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Material and Methods (Detailed)
Cell Viability Assay
After 48 hours, the solution was diluted in DMSO (Synth, Diadema, SP, Brazil) stock solution at 0.1 g/mL (100 µL/well) in triplicate and incubated at 37 °C in 5% CO₂ and humid conditions for 48 hours. After 4 h of MTT addition (incubation period), the dye was solubilized with DMSO, and the absorbance was measured at 570 nm using a Thermo ScientificTM VarioskanTM LUX microplate reader. MTT was added to the treated cells after the 48-h exposure period. The data were graphed to show the percentage of cell growth at each sample concentration. The Origin® software calculated the linear regression of the curves, using the averages of the percentage of viable cells compared to the DMSO negative control and the IC50.

Colony formation assay
Following a gentle PBS wash and microscope observation, colonies were fixed for five to ten minutes at room temperature using a pre-chilled acetone: methanol solution (1:1). After being fixed, the cells were left to stand at room temperature for 2 hours while being stained with a 0.5% crystal violet solution (Himedia GRM114). After washing with tap water to remove excess crystal violet, the dishes were dried and photographed using an inverted microscope (Olympus CKX53).

Selectivity Index Analysis
To examine whether the extracts acted preferentially on cancer cells, we calculated the selectivity index (SI), a commonly used measure in cytotoxicity studies. The SI compares the IC₅₀ obtained in normal cells (HEK-293) with the IC₅₀ determined in each breast cancer cell line, using the ratio IC₅₀(normal)/IC₅₀(cancer). 
An SI value above 2 was interpreted as evidence of selective anticancer activity, whereas values below this threshold were considered non-selective. This criterion is widely applied in natural-product cytotoxicity studies. To provide additional context for cytotoxic potency, we also referred to the classification system originally proposed by the National Cancer Institute (NCI), which categorises compounds as highly active when IC₅₀ ≤ 20 μg/mL, moderately active when IC₅₀ ranges from 21–200 μg/mL, weakly active at 201–500 μg/mL, and inactive when IC₅₀ > 501 μg/mL. These complementary metrics allowed us to assess not only selectivity but also the relative strength of the observed cytotoxic responses.

The Transwell Migration Assay
The underside of the migrated cells was fixed with a 4% paraformaldehyde solution and stained for 30 min with 0.5% crystal violet. After inserts were air-dried and surplus dye was washed off with distilled water, the migrated cells were observed and photographed using an inverted microscope (Olympus CKX53).

Transwell Invasion Assay
Cells that had penetrated the matrigel and reached the membrane's base were fixed with a 4% paraformaldehyde and stained for 30 min with 0.5% crystal violet. Distilled water was used to eliminate the excess of staining. Invaded cells were imaged using an inverted microscope (Olympus CKX53) after air-drying. Cell invasion was quantified by counting the number of stained cells in at least five randomly selected fields per membrane.

Cell Cycle Assay
The CellInsight CX7 Pro High Content Screening System (Thermo Fisher Scientific, Waltham, MA, USA) was employed to acquire fluorescence imaging. The system was operational with a 20× objective lens for image acquisition, an autofocus interval of 2, and a PRIMEBSI 1.53 camera. HCS Studio 5.0 Cell Analysis Software (Thermo Fisher Scientific) was employed to perform a quantitative analysis of the fluorescence intensity of DNA.

Target Gene Identification
Protein–protein interaction (PPI) networks were generated using the STRING database and visualized with Cytoscape. Gene pools were clustered using ClusterOne (a Cytoscape plug-in), and the resulting clusters were analyzed using cytoHubba (Cytoscape plug-in) to identify key centrality metrics, including degree centrality (DC), betweenness centrality (BC), closeness centrality (CC), maximum clique centrality (MCC), and density of maximum neighborhood component (DMNC).

