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Description:  

This is a technical paper describing  a variety of preliminary results 

from in vitro  experiments ,  performed at national rese arch 

institutions ,  investigating  the bioactivity of a certain redox 

signaling compound, ASEAÊ, when placed in direct physical contact with 

living cells.   Specific investigations include  in vitro toxicity and 

antioxidant efficiencies of the master antioxidants glutathione 

peroxidase (GPx) and Superoxide Dismut ase  (SOD)  inside living cells 

and the translocation of two well - studied transcription factors  ( NF-

kB, NRF2)  known to  regulate toxic response  and antioxidant production 

in human cells .   Some preliminary work on concentration dependence was 

also done as well  as cell proliferation, counts associated with 

induced oxidative stress in human cells.  

Objectives  of Investigations :  

The objective s of the  investigations were (1)  to  determine if any 

signs of toxicity  (NF- kB activation) are  mani fest  when varying 

concentrations of  a certain redox s ignaling compound, ASEAÊ, are 

placed in physical contact with living  cells, (2) to determine if  such 

direct contact affects  the antioxidant efficacy  of glutathione 

peroxidase  (GPx) and superoxide dismutase  ( SOD) and (3) to determine 

if such contact activates translocational t ranscription (NRF2) 

associated with  increased expression of antioxidant s in living human  

endothelial  cells and to verify  the expression of such transcription 

factors  by  Western Blot  analysis , (4) to determine the effect  of this 

redox s ignaling compound  on proliferation cell counts of human cells 

and associated markers (LDH) for cell viability and health , (5) to 

determine the effects of this redox signaling compound on cells that 

were  stressed with cytokines ( Cachexin ), radiation and serum 

starvation.  

Theory Overview  

The immune - supporting  Redox Signaling  supplement, ASEAÊ, contains a 

redox - balanced mix ture  of Redox Sign ali ng molecules [both reactive 

oxygen species (ROS) and reduced species (RS)] that are involved in a 
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large  variety of pathways  and receptor - site activity  in human cells .   

For example, w hen cells are dama ged, for any reason (ex. t oxins, DNA 

breaks or infections), the nativ e Redox Signaling messengers inside 

the cells can become imbalanced, most often manifest by the 

accumulation of  intracellular  oxi dants and ROS  (oxidative stress).   

The cell, so affected, will activate defense and repair mechanisms 

aimed to restore proper r edox - signaling homeostasis and proper 

cellular function.  If repair  efforts are unsuccessful and normal 

homeostatic redox balance is not able to be restored, then withi n a 

few hours, the excess oxidants  and ROS in such cells will fac ilitate 

apoptotic proce sses to  internally digest and destroy the dysfunctional 

cell.  Healthy neighboring cells will then divide to replace it .   A 

complete field of science called ñredox signalingò has been founded to 

study such processes,  with literally thousands  of references 

available.  

It is the  nature of certain redox  signaling molecules, when unbalanced 

or isolated, to elicit  immediate recognizable toxic responses in  

exposed living cells ; hydrogen per oxide is one example of such a redox 

signaling molecule .  Th e first - line  cellular response  to toxic 

substances  involves the translocation of NF - kB into the nucleus as a 

precursor to the inflammatory response and other defense mechanisms.  

The movement of NF - kB into the nucleus can be  visibly tracked in a 

living cel l under a fluorescence microscope with the aid of 

fluores cent  tag  molecules.  The observation of nuclear translocation 

of NF - kB is a sure marker that a toxic response has been initiated.  

Even low - level toxicity is detectable with this catch - all method; lo w-

level  concentrations  of hydrogen peroxide , for example,  produce an 

easily distinguishable positive toxic response.  

