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ABSTRACT

The present study reports the effect of alcohol administration on the ex-
pression of a phaand mu-classof cytosolic GST inrat liver. Onemonth old
Wistar strain rats were divided into two groupsi.e., control, and alcohol
group. Control group received basal diet and water and alcohol group
received basal diet and 10% alcohol for 2 months. Liver was dissected and
processed for various biochemical analysis like Western blots, Northern
blot, HPLC, IHC and LC-ESI-MS. In a cohol fed group, rGSTM2 protein
level was found to be upregulated as evidenced by western blot and
HPLC analysis. Increased rGSTAL and rGSTM2 immunoreactivity in
perivenous areawas observed compared to controls. In addition, LC-ESI-
MS analysis showed an 8 fold increase in rGSTM2 subunit. Differential
induction and modification of alpha and mu class rGST subunit and its
impaired function may contribute to the progression of a cohol-induced
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INTRODUCTION

The chronic consumption of acohol isone of the
major causeof seriousliver diseasesand continuesto
beamajor threat to human health. Alcohol isbroken
downinliverintoanumber of potentidly dangerousby
products, such asaceta dehydeand highly reactivefree
radicals. Despite considerabl e research accomplish-
mentsthe biochemical or molecular mechanismsby
which ethanol exhibitsits hepatotoxic effectsremain
unknown. The hepatocyte containsthree enzyme sys-
tems; cytosolic a cohol dehydrogenase (ADH), mi-
crosoma ethanol oxidizing system (MEQS), and per-
oxisomal catalasefor oxidation of ethanol to acetalde-

hydel¥. Hepatic alcohol dehydrogenaseisoneof the
enzymes responsiblefor oxidation of 80% ethanol@.
Long-termintake of acohol inducesa cohol dehydro-
genase independent pathwayslike MEOS and cata
lase®. MEOSinvolving CY P2E1 metabolizesup to
10% of theingested d cohol, an enzymati ¢ pathway that
playsanimportant rolein drug metabolism, carcino-
genesis, steroid and vitamin metabolismi. Alcohoal is
oxidized to acetal dehyde by alcohol dehydrogenase.
Acetaldehyde, istoxic and contribute to most of the
adverseeffectsof acohol whichisfurther metabolized
to acetate and water by both cytosolic and mitochon-
dria ddehydedehydrogenase (ALDH). However, ac-
etaldehyde reacts with plasma®, red cell$9 and he-
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patic proteing” forming both stable and unstable con-
densation products, leading to modification intheme-
tabolism of circulating proteing®, and immunological
responses?¥. Previous studies*% have shown that ac-
etaldehydeisassociated with increased formation of
reactiveoxygen species (ROS) and lipid peroxides. The
ROS produced may play animportant rolein the de-
velopment of oxidative stressintheliver©4, Lipid
peroxidation not only perturbsthe cellular membrane
lipidsbut dsoresultsinthe production of ddehydeprod-
ucts such as malondialdenyde (MDA) and 4-
hydroxynonenol (4-HNE) that forms shiff ’s base ad-
ductswith proteing*?. If theenzymatic mechanismsfor
detoxification of the adehydes are saturated or de-
creased, these metabolites can accumulatetotoxiclev-
elsand potenti ate ethanol-induced hepatocd lular injury.

Glutathione S-transferases (GSTs; E.C.2.5.1.18)
represent the body’s important defense mechanism
against metabolicaly generated dectrophilictoxinsand
xenobioticd*¥. Though GSTsaredistributed ubiqui-
toudy, they have been studied most extensvely inmam-
malianliver, becauseof their abundanceand contribute
upto 10% of the extractable protein®. GSTscatalyze
the nucleophilic attack of glutathioneinto avariety of
potentially genotoxic electrophilic substrates, thereby
decreasing their reactivity with cellular macromol-
eculed®®,

