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Abstract—Utilizing a novel combinational technique incorporating spectrafluorometry and photosensitization, this
analysis determined cell viability and cytotoxicity through the introduction of reactive oxygen species and measurement
of plasma membrane integrity. Chinese hamster ovary and mouse hybridoma cells were treated with silica hydride after
being photosensitized with singlet oxygen, hydroxyl/superoxide, and hydroxyl reactive oxygen species through the use
of rose Bengal diacetate, malachite green, and’Mjs(2-hydroperoxy-2-methoxyethyl)-1,4,5,8-naphthaldiimide, re-
spectively. The analysis resulted in an easy and effective method for quantifying reactive oxygen species reduction and
characterized the radical reduction efficacy of silica hydride at 97%.68%,0 = 0.84) against singlet oxygen species

and over 87% £ 0.56%, 0 = 0.70) for the combination of hydroxyl and superoxide reactive species, and 8% (
0.37%, 0 = 0.47) effective for hydroxyl radical species. Nontreated photosensitized controls showed less than 1%
viability under the same conditions. © 2003 Elsevier Inc.
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INTRODUCTION evident over the last decade that ROS-induced patholo-
. . . _ _ gies are of a serious and significant nature. Due to the
Slomo_lecu_lar reaCt'(.)nS with free radicals and th(_a|r rela- significant pathological implications of oxidative stress,
tlons_hlp with ox_|dat_|ye _stress_ha; been the SUbJ_eCt of a it is biochemically important to find a specific scavenger
multitude of scientific investigations and consistently to efficiently and effectively reduce multiple ROS
tops the list of current topics in health and medicine. [10,11].
Reactive oxygen species (ROS) [1,2] have been shown o™, yitrg radical scavenging assays have traditionally
be integral in the causation of numerous cellular anom- peen performed by utilizing radical-inhibiting chemilu-
alies, including protein damage, deactivation of enzy- minescence, a scavenger-specific fluorometric analysis,
matic activity, alteration of DNA and lipid peroxidation by additional techniques such as electron spin reso-
of membranes [3,4]. When the ROS accumulation ex- nhance (ESR) spectroscopy. This is generally accom-
ceeds the limits of what the natural cellular antioxidant plished with the introduction of the ROS through a
effects can neutralize and deem inert, numerous patho-Fenton or EDTA- type reaction [12,13]. Although these
logical effects may manifest in the cells, including ath- methods of analysis are well established, they may not be
erosclerosis, senescence, carcinogenesis, reperfusion inpptimally suited for biological analysis due to reactive
jury, rheumatoid arthritis, and various blood disorders interference of the chemical reagents and may not be
[5,6]. Additionally, this oxidative stress has been directly suitable as an accurate representation of biological envi-
linked to dysfunctions and diseases include cardiomyop- ronments and pH ranges.
athy, diabetes, porphyria, halogenated liver injury, adria-  This assay used a series of simple techniques in flu-
mycin cardiotoxicity, segmental progeria disorders, cata- orometric and photosensitization analysis to test the ef-
ractogenesis, and multiple sclerosis [7-9]. It has becomeficacy of a recently described compound, silica hydride
[14]. Silica hydride (Fig. 1) is a novel, organosiliceous
, _colloid that has interstitially embedded hydride anions.
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Fig. 1. A scanning transmission electron micrograph (STEM) image of
the silica hydride compound (A), as taken by a Phillips CM30 STEM
illustrates the small organosiliceous spheres that act as colloidal carri-
ers for the hydride anions of silica hydride. The ssmple drawing of
silicahydride (B) illustrates the silsesquioxane, caged-structure that the
hydride anions are interstitially embedded into through a plasma
generated reaction.

