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Predicting drug metabolism: experiment and/or

computation?

nature e

RIEAYAIENA] DISCOVERY

Johannes Kirchmair &, Andreas H. Géller, Dieter Lang, Jens Kunze,
Glen & Gisbert Schneider &

Nature Reviews Drug Discovery 14, 387-404(2015) | cite this articlg

2329 Accesses | 197 Citations | 25 Altmetric | Metrics

Abstract

Drug metabolism can produce metabolites with physicocl

properties that differ substantially from those of the pa rell']
important implications for both drug safety and efficacy. ]
clinical-stage attrition due to the metabolic characteristic
need for efficient and reliable ways to predict drug metabd
In this Perspective, we provide an overview of the state of g
computational approaches for investigating drug metabol
limitations of these methods, and indicate strategies to ha

from combining measurement and prediction of drug metabolism.

Copyright©2021 VtR Inc. All rights reserved.

receptor)’ “** On a broader scale, statistical and machine learning methods are used
to predict comprehensive bioactivity spectra of small molecules. However, current
mechanistic models generally do not take into account information beyond target
annotation, and hence are limited in their ability to predict phenotypes®. Linking
pathway information to targets can hence improve model accuracy. MetaCore and
MetaDrug46,47, two pharmacology platforms that use comprehensive biological
networks for estimating the pharmacological effects and risk of small molecules,
harness this approach. However, the coverage and accuracy of annotated pathways is
still a work in progress and there is often significantly less overlap between different
databases of annotated pathways than one would expect. This is often compounded by
lack of information on tissue expression levels and rate constants for metabolising
enzymes. There clearly is an opportunity to invest additional effort in this area to

further increase the reliability of computation models.

—
Kirchmair, J., Géller, A., Lang, D. et al. Predicting drug metabolism: experiment and/or

comiutation?. Nat Rev. Drui Discov 14, 387-404 (2015). httis:“doi.ori‘lo.1038/nrd4581
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w Toxic Pathologies

Toxic Agents for

# Toxic Pathology
1 Pancreas-necrosis

2 Heart-relative weight gain ..

Structure

o
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3 Pancress lesions

4 Liver-relative weight gain ...

34 Predict Compound Activity (MetaDrug) é Download structure

L-Chicoric acid undergoes reductior
glucuronide and trans-caffeic acid r
acetoxy-desalkyl-chicoric acid, 4-ac
dihydro-chicoric acid.

Drug
L-Chicoric acid
Streptozocin
L-Chicoric acid
Streptozocin
L-Chicoric acid
Streptozocin
L-Chicoric acid

Streptozocin

N

Therapeutic Properties

w Therapeutic Information

L-Chicoric acid
Pharmacology

Pharmacology

w External Databases

CAS registry
ChEBI ID
ChemIDplus
ChemSpider
DTP/NCI
KEGG

NIAID

PubChem_Compound

HIV infection

AIDS

70831-56-0
CHEBI:3594

006537800, 070831560

4445078
699173
€10437
029768

5281764
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ADMETox Properties

 ADMETox Information

Biotransformation

w Toxic Pathologies

Toxic Agents for

# Toxic Pathology
1 Pancreas-necrosis

~N

w

Pancreas lesions

Heart-relative weight gain ...

4 Liver-relative weight gain (...
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L-Chicoric acid undergoes reduction, methylation, glucuronidation and hydrolysis to form dihydro-chicoric acid,
4-methoxy-phenyl-chicoric acid, 4-carboxyl-methyl-chicoric acid, chicoric acid-3-0-glucuronide, chicoric acid-
4-0-glucuronide and trans-caffeic acid respectively. trans-Caffeic acid further undergoes glucuronidation,
acetylation, sulfation and reduction to form desalkyl-chicoric acid-3-O-glucuronide, desalkyl-chicoric acid-4-O-
glucuronide, 3-acetoxy-desalkyl-chicoric acid, 4-acetoxy-desalkyl-chicoric acid, caffeic acid O3-sulfate, caffeic
acid O4-sulfate and dihydro-desalkyl-chicoric acid respectively. Dihydro-chicoric acid further undergoes
hydrolysis to form desacyl-dihydro-chicoric acid.

