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he pathogenesis of alcoholic liver disease and its molecular basics co-
uld be enlightened only during the last few decades.1 In the past, it
was erroneously thought that malnutrition was the main factor in
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AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: To in ves ti ga te the ad di ti ve ef fect of et ha nol and ni co ti ne on rat li ver oxi da -
ti ve sta tus fol lo wing eit her alo ne or com bi ned sub-chro nic ad mi nis tra ti on. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::
Forty-eight fe ma le Spra gu e Dew ley rats we re gro u ped ran domly in to one of the pro to cols, which
con sis ted of tre at ment for 10 days with et ha nol 2 g/kg/day (et ha nol gro up, n= 12), ni co ti ne 0.15
mg/kg/day (ni co ti ne gro up, n= 12), both drugs (et ha nol plus ni co ti ne gro up, n= 12) or sa li ne so lu ti -
on (con trol gro up, n= 10) for 10 days. Fol lo wing 10 days of ad mi nis tra ti on of the sethe above-
mentioned agents, ma lon di al dehy de con cen tra ti on, re du ced glu tat hi o ne con cen tra ti on and glu tat -
hi o ne pe ro xi da se ac ti vity we re as ses sed in the li ver. RRee  ssuullttss::  The et ha nol plus ni co ti ne gro up had sig-
ni fi cantly hig her ma lon di al dehy de and lo wer glu tat hi o ne con cen tra ti ons than eit her the et ha nol
and ni co ti ne and the con trol gro ups (both, p< 0.05). The et ha nol or ni co ti ne gro up had sig ni fi cantly
hig her ma lon di al dehy de con cen tra ti on and lo wer glu tat hi o ne con cen tra ti on and glu tat hi o ne pe ro -
xi da se ac ti vity than the con trol gro up (all p< 0.05). Ma lon di al dehy de and glu tat hi o ne con cen tra ti -
on was not sig ni fi cantly hig her in the et ha nol gro up than in the ni co ti ne gro up (both, p> 0.05). No
sig ni fi cant dif fe ren ce was ob ser ved in glu tat hi o ne pe ro xi da se ac ti vity of et ha nol, ni co ti ne or et ha -
nol plus ni co ti ne gro ups (all p> 0.05). CCoonncc  lluu  ssii  oonnss::  Co-ad mi nis tra ti on of et ha nol and ni co ti ne re sults
with sig ni fi cant in cre a se in li pid pe ro xi da ti on and sig ni fi cant dec re a se in glu tathionele vels com pa -
red to their separate ad mi nis tra ti on.