Functional Annotation and Pathway Enrichment Analysis of Candidate Gene Pool
Pathway enrichment analysis of the candidate gene pool and functional annotation
SRplot was used to investigate the biological relevance of the candidate gene pool through Gene Ontology (GO) and KEGG enrichment analyses. Genes in the Biological Process (BP) category were enriched in regulatory and metabolic pathways associated with cancer metabolism and signal transduction, including the positive control of small molecule metabolic process, arginine catabolic process, and regulation of guanylate cyclase activity. Reflecting redox-related pathways pertinent to both cellular homeostasis and tumour formation, considerable enrichment was reported in heme binding, tetrapyrrole binding, monooxygenase activity, and oxidoreductase activity under Molecular Function (MF). Common in neoplastic transformation, the candidate genes for Cellular Component (CC) were mostly linked to microdomains, including membrane raft, caveolae, and endocytic vesicles, suggesting a possible function in receptor-mediated signalling and trafficking.
Notably, the KEGG pathway enrichment analysis identified the Relaxin signalling network as the most significantly enriched route connecting the candidate genes, particularly AKT1 and nitric oxide synthases (NOS1–3), to processes including proliferation, angiogenesis, and inflammatory responses. This pathway intersects with the PI3K/AKT axis, a recognized oncogenic driver in breast cancer, thereby confirming the significance of the expected targets in tumour development.

Clinical Validation of Candidate Genes Using TCGA Analysis
To identify genes that are clinically associated with breast cancer, we conducted a TCGA-based expression and survival analysis using the UALCAN platform. This research validated previously identified candidate genes by network pharmacology and enrichment studies. The evaluated targets, AKT1, HSPA9, and CCND1, exhibited consistent overexpression in breast tumour tissues compared to normal samples, indicating their potential roles in tumorigenesis. HSPA9, a mitochondrial chaperone, was identified as the most clinically significant gene due to its strong association with reduced patient survival (p = 0.01). Additionally, CCND1, involved in cell cycle regulation, and AKT1, a pivotal component of the PI3K signalling pathway, exhibited elevated expression levels. Only HSPA9 exhibited persistent overexpression and prognostic significance, hence endorsing its potential as a therapeutic target in breast cancer treatment utilizing kratom-derived chemicals. CCND1 had a propensity for unfavorable prognosis (p = 0.21), while AKT1 was frequently elevated (p = 0.44).

RNA Extraction
Total RNA was extracted from MCF-7 and MDA-MB-231 cell pellets utilizing TRIzol™ Reagent (Invitrogen™, Thermo Fisher Scientific, USA) in accordance with the manufacturer's instructions (Pub. No. MAN0001271). After homogenizing the cells in TRIzol Reagent, phase separation was initiated by adding chloroform, followed by centrifugation at 12,000 × g for 15 minutes at 4 °C. The resultant upper aqueous phase, including RNA, was collected. To precipitate RNA, 0.5 mL of isopropanol was added to every 1 mL of TRIzol™, and the resultant mixture was incubated for 10 minutes at 4 °C. The RNA was precipitated using centrifugation at 12,000 × g for 10 minutes at 4 °C. The RNA pellet was rinsed with 75% ethanol, briefly vortexed, and then centrifuged at 7,500 × g for 5 minutes at 4°C. After air-drying for 5–10 minutes, the RNA was reconstituted in RNase-free water and incubated at 55–60°C for 10–15 minutes to ensure complete solubilization. The concentration and purity of RNA were assessed using a NanoDrop™ spectrophotometer by measuring the absorbance at 260/280 nm. The extracted RNA was subsequently preserved at –80 °C for future utilization in downstream applications, including qRT-PCR.
Quantitative Real-Time Polymerase Chain Reaction
The qRT-PCR procedure was conducted using an Real-Time PCR Applied Biosystem 7500 Fast instrument under the specified conditions: Reverse Transcription: 50 °C for 3 minutes; Initial Denaturation: 95°C for 30 seconds; PCR cycling (40 cycles): 95°C for 10 seconds, 60°C for 30 seconds; Melting Curve Analysis: 95 °C for 15 seconds, followed by a slow increase to 60 °C. The melting curve profile of each reaction confirmed specific amplification.
Supplementary Table 1. A list of the primers used for quantitative real-time PCR (qRT-PCR).
	Primer Name
	Forward (5′-3′)
	Reverse (5′-3′)