A separate transcription factor, NRF2, moves  into the nucleus  i n 

response to low - level oxidative stress  and  facilitates the increased 

production  of antioxidants . Again, by the use of fluorescent tags, the 

nuclear translocation of NRF2 can be seen in cells under a 

fluorescence microscope.   NRF2 nuclear translocation is a second - line -

of - defense mechanism known to  increase the  production of  protective 

enzymes and antioxidants such as glutathione peroxidase and superoxide 

dismutase.   NRF2 translocation will often accompany low - level  NF- kB 

activation  and NF- kB activation  (almost)  always precedes  NRF2 

translocation.   Substances that exhibit low - level toxicity, such as 

trace homeopathic toxins, have long been used to activate the NRF2 

pathway in order to stimulate these  natural defend - repair - replace 

mechanisms.  
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Enzy matic efficacy of antioxidants, such as Glutathione P eroxidase 

(GPx)  and Superoxide Dismutas e (SOD) ,  can be determined through 

standardized ELISA tests that measure the time - related reduction of 

certain oxidants introduced in to  cell lysates after the living cells 

have been exposed to the test substance for a  given period of time.  

The reagents of the ELISA test must be chose n as not to interfere or 

interact with the test substance.  Other critical factors such as t he 

time of exposure and concentration dependence  must be experimentally 

determined.  

Western Blot  methods also exist to experimentally determine the 

quantities  of GPx or SOD in cell lysates.  These well - established 

molecular separation techniques and can be used to directly verify 

whether  the quantity of such antioxidant  enzymes has been increased  in 

th e sample .  M easured antioxidant efficiency, however, remains the 

best indication of cel lular antioxidant defense.  

Monitoring c ellular proliferation, cell counts and chemical indicators 

of cellular death  are also commonly u sed to determine cellular 

vi ability  and gross response to stressors  such as radiation, cytokines 

and toxins.  Cachexin , for example, is a potent toxin , a cytokine,  

that elicits immediate toxic responses and build - up of oxidative 

stress  in exposed cells .  Cells, so stressed, exhibit a  greater 

tendency to undergo apoptosis and die, thereby  releasing internal 

proteins (such as LDH) into the surrounding serum.  

Normally, when the introduction of such stressors and toxins elicit  

oxidative stress conditions  in the cell cultures , cell counts will 

fall, cell ular proliferation will subside, and serum LDH levels will 

rise, indicating that cell death is occurring  in the culture .  

Hydrogen pe roxide, radiation and serum starvation can also elicit  

similar responses.  Redox signaling messengers , as ou tlined  above,  are 

intimate ly involved in cellular reception of and response to such 

stressors; redox  messengers are involved in mediating antioxidant 

production and action to protect the cells, repair mechanisms 

necessary to fix DNA and structural damage a nd also in mediating the 

apoptotic process  that result s in cell death.  

Increasing the concentration of such redox messengers in the serum may 

serve to augment the efficiency of these normal cellular processes.  

The exact action of various redox signaling mixtures must  be 

determined experimentally. Independent unpublished studies, involving 

Mass Spect roscopy, Florescent Spectroscopy and Electron Spin 
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Resonance, have unmistakably verified the existence of several kinds 

r edox signaling molecules in the immune- supporting supplement, ASEAÊ.  

Well - established redox electrochemist ry also validates the existence  

of such redox signaling molecules.  The s tability of  this redox -

balanced mixture is many orders of magnitude greater than expected .  

The confirmed preservation of unstable moieties in this supplement  

might be explained by the existence of certain stable molecular 

complexes , some of them verified by mass spectrosco py, that can shield 

radical interactions.  Intellectual property agreem ents, however, 

prevent the disclosure o f the detail s.  

 

Experimental  Methods:  

The following research was  co nducted on a best efforts basis  by a 

senior researcher at a national laboratory  and is designed to assess 

basic mode - of - action  when the redox signaling , ASEA Ê, is placed into 

direct contact with human cells :  

1.  The initial dose range projected  for in vitro studies was 

extrapolated from a 10 ml ASEA /kg equivalent oral dose from  human 

trials.  

2.  Glutathione peroxidase (GPx) and superoxi de dismutase  (SOD)  

ELISAs were  used to determine whether ASEA  alters enzymatic 

activity  in murine epidermal (JB6)  cells .  

3.  LDH (non - specific cellular death) levels and cell proliferation 

rates were determined for various cell types exposed to ASEA.  