Drug
L-Chicoric acid
Streptozocin

L-Chicoric acid

Streptozocin

L-Chicoric acid
Streptozocin
L-Chicoric acid

Streptozocin

Dosage

60 mg/kg/day, 28 days
50 mg/kg bw, 5 days
60 mg/kg/day, 28 days
50 mg/kg bw, 5 days
60 mg/kg/day, 28 days
50 mg/kg bw, 5 days
60 mg/kg/day, 28 days
50 mg/kg bw, 5 days

Route&Delivery
oral/in drinking water
intraperitoneal
oral/in drinking water
intraperitoneal
oral/in drinking water
intraperitoneal

oral/in drinking water
intraperitoneal

Source
PMID: 2t ~

PMID: 2{

PMID: 2{

PMID; 2t

Copyright©2021 ViR Inc. Al rights reserved
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Enzyme / Cell Sample
Lethal dose (LDS) is the concentration of the compound that inhibits growth

of MT-2 cells by 5% in 48 hrs

Lethal dose of the compound against growth of human MT-2 cell line was

determined (CTS = 264 uM)

Cytotoxicity of the compound against MT-2 cell line viability upon incubation
for 72h at 37 degree C

Concentration of compound required to reduce MT-4 cell viability by 50%

Copyright©2021 VtR Inc. All rights reserved.

Activity

LD5 (uM) = 264

LD50 (uM) > 700

CT5 (uM) = 264

1C50 (uM) = 45

\R

PMID / Reference

J. Med. Chem., 1999,
42 (3), 497-509,
9986720

Curr. Med. Chem,,
2005, 12 (15), 1811-
1818, 16029149
Bioorg. Med. Chem.,
2006, 14 (13), 4552-
4567, 16524737

J. Med. Chem., 1999,
42 (8), 1401-1414,
10212126

2 Clarivate”

11

w ADMETox Samples

Toxicity
# Cell line / Organ / Source
1 MT-2 cell line/Human
2 MT-2 cell line/Human
3 MT-2 cell line
4 MT-4 cell line/Human
2 Clarivate”
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Reactions

w Metabolic Reactions

Substrate of Reactions

# Reaction

1 B L-Chicoric acid + S-Adenosyl-L-methionine

Reaction Type
4-Carboxyl- O-methyl transfer

methyl-chicoric acid + S-Adenosyl-L-homocysteine

2 [® UDP-D-glucuronic acid + L-Chicoric acid =

3-O-glucuronide + UDP

3 @ L-Chicoric acid + UDP-D-glucuronic acid =

UDP + Chicoric acid-4-O-glucuronide

4 [ Electron donor + L-Chicoric acid = Dihydro-chicoric

acid + Electron acceptor

5 B L-Chicoric acid + H, 0

acid

6 @ S-Adenosyl-L-methionine + L-Chicoric acid

= (Caftaric acid + trans-Caffeic

Chicoric acid-

O-glucuronide transfer

O-glucuronide transfer

Reduction

ester hydrolysis

4-Methoxy- O-methyl transfer

phenyl-chicoric acid + S-Adenosyl-L-homocysteine

 Clarivate”

Enzymes\EC number

& 211
& 24117
& 24117
& 13-
&3l

& 211-

\R

Interaction info
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Binding Sample

# Protein
1 Integrase

N

Integrase

w

Integrase

ES

Integrase

v

Integrase

(=2}

Integrase

~

Integrase

2 Clarivate”

Biologic Activity
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Cell line / Organ / Source
Escherichia coli

HIV-1

HIV-1

HIV-1

HIV-1

HIV-1

HIV-1

Enzyme /[ Cell Sample

Inhibitory concentration against HIV-1 integrase

Activity
1C50 (uM) = 21

expressed in Escherichia coli after 90 min incubation at
33 degree C in pH 7.4 with the compound dissolved in

DMSO

Compound was evaluated for its inhibitory activity

against HIV-1 integrase

Compound was tested for the inhibition of HIV-1

integrase

Concentration at which inhibitory effect against HIV-1
integrase was observed; Range is 0.06-0.66ug/mL

1C50 (uM) = 24.9
1C50 (ug/mL) =
11.8

Concentration
(ug/mL) = 0.66

Effective dose of the compound required to inhibit HIV- ED50 (uM) = 4.2

1 integrase

In vitro inhibitory concentration against 3'-strand

1C50 (uM) = 24.9

processing activity by human immunodeficiency virus

type 1 recombinant integrase

Inhibition against Human Immunodeficiency Virus Type Inhibition (%) =
1 Intearase (HIV-1 TN ) unan inciihatinn at 37 dearee 9.9

Copyright©2021 VtR Inc. All rights reserved.

N

PMID / Reference
Arch. Pharm. Res.,
2001, 24 (4), 286-
291, 11534758

Bioorg. Med. Chem.
Lett,, 2000, 10 (16),
1879-1882, 10969990
Bioorg. Med, Chem.,
2003, 11 (17), 3589-
3593, 12901903

Med, Res. Rev., 2000,
20 (5), 323-349,
10934347

Bioorg. Med. Chem.,
2006, 14 (13), 4552-
4567, 16524737
Curr. Top. Med.
Chem., 2004, 4 (10),
1059-1077, 15193139
J. Med. Chem., 1999,
42 (3). 497-509.
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Functional Sample on a Cell Line (in vitro) or on Tissue/Organ but not on whole animal

