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Abstract 

Cerebral stroke has become one of the leading causes of death and disability worldwide. During an 

ischemic stroke, oxygen and nutrient deprivation occurs, which combined lead to cell starvation, 

anoxia, and eventually cell death. However, when blood flow is restored, reperfusion damage occurs 

resulting in increased cell death through several mechanisms. One of the main reasons behind 

ischemia/reperfusion damage is oxidative stress due to elevated production of reactive oxygen species 

(ROS) during reperfusion. There are several proteins and processes that are thought to be involved in 

elevated oxidative stress and the formation of ROS during reperfusion, among which the NADPH 

oxidase (Nox) family is suggested to be the main contributor of ROS.  

To examine this hypothesis, in the present work, we inhibited activity of the Nox2 and Nox4 enzymes 

during ischemia/reperfusion with the Glucox Biotech AB (Sweden) inhibitors M4, M107, and M114 to 

evaluate whether reducing Nox activity could reduce the ischemia/reperfusion-induced cell death, 

hence be used as a potential stroke treatment, the cell viability was measured with MTS after 

ischemia/reperfusion induction and treatment with the Nox substances. We also examined the gene 

expression levels of the Nox enzymes Nox2 and Nox4 with qPCR after induced ischemia/reperfusion in 

the neuroblastoma cell line NB69.  

Our results showed a decrease in Nox4 gene expression after 1h ischemia/8h reperfusion and an 

increased expression after 1h ischemia/24h reperfusion in NB69 cells. Treatment with M114 resulted 

in increased cell viability after 2h ischemia/72h reperfusion. However, the toxic effect of 

ischemia/reperfusion-induced response was found to be inadequate, as indicated by extensive 

proliferation and lack of cell death. This unfavorable outcome is suggested to be excess of oxygen in 

medium, metabolization of L-glutamine, and effects of growth factors in the serum used in cell culture 

medium during the ischemic phase. Therefore, the cell culture protocol was modified to the use of PBS 

instead of glucose-free medium under serum-free condition during the ischemia. The altered ischemic 

conditions resulted in continuous reduction in cell viability at increasing ischemic time points with total 

cell death at 2h ischemia, suggesting applicable conditions for ischemia/reperfusion studies. Even 

though a conclusion could not be made about the inhibitors M4, M107, and M114 as the cell viability 

assay was performed under insufficient conditions; the Nox inhibitors shows high potential as future 

ischemic stroke treatments, which may help save lives and improve life quality for affected patients. 



 
 

Popular Scientific summary 

Stroke is one of the most common reasons for death and disability around the world. Stroke occurs 

when blood flow is blocked by a blood clot-, or when bleeding occurs in the brain. This leads to 

starvation of brain cells as they no longer receive oxygen and nutrients, and the longer the starvation 

occurs, the more severe damage they take. It is therefore important to restore blood flow as fast as 

possible to minimize the damage. Also, another serious reason for brain cell damage during stroke is 

oxidative stress, and when blood flow is restored, the oxidative stress is also increased. This occurs 

because when blood flow is restored and the cells receive oxygen and nutrients again, they produce 

reactive molecules called reactive oxygen species (ROS) which damages proteins, fats, and DNA in cells 

which leads to even greater damage than just starvation. This increased production of ROS is mainly 

due to increased production and activity of the proteins NADPH oxidase 2 (Nox2) and NADPH oxidase 

4 (Nox4). 

Antioxidants are substances that neutralizes ROS by converting them to non-reactive molecules. 

Scientists have therefore used antioxidants as treatment during stroke in animal experiments with 

success. This approach has unfortunately not been successful in humans during clinical trials. Scientists 

have therefore changed their focus to reduce the damage by lowering the production of ROS instead 

of neutralizing ROS in hope of that this would be a more successful approach in humans. One strategy 

is to inhibit the Nox2 and Nox4 enzymes and in this way get less ROS production in response to brain 

cell starvation. In this way could the damage in the affected area be controlled and improved life 

quality for the surviving patients would be expected.  

In this study, we mimicked stroke and inhibited the Nox2 and Nox4 enzymes in the NB69 cell line. 

Three inhibitors from Glucox Biotech AB (Sweden) were used to evaluate if reducing the enzymatic 

activity with these inhibitors would increase cell survival. We could show that treatment with the 

inhibitor M4 had positive effects on the cell survival after 1 hour of oxygen and nutrient starvation 

followed by a 96 hours recovery period and treatment with the inhibitor M114 after 2 hours of oxygen 

and nutrient starvation followed by a 72 hours recovery period. We also examined the gene expression 

of the Nox2 and Nox4 genes after the mimicked stroke in the NB69 cell line. Our analysis showed that 

the expression of Nox4 was decreased after an 8 hours recovery period and elevated after a 24 hours 

recovery period.  

However, the cells were not completely starved as the cells still had small amounts of oxygen and 

nutrients available. The starvation did therefore not generate the anticipated effects on the cells. A 

conclusion about the Nox inhibitors effects could consequently not be made. New experiments were 

performed with altered setups to obtain starvation response from the cells, although this was not fully 

completed due to the time limit for this project. Even though it could not be fully demonstrated in this 

project, there are reports on similar studies using cells and lab animals showing that the inhibition of 

the Nox2 and Nox4 enzymes increase cell survival and thereby reduce the damage to the brain after 

stroke. Therefore, inhibition of the Nox2 and Nox4 enzymes is a promising preventive approach to save 

lives and improve life quality for surviving stroke patients. 
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Introduction 

Reactive oxygen species and oxidative stress 

Reactive oxygen species (ROS) are formed in cellular processes such as respiration and under stress 

conditions. ROS includes superoxide (O2
−), hydrogen peroxide (H2O2), and hydroxyl radical (OH•) etc. 

(Vallet et al., 2005; Chandrasekaran et al., 2015). O2
− is formed as a byproduct in respiration by cause 

of the transfer of an electron from a cytochrome complex to O2 (Kim et al., 2006; Ha et al., 2010). O2
− 

is then converted to H2O2 that turns partially into OH• or water (Cooney et al., 2013). Antioxidative 

enzymes such as catalase and copper-zinc superoxide dismutase-1 (SOD-1) convert ROS into non-

reactive molecules to counterbalance the production of ROS (Green et al., 2001; Vallet et al., 2005). 

ROS have several functions in cells by acting as signaling molecules under normal physiological 

conditions. They activate transcription factors, growth factors, and are involved in Ca2+-dependent 

downstream signaling. They are also involved in neurogenesis of the central nervous system (CNS) and 

in synaptic plasticity of the brain (Chandrasekaran et al., 2015). If the ratio between production and 

elimination of ROS is altered in the accumulative direction, it results in oxidative stress. During 

oxidative stress, ROS can directly or indirectly damage macromolecules such as nucleic acids, proteins, 

and non-saturated lipids in cells, leading to cell senescence and death (Vallet et al., 2005; 

Chandrasekaran et al., 2015; reviewed in Ma et al., 2017). There are several sources of ROS in humans, 

although, mono- and diamine oxidases, mitochondria, β-oxidation, peroxisomes, xanthine oxidases, 

and NADPH oxidases are some of the main sources (Figure 1) (Vallet et al., 2005; reviewed in Ma et al., 

2017).  

NADPH oxidases 

NADPH oxidases (Nox) are a family of enzymes whose sole function is to produce ROS molecules (Li et 

al., 2014). The Nox family includes Nox1-5 and Duox1-2 (Reviewed in Ma et al., 2017). All Nox enzymes 

are integrated into cell- and organelle membranes and function as electron carriers. They receive 

electrons from cytosolic NADPH and transport them through hemes and Flavin adenine dinucleotide 

(FAD) to produce O2
− by the reduction of extracellular oxygen. Nox4 produces O2

− which is rapidly 

converted to H2O2 (Vallet et al., 2005; Cooney et al., 2013; reviewed in Matsushima et al., 2014; Zhang 

et al., 2016; reviewed in Ma et al., 2017). Nox2 and Nox4 are some of the most highly expressed Nox 

enzymes in brain cells and cardiomyocytes (reviewed in Matsushima et al., 2014). The active Nox2 

complex consists of several different subunits. It contains a major catalytic subunit comprised of 6 

transmembrane α-helices, called gp91phox, and another subunit, p22phox, to which it forms a dimer. 

Active Nox2 also contains the cytosolic activator subunit p67phox and the cytosolic organizer subunits 

p40phox and p47phox. Nox4 also consists of a major catalytic subunit comprised of 6 transmembrane 

α-helices bound to p22phox (McCann et al., 2008; Juhasz et al., 2009; reviewed in Ma et al., 2017). 

Nox2 activation is regulated by the assembly of its subunits, whereas Nox4 is always in an active form 

when bound to p22phox and is regulated mainly by its own expression levels such as through 

modulation by the positive regulators Poldip2 and NF-κB. Nox2 is mostly localized in the plasma 

membrane whereas Nox4 is mostly expressed, specifically in the inner membrane of organelles such 

as endoplasmic reticulum, mitochondria, and nucleus. The localization of Noxs are important for 

signaling with ROS since structure-specific Noxs allows ROS production at specific sites in cells, which 

then can mediate downstream signaling. (Vallet et al., 2005; reviewed in Matsushima et al., 2014; Li et 

al., 2014; Chandrasekaran et al., 2015).  Noxs have different functions in different cell types. For 
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instance, in phagocytes, the production of ROS is part of the innate immune system, however if 

overproduced, can result in many inflammatory diseases which leads to tissue destruction (Green et 

al., 2001). Another example is Nox2-derived ROS involved in dendritic growth signaling in dendritic 

cells and suggested in peripheral neurons (Chandrasekaran et al., 2015). In endothelial cells, Nox4 

protects against angiotensin II-induced endothelial dysfunction. Nox2 and Nox4 derived ROS is also 

involved in adaption to hypoxia during cerebral and cardiac ischemia (reviewed in Matsushima et al., 

2014). There is a high level of expression of Nox2 and ROS produced by Nox2 in the CNS that has been 

linked to several CNS associated conditions including ischemic stroke (Zhang et al., 2016) 

 

Figure 1. Several common enzymes and processes in cells can lead to generation of reactive oxygen species. 