4.  Human microvascular endothelial lung cells (HMV EC- L) were  treated 

with ASEA  and cell lysates were  analyzed by GSH - Px and SOD ELISAs 

to determine whether antioxidant enzyme activities are altered.  

5.  HMVEC- L cel ls were  treated with a phosphate buffer ed saline 

solution (PBS)negative control , 5% and 20%  concentrations of  ASEA 

and a Cachexin  positive control  to determine the nuclear 

translocation activity  of the p65 subunit of NF - kB (cytokine 

transcription )  at 30, 60, 90 and 120 min. intervals .  Fluorescent 

micros copy techniques were  employed to image cellular response .  

6.  Step (4) w as repeated except nuclear translocation activity of P -

Jun was determined as an extension/verification of step 4 .  
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7.  Two cultures of HMVEC- L cells , one  with normal random cell cycles 

and  another with  serum starvation were treated with low < 1% 

concentrations of ASEA  to determine the nuclear activity of NRF2 

(antioxidant transcription) at 30, 60, 90 and 120 minute 

intervals compared to a negative ( PBS)  control.  

8.  A Western Blot analysis was done on extra - nuclear and intra -

nuclear fractions, separated by di fferential centrifugation, of 

serum starved HMVEC - L ce ll  cultures exposed to < 1% ASEA compared 

with a  positive hydrogen peroxide control to determine 

phospho rylation events ( oxidant action)  in the extra - nuclear 

fraction  and NRF2 (antioxidant transcription) in the  intra -

nuclear fraction at 0, 30, 60, 90 and 120 min .  intervals.  

9.  Normal random cell phases of HMVEC - L cells were exposed to 

radiation and then treated with ASEA.  Cell counts were taken to 

determine survival .  

10.  The efficacy of Cachexin  reception in confluent - phase and 

normal - phase HMVEC- L cells was determined through changes in 

extracellular and intracellular LDH activity in cells exposed to 

various mixtures of Cachexin , PBS and ASEA solutions.  

 

Objective 1: Determine In Vitro Toxicity  

Experimental Methods used to Assess Toxic R esponse in Primary Human 

Lung Microvascular Endothelial Cells (HMVEC - L):  

HMVEC- L cells (catalog # CC - 2527) were purchased from Lonza 

(Walkersville, MD) as cryop reserved cells (Lot# 7F4273).  Cells were 

thawed and maintained according to manufacturerôs directions.  Cell 

culture medium (proprietary formulation provided by Lonza) contained 

epidermal growth factor, hydrocortisone, GA - 1000, fetal bovine serum, 

vasoact ive endothelial growth factor, basic fibroblast growth factor, 

insulin growth factor - 1 and ascorbic acid.  

HMVEC- L Cell cultures  in normal random cell cycles were exposed to 

high - concentration ASEA in the ser um medium, concentrations of 5% and 

20%, and analyzed in conjunction with cultures exposed to phosp hate 

buffer ed saline solution (PBS) as non - toxic negative control  and  

Cachexin  (5 ng/ml) as a positive control (highly toxic) .   At 

intervals of 0, 30, 60, 90, and 120 minutes, aliquots of cells  from 

each culture  were placed under a fluo rescent microscope, stained by 
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fluorescent dy es designed to tag t he p65 subunit of NF- kB along with  a 

DAPI fluorescent nuclear stain that aids the computer software to find 

the nuclei.  Computer a utomated imaging techniqu es  were used to 

determine the r elative  degree of translocation NF- kB into the nucleus  

via fluorescent analysis over several cells .  As a reminder  to the 

reader , P65 NF- kB translocation is the first - phase non - specific 

cellular response  to  toxicity.   Thus the movement of the NF- kB into 

the nucleus ,  as seen visua lly in the microscope images ,  is a sensitive 

indicator of general toxic response.  