N

# Protein Cell line / Organ / Source  Enzyme / Cell Sample Activity PMID / Reference
3 CEM / SS cell ling/Virus Anti viral effect of compound against virus in CEM-SS ~ EC50 (uM) NR 1. Med. Chem., 1999,
cells upon incubation at 37 degree C in a 5% CO2 42 (8), 1401-1414,
atmosphere using XTT cytoprotection assay 10212126
2 CEM / SS cell ling/Virus Inhibitory concentration against virus in CEM-SS cells  IC50 (uM) = 20.1  J. Med. Chem., 1999,
upon incubation at 37 degree C in a 5% CO2 42 (8), 1401-1414,
atmosphere using XTT cytoprotection assay 10212126
3 MT-2 cell line/HIV LAI Effective dose of the compound required to protect ED50 (uM) = 4 Antimicrob. Agents
MT-2 cell line from HIVLAI-induced cytopathic effect Chemother., 1998, 42
upon incubation for 72 h at 37 degree C (1), 140-146,
9449274
4 MT-2 cell line/HIV-1 Concentration required to inhibit Human ED50 (uM) = 4.2 ). Med. Chem., 1999,
Immunodeficiency Virus Type 1 (HIV-1)-induced death 42 (3), 497-509,
of MT-2 cells upon incubation at 37 degree C for 72 hrs 9986720
5 MT-2 cell line/Human Effective Dose of the compound measured against ED50 (uM) = 4.2  Curr. Med. Chem.,
human MT2 cell line 2003, 10 (18), 1795-
1810, 12871105
6 MT-2 cell line/Human Effective dose of the compound towards growth of ED50 (uM) = 4.2  Curr. Med. Chem.,
human MT-2 cell line was determined 2005, 12 (15), 1811-
1818, 16029149
o ———
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Predicted metabolites
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1 + Quinone farmation
@ C + N exidation

@ ) v § oxidation

® ) v Spontaneous

w Models
® (1 v P oxidation
@23 v Reduction
& ) v Hydrolysis
543w Phase 2 } Properties

& (1 v Glucuronide transfer
@ 2 » Sulfate transfer
@ () v Glutathione transfer
@ 1 » Methyl transfer
@ () » Cysteine transfer
03 v O-phosphate transfer
0 v Giycine conjugation
0} + Glutamine conjugation
Y v N-acetyl transfer -

» CYP450 QSAR models

» Protein binding QSAR models

= Kote: choosing this option may increase report ganeration time. } ADME QSAR models

» Prediction of therapeutic activity

} Prediction of toxic effects
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Report: Chicoric acid
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£y meso-Chicorc acid 5281764 100.0¢
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3 Caftaric acid 5281764 98.52 = = o
4 Dihydro-meso-chicoric acid 5281764 84.38
5 Dihydro-chicoric acid 5281764 84.38 ¢
6 vt hembicon-2-cnovloxy 2.5 5261764 79.63 N N o }r
dihydroxy-cyclohexanecarboxylic acid i o b T C3IMINIOITS 767.7100 25 290 "
7 1,4-Dicaffeoylquinic acid 5281764 78.88 e Rl
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¥ CYP450 QSAR models
Prop Value/(TP)
I Potential to inhibit CYP2C19 at 10 uM or Iess] range from O to 1. Cutoff is 0.5. Values
4 CYP2C19-inh. prob higher than 0.5 indicate potential inhibitors. Data taken from PubChem Bioassay 1851. 0.06
P Model description: Training set N=9392, Test set N=3149, Sensitivity= 0.80, (74.85)
Specificity=0.79, Accuracy=0.79, MCC=0.59.
| Potential to inhibit CYP2C9 at 10 uM or less, Iange from O to 1. Cutoff is 0.5. Values
5 CYP2C9-inh. prob higher than 0.5 indicate potential inhibitors. Data taken from PubChem Bioassay 1851. 0.12
P Model description: Training set N=8977, Test set N=2993, Sensitivity=0.64, (70.30)
Specificity=0.88, Accuracy=0.80, MCC=0.54.
| Potential to inhibit CYP2D6 at 10 uM or less, !ange from O to 1. Cutoff is 0.5. Values
6 CYP2D6-inh, prob igher than 0.5 indicate potential inhibitors. Data taken from PubChem Bioassay 1851. 0.04
P Model description: Training set N=9759, Test set N=3254, Sensitivity=0.62, (74.85)
Specificity=0.92, Accuracy=0.82, MCC=0.59.
| Potential to be metabolized by CYP2D6|, range from 0 to 1. Cutoff is 0.5. Values higher
7 CYP2D6-sub, prob than 0.5 indicate that the compound is a substrate for CYP2D6. Model description: 0.10
P Training set N=375, Test set N=69, Sensitivity=0.77, Specificity=0.84, Accuracy=0.81, (31.76)
MCC=0.62. Reference: Clarivate Analytics.
| Potential to inhibit CYP3A4 at 10 uM or less, fange from 0 to 1. Cutoff is 0.5. Values
8 CYP3A4-inh. prob higher than 0.5 indicate potential inhibitors. Data taken from PubChem Bioassay 1851. 0.17
P Model description: Training set N=9145, Test set N=3049, Sensitivity=0.74, (74.85)
Specificity=0.83, Accuracy=0.79, MCC=0.57.
D —— |
c Clarivate"' Copyright©2021 VtR Inc. All rights reserved. 20
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LIQSAR model #EfT&ERELAS M