	AKT1
	TGGACTACCTGCACTCGGAGAA
	GTGCCGCAAAAGGTCTTCATGG

	EGFR
	AACACCCTGGTCTGGAAGTACG
	TCGTTGGACAGCCTTCAAGACC

	CCND1
	TCTACACCGACAACTCCATCCG
	TCTGGCATTTTGGAGAGGAAGTG

	ERBB2
	GGAAGTACACGATGCGGAGACT
	ACCTTCCTCAGCTCCGTCTCTT

	MTOR
	AGCATCGGATGCTTAGGAGTGG
	CAGCCAGTCATCTTTGGAGACC

	MAPK1
	ACACCAACCTCTCGTACATCGG
	TGGCAGTAGGTCTGGTGCTCAA

	PIK3CA
	GAAGCACCTGAATAGGCAAGTCG
	GAGCATCCATGAAATCTGGTCGC

	CDK2
	ATGGATGCCTCTGCTCTCACTG
	CCCGATGAGAATGGCAGAAAGC

	P53
	GTTCCGAGAGCTGAATGAGG
	TCTGAGTCAGGCCCTTCTGT

	Mortalin
	AGCTGGAATGGCCTTAGTCAT
	CAGGAGTTGGTAGTACCCAAATC

	18s
	CAGGGTTCGATTCCGTAGAG
	CCTCCAGTGGATCCTCGTTA


Notes: This table displays the forward and reverse primer sequences used to measure the mRNA expression levels of breast cancer-related genes, including AKT1, EGFR, CCND1, ERBB2, MTOR, MAPK1, PIK3CA, CDK2, P53, Mortalin, and the housekeeping gene 18S.

Immunocytochemistry and High-Content Imaging Analysis
MCF-7 and MDA-MB-231 cells were seeded in black 96-well plates at a density of 10,000–20,000 cells per well or in 24-well plates (1–1.5 × 10³ cells/well) and allowed to adhere overnight. Cells were then treated with kratom alkaloid and kratom crude for 48 hours while in normal culture conditions. After treatment, cells were rinsed twice with cold phosphate-buffered saline (PBS) and then fixed with 4% (PFA) for 15–30 minutes at room temperature. The fixation solution was removed, and the cells were rinsed three times with PBS to remove leftover PFA. Permeabilization was conducted using 0.1–0.2% Triton X-100 in PBS for 10 minutes, followed by further washes with PBS. To inhibit non-specific antibody binding, cells were incubated with blocking buffer (5% bovine serum albumin (BSA)) in PBS for 30 to 60 minutes at room temperature. Cells were then added with a rabbit polyclonal primary antibody targeting MMP3 (FNab05244, FineTest); Ki67 Monoclonal Antibody (AN005400L, Elabscience); p53 Monoclonal Antibody (E-AB-22015, Elabscience); MMP9 Polyclonal Antibody (E-AB-70059, Elabscience); HSPA9 Polyclonal Antibody (E-AB-11284, Elabscience); and AKT Polyclonal Antibody (E-AB-63467, Elabscience), diluted in PBS with 1% BSA, for 1–2 hours at room temperature or overnight at 4 °C. The unbound primary antibody was eliminated through three to four washes with PBS. Cells were subsequently treated with a Texas Red-conjugated goat anti-rabbit IgG (H+L) secondary antibody (FNsa-0051, FineTest), or Elab Fluor® 594-conjugated Goat Anti-Rabbit IgG(H+L) (E-AB-1060, Elabscience), or Elab Fluor® 488-Goat Anti-Mouse IgG(H+L) preadsorbed (E-AB-4053, Elabscience), for one hour at room temperature in the dark, followed by PBS washes to eliminate excess antibody. Nuclear counterstaining was conducted using DAPI (1 μg/mL) for 5 minutes, followed by a wash with PBS. For imaging, plates were sealed and positioned in the CellInsight™ CX7 LZR Pro High Content Screening System (Thermo Fisher Scientific, Waltham, MA, USA). Fluorescent images were obtained utilizing suitable channels (e.g., 405 nm for DAPI) with calibrated exposure durations and autofocus configurations. A quantitative examination of fluorescence intensity and cellular morphology was conducted utilizing HCS Studio 5.0 Cell Examination Software (Thermo Fisher Scientific).