A mitochondria GST, referred to as GST kappa,
has al so been identified*®. Cytosolic and mitochon-
drid GST sharesomesimilaritiesintheir three-dimen-
sional fold™. The cytosolic GSTsareclassified into
fiveclasses, alpha, mu, pi, sigmaand theta*®. Among
liver detoxifying enzymes, the GSTsplay akey rolein
the protection agai nst oxidative stress, which contrib-
utesto the development of liver diseases¥. Previous
studiesontheroleof GSTsin the protection of theliver
from hepatotoxinsrevea ed that adecreased GST ac-
tivity could result in necrosis® and most likely car-
cinogenesig?, Like CY Penzymes, the GSTscan be
induced by variety of agents, including phenobarbitd,
3-methylcholanthrene, and productsof oxidative stress.
Increased expression of dphaGSTsin perivenoushepa
tocytesisfound after trestment of animal swith 3-meth-
ylcholanthrene and phenobarbital? %, Inthe present
study we haveinvestigated the effect of acohol admin-
istration ontheexpression of cytosolic GSTsaphaand
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mu-class, which playsanimportant rolein detoxifica
tion and alsoto regulate other physiologicd functions
that arecrucia for norma cdllular functionand cell vi-
ability. SinceADH metabolizesmajority of alcohol in
cytosol, we intended to study its effect on alphaand
mu-class GSTs, which has been reported to be acti-
vated by reactive oxygen species?!.

MATERIALSAND METHODS

Reduced Glutathi one, epoxy-activated sepharose
6B, 1-chloro-2, 4-dinitrobenzene (CDNB), dithiothreitol
(DTT), Nitroblue tetrazolium (NBT), 5-bromo-4-
chloro-3-indoyl phasphate (BCIP), Diamino benzidine-
Hydrochloric acid (DAB), Triton X-100, Tween-20,
Triflouroacetic acid (TFA), phenylmethyl-sulfonyl
fluoride (PM SF), Guanidium thiocyanate were obtained
from SigmaChemicdsCompany (St. Louis, USA). C18
and slicacartridgeswere obta ned fromWaters, India.
HPLC solvents|likeacetonitrile, methanol, and water
werebrought from SRL IndiaLtd. Nitroce lul ose sheet
and secondary antibodieswere purchased from Ban-
gdoregend, India All theother chemica swerebrought
fromtheloca firmsand wereof high qudity.

Animal treatment

Onemonth old Wistar strain rats (100+10g) were
used inthe present study. Experimental protocolsfor
the use of animalswerefollowed according to Com-
mitteefor the Purpose of Control and Supervisionon
Experimentson Animals (CPCSEA) guiddinesand
approved by Institutional Animal Ethics Committee
(IAEC), University of Hyderabad, Hyderabad, India
The animals were divided into control, and a cohol
treated groups. Each group (n=5 animals) had free ac-
cessto standard commercid rat chow purchased from
National Institute of Nutrition, Hyderabad, India. Con-
trol group received basal diet and water whiletheal co-
hol treated group received basal diet and 10% (v/v)
acohol inwater. The cal oric percentage of theingredi-
entsof thefind regimen (basal diet+a cohol) consumed
by the alcohol treated group included 13.8% alcohal,
61.2% carbohydrates, 7.0% fat, and 18.0% protein.
Alcohol induced changesin food, fluid consumption,
blood d cohol concentration and body weight, havebeen
reported earlier from our laboratory™. Blood al cohol

An udéan Journal



BCAIJ, 2(2-3) December 2008

Phanithi Prakash Babu et al. 75

concentration was determined according to themethod
described earlier®,

Onthelast day of experiment (after 2 months of
acohol treatment), anima swere sacrificed by cervica
didocation. Liver wasdissected and processed for bio-
chemica analysisor stored at -70°C until usefor fur-
ther experiments.

Preparation of cytosolicfraction

The cytosolic fraction was prepared from control,
isocaloric and acohol-fed rat liver asdescribed by Kim
et al.[®, Briefly, tissueswere homogenized separately
in 10mM Medial, pH 7.2 (10mM K,HPO,, 1mM
EDTA, 2mM DTT and 250mM Sucrose) at 4°C using
potter Elvgiahm homogenizer. Thehomogenatewasthen
passed through layers of cheesecloth and thefiltrate
was centrifuged at 10,000xg for 30 minutes. There-
sulting supernatant wasfiltered through glasswool to
removethefloatinglipid materid andthefiltrate centri-
fuged at 105,000x g for onehour inHitachi ultracentri-
fugewith p50AT2 rotor and theresulting supernatant
wasreferred to as crude cytosolic fraction.