Ischemic stroke 

Cerebral stroke has become one of the most common causes of death and disability worldwide (Li et 

al., 2014). During ischemic stroke, hypoxia and nutrient deprivation in the brain results in neural 

damage in the affected area. The damage comes through several mechanisms including increased 

calcium concentration, elevated excitatory state by increased glutamate signaling, as well as oxidative 

stress by increased ROS production (Green et al., 2001; Vallet et al., 2005). Also, if ischemia is 

prolonged, pH in cells and ATP levels drop due to increased lactate from anaerobic metabolism. 

Accumulation of lactate and low levels of ATP can lead to malfunction in ATPase-dependent ion 

transport which is linked to several harmful and deadly mechanisms including swelling, calcium 

overload, apoptosis, necrosis, necroptosis, autophagy, among others (reviewed in Kalogeris et al., 
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2012; Shao et al., 2016). Elevated levels of ROS followed by oxidative stress is highly linked to neuronal 

damage during ischemia for which Nox enzymes are a major source of. Nox2 is up-regulated in 

microglial cells and recruited phagocytes in the brain, and Nox4 is also up-regulated in neurons during 

cerebral ischemia which contributes to the elevated levels of ROS (Green et al., 2001; Vallet et al., 

2005). Nox2 and Nox4 are normally expressed in blood vessels in the brain and this expression is 

reported to be up-regulated after ischemic stroke (Vallet et al., 2005; Kleinschnitz et al., 2010).  

Ischemia/reperfusion 

Ischemia/reperfusion (I/R) damage occurs when blood flow is restored to the ischemic area and is 

characterized by disorders such as peripheral vascular disease, myocardial infarction, and ischemic 

stroke (reviewed in Kalogeris et al., 2012). When reperfusion occurs in the ischemic area, delivery of 

oxygen and nutrients become reinitiated, leading to restoration of normal cellular metabolism and 

removal of harmful metabolites. However, this process can result in additional ischemic damage to the 

area and tissue damage in peripheral organs since along with oxygen and nutrients, several harmful 

mediators, including ROS, are released to the area and cardiovascular system due to revascularization 

(Li et al., 2014). Moreover, migration of proinflammatory neutrophils and leucocytes into the ischemic 

area during reperfusion contributes significantly to additional tissue injury during I/R (Green et al., 

2001; Nagel et al., 2007; reviewed in Kalogeris et al., 2012; Zhang et al., 2016). Cellular processes during 

ischemia have a dual function: their products when reach to a certain level can be directly harmful to 

the affected area and at another concentration play a preventive role (reviewed in Kalogeris et al., 

2012). For example, elevated levels of ROS during I/R confer a damaging effect in the area, whereas 

low levels of ROS are needed to minimize cardiac injury during I/R. Another example is hypoxia-

inducible factor-1α (HIF-1α) that is a regulator of hypoxia induced genes and can ameliorate both 

hypoxia and oxidative stress conditions. Under oxidative stress and when ROS levels increase, 

expression of HIF-1α is induced that in turn up-regulates glycolytic genes to ensure a continuous ATP 

production and to inhibit additional formation of ROS by shuffling glucose metabolites from 

mitochondria to glycolysis. HIF-1α also reduces cardiac injury during I/R by activating PPARα, which in 

turn inhibits fatty acid oxidation (Kim et al., 2006; reviewed in Matsushima et al., 2014). Under hypoxic 

conditions, low levels of ROS suppress proline hydroxylase 2 (PHD2) that normally hydroxylate and 

degrade HIF-1α, meaning that low levels of ROS functions as HIF-1α stabilizer (reviewed in Matsushima 

et al., 2014).  

ROS limiting-based therapeutic approach for ischemic stroke 

The essential for the therapeutic approaches to ischemic stroke is to restore blood flow to the ischemic 

area as fast as possible to prevent brain tissue damage. However, since restoration of blood flow leads 

to increased levels of ROS, adjunctive therapy strategies to target ROS production and the following 

oxidative stress-induced damage is a promising field for treatment of stroke and other I/R associated 

disorders (reviewed in Kalogeris et al., 2012). It has been reported that application of antioxidative 

substances such as catalase or SOD-1 can result in reduced neuronal damage after I/R. Studies in 

animal models have shown that overexpression of the intracellular ROS-scavengers glutathione 

peroxidase and SOD-1 have protective effects on the brain (Green et al., 2001). However, ROS are very 

fast reacting molecules that can damage cells quicker than antioxidants inactivates them (McCann et 

al., 2008). Thus, probably the reason behind the lack of success for clinical trials using free radical 

scavengers, which call for improved strategies, for example to inhibit the generation of ROS rather 



4 
 

their scavenging (Kleinschnitz et al., 2010). The Nox2 and -4 are suggested to be the most effective 

enzymes involved in ROS production during an ischemic stroke. Several studies using Nox2 knockout 

animal models reported that the infarct sizes were significantly reduced after cerebral ischemia in 

these models, indicating a good cerebral ischemia prevention potential for Nox2 inhibitors (reviewed 

in Ma et al., 2017). Kleinschnitz (et al., 2010) reported similar results in Nox4 knockout mice model in 

which neurodegeneration as well as oxidative stress was significantly reduced after cerebral ischemia, 

suggesting similar ischemic stroke prevention potential.   

Substances 

M4, M107, and M114 are Nox enzyme inhibitors designed by Glucox Biotech AB (Sweden): M107 and 

M114 inhibit Nox4, and M4 inhibits both Nox2 and Nox4 functions. The IC50 value for M4 is 1.25 µM; 

for M107 is 2.4 µM, and 0.3 µM for M114 (unpublished data, Glucox Biotech AB Sweden). The 

substance M4 has high protein binding grade and rapidly diffuses through cell membranes. M4 is a 

relatively small hydrocarbon containing 22 carbons and 7 nitrogen atoms. The substances M107 and 

M114 have shown not to have any endogenous redox activity nor xanthine oxidase inhibition activity 

(unpublished data, Glucox Biotech AB Sweden). M4, M107, and M114 are patented substances by 

Glucox Biotech AB (Sweden) with minimal information about their structure and mode of function 

disclosed.  

Aim of the study 

The basic idea behind the experimental design was to evaluate the protective effect/s of the Nox2 and 

Nox4 inhibitors M4, M107 and M114 in a cell model during mimicked ischemic stroke induction. The 

above-mentioned inhibitors were used to inhibit Nox2 and Nox4 enzyme activity in the neuroblastoma 

cell line NB69 during oxygen/nutrient-deprivation, followed by reperfusion. It was proposed that in 

response to induced ischemic stroke, NB69 cells would show reduced viability due to increased levels 

of Nox2 and Nox4 expression in these cells, hence elevated levels of ROS that would result in cell 

damage. Treatment with Nox2 and Nox4 inhibitors after mimicked ischemic stroke would reduce Nox2 

and Nox4 activity, hence rescue cell viability. Glucox Biotech AB (Sweden) kindly supplied the three 

Nox inhibitors for the purpose of this study. Also, gene expression of the Nox2 and -4 enzymes where 

investigated, in order to see if I/R would cause any deviation at gene expression levels. 
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Materials and methods 

Cell culture 

In this study was the neuroblastoma cell line NB69 used. NB69 is a low invasive neuroblastoma (stage 

III) cell line containing high levels of monoamines such as norepinephrine and dopamine (Mena et al., 

1989; Almgren et al., 2004). NB69 was derived from a human primary tumor in an adrenal gland from 

a 1.5-year-old male (Almgren et al., 2004; SIGMA-ALDRICH, 2017). The NB69 cells were cultured in 

Megacell RPMI 1640 medium (SIGMA-ALDRICH, M3817) + 2mM L-glutamine (L-glut) + Penicillin-

Streptomycin (PEST) + 15% Fetal Bovine Serum (FBS). For the hypoxic culturing was- RPMI Medium 

1640 (1X) (gibco® by life technologies™, 11879-020) + 15% FBS + PEST used. Culturing was performed 

at 37⁰C, 5% CO2 in T-25- and T-75 flasks. Passages were performed every 1-3days depending on 

confluence (60-70%). All cell work was performed in sterile fume hoods. 

RNA isolation and gene expression analysis 

RNA isolation, PCR, and gel electrophoresis were performed to verify that there is gene expression of 

Nox2 and Nox4 in NB69 cells. Total RNA was isolated from NB69 cells with Qiagen RNeasy Plus Mini Kit 

(Qiagen, 74134) according to the protocol. Concentration, purity, and contamination were measured 

with the nanodrop machine (ThermoFisher) by measuring the absorbance (A) at the wavelengths 

230nm, 260nm, and 280nm where the purity was estimated with the ratio A260/A280, and the 

contamination was estimated with the ratio A260/A230. Extracted mRNA was converted into cDNA 

with reverse transcription PCR using the High Capacity RNA to cDNA KIT (ThermoFisher, 4387406) 

according to the protocol in a 1:1 ratio. A PCR machine was used for reverse transcription with the 

settings 25⁰C for 10min, 37⁰C for 2h, and 85⁰C for 5min. Gene expression of Nox2 and Nox4 were 

verified with PCR amplification with GADPH as reference gene (Table 1-2). Primers for Nox2, Nox4, and 

GAPDH (ThermoFisher) are presented in Appendices I, Table A1-A5. Gel electrophoresis to investigate 

gene expression was performed with a 2.0% agarose gel stained with GelRed™ (Biotum) and the 

electrophoresis was performed at 100V for 1h 20min. Volume (intensity) expression analysis of gel 

electrophoresis was performed with ImageLab 3.0. Volume (intensity) values are presented in 

Appendices II, Table A6.  

