
ABSTRACT         
Reactive oxygen species (ROS) are implicated in many diseases 
and ROS-generating compounds contribute to various 
therapeutic treatments. The importance of the maintenance 
of cellular oxygen supply requires further investigation into 
the role of ROS as signaling molecules. With the emergence 
of combinatorial synthetic methodologies, high-throughput 
screening (HTS) of compounds for biological activity 
has become an essential, but often laborious, task.  We 
developed a simple, specific and highly reproducible two-
color fluorescence cell-based assay for the rapid screening 
of potential ROS-inducing compounds from compound 
libraries. The assay indicates the levels of total oxidative 
stress and particularly superoxide produced in cells, and 
can conveniently be performed using widely available 
instrumentation.  Normalization of cell number can be 
achieved using the cell-permeable nuclear dye, Hoechst 
33342.  Further profiling of ROS-inducing compounds is 
possible by employing a battery of specific ROS inhibitors. We 
have optimized the use of a fluorescence microplate reader 
equipped with two-syringe pump dispenser to allow easy 
quantitation of ROS production in a real-time fashion. The 
assay can be applied to the screening of putative modulators 
of oxidative stress, facilitating rapid, reproducible, specific 
and relatively simple functional detection of cellular oxygen 
status in a real-time format. With slight modification of the 
basic protocol, determination of the total anti-oxidative 
capacity and the total superoxide scavenging activity of 
test substances can be achieved. The assay’s high Z’ value 
(>0.8) allows its application for pharmacological HTS 
screening programs, such as cancer and cardiovascular 
drug candidate screening and in vitro toxicology testing. 
The assay can be further multiplexed by combining with 
hypoxia probes to be used in diverse applications relating 
to detection, quantification and localization of hypoxic cells 
and their redox status in vivo and in vitro, as tools for the 
development of predictive assays or possibly as biosensors 
for early treatment monitoring and validation of potential 
endogenous hypoxia biomarkers and signaling molecules. 

 

INTRODUCTION
•	The Total ROS/Superoxide Detection Kit (Cat. No. 51010) 

has been developed for fluorescence microscopy- and flow 
cytometry-based profiling of different reactive oxygen species 
(ROS), as well as peroxynitrite, in live cells. 
•	Using appropriate reactive species pathway inhibitors, 

simultaneous discrimination among superoxide, nitric oxide 
and peroxynitrite was achieved and validated by fluorescence 
microscopy and flow cytometry by using selective ROS/RNS 
inhibitors and scavengers.  
•	The basic protocols have now been expanded to allow use of 

the Total ROS/Superoxide Kit for real-time detection, profiling 
and quantification of redox-modulating compounds in a high-
throughput multi-well microplate format. 

Figure 1. Excitation and emission spectra for the components of  the Total ROS/Superoxide Detection Kit for microscopy, flow cytometry and microplate reader.  

Figure 2. Profiling of ROS/RNS production using Total ROS/Superoxide Detection Kit and general and specific inhibitors of ROS/RNS.

METHODS
•	Cells (HeLa and HepG2) were seeded in black-walled 96-

well plates and the next day treated at 37°C with various 
compounds such as monoterpenes (dietary supplements), 
compounds affecting redox cellular status or compounds 
inducing hepatotoxicity as indicated below. At the same time, 
Oxidative Stress and Superoxide detection reagents (Total ROS/
Superoxide Detection Kit, cat. No. 51010-100) were added to 
treated cells according to the kit manual.
•	Plates were read using BioTek Synergy™ Mx multi-well plate 

fluorescent reader using a kinetic fluorescence assay protocol 
(reading every 15 min for 2 hrs total time).  No wash was 
performed prior to the assay. 
•	Standard fluorescein (Ex. 488, Em. 520) and rhodamine (Ex. 

550, Em. 610) diffraction grating settings were used for the 
assay. 
•	Separate sets of the cells were pretreated for 30 min at 37°C with 

5 mM L-NAC (general antioxidant), 2.5 mM Tiron (superoxide 
scavenger) or 10 mM Na pyruvate  (peroxide scavenger) and 
treated as described above.
•	Z’ factor was calculated for each detection profile. 

