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BACKGROUND

Hepatic encephal opathy (HE) isaneuropsychiat-
ric syndrome, that frequently occursin chronicliver dis-
ease. Itsclinica manifestationsrangefromminor deep
disturbances, changesin personality and motor activity,
to overt deterioration of cognitivefunctions, motor co-
ordination, decreased consciousnessand comd?. The
pathogenesis of HE is not been fully understood and
many factorsmay affect itsdevel opment?.

Severd linesof evidenceshavesuggested that dis-
turbancesin GABAergic neurotransmisson arean es-
sentia factor of HE development’®4. GABA isthepre-
dominant inhibitory neurotransmitter inthemamméian
central nervoussystem. GABAergic neurotransmission
is mediated by GABA which mainly activates the
postsynaptic GABA, receptor complex. It wasshown
intheearly 1980sthat in rabbits succumbing to galac-
tosamineinduced fulminant hepatic failurethevisua
evoked response patternsresembled those of animal's
treated withvariousdllostericmodul atorsof the GABA |
receptor complex suchasmuscimol, pentobarbitd, and
diazepam®®". Furthermore, it was shownthat GABA ,
receptor complex agonistswere more potent depres-
sorsof spontaneousel ectrophysiologica activity of neu-
ronsfrom animal swith HE compared to those of nor-
mal anima 8. Subsequent obsarvationsconsistent with
increased GABA ergictoneincludereports of abenefi-
cd effectinHE patientsof flumazenil, ahighly sdlective
GABA,, receptor complex antagonist'®. Together these

findingssuggest that increased GABA ergictone could
be the consequence of either increased brain GABA
content, altered GABA , receptor complex integrity, or
increased brain concentrationsof endogenous GABA
receptor.

However, theroleof GABAergic heurotransmis-
sioninthe pathogenesisof HE remainscontroversial.
GABA concentrationswerefound to be unaltered*
or increasedin the brain of HE patientd*. Compara-
bly, GABA , receptor densities were reported to be
up-regulated™ in cerebral cortex in somestudies, but
wereunateredin otherd®®9, Additionaly, themRNA
expression of the GABA transporter GAT-2 wasin-
creased inthe cerebral cortex of ratswith portocaval
shunts, whereasthe genesfor the GABA, | receptor
and for the B2 subunit of the GABA , receptor were
downregulated™. Theseresultsindicatethat severa
important issues about the biochemical basisof dys-
function of GABA-mediaed neurotransmissionin patho-
genesisof HE remain unsolved. Wetherefore moved
our focusto theroleof alterationsof chloride(ClI-) ho-
meostasis in the pathophysiology of HE, based on
thefact that the GABA , receptor complex isaspecific
ligand-gated ion channel selectivefor Cl-.

Presentation of thehypothesis

Inview of the evidence above, wehypothesize that
reduced motor activity in HE isaconsequence of al-
tered GABA ergic neurotransmission produced by an
imbaanceof chloride homeostasisinthesubstantiani-
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grareticulata(SNr), and that thisresultsfrom amuta-
tion or dysfunction of the K*-Cl- cotransporter 2
(KCC2) and the Na*-K*-2Cl- cotransporter 1
(NKCC1). Weadso hypothesize that intracerebra in-
jectionsinto the SNr of bumetanide, an agent that is
uniquely sensitiveto NKCCI and isconsidered to be
the prototypic agent for pharmacol ogic investigations
of therole of NKCCI, may produceimprovementsin
HE patientsby restoring depolarizing GABAergicsig-
nalinginthe SNr.

Theor etical foundation of thehypothesis
KCC2and NKCC1 determineCl- homeostasis

Cation—Cl" cotransportershave been considered
to play pivotd rolesin controllingtheintracellular Cl-
concentration ([Cl ]i) of neurons, and, further, in modu-
lating their GABAergic functions. To date, seven
electroneutral cation-Cl- cotransportershave been de-
scribed in mammals: a thiazide-sensitive Na'-Cl-
cotransporter (NCC), two loop diuretic-sensitive Na'-
K*-2Cl- cotransporters (NKCC1 and 2), and four K*-
Cl- cotransporters (KCC1-4) [18]. Among these,
KCC2 and NKCC1, functioningin oppositedirections,
affect GABAergic neurotransmission through regula
tion of [Cl-]i of neurong®. The KCC2 playsadomi-
nant rolein determining [Cl]i andthe GABAergic hy-
perpolarization in mature neurons, whilethe NKCC1
isamgjor sourceof Cl-influx inimmature neurons. A
precise bal ance between NKCC1 and KCC2 activity
isnecessary for inhibitory GABAergicsignalinginthe
adult central nervous system, and for excitatory
GABAergicsgndinginthedeve oping central nervous
system and in the adult periphera nervoussystem.