Table 1. PCR master mix  

 Volume/reaction (µl) Concentration 

GoTaq (2X) 12.5 1X 
MgCl2 (25 mM) 1.5 3.0 mM 
Template DNA 2.0 1.9 ng/µl 
GAPDH-F (primer) 1.0 20 nM 
GAPDH-R (primer) 1.0 20 nM 
Gene X-F (primer) 1.0 40 nM 
Gene X-R (primer) 1.0 40 nM 
Nuclease-free water 5.0  

Total 25  

Table 2. PCR protocol 

Step Temperature (⁰C) Time # 

Initial denaturation 95 2 min 1 
Denaturation 95 1 min 35 
Annealing 58.9 1 min 35 
Extension 72 1 min/k 35 
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Final extension 72 5-15 min 1 

 

Relative expression 

A qPCR was performed to measure the relative expressions of Nox2 and Nox4 before and after 

ischemia. The expressions were measured after 1h ischemia/8h-, 16h-, and 24h reperfusion compared 

to control cells, which did not undergo ischemic treatment. Two primer pairs were used for each of 

Nox2 (Nox2.1 and Nox2.2) and Nox4 (Nox4.1 and Nox4.2) genes (Appendices I, Table A1-A4) with 

duplicates for all samples except for singles of Nox2.2 control- and Nox4.1 (24h) treatment samples. 

The PikoReal™ Real-Time PCR System (ThermoFisher, TCR0096) was used for the qPCR together with 

Fast SYBR™ Green Master Mix (ThermoFisher, 4385612). Reaction mix and qPCR protocol are 

presented in Table 3 and 4. A standard curve was used to calculate the relative concentration of Nox2 

and Nox4 (Appendices III, Table A7). A standard curve was created by making a serial dilution using 

cDNA from the NB69 cell line (64X, 16X, 4X, and 1X with an initial concentration of 1ng/µl). The 

standard curve was established for every gene and the relative concentrations were normalized to the 

reference gene GADPH and later analyzed relatively to the control samples to obtain the relative 

concentrations of each gene at the different ischemic time points. Ischemia was performed as 

described for the cell viability assays, although without the Nox-inhibitors and cells where seeded on 

6-well plates instead of 96-well plates. 

Table 3. qPCR master mix  

 Volume/reaction (µl) Concentration 

Fast™ SYBR Green Master Mix 2.5 0.7X 
Template DNA 2.0 0.3 ng/µl 
Primer-F 1.0 140 nM 
Primer-R 1.0 140 nM 
Nuclease-free water 0.5  

Total 7.0  

Table 4. qPCR protocol 

Step Temperature (⁰C) Time # 

Initial denaturation 95 07:00 1 
Cycle 95 00:10 40 
 58.9 00:30 40 

 

Cell viability 

Cell viability was measured with the MTS assay. NB69 cells were incubated with and without the Nox 

inhibitors M4, M107, and M114 with different durations of a hypoxic/nutrient deprived step followed 

by normoxia. Hypoxia was achieved by incubation of cells with nitrogen instead of oxygen in a hypoxic 

chamber held in a water bath at 37⁰C, and nutrient deprivation was achieved by switching the cell 

culture medium to glucose-free medium. Cell viability was compared between Nox inhibitor treated 

and untreated NB69 cells in a 96-well plate format with 5×103 cells/well. The treatments were 

performed with the IC50-values of the substances, 1.25µM for M4, 2.4µM for M107, and 0.3µM for 

M114 with six wells per treatment (n=6) (Appendices IV, Table A8). The control cells, n=6, did not 

receive any Nox inhibitor. A background control, n=3, was used that received the same volume of 

media (100 µl) and CellTiter 96® AQueous One Solution Reagent (15µl) to correct for the potential 

background absorption. The medium in the wells were changed to glucose-free medium containing 

the inhibitors for each treatment group respectively, and the 96-well plates were placed in the hypoxic 
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chamber in a water bath at 37⁰C, where the nitrogen replaced the oxygen and formed a nitrogen pillow 

over the surface in the wells which rapidly drags out oxygen in the media and hence simulates 

ischemia. The medium was changed back to normal medium containing glucose and the inhibitors for 

each treatment group respectively and the cells were incubated under normoxic conditions (37⁰C, 5% 

CO2) to simulate reperfusion. The cell viability assay was initialized with two test runs; (1) to evaluate 

which time point for hypoxia was the most optimal one to induce ischemia, and (2) to check for the 

most optimal time point for reperfusion when the inhibitors started to show an effect. The times tested 

were 1h ischemia/24h-, 48h-, 72h reperfusion; and 2h-, 3h-, 4h ischemia/24h reperfusion. Additional 

optimizations were performed with PBS + FBS (15%) instead of glucose-free medium for 2h 

ischemia/24h-, 48h-, 72h reperfusion; and PBS for 15min-, 30min-, 1h-, 2h ischemia/24h reperfusion. 

The medium containing the inhibitors were changed every 24h and each time point was replicated 

three times. CellTiter 96® AQueous One Solution Reagent was added 1h prior to analysis of cell viability 

and absorbance was measured at 490nm with FLUOstar® Omega (BMG LABTECH). 

Statistics 

GraphPad Prism 7.03 and 8.2.1 was used for statistical analysis in this study. Significance was set to 

α=0.05 for all data sets. The null hypothesis for the treatments was that all means of the groups are 

equal and the alternative hypothesis was that not all means of the groups are equal. Normal 

distribution was analyzed with the Shapiro-Wilk normality test. Gel electrophoresis intensities were 

analyzed with Welch’s t-test due to significant difference in variance. The qPCR was analyzed with one-

way ANOVA for each primer pair amplicon between the varying reperfusion time points and their 

respectively untreated cells, and between the untreated cells; followed by Sidak’s multiple 

comparisons test. Significance for each individual cell viability assay was measured with one-way 

ANOVA when the data was normally distributed, and a posteriori Tukey test was used for multiple 

comparisons after one-way ANOVA. Kruskal-Wallis test was used instead of one-way ANOVA when the 

data was not normally distributed and followed by Dunn’s multiple comparisons test. One-way ANOVA 

and Kruskal-Wallis test were used for compiled analysis between (1) the treatments during the 

different time points and (2) the same treatment between the different time points. The absolute 

values were normalized to each plate’s respective control cells mean to overcome variations between 

plates. One-way ANOVA and Kruskal-Wallis test were used for comparison since the samples were 

independent and there were more than two parameters at each test which reduces the risk of Type 1 

error compared to if independent samples t-test would be used for each comparison. Outliers were 

identified and removed at each individual plate with the ROUT method at Q=1%  
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Results 

Nox2/4 genes are expressed in NB69 with higher expression of Nox4  

RT-PCR was performed for Nox2 and Nox4 using NB69 cells cDNA as template with dual primers per 

gene. Expression of the Nox2 and Nox4 genes were successfully verified in the NB69 cells with gel 

electrophoresis (Figure 2). A distinctly higher Nox4 expression compared to Nox2 expression was 

observed as indicated by the considerable larger volume and intensity of the Nox4 gel electrophoresis 

bands. Relative quantification of Nox2 and Nox4 expression with volume (intensity) analysis of the gel 

electrophoresis plate showed an approximate 17.6-fold Nox4 expression compared to Nox2 expression 

(p=0.0011) (Figure 2-3). Relative volumes (intensities) are presented in Appendices II, Table A6. With 

the verified gene expression of Nox2 and Nox4 in the NB69 cell model, we could proceed with the 

experiments aiming at blocking these enzymes and evaluate cell viability after mimicked ischemia and 

reperfusion. We also set out to quantify the gene expression of Nox2 and Nox4 to see if I/R insult 

causes any deviations at gene expression levels.  

 
Figure 2. Gel electrophoresis showing gene expression of Nox2 and Nox4, with dual primers for each gene in the 
NB69 cells. The product size for Nox2.1 was 135bp, Nox2.2 187bp, Nox4.1 96bp, and Nox4.2 136bp. Nox4 
expression was higher as visualized by the darker Nox4 gene bands. GADPH was used as reference gene. The 
image was taken with Image-Lab (BIO-RAD) machine. 
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Figure 3. Gene expression from measured volume intensity (seen in figure 2) revealed a 17.57-fold expression of 
Nox4 compared to Nox2 expression. Bars represents mean normalized volume (intensity) + SD with the primer 
pairs merged into one bar for each gene. Statistical significances were determined with Welch’s t-test 
(F3.156=11.59, p=0.0011, n=4). Asterisks denote statistical significances between Nox2 and Nox4 expression levels 
(**p<0.01). Volume (intensity) for Nox2 and Nox4 genes were calculated with ImageLab 3.0.  
 

RT-PCR analysis of Nox2 and Nox4 expression in NB69 cells after ischemia and 

reperfusion induction 

The NB69 cells were subjected to 1h/8h-,16h-, and 24h I/R-induction to investigate potential changes 

in Nox2/4 gene expression levels in response to treatments. Nox4 expression was down-regulated 

after 1h/8h I/R as seen with dual expression amplicons (p=0.0239 for Nox4.1, p=0.0476 for Nox4.2) 

and up-regulated after 24h reperfusion (p=0.0030 for Nox4.1) (Figure 4). A distinct trend was observed 

for Nox2 and Nox4 gene expressions with initial suppressed Nox2/4 expressions at 1h/8h I/R with 

continuous increasing gene expressions at 16h and 24h of reperfusion. This trend was observed with 

both primer pairs for both Nox2 and Nox4 (not statistically significant for Nox2 expression) (Figure 4). 

Contradictive to the results obtained by the gel expression analysis (Figure 2-3), no significant 

difference in relative gene expression were observed between the untreated Nox2 and Nox4 cells. 