KKeeyy  WWoorrddss::  Ni co ti ne; al co hols; oxi da ti ve stress

ÖÖZZEETT  AAmmaaçç::  Eta nol ve ni ko ti nin tek ba şı na ve ya bir lik te subkro nik uy gu lan ma sı nın sıçan ka ra ci -
ğe rin de ki ok si da tif du rum üze ri ne olan et ki si ni araş tır mak. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Spra gu e Dew ley
tü rü 48 di şi sıçan tek ba şı na eta nol 2 gr/kg/gün (eta nol gru bu, n= 12), tek ba şı na ni ko tin 0.15
mg/kg/gün (ni ko tin gru bu, n= 12), kom bi ne eta nol 2 gr/kg/gün ve ni ko tin 0.15 mg/kg/gün (eta nol ve
ni ko tin gru bu, n= 12) ve ya tek ba şı na tuzlu su so lüs yo nu (kon trol gru bu, n= 10) ve ri le cek şekil de ran -
do mi ze edil di. Bu maddelerin 10 gün bo yun ca uy gu lan ma sı nın ar dın dan, sıçanların ka ra ci ğe rin de
ma lon di al de hid kon san tras yo nu, glu tat yon kon san tras yo nu ve glu tat yon pe rok si daz ak ti vi te si öl çül -
dü. BBuull  gguu  llaarr::  Eta nol ve ni ko tin gru bun da di ğer grup la ra gö re malondialdehit konsantrasyonu anlamlı
ölçüde daha yüksek ve glutatyon konsantrasyonu daha düşük tespit edildi (her iki si için p< 0.05).
Eta nol gru bu ve ni ko tin gru bu kon trol gru bu na kı yas la da ha yük sek ma lon di al de hid kon san tras yo -
nu, da ha dü şük glu tat yon kon san tras yo nu ve da ha dü şük glu tat yon pe rok si daz ak ti vi te si ne sa hip idi
(tü mü için p< 0.05). Ma lon di al de hid ve glu tat yon kon san tras yo nu eta nol gru bun da ni ko tin gru bu -
na gö re an lam lı şekil de yük sek de ğil di (her iki si için p> 0.05). Eta nol gru bu, ni ko tin gru bu ve eta nol
ve ni ko tin gru bu ara sın da glu tat yon pe rok si daz ak ti vi te si açı sın dan is ta tis tik sel ola rak an lam lı bir
fark lı lık tes pit edil me di (tü mü için p> 0.05). SSoo  nnuuçç::  Eta nol ve ni ko ti nin bir lik te uy gu lan ma sı, bu
maddelerin tek başına uy gu lan ma sı na kı yas la li pid pe rok si das yo nun da an lam lı şekil de ar tı şa ve glu -
tat yon dü zey le rin de an lam lı şekil de azal ma ya ne den ol mak ta dır. 
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the de ve lop ment of al co ho lic li ver di se a se. It is well
re cog ni zed to day that al co hol di rectly ca u ses al co -
ho lic li ver di se a se by its to xic ef fects. The me ta bo -
lism of et ha nol in mic ro so mes is enz yma tic
spe ci fi cally vi a cytoc hro me P450 II E1 isozy me. Al-
co hol is me ta bo li zed to ace tal dehy de in the li ver
vi a al co hol dehy dro ge na se, and then this pro duct is
con ver ted to ace ta te by ace tal dehy de dehy dro ge -
na se/oxi da se.2,3 Alt ho ugh the cel lu lar ba sics of the
to xic ef fects of al co hol ha ve not be en comp le tely
un ders to od yet, it is well known that et ha nol le ads
to li pid pe ro xi da ti on by in cre a sing fre e oxy gen ra -
di cals.4

Ni co ti ne, a ma jor to xic com po nent of ci ga ret -
te smo king, is oxi di zed pri ma rily to co ti ni ne in the
li ver.5 Ex pe ri men tal stu di es ha ve shown that chro -
nic ad mi nis tra ti on of ni co ti ne ca u ses oxi da ti ve
stress by in du cing the ge ne ra ti on of li pid pe ro xi da -
ti on pro ducts in se rum and in va ri o us tis su es.6-8 Ci -
ga ret te smo king is com mon among per sons with
al co hol de pen den ce or abu se with as many as 80%
of per sons who are al co hol de pen dent al so be ing
smo kers. Not only is smo king com mon in per sons
with he avy al co hol con sump ti on, but al so ni co ti ne
de pen den ce ap pe ars mo re se ve re in smo kers with a
his tory of al co hol de pen den ce.9

Sin ce pe op le con su ming al co hol are usu ally
smo kers, in the pre sent ex pe ri men tal study, we ai -
med to in ves ti ga te the oxi da ti ve stress and an ti o xi -
da ti ve de fen se in rats’ li ver fol lo wing sub-chro nic
ad mi nis tra ti on of al co hol, ni co ti ne or the ir com bi -
na ti on.

