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The identification of artifacts as being hit compounds by
pharmaceutical companies and academy is not uncommon.Currently
the term PAINS (pan-assay interference compounds) has emerged to
described apparent bioactive molecules that are able to interfere in
readouts through interaction with unrelated biological targets and/
or testing methods [1]. Doubtless, the great inconvenience to develop
‘false-hits’ is the waste of timeand financial source spent with these
compounds.

PAINS include around 400 structural classes and constitute 5-12%
of all molecules in a typical academic screening library [1]. These
compoundscould interfere in readouts by multiple ways including:
nonselective reactivity with proteins [2] fluorescence [3], cysteine
oxidation [4], aggregation [5], redox activity [6], membrane disruption
[7] and chelation [8] among others.PAINS are commonly reported
in the literature as promising hits against different proteins; however,
an accurate look in chemical structure can help biochemists and
pharmacologists to identify these structures before testing them.

The most frequently PAINS, reported in the literature, are: ene-
rodhanine, phenol-sulphonamides, hydroxyphenyl hydrazones,
isothiazolones, toxoflavin, curcumin, enones, quinones and cathecol
[1]. Rodhadine, as for example, is extensively reported as promising
bioactive compound; however, rodhanine and its derivatives could
undergo light-induced reactions and modify covalently some proteins
[9]. Phenol-sulphonamides derivatives are examples of unstable
compounds which structure can cleave and interfere in the test. In
addition, this scaffold could alterthe redox cycle and act as covalent
modifier of proteins. Hydroxyphenyl hydrazones are known by its
ability to sequester metal ionand inactive proteins. Isothiazolones
can react with proteins covalently and modify its activity. Toxoflavin
produces hydrogen peroxide and alter the function of some proteins.
Curcumin is a covalent modifier compound that disrupts membranes.
Enones, quinones and cathecol are covalent modifiers that alter redox
cycle and promote ion metal sequester. Some phytochemicals such as
resveratrol and genistein are examples of natural products that interfere
in a series of biochemical assays [1].

In a recent paper, Dahlin and co-workers characterized several
thiol-reactive chemotypes that interfere in assays and demonstrate
promiscuous enzymatic inhibition [10]. The authors have confirmed by
protein mass spectrometry and ALARM NMR that all these chemotypes
react covalently with cysteine residues on multiple proteins. The ‘bad’
chemotypes/scaffold identified by authors include: benzothiadiazole/
benzofurazan; 1,2,4-thiadiazoles; succinimides, maleimides and
p-hydroxyaryl sulfonamide. In addition, they proposedtwo main
methods to identify nonselective cysteine reactivity: knowledge-based
and experimental-based methods. Knowledge-based methods include
substructure filters, computational calculations (i.e. frontier molecular
orbital (FMO) calculations) and literature and database research (i.e.
Pubchem). Experimental-based methods such as compound-target
dilution, determination of activity time-dependence, redox-assays

(i.e. resazurin), direct detection (i.e. HPLC-MS) among others can
complement the search for ‘bad’ molecules. If some PAINS is identified,
it must be removed from investigation or be more rigorously evaluated
using two or more experimental methods in order to avoid false results.

Researchers are encouraged to check database such as Sci
Finder, Reaxys, BadApple or PubChemfor investigate if the chemical
structures are notorious known for interfering in biological assays.
Some functional groups that are considered warning sign and must
be avoid in a chemical structure include alkyl and acyl halides,
aziridines, anhydrides, alkyl sulfonates, isocyanates, peroxides, triflates,
carbodiimide, disulfides, thiols, epoxides, aziridines, acyl and sulfonyl
cyanides, aldehydes, reactive Michael acceptor, ketenes, carbamic and
boronic acids, fluoro pyridines, nitro-aromatic and heteroaromatic,
betalactones, betalactams, activated esthers and imines, hydrazines,
cyclohexadiene and hydroxy arylaniline [11].

The use of filters to eliminate PAINS in biochemical and
pharmacological assays are also recommended. Using computational
chemistry (i.e. Tripos Software - Sybil 8.0), Baell and Holloway
described new filters for removal PAINS from biological assays. These
authors also include new motifs as PAINS such as phenolic Mannich
bases, hydroxyphenyl hydrazones, alkylidene barbiturates, Alkylidene
heterocycles, 1,2,3-aralkylpyrroles, activated benzofurazans and
2-amino-3-carbonylthiophenes [11]. Curpidn and co-workers also
reported the description of filters for computational chemistry. The
authors used density functional theory (DFT) for identification of
PAINS [12].

