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Hodder 
Chemistry Center Name & PI: Scripps Research Institute Molecular Screening Center, Scripps Research 
Institute Molecular Screening Center, H. Rosen, W. Roush 
Assay Submitter & Institution: Gary Bokoch, TSRI 
PubChem Summary Bioassay Identifier (AID): 1796 
Probe Structure & Characteristics: CID-616479, 5,11-Dihydroquinoxalino[2,3-b]quinoxaline, has been 
tested in 10 primary screening assays reported in Pubchem and is reported inactive in all of these. In this 
report, we describe a series of experiments that demonstrate that CID-616479 selectively inhibits NOX1 
and is a significant improvement over diphenyl iodium—the existing, nonselective NOX inhibitor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CID/ML 
 SID 

Target 
Name 

Target IC50 
micromolar Anti-targets 

Anti-target 
IC50 Selectivity* 

Secondary Assay: 
293-NOX1 
IC50 [AID] 

616479/ 
ML090 

26535836 NOX1 0.09 
NOX2, NOX3, 

and NOX4 
>10 µM  >100 0.36 micromolar 

*Selectivity = anti-target IC50/target IC50. 
 
Recommendations for the scientific use of this probe: 
This compound is useful for cell-based assays in which it is desirable to specifically block NOX1 activity, 
including models of cancer cell proliferation and inflammation. Inhibition of NOX blocks reactive oxygen 
species generation. The current probe, diphenylene iodium, is widely used in research, for example there 
are 293 references found on searching Pubmed for “DPI and ROS”. This probe is the first selective 
inhibitor of NOX1 and provides a significant improvement over the widely used, nonspecific compound 
diphenylene iodium. 

NOX1 Inhibitor Probe 
SID 26535836 
CID-616479 

ML090 
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1.  Scientific Rationale for Project: Host defense mechanisms are diverse and include receptor-initiated signaling 
pathways, antibody and cytokine production, and the generation of reactive oxygen species (ROS) such as hydroxyl radical and 
hypochlorus acid to kill microorganisms (1). In activated phagocytic cells, the membrane integrated protein gp91phox serves as the 
catalytic cytochrome b subunit of the respiratory burst oxidase used to generate superoxide in an NADPH-dependent manner for host 
defense (2). Generation of ROS has also been identified in non-phagocytic cells (3). One important enzyme involved in ROS 
production in non-leukocyte tissues is NADPH oxidase 1 (NOX1), a homolog of gp91phox. NOX1 is highly expressed in colon 
epithelial cells where it can generate ROS to interact with normal and pathogenic bacteria (3-5). However, excess ROS production is 
associated with damage to the intestinal mucosa, particularly in mucosal lesions of inflammatory bowel disease (IBD) (4). Studies 
showing that NOX1 levels are increased in human prostate cancer (6) and that cells overexpressing NOX1 have a transformed 
appearance, exhibit anchorage-independent growth, and induce vascularized tumor formation in athymic mice (3, 7), suggest that 
NOX1 may also play a role in angiogenesis, cell growth, and tumor pathogenesis (8, 9). The identification of potent, selective 
inhibitors of NOX1 may lead to potential candidates for excess cell proliferation, cancer, and IBD. The known NOX inhibitors are of 
low micromolar potencies and are non-selective(10). 
 
2. Project Description 
a. The main goal of this project is to find cell based -selective inhibitors of NOX1. The following goals were listed in the 
CPDP: 

1. Probes should not induce cell death (page 29, R03 application). 
2. Probes should exhibit saturable inhibitor activity (page 29). 
3. Probes should exhibit inhibitory activity against NOX-1 selectively (page 29), or against other NOX proteins in general (page 

32); 
4. Probes should block the NOX1-derived ROS-dependent production of pro-inflammatory cytokines (page 38). 

 
b.  

i PubChem Bioassay Name(s), AID(s) Assay-Type (Primary, DR Counterscreen, Secondary) 