pressurized vessel to a hydrogen captive plasma gener-
ated by a constant current W electrode set. The structural
makeup of the hydride ion is that of a 1sls orbita
structure with two orthogonal s-orbitals, where the 1s' is
more loosely held [15]. The innate ability of the hydride
ion to donateits 1s' electron allowsfor itsintegral rolein
biochemical reactions and facilitates its use as a bio-
chemical “fuel cell.” Recent publications on silica hy-
dride have shown the compound to be nontoxic and safe
for consumption [16—18]. Some of the unique character-
istics of the compound include its ahilities: (i) to allow a
stable release of the hydride ion in an agueous environ-
ment for an extended length of time, (ii) to act as an
effective antioxidant, (iii) for the in vitro reduction of
NAD™ to NADH, (iv) in the moderation of the in vivo
reduction of lactic acid production after exercise, and (v)

to create an increase in vitro in ATP production in
mitochondria [19-21].

The addition of silica hydride to water significantly
reduces the potential up to —850 mV as measured by
ORP. Because ORP aone is not indicative of the true
reducing power of acompound due to proton interactions
from changes in pH [22], a variation of the Nernst
equation (Egn. 1) proves to be an effective means to
measure the reducing potential for a compound that is
reported in units of rH, a logarithmic scaled report de-
noting absolute reducing potential.

=123 RTH RT| ! 1
B,=1283—ppH-4eling @

Where E,, is the measured oxidation-reduction poten-
tial, F is the Faraday constant, R is the universal gas
constant, and T is absolute temperature. The value of
1.23 accounts for potential of oxygen under one atmo-
sphere being 1.23 V greater than in asolution of the same
pH. rH is defined explicitly as the negative logarithm of
the oxygen pressure, P, (Eqgn. 2).

tH= —logP, )

Silica hydride has been shown to have an rH value of
10, indicating its ability to be a more effective reducing
agent than other compounds. Comparatively, silica hy-
dride maintains a greater reducing potential than vitamin
C (rH 23), ubiquinone (rH 19), and beta-carotene (rH
26).

In addition to inducing a significant change in ORP,
silicahydride raisesthe pH of asolution alkaline to about
8.7. This combination of reduction potential and pH
makes for an incredible reducing agent, allowing it to
assume numerous roles as an antioxidant and radical
scavenger. Some studies have reported results indicating
that the pH of the solution has a significant impact on the
efficacy of the antioxidant. An akaline solution at about
pH 8.5 has been shown to overtly increase the antioxi-
dant effect by up to 60% relative to the same compound
tested in a near biological pH of 7.4 [23].

The use of cell photosensitization has been well es-
tablished and utilized in the analysis of cellular toxicity,
antioxidants, and chemotherapeutic agents, in addition to
the in vivo and in vitro diagnosis and treatment of
physical disorders [24—26]. Traditionally, antioxidant
studies have employed agents such as 2,2'-azobis-2-
amidinopropane hydrochloride (AAPH) or cyanide-con-
taining compounds like sulfonated Zn-phthalocyanine
and merocyanine 540 to photosensitize plasma mem-
branes [27-29]. The specificity in chemical induction,
reaction rates, and the ease of controlling photosensitiz-
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Fig. 2. The photosensitizers used in this analysis. N,N’-bis(2-hydroperoxy-2-methoxyethyl)-1,4,5,8-naphthaldiimide (NP-111), also
known as a photo-Fenton reagent, produces near quantitative hydroxyl radicals. Malachite Green isothiocyanate (MG) produces a
mixture of superoxide anions and hydroxy! radicals when excited. Rose Bengal diacetate (RBDA) produces near quantitative amounts

of singlet oxygen ROS.

ers offers a convenient model allowing for both the
quantitative and qualitative analysis of reducing agents
as antioxidant scavengers [29-33].