w Protein binding QSAR models

H il

Potential to activate 5-hydroxytryptamine (serotonin) receptor 2B at 1 uM or less] range from 0 to 1. Cutoff is 0.5.
'alues higher than 0.5 indicate active compounds. Training set consists of chemicals and drugs that activate 0.01
1 5HT2B-act, prob SHT2B receptor resulting in valvular heart disease. Reference: Chekmarev et al., Chem Res Tox, 2008 (PMID: (Zé 97)
18415049). Model description: Training set N=194, Test set N=38, Sensitivity=1.0, Specificity=0.96, )
Accuracy=0.97, MCC=0.94.
Potential to bind to Androgen receptor,|range from 0 to 1. Cutoff is 0.5. Values higher than 0.5 indicate potential 0.39
2 ADR-lig, prob Androgen receptor ligands. Reference: Fang H, Tong W, et al Chem Res Tox 2003 (PMID: 14565775). Model (Bé 73)
[description: Training set N=165, Test set N=32, Sensitivity=1.0, Specificity=1.0, Accuracy=1.0, MCC=1.0. !
Potential to bind to Estrogen receptor at 100 uM or Iess!range from O to 1. Cutoff is 0.5. Values higher than 0.5 0.50
3 ESR-lig, prob indicate potential Estrogen receptor ligands. Training set is based on DSSTox KIERBL data (EPA). Model (45' 93)
description: Training set N=164, Test set N=55, Sensitivity=1.0, Specificity=0.87, Accuracy=0.93, MCC=0.86. =
|Pregnane X receptor activation binary mode!,‘range from 0 to 1. Values higher than 0.5 indicate potential PXR 0.54
4 PXR-act, prob activators, values lower than 0.5 are preferable. Reference: Clarivate Analytics. Model description: N=95, (36 65)
R2=0.64, RMSE=0.29. :
5 Pgp-inh, pIC50 Human P-g!zcoerotein transporter inhibition, pIC50 guM!*Cutoff is -1.7. The higher the value, the higher the -1.13
P P inhibition activity. Clarivate Analytics. Model description: N=274, R2=0.85, RMSE=0.4. (34.50)
Potential to be a substrate of human P-glycoprotein transparter!range from 0 to 1. Cutoff is 0.5. Values closer to 1 0.77
6 Pgp-sub, prob indicate potential [lgands. Reference: Penzotti, Lamb, et al., 2 (PMID: 11960484). Model description: N=192, (Bé 94)
R2=0.65, RMSE=0.3. &
7 SERT-inh, pKi Human serotonin transporter inhlbition| pKi (uM). Cutoff is -1.7. The higher the value, the higher the inhibition 0.28
P activity of the metabolite. Clarivate Analytics. Model description: N=256, R2=0.91, RMSE=0.36. (37.05)
= - pKi (uM). Cutoff is -1.7. The higher the _0.13
8 hERG-inh, pKi alue, the higher the inhibition activity Lower values are preferable. Reference Clarivate Analytics. Model (31‘43)
description: N=196, R2=0.93, RMSE=0.23. .
c Clarivate" Copyright©2021 ViR Inc. All rights reserved 21
21
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¥ ADME QSAR models
Model descr n VALY,
Blood brain barrier penetration model. [The data is expressed as log values of the ratio of the
1 BBB, log ratio metabolite concentrations in brain and plasma. Cutoff is -0.3. Larger values indicate that the -1.20
408 metabolite is more likely to enter the brain. Reference: Clarivate Analytics. Model description: (30.41)
N=107, R2=0.89, RMSE=0.26.
Lipophilicity, log of compound octanol-water distribution.lCutoffs are -0.4 to 5.6. Values greater
2 G-LogP than 5.6 correspond to overly hydrophobic compounds. Reference: Syracuse Research, PHYSPROP 3.09
database. Model description: N=13474, R2=0.95, RMSE=0.21.
Human serum protein binding,|%. Cutoff is 50%. A value of more than 95% is highly bound, less
3 Prot-bind, % than % iIs a low binding metabolite. Reference: Thummel and Shen, 2001 in Goodman & 64.11
P Gilman's The Pharmacological Basis of Therapeutics. Model description: N=265, R2=0.909, (31.43)
RMSE=10.11.
Affinity to human serum albuminl log value of the retention time. Cutoff is 0. Positive values
correspond to higher protein binding, negative values to lower protein binding. An acceptable |level
4 | protebirid: log ¢ of binding is project dependent. The model is based on retention times of compounds assayed by -0.15
+ 109 HPLC using an immobilized HSA column. Values are expressed as log values of the retention time. (30.41)
Reference: Colmenarejo, Alvarez-Pedraglio, et al., 2001 (PMID: 11728183). Model description:
N=95, R2=0.904, RMSE=0.2.
Water solubilitylat 25 ©C, log mg/L. Cutoffs are from 2 to 4. An acceptable level of solubility is
5 WSol, log mg/L project dependent. Reference: Syracuse Research, PHYSPROP database. Model description: 1.61
N=2871, 2=0.91, RMSE=0.54.
I
c Clarivate"' Copyright©2021 VtR Inc. All rights reserved. 22
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v Prediction of therapeutic activity
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w