Table 2. PubChem BioAssays 
 

Assay Brief Name Assay Name Assay Type Target 
Powder 
Sample 

Compound 
Concentration 

Maybridge 16K library: 
primary screen 

AID-1792 

Primary cellular high-throughput 
screening assay to measure NOX1 

inhibition 

Primary Assay 
(1X% INH) 

NOX1 No 7 M 

Maybridge 16K library: 
counterscreen screen 
Summary AID-1796 

Primary biochemical high-throughput 
screening assay to measure H202-

luminol inhibition 

Primary Assay 
(1X% INH) 

H2O2 No 7 M 

Maybridge 16K 
Confirmation screen 
Summary AID-1796  

Confirmation cellular high-
throughput screening assay to 

measure NOX1 inhibition 

Confirmation 
Assay 

(triplicate) 
NOX1 No 7 and 3.3 M 

Cytoxicity 
Summary AID-1796 

Cellular Cytotoxicity 
Counterscreen 

Assay 
(triplicate) 

Cellular 
ATP 

No 7 M 

NOX1 293 confirmation 
Summary AID-1796 

Confirmation screening cellular 
assay to measure NOX 1 inhibition 

Confirmation 
Assay 

(3X% INH) 
NOX1 Yes 100 M 

NOX1 293 dose response  
Summary AID-1796 

Dose response cellular assay to 
measure NOX 1 inhibition 

Dose Response 
Assay 

NOX1 Yes 
5-point, 1:4 dilution 

starting at 33 M 
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NOX2 293 counterscreen 
Summary AID-1796 

Counterscreening cellular assay to 
measure NOX 2 inhibition 

Cell-based Low 
Throughput Assay 

NOX2 Yes 10 M 

NOX 3 293 counterscreen  
Summary AID-1796 

Counterscreening cellular assay to 
measure NOX 3 inhibition 

Cell-based Low 
Throughput Assay 

NOX3 Yes 10 M 

NOX 4 293  
Summary AID-1796 

Counterscreening cellular assay to 
measure NOX 4 inhibition 

Cell-based Low 
Throughput Assay 

NOX4 Yes 10 M 

Xanthine Oxidase 
Summary AID-1796 

Counterscreen for inhibitors of 
Xanthine Oxidase 

Biochemical Assay 
Xanthine 
Oxidase 

Yes Dose response 

 
ii. Assay Rationale and Description 

 
Table 3. Assay Rationale and Description 

 
AID Assay Rationale Assay Description Z’ S:B 

NOX1 HT29 
Primary HTS-

MaybridgeLibrary 
AID-1792 

The purpose of this assay is to measure the 
ability of compounds to inhibit NOX1 activity. 

This cell-based assay utilizes a luminol chemiluminescence assay to monitor 
intracellular reactive oxygen species (ROS) in the transformed colonic 
epithelial cell line HT29.  In this assay, cells are incubated with compounds 
for 1 hour, and then luminol, and horseradish peroxidase (HRP) are added. 
Interaction between the luminol and cell-generated ROS yields an unstable 
endoperoxide and emission of photons that can be detected by a 
luminometer. As designed, compounds that inhibit NOX1 activity will 
reduce cellular ROS production, leading to reduced probe-ROS interactions 
and reduced well luminescence. Compounds were tested in singlicate at a 
concentration of 7 µM. 

0.48 + 
0.08 

18.5 
+ 

4.4 

Maybridge 16K 
library: 

counterscreen 
screen 

AID-1823 

The purpose of this assay to eliminate  H202 
scavenger compounds that would behave as 

false positives in the primary screening assay 

This cell-free assay utilizes a luminol probe-based chemiluminescence 
assay. In this assay, hydrogen peroxide and test compound are incubated for 
1 hour and then luminol and horseradish peroxidase (HRP) are added. 
Interaction between the luminol and ROS yields an unstable endoperoxide 
and emission of photons that can be detected by a luminometer. As 
designed, compounds that scavenge hydrogen peroxide will reduce well 
luminescence. Compounds were tested in singlicate at a concentration of 7 
µM.  