GST assay

GST activity wasmeasured essentially asdescribed
by Habig et d.1%9., using 1, chloro 2,4-dinitrobenzene
as substrate. The standard assay mixture contained
1mM CDNB (1,chloro 2,4-dinitrobenzene), 1ImM re-
duced glutathione (GSH) and 100mM potassium phos-
phatebuffer (pH 6.5) inavolumeof 1 ml. Theoptical
density wasread at 340nm.

Purification of liver cytosolic GST

Cytosolic sampleswereloaded on GSH-Sepharose
6B affinity columnwhich was pre-equilibrated with
buffer A (10mM K,HPO,, ImM EDTA, 2mM DTT).
The column was washed with buffer A containing
150mM of KCl, until no protein (estimated by A, )
could bedetected inthe effluent. The adsorbed protein
was then eluted with buffer A containing 5mM GSH
and collected as1 ml fractions. Thefractionsexhibiting
highest GST activity were pooled and stored at - 70°C
till further use. GST purity waschecked by SDS-PAGE
asdescribed by%Y, Protein concentration wasestimated
by the method of Lowry et al 12",
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Western blot analysis

Proteinsfrom control and a cohol-fed rats (50u.g)
weretransferred from 12.5% Polyacrylamide gelsto
nitrocellulose membranes. Protein transfer was per-
formed a 45 mA for two and ahalf hoursinasemi-dry
eectroblotting gpparatus®. Thenon specific siteswere
blocked with 5% non-fatty milk powder in TBS(10mM
TrispH 8.0, 150mM sodium chloride) for 1hr at room
temperature, and then incubated with primary antibody
for 1hr at room temperature. After extensive washing
with TBST (TBS containing 5% Tween-20) blotswere
incubated with goat anti-rabbit antibody conjugated to
akainephosphatasefor 1 hr. After washing, blotswere
devel oped in dkaline phosphatase buffer (10mM Tris,
5mM MgCl, and 100mM NaCl, pH 9.5) containing
0.033% NBT and 0.0165% BCIP. Themembranewas
dried and densitometric analysiswasperformed using
NIH Image software (Scion Image).

Northern blot analysis

Total RNA wasisolated from control and a cohol-
fed rats as described by Chomczynski and Sacchi(?9.
20 pg of total RNA was separated on 1.2% formalde-
hyde agarosegdl and transferred to anylon membrane.
Filterswere prehybridized and then hybridized with (o-
¥2P) dCTP-labeled GST cDNA probe. After hybrid-
ization, filter waswashed, dried and autoradiographed
at -80°C using Fuji RX-NIF x-ray film. Hybridization
sgnaswerequantified using Bio-Rad image analysis
densitometer. Thesignal swere corrected for unequal
loading of thecdllular RNA by normdizationto 28sRNA
content.

I mmunohistochemistry

After transcardial perfusion of animalsusing 4%
paraformal dehyde, liver tissuewas post fixed in 4%
paraformal dehyde. Briefly, deparaffinised sections of
Sumweretreated with 3% hydrogen peroxidein deion-
ized water for 30 min and washed in TBST. The sec-
tionswere blocked with 1% of goat serumin TBSfor
onehour a room temperature. Thesectionswereincu-
bated at 4°C for 12-14 hrswith rabbit antibody against
rGSTM 1 and M2 usingincubation chamber. The sec-
tionswererinsed with TBST followed by incubation
with anti-rabbit secondary antibody conjugated to HRP
for 1hr at room temperature. Slideswerewashed and
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developed using freshly prepared 0.03% (w/v) DAB
(3-3 Diaminobenzidine) and 0.03% H,0O, (v/v) assub-
stratesand devel oped until the desired brown reaction
was monitored under the microscope. Thereactionwas
terminated by gently rinsing with distilled water. The
dideswere counterstained with Mayer‘shaematoxylin
for 2 minand mounted in Dpx. Control reactionswere
performed without specific antiserum and with non-im-
munerabbit serum.

