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family G member 2 (ABCG2), b) Multidrug Resistance Protein 1 (MDR1), c)Liver X 

Receptor beta (LXR-beta), d) Apical sodium bile transporter (ASBT) and e) Bile salt export 

pump (e) with 42-residue human Aβ respectively. Human ABCG2 (PDBid: 6FEQ) in grey, 

MDR1 (PDB id: 2CBZ) in yellow, LXR-beta (PDB id: 1PQ6) in green, ASBT (PDB id: 

3ZUX) in cyan, BSEP (PDB id: 6LR0) and Aβ (PDB id: 2 MXU) in pink color downloaded 

from PDB and used for the present study (Visualization using UCSF Chimera). 

Figure 5: Structural details at the interface between a) ABCG2, b) MDR1, c) LXR-beta, 

d) ASBT, e) BSEP and Aβ. Structural figures were made using PyMOL (the PyMOL 

Molecular Graphics System, v.2.0 Schrodinger). 

Figure 6: Computed structural comparison and binding features (visualization using UCSF 
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cilostazol against PXR (PDB id: 1SKX), b) LXR-beta (PDB id: 1PQ6), c) ASBT (PDB id: 
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simulation runs on PXR (pregnane X receptor). 
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fluctuation (RMSF); and (c) Ligand properties graph for the 24-hydroxycholesterol during 

50 ns simulation runs on LXR-β (liver X receptor). 

Figure 9: (a) The root mean square deviation (RMSD); (b) The root mean square 
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simulation runs on ASBT (Apical Sodium-Dependent Bile Acid Transporter). 

Figure 10: (a) The root mean square deviation (RMSD); (b) The root mean square 

fluctuation (RMSF); and (c) Ligand properties graph for the cilostazol during 50 ns 

simulation runs on PDE3 (Phosphodiesterase-3). 

Figure 11: (a) Stacked bar chart representation of rifampicin with active site amino acid 
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complex, and (c) Timeline representation for 50 ns simulation run analysis of rifampicin 
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Figure 12: a) Stacked bar chart representation of 24-hydroxycholesterol with active site 

amino acid residues of LXR-β (liver X receptor); b) ligand-protein contacts of 24-

hydroxycholesterol-LXR-β complex and c) timeline representation for 50 ns simulation run 

analysis of 24-hydroxycholesterol and LXR-β docked complex. 

Figure 13: a) Stacked bar chart representation of resveratrol with active site amino acid 

residues of ASBT (Apical Sodium-Dependent Bile Acid Transporter); b) ligand-protein 

contacts of resveratrol-ASBT complex and c) timeline representation for 50 ns simulation 

run analysis of resveratrol and ASBT docked complex. 

Figure 14: a) Stacked bar chart representation of cilostazol with active site amino acid 

residues of PDE3 (Phosphodiesterase-3); b) ligand-protein contacts of cilostazol -PDE3 

complex and c) timeline representation for 50 ns simulation run analysis of cilostazol and 

PDE3 docked complex. 

Figure 15: The GEO2R analysis showed that LXR agonist and PXR agonist upregulates 

expression of a) ABCA1, b) SCD, and c) ABCB1 genes. 

Figure 16: Protein-protein interaction networks (PPIs) of DEGs were constructed using 

STRING database, upregulated genes for a) GSE124053 profile of LXR-β, and b) 

GSE55746 profile of PXR 

.Figure 17: Gene ontology analysis was performed for functional analysis of DEGs by 

using ClueGo app from Cytoscape. This app allows simultaneous analysis of multiple 

annotation and ontology sources. Functionally grouped network is represented, a) 

upregulated genes for GSE124053 dataset and b) upregulated genes for GSE55746 dataset. 

The node size represents enrichment significance and connections are based on kappa score 

(> 0.4). In upregulated gene group forGSE124053 profile shows maximum number of 

nodes which are in green color represent the sterol and triglyceride metabolic process and 

GSE55746 profile showscell cycle process (brown nodes), detoxification (pink nodes) and 

collagen related (blue nodes) 

Figure 18: Genes with the greatest changes in expression. We observed that the top ranked 

hub genes in PPI network which were upregulated were associated with a) cholesterol 

efflux and b) cell cycle regulator. 

Figure 19: Sub-network analysis was conducted by using the Molecular Complex 

Detection (MCODE) app from Cytoscape. Top sub-networks on the basis of MCODE score 

(Degree cut-off = 2, node score cut-off = 0.2, k-core = 2 and max. depth = 100). 