0.9 30 

Cytotoxicity Assay 
(Please see AID-

1796) 

The purpose of this assay to eliminate cytotoxic 
compounds that would behave as false positives 

in the primary screening assay 

In this assay, cells were incubated for 1 hour with test compound. Cell 
viability was measure with the Cell Titre Glo reagent that measures cellular 
ATP.  

NA NA 

NOX1 HT29 
confirmation 

AID-1796 

The purpose of this assay is to confirm the 
ability of compounds to inhibit NOX1 activity. 

Same as the Primary screen except that the compounds were tested in 
triplicate at 6.7 and 2.2 micromolar 

NA NA 

NOX 1-HEK 
confirmatory assays 

 
AID-1796 

The purpose of this assay is to confirm the 
ability of compounds to inhibit NOX1 activity 

in the NOX1 -293 transfection format 

Prior to the transfection, 90% confluent 293 cells are seeded into 6-well 
plates and incubated overnight. The NOX1 components pRK5-Myc-NOX1, 
-NOXO1, and -NOXA1and were cotransfected with pRK5-myc-Rac1CA-
Q61L the 293 cells in 6 well plates. A total of two micrograms total DNA, 
combined with four microliters lipofectamine and 100 ul  OptiMem was 
added per well. After 16 hours the media was removed and replaced with 2 
ml fresh media containing either the test or control compounds or vehicle 
control. Following 2 hours treatment at 37 degrees Celsius the  cells were 
trypsinized and  the cells from each well were resuspended into 1 mL 
HBSS. Sixty microliters of the cell suspension was dispensed in wells of a 
96 well plate and 60 microliters of HBSS was added assay followed by80 
microlitres of a mixture of luminol and HRP. Chemiluminescence was 
measured for 30 minutes. Compounds were tested in singlicate at a 
concentration of 100 µM. 

NA NA 

NOX 1 HEK DR 
confirmation assay 

AID-1796 

The purpose of this assay is to determine the 
potency of compounds to inhibit NOX1 activity 

in the NOX -293 transfection format. 

This assay is the same as the NOX1-HEK confirmatory except that the cells 
were treated with a 10 point dose response of test compound. 

NA NA 

NOX -2, -3 and -4 
HEK selectivity 

assays 
AID-1796 

The purpose of this assay is to evaluate the 
ability of compounds to inhibit NOX-2, -3 or -4 

activity in the NOX -293 transfection format 

In these selectivity assays the cells are prepared in the same manner as the 
NOX1-HEK transfection assay except that the cells are transfected with the 
appropriate expression vectors for each NOX subtype. NOX2: pRK5-Myc-
NOX2, pRK5-p67phox, pRK5-p47phox and pRK5-myc-Rac1CA-Q61L. 
NOX-3: pRK5-Myc-NOX3, pRK5-NOXO1, pRK5-NOXA1and pRK5-
myc-Rac1CA-Q61L. NOX-4: pRK5-Myc-NOX4 and pRK5-p22phox. NOX 
activity was determined by chemiluninescence as for the NOX1 293 assay. 
Compounds were tested in tripicate at a concentration of 10 µM. 

NA NA 

Xanthine Oxidase 
AID-1796 

The purpose of this assay is to evaluate the 
ability of compounds to inhibit  ROS production 

by another cellular sources such as xanthine 
oxidase 

In this assay, 50 microliters of a  solution of 0.25 U/ml of xanthine oxidase 
in HBSS (0.5 mg/mL) was dispensed to all wells of a 96 well plate followed 
by 1 microliters of 1 mM DPI, DMSO or test compounds. The plates were 
incubated for 5 minutes at room temperature and then 50 microliters of 2 
mM hypoxanthine was dispensed to all wells followed by 80 microliters of 

NA NA 
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HRP/luminol mix and reading luminesence 