High pressure liquid chromatography (HPLC)
analysis

High performanceliquid chromatographic analy-
sig® of affinity purified GST®Y was carried out on a
10cmx0.8cm Waters u Bondapak C18 reverse-phase
column (Waters Corporation, Milford, MA, USA)
(pore size 5u ) in aZ module with Waters systems
employing gradient e ution. The solventswere 35% (v/
v) acetonitrilewith 0.1% (v/v) trifluoroacetic acid (Sol-
vent A) and 85%(v/v) acetonitrile with 0.1%
trifluoroacetic acid (Solvent B). 50 ug of affinity puri-
fied cytosolic GST wasinjected at 35% v/v solvent A
and eluted with alinear gradient runfrom 35%to 55%
solvent B over 70 min, with aflow rate of Iml/min.
Polypeptideswere detected at 214nm. The separation
of subunitsby HPL C was quantified from peak area
expressed asA214xml, asobtained from therecorder.
Inorder to convert peak areainto protein content, the
g214 for each subunit obtained by multiplying its€280,

cd culated fromitsknown tyros neand tryptophan con-
tent, by theratio of A214 to A280 obtained from ab-
sorption spectrum. Individual peakswere character-
ized onthebas sof their anoda mobility on SDS-PAGE.

M olecular-mass determination of rGSTM1/M 2
subunit by liquid chromatogr aphy-electr ospray
ionization massspectroscopy (LC-ESI-MS)

Mass spectral anaysisof rGSTM1 and M2 sub-
unit was performed by on-lineHPL C connected to the
mass spectrometer. Theinstrument was setintheposi-
tive mode and nitrogen gaswas used as the nebulizer
gaswith acapillary voltage of ~3.8KV. Scanning was
donein multi channel analyzer modefromm/z 800to
m/z 2000, at acone voltage of 20V. Datawas summed
according tothetotd ion current profile and processed
by massynx ver. 3.2. Theraw datawas subtracted for
background noise smoothed and centrioded to cal cu-
late the mass of the sample.

Satistical analysis
Statistical analysiswasperformed using paired t-
test, employing the sigma plot software. A value of
p<0.01 was considered significant.
RESULTS

Western blot analysi swas performed us ng affinity-
purified antibody raised againg individud GST isoforms
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Figurel: Effect of alcohol on hepaticr GSTAL, r GSTM 1/M 2 subunit. Affinity purified cGST proteinsfrom control, and
alcohol-fed ratswer esubjected toimmunoblot analysiswith anti-r GSTA1 (a), r GSTM 1 (b) and r GSTM 2 (¢) antibody as
described in materialsand methods. ‘@’ ‘b’ and c’ r epresentsimmunobl ot with 50ug of protein loaded per lane. ‘d’, ‘@
and “f’represent densitometricanalysisfor ‘a’,‘b’and c’ respectively. Each data point representsthemean fromfive
analysis. Sudent’st-test statistical analysiswasused. A value of p<0.01 wasconsider ed significant.
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Figure2: RNA blot hybridization of rat total RNA with
rGSTM 1/M 2 cDNA probes. 20ug of total RNA wasloaded

from control and alcohol-fed rat liver in each lane.

(a). Blots were hybridized with ®P-labelled cDNA probe cor-
responding to rGSTM1/M2 mRNA (b) and rGSTAL1 (c). The
blots are represented along with the densitometric analysis.
Each data point represents the mean from five analysis.
Student’s t-test statistical analysis was used. A value of
p<0.001 was considered significant

(rGSTAL, rGST M1 and rGST M2). In the current
study, acohol was shown to increase rGSTA1 and
rGSTM2 proteinlevels(figures 1a, 1b and 1c).

After electrophoresis and transfer of total RNA
(20ug) (figure 2b) from control and a cohol group, the
levelsof mMRNA for a-classand mu classof GST was
detected by random primer labeled cDNA probe.
MRNA for mu-class GST revealed an increase of
113.27% of control upon acohol administration.

Immunohistochemistry of liver sectionsshowed a
uniform distribution of rtGSTA1, rGSTM1andM2in
control (figures3A, 3C and 3E) and enhanced immu-
noreactivity in perivenousarea(zonelll) forAland
M2 subunit in acohol-fedrat (figures 3B and 3F), in
contrast, M 1 subunit immunoreactivity wasfoundto be

(A) represent RP-HPLC analysis of GSH- affinity pu-
rified cytosolic GST from normal rat liver (50 pg)

2 ¥ L]

