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ABSTRACT KEYWORDS
Compounds of selenium have been associated with potent antioxidant Seleniumdioxide;
properties. Hence, the present study isaimed at comparing the antioxidant Diphenyl diselenide;
properties of two selenium compounds - diphenyl diselenide (DPDS) and Hyperglycemia;
selenium dioxide (SeQ,). This was done by measuring their free radical Organic;
scavenging ability, ferric reducing and Fe (11) chelating properties. Moreover Incubation.

their inhibitory effect against prooxidant - induced lipid peroxidation was
also determined in the brain and liver homogenate of rat in a simulated
hyperglycemiamodel invitro. Their effect on lipid peroxidation wasfurther
tested by pre-incubating and post incubating the selenium compounds
with hepatic tissues in the presence of the prooxidants. Results showed
that none of the two compounds scavenged DPPH radicals and chelate Fe
(11). Meanwhile, when pre— incubated, DPDS markedly reduced Fe*, and
demonstrated potent and concentration dependent inhibitory effect against
lipid peroxidation regardless of the prooxidant causing oxidative assault.
Furthermore, the potent inhibitory effect of DPDSagainst lipid peroxidation
was not altered in the presence of high glucose concentration but was lost
on post incubation. On the other hand, selenium dioxide did not show any
significant activity in al antioxidant parameters determined. From the
foregoing, DPDSisapotent antioxidant while seleniumdioxideisnot. This
observation may explain why organic selenium compounds are better
antioxidants than their inorganic counterparts. Hence, research efforts
should be tailored towards the discovery and characterization of organic
selenium compounds that could be exploited as panacea to free radical
menace.  © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION trace micronutrient havingimportant benefitsfor higher

animds, and particularly for mammasduetoitscataytic

Interestin selenium (Se) hasescalatedinthepast  roleinavariety of enzymesthat contain selenocysteine
two decades and thereason isnot farfetched. Seisa residuesaspart of their active sitel!l. Itsdeficiency has
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beenlinked to epil eptic seizuresand may even contribute
to Parkinson’s disease. The biological importance of
sdlenium anditsinorganicformsled to thedeve opment
of pharmacologically active organoselenium (OS)
compoundswith low toxicity, sincethesel enium atom
wasnot delivered to theintracel lular selenium pool 23,
Meanwhile, reportshaveshown thet sdenium-containing
organic compounds are generally more potent
antioxidants than classical antioxidantsand thisfact
sarvesasthebas sfor anincreasad interestintherationa
design of synthetic organosel enium compounds*4,
Specifically, Diphenyl diselenide (DPDS) has been
shownto exhibit antiul cerogenic, anti inflammatory and
antidiabetic propertiesamong others. Ontheother hand,
inorganic selenium has al so been shown to exhibit a
number of potentially beneficial effects against the
development of several degenerative diseases®
including diabetesmdlitus®. Infact, literaturedatahave
indicated that inorganic selenium compounds can
attenuate cytotoxic effects of hyperglycemiaviaits
insulin-mimetic and anti-glycating properties” aswell
as exhibit protective effects against cardiovascular
disease, modulation of platelet aggregation and
protection against toxic heavy metals and lipid
peroxidation. However, literatures seem scanty onthe
antioxidant propertiesof seleniumdioxide. Hence, there
isneedtoinvestigateitsposs bleanti oxidant properties
and compare samewith an organosel enium compound
(DPDS).

Meanwhile, freeradical overproduction hasbeen
implicated in the etiology of avariety of acute and
chronic degenerativediseases® 19, However, clinicaly
effectivedrugsfor thetreatment of these diseasesare
rare. Consequently, continued efforts geared towards
the development and biological testing of new
antioxidant compounds for the treatment of these
degenerative disordershaveincreased considerably
in recent times':14, Hence, there is the need to
compare the antioxidant activity of both organic
(DPDS) and inorgani ¢ (sel enium dioxide) compounds
of selenium with aview to identifying which of them
would exhibit greater antioxidant propertiesthat could
be exploited for therapeutic purposes. Keeping the
above views in mind, the present study sought to
comparetheantioxidant propertiesof seleniumdioxide
and DPDS.
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MATERIALSAND METHODS