Three photosensitizing compounds, rose Bengal diac-
etate (RBDA), malachite green isothiocyanate (MG), and
N,N’-bis(2-hydroperoxy-2-methoxyethyl)-1,4,5,8-
naphthaldiimide (NP-111), known as the photo-Fenton
reagent, were used to introduce singlet oxygen, hydrox-
yl/superoxide ROS, and hydroxyl radicals, respectively
[34-38]. Each photosensitizer used is detailed in Fig. 2.
RBDA utilizes a Type-ll photochemical pathway where
the excited photosensitizer reacts with molecular O, to
form singlet oxygen. MG functions in a Type-l photo-
chemical pathway by transferring a hydrogen or electron
to form the oxygenated products of hydroxyl and super-
oxide ROS, respectively. The NP-111 Type-I mechanism
directly transfers the hydrogen to produce quantitative
hydroxyl radicals in a 2:1 stoichiometric fashion. Figure

3 demonstrates the Type-l and -1l mechanisms of the
photosensitizers used in this analysis.

The quantification of cell viability is determined
through the use of the esterase and nucleic acid intercol -
lating dyes, cacein AM, and ethidium homodimer-1
(EthD-1) [39—41]. This experiment involves separately
introducing severa types of common, biologically sig-
nificant radicals into Chinese Hamster Ovary (CHO) and
Mouse Hybridoma (NS-1) cells, photosensitizing them to
invoke cytotoxicity, and then checking for cell viability
and toxicity by using fluorescent probes designed to
detect esterase activity in cellular membranes. The re-
sults objectively characterized the cell as viable or cyto-
toxic. Each photosensitized cell line, both having been
treated and nontreated with silica hydride, was analyzed
for cytotoxicity. The fluorescence signals of the fluoro-
phores are monitored at 530 nm, as summarized by the
following reaction scheme (Egn. 3):
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Fig. 3. The photochemical mechanisms of the photosensitizers. The Type-I photochemical mechanism malachite green (A), stimulates
the ground-state, MG, with 632 nm light producing the excited state, MG,, which transfers a hydrogen or an electron, producing
hydroxy! radicals or superoxide ROS, respectively. (B) The rose Bengal ground-state, RBDA,, is excited as a Type-l1l mechanism by
543 nm light producing RBDA,, which further binds with molecular oxygen to produce singlet oxygen ROS. (C) The ground-state
N,N’-bis(2-hydroperoxy-2-methoxyethyl)-1,4,5,8-naphthaldiimide, NP-111,, is excited as a Type-l mechanism to NP-I11, at 355 nm to

directly transfer a hydrogen to produce hydroxyl radicals.

CdcenAM

sendtizer + cdls ———
EthD-1

fluorscence detection
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Where the unexcited sensitizer is combined with live
cells and intercollating viability stains (Calcein AM and
EthD-1), then excited with laser light in the presence of
a potential antioxidant, in this case, silica hydride (SH).
The results are quantified by monitoring the emitted
fluorescence.

Using animal cells as a human biological model, this
study objectively and quantitatively illustrates the in
vitro antioxidant properties of silica hydride through the
introduction of the novel combinationa technique of
using both photosensitizers and viability probes for ROS
analyses.

MATERIALS AND METHODS

Chemicals

The photosensitizers, rose bengal diacetate (RBDA),
and malachite green (MG), in addition to the viability
and cell toxicity kit containing calcein AM and ethidium
homodimer (EthD-1), sold as LIVE/DEAD Kit L-3224,
were from Molecular Probes (Eugene, OR, USA). Unless
otherwise noted, all other reagents were from Sigma-
Aldrich (St. Louis, MO, USA).

Cell preparation

CHO and NS-1 cells (7.0 ml each) were incubated at
37° while the reagents from the proceeding section were
prepared. Each cell line sample was centrifuged at 100 X
g and the supernatant removed, then washed twice with
a50 mM potassium phosphate (pH 7.4) buffer. The final
centrifuged pellets of each cell line were suspended in
3.0 ml of buffer. Seven aiquots of 1.0 ml each, for both
cell lines, were pipetted into 2.0 ml centrifuge tubes.
Twenty microliters of solution was placed on a hemocy-
tometer and determined to be 3 X 10 cells/ml.

