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Validation is Always Necessary…Be it (Fake) News or Activity Data

Daily Mail 1934 Roger Patterson and Bob Gimlin (1967)



Disclaimer

• My purpose is NOT to

• Evaluate/Criticize any public or commercial database

• Hunt for errors in existing research articles

• My intention is to

• Suggest how we can utilize existing databases efficiently

• Outline possible steps to avoid mistakes in literature and/or databases

• Advocate a strategy for chemical data curation

I solemnly swear that I am up to no good
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Why Data Curation is Necessary?



Performance of HLM CLint Model

Before Data Curation/Conversions After Data Curation/Conversions

https://www.ebi.ac.uk/chembl/beta/assay_report_card/CHEMBL3301370/

https://www.ebi.ac.uk/chembl/beta/assay_report_card/CHEMBL3301370/


What Did “The Investigators” miss???

• Reported values are bound CLint

• Converted to Unbound_CLint

Unbound_CLint =
𝐶𝐿𝑖𝑛𝑡

S+fumic

• Removed 358 cmpds 
• 84 cmpds have CLint > 150.00

• 274 cmpds have CLint < 3.00 
Had the investigators carried out appropriate data 
curation & conversions, they would have seen good 
correlations



Outline 

• What is data validation?

• Where do errors come from?

• How to find them?

• Why should we care about them?
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Making Data Fit for Purpose
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• In computer science, data validation is the process of ensuring data have 
undergone data cleansing to ensure they have data quality, that is, that they are 
both correct and useful. 



Validation in (early) Drug Discovery: An Absolute Necessity

• On average, there are two errors per each medicinal chemistry publication 

• The overall error rate for compounds can be as high as 8%

• Errors can be introduced during data extraction and digitalization

• For “accurate and predictive models, the clean and accurate data is mandatory

©Simulations Plus, Inc., 2019 All rights reserved



Few Available Bioactivity Databases: Public & Commercial
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The usefulness of public data sources is questionable due to lack of the necessary quality control
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The usefulness of public data sources is questionable due to lack of the necessary quality control



If I have seen further it is only 
by standing on the shoulders of 
GIANTS

Isaac Newton
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A Selection of GIANTS
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Besides chemical structure information, quality 
of QSAR models also strongly depends on the 

target biological data.
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Sources of Errors: Data Extraction

Unit inconsistencies is very common during data digitization
Difference of 3/6 orders of magnitudes suggests the error during digitization

Cmpd X

Cmpd X

Zhu et al. Bioorg. Med. Chem. Lett. 2006, 16, 5507 Pearlstein et al. J. Med. Chem. 2003, 46, 2017



Sources of Errors: Data Extraction

Ranges for Fraction 
bioavailable

0.0 – 1.0

Bioavailability of Desipramine: 0.15

Looks quite realistic ….. 

Commercial Databases
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Lombardo et al. J. Med. Chem. 2004, 47, 1242



Sources of Errors: Data Extraction

Ranges for Fraction 
bioavailable

0.0 – 1.0

Ranges for Fraction 
Unbound
0.0 – 1.0

Bioavailability of Desipramine: 0.15

Looks quite realistic….. 

UNTIL we notice the “Assay Methods”

Commercial Databases

©Simulations Plus, Inc., 2019 All rights reserved
Lombardo et al. J. Med. Chem. 2004, 47, 1242



Sources of Errors: Original Research Articles 

Singh et al, ACS Med. Chem. Lett. 2014, 5, 609
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Singh et al, Bioorg. Med. Chem. Lett. 2015, 25, 2409

Our model suggested that the correct hERG IC50 of AM8191 is 18 nM and NOT 18µM



Sources of Errors: Database users
Different salts may (or may not) have different activities/toxicities

One cannot necessarily compare activities/toxicities of different salts



Sources of Errors: A(B)CD

Pevarello et al, J. Med. Chem. 2005, 48, 2944

The Compound 21 shows extracellular 
double bond in original article

Transcribed likewise in the database

Always “jumped-out” as an outlier in our in-

house Rat PPB model. Hence needed careful 

review.

Automated (and Blind) Compilation of Data 
It is tempting to automate curation itself by accepting as correct (…..…) but the potential for (false) positive reinforcement 
(….) is dangerously high.

Waldman et al, J Comput Aided Mol Des, 2015, 29, 897



Valade et al, Med Chem Commun, 2011, 2, 655

Sources of Errors: A(B)CD

Correct Structure ChEMBL Structure

Even after including in model building efforts (RLM 
Clearance), this compound was predicted as an 
outlier. Hence needed careful review.
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Cmpd A



Outline 

• What is data validation?

• Where do errors come from?

•How to find them?

• Why should we care about them?
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Activity/Toxicity Cliff (in database could be dubious)

LD50 = 3955 mg/kg

31 most similar structures (sim > 0.8) 

The LD50 range is 0.25-77 mg/kg.