NA, Not Applicable 
 

Table 4. Reagents and Source 
Assay Reagent (Source) 

Primary and confirmation 
screens 

HT29 cells (ATCC, part HTB-38) 
DPI (Sigma, part D2926-10mg) 
Luminol (Sigma, part 09253-5g) 
HRP (EMD Bioscience, part 516531-5KU). 
HBSS(Invitrogen, part 14025-092) 
384-well plates (Corning, part 3704) 

Hydrogen peroxide 
scavenger Counterscreen 

Same as above, except that HT29 cells and DPI are not used and Hydrogen Peroxide (Sigma, part 216763) 
N-acetyl cysteine  (EMD, part 106425) 

Cytotoxicity Assay HT29 cells (ATCC, part HTB-38) 
DPI (Sigma, part D2926-10mg)  
Cell Titre Glo (Promega, part G7572) 
Rotenone (Sigma Part 

NOX 1-4 HEK selectivity 
assays 

293 cells (ATCC, part CRL-1573) 
DPI (Sigma, part D2926-10mg)  
Luminol (Sigma, part 09253-5g) 
HRP (EMD Bioscience, part 516531-5KU). 
Lipofectamine 2000 (Invitrogen 11688-019) 
HBSS (Invitrogen, part 14025-092 
OptiMem (Invitrogen, part 31985) 
pRK5-Myc-NOX1 (Bokoch Lab) 
pRK5-Myc-NOX2 (Bokoch Lab) 
pRK5-NOXO1 (Bokoch Lab) 
pRK5-NOXA1 (Bokoch Lab) 
pRK5-myc-Rac1CA-Q61L (Bokoch Lab) 
pRK5-p67phox(Bokoch Lab) 
pRK5-p47phox(Bokoch Lab) 
pRK5-p22phox(Bokoch Lab) 
6-well plates (Corning, part 3516) 
96 well plates (Corning part Add Number 

Xanthine Oxidase 
Counterscreen 

Xanthine oxidase (Sigma, part X4376) 
Hypoxanthine (Sigma, part H9377) 

 
iii Summary of Results: Analysis of the NOX1 primary screening campaign identified 131 hits from NOX1-primary screen. 
The full deck cell-free H2O2-based counterscreen assay eliminated 31 compounds because they demonstrated significant 
H2O2 scavenger activity. The available hit compounds (96) were cherry picked and run in the cell based confirmation assay 
for NOX1 activity. The compounds were tested in triplicate at 6.7 and 2.2 micromolar. These same cherry picked hits were 
then tested for cellular toxicity. None showed significant cellular toxicity after 1 hr of incubation, the same incubation time as 
for the primary and confirmatory assays. The results of the confirmatory assay were rank ordered and 44 compounds were 
selected and obtained as powders. The remaining experiments were conducted with these samples.  The repurchased 
compounds were tested for their ability to inhibit ROS production in 293 cells transfected with all NOX1 components at 100 
micromolar concentration. In this assay, only 11 compounds out of 44 tested were able to significantly block ROS 
generation. These 11 compounds were tested in dose-response starting at 33 micromolar in the NOX1-293 system. Only 7 
compounds were able to significantly block ROS generation at this concentration. These 7 compounds were tested for their 
ability to block ROS generation by other NOX family members (NOX2, NOX3 and NOX4) in the 293 transfection system. 
The 7 compounds active in the 293 NOX1 system were also tested for their ability to block ROS generation mediated by 
xanthine oxidase, another cellular source of ROS. The most potent NOX1 inhibitor (in the 293 transfection assay) also 
demonstrated remarkable selectivity for NOX 1 over NOX2, 3 and 4. The data from the selectivity assays for CID-616479 
are shown in the Summary Table below. CID-616479 represents an improvement over known NOX1 inhibitors (e.g. DPI) 
because of its selectivity for NOX1 over NOX2, NOX3 and NOX4.   
 