MA TE RI AL AND MET HODS

Forty-eight 60 days old fe ma le Spra gu e Dew ley rats
we ig hing bet we en 180-210 g we re acc li ma ted for
one we ek. All rats we re in go od he alth and were
kept un der the sa me physi cal and en vi ron men tal
con di ti ons in our ex pe ri ment la bo ra tory. Rats we -
re kept in the ro om with a tem pe ra tu re of 23 ± 2oC
with a re la ti ve hu mi dity of 55 ± 5% and 12 ho urs of
light/dark cycle. Du ring acc li ma ti on and study, ad
li bi tum ac cess to rat chow and wa ter we re supp li -
ed. All ani mals we re we ig hed da ily, re ce i ved hu -
man ca re and lo cal stan dards for pro tec ting ani mal
wel fa re were fol lo wed. The study pro to col was car-

ri ed out in ac cor dan ce with the gu i de for the ca re
and use of the la bo ra tory ani mals and ap pro ved by
the lo cal Ins ti tu ti o nal Re vi ew Com mit tee.

ET HA NOL AND NI CO TI NE AD MI NIS TRA TI ON

The do se of et ha nol and ni co ti ne ad mi nis te red to
the our ani mals was ba sed on the pre vi o us stu di -
es.10,11 Rats we re di vi ded ran domly in to fo ur gro -
ups and were tre a ted as fol lows:  

The et ha nol gro up con sisted of 12 rats re ce i -
ving in tra pe ri to ne al (IP) et ha nol 2 gr/kg/day, the
ni co ti ne gro up con sisted of 12 rats re ce i ving IP ni -
co ti ne hydro gen bi tar tra te 0.15 mg/kg/day, the et -
ha nol plus ni co ti ne gro up con sisted of 12 rats
re ce i ving IP et ha nol 2 gr/kg/day plus IP ni co ti ne
hydro gen bi tar tra te 0.15 mg/kg/day, and the con-
trol gro up con sisted of 10 rats re ce i ving IP sa li ne
so lu ti on at cor res pon ding vo lu me for 10 days.

TIS SU E EX TRACT PRE PA RA TI ON

At the end of ten days, twel ve ho urs af ter the ad mi -
nis tra ti on of the last do sa ge, ani mals we re exe cu -
ted vi a de ca pi ta ti on and the ir li vers we re ra pidly
ex tir pa ted and was hed in cold sa li ne so lu ti on. Li ver
tis su es we re ad ded to 150 mM ice-cold po tas si um
chlo ri de and were homogenized for 3 mi nu tes in a
ho mo ge ni zer (Ul tra Tur rax T25, Ger many) to ma -
ke a 10% ho mo ge na te. Then, li ver tis su es we re im-
me di a tely fro zen in li qu id nit ro gen. Fro zen li vers
we re sto red at -70°C un til eva lu a ti ons.10,11

Li pid pe ro xi da ti on pro ducts and glu tat hi o ne
(GSH) con cen tra ti on, and glu tat hi o ne pe ro xi da se
(GSH-Px) ac ti vi ti es we re de ter mi ned in the li vers.

DE TER MI NA TI ON OF LI PID PE RO XI DE CON CEN TRA TI ON

The ex tent of li pid pe ro xi da ti on was es ti ma ted as
the con cen tra ti on of ma lon di al dehy de (MDA), thi -
o bar bi tu ric acid re ac ti ve pro duct, using the thi o -
bar bi tu ric acid met hod.12 For this, 750 µL 10%li ver
ho mo ge na te was ad ded to 750 µL 20% trich lo ro a -
ce tic acid so lu ti on and the mixture was cen tri fu ged
at 4000 rpm for 20 mi nu tes. Then, 1 mL su per na -
tant was ad ded to 0.8% thi o bar bi tu ric acid so lu ti on
and they were in cu ba ted in bo i ling wa ter for 15
mi nu tes. Fol lo wing co o ling, the ir ab sor ban ce was
re ad aga inst the blank, which did not con ta in ho-
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mo ge na te. 1,1,3,3, tet ra-et hoxy-pro pa ne was used
as an in ter nal stan dard and re sults we re ex pres sed
as nmol MDA/g-tis su e. 