Column: water p-bondapak C18 (0.39-30 cm). Solvent A:
0.1% TFA in 35% Acetonitrile, Solvent B: 0.1% TFA in 85%
Acetonitrile, Gradient: 0 min B. con. 1%, 20 min B.con.
30%, 30 min B.conc.30% , 55 min B conc. 40%, 60 min B.conc.
60% ,65 min B.conc 70%,70 min B.conc. 1%, 75 min stop
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Figure3: Immunohistochemical localization of rGSTAL,
rGSTM 1and M 2 subunitsin control, and alcohol-fed rat
liver.rGSTA1(AandB),rGSTM 1 (CandD) andrGSTM 2
(EandF) enzymewasdemonstrated in both the control and
alcohol-fed animals. All the GST subunits shows a uni-
formdistribution of GST enzymeinrat control liver. But,
in alcohol fed ratsthestaining intensitiesfor all the GST
subunitswasfound to be markedly higher in perivenous
area(PV). Sectionstreated with preimmuneserumwere
consider ed asnegativecontrol (G). Original magnifica-
tions, x250

(B) represent’s SDS -PAGE analysis of fractions
collected from RP-HPLC column.
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Order of elution of cytosolic GST on C-18 col-
umn: p-class (Ybl), p-class (Yb2), a-class (Ycl),
a-class (Yc2), a-class (Yal), a-class (Ya2);

Figure4: | dentification of individual cytosolic GST isofor m separ ated on C-18 column.
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Figure5: LC-ESI-M Sanalysisof cGST. Individual peaksobtained from RP-HPCL weresubjected to ESI-M Sanalysis

from control and alcohol fed rat liver. (a) representsESI massspectr a, (b) representsdeconvoluted massspectrum.
‘A’ represents ESI mass spectra and deconvoluted mass spectrum in control and alcohol fed rats for rGSTA1 and A2 protein
respectively; ‘B’ represents ESI mass spectra and deconvoluted mass spectrum in control and alcohol fed rats for rGSTM1

and M2 protein respectively.
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Figure6: Total cytosolic proteinsfrom control and al co-

hol-fed ratswer e subj ected toimmunoblot analysiswith
serum collected from control and alcohol-fed rat asde-
scribed in materials and methods: (@) represents SDS-
PAGE with 50ug of protein loaded per lane, (b) represent
immunaoblot
TABLE 1: Rdativeabundanceof cytosoticglutathione-strans-
ferasesubunitsin control, alcohol and alcohol withdrawal rat
livers

S Sub Control Alcohol

n(;. units'dlass R_’etensi_on Abundance Retensi_on Abundance
time(min) _ (ug) _time(min)  (ug)

1 ul(Ybl) 21.033 1.105 20.817 0.44

2 ul(Yb2) 23.03 1.095 21.78 8.8

BIOCHEMISTRY (mm—

decreased (figures 3D). Figure 3G showsliver sections
probed with preimmune serawhich did not show any
immunoreectivity (negeativecontrol).

Theaffinity purified cGST fromrat liver wereana
lyzed and quantified by RP-HPLC. A typica chromato-
gramisshowninfigure4. GSTsinacohol fedratsre-
vealed an8foldincreaseinrGSTM2 subunit (TABLE
1). Mass spectraanalysisof control affinity purified
HPLC peaks were 25791 for rGSTM1, 25579 for
rGSTM2 (figure 5 f and h), 25528 for rGSTA1 and
25492 for rGSTA2 subunits (figure 5b). Alcohol fed
affinity purified GSTsshowed Molecular masses 25793
forrGSTM1, 25982 for rGSTM2 (figure5j) and 25484
for rtGSTAL (figure5d).

The generation of autoantibodieswas studied by
probing cytosolic fraction with antiserum collected from
acohol-fed rats(figure6a). A positiveimmunoreactiv-
ity wasobserved for d phaand mu-class subunits, which
further confirmsthegeneration of autoantibodiesagainst
cGST upon a cohol administration in additionto other
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proteins(figure 6b).
DI SCUSSION

GSTsrepresent one of themgjor cellular defense
mechani smsagai nst e ectrophilic xenobioticsand their
metabolites. Sinceit playsanimportant rolein detoxifi-
cation and other physiologicd functions, westudied the
effect of alcohol administration on GSTsof cytosol,
wheremgority of acohol ismetabolized.

Western blot analysison affinity-purified antibody
raised againgt individual GST isoforms(rGSTAland
rGSTM2) showed preferentid increase dueto a cohol
administration. It has been shown that mu-classGSTs
aresengitiveto ROS?, Theincreasein both alphaand
mu classGSTsmay play acrucid rolein protecting the
liver cellsagaingt toxic effect of a cohol anditsmetabo-
lite. Itislikely that thecellular responses might really
involve interplay among these specific classes and
isoforms, and the dterationsin GST profilemay drive
cell towardsdysfunctiona apoptosis.

