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Abstract – In Japan, there is an apparent lack of 

development and stigma associated with mental health 

treatment, including the use of antidepressants. 

Additionally, there is a large portion of the population 

possessing the allelic variant CYP2D6*10, which is part 

of the Cytochrome P450 superfamily responsible for 

metabolizing a wide variety of pharmaceuticals. Through 

this study, we aim to clarify the effects of genetic variation 

of CYP2D6 on adverse effects when using different 

antidepressants. We conducted an in silico study of 

binding affinities of different ligands to two CYP2D6 

wild-type models, 4WNW and 2F9Q, and their respective 

threaded *10 models. Using SwissDock, the 4WNW model 

showed that the *10 variant had a lower binding affinity 

as compared to the wild-type. When using the 2F9Q 

model or X-Score, we had inconsistent results, leading us 

to question the reliability of these resources. Our results 

from SwissDock suggest that the *10 variant has a lower 

binding affinity, and therefore leading to a lower rate of 

metabolism. This suggests that people with this genetic 

mutation may be more susceptible to adverse effects when 

using antidepressants. Furthermore, future experiments 

regarding the correlation between CYP2D6*10 and drug 

metabolism should be conducted to advance mental 

health treatment and personalized medicine in Japan. 
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INTRODUCTION 

Mental health has, over time, presented itself as a major 

problem in Japan. Not recognized until the 90’s, depression, 

anxiety, and other mental illnesses are still widely 

stigmatized and increasingly prevalent in Japanese youth 

(Nishi et al. 2019). Symptoms oftentimes are difficult to 

recognize, making it troublesome for the patient and 

clinicians to notice. Treatment methods include therapy, 

prescription medicine, or a combination of both. Among 

many, two major antidepressants sold to treat depressive 

disorders are fluoxetine and paroxetine (otherwise known as 

Prozac and Paxil, respectively), which are both selective 

serotonin reuptake inhibitors (SSRI). 

 The majority of medicines are metabolized by 

Cytochrome P450, crucial to the oxidation of xenobiotics and 

steroids (Guengerich 2007). Within the superfamily, one 

specific enzyme metabolizing a wide variety of 

antidepressants and antipsychotics is CYP2D6, primarily 

expressed in the liver (McConnachie et al. 2004). The 

CYP2D6 gene has been extensively researched, with many 

studies showing a strong correlation between allelic 

variation, drug metabolism and overall efficacy. 

Gaedigk et al. (2017) paper gathered CYP2D6 allele-

frequency data from various studies and sources to estimate 

frequencies of phenotypes across major world populations. 

Subjects categorized in the poor metabolizer status were 

predicted to make up about 0.4 to 5.4% of the population, 

intermediate metabolizers (decreased function) between 0.4 

and 11%, normal metabolizers between 67 and 90%, and 

finally ultrarapid metabolizers between 1 and 21% of the 

population. Certain function and non-functional allelic 

variants were extracted from the data, as they are only 

specific to some populations; for example, the CYP2D6*10 

decreased-function allele is very high in frequency in East 

Asia, as 45% of the population is reported to possess the gene 

(Gaedigk et al. 2017).  

Studies conducted show the CYP2D6 wild-type allele 

and CYP2D6*10 differ in their amino acid sequences; in the 

*10 variant, the 34th amino acid is changed to a Serine from 

a Proline, and the 486th position is a Threonine instead of a 

Serine (Yokota et al. 1993, Dai et al. 2015). The CYP2D6*10 

variant is also known to have a decreased metabolism, as 

discussed above, which suggests an effect on drug efficacy 

(Del Tredici et al. 2018). Given the association between 

ethnicity and CYP2D6 genotypes, it would be greatly 

beneficial to develop phenotype- or allele-specific drugs, 

utilized differently for various populations. 

 In a 2018 paper examining frequencies of CYP2D6 

alleles, it was observed that 93% of all alleles were single 

copy alleles, with the majority (62%) functioning normally; 

of the 7% of structural variants, the majority (68%) had no 

function. As such, the proportion of structural variants with 

no or decreased function (72%) were substantially higher 

than the corresponding proportion of single copy variants 

(38%), suggesting a strong correlation between structural 

variants and gene function. Additionally, the proportion of 

structural variants was higher in Asians (30%) compared to 

other ethnicities (6-11%), suggesting an overall decrease of 

CYP2D6 enzyme activity in Asians. There are clear, 

demonstrated connections between ethnicity and genotype, 

and an association between structural variants and 

metabolism type (Del Tredici et al. 2018). 