DE TER MI NA TI ON OF LI VER RE DU CED GLUTATHIONE LE VEL 

Non-pro te in fre e sulfhydryl gro ups, which are in-
di ca tors of GSH, we re de tec ted in li ver ho mo ge na -
tes by Ell mann’s met hod with a spec tro-
p ho to me ter.13 Bri efly, 0.75 mL of phosp ha te buf fer
and 1.5 mL of dep ro te i ni za ti on so lu ti on we re ad -
ded to 0.25 mL of 10% li ver ho mo ge na tes pre pa red
by 0.1 M phosp ha te 1 mM ED TA-Na2 buf fer (pH
7.5), all we re mi xed with vor tex and were cen tri -
fu ged for 15 mi nu tes at 4000 rpm. Then, 0.25 mL of
the su per na tant was ad ded to 1 mL of 0.3 M
Na2HPO4 and 0.25 mL Ell man in di ca tor. Co lor was
re ad at 412 nm aga inst the blank with LKB-Ul tras -
pect II spec trop ho to me ter. GSH was used as stan-
dard and re sults we re pre sen ted as mmol
GSH/g-tis su e. 

DE TER MI NA TI ON OF LI VER 
GLUTATHIONE PEROXIDASE AC TI VITY 

1 mL of li ver ho mo ge na te was ad ded to 1 mL of 100
mM phosp ha te buf fer con ta i ning re du ced GSH (1
mM), ED TA (4 mM), so di um azi de (NaN3; 4 mM),
NADPH (0.2 mM) and GSH re duc ta se. Fol lo wing
5 mi nu tes of pre-in cu ba ti on at 37oC, the re ac ti on
was ini ti a ted by 1 mL of hydro gen pe ro xi de (H2O2;
1 mM). 1 mL of re ac ti on mix tu re was ta ken at
every 3 mi nu tes and re ac ti on was ter mi na ted by
ad ding 4 ml of dep ro te i ni zed so lu ti on. The re ac ti -
on ra te was me a su red by a re cor ding spec trop ho to -
me ter. In or der to de tect non-enz yma tic GSH
in cre a se, sa me pro ce du res we re re pe a ted in a me -

di um not con ta i ning the ho mo ge na te. Dec re a se in
GSH le vel per mi nu te was cal cu la ted for both enz -
yma tic and non-enz yma tic re ac ti ons. Then log
(GSH)/min le vels for non-enz yma tic re ac ti on we -
re sub trac ted from log (GSH)/min le vels for enz -
yma tic re ac ti on and each dec re a se of 0.001 unit was
des cri bed as 1 enz yme unit. The enz yme ac ti vity
was ex pres sed as U/g of wet tis su e.14

STA TIS TI CAL ANALY SIS 

Da ta we re ex pres sed as me an ± SD. Da ta dis tri bu -
ti on was as ses sed using the Sha pi ro-Wilk test. As
da ta sho wed nor mal dis tri bu ti on, pa i red t-test was
used to com pa re we ight chan ges of the ani mals du -
ring the study. Con ti nu o us va ri ab les we re com pa -
red using one-way Analy sis of Va ri an ce (ANO VA),
fol lo wed by post hoc Tu key test. p va lu e of less
than 0.05 was con si de red sta tis ti cally sig ni fi cant.

RE SULTS

Nut ri ti o nal con di ti ons of the ani mals we re go od
and no sig ni fi cant we ight chan ge bet we en fo ur
gro ups was ob ser ved thro ug ho ut the study (all p>
0.05). In ad di ti on, ac cor ding to our sub jec ti ve ob-
ser va ti ons, no dif fe ren ces we re ob ser ved bet we en
gro ups re garding da ily physi cal ac ti vity. Mor ta lity
was not ob ser ved du ring the ex pe ri men tal pe ri -
od.