It has been reported that cadmium treatment in-
creased a pha-class glutathione-Stransferase proteins
by about 25%inrat liver cytosol®®2. Itisunlikely that
the stimulatory effect wasdueto thehighleve of per-
oxides caused by lipid peroxidation, sinceVitamin E
adminigration strongly reduced the peroxideslevd, but
did not affect the GST activity'®2. It hasbeen shown
that altered levelsof apha-GSTsareavery sensitive
marker in assessing cdllular damageinduced by manu-
trition™. Inadveolar epithdid cdls, cadmiumwasfound
toincreasetheactivity and expression of dpha- and pi-
GST classeswith concomitant ROS production®4. It
has been reported that inliver cytosol GST activity in-
creases after acute cadmium intoxication of ratg™!. At
thesametime, higher levelsof liver TBARSformation
have been observed. It hasbeen hypothesized that al-
pha-class GSTsarethose mainly involved in this pro-
Cess.

Studiesreported that there was asignificant de-
creasein cytosolic GST dueto ethanol exposurein pri-
mary cultureof mouse hepatocytes®. Mu and pi- class
GSTswas decreased by 53% and 13% respectively.
These changeswere completely or partialy reversed
by either Vit-E or alcohol dehydrogenase (ADH) in-
hibitor like 4-methylpyrazole. Brind’s et a.*"). have
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studied the genetic susceptibility of dcoholicliver dis-
easesand significant associaion of GST polymorphism
with particular referenceto GSTM1, M3, P1, T1 and
A1l by PCR. The study fails to demonstrate beyond
doubt alink between thetwo.

RNA blot hybridization andysisreveded asignifi-
cant increaseinthelevelsof mu-classrGST mRNAS
and parallelstheincreasein net GST protein produc-
tion. Increased mu-classrGST production could bethe
result of increased transcription or stabilization of
MRNA. Previous studies have demonstrated that
chronicethanol ingestionincreaseshepatic mRNA leve
and protein synthesis. Iron overloading caused aliver
MRNA increasein mouse, with consequent higher pro-
tein levels of GSTA1, GSTA4 and GSTM1. The
GSTA4 induction wasrelated to ROS production by
iron exposure®®, In addition Baraona and co-work-
erg® found that the absol ute synthesis of hepatic pro-
teinwasincreased ininvivoinethanol-fed rats.

Theisozymeisan alphaclass GST that demon-
strates substrate specificity which may be particularly
important for cdlular defenseagaingt oxidative stress®.
GSTA4-4 utilizes 4-HNE as its preferred substrate,
conjugeating it to GSH with high affinity“43. Theability
of GSTA4-4to metabolize dectrophilesgenerated dur-
Ing oxidativestresssuggeststhat thisisozymemay func-
tion asamajor defensemechanism against theliver in-
jury induced by CCl4. It isreported that inmGSTA4-
4 knockout mice CCl4- mediated hepatotoxicity isex-
acerbated by theinitiation of rapid lipid peroxidation
leading to anincreaseinintracellular 4-HNE concen-
trationand dsoit playsasignificant protectiveroleonly
during theearly stagesof thistoxicinsult*.,

Extensiveddetionsin GSTM 1 and GSTT1 result
incompletelossof enzymefunction, which possibly in-
fluencecolorecta cancer susceptibility!!. Therefore, a
large number of studieshave been performed to assess
whether GSTM 1-deficiency or other GST polymor-
phisms are associated with colorectal cancer suscepti-
bility“4€l, Theresultswere heterogeneousand failed
to demongtrateany link.

Immunohi stochemical studiesusing polyclond an-
tibody in hepatic lobule showed increased alpha
rGSTA1 and mu rGSTM2 immunoreactivity in
perivenousareain acohol fed liver. Theenhanced in-
tensity in zonelll could be dueto ethanol-related in-
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creasein oxidative stressinduced by the presence of
high activity of alcohol dehydrogenaseand CY P450in
thisared*”). It was reported that the ethanol fed ani-
mal swhen subjected to experimental hypoxia, thecel-
[ular injury wasincreased in the perivenous region“&49,
suggesting that ethanol consumption and oxygen depri-
vation showed additiveeffectsin thisregion. Takento-
gether, webdievethat the product of ethanol metabo-
lism might account for the observed induction of rGST
subunit.