In summary, this editorial demonstrates that PAINS must be
recognized and avoided in biochemical and pharmacological assaysin
order to avoid false results. The combination of knowledge-based
methods (i.e. computational filters) and experimental-based methods
can minimize this problem and increase the results accuracy.

Acknowledgment

Authors are thankful to Fundagdo de Amparo a Pesquisa do Estado de Séo
Paulo (FAPESP Ref. Process: 2012/50359-2) and CNPq (Process: 200698/2014-1).

*Corresponding author: Jean Leandro dos Santos, Research Laboratory and
Drug Development, Department of Drugs and Medicines, School of Pharmaceutical
Sciences - Universidade Estadual Paulista - UNESP, Rodovia Araraquara Jau
Highway Km 01, 14801-902, Araraquara, SP, Brazil, Tel: (+55)-16-33016972; Fax:
(+55)-16-33016960; E-mail: santosjl@fcfar.unesp.br

Received: March 24, 2015; Accepted: March 25, 2015; Published March 29,
2015

Citation: dos Santos JL, Chin CM (2015) Pan-Assay Interference Compounds
(PAINS): Warning Signs in Biochemical-PharmacologicalEvaluations. Biochem
Pharmacol (Los Angel) 4: e173. doi:10.4172/2167-0501.1000e173

Copyright: © 2015 dos Santos JL, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

Biochem Pharmacol
ISSN:2167-0501 BCPC, an open access journal

Volume 4 « Issue 2 « 1000e173


http://dx.doi.org/10.4172/2167-0501.1000e173

Citation: dos Santos JL, Chin CM (2015) Pan-Assay Interference Compounds (PAINS): Warning Signs in Biochemical-PharmacologicalEvaluations.
Biochem Pharmacol (Los Angel) 4: e173. doi:10.4172/2167-0501.1000e173

Page 2 of 2

References

1.

Baell J, Walters MA (2014) Chemistry: Chemical con artists foil drug discovery.
Nature 513: 481-483.

Huth JR, Mendoza R, Olejniczak ET, Johnson RW, Cothron DA, et al. (2005)
ALARM NMR: a rapid and robust experimental method to detect reactive false
positives in biochemical screens. J Am Chem Soc 127: 217-224.

Gul S, Gribbon P (2010) Exemplification of the challenges associated with
utilising fluorescence intensity based assays in discovery. Expert Opin Drug
Discov 5: 681-690.

Crowe A, James MJ, Lee VM, Smith AB 3rd, Trojanowski JQ, et al. (2013)
Aminothienopyridazines and methylene blue affect Tau fibrillization via cysteine
oxidation. J Biol Chem 288: 11024-11037.

Feng BY, Simeonov A, Jadhav A, Babaoglu K, Inglese J, et al. (2007) A high-
throughput screen for aggregation-based inhibition in a large compound library.
J Med Chem 50: 2385-2390.

Soares KM, Blackmon N, Shun TY, Shinde SN, Takyi HK, et al. (2010) Profiling
the NIH Small Molecule Repository for compounds that generate H,O, by redox
cycling in reducing environments. Assay Drug Dev Technol 8: 152-174.

Citation: dos Santos JL, Chin CM (2015) Pan-Assay Interference Compounds
(PAINS): Warning Signs in Biochemical-PharmacologicalEvaluations. Biochem
Pharmacol (Los Angel) 4: e173. doi:10.4172/2167-0501.1000e173

Ingodlfsson HI, Thakur P, Herold KF, Hobart EA, Ramsey NB, et al. (2014)
Phytochemicals perturb membranes and promiscuously alter protein function.
ACS Chem Biol 9: 1788-1798.

Schorpp K, Rothenaigner I, Salmina E, Reinshagen J, Low T, et al. (2013)
Identification of Small-Molecule Frequent Hitters from AlphaScreen High-
Throughput Screens. J Biomol Screen 19: 715-726.

. Tomasic T, Peterlin Masic L (2012) Rhodanine as a scaffold in drug discovery:

a critical review of its biological activities and mechanisms of target modulation.
Expert Opin Drug Discov 7: 549-560.