 Here, we aim to characterize the interaction between 

the substrates and the CYP2D6*10 variant. Through 



computational methods, we modelled the binding affinity of 

the three substrates to CYP2D6 wild-type, *10, and Aldehyde 

Reductase. 

 

METHODS 

 

 The 4WNW protein was reported to be the most 

similar to the CYP2D6*10 enzyme when bound to a ligand 

(Don et al. 2020). We retrieved the amino acid sequences of 

both the wild-type CYP2D6 as well as the *10 variant from 

UniProt in order to model a structure for the latter using 

SwissModel (Waterhouse et al. 2018). To model the 

structures for our ligand, we used the application 

ChemSketch and converted the models to PDB files suitable 

for Chimera. We then proceeded to remove the remaining 

substrates and non-integral charges from the retrieved 

4WNW crystal structure, leaving just the enzyme itself. 

Our selected negative control enzyme, Aldehyde Reductase, 

is not from the Cytochrome P450 superfamily, therefore not 

metabolizing fluoxetine, paroxetine, venlafaxine or 

nortriptyline. Glucose is a known substrate of Aldehyde 

Reductase, but not metabolized by any Cytochrome P450 

protein, therefore serving as a positive control for Aldehyde 

Reductase and a negative control.  

 In order to prepare the structures for docking, we 

used the Dock Prep plugin within Chimera; first removing 

non-complexed ions from the structure (Shapovalov et al. 

2011), then determining the residue charges by the 

Gasteiger method (Wang et al. 2006). We converted the 

enzyme structures into PDB files in order to make it 

compatible with SwissDock when submitting the protein-

ligand pairs (Grosdidier et al. 2011). 

 After we received the results, we analyzed the 

structures in order to determine whether or not the substrates 

were binding in their correct binding sites. For some of our 

negative controls, while we did get a full fitness value, we 

decided to disregard the number as the ligand was not 

binding in the correct active site. Full fitness value 

(kcal/mol) refers to the binding affinity of the ligand and the 

protein; the lower the full fitness value, the better the 

binding affinity. The Delta G value (Gibbs free energy) also 

refers to the binding affinity; similarly, the lower the Delta 

G value, the better the binding affinity. 

 Additionally, we decided to confirm our data using 

another CYP2D6 wild-type (PDB code: 2F9Q), as the 

structure was used in a study conducted in 2008 (Ito et al. 

2008). We submitted this structure and the *10 amino acid 

sequence for threading using SwissModel (Waterhouse et al. 

2018). We repeated the preparation process in Chimera and 

submission to SwissDock. 

 In order to further validate the SwissDock results, 

we used X-Score, a program designed to compute binding 

affinity by Dr. Shaomeng Wang’s group at the University of 

Michigan Medical School (Wang et al. 2002). In order to 

run the program successfully, we were required to split the 

PDB files downloaded from SwissDock into the protein and 

the ligand, a PDB file and a Mol2 file respectively. 

 

RESULTS 

 

 
FIGURE 1: comparison of fluoxetine (A), paroxetine (B), 

venlafaxine (C), and glucose (D) chemical structure. 

 

 
FIGURE 2: Comparison of the WT and *10 binding sites 

with fluoxetine (A), paroxetine (B), and venlafaxine (C) 

(blue shows WT, tan shows *10). 

 

After inspection of the amino acid sequences, the 

mutation in the 486th position of the *10 allele from a Serine 

to a Threonine is only three amino acids away from the active 

site. This change seems to have a great effect on the binding 

affinity, and therefore causes substantially lower metabolism. 

As shown in Figure 2, CYP2D6 WT and *10 have minimal 

differences in their structures. One noticeable difference is 

the orientation of the ligand within the binding site; for 

example, paroxetine binds completely flipped within the 

binding pocket. Since there are not many obvious differences 

between the structures as a whole, this suggests that the 

orientation of the ligand in the active site immensely affects 

binding affinity. 