Upregulated gene group clusters, we identified seed nodes (ACSS2 and Mcm6) for 

GSE124053 profile of LXR and GSE55746 profile of PXR (highlighted in yellow) 

respectively. 

Figure 20: Connectivity Map of the relationships of the drug molecules with receptors, and 

intermediary molecules are interconnected between themselves to simulate reciprocal 

relationships (upstream and downstream). 
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Figure 21: Synergy score a) Zero Interaction Potency (ZIP) and b) Bliss for drug 

combinations. 

Figure 22: From left to right, dose-response, ZIP, Bliss synergy metrics in contour plot 

format were generated using the SynergyFinder web tool. The darker redcolor represents 

high synergy for each drug concentration in the combination. Synergy is presented for a 

combination of cilostazol with rifampicin (a), metforminwith rifampicin (highest synergy) 

(b), resveratrol with rifampicin (c), metformin with cilostazol (d), resveratrol with 

cilostazol (e), and resveratrol with metformin. Data are represented as the mean of samples. 

Figure 23: Schematic representation of the outcome of this study, underscoring that AD 

can be taken to  be as orchestration of multi-organ pathophysiology, namely that of the 

brain, liver, vascular  system, and alimentary tract. 

Figure 24: Image analysis methodology (amyloid PET scanning evaluation). 

Figure 25: Serum cholic acid level in Alzheimer’s disease is less than half of normal 

subjects (statistical significance is substantial, with p = 0.0053). 

Figure 26: Whole brain and region-wise cerebral blood flow (a), amyloid-load (b), and 

mini-mental state examination score (c), in normal individuals and Alzheimer’s disease 

subjects. The statistical significance measure p < 0.05 when Alzheimer’s disease group is 

compared with cognitively normal group for each of the nine figure panels. 

Figure 27: Differences in amyloid load (SUVR) displayed for PET images after correcting 

for partial volume effects (PVC). The figures are presented as SUVR colorscale; the value 

of amyloid deposition increases along the colour spectrum continuum: blue-yellow-red. 

Figure 28: Correlation between mini-mental state examination (MMSE) score with 

amyloid load (a), and with cerebral blood flow (b). There is negative correlation between 

amyloid load and MMSE (a), but positive correlation between cerebral blood flow and 

MMSE. All interactions were statistically significant (p < 0.05 in both cases). 

Figure 29: Receiver-Operating Curves for amyloid load SUVR (a), cerebral blood flow 

CBF (b), and the Areas under the ROC curve (c) in the whole brain and ROIs 

(hippocampus, precuneus and posterior cingulate cortex) of normal individuals and 

Alzheimer’s subjects. The sensitivity and specificity are calculated using Youden's J 

statistic for the ROC curves. In the vertical axis of panel (c), the value of area closes to 1 

represents highest discrimination power of the parameter and lower values of area suggests 

less discrimination power, and indicates that the corresponding ROC curve in (a) or (b) is 

close to the diagonal line of identity at which there is possibility of least discrimination 

between healthy and diseased subjects. 

Figure 30: Scatterplots of the interaction between serum cholic acid concentration with 

amyloid load (SUVR) and cerebral blood flow (CBF). All values are represented in z-scores 

and the interactions were statistically significant (p < 0.05). 
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Figure 31: Animal Experimentation-based mechanistic validation of the mathematically-

predicted causation relationship: Cholic acid inhibits Amyloid beta formation. The 

biochemical pathways are obtained from the rodent investigations. 

Figure 32: Preclinical experimental corroboration of the predicted causality linkage: 

increasing amyloid beta inhibits cerebral blood flow. The biophysical changes shown in 

the figure are observed in the animal studies. 

Figure 33: Relationship of mini-mental state examination MMSE score with amyloid-beta 

load SUVR (a), and with cerebral blood flow CBF (b) in normal subjects, showing the best-

fit (solid) regression line, with 95% CI (dotted) in all subjects (n=50). There was no 

correlation of MMSE with amyloid-beta load or with CBF in normal subjects (MMSE vs 

SUVR: r2 = 0.004072, p = 0.6598; MMSE vs. CBF: r2 = 0.005026, p = 0.6247). 

Figure 34: Relationship between amyloid-beta load and cerebral blood flow in normal 

subjects: (a) Whole brain, (b) Hippocampus, (c) Precuneus, and (d) Posterior cingulated 

cortex (PCC), showing best-fit (solid) regression line and 95% confidence interval CI 

(dotted) in all subjects (n = 50). There was no correlation between amyloid-beta load and 

cerebral blood flow in any of the panels (Whole brain: R2 = 0.04796, p = 0.1265; 

Hippocampus: R2 = 0.00004149, p = 0.9646; Precuneus: R2 = 0.02014, p = 0.3256; 

Posterior cingulate cortex: R2 = 0.007070, p = 0.5615). 