Chemicals

Selenium dioxide and thiobarbituric acid (TBA)
were obtained from Sigma (St. Louis, MO). DPDS
was synthesi zed according to literature methods®.
Anaysis of tHNMR and *C NMR spectra showed
andytica and spectroscopic datain full agreement with
their assigned structures. Thechemicd purity of DPDS
(99.9%) was determined by GC/HPLC. All other
chemicalswere of analytica grade and were obtained
from standard commercial suppliers.

Animals

Maleadult Wistar rats (200-250 g) from our own
breeding colony were used. Animals were kept in
Separateanima cages, onal2-hlight: 12-hdark cycle,
a aroomtemperature of 22-24°C, andwithfreeaccess
tofood and water. Theanima swereused according to
standard guiddlines of the Committeeon Careand Use
of Experimental Animal Resources, Federd University
of Technology, Akure.

Reducing property

Theability of Selenium dioxide (SeO,) and DPDS
to reduce FeCl,, solution weredetermined as described
by, 250ul of Selenium dioxide and DPDS (10 -
100uM) was mixed with 250pul 200mM Sodium
phosphate buffer (pH 6.6) and 250ul of 1% (w/v)
Potassium ferrocyanide. Themixturewasincubated at
50°Cfor 20 min. Thereafter 250ul, (10% v/v) Perchloric
acid (PCA) was added and subsequently centrifuged
at 650 rpm for 10 min. 250ul of the supernatant was
mixed with equal volume of water and 100ul of 0.1%
(w/v) Ferric chloride. The absorbance was later
measured at 700 nm, ahigher absorbanceindicatesa
higher reducing power.

Freeradical scavenging ability

Freeradical scavengingability of Sdeniumdioxide
and DPDS against DPPH (2, 2 —diphenyl -1-
picrylhydrazyl) radica wasdetermined according to™”.
Exactly 600ul of SeO,/DPDS (10-100uM) was mixed
with 600ul 0.4mM of DPPH in methanol. The mixture
was | eft inthe dark for 30 min before measuring the
absorbance at 516 nm.
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Fe** chelating assay

Fe?* chelating property of Se0,and DPDS was
determined using a modified method of!*8. Freshly
prepared 500pumol/L FeSO, (150ul) was added to a
reaction mixturecontaining 168ul of 0.1 mol/l Tris-HCl
(pH 7.4), 218ul saline and Se0,/DPDS (10 - 100puM)
separately. Thereaction mixture wasincubated for 5
min, beforetheaddition of 13uL 0f0.25% (w/v) 1, 10-
phenanthroline (w/v). Theabsorbancewas subsequently
measured at 510nm. The Fe (1) chelating ability was
subsequently ca cul ated with respect to thesampleblank
(which containsall thereagentswithout samples).

Hydroxyl radical scavenging property
(Deoxyribosedegradation)

Hydroxyl radical scavenging activity of Selenium
dioxideand DPDS was assessed by the method of 2,
Deoxyriboseisdegraded by hydroxyl radicaswiththe
releaseof thiobarbituricacid (TBA) reactive substances.
Deoxyribose (3mM) wasincubated at 37°C for 30 min
with 50mM potass um phosphate (pH 7.4) a ong with
ferrous sulphate (0.1mM) and/or H,O, (ImM) to
induce deoxyribose degradation. Theresfter, selenium
dioxide and DPDS (10-100uM) were added
separately. After incubation, 0.4 ml of TBA (0.8%
(w/v) and 0.8 ml of TCA 2.8% were added, and the
resulting mixture was heated for 20 min at 100°C,
allowed to cool and absorbance measured at 532 nm.

Tissuepreparation

Ratsweredecapitated by mild ether anesthesaliver
was rapidly removed, placed on ice and weighed.
Tissueswereimmediately homogenizedin cold 50 mM
Tris-HCI, pH 7.4 (1/10, w/v). The homogenate was
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centrifuged for 10 min at 4,000g to yield apellet that
was discarded and alow-speed supernatant.

