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ABSTRACT

Glutathione (GSH) is a sulphydry! tripeptide that protects the oxidation of
critical sulphydryl ligands in thiol-containing biological proteins. Conse-
quently, the effect of GSH ontheinhibition of cerebral sodium pump elicited
by inorganic mercury was investigated. We observed that GSH prevented
but could not relieve the binding of Hg?* to sulphydryl groups at the ad-
enosine triphosphate and cationic sites of the electrogenic pump. Further-
more, GSH (=4 mM) markedly inhibited the activity of the pump. Since GSH
is differentially distributed in various organelles (1-15mM), we speculate
that thereis a probable differential sensitivity of the sodium pump in vari-
ous organelles towards the antioxidant tripeptide suggesting the possibil-
ity of astrong dynamics in the regulation of GSH in the various compart-
ments of the organelles. Taken together, GSH may possibly be a potential
candidate as a pre-intervention remedy in cases of mammalian exposure to
inorganic mercury. © 2012 Trade ScienceInc. - INDIA
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INTRODUCTION

Na'/K*-ATPase (EC 3.6.1.37) isan enzymeem-
bedded in the cell membrane, responsiblefor the gen-
eration of the membrane potential inthe central ner-
voussystem (CNYS) necessary to maintain neuronal ex-
citability!, Furthermore, itisof particular interest that
Na'/K*-ATPase has been well documented asa sulf-
hydryl-contai ning enzyme and consequently could be
sengtiveto oxidizing agents?3. Inthisregard, wehave

recently observed that thistransmembrane enzymeis
sengtiveto agentsthat iscapableof oxidizingthiolssuch
as sdlenium containing compounds*® aswell asoxida
tivestress®” and inorganic mercury®. Infact, it has
been well established that inorganic mercury iscapable
of oxidizing thiolsand also induces oxidative stress?.
Generally, in our group and elsewhere, we have re-
ported that thiol-containing enzymes, such as &-
aminolevulinic acid dehydratase and Na'/K*-ATPase
are assumed to be atarget for mercury toxicity*3,
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Thisproperty of inorganic mercury isdueto thehigh
bonding affinity between mercury and sulfur. Conse-
guently, mercury has been found bound to
metdlothionensand smdl molecular weight thiolssuch
ascysteined¥ and GSH* and has al so been secreted
from liver cellsinto bile asacomplex with GSH4),
whichisthemgjor non-proteinthiol inlivert’18,

Our group hascarried out progressive study to dem-
ondtratethelocation of endogenousthiolsthat arecriti-
ca to thefunctioning of the sodium pump. Inour first
attempts*®, weobserved that critica sulphydryl groups
of theenzymearelocated a theATPhinding Sites. More
recently, wefurther observed that the Nat and K* sites
may a so contain critical thiolscontingent to thenorma
functioning of the pump®. Specificaly, inthesereportg®@
wereported that diphenyl diselenide could inhibit the
pump in the absence of ATP but not Na* and K*,
whereas on the other hand, inorganic mercury could
inhibit the pump in the absence of both cations and
nucl eotides. Hence based on the mol ecular volumes of
these compounds (diphenyl diseenideand Hg?") rela-
tiveto the substrates of the pump (ATP, Na" and K*)
we concluded that diphenyl disdenidewhich havehith-
erto been demonstrated to be a potent thiol oxidant
could not possibly reach the cationic sitesdueto its
relaively largemolecular volume, whereassHg? witha
relaively smal molecular volume compared to the cat-
ions could reach these sites and consequently inhibit
theenzyme. Of moreimportancethoughisthe obser-
vation that the binding of mercury to endogenousthiols
on thisenzyme can be prevented by exogenousthiols
like cysteing®. Oneworrisome puzzleisthefact that
cysteinecould not relievetheinhibitionimposed by Hg?
thereby necesstating the need for theeva uation of other
thiolsvis-a-vis their potentials to relieve the inhibition
imposed by Hg?*. Thiseva uation becomeshighly im-
perative cons dering thefact that mercury causesirre-
vers bledamageto important macromol eculesand that
thiols havedifferent degree of reactivity towards oxi-
dizing agentd**?, Inthisregard, theeva uation of the
relationship between glutathioneand the activity of so-
dium pump becomeshighly crucia consideringthefact
that itisubiquitoudy and differentidly digtributedin vari-
ousorgand lesof the cellg118211, Hencethe present
study wasdesigned to investigate the effect of GSH on
theinhibitory effect of inorganic mercury ontheactivity
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of thetransmembrane protein Na'/K*-ATPase.
MATERIALSAND METHODS

Chemicals

Adenosinetriphosphate (ATP), ouabain, GSH were
obtained from Sigma-Aldrich. All other chemica sused
were of analytical gradeand obtained from FLUKA,
BDH and other standard commercia suppliers.