Results of HMVEC - L Cells p65 subunit NF- kB screen for toxicity:  

Typical cell images are shown below  for each culture .  T ranslocation 

of p65 subunit of NF- kB into the nucleus  was not seen in any cell 

cultures exposed to high - concentrati on ASEA.  Automated analysis 

confirmed this and indicated  no toxic response  at 0, 30, 90 and 120 

minutes .  In contrast, Cachexin  exposed cells exhibited  an immediate 

sustained toxic response.  

 

 

 

     PBS          5%          20%      Positive   

 Control    ASEA       ASEA     Control  

Cachexin is positive control and induces the translocation of p65 subunit of NF-kB 

from cytosol into nucleus.  DAPI staining shows position of nuclei in these images 

(see white arrow).  ASEA (5 and 20% final v/v) did not induce nuclear translocation 

of NF-kB at 30, 60 and 120 min time points. 
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Given this  null indication  of toxicity  after exposure to high 

conc entrations of ASEA , another test was performed to  conf irm 

behavior .  

 

Additional Method to Assess Toxic Response of HMVEC - L Cells  (P - Jun) :  

A similar methodology as  that employed with  NF- kB was employed to 

determine the nuclear tr anslocation of an anti - phospho - Jun  ( AP- 1 P-

Jun)  antibody index ( P- Jun  is another toxicity - related  redox -

r espon sive transcription factor).  HMVEC- L cells were  again  exposed to 

high - concentration  ASEA.  All pro cedures were similar to the NF- kB 

analysis except for the substitution  of  P- Jun fluorescent indicators  

and automated measurements taken over 100 cells in order to increase  

sensitivity.  An additional naïve (untouched) culture was also 

analyzed.  

Results for P - Jun screen for toxicity :  

 

 

 

          PBS         5%        20%    Positive   

     Control     ASEA     ASEA    Control  

Naive 

20% PBS 

5% ASEA 

20% ASEA 

Cachexin 

AP-1 index determined using anti-phospho-Jun (P-Jun) antibody.  AP-1 is nuclear localized 
and upon activation, the phosphorylation status of P-Jun is increased.  Anti-P-Jun antibody 
binds to the phosphorylated form reflected as an increase in fluorescence intensity (see 
Cachexin control).  A consistent trend reflecting an increase in P-Jun levels was not 
observed for cells treated with 5% or 20% ASEA at 30, 60 and 120 min time points, while the 
Cachexin positive control significantly increased nuclear P-Jun levels at 30 min. 
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Again no toxic response was observed; there was no  significant 

accumulation of P - Jun in  the nuclei of  cell cultures exposed to high 

concentrations of ASEA.  Automated analysis indicated no toxic 

response at 0, 30, 90 and 120 minutes , with a slight but non -

significant increase for 20% ASEA at the 30 minute time point; at 

other time points no increase was d etected .  In contrast, the Cachexin  

exposed cells  (positive control) , as expected exhibited an immediate 

sustained toxic response .  

 

Conclusions and Discussion on Results for Pr imary HMVEC - L C ell  

Toxicity :  

The results of the P - Jun a nalysis conc urred with the response seen in 

the NF- kB analysis.  For both tests, t here was no significant 

difference between ASEA exposure and t hat of the negative PBS control 

for  healthy random - phase HMVEC- L cells.  This con firmed lack of 

toxicity  was somewhat unexpected for this mixture of redox signaling 

molecules, considering  that some of the m, if isolated from  t he 

mixture ,  are known to elicit an immediate response.  

Since nuclear trans location of NF- kB and P - Jun are typically the first 

responders to  serum toxicity and are known to ini tiate the 

inflammatory response, especially in the ultra - sensitive human 

endothelial cells ,  healthy human cells  when directly exposed to ASEA ,  

are not expe cted to exhibit defensive behavior nor initiate  

inflammatory proc esses (such as the  release of inflammatory 

cytokines ) .  It is not certain f rom this data whether exposure w ould 

supp ress or reverse the inflammatory process.  