Snglet oxygen ROS introduction

Under UV lighting, a 4 uM solution of RBDA was
madein DMSO; 1.0 ml of the RBDA solution was added
to two of each of the previously prepared 1.0 ml aiquots
of both NS-1 and CHO cells. The cells were allowed to
stain at 23° for 45 min. The stained cells were washed
twice with 50 mM potassium phosphate buffer.

Hydroxyl and superoxide ROS introduction

Under UV lighting, a4 uM solution of MG was made
in DM SO and prepared using both cell lines as described
for the singlet oxygen introduction.

Hydroxyl radical introduction

A 2 uM solution of NP-1I1 was synthesized from
naphthalene-1,4,5,8-tetracarboxylic anhydride, 2,2-di-
methoxyethylamine in dichloromethane, and ethereal hy-
drogen peroxide, as previously described [38], and pre-
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pared using both cell lines as described for the singlet
oxygen introduction.

Cell viability and cytotoxicity staining

To add the fluorescent viability probes to the cell
lines, each of the four RBDA, NP-I1l, and MG suspen-
sions for both NS-1 and CHO cells were centrifuged at
100 X g and the supernatant removed. The LIVE/DEAD
mixture, consisting of 1.0 ml of a2 uM calcein AM and
4 M EthD-1 solution was prepared by the following: 20
wl of the supplied stock EthD-1 solution was added to
10.0 ml 50 mM PBS/50 mM KH,PO, (pH 7.4). The
working solution was added to the cell pellets and vor-
texed to ensure mixing, and then 5 ul of cacein AM
stock supplied stock solution was added and further
vortexed. The solution was allowed to stain each of the
cells for 30 min at 23°.

Control preparation

As a control, two 1.0 ml aliquots of each of the
original cell suspensions were stained with the LIVE/
DEAD mixture as previously described. These, however,
were not photosensitized. Additional noncellular controls
to substantiate that the silica hydride was not affecting
the fluorescence excitation or emission were also pre-
pared. One milliliter of 500 ug/ml aliquots of aqueous
solutions of silica hydride prepared in ddH,O were com-
bined with 1 ml solutions of 4 uM RBDA, 2 uM NP-l1I,
and 4 uM MG. Similar controls were prepared and tested
spectrafluorometrically with the LIVE/DEAD calcein
AM/EthD-1 mixture.

Slica hydride preparation

Five hundred microgram aliquots of silica hydride
were prepared as previously described [14] and were
added to one sample of RBDA stained cells, MG stained
cells, NP-111 stained cells, and one control vial for both
NS-1 and CHO cells, then vortexed for 30 s.

Experimental

Upon the completion of the prepared cell suspensions,
150 wl of each of the samples were placed into 150 ul
sample quartz cuvettes. All of the RBDA-stained sam-
ples were sensitized by treatment with the 543 nm spec-
tral line of a KrAr laser (Model 171, Spectra Physics,
Fremont, CA, USA) for 30 min at 1500 W/m?. All
samples of MG-stained cells were sensitized by treat-
ment with the 632 nm line of a KrAr laser (Model 171,
Spectra Physics) for 30 min at 2000 W/m?. All of the
NP-I11 stained samples were sensitized by treatment with
alinear-variable-filter selected 355 nm = 10 nm UV line
of a broadband photometric excitation system (Model

Table 1. Overview of the Experimental Parameters for the Analysis

Silica Laser/
Cell hydride time

Experiment  type  Sensitizer ROS treated (min)
1 NS-1* None N/A No
2 NS-1 RBDA 0, Yes 543.5/30
3 NS-1 RBDA 0, No 543.5/30
4 NS-1 MG O, ['OH Yes 632.8/30
5 NS1 MG O, I'OH No 632.8/30
6 NS-1 NP-I11 OH Yes 355/30
7 NS-1 NP-I11 OH No 355/30
8 CHO* None N/A No
9 CHO RBDA 0, Yes 543.5/30
10 CHO RBDA 10, No 543.5/30
11 CHO MG O, I'OH Yes 632.8/30
12 CHO MG O, ['OH No 632.8/30
13 CHO NP-I11 OH Yes 355/30
14 CHO NP-I11 OH No 355/30

* denotes control.