Thiobarbituric acid reactive species (TBARS)
assay

100ul aliquots of supernatant were incubated for
1hat 37°C with either Selenium dioxideor DPDS(10-
100uM) with and without the prooxidants; iron (final
concentration (10uM) and sodium nitroprusside (SNP)
(final concentration 20uM). Productions of TBARS
were determined as described by except that the
buffer of colored reaction had apH of 3.4. Thecolor
reaction was devel oped by adding 300 ul 8.1% SDS
to thereaction mixture, followed by sequentid addition
of 500 ul acetic acid/HCI (pH 3.4) and 500 pl 0.8% of
thiobarbituricacid (TBA). Thismixturewasincubated
at 95°C for 1 h. TBARS produced were measured at
532 nm. To better exploretheantioxidant effectsof the
two compounds, each wasthen post incubated (added
tothereaction mixtureafter thefirst 1hour incubation at
37°C). Finally, another parallel assay wascarried as
earlier stated except that there was a high glucose
concentration (10mM) intheassay mixture.

Satistical analysis

All values obtained were expressed as mean +
SEM. Thedatawere anayzed by appropriateANOVA
followed by Duncan’s multiple range tests where
appropriate and thisisindicated in thetext of results.

The differences were considered significant when
p<0.05.
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Figure 1. Freeradical scavenging property of DPDSand SeO,. Data show means+ SEM values averages of 4 independent
biological replicatesperformedin triplicate. ‘a’ indicates the control at P <0.05.
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Figure2: Hydroxyl radical scavenging property of DPDSand SeO,. Datar epresentsmeans+ SEM values averages of 4
independent biological replicatesperformed in triplicate. ‘a’ indicates the control while ‘b’ represents significant difference
from ¢a’ at P <0.05.
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Figure3: Ferric Reducing Property of DPDS and SeO,. Data show means+ SEM values averages of 4 independent
biological replicatesperformedintriplicate. ‘a’ indicates the control while ‘b’ and ‘¢’ represent significant difference from
‘a’at P <0.05.
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Figure4:Iron (1) — chelating property of DPDS and SeO,. Data show means+ SEM values averages of 4 independent
biological replicatesper formed in triplicate. ‘a’ indicates the control at P <0.05.
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Figureb5a: Inhibitory effectsof DPDSand SeO, on Fe(l1) - induced hepatic lipid per oxidation when pre-incubated (pre
DPDS/Pre Se0,) or Post incubated (post DPDS/post SeO,) with tissue homogenate with tissue homogenate. Data show
means+ SEM values averages of 4 independent biological replicates performed in triplicate. ‘a’ indicates the control while

‘b’ represents significant difference from ‘a’ at P <0.05.
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Figure 5b: Inhibitory effectsof DPDSand SeO, on Fe(l1) - induced hepaticlipid per oxidation in the presence (GDPDS/
GSe0,) and absence (DPDS/Se0,) of high glucose concentration (10mM). Data show means+SEM values averages of 4
independent biological replicatesperformed in triplicate. ‘a’ indicates the control while ‘b’ represents significant difference

from ‘a’ at P <0.05.
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Figure 5c: Inhibitory effectsof DPDSand SeO, on SNP - induced hepaticlipid per oxidation when pre-incubated (PreDPDS
PreSeO,) or Post incubated (Post DPDS/post SeO,) with tissuehomogenate. Data show means+ SEM values averages of 4
independent biological replicatesperformed in triplicate. ‘a’ indicates the control while ‘b’ represents significant difference
from ¢a’ at P <0.05.
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Figure5d: Inhibitory effectsof DPDSand SeO, on SNP - induced hepaticlipid per oxidation in the presence (GDPDS/
GSe0,) and absence (DPDS/Se0,) of high glucose concentration (10mM). Data show means+SEM values averages of 4
independent biological replicatesperformed in triplicate. a’ indicates the control while ‘b’ represents significant difference

from‘a’ at P <0.05.
RESULTS& DISCUSSION

Sincetheoverproduction freeradicalshave been
implicated in the etiol ogy of diseases, research efforts
have been directed at the discovery of agentsthat could
hel pin the management of degenerative diseases® 2,
Interestingly, selenium has been known as potent
antioxidant asit playsacritica roleinthephysiologica
system. However, Snce, sdeniumoccursbothinorganic
and inorganic forms, it is pertinent to comparetheir
antioxidant property and providel ogicd reasonfor any
differencein activity between the compounds.