 

 

 

 

 

 

 

 

 

 

 

 



TABLE 1: Full fitness (kcal/mol) of each enzyme and substrate. NB indicates SwissDock did not predict binding in the 

correct binding site. 

 CYP2D6 WT 

(4WNW) 

CYP2D6*10 

(4WNW) 

CYP2D6 WT 

(2F9Q) 

CYP2D6*10 

(2F9Q) 

Aldehyde 

Reductase 

Fluoxetine -2104.54 -2006.49 -2277.55 NB NB 

Paroxetine -2133.69 -2038.27 NB NB NB 

Venlafaxine -2106.40 -2005.68 NB NB NB 

Nortriptyline -2073.38 -1981.23 NB NB NB 

Glucose NB NB NB NB -1405.39 

TABLE 2: Estimated ΔG (kcal/mol) of each enzyme and substrate. NB indicates SwissDock did not predict binding in the 

correct binding site. 

 CYP2D6 WT 

(4WNW) 

CYP2D6*10 

(4WNW) 

CYP2D6 WT 

(2F9Q) 

CYP2D6*10 

(2F9Q) 

Aldehyde 

Reductase 

 Swiss 

Dock 

X-

Score 

Swiss 

Dock 

X-

Score 

Swiss 

Dock 

X-

Score 

Swiss 

Dock 

X-

Score 

Swiss 

Dock 

X-

Score 

Fluoxetine -9.225 -8.10 -9.06 -8.10 -8.01 -8.40 NB NB NB NB 

Paroxetine -9.17 -8.11 -9.13 -8.37 NB NB NB NB NB NB 

Venlafaxine -8.63 -7.75 -8.62 -7.87 NB NB NB NB NB NB 

Nortriptyline -7.02 -8.32 -8.29 -8.35 NB NB NB NB NB NB 

Glucose NB NB NB NB NB NB NB NB -6.44 -6.05 

 As predicted and shown in Table 1, our negative 

controls showed no binding to either WT nor *10 structures. 

Our positive control, aldehyde reductase, also bound to 

glucose. For all substrates except glucose, the wild-type 

protein was predicted to have substantially lower full fitness 

compared to the *10 variant when using SwissDock. Out of 

the four given substrates, paroxetine showed the best binding 

affinity as compared to the other two for both the WT and *10 

CYP2D6 enzyme.  

 Ito et al. (2008) paper found that the ligand 

nortriptyline bound to the CYP2D6 wild-type (PDB model 

2F9Q) had a ΔG value of -8.89 kcal/mol when modelled, and 

-9.00 kcal/mol when observed experimentally. It was also 

predicted that the CYP2D6*10 had a more positive ΔG value 

as compared to the wild-type protein, suggesting lower 

binding affinity. In contrast to their findings, none of our 

ligands bound correctly in the active site to the CYP2D6 

wild-type or *10 threaded using the 2F9Q wild-type, with the 

exception of fluoxetine with the 2F9Q wild-type. 

 When X-Score was used, the ΔG values of the *10 

variant were lower than that of the wild-type, which indicates 

better binding affinity. These results directly opposed our 

previous outcomes from SwissDock, as SwissDock had 

consistently, for all our substrates, predicted the wild-type 

ΔG value to be lower as compared to *10. 

 Ultimately, it was difficult to find previous studies 

with comparable results and data, and to run software that 

suited our study. Additionally, there was an inconsistency 

with our data from SwissDock; for example, when looking at 

the binding affinity of the CYP2D6 WT (PDB code: 2F9Q) 

with our ligands, only fluoxetine bound to the protein in the 

correct binding site, though paroxetine, venlafaxine, and 

nortriptyline are known substrates of CYP2D6. 

 

 



DISCUSSION 

 

 Our results suggest altered docking and lower 

binding affinity of fluoxetine, paroxetine, venlafaxine, and 

nortriptyline to CYP2D6*10 when using SwissDock to 

predict binding affinity by full fitness value. To our surprise, 

none of the substrates except for fluoxetine bound correctly 

to the CYP2D6 wild-type 2F9Q model. Moreover, none of 

our ligands bound with the CYP2D6*10 in the actual active 

site when the 2F9Q model was used for threading. 

