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ABSTRACT

Treatment of Chinese hamster ovary and mouse hybridoma cells with Mega-H™ brand sil-
ica hydride, a marketed antioxidant, after photosensitization with singlet oxygen and hy-
droxyl/superoxide reactive oxygen species through the use of rose bengal diacetate and mala-
chite green resulted in an effective method of reducing free radical activity by more than 96%
against singlet oxygen species and more than 86% for hydroxyl and superoxide free radicals
with the dosage recommended by the manufacturer. The analysis used a combinational spec-
trafluorometric technique to determine cell viability and cytotoxicity through the mechanism
of intracellular esterase activity and plasma membrane integrity. Photosensitized controls not
treated with silica hydride showed less than 1% viability under the same conditions. The re-
duction of the introduced free radicals and singlet oxygen species and the consequent high
levels of cell viability may be the result of effective and efficient antioxidant and radical scav-
enging properties of silica hydride.

fects can neutralize and render inert, numerous
pathological effects may manifest in the cells,
including atherosclerosis, senescence, carcino-
genesis, reperfusion injury, rheumatoid arthri-

INTRODUCTION

THE REACTIVITY OF BIOMOLECULES with free
radicals and their relationship to oxidative

stress have been the subject of a plethora of sci-
entific investigations and consistently top the
list of current topics in health and medicine.
Reactive oxygen species (ROS)!? have been
proven to cause numerous cellular anomalies,
including but not limited to protein damage,
deactivation of enzymatic activity, alteration of
DNA, and lipid peroxidation of membranes.>*
When the ROS accumulation exceeds the lim-
its of what the natural cellular antioxidant ef-

tis, and various blood disorders.>® Additional
oxidative stress—induced dysfunctions and dis-
eases include cardiomyopathy, diabetes, por-
phyria, halogenated liver injury, Adriamycin
cardiotoxicity, segmental progeria disorders,
cataractogenesis, and multiple sclerosis.” It has
become evident over the last decade that ROS-
induced pathologies are of a serious and sig-
nificant nature.

In order to maintain cellular health, it is
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essential to have a specific and effective chemi-
cal scavenger to target multiple types of radicals.
As healthy as one’s diet may be, environmental
agents aid in the creation of ROS metabolic
byproducts. Most commercially-based antioxi-
dant supplements are not extraordinarily effec-
tive and target only a single oxidant.®? Because
of the significant pathological implications of ox-
idative stress, it is important to find a specific
scavenger to efficiently and effectively reduce
multiple ROS. There is a balance in current com-
mercially available antioxidants between safety
for the consumer and effectiveness. Although
most over-the-counter varieties of antioxidants
are nontoxic at the recommended dosage, they
also are not very effective reducing agents.!”

In vitro radical scavenging assays have tra-
ditionally been performed by radical-inhibiting
chemiluminescent or fluorometric analysis us-
ing a specific scavenger, or by techniques such
as electron spin resonance. Results of some
studies indicate that the pH of the solution has
a significant impact on the efficacy of the an-
tioxidant. An alkaline solution at about pH 8.5
has been shown to overtly increase the antiox-
idant effect by up to 60%, compared with the
same compound tested in a near-biological pH
of 7.4.11