Freeradical scavenging activity hasbeen adopted
asanindex of antioxidant strength of agents. DPPH, an
unstablediamagnetic magneticmoleculebecomesstable
following theaddition of antioxidant, changing fromits
purple colour to golden yellow which can bevisualy
observed and read spectrophotometrically. However,
theaddition of DPDSand SeO, to DPPH solution did
not cause any bleaching of its deep purple colour
showing that themechanisminvolved intheantioxidant
propertiesof thetwo compoundsdid not involvefree
radical scavenging (Figure 1). This could suggest a
number of things. Since, themechanisminvolvedinthe
bleaching of the purple colour isthedonation of proton
from theantioxidant agent to theunstable DPPH radica
whichwould eventually resultinitsstability whichis
visud ly noticegbleasadiscol oration. It showsthat both
compounds lack the ability to donate protonsto the
freeradical hencetheir inability to scavenge DPPH
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radicals. However, thefact that both compoundsdid
not scavenge DPPH radical sdoes not imply that they
are not potent antioxidants. Hence, other antioxidant
parameters were also employed to determine their
individua antioxidant capacity. Hydroxyl radicasare
produced from an interaction between hydrogen
peroxideandiron (I1) viaFentonreaction. Theseradicas
are highly deleterious and could be detrimental when
they attack critical macromolecules. For instance, when
deoxyribose- acomponent of DNA isincubated inthe
presence of Fe (II) and peroxide, it undergoes
degradation producing spoiled products of oxidation.
Hence, theability of agents/substancesto protect against
these radicals has been used as a measure of its
antioxidant strength. Unfortunately, neither DPDS nor
SeQ, scavenged hydroxyl radical (Figure 2), an
indication that the mechanism of antioxidant activity of
both compounds does not involve hydroxyl radical
scavenging. Despitethepoor radica scavenging activity
of both selenium compounds, they may still exhibit
potent antioxidant activity viacother known mechaniams.
Hence, other antioxidant parameterswereinvestigated.

Reducing power iscons dered adefensemechanism
whichisrelatedto theability of the antioxidant agents
to transfer electron or hydrogen atom to oxidants or
freeradicas. Thereducing power of thetwo selenium
compounds was evaluated based on their ability to
reduce Fe** to Fe**. Interestingly, DPDS demonstrated
marked, concentration dependent ferric reducing power
even at theleast concentration of DPDStested (Figure
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3). Ontheother hand, SeO, showed aninsignificant
ferricreducing effect except a thehighest concentration
used. This observation could imply that the potent
antioxidant property of that has been reported may be
intricately linked to its ferric reducing effect.
Consequently, theantihyperglycemic, anti inflammeatory,
and anti carcinogenic propertiesof DPDSthat hasbeen
reported may bepartly dueto itspotent reducing power.
While, the poor reducing power ascomparedto DPDS
maly suggest that organic selenium compoundsmay be
better antioxidantsthan inorganic probably dueto their
organic moiety whichisnot found with their inorganic
counterparts.

The ability of agents to chelate and deactivate
trangtion metasisgeneraly regarded asan antioxidant
mechanism to prevent oxidative assault on biological
macromol ecules such aslipids, proteinsand nucleic
acids. Theresult of the Fe (1) chelating ability of DPDS
ispresented in Figure 4. It could be observed that, in
amilarity withtheresult obtained for radical scavenging,
both DPDS and SeO, do not have any significant
transition meta (in this case Fe) chelating ability
presumably dueto asimilar reason.