Blood serum levels of such redox signaling molecules, for all in vivo 

oral applic ations , would  not exceed  serum concentrations  of  1% and 

typically  would  be less than 0.1 %.  Serum  level s are  expected to drop  

over time  due to enzymat ic breakdown  of the components .   Independent 

in vivo p harmacokinetic studi es indicate that the active components in 

ASEA have a ppr oximately a 17 minute half - life in the blood and thus 

would  be effectively cleared from the blood with in a few hours.  Thus 

no toxic response is expected due to ex posure of healthy human cells 

at  such levels.   It has been seen in these in vitro studies that 

direct exposure of human cells to serum concentrations of up to 20% is 

still well tolerated.   The com plete lack of toxicity, comparable  to 

the PBS control,  is extremely rare and indicates that despi te the 
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r eactivity of this mixture ,  it is  well tolerated  by human tissues and 

is native  to  or compatible  with  the  extracellular environment s.  

 

Objective 2: Determine Antioxidant Efficacy  

Experim ental Methods Used to Determine Antioxidant Efficacy of 

Glutathione Peroxidase (GPx )  

Cell cultures of s tandard m urine epidermal cells (JB6) , obtained 

locally , were exposed to various small concentrations of ASEA ( less 

than  1%)  and PBS solution  for 24 hours .  C ell lysates we re prepared 

for measurement s of GPx enzymatic acti vity using a commercially 

available ELISA kit  (GPx activity kit, Cat #900 - 158) according to 

directions of the manufacturer (Assay Designs, Ann Arbor, MI) .   

Decrease of o xidants  due to GPx enzymatic activity was monitored  over 

an 11  minute  period of time after a chemical agent ( cumene 

hydroperoxide )  initiated the reaction .  The decrease  of oxidants is  an 

indication of antioxidant e fficacy .  To determine GPx efficacy at 

various concentrations of PBS or ASEA , three replications  of oxidant  

res idual in the sample s were  read  every 2 min to generate the slope , 

in dicating the decrease in relative fluorescence units (R FU)(oxidant 

residual )  per minute.  

Results and Observations for  GPx Antioxidant Efficacy Test  

After activation, the reduction of oxidants over time was closely 

linear, as seen in the graphs below (RFU units on vertical scale).   A 

well - defined slope was established over the 11 minute interval.  
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Antioxidant activity is measured by reduction of oxidants over time.  

 

A significant increase  in antioxidant activity  was seen in samples 

infused  with ASEA compared to th e PBS control (second graph) .  

Concentration dependency, however, was not s een between the 5ul, 10ul 

and 20ul infusions.  This suggest s that GPx antioxid ant activity might 

sa turate  at concentrations  lower than that represented by the 5ul 

infusion .  Such considerations  will be discussed later.  

The table below summarizes the data shown on the preceding graphs.  

Sample Infusion  Volume  

(< 1% total volume)  

Slope for PBS Control  

(% r eduction/minute )  

Slope for ASEA  

(% reduction/minute )  

0 ul  0. 1% 0.1 % 

5 ul  0. 1% 3.6 % 

10 ul  0.2 % 3.6 % 

20 ul  0.3 % 3.7 % 

Table comparing oxidant reduction due to ASEA infusion  

The raw data reflects m ore than a 10 fold i ncrease in antioxidant 

activity related to ASEA infusion.   Taking into account expe rimental 

uncertainties, it is 98% certain  that the serum infusion of small 

concentrations  (< 1%) of ASEA increased antioxidant efficiencies by at 

least 800%.   Further investigations should be done to confirm this 

increase and explore concentration dependence for these low - level  

serum concentrations.  
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Experimental Methods Used to Determine Antioxidant Ef ficacy of 

Superoxide Dismutase  (SOD) :  

Human HMVEC- L cells were treated with 10% phosphate buffered saline 

(PBS; vehicle control),  5% or 10% ASEA  for 24 hr at which time cell 

lysates were prepared for measurements of  SOD activity using a 

commercially available kit (SOD activity, cat# 900 - 157) according to 

manufa cturerôs (Assay Designs, Ann Arbor, MI) directions.  Cell 

culture medium was assayed for SOD activity in parallel.  Limited 

trials with smaller concentrations of ASEA < 1% and murine epidermal 

cells were also attempted.  