DT1000, Analytica Systems, Inc., Dunedin, FL, USA)
for 30 min at 1250 W/m?.

Each of the samples were analyzed by a spectrafiu-
orometer (FP-750, Jasco, Inc., Eaton, MD, USA) at 485
nm excitation and 530 nm emission, then viewed by
fluorescence microscopy using an XF25 long pass filter
(Omega Optical, Brattleboro, VT, USA). Spectra were
taken and recorded to calculate the percent viability.
Each assay was performed in six replicates. The exper-
imental details are summarized in Table 1.

RESULTS

For the control analysis, the excitation and emission
spectra of both working solutions remained the same as
the spectra of the stock solutions of RBDA, NP-111, and
MG. The results showed no statistical difference in the
excitation or emission spectra.

The mechanism of the method involves the nonfluo-
rescent and cell-permeant calcein AM reacting with in-
tracellular esterase to create a vibrantly fluorescent poly-
anionic calcein (530 nm em.), which is readily retained
by live cells producing the esterase. Should the integrity
of the cell membrane become compromised through pho-
tosensitization cytotoxicity of the reactive oxygen spe-
cies, the EthD-1 enters the cell and esterase activity
ceases, quenching the calcein emission and revealing the
now fluorescent EthD-1 (645 nm em.) bound to nucleic
acids[42]. The absolute number of living cellsislinearly
related to the fluorescence signal obtained and the per-
centage of live cells can be calculated by evaluating the
quotient of the difference between the sample and the
maximum fluorescence as illustrated by Eqn. 4:

F(Sso)sam - F(530)min

0 i =
% LiveCdls F(530), F(530)0,

X 100%  (4)
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Fig. 4. Chart of the percent viability of silica hydride treated NS-1 and
CHO cells as determined by calcein AM spectrafluorometric analysis at
530 nm.: (m) NS-1 RBDA, ((0) CHO RBDA, (A) NS-1 MG, (A)CHO
MG, (®) NS-1 NP-II1, and (O) CHO NP-III assays were performed in
six replicates with consistent overal results, 87.9% (= 0.56%, o =
0.70) for MG, 97.1% (= 0.68%, o = 0.84) for RBDA and 98.2% (*+
0.37%, o = 0.47) for NP-111, cumulatively, for both cell types.

Where the fluorescence background noise, F(530),,
is subtracted from the sample reading, F(530),, and the
maximum fluorescence reading, F(530),.. Reference
spectra were taken of the stock calcein/EthD-1 solution
to get a maximum fluorescence reading. Additional ref-
erence spectra were taken of the PBS/IKH,PO, buffer to
obtain a background reading for the spectrafluorometer.

The data obtained were calculated as a function of
percent live cells. The results derived from the fluoro-
metric analysis show a 97.1% cell viability through the
reduction of singlet oxygen ROS through the RBDA
analysis, an 87.9% cell viability reduction of the MG
produced hydroxyl and superoxide radicals and a 98.2%
cell viability through the reduction of hydroxyl radicals
through the NP-111 analysis. Figure 4 illustrates the via-
bility after photosensitization of treated NS-1 and CHO
cell lines being introduced to singlet oxygen radicals
(RBDA), hydroxyl/superoxide radicals (MG), and hy-
droxyl radicals (NP-111).

The viability rate of the nontreated photosensitized
cells were 0.57% as illustrated in Fig. 5, demonstrating
that the cytotoxicity rates were consistent for RBDA,
NP-111, and MG photosensitization techniques on both
cell lines.

The controls cumulatively had a survival rate of
99.3% for the CHO cells and 99.2% for the NS-1 cells.
Overall, the control survival rate was 99.3% for both cell
lines with a standard deviation of 0.6 showing a consis-
tent survival rate for both cell lines. The overall data for
the experiment are shown in Table 2.