The ef fect of sub-chro nic ad mi nis tra ti on of et -
ha nol or ni co ti ne alo ne or in com bi na ti on on MDA
and GSH con cen tra ti ons, and GSH-Px ac ti vity was
shown in Tab le 1. Sub-chro nic ad mi nis tra ti on of
et ha nol, ni co ti ne and et ha nol plus ni co ti ne sig ni fi -
cantly in cre a sed MDA con cen tra ti on to 128%,

Parameters Ethanol Nicotine Ethanol+Nicotine Controls
MDA (nmol MDA/g-tissue) 246.3 ± 24.2* 226.3 ± 43.9* 373.8 ± 35.3*** 192.2 ± 31.9

GSH (µmol/g-tissue 5.4 ± 0.6*** 4.9 ± 0.8*** 3.6 ± 0.3 7.3 ± 0.5****

GSH-Px (U/mg-tissue) 10.2 ± 1.86 11.0 ± 2.1 10.9 ± 1.44 17.7 ± 2.37****

TABLE 1: Malondialdehyde and glutathione concentrations, and glutathione peroxidase activity of the groups.

Data are presented as mean ± standard deviation,
*p< 0.05 vs. controls,
**p< 0.05 vs. ethanol and nicotine,

***p< 0.05 vs. ethanol + nicotine,
****p< 0.05 vs. ethanol, nicotine and ethanol + nicotine,
MDA: malondialdehyde; GSH: glutathione; GSH-Px: glutathione peroxidase.
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118% and 194% of con trol va lu es, res pec ti vely (all
p< 0.05). MDA con cen tra ti on was sig ni fi cantly hig -
her in the et ha nol plus ni co ti ne gro up than in the
et ha nol and the ni co ti ne groups (both p< 0.05).
MDA con cen tra ti on of the et ha nol gro up was not
sig ni fi cantly dif fe rent from that of the ni co ti ne gro -
up (p> 0.05). 

Sub-chro nic ad mi nis tra ti on of et ha nol, ni co -
ti ne and et ha nol plus ni co ti ne sig ni fi cantly dec re -
a sed GSH con cen tra ti ons to 74%, 67% and 49% of
con trol va lu es, res pec ti vely (all p< 0.05). The et ha -
nol plus ni co ti ne gro up had sig ni fi cantly more de-
p res sed GSH con cen tra ti on than the et ha nol and
the ni co ti ne groups (both p< 0.05). GSH con cen -
tra ti on was not sig ni fi cantly dif fe rent in the et ha -
nol gro up from the ni co ti ne gro up (p> 0.05).

Sub-chro nic ad mi nis tra ti on of et ha nol, ni co -
ti ne and et ha nol plus ni co ti ne sig ni fi cantly dec re -
a sed GSH-Px ac ti vity to 57.6%, 62% and 61.6% of
con trol va lu es, res pec ti vely (all p< 0.05). No sig ni -
fi cant di ffe ren ce was ob ser ved in GSH-Px ac ti vity
of et ha nol, ni co ti ne or et ha nol plus ni co ti ne gro -
ups (p> 0.05).

DIS CUS SI ON

Al co hol in ges ti on is known to pro du ce a va ri ety of
me ta bo lic and pat ho lo gi cal al te ra ti ons, which are
es pe ci ally du e to cell me ta bo lic dis tur ban ces as so -
ci a ted with et ha nol oxi da ti on and oxi da ti ve stress
in the li ver of both al co ho lic pa ti ents and ex pe ri -
men tal ani mals ex po sed to al co hol.15,16 Me ta bo lism
of et ha nol vi a cytoc hro me P450 II E1 in du ces alp -
ha hydroxyl ethyl ra di cal for ma ti on.17 MDA is an
end pro duct of li pid pe ro xi da ti on and be ca u se the
li pid pe ro xi da ti on end pro ducts are mo re stab le
than fre e ra di cals, they pro vi de re li ab le in for ma ti -
on on whet her the system is un der oxi da ti ve
stress.18 The re fo re, in the pre sent study, we me a su -
red MDA le vel to show the oxi da ti ve stress du e to
et ha nol or ni co ti ne alo ne, or the ir com bi ned ef-
fects. In se ve ral stu di es, the in di vi du al ef fects of
the se agents on oxi da ti ve stress in li ver ha ve be en
se pa ra tely in ves ti ga ted. As we sho wed in our study,
li pid pe ro xi des had a ma jor ro le in the pat ho ge ne -
sis of et ha nol-in du ced cel lu lar in jury.10,19-21 Ho we -