Results of First - Attempt Methods to D etermine  SOD activity  for high 

serum ASEA concentration :  

Diluted lysates showed a marginal increase in enzymati c activity 

associated with ASEA treatment.  Changes in enzym atic activity were 

marginal in  th e initial range of 5 - 10% ASEA (final concentration, 

v/v ).  The data represent the first attempt to measure SOD activity 

using primary HM VEC- L cells treated with ASEA.  I t is feas ible that 

the lack of SOD activi ty associated with 5 - 10% ASEA might be related 

to non - specific inhibition a t high dose.  The primary concern is that 

we have little understanding of the primary human HMVEC - L cell model 

and cannot determine whether these cells are optimal for investigating 

antioxidant defen se regulation induced by ASEA .  For example, ascorbic 

acid , known to break down certain redox signaling complexes in ASEA ,  

is supplemented into the medium and it is feasible that some 

modification of the medium formula (such as omission of ascorbic acid 

for short periods of time defined empirically) could produce  more 

optimal conditions for detecting antioxid ant defense regulated by 

ASEA.   Initial efforts to serum - starve these cells, as one approach 

to increase sensitivity and optimize the model, were unsuccessful and 

resulted in extensive cell death  over 24 hour s, indicating that the 

cells are dependent on the growth factors supplemented in the cell 

culture medi um to maintain cell viability.  If we interpret the 

initial ASEA  concentrations (5 - 10%) to be high (based on inhibition of 

medium enzymatic activity and c ell proliferation), then it is possible 

that the marginal increase in enzymatic activity associated with cell 

lysates observed here may not accurately reflect antioxidant defense 

regulation possibly occurring at lower concentrations.  The use of an 

in vitr o model system with a well defined and robust NRF2 - regulated 

antioxidant defense response would help address some of these 

uncertainties.  In retrospect, we have  observed that a lower 
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concentration of ASEA  (1%) induce s the nuclear translocation of the 

NRF2 transcription factor.   In addition, the  24 hr time point was 

chosen for the initial screen as a general time point for in vitro  

investigations that would capture transcriptional regulation, however, 

this time point wa s not optimal.  

Results of Further Investigations in to  SOD enzymatic activity  at low 

ASEA concentrations (< 1%):  

It was found in another investigation t hat NRF2 nuclear translocation 

(data and results are in the following sections) , took place at low 

doses of ASEA ( less than 1% ) and  elicit ed peak SOD antioxidant 

activity at about 30 to 120 minutes after exposure.  Thus when SOD 

antioxidant activity was measured due to low - concentration ASEA 

exposure at a 30 to 120 minute  time points, results similar to the GPx 

enzymatic activity were seen both with murine epidermal (JB6) cells 

and serum - starved HMVEC - L cells at a time point 90 to 120 minutes.  

Graphs were not supplied, however, a 500% increase in peak SOD 

enzymatic activity was estimated  over a short 120 minute term , with 

95% confidence.  Specific work on low - level concentration dependence 

still has yet to be done.  

 

Objective 3: To Determine Antioxidant Transcriptional Activity  

Experimental Methods Used to Determine Nuclear Translocation of NRF2 

in HMVEC- L Cells and Western Blot Verification :  

HMVEC- L c ells were again thawed and maintained according to 

manufacturerôs directions.  The culture medium contained e pidermal 

growth factor, hydrocortisone, GA - 1000, fetal bovine serum, vasoactive 

endothelial growth factor, basic fibroblast growth factor, insulin 

growth factor - 1 and ascor bic acid  in randomly cycling cultures.  

Ascorbic acid was withheld from serum - starved cultures.  