20—
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Fig. 5. Chart of percent viability of the photosensitized, but nontreated
CHO and NS-1 cells. The representation of the cells are asfollows: (m)
NS-1 RBDA, (0) CHO RBDA, (A) NS-1 MG, (A) CHO MG, (e)
NS-1 NP-I11, and (O) CHO NP-lIl. The overall viability statistics for
RBDA, MG, and NP-I11, respectively, are 0.70% *+ 0.46% (o = 0.45),
0.51% =+ 0.31% (o = 0.40) and 0.50% =+ 0.41% (o = 0.55).

DISCUSSION

The use of this novel combinational method offers an
easy and consistent method of radical scavenging anal-
ysis. Its use could be extrapolated to utilize other pho-
tosensitizing compounds to introduce the ROS into the
cell lines.

The use of silica hydride as a radical scavenger and
antioxidant seem very promising with this in vitro anal-
ysis. The data provide significant evidence that the com-
pound, silica hydride, is able to efficiently reduce the
radicalsintroduced into the cell lines. The efficacy of the
compound against singlet oxygen ROS seems to be the
greatest with less than a 2.5% loss of cell viability as
compared with the controls, which averaged 99.26% (o
= 0.6) for both cell lines combined. The effectiveness
against the combined hydroxyl and superoxide radicals
occurs with about a 12% loss, and data from the pure
hydroxyl radicals indicate just greater than a 1% loss
compared to the same controls. Interestingly, the differ-
ence between the RBDA, NP-lIl, and the MG assays
were not as expected with the MG results much lower
than the kinetics of the electron abstraction capacity of a
hydroxyl radical and superoxide ROS, would elude to.
Perhaps the nonspecificity of the MG creating both hy-
droxyl radicals (k ~ 5 X 10° M~ *s™%) and superoxide
ROS (k ~ 9 x 10" M~ 1s™1) accounts for these differ-
ences, particularly when considering the Type-l mecha
nism decay pathway of MG. Within this mechanism,
several mechanics are simultaneously occurring that may
bias this result. First, the ionization and formation of
peroxide by the hydroxyl radical, as well as the direct
attack by the radical species on the experimental buffer,
may account for a primary or secondary reactivity with
the PBS huffer used in this analysis. Additionally, the
dismutation of the superoxide anion to peroxide and
molecular oxygen has a significantly slower rate (k, ~ 5
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Table 2. Results of the Photosensitization Assay for the Analysis of ROS Reduction by the Silica Hydride

Compound
Percent viable
Experiment Cell typelagent Treated (Ave %) St. Dev +/— %
1 NS-1* 99.24 0.68 054
2 NS-/RBDA Yes 97.16 0.81 0.64
3 NS-/RBDA No 0.61 0.61 0.49
4 NS-UMG Yes 87.87 0.67 0.53
5 NS- /MG No 0.66 0.46 0.37
6 NS-1/NP-111 Yes 98.22 0.57 0.45
7 NS-1/NP-111 No 0.34 0.32 0.26
8 CHO* 99.31 0.64 0.52
9 CHO/RBDA Yes 97.12 .89 0.71
10 CHO/RBDA No 0.79 0.55 0.44
11 CHO/MG Yes 87.87 0.73 0.58
12 CHO/MG No 0.36 0.35 0.29
13 CHOINP-III Yes 98.30 0.36 0.28
14 CHOINP-III No 0.66 0.47 0.37

* denotes control.

X 10* M~1s7%) when in a locaized akaline environ-
ment, asin the case in this analysis. Also, the superoxide
anion itself may act as a reducing agent and bias the
reactivity of the hydroxyl radicals formed. The efficiency
of the silica hydride to reduce each of the different
radical typesdid not significantly vary between cell lines,
providing a basis to further hypothesize about the effi-
cacy on al cell types. NS-1 and CHO are reliable indi-
cators of how a compound may affect a human system
[43—45]. Additionally, the silica hydride performed well
in the reduction and elimination of ROS and in cellular
protection from oxidative stress.