Figure 35: Schema of the three pathways of the hepato-biliary-faecal elimination route of 

amyloid beta of brain, each pathway can be enhanced by a corresponding pharmacological 

agent. 

Figure 36: (a) Imaging analysis procedure for diffusion tensor imaging (b) Tractography 

and identification of the fibres in the three segments of the brain. 

Figure 37: Geometric motif of the white matter tract profile providing the neural fibre 

scaffold for amyloid migration circumferentially across the cerebrum, with the three 

schematic segments shown. The amyloid deposition starts at entorhinal-uncinate region E 

and migrates bidirectionally as segment-1 and then circles across the cerebrum, by 

segments 2 and 3. 

Figure 38: (a) Amyloid distribution stages as Alzheimer’s disease progresses over time, as 

observed by microscopic histopathological examination of amyloid plaques denoted by red 

markings. Braak Stage- A begins with initial amyloid deposits in the isocortex, as the basal 

zones in frontal and temporal regions. Stage-B shows amyloid gradual spread into ventral 

two-thirds portion of the frontal, occipital and parietal regions, including the isocortical 

association areas, except the superior cerebral portion as the sensory and motor regions in 

the dorsal vertex. Stage-C is late-stage situation where amyloid spreads throughout the 

cerebral isocotex, including primary sensory and motor region in the cerebral dorsal vertex. 

(b): The corresponding nerve fasciculus that may act as scaffolds for the amyloid migration, 

the fasciculus being demarcated by DTI tracking. 

Figure 39: Neural tract impairment in AD patients at Segment-1 (orbitofrontal and 

uncinate region): Increase of diffusivity indices in AD subjects over controls: (a) Mean 
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Diffusivity, (b) Axial Diffusivity, and (c) Radial Diffusivity. The p-value is highly 

significant and there is large effect size. 

Figure 40: Dysfunctionality of Neural tract in AD patients at Segment-3 (cingulate and 

parietal association region): The panels show that diffusivity indices accentuate in AD 

subjects over controls: (a) Mean Diffusivity, (b) Axial Diffusivity, and (c) Radial 

Diffusivity. The rise is of high statistical significance (p≤0.005). It may be remarked that 

the p-value is highly significant, together with large effect size. 

Figure 41: AD patients show dysfunctionality of fibre tracts at Segment-2 (parietal and 

inferior frontal regions). There is rise of diffusivity indices in AD subjects over controls: 

(a) Mean Diffusivity, (b) Axial Diffusivity, and (c) Radial Diffusivity. There is high 

significance in p-value, with the effect size being large. 

Figure 42: Intensity of downregulation of the genes ABCB11, ABCA1 and MDR1 

respectively in segment 1 (frontal sector), segment 2 (temporal-occipital sector) and 

segment 3 (parietal-dorsal sector). 

Figure 43: Physiological routes, receptors and pharmacomodulation of hepatic clearance 

of amyloid from different brain regions. 

Figure 44: Cell signaling pathways during mild and severe infections with SARS-COV2 

and proposed therapeutic intervention of phytochemicals, tetracycline and cephalosporin 

ligands. (1) Mild infection with SARS-COV2, mainly lungs get affected, causing a high 

number of cytolytic T cells in the lungs. Phytochemicals act by targeting the T cells and 

monocytes, driving the cytokine storm in patients, leading to neuroinflammation. (2) 

Severe infection with SARS-COV2, affecting both lungs and the brain. Virus transmitting 

through a gustatory and olfactory nerve (tractography)-mediated route, causing 

neuroinflammation alleviated by Minocycline. Docking studies of phytochemicals, 

tetracycline and cephalosporin ligands, with the SARS-COV2 spike receptor-binding 

domain and main protease verify our approach. 

Figure 45: The quantitative model of drug interaction with a viral receptor based on its 

potency 

Figure 46: Diffusion MRI fiber tracking-connecting pons with the gustatory nerves. (A) 

pons to cranial nerves VII, (B) pons to cranial nerves IX, (C) pons to cranialnerves X, and 

(D) pons to cranial nerves XII. 

Figure 47: Diffusion MRI fiber tracking connecting medulla oblongata with gustatory 

nerves. (A) medulla to cranial nerve VII, (B) medulla to cranial nerve IX, (C)medulla to 

cranial nerve X, and (D) medulla to cranial nerve XI. 