Molecular Docking
Molecular docking simulations were performed using AutoDock Vina v1.1.2 and Perl 5 v36, based on custom docking scripts. The docking stages were carried out through three main stages: preparation, simulation, and interaction visualization. The docking parameters used in this study included binding affinity (kcal/mol), root mean square deviation (RMSD), and predicted interaction bonds. The preparation stage is carried out using AutodockTools v1.5.7. The stages of protein preparation included protein cleansing from co-crystallized ligands, water removal, addition of hydrogen atoms, addition of charge, and repair of missing residues. In the preparation of proteins, re-docking was also performed to generate a coordinate grid box for the attachment of a co-crystallized ligand control as a docking feasibility test. Ligand preparation was carried out using OpenBabel and RDKit software. The compounds used were the kratom-derived candidate molecules identified from our earlier network pharmacology analysis, and their 3D structures were retrieved from the PubChem database. The stages of ligand preparation include the addition of hydrogen atoms, the addition of charge, energy minimization, and torsion checking. The molecular docking simulation was performed using a script with the AutoDock Vina algorithm. Using a file configuration created based on co-crystallized ligands from the model proteins AKT1 (PDB ID: 3096) and Mortalin (PDB ID: 4KBO). Simulations were performed to evaluate affinity binding (kcal/mol) and RMSD (used to assess docking pose accuracy). The docking results were visualized using Biovia Discovery Studio (2D) and PyMol (3D). Biovia Discovery Studio was used to analyze residue–ligand interactions, along with the hydrophobicity properties of these interactions. PyMol was used to visualize protein topology in 3 dimensions, which was also used for identifying protein–ligand bonds.
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Supplementary Figure 1. MTT assay in normal cells. MTT assay showing the viability of normal (non-cancerous) cells following 24 hours (A) and 48 hours (B) exposure to kratom alkaloids and crude extract. The plots display percentage viability relative to untreated controls, indicating the concentration range at which no substantial cytotoxicity was observed. Data are expressed as mean  SD (n  3). * p < 0.05, *** p < 0.001 indicate significant differences compared with the control group (0 mg/mL extract); # p < 0.05, ### p < 0.001 indicate significant differences between KC and KA at the same concentration. Statistical analysis was performed using one-way ANOVA followed by Tukey’s post hoc test.
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Supplementary Figure 2. Scratch-wound migration assay with kratom crude extract. Scratch-wound (wound-healing) assay in MCF-7 and MDA-MB-231 breast cancer cells treated with kratom crude extract. Representative phase-contrast images at 0 h and the indicated time points illustrate delayed wound closure in treated cultures compared with untreated controls, indicating that the crude extract slows cell migration over the observation period. Data are expressed as mean  SD (n  3). *** p < 0.001 indicates significant differences compared with the control group (0 mg/mL extract). Statistical analysis was performed using one-way ANOVA followed by Tukey’s post hoc test.
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Supplementary Figure 3. Functional annotation and pathway enrichment of candidate genes. Summary plots of functional annotation and pathway enrichment for the kratom-associated candidate gene pool. Gene Ontology analysis encompasses the Biological Process, Molecular Function, and Cellular Component categories related to small-molecule metabolism, xenobiotic handling, and membrane-associated compartments. At the same time, KEGG enrichment highlights Relaxin signalling and PI3K/AKT-linked pathways as key networks connected to the predicted targets.
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Supplementary Figure 4. Functional annotation and pathway analysis of kratom alkaloid targets in breast cancer. (A) Gene Ontology (GO) enrichment analysis of common target genes of kratom alkaloids, categorized into Biological Process, Molecular Function, and Cellular Component. Overrepresented GO terms were regulation of small molecule metabolic process, xenobiotic response, guanylate cyclase activity, heme binding, monooxygenase activity, and membrane-associated components. Enrichment value is represented by –log10(p-value), with bubble size indicating the number of genes. (B) KEGG pathway enrichment analysis mapped the common targets onto the Relaxin signalling pathway. Key nodes, such as AKT1, MAPK1, MAPK3, MAPK14, and PIK3CA, were identified (red), suggesting that kratom alkaloids may regulate breast cancer growth through the PI3K/AKT and MAPK cascades downstream of Relaxin signalling.B
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Supplementary Figure 5. Expression levels and predictive values of key hub genes in breast cancer (BRCA) of the TCGA dataset. Boxplots (left panels) show differential expression of CCND1, HSPA9, and AKT1 between normal breast tissues (n = 114) and primary breast tumours (n = 1097) based on TCGA RNA-seq data. Survival curves (right panels) show the correlation between high and low expression levels of each gene and the BRCA patient’s overall survival. Overexpression of CCND1 and AKT1 did not significantly impact survival (p = 0.21 and p = 0.44, respectively), whereas overexpression of HSPA9 was substantially correlated with poor survival outcome (p = 0.01).
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Supplementary Figure 6. Immunofluorescence quantification of AKT1 levels in MCF-7 (A) and MDA-MB-231 (B). Data are expressed as mean  SD (n  3). ** p < 0.01, *** p < 0.001 indicate significant differences compared with the control group (0 mg/mL extract).
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Supplementary Figure 7. Molecular dynamics of AKT1–alkaloid kratom complexes. Molecular dynamics profiles of AKT1 bound to selected kratom alkaloids over a 100-ns simulation. RMSD, RMSF, radius of gyration, and hydrogen-bond traces are shown to describe the overall stability of the protein–ligand complexes and local flexibility within the kinase domain. 

