disorder developments 

are seen in the administration of other FDA approved drugs for targets other than 

aromatase in breast cancer, such as abemaciclib[16], which targets CDK6. 

In order to resolve this complication, newer drugs need to be discovered, with natural 

compounds being the best alternatives. Natural compounds are found in plants, several 

of which are being used in traditional medicine formulations for ages, without any 

serious side effects. Using the same principle, natural compounds can be discovered 
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which work on the target receptors as efficiently as the FDA approved drugs, without 

any risk of serious side effects. 

The IMPPAT database provided a list of natural compounds, which were subjected to 

bioavailability testing, to generate lead compounds, which could be used as possible 

replacements and potential inhibitors. 

Docking analysis provided the binding affinities for the phytochemicals and gave 

anisotine as the lead compound which bound four receptors: aromatase, DHFR, PI3K 

and NK-1R with greater affinity than the FDA approved drugs. Anisotine is obtained 

from Justicia adhatoda, also known as Adhatoda zeylanica and Adhatoda vasica, 

commonly called Malabar Nut, is used frequently in ayurvedic medicine, and  clinical 

studies have been performed to determine the anticancer activity on lung cancer cell 

lines[80] and as an antioxidant[81]. Thus, it is proposed that anisotine can act as a 

potential inhibitor for multiple receptors for breast cancer, without manifestation of 

autoimmune disorders. 
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CHAPTER 6 

CONCLUSION 

 

 

 

The present study involved systematic curation of FDA approved drugs for breast  

cancer. The FDA approved drugs are currently used to treat breast cancer by targeting 

various pathways and receptors. Despite the numerous benefits of the FDA approved 

drugs, including providing a good disease-free survival time, numerous side effects 

exist, ranging from drug resistance to developing of further autoimmune diseases in 

breast cancer patients already suffering from Hashimoto’s thyroiditis. Natural 

compounds are thus needed because synthetic drugs can cause side effects and since 

natural compounds are obtained from plants, and thus can be tolerated better by the 

body. Anisotine, which is isolated from Justicia adhatoda, satisfied all screening 

parameters and showed better binding affinity than FDA drugs for four different 

receptors, and can be a viable replacement for FDA approved synthetic drugs with 

same affinity towards the target receptors and lower chance of causing side-effects.  
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APPENDICES 

 

Appendix A: Supplementary Information 

TABLE S1: Bioavailability parameters of all screened compounds from 

IMPPAT Database 

Molecule MW 

 

Lipinski 

violations 

Bioavailability 

Score 

Lead 

violations 

Synthetic 

Accessibility 

 

4-

Aminospiroperidol 410.48 0 0.55 1 3.9 

 

N-(p-

Aminophenethyl) 

piperone 514.63 1 0.55 3 4.61 

 

AC1N79AY 379.41 0 0.55 2 3.01 

 

Bottromycin A2 823.06 2 0.17 3 8.47 

 

3-Hydroxy-3-

methylglutaryl 

Coenzyme A 893.64 3 0.11 2 7.1 

 

aminophylline 420.43 1 0.55 1 2.99 

 

Isobutyryl CoA 837.62 3 0.11 2 6.81 

AC1LA6SK 750 1 0.55 3 6.66 

 

Etamiphylline 279.34 0 0.55 0 2.73 

 

Ketanserin 395.43 0 0.55 1 3.25 

NPPB 300.31 0 0.56 1 2.28 

Nitrofurantoin 238.16 0 0.55 1 3.1 
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Cefixime 453.45 1 0.11 2 4.81 

Cefepime 480.56 1 0.55 2 5.09 

AC1N75QA 348.82 1 0.55 1 3.73 

Cosmosin 513.59 2 0.11 2 4.9 

Nitroblue 

tetrazolium chloride 817.64 3 0.17 3 4.89 

 

Thyrotropin 

releasing hormone 362.38 0 0.55 2 3.76 

 

Eseramine 318.37 0 0.55 0 3.63 

 

AC1N1DX2 402.89 0 0.55 2 3.65 

 

Bay K 8644 356.3 0 0.55 1 4.03 

 

Cyclosulfamuron 421.43 1 0.55 2 3.32 

Aspartyl-proline 230.22 0 0.56 1 2.62 

Anisotine 349.38 0 0.55 0 3.38 

 

AC1MHGUQ 310.86 0 0.55 1 2.17 

Imatinib 493.6 0 0.55 3 3.78 

 

Thifensulfuron 373.36 1 0.11 1 3.45 

N-

ferutolylserotonin 352.38 0 0.55 1 2.72 

1,2-

Dihydrocurcumin 370.4 0 0.55 2 3.1 

Dicaffeoylputrescen

e 412.44 1 0.55 2 2.94 

Cimiracemate B 358.34 0 0.55 2 2.92 

Terrestribisamide 440.49 0 0.55 2 3.18 

Petasiphinol 344.32 0 0.55 0 2.82 

 

n-cis-

feruloyltyramine 313.35 0 0.55 0 2.55 

Moupinamide 313.35 0 0.55 0 2.55 
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