Skin Diseases
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Potential antifungal activity. Cutoff is 0.5. Values higher than 0.5 indicate potentially active compounds. Training 0.60
set consists of approved drugs. Model description: Training set N=172, Test set N=47, Sensitivity= 0.90, %

Specificity=0.88, Accuracy=0.89, MCC=0.79. Reference: Clarivate Analytics. (39.56)
Potential activity against obesty. Cutoff is 0.5. Values higher than 0.5 indicate potentially active compounds.

Training set consists of approved drugs, drug candidates in clinical trials and preclinical compounds with in vivo 0.93
activity. Model description: Training set N=472, Test set N=75, Sensitivity= 0.89, Specificity=0.97, (31.64)
(Accuracy=0.93, MCC=0.87. Reference: Clarivate Analytics.

Potential anti-osteoporosis activity. Cutoff is 0.5. Values higher than 0.5 indicate potentially active compounds.

Training set consists of approved drugs, drug candidates in clinical trials and preclinical compounds with in vivo 0.67
activity. Model description: Training set N=595, Test set N=86, Sensitivity= 0.84, Specificity=0.85, (39.66)
(Accuracy=0.85, MCC=0.70. Reference: Clarivate Analytics.

Potential analgetic activity. Cutoff is 0.5. Values higher than 0.5 indicate potentially active compounds. Training 0.10
set consists of approved drugs. Model description: Training set N=525, Test set N=84, Sensitivity= 0.92, (Eé 89)
Specificity=0.67, Accuracy=0.79, MCC=0.60. Reference: Clarivate Analytics. :
Potential activity against Parkinson's disease. Cutoff is 0.5. Values higher than 0.5 indicate potentially active

compounds. Training set consists of approved drugs, drug candidates in clinical trials and preclinical compounds 0.08
with in vivo activity. Model description: Training set N=298, Test set N=49, Sensitivity= 0.96, Specificity=0.96, (35.89)
(Accuracy=0.96, MCC=0.92. Reference: Clarivate Analytics.

Potential activity against psoriasis. Cuteff is 0.5. Values higher than 0.5 indicate potentially active compounds.

Training set consists of approved drugs, drug candidates in clinical trials and preclinical compounds with in vivo 0.14
activity. Model description: Training set N=199, Test set N=32, Sensitivity= 0.93, Specificity=0.82, (50.63)
(Accuracy=0.89, MCC=0.74. Reference: Clarivate Analytics.

Potential activity against schizophrenia. Cutoff is 0.5. Values higher than 0.5 indicate potentially active

compounds. Training set consists of approved drugs, drug candidates in clinical trials and preclinical compounds 0.71
with In vivo activity. Model description: Training set N=616, Test set N=93, Sensitivity= 0.89, Specificity=0.91, (53.33)
Accuracy=0.90, MCC=0.80. Reference: Clarivate Analytics.

Potential activity against skin diseases. Cutoff is 0.5. Values higher than 0.5 indicate potentially active 0.64
compounds. Training set consists of approved drugs. Model description: Training set N=255, Test set N=36, (41' 76)

Sensitivity= 1.00, Specificity=0.76, Accuracy=0.86, MCC=0.76. Reference: Clarivate Analytics.

Copyright©2021 ViR Inc. Al rights reserved

\R

23

23

LIQSAR model E1720+E S 75

* Prediction of toxic effects

Property el description

1 AMES

2 Anemia

3 Carcinogenicity

4 Carcinogenicity Mouse Female

5 Carcinogenicity Mouse Male

6 Carcinogenicity Rat Female

Potential to be mutagenic (AMES positive), range from 0 to 1. A value of 1 is AMES positive (mutagenic), and a
value of 0 is AMES negative (nen-mutagenic). Cutoff is 0.5. Values close to zero are preferable. The AMES assay
is based upon the reversion of mutations in the histidine aperon in the bacterium Salmonella enterica sv
Typhimurium. Reference: Young, Gombar, et al., 2002 (DOI: 10.1016/50169-7439(01)00181-2). Model
description: N=1780, R2=0.69, RMSE=0.29.