 From our results, it is probable that possessing the 

*10 variant causes lower binding affinity, leading to a drop 

in metabolism. This supports our initial hypothesis gathered 

from our literature review, as CYP2D6*10 is named as an 

“intermediate metabolizer”. While this negative trend could 

be seen in the 4WNW wild-type and *10 when using 

SwissDock, the trend was lost when using X-Score or 

another model (PDB code: 2F9Q). 

 Our findings and results were fairly limited due to 

the lack of availability in software and previous research or 

resources. Our data was limited to an in silico experiment, 

only using relatively outdated freely available resources 

(such as X-Score from 2003). There was an apparent lack of 

possible software that could be used, alongside a frequent 

need for troubleshooting. Additionally, there was a lack of 

public available data and studies on the *10 allele and gene-

based medication in Japan to use for comparison; we were 

unable to find reliable data for comparison. 

 Studies have shown that the *10 allele is most 

prevalent in East Asians, the gene first being discovered in 

Japanese subjects. Within a study conducted in 1993, 

CYP2D6*10 is found to have a lower metabolic rate than a 

regularly functioning enzyme (Yokota et al. 1993). In the 

future, we strongly believe the need for an in vivo 

experiment within a lab to produce accurate results to 

confirm this study; this would be greatly beneficial towards 

Japanese health programs and pharmaceutical development. 

We also suggest, if possible, a population study to view and 

scrutinize the direct correlation and relationship between 

allelic variant or genotype and the binding affinity or rate of 

metabolism. Given the prevalence of the *10 variant within 

the Japanese population, we hope that this study contributes 

to the limited body of research on Japanese mental health, 

and may in the future be applied clinically to lower dosages 

for Japanese patients as a “regular” dose may put the patient 

at a higher risk for adverse effects. This further suggests 

development in personalized medication, especially in 

Japan, since patients may be more prone to experiencing 

adverse effects. 

 

AKNOWLEDGEMENTS 

 

The author wishes to thank Elizabeth Feldeverd, for their 

help and guidance in conducting the experiments and 

proofreading this paper. 

 

 

REFERENCES 

 
ACD/ChemSketch, version 2020.1.0, Advanced Chemistry 

Development, Inc., Toronto, ON, Canada, 

www.acdlabs.com, 2020. 

Bradford, L DiAnne. ‘CYP2D6 Allele Frequency in European 

Caucasians, Asians, Africans and Their Descendants’. 

Pharmacogenomics 3, no. 2 (March 2002): 229–43. 

https://doi.org/10.1517/14622416.3.2.229. 

Dai, Da-Peng, Pei-Wu Geng, Shuang-Hu Wang, Jie Cai, Li-Ming 

Hu, Jing-Jing Nie, Ji-Hong Hu, Guo-Xin Hu, and Jian-

Ping Cai. ‘In Vitro Functional Assessment of 22 Newly 

Identified CYP2D6 Allelic Variants in the Chinese 

Population’. Basic & Clinical Pharmacology & 

Toxicology 117, no. 1 (July 2015): 39–43. 

https://doi.org/10.1111/bcpt.12363. 

Del Tredici, Andria L., Alka Malhotra, Matthew Dedek, Frank 

Espin, Dan Roach, Guang-dan Zhu, Joseph Voland, and 

Tanya A. Moreno. ‘Frequency of CYP2D6 Alleles 

Including Structural Variants in the United States’. 

Frontiers in Pharmacology 9 (5 April 2018): 305. 

https://doi.org/10.3389/fphar.2018.00305. 

Don, Charleen G., and Martin Smieško. ‘In Silico Pharmacogenetics 

CYP2D6 Study Focused on the Pharmacovigilance of 

Herbal Antidepressants’. Frontiers in Pharmacology 11 

(13 May 2020): 683. 

https://doi.org/10.3389/fphar.2020.00683. 

Gaedigk, Andrea, Katrin Sangkuhl, Michelle Whirl-Carrillo, Teri 

Klein, and J. Steven Leeder. ‘Prediction of CYP2D6 

Phenotype from Genotype across World Populations’. 