Compound	   Known	  Func-ons	  

Pyocyanin	   General	  ROS	  inducer	  

CAPE	   Possible	  an7oxidant,	  also	  reported	  to	  induce	  
superoxide	  in	  cancer	  cells	  

Resveratrol	   Phenolic	  an7oxidant,	  reported	  to	  induce	  superoxide	  
in	  cancer	  cells	  

(-‐)-‐Epigallocatecin	  gallate	  
(EGCG)	  

Potent	  an7oxidant,	  reported	  to	  induce	  superoxide	  in	  
cancer	  cells	  

Ambroxol	   Radical	  scavenger,	  inhibitor	  of	  lipid	  peroxida7on	  

Tocopherylquinone,	  d-‐α	  (α-‐
TOC)	   May	  func7on	  as	  an	  an7oxidant	  

Β-‐Lapachone	   ROS-‐inducing	  and	  apoptosis-‐inducing	  agent	  

Table 1. Compounds from Redox Library used for ROS screening.

Na	  Pyruvate	  Pre-‐treatment	  No	  Pre-‐treatment	  

No	  Pre-‐Treatment	   Tiron	  Pre-‐treatment	  

Figure 3. Total ROS/Superoxide detection kit allows real-time monitoring and profiling of ROS in live cells. HeLa cells (6 replicates) were treated with 100 μM of ROS-modulating com-
pounds (Screen-Well™ REDOX Library, BML-2835), stained with Total ROS/Superoxide staining mix and read using a BioTek Synergy Mz multi-well plate fluorescence reader as described 
in Methods.  Parallel sets of cells were pre-treated with superoxide scavenger Tiron or peroxide scavenger Na Pyruvate. Results (panel A shows green signal changes and panel B shows 
orange signal changes) are expressed as the ratio of mean fluorescence of treated cells to mean fluorescence of untreated cells.  SEM do not exceed 5%.

Reagent	  
Green	  Signal	   Orange	  Signal	  

60	  min	   90	  min	   120	  min	   60	  min	   90	  min	   120	  min	  

CAPE	   0.79	   0.64	   0.56	   0.84	   0.52	   0.48	  

Resveratrol	   0.86	   0.88	   0.87	   0.80	   0.90	   0.87	  

EGCG	   0.52	   0.67	   0.48	   0.92	   0.90	   0.84	  

α-‐TOC	   0.69	   0.68	   0.59	   -‐1.57	   0.66	   0.48	  

β-‐Lapachone	   0.50	   0.74	   0.92	   0.84	   0.96	   0.96	  

Pyocyanin	   0.78	   0.55	   0.62	   0.60	   0.89	   0.90	  

Ambroxol	   0.48	   0.68	   0.61	   0.52	   0.89	   0.88	  

Table 2. Applicability of Total ROS/Superoxide assay for HTS screening: Z’ Factor detected in HeLa cell line treated and stained as described in Methods (6 replicates)

4A.	  No	  Inhibitors/Scavengers	  

4B.	  NAC	  Pre-‐Treatment	  

4C.	  Na	  Pyruvate	  Pre-‐Treatment	  

4D.	  Tiron	  Pre-‐treatment	  

Figure 4. Using of total ROS/Superoxide detection kit with specific ROS/RNS inhibitors allows real-time monitoring and profiling of ROS production in live cells. HeLa cells were treated 
with 1mM of monoterpenes, stained for ROS and read using BioTek Synergy™ Mx multi-well fluorescence reader as described in the Methods Section. Results (left graph shows green sig-
nal changes and right graph shows orange signal changes) are expressed as the ratio of mean fluorescence of treated cells to mean fluorescence of untreated cells.  SEM do not exceed 
5%. Panel A shows real-time redox changes in the treated cells in the absence of inhibitors/scavengers, panel B shows signal changes upon NAC [general ROS inhibitor/scavenger] treat-
ment, panel C – after Pyruvate pre-treatment, and panel D – after Tiron pre-treatment. 

