
Accepted Manuscript

Discovery of anti-cancer activity for benzo[1,2,4]triazin-7-ones: Very strong

correlation to pleurotin and thioredoxin reductase inhibition

Martin Sweeney, Robert Coyle, Paul Kavanagh, Andrey A. Berezin, Daniele Lo

Re, Georgia A. Zissimou, Panayiotis A. Koutentis, Michael P. Carty, Fawaz

Aldabbagh

PII: S0968-0896(16)30410-2

DOI: http://dx.doi.org/10.1016/j.bmc.2016.05.066

Reference: BMC 13050

To appear in: Bioorganic & Medicinal Chemistry

Received Date: 3 April 2016

Revised Date: 25 May 2016

Accepted Date: 29 May 2016

Please cite this article as: Sweeney, M., Coyle, R., Kavanagh, P., Berezin, A.A., Re, D.L., Zissimou, G.A., Koutentis,

P.A., Carty, M.P., Aldabbagh, F., Discovery of anti-cancer activity for benzo[1,2,4]triazin-7-ones: Very strong

correlation to pleurotin and thioredoxin reductase inhibition, Bioorganic & Medicinal Chemistry (2016), doi: http://

dx.doi.org/10.1016/j.bmc.2016.05.066

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.bmc.2016.05.066
http://dx.doi.org/10.1016/j.bmc.2016.05.066
http://dx.doi.org/10.1016/j.bmc.2016.05.066


  

 

 

Bioorganic & Medicinal Chemistry 
 

 

Discovery of anti-cancer activity for benzo[1,2,4]triazin-7-ones: Very strong 

correlation to pleurotin and thioredoxin reductase inhibition 

Martin Sweeney
a, 

, Robert Coyle
a, 

, Paul Kavanagh
a
, Andrey A. Berezin

b
, Daniele Lo Re

b
, Georgia A. 

Zissimou
b
, Panayiotis A. Koutentis

b
, Michael P. Carty

c,
 and Fawaz Aldabbagh

a,
  

a School of Chemistry, National University of Ireland Galway, University Road, Galway, Ireland 
b Department of Chemistry, University of Cyprus, P.O. Box 20537, 1678 Nicosia, Cyprus 
c Centre of Chromosome Biology, Biochemistry, School of Natural Sciences, National University of Ireland Galway, University Road, Galway, Ireland 

 These authors contributed equally 

 

——— 
*Corresponding author. Tel.: +353 91 49 3120; fax: +353 91 49 5576 

   E-mail address: fawaz.aldabbagh@nuigalway.ie (F. Aldabbagh) 

   E-mail address: michael.carty@nuigalway.ie (M. P.  Carty) 

   

1. Introduction 

First identified in the late 1960s,
1
 and isolated in 1980,

2
 the rich chemistry of 1,3-diphenylbenzo[1,2,4]triazin-7-ones 1 (Figure 1) 

has more recently been explored.
3-6

 Benzotriazinone 1a (R = H) and derivatives have been implicated as multi-target inhibitors in 

Alzheimer’s disease of beta-amyloid (Aβ) aggregation and acetyl-(AChE)/butyryl- (BChE) cholinesterase.
7
 Scaffold 1 contains a 

highly conjugated iminoquinone motif and an iminoquinone derivative of  imidazo[5,4-f]benzimidazoles was shown to have good 

specificity (Pearson correlation coefficient of 0.51) towards NAD(P)H:quinone oxidoreductase 1 (NQO1) expression using 

COMPARE analysis of toxicity towards the 60 cell lines at the National Cancer Institute (NCI) Development Therapeutics Program 

(DTP).
8
  

We now report COMPARE analysis of the toxicity of benzotriazinones leading to the discovery of very strong correlations to 

pleurotin. The latter naturally occurring antibiotic is a para-quinone with a perhydroanthracene core, which was first isolated in the 
1940s from the basidiomycete, Pleurotus griseus.

9
 Though pleurotin has been synthesized,

10
 a multi-gram fermentation process 

using Hohenbuehelia atrocaerulea for supply of pleurotin to the NCI has been reported.
11

 Pleurotin possesses antibacterial,
9
 

antifungal,
12

 and anti-cancer activity, including inhibiting the hypoxia-induced factor (HIF-1α), a transcription factor associated 

with many aspects of tumor growth.
13

 The underlying pathway to much of this biological activity is pleurotin’s ability to act as a 

potent inhibitor (IC50 0.17 μM) of the thioredoxin (Trx)-thioredoxin reductase (TrxR) system.
14

  

Earlier reports more specifically describe pleurotin as an irreversible inhibitor of TrxR with a Ki of 0.28 μM.
13,15

 TrxR is a 
flavoprotein homodimer with each monomer containing a FAD prosthetic group, NADPH binding domain, and a redox-active 

selenothiol active site.
16,17 

TrxR is the only known enzyme to reduce Trx protein, which in turn provides reducing equivalents for a 
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The thioredoxin (Trx)-thioredoxin reductase (TrxR) system plays a key role in maintaining the 

cellular redox balance with Trx  being over-expressed in a number of cancers. Inhibition of TrxR 

is an important strategy for anti-cancer drug discovery. The natural product pleurotin is a well-

known irreversible inhibitor of TrxR. The cytotoxicity data for benzo[1,2,4]triazin-7-ones 

showed very strong correlation (Pearson correlation coefficients  0.8) to pleurotin using 

National Cancer Institute COMPARE analysis. A new 3-CF3 substituted benzo[1,2,4]triazin-7-

one gave submicromolar inhibition of TrxR, although the parent compound 1,3-

diphenylbenzo[1,2,4]triazin-7-one was more cytotoxic against cancer cell lines. 

Benzo[1,2,4]triazin-7-ones exhibited different types of reversible inhibition of TrxR, and cyclic 

voltammetry showed characteristic quasi-reversible redox processes. Cell viability studies 

indicated strong dependence of cytotoxicity on substitution at the 6-position of the 1,3-

diphenylbenzo[1,2,4]triazin-7-one ring. 

2016 Elsevier Ltd. All rights reserved. 
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