ver, in a few other stu di es, li ver MDA le vel was un-
c han ged.22,23

Similarly, the re is in cre a sing evi den ce that cel-
lu lar da ma ge that oc curs with ni co ti ne ex po su re is
as so ci a ted with an im ba lan ce in the cel lu lar oxi -
dant-an ti o xi dant system.6,7,24,25 Des pi te the con tra -
dic tory re sult of the study by Sheng et al, in which
the ni co ti ne in du ced oxi da ti ve stress was suggested
to be the re sult of re du ced su pe ro xi de dis mu ta se
ac ti vity rat her than in cre a sed MDA le vel, li pid pe -
ro xi da ti on was ac cep ted to play an im por tant ro le
in the ni co ti ne in du ced oxi da ti ve stress in the li ver
in se ve ral stu di es.10,26-28 In con cor dan ce with the
lat ter stu di es, in the pre sent study, subc hro nic al co-
hol or ni co ti ne ad mi nis tra ti on re sulted with in cre -
a se in MDA le vel of ani mals be longing to eit her the
et ha nol or the ni co ti ne gro ups. 

He pa tic re du ced GSH plays a cru ci al ro le in
sca ven ging ra di cal oxy gen spe ci es (ROS).29 GSH re-
acts di rectly with ROS and elec trop hi lic me ta bo li -
tes, pro tects es sen ti al thi ol gro ups from oxi da ti on,
and ser ves as a subs tra te for se ve ral enz ymes, inc -
lu ding GSH-Px. The li ver is par ti cu larly sus cep tib -
le to da ma ge ca u sed by in cre a sed ROS and GSH
dep le ti on.11,30 Alt ho ugh acetaldehyde was shown to
decrease the  dec re a ses the GSH po ol by bin ding to
he pa tic thi ol gro ups, unc han ged, dec re a sed and
even ele va ted GSH le vels ha ve be en re por ted af ter
et ha nol tre at ment.10,22,23,31-34 In the pre sent ex pe ri -
men tal study, GSH con cen tra ti on was dep res sed in
both the et ha nol and the ni co ti ne gro ups. 

GSH-Px ca taly zes the com po si ti on of a va ri ety
of subs tra tes inc lu ding hydro gen pe ro xi de, which
may be pre va lent un der oxi da ti ve stress.30 The re
are conf lic ting re sults abo ut the GSH-Px ac ti vity
fol lo wing se pa ra te ad mi nis tra ti on of eit her et ha nol
or ni co ti ne.10,27 In our study, GSH-Px ac ti vity was
sig ni fi cantly lo wer in ani mals ad mi nis te red eit her
et ha nol or ni co ti ne alo ne. 