• Monoterpenes are non-nutritive dietary supplements found in the essential oils of plants.
• Monoterpenes show efficiency in cancer chemoprevention. 
• Several mechanisms may account for anti-tumorigenic effects of monoterpenes
• They have been shown to induce ROS production in human cells.

 

5A.	  No	  Inhibitors/Scavengers	  

5B.	  NAC	  Pre-‐Treatment	  

5C.	  Na	  Pyruvate	  Pre-‐Treatment	  

5D.	  Tiron	  Pre-‐treatment	  

Figure 5. Total ROS/Superoxide detection kit and a set of ROS scavengers/inhibitors were used to profile ROS production in HepG2 cells treated with different compounds known to induce 
hepatotoxicity as described in Methods. Results (left graph shows green signal changes and right graph shows orange signal changes) are expressed as the ratio of mean fluorescence of 
treated cells to mean fluorescence of untreated cells.  SEM are do not exceed 5%. Panel A shows real-time redox changes in the treated cells in the absence of inhibitors/scavengers, panel 
B shows signal changes upon NAC [general ROS inhibitor/scavenger] treatment, panel C – after Pyruvate pre-treatment, and panel D – after Tiron pre-treatment.

Compound	   Type/Mode	  of	  Ac1on	   Source	  of	  Toxicity	  

Flutamide	   Non-‐steroidal	  an1androgen	  agent	   Mitochondrial	  Toxicity	  

Chlorpromazine	  
HCl	  

An1psycho1c	  drug	  that	  works	  on	  variety	  of	  
receptors	  in	  the	  central	  nervous	  system	  

Cholesta1c	  Toxicant	  [Elevated	  ALP	  
(alkaline	  phosphatase)	  and	  TBL	  (total	  

bilirubin)	  levels]	  

Tolme1n	   NSAID	   Elevated	  ALT	  (alanine	  transaminase)	  and	  
AST	  (aspartate	  transaminase)	  	  levels	  

Sulindac	   NSAID	   Mitochondrial	  Toxicity	  

Diclofenac	   NSAID	   Mitochondrial	  Toxicity	  

Mefenamic	  Acid	   NSAID	   Mitochondrial	  Toxicity	  

Nimesulide	   NSAID/COX-‐2	  selec1ve	   Mitochondrial	  Toxicity	  

Amitriptyline	   Tricyclic	  an1depressant	  (TCA)	  that	  acts	  primarily	  as	  
a	  serotonin-‐norepinephrine	  reuptake	  inhibitor	  

Mixed	  Mode	  Toxicant	  [Elevated	  ALT	  
(alanine	  transaminase)	  and	  ALP	  (alkaline	  

phosphatase)	  levels]	  

Fluoxe1ne	   An1depressant	  of	  the	  selec1ve	  serotonin	  reuptake	  
inhibitor	  (SSRI)	  class	  

HepatocellularToxicant	  [Elevated	  ALT	  
(alanine	  transaminase)	  levels]	  

Zalcitabine	   Nucleoside	  analog	  reverse	  transcriptase	  inhibitor	  
(NRTI)	   Mitochondrial	  Toxicity	  

Nefadozone	  HCl	   An1depressant	  	   Mitochondrial	  Toxicity	  

Table 3. Compounds from Hepatotoxic Library Used for ROS screening.

 
CONCLUSIONS
•	The described Total ROS/Superoxide cell-based 

assay allows for real-time detection, profiling and 
quantification of ROS production by different agents 
in a convenient 96-well microplate format.
•	The fluorescence emission signal overlap between green 

(ROS) and orange (Superoxide) signals is minimal 
•	The devised protocol allows simultaneous detection 

of the total oxidative stress levels (green signal) and 
superoxide levels (orange signal). 
•	Further profiling of ROS types was achieved employing 

general and specific ROS inhibitors/scavengers. 
Experimental conditions (time and concentration) 
should be optimized for each reagent and for each 
cell line used (The inhibitors themselves are able to 
modulate redox state of the cells and can cause multiple 
changes and additional cellullar stress)
•	Z’ factor values calculated using mean values and SD 

for green and orange signal induced by compounds 
from the Screen-Well™ REDOX library exceed 0.7, 
demonstrating the assay is compatible with HTS 
platforms.
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