Our assay used a series of simple techniques
in fluorometric and photosensitization analysis
to test the efficacy of a nonprescription prod-
uct, silica hydride, marketed for its abilities as
an antioxidant. Silica hydride is a novel silica-
based polymeric colloid that contains intersti-
tially placed hydride, H™ ions. Preliminary lab-
oratory and clinical studies showed silica
hydride to be nontoxic and safe for consump-
tion.!271* The compound has exhibited unique
characteristics, such as the ability to allow sta-
ble release of hydride ion in an aqueous envi-
ronment for an extended period.’® This was
demonstrated by simple proton nuclear mag-
netic resonance and ion-selective electrode
analysis. The addition of silica hydride to wa-
ter significantly reduces the potential by —700
mV, as measured by oxidation-reduction po-
tential (ORP). Because ORP alone is not in-
dicative of the true reducing power of a com-
pound, owing to proton interactions resulting
from changes in pH,!¢ a variation of the Nernst
equation (Eq. 1) provides an effective means to
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measure the reducing potential for a com-
pound that is reported in units of rH, a loga-
rithmic scaled report denoting absolute reduc-
ing potential.
RT 1
E,=1.23 F p D,
where Ej, is the measured ORP, F is the Fara-
day constant, R is the universal gas constant,
and T is absolute temperature. The value 1.23
refers to the fact that the potential of oxygen
under 1 atmosphere is 1.23 V greater than in a
solution of the same pH. The rH is defined ex-
plicitly as the negative logarithm of the oxygen
pressure, P, (Eq. 2).

RT
- == Eq.1
H aF 0 [Eq.1]

rH = —log P, [Eq. 2]

Silica hydride has been shown to have a re-
ducing potential 6 rH units greater than that of
vitamin C, ubiquinone (CoQ), or B-carotene.

In addition to inducing a significant change
in ORP, silica hydride raises the pH of an al-
kaline solution to about 8.7. This combination
of reduction potential and pH makes for a very
strong reducing agent that has numerous pos-
sibilities as an antioxidant and radical scav-
enger.

Photosensitization of cells has been well es-
tablished and defined for the analysis of chemo-
therapeutic agents, cellular toxicity, and antiox-
idants, in addition to the in vivo and in vitro
diagnosis and treatment of disorders.!”~!° Tradi-
tionally, in antioxidant studies, agents such
as 2,2'-azobis-2-amidinopropane hydrochloride
(AAPH) or cyanide-containing compounds such
as sulfonated Zn-phthalocyanine and merocya-
nine 540 have been used to photosensitize
plasma membranes.?*-22 Photosensitizers allow
for the quantitative as well as the qualitative
analysis of the effectiveness and efficiency of re-
ducing scavengers as antioxidants.?>-26

We separately introduced several types of
common, damaging radicals into Chinese ham-
ster ovary (CHO) and mouse hybridoma (NS-
1) cells. We then photosensitized them, invok-
ing cytotoxicity, and then checked for cell
viability and toxicity by using fluorescent
probes designed to detect esterase activity in
cellular membranes. The results objectively
conveyed whether the cell was healthy and vi-
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able, or dead and cytotoxic. Each photosensi-
tized cell line was analyzed for cytotoxicity
with and without treatment with silica hydride.
The photosensitizing compounds, rose bengal
diacetate (RBDA) and malachite green (MG),
were used to introduce singlet oxygen and hy-
droxyl/superoxide ROS, respectively.?’-3? The
fluorescent probes used for quantification of
cell viability provided a distinctive display de-
pending on whether the cell was alive (bright
green) or dead (red), using calcein AM and
ethidium homodimer (EthD-1) as reagents 3133

Using animal cells as a human biological
model, this study objectively and quantita-
tively illustrated the in vitro antioxidant prop-
erties of silica hydride.

MATERIALS AND METHODS

Chemicals

Dimethyl sulfoxide (DMSO), phosphate-
buffered saline (PBS), and a potassium phos-
phate buffer solution (KH,PO,) were of analyti-
cal grade and were obtained from Sigma-Aldrich
(Milwaukee, WI). The photosensitizers, RBDA
and MG, and the viability and cell toxicity kit
containing calcein AM and EthD-1, sold as
LIVE/DEAD® Kit L-3224, were from Molecu-
lar Probes (Eugene, OR). The silica hydride,
sold as Mega-H™, was from Flantech Group
(Soquel, CA).