However, single data was obtained for the untreated Nox2.2 cells and the Nox4.1 cells after 24h 

reperfusion due to only one of the duplicates generated results for these samples. The numbers for 

the relative quantification are presented in Appendices III, Table A7.  
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Figure 4. Relative Nox2/4 gene expression after 1h ischemia/8h-, 16h-, and 24h reperfusion. Nox4 expression 
was down-regulated after 1h ischemia/8h reperfusion (p=0.0239 for Nox4.1, p=0.0476 for Nox4.2) and up-
regulated after 1h ischemia/24h reperfusion (p=0.0030 for Nox4.1) compared to untreated cells. Nox4 gene 
expression was continuously increasing throughout reperfusion after 1h ischemia/8h reperfusion. Bars 
represents mean relative concentrations + SD. Statistical significances were determined with one-way ANOVA 
followed by Sidak’s multiple comparisons test. Asterisks denote statistical significances (*p<0.05, **p<0.01). The 
qPCR was performed with the PikoReal™ Real-Time PCR System (ThermoFisher, TCR0096) and Fast SYBR™ Green 
Master Mix (ThermoFisher, 4385612). 

 

Analysis of cell viability after different lengths of ischemia and reperfusion 

Initial cell culture optimization steps were performed to evaluate at which ischemic and reperfusion 

time points to perform cell viability assays to evaluate the possible protective effects of the Nox2/4 

inhibitors M4, M107, and M114 on the NB69 cells in response to ischemia/reperfusion. The intervals 

of optimization were performed ranging from 1h-4h ischemia followed by 24h reperfusion, and 24h-

72h reperfusion with preceding 1h ischemia. No protective effect of Nox2/4 inhibition was observed 

after 1h- (p=0.6939), 2h- (p=0.2097), nor 3h ischemia (p=0.5119) compared to the control cells. 

However, M4 reduced cell viability (p=0.0142) after 4h ischemia (Figure 5A). Still, no protective effect 

was observed after 48h ischemia compared to the control cells, only a significant difference between 

M4 and M114 (p=0.0264). However, all treatments significantly increased cell viability after 72h 

reperfusion after preceding 1h ischemia (p<0.0001 for M4, p=0.0006 for M107, and p=0.0009 for 

M114) with M4 exhibiting the most prominent effect on cell viability (Figure 5B). Due to the protective 

effect on cell viability of all Nox-inhibitors evaluated at 1h ischemia/72h reperfusion (Figure 5B), it was 

decided to proceed with cell viability investigations ranging from 1h-2h ischemia followed by 24h-, 

48h-, and 72h reperfusion. Absolute- and normalized values for all treatment- and control cells from 

the initial optimization are presented in Appendices V, Table A9-A14. 
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A.  

B.  

Figure 5. Cell viability of the NB69 cells subjected to I/R-induced stress with the Nox2/4 inhibitors M4, M107, and 
M114 present to evaluate fitting ischemic- and reperfusion time points for Nox-inhibitor evaluation on cell 
viability in response to I/R-induction. (A) 1h-, 2h-, 3h-, and 4h ischemia followed by 24h reperfusion was 
evaluated with reduced cell viability obtained after treatment with M4 after 4h ischemia. (B) 24h-, 48h-, and 72h 
reperfusion after preceding 1h ischemia was also evaluated. Protective effect of all tested Nox-inhibitors was 
observed after 1h ischemia/72h reperfusion, indicating a suitable base point for Nox-inhibitor investigations. 
Bars represents mean absorbance + SEM. Statistical significance was determined with one-way ANOVA 
(F3,20=4.169, p=0.0191, n=6), (F3,20=16.4, p=0.0005, n=6) respectively, followed by Tukey a posteriori test. 
Asterisks denote significant differences between the treatment- and control cells (*p<0.05, ***p<0.001, 
****p<0.0001). Absorbance was measured at 490nm with FLUOstar® Omega (BMG LABTECH). 
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Analysis of cell viability after M4, M107, M114 treatments 

The Nox2/4 inhibitors showed no effect on cell viability after 1h ischemia/72h (p=0.7197)-, nor 120h 

reperfusion (p=0.2298) compared to the respective untreated cells at the designated reperfusion time 

points. However, M4 increased cell viability after 1h ischemia/96h reperfusion (p=0.0322) (Figure 6). 

Also, each treatment was respectively analyzed between the separate reperfusion time points with 

increased cell viability after treatment with M114 after 120h reperfusion compared to 72h (p=0.0057) 

and 96 h reperfusion (p=0.0458). (Figure 6). Nox-inhibition with M114 increased cell viability after 2h 

ischemia/72h reperfusion (p=0.030). However, no protective effect of the Nox-inhibitors was observed 

after 2h ischemia/96h (p=0.0477)-, nor 120h reperfusion (p=0.3052) (Figure 7). Also, treatment with 

M4 for 2h ischemia/96h reperfusion reduced cell viability compared to 72h with M4 (p=0.0315), with 

M107 for 96h-and 120h reperfusion compared to 72h (p<0.0001 for 96h, and p=0.0002 for 120h), and 

M114 for 96h-and 120h reperfusion compared to 72h (p<0.0001 for 96h, and p=0.0002 for 120h). 

Absolute- and normalized values for all treatment- and control cells from the cell viability assays are 

presented in Appendices V, Table A15-A20. 

 
Figure 6. Cell viability of the NB69 cells subjected to I/R-induced stress with the Nox2/4 inhibitors M4, M107, and 
M114 present. The cell model was subjected to 1h ischemia/72h-,96h-, and 120h reperfusion. Treatment with 
the Nox-inhibitor M4 increased cell viability after 96h reperfusion (p=0.0458). Bars represents mean values + 
SEM. Asterisk denote significant difference between the treatment- and control cells (*p<0.05). Absorbance was 
measured at 490 nm with FLUOstar® Omega (BMG LABTECH) where absolute values were normalized with the 
respective control cells mean.  
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Figure 7. Cell viability of the NB69 cells subjected to I/R-induced stress and treated with the Nox2/4 inhibitors 
M4, M107, and M114. The cell model was subjected to 2h ischemia/72h-,96h-, and 120h reperfusion. Treatment 
with the Nox-inhibitor M114 increased cell viability after 72h reperfusion (p=0.0315). Bars represents mean 
values + SEM. Asterisk denote significant difference between the treatment- and control cells (*p<0.05). 
Absorbance was measured at 490 nm with FLUOstar® Omega (BMG LABTECH) with absolute values normalized 
to the respective control cells mean. 

 

Ischemia induction was more effective when the cell culture medium was changed to 

PBS, with and without FBS 

The initial hypothesis for the cell viability assay in this study was that I/R-induction would result in 

oxygen/nutrient deprivation- and reperfusion induced cell death continuously throughout I/R, and 

thereby evaluate a potential protective effect of Nox2/4-inhibition during I/R. However, proliferation 

was detected rather than cell death as observed under microscope and indicated by increasing cell 

viability throughout reperfusion. This led to the hypothesis suggesting that the NB69 cells can 

metabolize L-glut, a reagent included in the glucose-free medium used at the time of the ischemic 

phase, thereby mitigating the oxygen/nutrient-deprived condition. To test this hypothesis, a mixture 

of PBS + FBS (15%) was used as a substitute for the glucose-free medium during the ischemic phase. 

Nox-inhibition with M4 and M107 reduced cell viability after 2/h ischemia 48h reperfusion (p=0.0130 

for M4 and p=0.0062 for M107). However, no effect on cell viability was observed after 24h- or 72h 

reperfusion (Figure 8). Absolute- and normalized values for all treatment- and control cells from the 

PBS + FBS (15%) optimization are presented in Appendices V, Table A21-A23 
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Figure 8. Cell viability optimization to evaluate the applicability of a PBS + FBS (15%) mix to substitute glucose-
free medium during the oxygen/nutrient-deprivation phase of I/R-induction of the NB69 cell model. The cells 
were subjected to 2h ischemia/24h-, 48h-, and 72h reperfusion. Extensive cell proliferation was observed with 
insufficient cell death response to the ischemic induction. Treatment with the Nox2/4-inhibitors M4 and M107 
reduced cell viability after 2h ischemia/48h reperfusion under these ischemic conditions. Bars represents mean 
values + SEM. Statistical significances were determined with one-way ANOVA followed by Tukey a posteriori test. 
Asterisks denote significant differences between the control- and treatment cells (*p<0.05, **p<0.01). 
Absorbance was measured at 490nm with FLUOstar® Omega (BMG LABTECH) with absolute values normalized 
to the respective control cells means. 

Proliferation was still observed after substitution of glucose-free medium to PBS + FBS (15%) excluding 

L-glut during the ischemic phase, thereby leading to a new hypothesis suggesting that the NB69 cells 

can metabolize FBS to mitigate the ischemic condition. To investigate this hypothesis, a cell culture 

optimization step was performed with PBS substituting glucose-free medium during the ischemic 

phase. Unlike the previous cell viability assays, I/R-subjected cells where compared to non-I/R-

subjected control cells after 15min-, 30min-, 60min-, and 120min ischemia/24h reperfusion to 

investigate if I/R-induction triggers growth inhibition and cell death under this ischemic condition. 

Growth inhibition and cell death was continuously observed at all designated times of ischemic insult 

with total cell death achieved at 2h ischemia (p<0.0001 at each ischemic time points) (Figure 9). 

However, no Nox2/4-inhibition protective effect on cell viability was observed after treatment with 

M4, M107, nor M114 compared to the I/R-subjected control cells (p<0.6488 at 15min-, p<0.2059 at 

30min-, and p<0.1457 at 60min ischemic induction). Absolute- and normalized values for all treatment- 

and control cells from the PBS optimization are presented in Appendices V, Table A24-A31 

 

 
 



15 
 

 
Figure 9. Cell viability optimization to evaluate the applicability of PBS to substitute glucose-free medium during 
the oxygen/nutrient-deprivation phase of I/R-induction of the NB69 cell model. The cells were subjected to 
15min-, 30min-, 60min-, and 120min ischemia/24h reperfusion and compared to non-I/R-subjected control cells. 
Ischemic-stress induction with PBS triggered growth-inhibition and cell death at all designated ischemic time 
points with total cell death after 2h ischemic induction. Treatment with the Nox2/4-inhibitors M4, M107 and 
M114 did not affect cell viability under these ischemic conditions. Bars represents mean absorbance + SEM. 
Statistical significances were determined with one-way ANOVA followed by Tukey a posteriori test. Absorbance 
was measured at 490nm with FLUOstar® Omega (BMG LABTECH). 
 