This cost effective, simple, but informative assay not
only evaluated the ability of silica hydride to act as an
antioxidant, but also introduced the combinationa tech-
niques of using spectrafluorometry with photosensitiza-
tion to quantify the antioxidant properties of biological
reducing agents. This particular analysis utilized the cal-
cein fluorescence in intact cells to obtain a percent via-
bility. Additionally, these same techniques used in this
analysis may be used to calculate a percent dead/cyto-
toxic by evaluating the fluorescence at 645 nm. Once
cellular esterase activity ceases in a cytotoxic cdll, the
ethidium homodimer-1 binds with nucleic acids and flu-
oresces a vibrant red. Because the viability probes also
have absorbance and transmittance properties, this tech-
nique would also accommodate the testing of multiple
ROS types by a photometric analysis. The photosensiti-
zation assays performed provide significant evidence that
silica hydride is an effective tool in the reduction of free
radicals.

To validate the results obtained by this novel method
and to aid in understanding silica hydride's role in the
MG analysis, additional tests were performed by outside
sources to confirm the in-house, fluorometric results.
Three traditional analyses were performed. Spectrapho-

tometric analyses [46] indicate an increase in the NADH/
NAD™ ratio, in addition to an increase in mitochondrial
membrane potential (AW). The cumulative results indi-
cate the neutralizations of radical species, presumably by
the 1s' electron donation from the hydride ion in solution
within the siliceous silsesquioxane cage of the silica
hydride.

The compound was shown to specifically reduce
Fe(111) cytochrome ¢ to Fe(l1) cytochrome ¢ (Egn. 5) and
NAD™ to NADH (Eqgn. 6) [47]:

Silica(H") + oyt o(Fe™) — Sllica+ oyt o(Fe™) + H*  (5)
SilicalH) + NAD* — Silica+ NADH 6)

Additionally, the analysis showed the reduction of cyto-
chrome ¢ by superoxide was inhibited (Egn. 7), indicat-
ing that the superoxide radical was reduced.

O,” + oyto(Fe™) —~ O, + oyt o(Fe™) ™

Because silica hydride reduced both the Fe(l11) cyto-
chrome c in and inhibited the superoxide/cytochrome c
reduction, an additional assay was performed to clear up
any confusion about its role in radical reactions. The
second assay observed the oxidation of epinephrine to
adenochrome by superoxide (Egn. 8):

O, + epinephrine— H,O, + adrenochrome  (8)

Upon the addition of silica hydride, the superoxide was
scavenged, leaving epinephrine, illustrating the antioxi-
dant activity of the compound.

An additional control assay was performed using ESR
spectroscopy to measure hydroxyl radical reduction [48].
The conclusion of the assay was that silica hydride
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Fig. 6. In an aqueous solution, the interstitially embedded hydride
anions dissociate (A) into the solution where the 1 s electron of the
anion is donated (B) to the unpaired electron of the radical species, in
this example, the hydroxyl radical. The product of this reaction (C)
produces water from the neutralized postradical species.

demonstrates antioxidant activity towards hydroxy! rad-
icals and ROS, in general, where the mechanism follows
the electron rich, 1s1s orbital [15] of the hydride anion
reacting with the electron deficient radical as depicted
mechanistically in Fig. 6. The results obtained by the
supplementary assays are consistent with the results of
additional experimentation and indicate that the potential
for the compound to be an effective antioxidant is quite
high.

Thisarticle proposes that the use of silica hydride may
significantly reduce the oxidative stress and resultant
pathologies induced by ROS in an efficient and effective
manner. Thisisobjectively illustrated by the introduction
of the novel combinational technique of utilizing fluo-
rescent adducts depicting cellular viability and the inte-
gration with photosensitizer-induced oxidative stress and
reactive species incorporation.
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