Potential for causing anemia. Cutoff is 0.5. Values higher than 0.5 indicate potentially toxic compounds. Training
set consists of chemicals and drugs causing anemia in vivo. Model organisms: human. Model description: Training
set N=324, Test set N=51, Sensitivity= 0.82, Specificity=0.90, Accuracy=0.86, MCC=0.72. Reference: Clarivate
Analytics.

Potential for inducing carcinogenicity in rats and mice. Cutoff is 0.5. Values higher than 0.5 indicate potentially
toxic compounds. Training set consists of chemicals and drugs causing carcinogenicity in vivo, Model organisms:
mouse, rat, Reference: ISSCAN data, Model description: Training set N=1210, Test set N=185, Sensitivity= 0.96,
Specificity=0.90, Accuracy=0.93, MCC=0.86.

Potential for inducing carcinogenicity in female mice. Cutoff is 0.5. Values higher than 0.5 indicate potentially
toxic compounds. Training set consists of chemicals and drugs causing carcinogenicity in vivo. Model organisms:
female mice. Reference: ISSCAN data. Model description: Training set N=640, Test set N=94, Sensitivity= 0.90,
Specificity=0.93, Accuracy=0.92, MCC=0.83.

Potential for inducing carcinogenicity in male mice. Cutoff is 0.5. Values higher than 0.5 indicate potentially toxic
compounds. Training set consists of chemicals and drugs causing carcinogenicity in vivo. Model organisms: mouse
male. Reference: ISSCAN data. Model description: Training set N=584, Test set N=93, Sensitivity= 0.91,
Specificity=0.88, Accuracy=0.89, MCC=0.78.

Potential for inducing carcinogenicity in female rats. Cutoff is 0.5. Values higher than 0.5 indicate potentially toxic
compounds. Training set consists of chemicals and drugs causing carcinogenicity in vive. Model organisms: female
rat. Reference: ISSCAN data. Model description: Training set N=667, Test set N=120, Sensitivity= 0.90,
Specificity=0.96, Accuracy=0.93, MCC=0.86.

0.22
(74.85)

0.22
(36.32)

0.10
(53.33)

0.16
(53.33)

0.20
(53.33)

0.07
(39.56)
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The Intrinsic Clearance (CL) of a drug is the volume of plasma from which the drug is completely removed per unit of time. The amount

EU eliminated is propertional to the concentration of the drug in the blood.

1c50 IC50 is a parameter used in pharmacological research. IC50, the half maximal inhibitory concentration, represents the concentration of
an inhibitor that is required for 50% inhibition of its target or a process (i.e. an enzyme, receptor, cell proliferation).

Km Km represents the dissociation constant (affinity for substrate) of the enzyme-substrate (ES) complex. Low values indicate that the ES
complex is held together very tightly and rarely dissociates without the substrate first reacting to form a product.

K The inhibitor constant (Ki) is the dissociation constant of an enzyme-inhibitor complex. A large value of Ki indicates a low affinity and
vice versa.

N Number of compounds used to build the model.

R2 Correlation coefficient between actual and predicted values, the higher the coefficient, the better the prediction of the model.

RMSE  Root mean squared error, the less the value, the better the prediction of the model.

The speed V means the number of reactions per second that are catalyzed by an enzyme. With increasing substrate concentration [S],
the enzyme asymptotically approaches its maximum speed Vmax, but never actually reaches it. Because of that, no [S] for Vmax can

VM3X | b givien. Instead, the characteristic value for the enzyme is defined by the substrate concentration at its haif-maximum speed
(Vmax/2).
1p  Tanimoto Prioritization (TP) is a maximal Tanimoto coefficient calculated for all of the molecules of the training set. TP is a similarity to

the most-similar hit of the QSAR training set.

.

Green color is used for values within thresholds. Red - for values beyond thresholds. Blue - for physicochemical properties. In the case of
binary models and bioactivity-toxicity QSAR models, coloring depends on the model. Users should carefully read the description of the model
before use.