Genetics in Medicine 19, no. 1 (January 2017): 69–76. 

https://doi.org/10.1038/gim.2016.80. 

Gressier, F., C. Verstuyft, P. Hardy, L. Becquemont, and E. 

Corruble. ‘Response to CYP2D6 Substrate 

Antidepressants Is Predicted by a CYP2D6 Composite 

Phenotype Based on Genotype and Comedications with 

CYP2D6 Inhibitors’. Journal of Neural Transmission 

122, no. 1 (January 2015): 35–42. 

https://doi.org/10.1007/s00702-014-1273-4. 

Grosdidier, A., V. Zoete, and O. Michielin. ‘SwissDock, a Protein-

Small Molecule Docking Web Service Based on EADock 

DSS’. Nucleic Acids Research 39, no. suppl (1 July 2011): 

W270–77. https://doi.org/10.1093/nar/gkr366. 

Guedes, Isabella A., Felipe S. S. Pereira, and Laurent E. Dardenne. 

‘Empirical Scoring Functions for Structure-Based Virtual 

Screening: Applications, Critical Aspects, and 

Challenges’. Frontiers in Pharmacology 9 (24 September 

2018): 1089. https://doi.org/10.3389/fphar.2018.01089. 

Guengerich, F. Peter. ‘Cytochrome P450 and Chemical 

Toxicology’. Chemical Research in Toxicology 21, no. 1 

(January 2008): 70–83. 

https://doi.org/10.1021/tx700079z. 

Hawton, Keith, Helen Bergen, Sue Simkin, Jayne Cooper, Keith 

Waters, David Gunnell, and Navneet Kapur. ‘Toxicity of 

Antidepressants: Rates of Suicide Relative to Prescribing 

and Non-Fatal Overdose’. British Journal of Psychiatry 

196, no. 5 (May 2010): 354–58. 

https://doi.org/10.1192/bjp.bp.109.070219. 

Hodgson, Karen, Katherine Tansey, Mojca Zvezdana Dernovšek, 

Joanna Hauser, Neven Henigsberg, Wolfgang Maier, Ole 

Mors, et al. ‘Genetic Differences in Cytochrome P450 

Enzymes and Antidepressant Treatment Response’. 

Journal of Psychopharmacology 28, no. 2 (February 

https://doi.org/10.1517/14622416.3.2.229
https://doi.org/10.1517/14622416.3.2.229
https://doi.org/10.1111/bcpt.12363
https://doi.org/10.1111/bcpt.12363
https://doi.org/10.3389/fphar.2018.00305
https://doi.org/10.3389/fphar.2018.00305
https://doi.org/10.3389/fphar.2020.00683
https://doi.org/10.3389/fphar.2020.00683
https://doi.org/10.1038/gim.2016.80
https://doi.org/10.1038/gim.2016.80
https://doi.org/10.1007/s00702-014-1273-4
https://doi.org/10.1007/s00702-014-1273-4
https://doi.org/10.1093/nar/gkr366
https://doi.org/10.3389/fphar.2018.01089
https://doi.org/10.1021/tx700079z
https://doi.org/10.1021/tx700079z
https://doi.org/10.1192/bjp.bp.109.070219
https://doi.org/10.1192/bjp.bp.109.070219


2014): 133–41. 

https://doi.org/10.1177/0269881113512041. 

Ihara, Hiroshi. ‘A Cold of the Soul: A Japanese Case of Disease 

Mongering in Psychiatry’. International Journal of Risk 

& Safety in Medicine 24, no. 2 (2012): 115–20. 

https://doi.org/10.3233/JRS-2012-0560. 

Ito, Yuko, Hiroki Kondo, Peter S. Goldfarb, and David F.V. Lewis. 

‘Analysis of CYP2D6 Substrate Interactions by 

Computational Methods’. Journal of Molecular Graphics 

and Modelling 26, no. 6 (February 2008): 947–56. 

https://doi.org/10.1016/j.jmgm.2007.07.004. 