  



16 
 

Discussion 

Gene expression of Nox2/4 

In this study, we confirmed the gene expression of Nox2 and Nox4 in NB69 cells, with no previous 

confirmed expression reports found, suggesting our study to be first to analyze expression of Nox2/4, 

and study the effects of ischemia/reperfusion and Nox2/4 inhibition in NB69 (Figure 2). Volume 

(intensity) analysis of Nox2/4 gene expression revealed a considerable higher Nox4 gene expression 

compared to Nox2 gene expression in NB69 (Figure 3), suggesting a possible more central role in cell-

signaling compared to Nox2 as ROS-signaling has been shown important in cancer cells (Szatrowski and 

Nathan, 1991). This result is promising as a retinoic acid-differentiated neuroblastoma SH-SY5Y cell 

model, a model previously used in I/R studies, express a high level of Nox2, suggesting NB69 to be an 

alternative choice for Nox4 contribution investigations on I/R-injury (Nitti et al., 2007). Contradictive, 

no difference between untreated Nox2- and Nox4 gene expression was observed after the qPCR 

analysis, where the same primers were used as in the first PCR in the gel-electrophoresis analysis. 

However, a trend was observed with an initial suppression of Nox2/4-gene expression at 1h 

ischemia/8h reperfusion, followed by a continuous increase in gene expression after 16h- and 24h 

reperfusion with Nox2 approaching the untreated base level expression and Nox4 significantly 

exceeding untreated expression level (Figure 4). These results suggest a possible down-regulative 

adaption followed by a delayed up-regulative response of Nox4 to anoxic- rather than to ischemic 

stress as ischemic conditions was not thoroughly achieved as discussed in later section, with increased 

Nox4 activity and ROS-formation as Nox4 activity is primarily regulated by its expression levels 

(reviewed in Matsushima et al., 2014). Furthermore, numerous tumors operate ROS-formation to 

promote cell survival, providing a possible explanation for the increased expression of Nox4 response 

to the anoxic induction (Juhasz et al., 2009). However, the qPCR was performed with duplicates and 

single data was obtained for the untreated Nox2.2 cells and the Nox4.1 cells after 24h reperfusion 

since only one of the duplicates generated results for these samples, making the results less reliable. 

Replicates should have been performed in triplicates and with three or more repeats to hopefully avoid 

such complications and to yield reliable results. 

Interestingly however, the regulation of Nox2 and Nox4 mRNA expression in response to ischemia-

induced stress has to our knowledge not been previously investigated in neuroblastoma cell models. 

Several studies have demonstrated elevated Nox2 and Nox4 expression and ROS-formation in 

Spraque-Dawley rat models using middle cerebral artery occlusion (MCAO) and transient MCAO 

ranging from instantaneous upregulation up to 48 h, and in male hooded Wistar rat models by 

vasoconstriction induced by endothelin-1, with elevated Nox4 expression for 6h and Nox2 for 6h-7days 

of reperfusion. Elevated Nox4 expression was ephemeral compared to the elevated Nox2 expression 

suggesting early ROS-mediated cell damage contribution of Nox2 and Nox4, with Nox2 contribution 

during prolonged reperfusion (McCann et al., 2008; Li et al., 2014; Zhang et al., 2016). However, 

additional expression analyzes are necessary to elucidate and confirm the oxygen/nutrient-deprivation 

induction responses of Nox2 and Nox4 in NB69, under precise ischemic conditions. 

Cell viability in NB69 cell model after oxygen/nutrient-deprivation induction followed by 

reperfusion 

During the onset of the I/R optimization step, all tested Nox2 and Nox4 inhibitors increased cell viability 

after 1h ischemia/72h reperfusion (Figure 5). Thus to investigate Nox2 and Nox4 inhibition effects on 
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cell viability, MTS assays were performed at 1-2h ischemia/72-120h reperfusion (Figure 6-7). In 

contrast to the I/R optimization, replication of increased cell viability through Nox2 and Nox4 inhibition 

was thereafter unsuccessful except for M114 at 2h ischemia/72h reperfusion (Figure 7). Furthermore, 

oxygen/nutrient-deprivation did not trigger I/R-induced cell death response required for inhibitor 

investigation as seen in a previous study with oxygen/nutrient-deprivation induced cell death with 

continuous cell death throughout reperfusion (Wang et al., 2002). Optimization was therefore required 

for the induction of cell death, leading to new ischemic-culture mediums: (1) PBS + FBS (15%), and (2) 

PBS, as several I/R-associated studies have excluded glucose-free medium and FBS (Miglio et al., 2004; 

Suh et al., 2008; Lee et al., 2010; Beske and Jackson, 2012). Ischemic induction using PBS + FBS (15%) 

mix to achieve cell death was unsuccessful although growth inhibition was observed after treatment 

with the M4 and M107 inhibitors at 48h reperfusion with total recovery at 72h, possibly attributed to 

inhibition of ROS-signaling mediated proliferation at 48h (Szatrowski and Nathan, 1991). However, the 

ischemic-induction using PBS resulted in significant cell death at reperfusion ranging from 15min-2h 

with total cell death at 2h ischemia after 24h reperfusion (Figure 9), suggesting possible applicability 

for ischemia/reperfusion-induction studies. Similarly, glucose-free salt solutions and buffers have 

previously substituted glucose-free medium (Miglio et al., 2004; Lee et al., 2010). Although 

investigations are required to verify the cell death triggering responses to be I/R-stress related as 

previous glucose-free medium substitutes contained salt solutions, the absence of such solutions may 

trigger osmotic-related cell death responses amongst other factors.  

Indeed, the usage of PBS substituting glucose-free medium was optionable, nevertheless 

troubleshooting was initiated to identify possible factors affecting the outcome of I/R-induction by 

promoting cell survival to account for the lack of toxic effect of ischemic induction seen in this study. 

Numerous identified factors could be responsible for the absence of cell death such as: FBS and L-glut 

included in the ischemic medium (Newsholme, 2001; Suh et al., 2008; Beske and Jackson, 2012); lack 

of –  serum-starvation, cell-rinsing with PBS, and deoxygenation of medium prior to ischemic induction 

(Beske and Jackson, 2012). Consistent with our hypothesis, FBS has previously been excluded in 

ischemic glucose-free medium with serum-starvation of cells 4h prior to ischemic-induction, 

suggesting FBS mitigating ischemic conditions (Suh et al., 2008; Beske and Jackson, 2012). Also, prior 

to ischemia, the glucose-free medium has been deoxygenated in a hypoxic box, and cells rinsed three 

times with PBS. Thereafter, an oxygen-meter has been used to confirm anoxia (Beske and Jackson, 

2012). However, the applicability of L-glut included in glucose-free medium is questionable as it can 

be metabolized during respiration and under circumstances be necessary for proliferation 

(Newsholme, 2001). Moreover, L-glut provides acid resistance by metabolization to ammonia, making 

cells more adaptable to acidic environments often seen in cancer cells, as in vivo generally contains 

elevated levels of lactic acid (Huang et al., 2013).  Furthermore, lactate has been reported to activate 

HIF-1α and inhibit PHD2 in non-Warburg-phenotype cancer cell lines, resulting in increased 

adaptability to anoxia (Saedeleer et al., 2012). Investigation is however required to determine if NB69 

express a Warburg-phenotype. However, with these findings in consideration, L-glut should seemingly 

be excluded from the glucose-free medium. As mentioned, numerous factors can affect the outcome 

of I/R-induction and exclusively a combination, not separately, of oxygen- and nutrient deprivation, 

triggers cell death after I/R-induction (Wang et al., 2002). During oxygen/nutrient-deprivation, several 

adaptions and mechanisms are triggered to these conditions affecting cellular functions. In addition to 

oxidative stress, glutamate excitotoxicity coupled to Ca2+-influx affects cellular Ca2+-homeostasis which 

disrupts mitochondrial- and cellular functions, and mediates ischemic toxicity (Green et al., 2001; 
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Wang et al., 2002; Vallet et al., 2005). Anaerobic metabolism generates lactate and low levels of ATP, 

resulting in malfunctional ATPase-dependent ion transport which is coupled to numerous harmful 

mechanisms (reviewed in Kalogeris et al., 2012; Shao et al., 2016). HIF-1α, the main activator of 

hypoxia-inducible glycolytic genes shifts cellular metabolism to ameliorate hypoxic conditions. 

Activation of HIF-1α is presumably sufficiently to ameliorate these harmful mechanisms and cellular 

alterations during deficient ischemic stress, therefore is precise ischemic settings crucial to achieve the 

coveted toxic effect of oxygen/nutrient-deprivation (Kim et al., 2006; reviewed in Matsushima et al., 

2014; Nanduri et al., 2015). 

Furthermore, the designated reperfusion time points following ischemic insult is questionable. The 

decision of reperfusion time points after ischemic insult was based on the optimization result at 1h 

ischemia/72h reperfusion, which was not replicable after this point, and prior to the discovery of lack 

of I/R-induced toxic effect. Reduced reperfusion periods are presumably more optimal to minimize 

recovery periods considering NB69 as an immortalized cell model and as evident by extensive 

proliferation at prolonged reperfusion. Several studies have investigated in vitro ROS-formation or cell 

viability coupled to I/R-induction in SH-SY5Y cells with notably shorter reperfusion periods ranging 

from 8h-24h. Moreover, ischemic inductions were proceeded ranging from 5h-32h, providing 

additional clarification for the lack of toxic effect seen in this study (Wang et al., 2002; Miglio et al., 

2004; Fordel et al., 2007). It has been seen in a study with the SH-SY5Y cell line that cell viability reaches 

a threshold in response to various ischemic time points. Ischemic induction past this threshold 

produces substantial toxic effect for cell viability to decrease throughout reperfusion (Wang et al., 

2002). Optimization is therefore crucial to determine optimal ischemic and reperfusion intervals to 

reach said threshold to enable evaluation of Nox-inhibitors neuroprotective effect on cell viability in 

NB69, preferably with previously used intervals for SH-SY5Y investigations as guidelines (Wang et al., 

2002; Miglio et al., 2004; Fordel et al., 2007).  