Animals

Male adult Wistar rats (200-250 g) from our own
breeding colony wereused. Anima swerekept in sepa-
rateanimal cages, onal2-hlight: 12-hdark cycle, ata
room temperature of 22-24°C, and with freeaccessto
food and water. The animalswere used according to
standard guidelines on the Care and Use of Experi-
mental Animal Resources.

Oxidation of glutathione

Therateof thiol oxidation wasdetermined inthe
presence of 50 mM Tris-Cl, pH 7.4, and 50-150 uM
of mercury chloride. Therate of thiol oxidation was
evaluated by measuring the disappearance of —SH
groups. Free—SH groups were determined according
to Ellmani®. Incubation at 37°C wasinitiated by the
addition of thethiol compounds. Aliquotsof thereac-
tion mixture (100 ul) were checked for the amount of —
SH groups at 412 nm after addition of the color re-
agent 5°5’-dithio-bis(2-nitrobenzoic) acid (DTNB).

Assay of Na'/K*-ATPaseactivity

Immediately after the anima swere euthanized, the
brain wasremoved and the homogenate was prepared
in0.05M Tris-HCI, pH 7.4. Thehomogenate was cen-
trifuged at 4,000 rpm at 4°C for 7 min and the superna:
tant was used for the assay of Na'/K*-ATPase. The
reaction mixturefor M g?*-dependent-Na'/K *-ATPase
activity assay contained 3mM MgCl, 125 mM NaCl,
20mM KCI, 200 mM sodium azideand 50 mM Tris-
HCI, pH 7.4 and 100-180 pg of protein, in a final vol-
umeof 500 pl. The reaction was initiated by addition of
ATPtoafinal concentration of 3.0 mM. Controlswere
carried out under the same conditionswith theaddition
of 0.1 mM ouabain. Na'/K*-ATPase activity wascal -
culated by the difference between the two assays. Re-
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|eased inorganic phosphorous (Pi) was measured by
the method of Fiske and Subbarow!?”l. To check
whether pre-incubation of homogenates without a
cationic component of the assay medium will affect
theinteraction of Hg?* with the Na'/ K*-AT Pase ac-
tivity, Hg* and enzyme were incubated at 370C for
10 min, with the sel ective exclusion of each M g?,
Na', K* inthe preincubating medium. All the experi-
ments were conducted at | east threetimesand simi-
lar results were obtai ned. Protein was measured by
the method of Lowry et al .28, using bovine serum
albumin as standard.

Furthermore, wed soinvestigated the possible ef-
fect of aGSH ontheinteraction of Hg?* with sulphydryl
groupslocated at the cationic aswell asATPbinding
stesof the sodium pump. Inthiscase, GSH waseither
pre-incubated or post-incubated with enzymeand Hg?*
withthe selectiveexclusion of either each of thenucle-
otide or cationsnecessary for thefunctioning of the so-
dium pump. Also theeffect of varying concentrations of
glutathione (0-40mM) ontheactivity of thetransmem-
brane enzymewas also tested. For all enzyme assayss,
incubation times and protein concentration were cho-
sento ensurethelinearity of thereactions. All samples
wereruninduplicate. Controlswith theaddition of the
enzymepreparation after mixingwithtrichloroaceticacid
(TCA) wereusedto correct for nonenzymeatic hydrolysis
of substrates. Enzyme activity was expressed as nmol
of phosphate (P) released min mg protein'.

Satistical analysis

Resultswere anal yzed by appropriate analysis of
variance (ANOVA) and thisisindicated intext of re-
sults. Duncan’s Multiple Range Test was applied where
appropriate. Differences between groupswereconsid-
ered to be significant when P< 0.05.

RESULTS

GSH vs Hg* vs thiols at nucleotide site on so-
diumpump

Theinhibitory effect of Hg?* onthe activity of the
ouabain-sensitiveNa'/K*-ATPaseispresentedin Fig-
urel. Apparently, Hg* inhibited theactivity of theNat/
K*-ATPasein aconcentration dependent manner. One-
way ANOVA reved that theinhibitory effect of Hg**
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on the cerebral transmembrane enzymeissignificant
(P<0.05) at concentration = 10uM when compared
to the control. Pre-incubation of GSH with the en-
zymeinthe presence of mercury abolished theinhibi-
tory effect of Hg?* ontheactivity of theenzymewhile
post-incubation of the cerebra enzymewith GSH did
not relievetheinhibition posed by mercury ontheac-
tivity of the sodium pump. Inasimilar fashion, when
Mg?* was excluded from the pre-incubati on medium,
Hg?* caused asignificant concentration-dependent in-
hibition of ATPhydrolysisby thetransmembranetrans-
porter (datanot shown). The essence of Mg? inthe
incubating mediumisto provide stability to theATP
(MgATP?) molecule and consequently, the effect of
Hg? on the normal function of the pump in the ab-
sence of bothATPand Mg? issimilar.