[image: ]

Supplementary Figure 8. Quantification of mortalin and p53 protein expression. High-content imaging quantification of p53 and mortalin (HSPA9) signals in MCF-7 (A) and MDA-MB-231 cells (B) after treatment with kratom alkaloids. Bar plots summarise changes in total mortalin intensity and nuclear p53 staining relative to untreated controls, complementing the representative images in the main figures. Data are expressed as mean  SD (n  3). *** p < 0.001 indicates significant differences compared with the control group (0 mg/mL extract). Statistical analyses were performed using a two-sample t-test for each oncogene, comparing the treatment group to its corresponding control.
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Supplementary Figure 9. Molecular dynamics of mortalin–alkaloid kratom complexes. Molecular dynamics simulations of mortalin in complex with selected kratom alkaloids over 100 ns. RMSD, RMSF, and radius-of-gyration plots illustrate the stability of the complexes and the behaviour of residues located within, or adjacent to, the reported p53-interaction surface.
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Supplementary Figure 10. Quantification of MMP3 protein expression. Quantitative high-content imaging analysis of MMP3 protein levels in MCF-7 and MDA-MB-231 cells following kratom alkaloid treatment. The data are presented as relative fluorescence intensity normalised to untreated controls, showing reduced MMP3 expression in both cell lines. Data are expressed as mean  SD (n  3). *** p < 0.001 indicates significant differences compared with the control group (0 mg/mL extract). Statistical analysis was performed using one-way ANOVA followed by Tukey’s post hoc test.
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Supplementary Figure 11. Schematic summarising how the 0.014 mg/mL kratom alkaloid extract affected the two breast cancer cell lines. Kratom alkaloids induce a decrease in AKT1 and mortalin protein expression level, an increase in nuclear p53 expression, and a decrease in Ki67, MMP9, and MMP3 expression. These changes are consistent with the reduced growth and metastatic capacity of the cancer cell lines. The blue crosses indicate the inherent absence of specific receptors characteristic of each breast cancer subtype (e.g., HER2 negativity in MCF-7 and the lack of ER/PR/HER2 in MDA-MB-231). The red crosses represent the predicted inhibition of the mortalin–p53 interaction by alkaloid kratom, based on molecular docking results showing that several alkaloids bind at the p53-binding interface of mortalin, leading to the accumulation of p53 expression in the nucleus. Created in https://BioRencer.com
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Supplementary Figure 12. Docking Results of AKT1. Docking summary for AKT1 (PDB ID: 3O96) with the control inhibitor and kratom-derived alkaloids. The figure presents predicted binding affinities and representative 2D/3D interaction views, highlighting contacts with key residues in the AKT1 binding cleft (for example, TRP80, LEU210, LEU264, VAL270, ASP292). 
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Supplementary Figure 13.  Docking Results of HSPA9 (Mortalin). Docking analysis of mortalin (HSPA9; PDB ID: 4KBO) with Mortaparib as a control ligand and the kratom alkaloids. Predicted binding energies and interaction residues (including ARG218, ASN221, LEU228, PHE262, GLN424, and neighbouring positions) are shown, focusing on the surface region that coincides with the reported p53-binding interface. 






Supplementary Table 2. Docking Results of AKT1
	No.
	Pubchem ID
	Binding affinity
	Interaction

	1.                
	Control
(1-(1-(4-(7-phenyl-1H-imidazo[4,5-g]quinoxalin-6-yl)benzyl)piperidin-4-yl)-1H-benzo[d]imidazol-2(3H)-one)
 