Cell preparation

Five milliliters each of CHO and NS-1 cells
were incubated at 37°C while the reagents were
prepared. Each cell line sample was cen-
trifuged at 100 g; the supernatant was removed
and washed twice with a 50 mM KH,POy so-
lution (pH 7.4). The final centrifuged pellets of
each cell line were suspended in 3.0 ml of
buffer. Five aliquots, of 1.0 ml each, from each
cell line were pipetted into 2.0-ml centrifuge
tubes. Twenty microliters of solution was
placed on a hemocytometer and determined to
contain 3 X 10* cells per milliliter.

Singlet oxygen introduction

Under ultraviolet lighting, a 4 uM solution
of RBDA was made in DMSO. One milliliter of
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the RBDA solution was added to two each of
the previously prepared 1.0-ml aliquots for NS-
1 and for CHO cells. The cells were allowed to
stain at 23°C for 45 minutes. The stained cells
were then washed twice in 50 mM KH,POj,.

Hydroxyl and superoxide introduction

Under ultraviolet lighting, a 4 uM solution
of MG was made in DMSO and prepared with
both cell lines as described for the singlet oxy-
gen introduction.

Cell viability and cytotoxicity staining

To add the fluorescent viability probes to the
cell lines, each of the four RBDA and MG sus-
pensions for both NS-1 and CHO cells was cen-
trifuged at 100 ¢ and the supernatant was re-
moved. The LIVE/DEAD mixture, consisting
of 1.0 ml of a 2 uM calcein AM and 4 uM EthD-
1 solution, was prepared as follows. Twenty
microliters of the supplied stock EthD-1 solu-
tion was added to 10.0 ml of 50 mM PBS/50
mM KH,POy (pH 7.4), which was then added
to each of the pellets. The solution was vor-
texed to ensure mixing. Five microliters of sup-
plied stock calcein AM stock solution was then
added, and the solution was further vortexed.
The solution was allowed to stain each of the
cell samples for 30 minutes at 23°C.

Control preparation

As a control, the final 1.0-ml aliquot from
each of the original cell suspensions was
stained with the LIVE/DEAD mixture as pre-
viously described. The cells in these solutions,
however, were not photosensitized. Additional
noncellular controls were prepared to substan-
tiate that the silica hydride was not affecting
fluorescence excitation or emission: 1 ml of 500
wng/ml aliquots of aqueous solutions of silica
hydride prepared in double-distilled H,O was
combined with 1-ml solutions of 4 uM RBDA
and of 4 uM MG. The excitation and emission
spectra of both solutions remained the same as
the spectra of the stock solutions of RBDA and
MG. Similar controls were prepared and tested
spectafluorometrically with the LIVE/DEAD
calcein AM /EthD-1 mixture. The results showed
no difference in excitation or emission spectra.
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Silica hydride preparation

Aliquots of 500 ug silica hydride were added
to one sample of RBDA-stained cells, one of
MG-stained cells, and one control vial for each
of the two cell lines and then vortexted for 30
seconds.

Experimental

On completion of the prepared cell suspen-
sions, 150 ul of each of the samples was placed
into a 150-ul sample quartz cuvette. All of the
RBDA-stained samples were sensitized by
treatment with a 543.5 nm helium neon laser
(Melles Griot, Carlsbad, CA) for 30 minutes at
1,500 W/m?. All samples of MG-stained cells
were sensitized by treatment with a 632.8 nm
helium neon laser (Melles Griot) for 30 minutes
at 2,000 W/m?2.

Each of the samples was analyzed by a Jasco
FP-750 spectrafluorimeter (Jasco Corp., Easton,
MD) at 485 nm excitation and 530 nm emission,
then viewed with fluorescence microscopy us-
ing an XF25 long-pass filter (Omega Optical,
Brattleboro, VT). Spectra were taken and
recorded to calculate the percent viability. Each
assay was performed in six replicates. The ex-
perimental details are summarized in Table 1.