—+—NoGSH -®-Pre GSH ——PostGSH

1800 —‘
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Figurel: Effect of Hg? on theactivity of Na'/K *-AT Pase.
Reaction wasstarted either by addition of ATPafter 10 mins
pre-incubation in thepresence of Hg?* (No GSH) or by addi-
tion of ATPafter 10 minspre-incubation in the presence of
GSH andHg? (PreGSH) or by addition of ATPand GSH after
10 minspre-incubation in the presence of Hg* (post GSH).
Dataarepresented asmean + SD of independent experiment
carried out in different days. Data areanalyzed using one-
way ANOVA followed by Duncan test. 2Repr esent sgnificant
differencefrom control at P<0.05.

GSH vs Hg* vsthiols at cationic site on sodium
pump

Theinhibition of sodium pump by Hg? inthe ab-
senceof Na' (Figure2) issmilar tothat pattern of inhi-
bition obtained whenthereactionwasinitiated withATP.
Similarly, when GSH is present in the pre-incubating
medium; therewas no observed marked inhibition of
the pump by Hg?". Conversely, introduction of GSH
into the reaction medium after Hg?* has been previ-
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oudy introduced; neither revert nor relievetheinhibi-
tion imposed by Hg?*. For al comparison, one-way
ANOVA was employed and significant level wasde-
termined at p < 0.05. Inthesamevein, Figure 3 shows
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Figure2: Influenceof Hg* ontheactivity of Na'/K *-ATPase
upon theexclusion of Na* from the pre-incubation medium.
Reaction wasstarted either by addition of Na* after 100mins
preincubation inthepresenceof Hg? (No GSH) or by addition
of Na" after 10 minspre-incubation in the presence of 2mM
GSH and Hg? or by addition of Na*and 2mM GSH after 10
minspreincubation inthepresenceof Hg?. Dataispresented
asmean = SD of independent experiment carried out in differ-
ent days. Data areanalysed using one-way ANOVA followed
by Duncan test. 2Repr esent significant differencefrom con-
trol at P<0.05
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Figure3: Influenceof Hg? on theactivity of Na*/K *-AT Pase
upon theexclusion of K* fromthe pre-incubation medium.
(NoGSH) indicatethat reaction wasstarted by addition of K*
after 10 minspre-incubation in the presence of Hg*, wher eas
(PreGSH) denotesreaction that wasinitiated by addition of
K*after 10 minspre-incubation in thepresenceof 2mM GSH
and Hg#. On theother hand (Post GSH) indicatesreaction
that wasstarted by addition of K*and 2mM GSH after 10
minspre-incubationin thepresenceof and Hg?. In all cases,
dataispresented asmean £+ SD of independent experiment
carried out in different days. Data areanalysed using one-
way ANOVA followed by Duncan test. aRepresent significant
differencefrom control at P<0.05.
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theeffect of Hg?* ontheenzyme activity when K* was
omitted from the preincubation medium. Similarly, this
pattern of inhibition was similar to that obtained when
either Na® or ATPwas omitted fromthepre-incubating
medium. Theinhibitory effect of Hg** was abolished
when thereaction mediumwaspreincubatedwith2 mM

GSH whereastheinhibition wasnot relieved when 2
mM GSH was post-incubated with the enzyme
(p<0.05). Aswewould expect, Hg** caused asignifi-
cant inhibition on theactivity of transmembranetrans-
porter inabsenceof dl cations(Na', KrandMg?) ina
fashion smilar to that obtained whentheindividua cat-
ionsareexcluded from the preincubating medium (data
not shown). Infact, inthe presence of dl cations, Hg?*
exerted smilar marked inhibitory effect ontheactivity
of thesodium pump (datanot shown). Eitherinthepres-
enceor absenceof al cations, preincubating with GSH

abolished theinhibitory effect of Hg?* whereas post-
incubation hasno effect.