Jain, Tarun, and B. Jayaram. ‘An All Atom Energy Based 

Computational Protocol for Predicting Binding Affinities 

of Protein-Ligand Complexes’. FEBS Letters 579, no. 29 

(5 December 2005): 6659–66. 

https://doi.org/10.1016/j.febslet.2005.10.031. 

Mahlich, Jörg, Sunny Tsukazawa, and Frank Wiegand. ‘Estimating 

Prevalence and Healthcare Utilization for Treatment-

Resistant Depression in Japan: A Retrospective Claims 

Database Study’. Drugs - Real World Outcomes 5, no. 1 

(March 2018): 35–43. https://doi.org/10.1007/s40801-

017-0126-5. 

Mcconnachie, L. ‘Human Liver Cytochrome P450 2D6 Genotype, 

Full-Length Messenger Ribonucleic Acid, and Activity 

Assessed with a Novel Cytochrome P450 2D6 

Substrate*1’. Clinical Pharmacology & Therapeutics 75, 

no. 4 (April 2004): 282–97. 

https://doi.org/10.1016/j.clpt.2003.12.003. 

Nishi, Daisuke, Hanako Ishikawa, and Norito Kawakami. 

‘Prevalence of Mental Disorders and Mental Health 

Service Use in Japan’. Psychiatry and Clinical 

Neurosciences, 29 May 2019, pcn.12894. 

https://doi.org/10.1111/pcn.12894. 

Okubo, Maho, Norie Murayama, Jun Miura, Yasuji Chiba, and 

Hiroshi Yamazaki. ‘Effects of Cytochrome P450 2D6 and 

3A5 Genotypes and Possible Coadministered Medicines 

on the Metabolic Clearance of Antidepressant 

Mirtazapine in Japanese Patients’. Biochemical 

Pharmacology 93, no. 1 (January 2015): 104–9. 

https://doi.org/10.1016/j.bcp.2014.11.011. 

Rau, T. ‘Cyp2d6 Genotype: Impact on Adverse Effects and 

Nonresponse during Treatment with Antidepressants—a 

Pilot Study’. Clinical Pharmacology & Therapeutics 75, 

no. 5 (May 2004): 386–93. 

https://doi.org/10.1016/j.clpt.2003.12.015. 

Ronald F B (1995). "Nonsteroidal anti-inflammatory drugs". In 

Foye, William O., Lemke, Thomas L., Williams, David A 

(eds.). Principles of Medicinal Chemistry (Fourth ed.). 

Williams & Wilkins. pp. 544–545. 

Sadiq, S. Kashif, David W. Wright, Owain A. Kenway, and Peter V. 

Coveney. ‘Accurate Ensemble Molecular Dynamics 

Binding Free Energy Ranking of Multidrug-Resistant 

HIV-1 Proteases’. Journal of Chemical Information and 

Modeling 50, no. 5 (24 May 2010): 890–905. 

https://doi.org/10.1021/ci100007w. 

Sansen, Stefaan, Jason K. Yano, Rosamund L. Reynald, Guillaume 

A. Schoch, Keith J. Griffin, C. David Stout, and Eric F. 

Johnson. ‘Adaptations for the Oxidation of Polycyclic 

Aromatic Hydrocarbons Exhibited by the Structure of 

Human P450 1A2’. Journal of Biological Chemistry 282, 

no. 19 (11 May 2007): 14348–55. 

https://doi.org/10.1074/jbc.M611692200. 

Shapovalov, Maxim V., and Roland L. Dunbrack. ‘A Smoothed 

Backbone-Dependent Rotamer Library for Proteins 

Derived from Adaptive Kernel Density Estimates and 

Regressions’. Structure 19, no. 6 (June 2011): 844–58. 

https://doi.org/10.1016/j.str.2011.03.019. 

Torre, Rafael de la, Samanta Yubero-Lahoz, Ricardo Pardo-Lozano, 

and Magí Farré. ‘MDMA, Methamphetamine, and 

CYP2D6 Pharmacogenetics: What Is Clinically 

Relevant?’ Frontiers in Genetics 3 (2012). 

https://doi.org/10.3389/fgene.2012.00235. 