RESULTS

Nonfluorescent and cell-permeant calcein
AM reacts with intracellular esterase to create
a vibrantly fluorescent polyanionic calcein (530
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nm emission) that is readily retained by live
cells producing the esterase. Should the in-
tegrity of the cell membrane become compro-
mised through cytotoxicity by photosensitiza-
tion of the ROS, the EthD-1 enters the cell and
esterase activity ceases, quenching the calcein
emission and revealing the now fluorescent
EthD-1 (645 nm emission) bound to nucleic
acids.3* The absolute number of living cells is
linearly related to the fluorescence signal ob-
tained, and the percentage of live cells can be
calculated by evaluating the quotient of the dif-
ference between sample and the maximum flu-
orescence, as illustrated by the equation (Eq. 3):

% Live Cells =
F(53O)sam —
F(530)max -

F(530)min
F(530)min

X 100 [Eq. 3]

where F(530)min is the fluorescence background
noise, F(530)sam is the sample reading, and
F(530)max is the maximum fluorescence reading.
Reference spectra were taken of the stock cal-
cein/EthD-1 solution to get a maximum fluores-
cence reading. Additional reference spectra were
taken of the PBS/KH,PO, buffer to obtain a
background reading for the spectrafluorimeter.

The data obtained were calculated as a func-
tion of percent live cells. The results derived
from the fluorometric analysis showed a 96.5%
reduction of singlet oxygen ROS through the
RBDA analysis; the reduction of hydroxyl and
superoxide radicals was 86.3% effective. Figure
1A illustrates the viability after photosensitiza-
tion of treated NS-1 and CHO cell lines intro-

TABLE 1. SUMMARY OF EXPERIMENTAL PARAMETERS
Silica Laser

Cell hydride (nm)/
Exp. type Sensitizer ROS treated time (min)
1 NS-1* None N/A No
2 NS-1 RBDA 10, Yes 543.5/30
3 NS-1 RBDA 10, No 543.5/30
4 NS-1 MG O, ”/'OH Yes 632.8/30
5 NS-1 MG O, ”/'OH No 632.8/30
6 CHO* None N/A No
7 CHO RBDA 10, Yes 543.5/30
8 CHO RBDA 10, No 543.5/30
9 CHO MG 0O, /'OH Yes 632.8/30
10 CHO MG 0,7 /'OH No 632.8/30

*, Control.
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FIG. 1.

(A) Percent viability of silica hydride—treated NS-1 and CHO cells as determined by calcein spectrafluori-

metric analysis at 530 nm. CHO malachite green (—=—), NS-1 rose bengal (=), CHO rose bengal (%), and NS-1
malachite green (—2—) assays were performed in six replicates with consistent overall results, 83.3% * 0.9% (S.D. 1.1)
for malachite green and 96.5% *+ 1.2% (S.D. 1.4) for rose bengal, cumulatively, for both cell types. (B) Percent viabil-
ity of the photosensitized but not treated CHO and NS-1 cells. —£—, NS-1 rose bengal; —=—, CHO rose bengal;
—3—, CHO malachite green; —X—, NS-1 malachite green. The overall viability statistics for rose bengal and malachite
green are 0.73% * 0.46% (S.D. 0.57) and 0.51% = 0.31% (S.D. 0.40), respectively.

duced to singlet oxygen radicals (RBDA) and
hydroxyl/superoxide radicals (MG).

The viability rate of the nontreated photo-
sensitized cells was 0.62%, as illustrated in Fig.
1B, showing that the cytotoxicity/death rate

was consistent for both photosensitization tech-
niques on both cell lines.