Cutoff for QSAR models is log Km (IC50,EC50) = 1.7 (-1.7 in case of log 1/Km (1/IC50, 1/ECS50)). This value corresponds to the cutoff for
active/non-active metabolites and is equal to 50 mkM. Values lower than 1.7 are marked green and the correspondent protein appears in the

Possible targets list. [
c Clarivate'" Copyright©2021 VtR Inc. All rights reserved. 25
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Mol. Nutr. Food Res. 2008, 52,789-798  DOI 10.1002/mnfr.200700113
Review Another isoform of the CYP 450 system, CYP2D6, is
. B ) ; } known to play a primary role in the metabolism of pharma-
A critical evaluation of drug interactions with ceuticals used to treat psychiatric disorders (attention defi-
Echinaceaspp. cithyperactivity disorders, bipolar disorder, depression,
schizophrenia) as well as cardiovascular disorders (-block-

Camille Freeman "-* and Kevin Spelman?*

! Dy f Physiol d Biophysics (MS candidatc), G University, Washi DC, USA sE

meﬁ::::r('hm?sﬁyan Biochemistry, University u;'NorlhB('amlina, Gireensboro, NC, USA ‘%‘fﬁ&?{?ﬁﬂ&% |3| Ebﬁﬁ CytOChrOIlle P450
e S : 3 a

Department of Herbal Medicine, Tai Sophia Institute, Laurel, MD, USA ;E 'ti *[l] %u ) ggﬂiﬁ%w * EH *H Ea E"J 53.’ g o

Analysis of the inhibitory potential of Ginkgo biloba,
Echinacea purpurea, and Serenoa repens on the
metabolic activity of cytochrome P450 3A4, 2D6, and

2C9 Results: S. repens showed potent inhibition of the metabolic actlity of all three CYPs tested. The
effects of G. biloba and E. purpurea varied. E. purpurea demonstrated mild inhibition of CYP3A4

Steven H Yale ', Ingrid Glurich activity with 7- benzyloxy-4-trifluoromethylcoumarin (BFC) as the model substrate, but mild inducing
effects in the presence of the model substrate resorufin benzyl ether (BzRes). Little effect on CYP2D6
and moderate inhibition of CYP2C9 was seen with both E. purpurea and G. biloba. G. bilcba also
PMID: 15992226 DOL: 10.1089/acm.2005.11.433 showed mild-to-moderate inhibition of CYP3A4 depending on the model substrate.

o SS———
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* Possible Targets

» Export list of targets for this compound

[Logend

Possible targets for input molecule

(e[ oo [roe] et Jimtorsctons | oo o

uncheck all § invert all |

1 & 1ok O Caftaric acid

2 <« maos «@—  chiorogenicacid

3 <« comr <+@—  chiorogenicacdd

4 T E6 protein (HPV16) Chlorogenic acid

5 X o L hyroxycinnan
<@  Neohloro cid

5 o jan <+—0—  Chioroge

7 <« HvpH © Chilorogenic acid

8 o Mmpo 1,4,5-Tri-0-(3",4"-dihyroxycinnan

o & [RAKI Chlorogenic acid

10 <« Meam Chlorogenic acid

 Clarivate”

Inel 3 F KBS ISR 5
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~ Enrichment Analysis

Enrichment analysis is a useful tool for suggesting the compound-affected processes, side effects and potential indications. Click here for details.

» Pathway Maps

¥ Process Networks

» Disease Biomarker Networks
¥ Drug Target Networks

-—  [letaCore
» Metabolic Networks

» GO Processes

» GO Molecular Functions

¥ GO Localizations

27
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Algorithms of network building AN
T 7 o
° : Ao oo
® Analyze network OH\Y\TO.H/OH/"\ /.O 8 . o\‘ p
® Analyze network (TF) - e—F—¢—A—0 05 0— A —0
® Analyze network (Receptors) el NN o/\\
® Transcription regulation | ' 8 PO Wl i v
® Shortest paths . '_'O;/A—"_O_" e i
® Direct interactions .._'.{.:_/./' .< _ /-./ S e /,-.'_.‘._." o
® Self regulation N ‘é:\H-HQjQ
® Auto expand FAT TN Sl
® Expand by one interaction g & W0 N2y
® Manual expand Sl - Talie. « Rl \“Qi O es
. _..—/‘o\—-o € o o e ;,!\‘f.f
¢ 0T 0 e pI—.y
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Live demo
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] # Name GO processes

] 1 L-Chicoric acid intracellular, trans-Caffeic acid intracellular,
H(,2)0 + Neachlorogenic acid = trans-Caffeic acid +
Quinic acid, Isoacteoside + H(,2)0 = trans-Caffeic acid +
Decaffeoyl acteoside, L-Chicoric acid + H(,2)0 = Caftaric
acid + trans-Caffeic acid

Choose building algorithm

l Analyze network V_I

Number of nodes in a network @ |50 ‘

Use canonical pathways (processing takes longer for large datasets)

Buil ork

Show additional options

2 Clarivate”

PUES M ER U HE 484

\NR

# Nod
=3 Pathways p-Value 2Score gScore + Edit @
Total Seed
28 1 0 2.25e-05 210.65 210.65 o

Iscacteoside \i\rracel\ular /.
Dxaffeoyl attees.'\tracellular

Chlorogenic ac!ii,é\ntracel\uwChlﬂragey acid intracellular

\ -
._ ‘*E } H.@hlz’ac\d intraceflular

Isochlorogenic acid A mtraceHuIar L~
trans—caﬁe}c’acid Wit{-a:eﬁu[ar /.