Figure 48: Diffusion MRI fiber tracking connecting the olfactory nerve with (A) the 

hippocampus, (B) the entorhinal cortex, and (C) the amygdale. 

Figure 49: The binding site of ACE inhibitors and SARS-COV2 spike protein. 
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Figure 50: Computed structural comparison, binding features, and the 2D interaction plot 

(visualization using UCSF Chimera, AutoDock and Biovia discovery studio) of MLN-4760 

((S,S)-2-{1-carboxy-2-[3-(3,5-dichlorobenzyl)-3H-imidazol4-yl]-ethylamino-4-

methylpentanoic acid) (A) and lisinopril (B), with two binding sites of theACE-2 receptor 

(PDB ID: 1R4L and 6M0J, respectively). 

Figure 51: Interacting amino acid residues between the Angiotensin-Converting Enzyme 

2 (ACE2) receptor and SARS-COV2 Receptor Binding Domain (RBD) (A)and the 2D 

interaction plot (B), visualized using PyMol and LigPlus. 

Figure 52: Computed structural comparison and binding features (visualization using 

UCSF Chimera and AutoDock) of Chlorogenic acid (A), Ervacycline (B),Rolitetracycline 

(C), Tigecycline (D), Minocycline (E), and Naringenin (F) with Angiotensin-Converting 

Enzyme Receptor 2. 

Figure 53: Computed structural comparison and binding features (visualization using 

UCSF Chimera and AutoDock) of Chlorogenic acid (A), Tigecycline (B),Podophyllotoxin 

(C), Ervacycline (D), Quercetin (E), and Minocycline (F), with SARS-COV2 main 

protease. The lower the binding energy, the greater will be the binding affinity. 

Figure 54: Computed structural comparison and binding features (visualization using 

UCSF Chimera and AutoDock) of Ervacycline (A), Tigecycline (B), Chlorogenic acid (C), 

and Minocycline (D), with NS3 helicase/nucleoside triphosphatase of Japanese 

encephalitis. 

Figure 55: The simulated mathematical model of drug activities toward receptors based on 

the clinical trial study. 

Figure 56: GeneMANIA networks showing the gene-gene interaction results of Quercetin 

targets. Network displays the strength of interaction (edge thickness), type of interaction 

(colors), many edges in between nodes, and the score (size of node). 

Figure 57: GeneMANIA networks showing the gene-gene interaction results of 

Ceftriaxone targets. Network displays the strength of interaction (edge thickness), type of 

interaction (colors), many edges in between nodes, and score (size of node). 

Figure 58: GeneMANIA networks showing the gene-gene interaction results of 

Minocycline targets. Network displays the strength of interaction (edge thickness), type of 

interaction (colors), many edges in between nodes, and score (size of node). 

Figure 59: GeneMANIA networks showing the gene-gene interaction results of 

Chlorogenicacidtargets. Network displays the strength of interaction (edge thickness), type 

of interaction (colors), many edges in between nodes, and score (size of node). 

Figure 60: GeneMANIA networks showing the gene-gene interaction results of 

Naringenintargets. Network displays the strength of interaction (edge thickness), type of 

interaction (colors), many edges in between nodes, and score (size of node). 
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Figure 61: GeneMANIA networks showing the gene-gene interaction results of 

Podophyllotoxintargets. Network displays the strength of interaction (edge thickness), type 

of interaction (colors), many edges in between nodes, and score (size of node). 

Figure 62: The KEGG pathway of Coronavirus Disease. The critical genes identified with 

CytoNCA are highlighted, and their role in cytokine storm-mediated neuroinflammation is 

depicted 
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ABCG2 ATP-binding cassette superfamily G member 2 
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ASBT Apical Sodium-Dependent Bile Acid Transporter 

ABCB11 ATP-binding cassette, sub-family B member 11 
Aβ Amyloid Beta 

ACE2 Angiotensin Converting Enzyme 2 
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BSEP Bile Salt Export Pump 

COVID19 Coronavirus disease 2019 
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CBF Cerebral Blood Flow 

CREB cAMP response element-binding 
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IPA Ingenuity Pathway Analysis 
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PPI Protein-Protein Interaction 
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SARS-COV2 Severe acute respiratory syndrome coronavirus 2 

SCD Stearoyl-Coa-Desaturase 

TDP-43 Transactive Response DNA Binding Protein-43 

QKB QIAGEN Knowledge Base 
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