The controls cumulatively had a survival rate
of 99.2% for the CHO cells and 99.1% for the
NS-1 cells. Overall, the control survival rate
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TABLE 2. SUMMARY OF THE VIABILITY RESULTS FROM SPECTRAFLUOROMETRIC ANALYSIS

Cell type/ Percent viable
Exp. agent Treated (average %) S.D. *%
1 NS-1* 99.1 0.84 0.67
2 NS-1/ Yes 96.3 1.64 1.31
RBDA
3 NS-1/ No 0.62 0.60 0.48
RBDA
4 NS-1/MG Yes 86.3 1.44 1.16
5 NS-1/MG No 0.67 0.46 0.37
6 CHO* 99.2 0.61 0.49
7 CHO/ Yes 96.7 1.36 1.09
RBDA
8 CHO/ No 0.81 0.56 0.46
RBDA
9 CHO/MG Yes 86.3 0.88 0.70
10 CHO/MG No 0.37 0.35 0.28
*, Control.

was 99.2% for both cell lines, (5.D., 0.7%), show-
ing a consistent survival rate for both cell lines.

The overall data for the experiment are
shown in Table 2.

DISCUSSION

The use of silica hydride as a radical scav-
enger and antioxidant seems very promising
with this in vitro analysis. Figure 1 provides sig-
nificant evidence that the Mega-H™ silica hy-
dride compound is able to efficiently reduce the
radicals introduced into the cell lines. The
doses of 500 wg/ml on a microscale are con-
sistent with the doses suggested by the manu-
facturer of about 1.0 g/day for human con-
sumption. The efficacy of the compound
against singlet oxygen ROS appears to be
greater, with less than a 3% loss of cell viabil-
ity compared with controls. The effectiveness
against hydroxyl and superoxide radicals also
appears to be strong, with about 12% loss com-
pared with controls. Perhaps the stoichiomet-
ric differences and nonspecificity of the MG to
create only hydroxyl or only superoxide radi-
cals accounts for a difference between the per-
centages. The efficiency of the silica hydride on
each of the radical types did not significantly
vary between cell lines, providing a basis to
further hypothesize about the efficacy on all
cell types. NS-1 and CHO are good indicators
of how a compound might affect a human sys-

tem.3>=37 The silica hydride performed well in
the reduction and elimination of oxidized
species and in protection of the cells from ox-
idative stress.

Overall, the silica hydride exhibits significant
properties. It has demonstrated in vitro reduc-
ing abilities, as measured by ORP. Addition-
ally, it creates a slightly alkaline microenviron-
ment with a relative hydrogen pressure (rH)
value thousands of times greater than that of
other tested antioxidants. As previously men-
tioned, the creation of an alkaline environment
increases the efficacy of an antioxidant. Most
marketed antioxidants actually create an acidic
or neutral buffered environment.® Cumula-
tively, silica hydride has many positive attrib-
utes as an effective antioxidant.

This simple but informative assay not only
evaluated the ability of silica hydride to act as an
antioxidant but also introduced the combina-
tional techniques of using spectrafluorimetry
with multiple fluorophores and photosensitiza-
tion to quantify the efficacy of antioxidants and
other reducing agents. This particular analysis
used the calcein fluorescence in intact cells to
obtain a percent viability. These techniques
may be additionally used to calculate a percent
dead/cytotoxic by evaluation of the fluores-
cence at 645 nm. These combinational tech-
niques of fluorimetry, photosensitization, and
viability testing may be used to perform si-
multaneous assays of different treatments on
cells to show both percent viable and percent
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dead, or to allow the testing of multiple ROS
types in cells by a multiwavelength spectrapho-
tometric and spectrafluorometric analysis.

In itself, the photosensitization assay per-
formed provides significant evidence that sil-
ica hydride is an effective tool in the reduction
of free radicals. Combined with the results of
additional experimentation, the potential for
the compound as an effective antioxidant is
very great. We propose that the use of silica hy-
dride may significantly reduce the oxidative
stress and resultant pathologies induced by
ROS in an efficient and effective manner. Ad-
ditional studies are underway involving in vivo
analysis of the compound on ROS to further
validate or deny this hypothesis and to specif-
ically quantify a minimum effective dose as
well as determine the effectiveness of the com-
pound against other radicals.
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