0.322 mg/kg
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https://chem.nlm.nih.gov/chemidplus/rn/
startswith/89427-25-8

Adamson et al, Pesticide Science, 1984, 15, 31

https://chem.nlm.nih.gov/chemidplus/rn/startswith/89427-25-8


Activity/Toxicity Cliff (in database could be dubious)

LD50 = 7070 mg/kg

11 most similar structures

The LD50 range is 1.6-15 mg/kg.
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Our analysis suggested that expected 
LD50 could be in the range of 6-12 
mg/kg

National Technical Information Service., OTS0571926



Insights from Molecular Matched Pair Analysis

Rat Plasma protein binding data from a single research article.



“Leave Group Out” in QSAR Model
helps to find the abnormalities in the dataset

• While building the Rat Liver Microsomal Clearance Model, a few cmpds needed correction of units 
& biological scaling 

• Interim model suggested necessary corrections before including in the final dataset 

Reported units: μL/min/mg of protein 
Actual units : mL/min per gm of liver

Unit discrepancies… 1000 fold



Knowledge is Knowing that Tomato is a Fruit…

Waring et al, Med Chem Commun, 2013, 4, 663 

…wisdom is not putting it in a fruit salad.

Many times, we just miss on removing a few data points that are wayyyyyyyyy (?) out of the NORMAL RANGES
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35 Different Chemotypes Have Identical RBP Values
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For 35 compounds: Blood:Plasma Ratio = 1.00
For 22 compounds: Blood:Plasma Ratio = 0.55



Blood:Plasma Ratio : “Mischief Managed”
If no data is available, value of RBP is assumed 

For Acidic compounds: 0.55
For Basic compounds: 1.00
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Cubitt et al, Drug Metab Dispos, 

2011, 39, 864

Gill et al, Drug Metab Dispos, 

2012, 40, 825

Nakamori et al, Drug Metab Dispos, 

2012, 40, 1771



User Experience

Mammals have problems metabolizing odd-carbon long chain fatty acids, so they are not very common when 
it comes to prepare the prodrugs.

• The ester in the "decyl" ester is reversed. 
• While testing esterase transforms in ADMET Predictor, 

we found a prodrug hydrolysis product with 11 carbons

©Simulations Plus, Inc., 2019 All rights reserved

Prodrugs

Courtesy: Bob Clark’s Diaries



Outline 

• What is data validation?

• Where do errors come from?

• How to find them?

•Why should we care about them?
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A lie repeated a thousand times becomes truth…

Daily Mail 1934 Press & Sun Bulletin 1999



Amiodarone Vs Amiodarone HCl

https://pubchem.ncbi.nlm.nih.gov/compound/2157
https://pubchem.ncbi.nlm.nih.gov/compound/441325 Courtesy: Bob Clark’s Diaries

While building solubility models ADMET Modeler consistently finds it as an outlier

Its nominal solubility of 0.7 mg/mL is predicted to be much less by ADMET Predictor

https://pubchem.ncbi.nlm.nih.gov/compound/2157
https://pubchem.ncbi.nlm.nih.gov/compound/441325


Pentazine…

… is a nonexistent compound that has a DSSTOx record. 
… got into the literature for computational work trying to rationalize the fact that it does not exist 
… got a CAS Number 
… is (surprisingly) available to purchase from chemical vendors

Once that happened, it became "virtually real" regardless. 

Courtesy: Marvin Waldman's Diaries©Simulations Plus, Inc., 2019 All rights reserved



Pentazine…..Possible Hazards

©Simulations Plus, Inc., 2019 All rights reserved

Diazepam Bromazepam

Bioisosteric

Replacement



CID 20681682

US6281371



CID 20681682… story continues

All compounds in the patent are various 
lipopolyamines and substances (raw materials) to 
synthesize them
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The Wages of A(B)CD’s

The only graphics that looks similar to CID 20681682 is a bar-chart depicting comparison of transfection efficiencies 



The Wages of A(B)CD’s
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Assumption is that CID-20681682 is a result of A(B)CD as the bar chart and the cmpd have identical grid-
dimensions including extra “spikes”



Validation is Necessary: 
Be it News or Activity Data

Press & Sun Bulletin 1999

Daily Mail 1934

New York Times 1988

But always remember: 
There really are (some) 
black swans out there...



Black Swans Do Exist: Activity/Toxicity Cliff 

• Not all Activity cliffs are Mistakes/Errors

• Some Activity Cliffs are Real. (hERG IC50

data)

• VALIDATE/VERIFY what you see is real 
and not an artifact or human error

©Simulations Plus, Inc., 2019 All rights reserved Brudeli et al, Bioorg Med Chem, 2013, 21, 7134  



Can We Automate the Data Curation Process?
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Can We Automate the Data Curation Process?

Courtesy: Marvin Waldman’s Diaries



“To Validate or Not to Validate” That is The Question

A model can never be better than the data used to build it.

Good and correct data helps to build Extra-Ordinary model NOT just Extra & Ordinary Model
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Extra-Ordinary

Extra & Ordinary



Conclusion

• Poor-quality data is enemy number one to the effective application of 
machine learning

• One needs to be vigilant while using any bioactivity databases or 
compilations

• Watch out for A(B)CD’s

• Automation is necessary but it could be dangerous

• What is desired?
• The Extra-Ordinary OR Extra & Ordinary ???

• If you see something, say something 
• Pears for your heirs
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