10. Dahlin JL, Nissink JW, Strasser JM, Francis S, Higgins L, et al. (2015) PAINS

in the Assay: Chemical Mechanisms of Assay Interference and Promiscuous
Enzymatic Inhibition Observed during a Sulfhydryl-Scavenging HTS. J Med
Chem 58: 2091-2113.

11. Baell JB, Holloway GA (2010) New substructure filters for removal of pan

assay interference compounds (PAINS) from screening libraries and for their
exclusion in bioassays. J Med Chem 53: 2719-2740.

12. Curpan R, Avram S, Vianello R, Bologa C (2014) Exploring the biological

promiscuity of high-throughput screening hits through DFT calculations. Bioorg
Med Chem 22: 2461-2468.

Submit your next manuscript and get advantages of OMICS
Group submissions
Unique features:

User friendly/feasible website-translation of your paper to 50 world’s leading languages
. Audio Version of published paper
* Digital articles to share and explore

Special features:

¢ 400 Open Access Journals
. 30,000 editorial team
. 21 days rapid review process
Quality and quick editorial, review and publication processing
Indexing at PubMed (partial), Scopus, EBSCO, Index Copernicus and Google Scholar etc
Sharing Option: Social Networking Enabled
Authors, Reviewers and Editors rewarded with online Scientific Credits
¢ Better discount for your subsequent articles

Submit your manuscript at: http://www.omicsonline.org /submission

Biochem Pharmacol (Los Angel)
ISSN:2167-0501 BCPC, an open access journal

Volume 4 + Issue 2 + 1000e173


http://dx.doi.org/10.4172/2167-0501.1000e173
http://www.ncbi.nlm.nih.gov/pubmed/25254460
http://www.ncbi.nlm.nih.gov/pubmed/25254460
http://www.ncbi.nlm.nih.gov/pubmed/15631471
http://www.ncbi.nlm.nih.gov/pubmed/15631471
http://www.ncbi.nlm.nih.gov/pubmed/15631471
http://www.ncbi.nlm.nih.gov/pubmed/22823207
http://www.ncbi.nlm.nih.gov/pubmed/22823207
http://www.ncbi.nlm.nih.gov/pubmed/22823207
http://www.ncbi.nlm.nih.gov/pubmed/23443659
http://www.ncbi.nlm.nih.gov/pubmed/23443659
http://www.ncbi.nlm.nih.gov/pubmed/23443659
http://www.ncbi.nlm.nih.gov/pubmed/17447748
http://www.ncbi.nlm.nih.gov/pubmed/17447748
http://www.ncbi.nlm.nih.gov/pubmed/17447748
http://www.ncbi.nlm.nih.gov/pubmed/20070233
http://www.ncbi.nlm.nih.gov/pubmed/20070233
http://www.ncbi.nlm.nih.gov/pubmed/20070233
http://www.ncbi.nlm.nih.gov/pubmed/24901212
http://www.ncbi.nlm.nih.gov/pubmed/24901212
http://www.ncbi.nlm.nih.gov/pubmed/24901212
http://www.ncbi.nlm.nih.gov/pubmed/24371213
http://www.ncbi.nlm.nih.gov/pubmed/24371213
http://www.ncbi.nlm.nih.gov/pubmed/24371213
http://www.ncbi.nlm.nih.gov/pubmed/22607309
http://www.ncbi.nlm.nih.gov/pubmed/22607309
http://www.ncbi.nlm.nih.gov/pubmed/22607309
http://www.ncbi.nlm.nih.gov/pubmed/25634295
http://www.ncbi.nlm.nih.gov/pubmed/25634295
http://www.ncbi.nlm.nih.gov/pubmed/25634295
http://www.ncbi.nlm.nih.gov/pubmed/25634295
http://www.ncbi.nlm.nih.gov/pubmed/20131845
http://www.ncbi.nlm.nih.gov/pubmed/20131845
http://www.ncbi.nlm.nih.gov/pubmed/20131845
http://www.ncbi.nlm.nih.gov/pubmed/24656802
http://www.ncbi.nlm.nih.gov/pubmed/24656802
http://www.ncbi.nlm.nih.gov/pubmed/24656802
http://dx.doi.org/10.4172/2167-0501.1000e173

	Title
	Corresponding author
	Acknowledgment
	References