Furthermore, antioxidants can act by preventing
oxidative assault to polyunsaturated lipid which serves
as pivot of membrane integrity. Since free radical
assaults, if kept unchecked, would result to
diseased??4 antioxidants could be assessed in vitro
by their ability to offer protective shields to lipids
intentionally assaulted with prooxidants such as Fe*,
SNPand H,O,.

Meanwhile, the use of Fe** asprooxidant isdueto
thefact it can catalyze one-electron transfer reactions
that generatereactive oxygen species (ROS), such as
thereactive OH radicd. Interestingly, DPDSwasable
toinhibit TBARSformation in hepatic lipids placed
under Fe** assaullt. Thisobservation may betightly linked
toits potent reducing power observed in Figure 3.0.
Since, Fe** must be oxidized before eliciting its
proxidativereaction, and DPDSis potent reductant, it
must have engaged its reductive ability against the
oxidative effect of Fe** thereby shielding hepatic lipids
from free radical attack consequently preventing
TBARSformation. Ontheother hand, other hand, SeO,
could notinhibit TBARSformation even at the highest
concentrationtested. Fromtheforegoing, itisgpparently
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obviousthat organic

Moreover, sodium nitroprusside (SNP) havebeen
reported to dlicit cytotoxic effect through therelease of
nitric oxide (NO) (via a photo-catalytic reaction
process)?>26 which has been implicated in the
pathophysiology of strokes, traumas, seizures and
Alzheimer’s, and Parkinson’s diseases!?”?, After the
release of NO, theiron moiety may react with SNP,
which could lead to the formation of highly reactive
oxygen species, such ashydroxyl radicalsviathe Fenton
reaction™. DPDSexhibitedasignificantinhibitory effect
against theformation of TBARSIin hepaticlipid placed
under oxidative assault of SNP. Meanwhile, SeO, did
not prevent TBARS formation at all concentrations
tested indicating that DPDS s a better, more potent
antioxidant than ‘selenium dioxide. Worthy of note is
the fact that even in the presence of high glucose
concentration (hyperglycemic condition), itsinhibitory
effect was not distorted (Figure 5b & d). This
observation may imply that the DPDS could act as
antidiabeti c agent sinceitsantioxidant activity isnot
perturbed by extremdy high glucose concentration. This
may partly explainitsearlier reported antihyperglycemic
property®U. It is pertinent to mention that apart from
thereductivepower of DPDSwhichmay berespongble
foritsinhibitory effect againgt lipid peroxidation, reports
have shown that it could mimic the endogenous
antioxidant enzyme, glutathione peroxidase (GPx) via
its GPx mimetic ability. Hence, its potent inhibitory
effectsagainst TBARSformation may not excludeits
GPx mimeticantioxidant mechanism. Meanwhile, when
DPDSwas post-incubated (added to the assay mixture
after thefirstincubation a 37°C/1 hour &fter theaddition
of prooxidant) itsinhibitory effect waslost (Figure5a
& ¢). Thereasonfor thisobservationisnot farfetched.
Lipid peroxidation processmust have been compl eted
after thefirgt round of incubationwith prooxidant; hence,
the addition of DPDS cannot reversethe processsince
it cannot react with the already formed aldehydic
productsof lipid peroxidation.

From theforegoing, DPDSisapotent antioxidant
while selenium dioxide is not. Moreover, organic
selenium compounds may be considered better
antioxidantsthan theinorganic forms. Although, further
work is needed to establish this speculation, earlier
reports have not only shown that synthetic
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organosel enium compounds are better antioxidant than
the classical antioxidantsaready known, but that they
arerelatively non toxic when compared to inorganic
selenium compounds. Thismay explainin part, why
DPDS exhibited more potent antioxidant activity than
Se0, indl antioxidant indi cesdetermined. Hence, more
efforts should be tailored towards exploiting
organosel enium compoundsfor therapeuti c purposes
whileexploring the sdenium world for thediscovery of
inorganic sdlenium compoundsthat would exhibit smilar
if not better antioxidant potency thantheorganosdenium
compounds.
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