m Desacyl-!
L \

.7 —— E Cat’taén: acid 1ntrace[|ui

hi 4= I B
Chicoric acid-4-0-glucuronide mtrac“"u‘ — ety © e
Lﬁcnc 1 @tra:ea@r ﬁ .

dro-chicoric acid intracellular

meso-Bhicoric acid intracellular

o M \
4-Carboxyl-methyl-chicoric acid int}acelluiﬁ .
“-‘ Dihydre-meso-chicoric acid intracellular
4-Methoxy-phenyl-chicoric acid intra‘lar
Chicaric acid-3-0-glucuronide intracellular

Copyright©2021 ViR Inc. Al rights reserved 31
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Choose building algorithm

‘ Auto expand L ‘

Number of nodes in a network &

Use canonical pathways (processing takes longer for large datasets)

Build network |

Show additional options

2 Clarivate”

L Auto expand S EHE SRR S F K IER ]
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Chm*c\d-d-O-gliﬁuromd: intracellular
h

4-Carboxyl-methyl acd ‘
‘-t
Zyl.l,- ‘ 24.117
311
. *-(. Caftaric add intracellular
4-Methoxy-phenyl-chicoric acu 5! bt
LA Chl,um trace!
carbn‘m:

\
Chicoric acid-3-0-glucuronide intracellulan,

trans-Caﬁzﬂ’c acid intr.
'\wﬁ f 9 croRNA 56
Dihydro-chicoric acid int ular 4 1.3
/,Y EGFR \\ iy
. ntingtin

Annexin XI

Desacyl-dihydro-chicoric acid intracellular

\1-tetradecanoyls2-arachidonoyl-glycerol intracellular
\

1rMynsmyl—z\(aracmdennwgwcemr}pnospham intracellular

*

2-Oleoyl-glycerol 3-phosphate intracellular

2-0leoylglycerol intracellular

32
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A Manual expand S E 2R 7 FF A B

Choose building algorithm

mwe intracefffpr

‘ Manual expand ~ ‘ ikyi-thicoric acid-2-0-iudiice intracelutar
trans-Caffeic acid-carboxy-sulfate intracellular trans-Ferulig acld intracellular
= L
Maximum number of steps @ | 9 w -acetony-desatkyl-chicarng acid intracellulse

Use canonical pathways (processing takes longer for large datasets) [ ]
Dihydro-caffeic acid ntracellular

= Alphi-14 adronergPaecel
Build network o

Show additional options Caffeoyl-Coa intritelular

caffeic acid 04-sulfate intracellular

3-Acetoxy-desaliyl-chicoric acid intracelltar.

e
11404
Ditiydro-3-coumaric acid intraeliular Carbonic a rm-ﬂn }’”’
4-Carbaxyl-methykchicoric acid intracelilar
protocatechuic scid Intraceliular
Desalkyl-chicoric acid-4-0-glucuroride intracellular L-Chicaric mwl dag #: —" 24117

Caffeic acid-acyl-glucuronide intracellular 4
Iseferulic acid intraceliular 1 |
Chicaric adkd-3-0-glucuranide Intracelular

S~ .

n Chicoric a®.0-glucuronide intracellular
/ 211
/

4 Me'\—uh enyl-chicoric adid intracellular
‘Piygro-chicoric acid intraceliular

. ™ Copyright©2021 ViR Inc. Al rights reserved. 33
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MetaDrugllEE & i

+>70 QSAR #HE . ARFEAEEYHH - BERENBEE - AFEH
« > 160 EBRA - nawﬁ%&jgws;au

> 1,600 & &R HEE B #AEIT200,000 AL - N - RKERBMERER (ERXMBEN—Y)
- >1,800,000 EEHHEH - DNA - RNA - K34 - SNEYMHAEER
« T ERREMIRECY (Biomarker)

+ >800,000 E{ & R HEREEYBHER

« > 5,000 fE{CH R IE

« > 9,100 {EZE4)

« >30,000 {EARRCHEY

- LEBREER - ERMCEMMEIE (FERSR)

« A DB - REBMEBERBEAYNMERRE

I
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Journal
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Systems
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METABASE
9

Programmatic Access
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@ Spotfire Pipe
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For more information please contact

:*j VtR INCORPORATED

M EEnaRaERAS

adbm11469M @ T =K 5657518 23
5F.-3, No.56, Xingshan Rd., Neihu Dist., Taipei City 11469, Taiwan (R.O.C.)

Tel: +886-2-8792 8303
Fax: +886-2-8791 0503
www.VtR.Asia

From Virtual to Real... and back
|

Proprietary & Confidential. Copyright©2021 VAR Inc. All rights reserved.
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