The peroxidase activity associated with the GSTs
isreferred to asNonSe-GPX activity, which represents
oneof theimportant antioxidant mechanismsthat exist
incdlsfor protection against hydroperoxides®™. In hu-
mans, theNonSe-GPX activity of GSTstowardslipid
hydroperoxidesismainly associated withtheAlphacdlass
of GSTS%. Thebulk of thea phaGST activity isex-
hibited by thecytosolicisoformslike GSTA1,A2,A3,
and A45+52, The microsoma GSTA1-1 showed sig-
nificant NonSe-GPX activity towardsphysiologicaly
relevant fatty acid hydroperoxides, the biogenesis of
whichisdirectly linked to oxidative stress®3. There-
fore, the conjugation and peroxidase activities associ-
ated with GSTstowardsawidevariety of eectrophilic
compounds may be considered asan integral part of
the cdllular antioxidant defense system and it mitigates
thetoxiceffectsof ROS.

Further, HPLC analysisof affinity purified GST
showed an 8 fold increase in rGSTM2 subunit. The
mass difference between native peptide and adduct
mol eculesis consi stent with aschiff base between an
amineand acetal dehyde. M ass spectrashow no masses
condstent withfragmentsfromether intraor interpeptide
cross-inking. In addition, themodified protein gppeared
asasinglepeak on C18 RP column, wherethe cross-
linking of some of the moleculeswould change chro-
matographic behavior sufficiently to generate an addi-
tiona pesk.

It issuggested that the aphaclass GSTsplay an
important rolein regulation of theintrace lular concen-
trations of the products of lipid peroxidation that may
beinvolvedinthesignaing mechanismsof gpoptos §°Y.
Theseresultsshow that thetransfection of K562 cells
with hGSTA2 attenuates H,O,-induced apoptosis by
suppressing SAPK/INK activation and caspase 3-
mediated PARPdeavage. Thephysiologicd significance
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of the GPx activitiesof hGSTA1-1and hGSTA2-2 has
not been systematicaly investigated. A subgroup of the
Alphaclass GSTs having substrate preferencefor 4-
HNE is aso present in mammals including human
cellsl5581, |t demonstrates that hGSTA1-1 and
hGSTA 2-2 canreduce PL-OOH inthebiologica mem-
branesin situ and that the overexpression of hGSTA2-
2 protects K562 cells from H,O,-induced L PO and
cytotoxicity.

Our laboratory has demonstrated earlier that the
toxic products generated endogenously from a cohol
metabolism (HNE, MDA, and acetaldehyde) are ac-
cumulated in perivenousared™. In addition theinhibi-
tion of GSTsfunction asreported inthis study might
increasesthe susceptibility of thisregionfor cellular
dysfunction. Theleved of GST expressonisconsidered
to bean important factor to protect organsagainst the
deleterious effect of toxicants. Most GST inducersin-
clude phenols, N-heterocyclic compounds and
dithiothiones. M ost of these compounds are used as
anticancer drugs. Thiseffect may represent animpor-
tant cellular mechanism against oxidative stresg®"%8,
Xenobiotic GST inducers such as phenobarbital or
benzonaphthoflavone have been reported to increase
theclassaphaGST inthecytosol of rat liver™. Heavy
metal intoxication has been shown to have someinflu-
enceover GST expresson. Studiesontheeffect of iron
overload on GST expressioninmouseliver and kidney
have been reported®, It wasfound that thelevels of
GSTA1,Ad4and M1lincreasedinliver whilethe ex-
presson of GSTA1and M lisreducedinkidney, where
only the GSTA4 level increased. The GSTsincrease
theefficiency of glutathione-dependent detoxification
of eectrophilic xenobioticsand the by productsof oxi-
dative stressthat arecritical to cellular homeostasi %Y.
Alcohol consumption showed anincreasein protein and
MRNA expression. The increased expression of
rGSTM 2 subunit and the formation of acetal dehyde
adduct indi cate the modification of rGSTM2 subunit.
Thus, itsimpaired function inacohol administered rats
maly contributeto the progression of acohol induced
liver damage.
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