	-14.4
	LEU 210
TRP 80
LEU 264
VAL 270
ASN 54
ARG 273
ILE 84

	2.                
	Rhynchophylline
(CID: 5281408)
	-7.9
	ARG 86
ILE 84
GLU 85
ARG 273
TYR 272

	3.                
	Isomitraphylline
(CID: 11726520)
	-8.2
	ILE 84
ARG 273
CYS 296
TYR 326
GLU 17

	4.                
	Speciociliatin
(CID: 15560576)
	-8.2
	VAL 270
TYR 272
TRP 80
LEU 210
LEU 264
LYS 268
ASN 53
VAL 201

	5.                
	Mitraphylline
(CID: 94160)
	-9.7
	GLN 79
THR 81
THR 82
ASP 292
LEU 264
VAL 270
TYR 272
GLY 294

	6.                
	Ajmalicine
(CID: 441975)
	-11.1
	LEU 264
LEU 210
ASP 292
TRP 80
LYS 268
VAL 270

	7.                
	Isorchynchophylline
(CID: 3037048)
	-8.3
	VAL 271
TRP 80
LYS 268

	8.                
	Paynantheine
(CID: 3037629)
	-9.4
	VAL 270
TYR 272
ARG 273
ASP 292
LEU 210
ILE 290
THR 291
TRP 80
SER 205
THR 211
LYS 268

	9.                
	Corynantheidine
(CID: 3000341)
	-9.1
	TRP 80
LEU 264
VAL 270
TYR 272
GLY 294
ASP 274
THR 291

	10.             
	Speciogynine
(CID: 15560577)
	-9.4
	VAL 270
ASP 292
SER 205
THR 211
TRP 80
THR 291
TYR 272
LEU 210
ILE 290
LYS 268
LEU 264

	11.             
	Corynoxine B
(CID: 10091424)
	-7.8
	ARG 273
TYR 272
ILE 84
CYS 296

	12.             
	Mitragynine
(CID: 3034396)
	-9.5
	ASP 274
GLY 294
VAL 270
ASP 292
LYS 268
TRP 80
LEU 210
LEU 264
TYR 272

	13.             
	Corynoxine A
(CID: 10475115)
	-7.2
	LEU 78
GLN 79
VAL 270
TRP 80
LYS 268
ALA 58

	14.             
	Speciophylline
(CID: 168985)
	-10.0
	ASP 292
LEU 210
TRP 80
LEU 264
LYS 268
TYR 272
VAL 270
GLN 79
VAL 271
 

	15.             
	7-Hydroxymitragynine
(CID: 44301524)
	-9.0
	TYR 272
VAL 270
TRP 80
ASP 292
THR 82
GLN 79
ILE 84



Supplementary Table 3. Docking Results of Mortalin
	No.
	Pubchem ID
	Binding affinity
	Interaction

	1.                
	Control
(Mortaparib)
	-6.1
	LEU 228
GLN 424
PHE 262
ILE 220

	2.                
	Rhynchophylline
(CID: 5281408)
	-5.8
	ARG 218
ASN 221
ARG 202
PHE 262

	3.                
	Isomitraphylline
(CID: 11726520)
	-6.1
	PHE 262
GLN 424

	4.                
	Speciociliatin
(CID: 15560576)
	-5.6
	ARG 218
VAL 261
ASN 221
LEU 228
VAL 219

	5.                
	Mitraphylline
(CID: 94160)
	-6.5
	ASN 221
THR 224
PHE 262
ARG 218

	6.                
	Ajmalicine
(CID: 441975)
	-6.4
	PHE 262
THR 224
ASN 221
GLN 424
LEU 228
VAL 261

	7.                
	Isorchynchophylline
(CID: 3037048)
	-5.7
	PHE 262
VAL 261
ASP 233
ARG 218
VAL 219
ASN 221

	8.                
	Paynantheine
(CID: 3037629)
	-5.9
	PHE 262
GLY 260
LEU 228
ASP 233
VAL 427
ILE 423
GLN 424

	9.                
	Corynantheidine
(CID: 3000341)
	-5.6
	GLN 424
VAL 261
PHE 262

	10.             
	Speciogynine
(CID: 15560577)
	-5.9
	PHE 262
GLY 260
LEU 228
ASP 233
VAL 427
ILE 423
GLN 424

	11.             
	Corynoxine B
(CID: 10091424)
	-5.6
	ASN 221
ARG 218
PHE 262

	12.             
	Mitragynine
(CID: 3034396)
	-5.8
	ARG 218
ARG 202

	13.             
	Corynoxine A
(CID: 10475115)
	-5.7
	ARG 218
VAL 219
ASN 221
GLN 424
PHE 262
ASP 233

	14.             
	Speciophylline
(CID: 168985)
	-6.5
	PHE 262
ASN 221
VAL 219
ARG 218
GLN 424
LEU 228
 

	15.             
	7-Hydroxymitragynine
(CID: 44301524)
	-5.9
	ARG 202
ASP 233
GLY 260
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