Furthermore, this study is to our knowledge the first to investigate ischemia/reperfusion using NB69 

cells. The applicability of NB69 as cell model in ischemia/reperfusion studies is therefore questionable. 

The increased expression of Nox4 seen in this study is an indication of applicability as Nox4 has been 

suggested to be the most relevant Nox enzyme involved in I/R-induced injury (Kleinschnitz et al., 2010). 

Otherwise, several studies have demonstrated that the neuronal-like neuroblastoma cell model SH-

SY5Y is susceptible to ROS-mediated ischemic cell death from Nox sources, therefore widely used in 

I/R studies, suggesting a potent substitute for NB69 (Wang et al., 2002; Fordel et al., 2007; Lee et al., 

2010; Beske and Jackson, 2012). Also, SH-SY5Y is shown unaffected to glutamate excitotoxicity due to 

lack of functional ionotropic glutamate receptors, which could simplify Nox-mediated cell death 

investigations by exclusion of another major I/R-mediated cell death contributing factor (Wang et al., 

2002; Vallet et al., 2005). Alternatively, several retinoic- and 13-cis-retinoic acid differentiated NB69- 

and SH-SY5Y cell models exists with I/R-susceptible characteristics and neuronal-like features, 

implicating potential candidates for I/R studies (Mena et al., 1994; Fordel et al., 2007; Nitti et al., 2007; 

Beske and Jackson, 2012).  Retinoic acid differentiation of SH-SY5Y cells elevates expression of the 

cytosolic Nox2 organizer subunit p47phox and the cytosolic activator subunit p67phox by 4-fold with 

increased I/R-susceptibility (Nitti et al., 2007; Beske and Jackson, 2012). This retinoic acid 

differentiation of SH-SY5Y cells can reduce ischemic time point to 40min which has previously been 

used (Beske and Jackson, 2012). Retinoic acid differentiated NB69 cells acquires large mature 

neuronal-like morphology with elongated neurite extensions and reduced cell density, tyrosine 

hydroxylase activity, catecholamine levels, and increased choline acetyltransferase activity (Mena et 
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al., 1994). 13-cis-retinoic acid differentiation of NB69 results in two differentiation-paths. Either (1) 

neuronal-like morphology with immense expression of the normally deleted tumor suppressor gene 

CHD5, and several up-regulated neuronal-marker expressions, or (2) into flat, substrate adherent cells 

(Higashi et al., 2015). Due to the acquired neural-like cell morphologies and I/R-susceptible beneficial 

traits the above-mentioned retinoic acid-, and 13-cis-retinoic acid-differentiated cell models provide, 

suggesting greater applicability rather than their corresponding undifferentiated cell models. 

Expression of the tumor suppressor gene CHD5 poses a great advantage during I/R-induction 

investigation to reduce proliferation during reperfusion (Higashi et al., 2015). However, additional 

work would be required to separate the substrate adherent cells to obtain a homogenous culture of 

neuronal-differentiated NB69 cells. Moreover, possible pharmacological-induced effects of 

differentiation and contribution of elevated Nox-expression and ROS-formation must be taken in 

consideration as basal in various cancer cell models (Szatrowski and Nathan, 1991; Juhasz et al., 2009). 

NADPH oxidase inhibitors have previously reduced I/R-induced neural damage 

Three bursts of ROS-formation have been reported in neurons after I/R-induction. The primary and the 

secondary burst originates from mitochondria and xanthine oxidase respectively in response to 

oxygen/nutrient-deprivation, whilst the tertiary burst is mainly Nox-derived during the reperfusion 

phase (Abramov et al., 2007; Suh et al., 2008). Nox-enzyme activation has been suggested to occur 

during ischemia, yet elevated ROS-formation is manifested during reperfusion (Abramov et al., 2007; 

Fordel et al., 2007). As ROS-scavenging has proven clinically unsuccessful, the focus shifted to Nox-

inhibition (Kleinschnitz et al., 2010). No protective properties were observed with the Glucox Biotech 

AB inhibitors M4, M107, or M114 in this study as there was no time for cell viability investigations with 

the altered ischemic settings. However, M107 and M114 have previously shown neuroprotective in 

two in vitro brain models with ischemic damage reduction in hippocampal brain slices and human brain 

microvascular endothelial cells. M4 has also shown to reduce I/R-related cardiac injury in a mouse 

model by stimulation of β-cell rest and oxidative stress reduction (unpublished data, Glucox Biotech. 

AB Sweden). Neuroprotective effects of other Nox-inhibitors to counter ischemia/reperfusion-induced 

injury has been well documented as apocynin, a Nox subunit-assembly inhibitor (Wang et al., 2006) 

has been reported to reduce delayed-neuronal cell death in hippocampal CA1 pyramidal neurons after 

a short duration of global cerebral ischemia, a phenomenon occurring several days post-reperfusion 

in humans and rodents (reviewed in Abe et al., 1995; Wang et al., 2006; Suh et al., 2008; Beske and 

Jackson, 2012). Also, hyperglycemic-related cell damage was prevented with apocynin treatment 

through inhibition of O2
−-formation after cerebral stroke insults (Suh et al., 2008). A combination of 

the irreversible Nox-inhibitor diphenyleneiodonium (DPI) and the free-radical scavenger 

dimethylsulfoxide (DMSO) has reduced infarct- and lesion areas of the blood-brain barrier after 

cerebral I/R-induction in male Wistar rats (Nagel et al., 2007). VAS2870, a Nox1, -2, and -4 enzyme 

inhibitor has been reported to improve neurological functions after cerebral stroke by I/R-mediated 

cell death reduction, even when administered several hours post stroke-induction (Kleinschnitz et al., 

2010). Interestingly, intravenous injection of VAS2870 in the cerebral I/R-infarct area of hyperglycemic 

rats elevated expression of several Nox2 and Nox4 targeting microRNAs (miRNAs), formerly down-

regulated with reduced hemorrhagic transformation as result, suggesting a new clinical approach by 

Nox2/4 mRNA degradation additionally to Nox2/4 inhibition. (Liu et al., 2016). Pretreatment prior to 

cerebral I/R-induction with the ROS-scavenging hormone melatonin suppress Nox2 and Nox4 up-

regulation, thereby reducing apoptotic cell death by scavenging of- and inhibition of ROS-formation (Li 

et al., 2014). Furthermore, Nox4-knockout mice in comparison to Nox1, -2 knockout mice has been 
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shown to age- and sex-independently preserve neurological function after t- and pMCAO ischemic 

stroke-induction with oxidative stress-damage reduction which indicates clinical potential as the 

majority of cerebral stroke patients are elders (Kleinschnitz et al., 2010). Interestingly, the 

neuroprotective effect was more prominent in the Nox4-knockout mice subjected to tMCAO with 

subsequent reperfusion, consistent with findings by Abramov et al., 2007, suggesting that ROS-

formation during reperfusion is foremost Nox-derived. Contradictive however, Nox4 deletion also 

reduced oxidative stress damage during ischemia as suggested by Abramov et al., 2007 to be 

mitochondria- and xanthine oxidase-derived. A possible explanation for this contradiction is Nox4-

localization in the inner-membrane of mitochondria responsible for the mitochondria-derived ROS-

formation burst seen in the study by Abramov et al., 2007 (reviewed in Matsushima et al., 2014). As 

seen, a plethora of studies emphasize the clinical potential of Nox-inhibitiors, including M4, M107, and 

M114 investigated in this study (unpublished data, Glucox Biotech AB Sweden).  
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Ethical aspects and impact of the research society 

The fact that this research was conducted using a cell model reduces the ethical concerns following 

research on animal models which is a strong argument for consideration when deciding appropriate 

research model. This follows the guideline principles of the 3Rs of replacement, reduction, and 

refinement to improve conditions for lab animals. The 3Rs are meant to replace animal use in 

experiments when possible, reduce the number of animals when animal experiments are necessary, 

and minimize their pain and suffering (National Centre for the Replacement and Refinement & 

Reduction of Animals in Research, 2017).  

Cerebral stroke and other ischemia-related disorders affects millions of people every year as one of 

the leading causes for death and disability worldwide. As there is essentially no adjunctive therapy 

available for cerebral stroke treatment, the need for better treatments are required to minimize fatal 

outcomes, post-stroke complications, medical care and rehabilitation. This project can contribute to 

the evaluation of suitable I/R-models, settings, as well as designated stress-induction time points.  
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Conclusions/future perspectives 

Cerebral stroke is a fatal disorder which affects millions of people every year. Better pre- and post-

treatment is needed to reduce mortality rates and following complications. As seen in numerous 

studies, Nox-inhibitors show pre-clinical potential to mitigate I/R-induced injury by oxidative stress 

reduction. The aim of this study was to investigate the effect of the Nox2/4-inhibitors M4, M107, and 

M114 on cell viability after I/R-induction of the neuroblastoma cell model NB69 to evaluate the 

inhibitors applicability as cerebral stroke treatment. The expression level of Nox2/4 in the cell model 

was also investigated, in order to see if I/R would cause any deviation at the gene expression levels. 

A trend was observed after anoxic-induction with an initial suppression of Nox2/4-gene expression at 

1h ischemia/8h reperfusion, followed by a continuous increase of gene expression after 16h- and 24h 

reperfusion with Nox2 approaching the untreated base level expression and Nox4 significantly 

exceeding untreated expression levels.  

However, the lack of ischemic-induced toxic effect during the cell viability investigation suggested that 

alteration of the ischemic conditions was required.  A hypothesis formed suggesting L-glut and serum 

to mitigate ischemic conditions. Therefore, a cell culture optimization step was performed with PBS 

substituting glucose-free medium to investigate the ischemic-response on cell viability. Indeed, 

ischemic-induction using PBS had a substantial toxic effect on cell viability as early as 15min after onset 

of ischemic-induction with total cell death at 2h ischemia, suggesting exclusion of L-glut and serum 

crucial during the ischemic phase.  