c. Probe Optimization  
i.  SAR and Chemistry Strategy that led to the probe. The probe molecule is a primary screening hit.  
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3. Probe 
  a. Chemical name: 6,11-dihydroquinoxalino[2,3-b]quinoxaline [ML090] 

b. chemical structure: 

 
c. Structural Verification Information of probe SID: Maybridge states that the purity is greater than 90%. An 
LC-MS consistent with this purity was run on an aliquot of the sample for the MLSMR. 
d. PubChem CID (corresponding to the SID): 616479 
e. Available from a vendor: Maybridge, part JFD 00196 
f. Mode of action for biological activity: The generation of reactive oxygen species (ROS) by NOX enzymes 
requires multiple protein components. We have shown that the probe molecule is not a hydrogen peroxide 
scavenger, nor is a general cell toxin on the time scale of the cellular NOX inhibition assays. The specificity of the 
probe for NOX1 over NOX2, 3 and 4 in the 293 assay system suggest that a target specific to the NOX1 system is 
the molecular target. CID-616479 should be a useful probe of cellular systems where inhibition of NOX1 and not 
NOX 2, NOX3 or NOX4 is desired.  
g. Detailed synthetic pathway for making probe: Not applicable, the probe is commercially available. 
h. Center summary of probe properties: Aqueous solubility, -3.42750688310091; ADMET BBB, 0.21; ADMET 
BBB level, 1; ADMET absorption level, 0; ADMET solubility, -5.215; ADMET solubility level, 2 
i. Summary of known probe properties 
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Table 5. Probe Properties 
PubChem CID 616479 

PubChem SID 26535836 

IUPAC Name 6,11-dihydroquinoxalino[2,3-b]quinoxaline 

MLS 002345386 

MF C14H10N4 

MW 234.256 

Formal Charge 0 

H Acceptor 4 

H Donor 2 

Atom Count 18 

Rotatable Bonds 0 

Rings 4 

Stereoatoms 0 

AlogP 3.642 

logD 3.642 

Polar surface area 49.84 

Aqueous solubilitya ‐3.42750688310091 

ADMET BBBb 0.21 

ADMET BBB levelc 1 

ADMET absorption leveld 0 

ADMET solubilitye ‐5.215 

ADMET solubility levelf 2 

Vendor Maybridge 

Vendor Catalog Number JFD 00196 
aAqueous solubility is expressed as logS, where S is solubility in mol/L. The method used is the multiple linear regression model 
based on Electrotopological State indices published in ((11, 12)).  
bADMET_BBB: Log of Brain/Blood partition coefficient (LogBB). See ((13)) for details on this method. 
cADMET_BBB_Level: Ranking of the LogBB values into one of the following levels (see ((13, 14)) for details): 0: Very High
 1: High 2: Medium 3: Low 4: Undefined (molecule is outside the confidence area of the regression model). 
dADMET Passive Intestinal Absorption properties.  A ranking of the molecule into one of the following levels (see ((13, 14)) for 
details):  0: Good       1: Moderate      2: Poor 3: Very Poor  
eADMET_Solubility: Log of the water solubility at 25 degrees, LogSw, in mol/L. See ((11)) for more information. 

 
4. Appendices: 

a. Comparative data on (1) probes, (2) similar compound structures (establishing SAR) and (3) prior probes.  
Table 6. Summary 

Compound ID 
NOX1 IC50 
(µM)  HT29 

NOX1-293 IC50 (µM) 
NOX2-293 
%INH at 

10 µM 

NOX3-293 
%INH at 

10 µM 

NOX4-293 
%INH at 

10 µM 

Xanthine 
Oxidase 

CID 3101  
Diphenylene iodium 

(DPI) 
0.17 

N.D. 
(100% inhibition at 10 

M) 
100 100 100 

N.D.1  

CID-616479 0.09 0.36 2.2 -23 -23 0.6 
N.D. Not determined. 
1. The IC50 is reported in the literature to be in the low micromolar range (15). 
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