Effect of GSH on theactivity of Na'/K*-AT Pase

Figure4 showsthat GSH inhibitstheactivity of the
ouabain-sensitive Na'/K *-ATPasein aconcentration
dependent manner. One-way ANOVA reveal that the
inhibitory effect of GSH onthecerebra transmembrane
enzymeissignificant (P<0.05) at concentration =4mM
when compared to the control.
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Figure4: Effect of different concentrationsof GSH on the
activity of Na'/K *-AT Pase. Reaction wasstarted by addition of
ATPafter 10 minspre-incubation in the presence of GSH.
Dataispresented asmean + SD of independent experiment
carried out in different days. Data areanalysed using one-
way ANOVA followed by Duncan test. aRepresentssignifi-
cant differencefrom control at P<0.05.

Effect of Hg? on oxidation of GSH

Figure5 showstheeffect of Hg?* onthe oxidation
of GSH. Therate of GSH oxidation was accel erated
by Hg?". Infact, the oxidation of GSH wasincreased
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asafunction of timeand concentration of Hg?".
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Figure5: Effectsof different concentrationsof Hg* on the
rateof glutathioneoxidation. Ther ate of oxidation wasevalu-
ated at theindicated times. Dataar ethemeansof threetofour
independent experimentscarried out in different days. Data
areexpressed asmean += SEM and post-hoc comparisons were
doneby Duncan’s multiple range test. Letters indicate sig-
nificant differenceinréationtothecontrol (p <0.05).

DISCUSSION

Generdly, glutathioneisubiquitoudy distributedin
organelles of eukaryotic cellg*"® and provideintrac-
dlular defenseagaingt mercury-induced neurotoxicity®
81 thusmaking GSH acandidateintervention strategy
against mercury toxicity. Interestingly, our datashow
that GSH shieldstheinteraction of Hg?* with the so-
dium pump (Figures 1-3). Since Hg?* oxidizes GSH
(Figure5) hence, we conclude that the exogenous GSH
possibly has a sparing effect on oxidation of endog-
enousthiolsof thetransmembranetransporter by Hg?*.
Furthermore, theresults obtained when ATP, Na', K*,
Mg* and al cationswere used toinitiated thereaction
inthe presenceof only Hg?* isin part confirmatory and
further suggest that Hg? may beinteractingwith the
cationic and nucleotide sitesand that these sites must
contain thiolsnecessary for the binding of these sub-
strates asearlier demonstrated in our recent report!®,
Theinability of GSH torelievetheinhibitory effect of
Hg? onthe activity of thetransmembranetransporter
(Figures 1-3) suggest that thereisapossible strong af-
finity betweenthethiol resduesontheenzyme’s active
stesand Hg?* and thisspecul ationsisin conformity with
earlier reports®Y. Ontheother hand, itispossiblethat
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gtericfactorswhich may affect the proximity of GSH to
the bound Hg?* may aso play arol €29, Of note how-
ever isthefact that GSH isdifferentidly distributed in
cdlular compartmentssuch ascytosol (1-11 mM), nu-
clei (3-15 mM), and mitochondria (5-11 mM)2, In
view of the above, wetested the effect of increasing
concentration of GSH on the activity of the cerebral
pump under study. Figure 4 showsthat at concentra-
tions4mM or greater, GSH dsoinhibited theactivity of
the sodium pump. Whilethe mechanism of thisinhibi-
tionisasubject of futureresearch, it isworrisomethat
theinhibition of the pump by GSH is=4mM since sev-
era authors have reported that GSH concentration
rangeis 1-15mM in cellular compartmentg/t”18:21-25,
One possible speculationisthat thereisthe possibility
of variants of the sodium pump that may havedifferen-
tial toleranceto GSH invivo or thelevelsof GSH may
bekept far below theinhibitory level suggesting apos-
siblehighKmfor theenzyme. A pparently, the dynam-
icsand chemistry of GSH vis-a-vis the activity of the
sodium pump can be complex and thiscomplexity is
obviousinthelight of dataearlier obtainedin our labo-
ratory inwhich wehave cons stently observed that treat-
ment of ratsor micewith diorganyl disdenidesaways
increasethelevd of thisimportant antioxidant molecule
GSH with concomitant increasein the activity of the
sodium pump. Infact, we equally observed that ade-
creaseinthelevel of GSH isassociated with decrease
intheactivity of thecerebral sodium pump™*3, Appar-
ently theninvitroandinvivodata onthe possibleinter-
action of GSH with the sodium pump does not corre-
late and consequently, theuse of GSH asafirstline
remedy inthe management of inorganic mercury toxic-
ity holds promisein view of theforegoing.
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