HMVEC- L Cell cultures in both normal random cell cycles and in serum 

starvation were exposed to high - concentration (5 - 20%) and low -

concentration (1%) ASEA in the serum medium  and analyzed in 

conjunction with cultures exposed only to phosphate buffered saline 

solution (PBS),  as a negative control .  At time point s of 30, 60, 90, 

and 120 minutes, aliquots of cells  from each of the culture s were 

placed under a fluorescent microscope, stained by a fluorescent dye 

designed to tag the NRF2 transcription factor  along with  the  DAPI 
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fluorescent nuclear stain that aids the  computer software to find the 

nuclei.  Computer automated imaging techniques were used to determine 

the relative degree of nuclear accumulation of NRF2 via fluorescent 

analysis over several cells.  NRF2 regulates the transcription of a 

number of phase II antioxidant defense enzymes and raises the 

possibility that additional antioxidant defense enzymes, such as 

gl utathione transferase , m ay be expressed through exposure to ASEA.   

Thus the accumulation of NRF2 into the nucleus ,  as seen visually in 

the microsc ope images ,  is a n ind icator of increased antioxidant 

expression in the cells .  

Results of HMVEC - L Nuclear Accumulation of NRF2 :   

Initial screen of human endothelial cells suggests a subpopulation of 

cells showed increased nuclear staining pattern (focal) following 

treatment with high - concentration ASEA. The Position of nuclei  are  

indicated by DAPI stain in lower panel.  Foci appear brighter in ASEA 

stimulated cells which indicates higher level of NRF2 transcription 

factor in the nucleus.  H 2O2 was used as positive control. This effect 

was d ifficult to quantify based on nuclear staining pattern. 

Validation is  required by Western blot.  

 

Typ ical cell images are shown below for indicated  cell culture s 

exposed to low - concentration ASEA.  Accumulation of NRF2 into the 

nucleus  was clearly seen in serum - starved  cell cultures exposed to 

low - concentration ASEA.  Automa ted analysis revealed strong time -

   20% PBS              5% ASEA                  H2O2 
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dependent nuclear accumulation of NRF2 in serum - starved cells, 

relative to the negative control, at the 30 and 60 minute time points.  

 

Nuclear NRF2 staining profiles in randomly cycling and serum - starved 

HMVEC- L cells.  

The nu clear staining profile was qualitatively different from the 

cells maintained in optimal growth medium (randomly cycling group).   

There was weak  qualitative nuclear accumulation of NRF2 induced by 

ASEA exposure in these  cells  at 30, 60 and 120 minute time points, and 

yet the effect was not nearly as pronounced as in the serum - starved 

cultures.   However, serum - starvation induced significant cell death 

complicat ing interpretation of the data. The t rends appeared weak and 

require  validation by Western Blot.  

Experimental Methods for West ern Blot Validation  of NRF2 Nuclear 

Accumulation:  

HMVEC- L were treated with 1% ASEA , nuclear extracts were separated 

through centrifugal differentiation from the extra - nuclear cytosol at 

30, 60 and 120 min and subjected to W estern Blot analysis for NRF2.  

In the Western blot experiment the extra - nuclear fraction  was probed  

for phosphorylated proteins using a combination of anti - phospho 

serine, threonine and tyrosine antibodies.  Virtually all cellular 

1%  ASEA 
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processes are regulated by posttranslational modificatio ns and protein 

phosphorylation is a  prevalent mechanism.  Observable changes in 

protein phosphorylation can lead to a mechanistic understanding of the 

cellu lar processes perturbed by ASEA  and provide a defined endpoint to 

better define dose - dependent regul ation of cell function by ASEA  in 

vitro, as well as provide a potential candidate molecular marker that 

may be used to provide in vitro - in vivo  correlates.  Hydrogen peroxide 

(H 2O2) was included as a positive control for oxidant damage.  

Results  for Western Blot Validation of NRF2 Nuclear Accumulation:  

NRF2 levels were increased in a time - dependent fashion in nuclear 

extracts prepared from HMVEC - L cells treated with 1% ASEA .  H 2O2 (30 

min) did not increase nuclear NRF2 levels.  In contrast, when protein 

phosphorylation was examined in the extra - nuclear fraction (separated 

from nuclei by differential centrifugation) we observed a single band 

by Western blot analysis and this is likely due to the dilution of the 

extra - nuclear fraction during the cel l fractionation process (other 

phosphorylated proteins are obviously present but are below detection 

limits under these conditions) or specificity of the anti - phospho -

antibodies used was insufficient to detect a broad range of 

phosphorylated proteins.  How ever, we did observe a marked increase in 

the phosphorylation of the protein detected following H 2O2 treatment, 

indicating that this phosphorylation event is highly sensitive to 

redox regulation or activation of protein kinase/deactivation of 

protein phosp hatase activities subsequent to oxidative damage.  