Altered Cl- homeostasisisinolved in the patho-
genesis of several diseases

Altered chloridehomeostasis, resulting from muta-
tion or dysfunction of NKCC1 and/or KCC2, causes
neurona hypoexcitability or hyperexcitability; suchde-
rangements have beenimplicated in the pathogenesis
of seizures™ and neuropathic pain. [Cl]i isasoregu-
lated to maintain normal cell volume. Dysfunction of
KCC2 or NKCC1 hasbeenimplicatedin the damag-
ing secondary effectsof cerebral edemaafter ischemic
andtraumatic braininjury, aswell asinswdling-related
neurodegenerationi?, KCC2 and NKCCL1 represent
attractivetherapeutic targetsin neurological disorders
the pathogenesis of which involvesderanged cellular
chloridehomoestasis.

The SNr, oneof thecomponentsof thebasal gan-

glia, isintimately involved in themovement disor-
der of HE

The motor symptoms of HE have been shown to
be aconsequence of basa gangliadysfunction, includ-
ing dterationsinthe basal ganglia, intheneuronal cir-
cuitslinkingthebasal gangliaandthe prefrontal cortex,
or indtered functiond connectionswithinthebasd gan-
gliathaamo-cortica loop?%. Theabovereportshave
suggested that the function of the neuronal circuitsby
which basal gangliamodulate motor function aredtered
in HE and that thisdteration would be responsiblefor
someof themotor aterationsin patientswith HE.

A mainneurond circuit modulating motor function
involvesthebasa ganglia, thaamusand cerebral cor-
tex and thisismodul ated by the SNrt%28, To modul ate
motor activity, thebasa gangliasend messagesthat go
viatheventrd palidum to thethaamuswhich, inturn,
sendsmessagesto cerebra cortex to modulate move-
ment execution. The signals from basal gangliaare
modulated by SNr, which sendsinhibitory signalsto
theventro-medial nucleusof thethadamug?4. Further-
more, the predominant neurons to the SNr are
GABAergic and neuronsin SNr express GABA , re-
ceptorg?28l,

Importantly, it has been indicated that substantia
nigra neurons of rats express KCC2 mRNA and
NKCC1mRNA, and respondto GABA , receptor ac-
tivation 3, athoughthemorphologica distribution of
both KCC2 and NKCCL1 in the SNr remains to be
demongtrated.

Testingthehypothesis

Animaswill/should berandomly dividedintofive
groups: normal group, thioacetamideinduced HE ani-
mal groupt!, the group of thioacetamideinduced HE
animal followed by unilateral infusion of KCC2 or
NKCC1 antisense into the SNr, the group of
thioacetamideinduced HE animd followed by bilatera
infusionsof KCC2 or NKCC1 antisenseinto the SN,
and sham operation group. The expression level of
NKCCLKCC2inthe SNr inthesegroupswill/should
be anayzed by semi-quantitative singlecdl multiplex
RT-PCR, western blotting, in Situ hybridizationand im-
munofluorescencedoublelabding. Whole-cdll voltage-
clamp recordingswill/should be used to measurethe
reversal potential of GABA-evoked currentsand in-
tracellular chlorideestimation will be performed by Cl-
imaging *3. Moreover, behavioral tests, liver hema-
toxylineosngtaning, liver function, bloodammoniaand
Nisd staining of the brain stem will/should be added.
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Implication

We expect to gain adeeper insight into the patho-
physiology of HE, with the purpose of identifying po-
tential new trestments. Studies on the associ ation be-
tween KCC2 or NKCC1 in SNr and HE have shown
that KCC2 or NKCC1 may play the leading rolein
patientswith HE!®3, If so, normalizing intracellular Cl-
concentration may be anew therapeutic approach to
improvemotor functionsin patientswith HE.
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