Also, several identified factors aside from L-glut and serum could be responsible for the lack of toxic 

effect such as lack of– serum-starvation, cell-rinsing, and deoxygenation of medium prior to ischemic 

induction. Additionally, optimization of the designated ischemic and reperfusion time points is 

required to assure a toxic effect of ischemic-induction and suitable recovery phase for Nox-inhibitor 

investigations along with non-I/R-subjected control cells throughout the time points for accurate cell 

viability analysis. The neuroblastoma cell model SH-SY5Y has been widely used in I/R-investigations 

and could be an alternative cell model for the purpose of this study as proven susceptible to ROS-

mediated ischemic cell death from Nox sources. Alternatively, Retinoic- and 13-cis-retinoic acid 

differentiated NB69- and SH-SY5Y cell models that acquire neuronal-like morphology and traits could 

be used in I/R-studies. Even though a conclusion could not be made based on the results from this 

study, the Glucox Biotech AB Sweden inhibitors M4, M107, M114, and Nox-inhibitors in general show 

pre-clinical potential in consideration of previous Nox-inhibition studies on I/R-induced cerebral 

damage reduction. However, more knowledge is essential of the Nox enzymes expression and 

combined contribution of I/R-mediated injury. Also, other ROS-producing enzymes, affecting systems 

such as miRNA regulation, and pathological conditions must be added in the equation for a clear 

understanding of I/R-injury progress and its prevention. 
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Appendices I 

Appendices I contains the information of the primers used for the PCR and qPCR. 

Table A1. Nox2:1 primers, PrimerBank ID 163854302c1. 

Primer Sequence (5'→3') Length (bp) Amplicon size (bp) Tm (C⁰) Location (bp) 

Forward ACCGGGTTTATGATATTCCACCT 23 135 60.9 89-111 
Reverse GATTTCGACAGACTGGCAAGA 21  60.0 223-203 

Table A2. Nox2:2 primers, PrimerBank ID 163854302c2. 

Primer Sequence (5'→3') Length (bp) Amplicon size (bp) Tm (C⁰) Location (bp) 

Forward TGCCAGTCTGTCGAAATCTGC 21 187 62.7 206-226 
Reverse ACTCGGGCATTCACACACC 19  62.3 392-374 

Table A3. Nox4:1 primers, PrimerBank ID 219842345c1. 

Primer Sequence (5'→3') Length (bp) Amplicon size (bp) Tm (C⁰) Location (bp) 

Forward CAGATGTTGGGGCTAGGATTG 21 96 60.2 142-162 
Reverse GAGTGTTCGGCACATGGGTA 20  61.9 237-218 

Table A4. Nox4:2 primers, PrimerBank ID 219842345c2. 

Primer Sequence (5'→3') Length (bp) Amplicon size (bp) Tm (C⁰) Location (bp) 

Forward TGTGCCGAACACTCTTGGC 19 136 62.8 224-242 
Reverse ACATGCACGCCTGAGAAAATA 21  60.0 359-339 

Table A5. GAPDH primers (ThermoFisher) 

Primer Sequence (5'→3') Length (bp)    

Forward CCACCCATGGCAAATTCCATG 21    
Reverse TCTAGACGGAGGTCAGGTCCACC 23    
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Appendices II 

Appendices II contains the normalized intensities from gel electrophoresis. 

Table A6. Normalized intensities from gel electrophoresis of Nox2 and Nox4 

Primer pair amplicon Normalized intensities Normalized mean Standard deviation 

Nox2  1 0.455 

Nox2.1-low intensity 0.484   
Nox2.1-high intensity 1.072   
Nox2.2-low intensity 0.865   
Nox2.2-high intensity 1.577   

Nox4  17.573 2.822 

Nox4.1-low intensity 16.297   
Nox4.1-high intensity 21.488   
Nox4.2-low intensity 14.938   
Nox4.2-high intensity 17.570   
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Appendices III 

Appendices III contains the relative quantities from the qPCR. 

Table A7. Relative quantities from the qPCR after 8-, 16-, and 24h ischemia 

Primer pairs Control 8h 16h 24h 

Nox2.1 0,561 0,305 0,707 0,614 
 0,810 0,232 0,497 0,769 
Nox2.2 1,394 0,584 1,308 1,385 
  0,610 0,355 1,687 
Nox4.1 0,967 0,594 1,219 2,035 
 1,014 0,554 1,070  
Nox4.2 1,125 0,648 1,541 1,385 
 1,214 0,650 1,375 1,687 
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Appendices IV 

Appendices IV contains information about the layout of the MTS assay. 

Table A8. MTS assay experimental design. 

Treatment Concentration (µM) n 

M4 1.25 6 
M107 2.4 6 
M114 0.3 6 
Control  6 
Background control  3 
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Appendices V 

Appendices V contains the absolute values and the normalized values from the MTS assays. 

Initial optimization assays of cell viability 

Table A9. 1h ischemia/24h reperfusion. Absolute values from MTS assay (absorbance at 490nm) (blank 
corrected).  

 M4 M107 M114 Control  

 0.104 0.098 0.088 0.087  
 0.088 0.089 0.088 0.080  
 0.088 0.111 0.082 0.100  
 0.075 0.125 0.102 0.128  
 0.062 0.089 0.133 0.094  
 0.131 0.103 0.130 0.127  

Table A10. 1h ischemia/48h reperfusion. Absolute values from MTS assay (absorbance at 490nm) 
(blank corrected). 

 M4 M107 M114 Control  

 0.135 0.135 0.122 0.101  
 0.156 0.142 0.134 0.120  
 0.158 0.196 0.173 0.153  
 0.091 0.179 0.211 0.166  
 0.036 0.168 0.203 0.155  
 0.067 0.159 0.180 0.155  

Table A11. 1h ischemia/72h reperfusion. Absolute values from MTS assay (absorbance at 490nm) 
(blank corrected). 

 M4 M107 M114 Control  

 0.140 0.146 0.131 0.099  
 0.171 0.134 0.146 0.076  
 0.141 0.134 0.139 0.125  
 0.163 0.139 0.116 0.090  
 0.141 0.158 0.148 0.081  
 0.175 0.115 0.138 0.104  

Table A12. 2h ischemia/24h reperfusion. Absolute values from MTS assay (absorbance at 490nm) 
(blank corrected).  

 M4 M107 M114 Control  

 0.204 0.190 0.163 0.175  
 0.197 0.168 0.194 0.208  
 0.207 0.156 0.174 0.263  
 0.204 0.168 0.200 0.216  
 0.218 0.202 0.243 0.188  
 0.250 0.194 0.224 0.164  

Table A13. 3h ischemia/24h reperfusion. Absolute values from MTS assay (absorbance at 490nm) 
(blank corrected).  

 M4 M107 M114 Control  

 0.150 0.141 0.141 0.166  
 0.163 0.193 0.175 0.163  
 0.185 0.181 0.166 0.179  
 0.176 0.191 0.213 0.227  
 0.187 0.185 0.200 0.211  
 0.152 0.199 0.190 0.179  
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Table A14. 4h ischemia/24h reperfusion. Absolute values from MTS assay (absorbance at 490nm) 
(blank corrected).  

 M4 M107 M114 Control  

 0.157 0.193 0.198 0.175  
 0.165 0.154 0.146 0.192  
 0.151 0.169 0.194 0.196  
 0.165 0.172 0.147 0.209  
 0.082 0.168 0.186 0.181  
 0.120 0.191 0.233 0.166  

 

Analysis of cell viability after different lengths of ischemia and reperfusion 

Table A15. Compiled 1h ischemia/72h reperfusion. Normalized values (%) from MTS assay (absorbance 
at 490nm) (blank corrected).  

 M4 M107 M114 Control  

 102.2 84.1 88.2 95.7  
 88.6 87.1 91.6 99.1  
 92.0 85.3 65.6 97.9  
 77.3 97.9 102.7 109.0  
 63.3 92.0 92.7 104.3  
 93.6 103.6 98.4 93.9  
 93.3 98.2 100.1 104.3  
 84.7 94.0 98.0 102.0  
 83.3 88.3 86.1 96.0  
 84.0 90.7 100.1 93.0  
 81.2 93.9 101.2 108.6  
 35.2* 78.6 104.3 96.1  
 159.0 88.3 97.0 113.1  
 147.3 148.2 86.5 128.6  
 163.1 150.8 91.5 120.4  
 155.2 156.6 87.1 76.3  
 149.9 144.1 66.0 76.9  
 157.2 167.8 144.4 84.8  

*Removed due to identification as outlier. 

Table A16. Compiled 1h ischemia/96h reperfusion. Normalized values (%) from MTS assay (absorbance 
at 490nm) (blank corrected).  

 M4 M107 M114 Control  

 86.6** 110.0 104.2 102.2  
 96.9** 84.0 103.5 104.6  
 80.8** 98.3 97.6 105.2  
 45.9** 101.5 105.6 99.1  
 37.6** 98.9 78.9 98.0  
 35.3** 94.9 72.5 90.8  
 93.3 96.9 114.8 70.2*  
 94.5 97.5 104.3 110.7  
 86.0 98.3 98.0 104.0  
 84.4 99.6 97.1 102.7  
 90.6 104.5 107.8 107.1  
 79.4 86.8 116.1 105.3  
 141.6 73.6 102.1 101.9  
 144.2 77.3 80.7 97.3  
 142.5 55.9 86.6 103.0  
 152.6 101.9 81.5 96.2  
 159.5 78.8 83.8 96.7  
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 154.3 78.4 85.1 104.9  

* Removed due to identification as outlier. ** Removed due to unreliable results. 

Table A17. Compiled 1h ischemia/120h reperfusion. Normalized values (%) from MTS assay 
(absorbance at 490nm) (blank corrected).  