Tre atment of cells with 1% ASEA decrease d phosphorylation levels 

associated with this protein in a time - dependent fashion.  
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Reductions in p hosopho - protein regulation in extra - nuclear fractions 

were seen  along with strong time - dependent NRF2 accumulations in the 

nuclear fr actions, i ndicatin g clear time - dependent up - regulation of 

antioxidant expression.  

At this point it is worth mentioning that NRF2 activity has been 

clearly detected in conjunction with low - concentration ASEA exposure 

without the normal prior NF- kB activity .  This suggests that phase II 

antioxidant defense mechanisms have been stimulated without the normal 

prior p hase I toxi c response.  This behavior has no precedent or is 

extremely rare.   It appears from the data that ASEA is able to 

stimulate ant ioxidant expression without ever  eliciting a prior low -

level phase I toxic response .  

 

    1%  ASEA 

 1%  ASEA 

ASEA 

regulation 

ASEA 

regulation 
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Objective 4: To Determine Cell Proliferation  and  Viability  

Experimental Methods to D et ermine Proliferation of Murine (JB6) Cells 

and HMVEC- L C ells and LDH Activity with Exposure to ASEA:  

HMVEC- L cells were treated with 5 - 20% ASEA for 72 hr and cell number 

was determined using a Coulter Counter.  Con trol (0 concentration 

gr oup) was treated with 20% PBS.  Serum LDH levels were  also measured  

as an indicator of cell culture viability  at 0 to 20% ASEA serum 

concentrations .  Recall that lower serum LDH concent rations indicate 

less cell membrane failure .   Similar experiments were performed for 

murine (JB6) epidermal cells.  

Results for Proliferation of Murine and HMVEC - L cells and LDH 

activity:  

The initial  in vitro screen indicates that high - concentrations of 

serum ASEA may inhibit cell proliferation ( for both murine epidermal 

cells [JB6] and primary human lung microvascular endothelial cells 

[HMVEC- L]) in the concentration range of 5- 20%.  In this concentration 

range we also observe d direct inhibition of LDH enzymatic activity .  

The data are  somewhat contr adictory  as  the decreasing  cell counts 

indicate  cell death, yet lower serum LDH levels  indicate  higher 

cellular membrane integrity .  At the highest concentration tested  (20% 

v/v) , cell proliferation was inhibited by approximately 20%.   

 

HMVEC- L counts indicate reduced proli feration for high - concentration 

ASEA after 72 hours  

The mechanism behind reduced proliferation cannot be deduced an d could 

be related to interference with growth factor responsiveness or other 

possi ble interpretations s uch as enhanced programmed death ( apoptotic 

response )  for damaged cells.  I t is noteworthy that high - concentration 

serum ASEA fo r in vitro enzymatic enhancement studies is not optimal, 

ASEA % (v/v) 
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it is possible that the initial screens under estimate d or even miss ed 

antioxidan t defense (SOD) regulation by ASEA and thus indicate that 

low - concentration (< 1%) ASEA and/or short exposure times should be 

employed for such purpose.  

 

High - concentration ASEA exposure reduced serum LDH activity in HMVEC - L 

cells  

Further studies were done that investigated the action of stressed 

cells upon exposure to ASEA; the source of stress resulting from  a 

variety of chemical and environmenta l stressors.  These investigations 

offer clues for the possible mechanisms.  

 

Objective 5: Determine Action o f ASEA on Stressed Cells  

Experimental Methods to Determin e cell viability  of HMVEC- L exposed to  

various mixtures of Cachexin  stressor and high - concentration ASEA:  

ASEA 

PBS 