Wan, Shunzhou, and Peter V. Coveney. ‘Rapid and Accurate 

Ranking of Binding Affinities of Epidermal Growth 

Factor Receptor Sequences with Selected Lung Cancer 

Drugs’. Journal of The Royal Society Interface 8, no. 61 

(7 August 2011): 1114–27. 

https://doi.org/10.1098/rsif.2010.0609. 

Wang, An, C. David Stout, Qinghai Zhang, and Eric F. Johnson. 

‘Contributions of Ionic Interactions and Protein Dynamics 

to Cytochrome P450 2D6 (CYP2D6) Substrate and 

Inhibitor Binding’. Journal of Biological Chemistry 290, 

no. 8 (20 February 2015): 5092–5104. 

https://doi.org/10.1074/jbc.M114.627661. 

Wang J, Wang W, Kollman PA, Case DA. Automatic atom type and 

bond type perception in molecular mechanical 

calculations. J Mol Graph Model. 2006;25(2):247-260. 

doi:10.1016/j.jmgm.2005.12.005 

Wang, R.; Lai, L.; Wang, S. Further Development and Validation of 

Empirical Scoring Functions for Structure-Based Binding 

Affinity Prediction. J. Comput.-Aided Mol. Des. 2002, 16, 

11-26. 

Waterhouse, Andrew, Martino Bertoni, Stefan Bienert, Gabriel 

Studer, Gerardo Tauriello, Rafal Gumienny, Florian T 

Heer, et al. ‘SWISS-MODEL: Homology Modelling of 

Protein Structures and Complexes’. Nucleic Acids 

Research 46, no. W1 (2 July 2018): W296–303. 

https://doi.org/10.1093/nar/gky427. 

Whyte, I.M. ‘Relative Toxicity of Venlafaxine and Selective 

Serotonin Reuptake Inhibitors in Overdose Compared to 

Tricyclic Antidepressants’. QJM 96, no. 5 (1 May 2003): 

369–74. https://doi.org/10.1093/qjmed/hcg062. 

Zhao, Lizi, and Gisèle Pickering. ‘Paracetamol 

Metabolism and Related Genetic Differences’. Drug 

Metabolism Reviews 43, no. 1 (February 2011): 41–52. 

https://doi.org/10.3109/03602532.2010.527984. 

https://doi.org/10.1177/0269881113512041
https://doi.org/10.1177/0269881113512041
https://doi.org/10.3233/JRS-2012-0560
https://doi.org/10.3233/JRS-2012-0560
https://doi.org/10.1016/j.jmgm.2007.07.004
https://doi.org/10.1016/j.jmgm.2007.07.004
https://doi.org/10.1016/j.febslet.2005.10.031
https://doi.org/10.1016/j.febslet.2005.10.031
https://doi.org/10.1007/s40801-017-0126-5
https://doi.org/10.1007/s40801-017-0126-5
https://doi.org/10.1016/j.clpt.2003.12.003
https://doi.org/10.1016/j.clpt.2003.12.003
https://doi.org/10.1111/pcn.12894
https://doi.org/10.1111/pcn.12894
https://doi.org/10.1016/j.bcp.2014.11.011
https://doi.org/10.1016/j.bcp.2014.11.011
https://doi.org/10.1016/j.clpt.2003.12.015
https://doi.org/10.1016/j.clpt.2003.12.015
https://doi.org/10.1021/ci100007w
https://doi.org/10.1021/ci100007w
https://doi.org/10.1074/jbc.M611692200
https://doi.org/10.1074/jbc.M611692200
https://doi.org/10.1016/j.str.2011.03.019
https://doi.org/10.1016/j.str.2011.03.019
https://doi.org/10.3389/fgene.2012.00235
https://doi.org/10.3389/fgene.2012.00235
https://doi.org/10.1098/rsif.2010.0609
https://doi.org/10.1098/rsif.2010.0609
https://doi.org/10.1074/jbc.M114.627661
https://doi.org/10.1074/jbc.M114.627661
https://doi.org/10.1093/nar/gky427
https://doi.org/10.1093/nar/gky427
https://doi.org/10.1093/qjmed/hcg062
https://doi.org/10.3109/03602532.2010.527984
https://doi.org/10.3109/03602532.2010.527984