 M4 M107 M114 Control  

 85.7 89.4 90.7 86.9  
 101.9 93.2 92.1 97.2  
 105.1 100.3 101.4 98.3  
 95.6 99.9 101.9 101.1  
 73.9 105.9 99.3 111.9  
 69.1 102.8 108.8 104.5  
 91.2* 100.1 109.8 105.9  
 109.6 100.5 99.4 92.2  
 107.3 100.0 104.7 90.4  
 108.7 94.5 102.6 102.9  
 107.6 66.6 105.2 100.4  
 105.6 67.0 99.9 108.2  
 130.7 127.2 106.7 103.1  
 145.6 128.4 114.7 99.4  
 135.5 139.3 107.7 104.6  
 146.7 125.6 125.4 95.4  
 139.2 128.2 118.2 105.8  
 136.7 143.9 110.5 91.6  

* Removed due to identification as outlier. 

Table A18. Compiled 2h ischemia/72h reperfusion. Normalized values (%) from MTS assay (absorbance 
at 490nm) (blank corrected).  

 M4 M107 M114 Control  

 106.2 97.8 117.8 109.5  
 104.2 110.8 112.4 103.8  
 111.2 105.8 98.0 120.7  
 86.9 106.9 115.7 98.9  
 65.9 97.6 108.4 64.4  
 61.6 94.1 118.9 102.7  
 139.4 125.7 129.6 119.1  
 138.1 119.6 12.1 110.8  
 122.8 128.5 132.4 89.7  
 132.0 126.5 143.7 99.7  
 127.3 129.4 135.1 91.1  
 137.3 139.2 119.6 89.7  

Table A19. Compiled 2h ischemia/96h reperfusion. Normalized values (%) from MTS assay (absorbance 
at 490nm) (blank corrected).  

 M4 M107 M114 Control  

 88.9 91.2 85.5 87.0  
 87.8 81.8 93.8 91.6  
 98.7 87.2 102.9 89.2  
 91.5 93.8 93.1 108.0  
 90.2 78.8 109.7 111.1  
 53.6* 61.0 89.3 113.1  
 82.1 86.0 97.6 92.8  
 89.6 91.7 85.5 95.5  
 80.4 90.5 92.7 97.9  
 89.0 89.6 90.5 103.6  
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 84.5 94.6 94.7 99.5  
 76.8 92.9 104.7 110.8  
 115.6 88.6 105.7 97.3  
 95.3 95.8 96.9 88.3  
 105.4 99.8 105.5 109.5  
 114.2 105.9 115.2 100.2  
 111.3 106.2 112.0 97.7  
 111.6 107.9 114.4 107.0  

* Removed due to identification as outlier. 

Table A20. Compiled 2h ischemia/120h reperfusion. Normalized values (%) from MTS assay 
(absorbance at 490nm) (blank corrected).  

 M4 M107 M114 Control  

 104.2 99.6 103.5 105.1  
 93.9 103.4 103.3 95.9  
 101.8 101.3 95.1 100.5  
 108.6 98.1 99.7 92.4  
 102.7 101.2 89.5 100.7  
 102.8 92.7 96.3 105.4  
 97.0 103.3 95.1 89.7  
 99.2 95.7 90.8 93.4  
 95.5 99.9 92.1 104.6  
 101.7 80.9 101.0 115.0  
 92.9 94.5 82.2 100.3  
 76.5 91.0 90.1 97.0  
 107.6 104.4 96.2 106.9  
 94.8 90.6 92.6 94.7  
 94.8 101.6 95.3 97.6  
 113.1 105.7 108.8 90.8  
 107.1 99.5 100.9 107.4  
 105.0 95.5 101.2 102.7  

 

Optimization of cell viability with PBS + FBS (15%) and PBS substituting glucose-free 

medium 

Table A21. Compiled 2h ischemia/24h reperfusion with PBS + FBS (15%) during ischemia. Normalized 
values (%) from MTS assay (absorbance at 490nm) (blank corrected).  

 M4 M107 M114 Control  

 87.7 109.3 95.8 125.1  
 90.4 89.3 92.4 113.1  
 69.3 88.9 108.1 131.6  
 85.1 86.2 112.8 48.5*  
 93.5 99.3 94.7 99.3  
 85.8 92.4 108.9 82.4  
 114.1 90.6 91.9 96.4  
 111.5 126.6* 107.0 115.5  
 111.5 91.5 110.1 103.5  
 104.4 81.3 117.7 93.3  
 105.3 86.2 104.4 95.9  
 113.2 96.4 99.9 95.9  

* Removed due to identification as outlier. 

Table A22. Compiled 2h ischemia/48h reperfusion with PBS + FBS (15%) during ischemia. Normalized 
values (%) from MTS assay (absorbance at 490nm) (blank corrected).  
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 M4 M107 M114 Control  

 93.1 88.1 99.4 106.9  
 95.6 80.6 99.1 97.1  
 81.4 96.4 94.6 105.1  
 86.4 89.6 90.4 110.6  
 86.6 85.1 87.1 98.9  
 87.4 86.4 81.1 81.4  
 83.4 86.4 94.1 121.7  
 78.8 81.8 87.6 117.1  
 91.6 91.8 86.7 95.3  
 94.4 87.3 99.3 83.4  
 91.9 85.8 106.6 82.7  
 96.5 96.8 85.5 99.9  

Table A23. Compiled 2h ischemia/72h reperfusion with PBS + FBS (15%) during ischemia. Normalized 
values (%) from MTS assay (absorbance at 490nm) (blank corrected).  

 M4 M107 M114 Control  

 104.7 78.4 97.3 116.8  
 112.3 81.9 103.1 110.0  
 100.2 90.9 94.0 110.7  
 103.1 101.6 103.1 91.9  
 100.0 95.4 103.9 97.1  
 98.3 89.5 100.4 73.6  
 125.7 108.4 112.6 107.1  
 108.2 97.7 99.0 95.5  
 108.6 99.0 94.8 106.9  
 103.1 88.0 88.0 96.4  
 113.2 89.6 99.2 100.9  
 112.3 91.8 105.5 93.3  

Table A24. Control plates for the PBS test run. Absolute values from MTS assay (absorbance at 490nm) 
(blank corrected).  

 M4 M107 M114 Control  

 0.229 0.161 0.292 0.305  
 0.248 0.277 0.287 0.304  
 0.213 0.271 0.270 0.282  
 0.223 0.302 0.247 0.247  
 0.223 0.222 0.237 0.230  
 0.237 0.188 0.270 0.237  
 0.311 0.207 0.268 0.216  
 0.258 0.218 0.247 0.173  
 0.277 0.201 0.248 0.175  
 0.216 0.223 0.219 0.195  
 0.161 0.155 0.228 0.158  
 0.220 0.184 0.197 0.218  

Table A25. Control plates for the PBS test run. Normalized values (%) from MTS assay (absorbance at 
490nm) (blank corrected).  

 M4 M107 M114 Control  

 100.29 70,51 127,88 133,58  
 108.61 121,31 125,69 133,14  
 93.28 118,69 118,25 123,50  
 97.66 132,26 108,18 108,18  
 97.66 97,23 103,80 100,73  
 103.80 82,34 118,25 103,80  



36 
 

 136.20 90,66 117,37 94,60  
 113.00 95,47 108,18 75,77  
 121.31 88,03 

 
108,61 
 

76,64 
 

 

 94.60 97,66 95,91 85,40  
 70.51 67,88 99,85 69,20  
 96.35 80,58 86,28 95,47  

 

Table A26. 15min ischemia/24h reperfusion with PBS during ischemia. Absolute values from MTS assay 
(absorbance at 490nm) (blank corrected).  

 M4 M107 M114 Control  

 0.166 0.151 0.160 0.155  
 0.133 0.147 0.129 0.136  
 0.099 0.112 0.098 0.109  
 0.119 0.118 0.109 0.120  
 0.110 0.131 0.102 0.138  
 0.099 0.088 0.087 0.129  

Table A27. 15min ischemia/24h reperfusion with PBS during ischemia. Normalized values (%) from 
MTS assay (absorbance at 490nm) (blank corrected).  

 M4 M107 M114 Control  

 72,70 66,13 70,07 67,88  
 58,25 64,38 56,50 59,56  
 43,36 49,05 42,92 47,74  
 52,12 51,68 47,74 52,55  
 48,18 57,37 44,67 60,44  
 43,36 38,54 38,10 56,50  

 

Table A28. 30min ischemia/24h reperfusion with PBS during ischemia. Absolute values from MTS assay 
(absorbance at 490nm) (blank corrected).  

 M4 M107 M114 Control  

 0.135 0.116 0.085 0.099  
 0.108 0.085 0.105 0.140  
 0.097 0.077 0.102 0.154  
 0.090 0.118 0.129 0.103  
 0.102 0.093 0.142 0.103  
 0.111 0.106 0.143 0.142  

Table A29. 30min ischemia/24h reperfusion with PBS during ischemia. Normalized values (%) from 
MTS assay (absorbance at 490nm) (blank corrected).  

 M4 M107 M114 Control  

 59,12 50,80 37,23 43,36  
 47,30 37,23 45,99 61,31  
 42,48 33,72 44,67 67,45  
 39,42 51,68 56,50 45,11  
 44,67 40,73 62,19 45,11  
 48,61 46,42 62,63 62,19  
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Table A30. 1h ischemia/24h reperfusion with PBS during ischemia. Absolute values from MTS assay 
(absorbance at 490nm) (blank corrected).  

 M4 M107 M114 Control  

 0.104 0.118 0.109 0.071  
 0.115 0.093 0.100 0.110  
 0.092 0.155 0.135 0.106  
 0.110 0.108 0.127 0.095  
 0.107 0.107 0.102 0.090  
 0.130 0.103 0.106 0.093  

 

Table A31. 1h ischemia/24h reperfusion with PBS during ischemia. Normalized values (%) from MTS 
assay (absorbance at 490nm) (blank corrected).  

 M4 M107 M114 Control  

 45,55 51,68 47,74 31,09  
 50,36 40,73 43,80 48,18  
 40,29 67,88 59,12 46,42  
 48,18 47,30 55,62 41,61  
 46,86 46,86 44,67 39,42  
 56,93 45,11 46,42 40,73  

 