The in cre a se in MDA con cen tra ti on, and dec -
re a se in GSH le vel and GSH-Px, which ha ve be en
shown in both our et ha nol and ni co ti ne gro ups
sug ges ted that eit her et ha nol or ni co ti ne could in-
du ce oxi da ti ve stress in the li ver even when they
were ad mi nis te red alo ne.
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The com bi ned ef fect of et ha nol and ni co ti ne
on oxi da ti ve stress and an ti o xi dant de fen ce was in-
ves ti ga ted in a few stu di es. As ha ku mary et al in-
ves ti ga ted the ad di ti ve ef fect of al co hol and
ni co ti ne on li pid pe ro xi da ti on and an ti o xi dant de-
fen ce mec ha nism in rats.35 They reported in cre a -
sed li pid pe ro xi da ti on and dec re a sed su pe ro xi de
dis mu ta se, ca ta la se and GSH re duc ta se ac ti vity,
whi le the ac ti vity of GSH-Px and the con cen tra ti -
on of GSH we re in cre a sed. They sug ges ted that the
in cre a se in GSH con cen tra ti on and GSH-Px ac ti -
vity was du e to in cre a sed oxi da ti ve stress and dep -
le ted ot her an ti o xi dant enz yme ac ti vi ti es ca u sed by
the ad di ti ve ef fect of et ha nol and ni co ti ne. The
com bi ned ef fect of the se agents was not stu di ed in
the li ver in the study by As ha ku mary et al.35

The com bi ned ef fect of et ha nol and ni co ti ne
on tis su e oxi da ti ve stress and an ti o xi dant system
was only in ves ti ga ted in the study by Hu sa in et al.10

Si mi lar to our study, they also in ves ti ga ted the ef-
fect of et ha nol, ni co ti ne or the ir com bi na ti on on li -
ver an ti o xi dant system, but dif fe rently they
ad mi nis te red the se agents to the rats in a chro nic
for a longer pe ri od (6.5 we eks) and they investi-
gated these parameters in the lung, kidney and
testes in addition to the liver. They fo und that tre -
at ment with the com bi na ti on of et ha nol and ni co -
ti ne sig ni fi cantly in cre a sed MDA con tent and
GSH-Px ac ti vity to 164% and 134% of con trol va l-
u es in the li ver. They al so fo und that the com bi na -
ti on of et ha nol plus ni co ti ne sig ni fi cantly dec re a sed
GSH con cen tra ti on to 62% of con trol va lu es in the
li ver. In our study, we ad mi nis te red et ha nol, ni co -
ti ne and the ir com bi na ti on for a subc hro nic pe ri od

(10 days). The data in our study regarding MDA
and GSH concentration was consistent with the re-
sults of Husain et al.10 In con trast, we ob ser ved a
dec re a se in GSH-Px ac ti vity in all tre at ment gro -
ups com pa red to con trols. The equ i va lent ac ti vity
of GSH-Px of the et ha nol plus ni co ti ne gro up com-
pa red to the et ha nol or the ni co ti ne gro ups may be
sug ges ti ve of ex ces si ve oxi da ti ve stress du e to ex-
ces si vely in cre a sed MDA con cen tra ti on. The sig ni -
fi cant in cre a se in li pid pe ro xi da ti on, a mar ker of
oxi da ti ve stress, and des pi te the equ i va lent ac ti vity
of GSH-Px of the et ha nol plus ni co ti ne gro up com-
pa red to et ha nol alo ne or ni co ti ne alo ne gro ups, the
sig ni fi cant dec re a se in GSH con cen tra ti on sug gest
that et ha nol and ni co ti ne ha ve an ad di ti ve ef fect
on li ver oxi da ti ve da ma ge. Con se qu ently, it co uld
be sug ges ted that co-ad mi nis tra ti on of et ha nol and
ni co ti ne had an ag gra va ted com bi na ti on to xi ci ty on
the li ver.

In conc lu si on, et ha nol and ni co ti ne had equ i -
va lent ef fects on he pa tic oxi da ti ve sta tus by af fec -
ting sa me pa ra me ters re la ted to oxi da ti ve stress and
an ti o xi dant de fen ce. Im por tantly, et ha nol and ni -
co ti ne ha ve ad di ti ve ef fect on he pa tic oxi da ti ve sta-
tus. Co-ad mi nis tra ti on of the se agents re sults in
approximately 1.5-2-fold in cre a se in li pid pe ro xi -
da ti on, mar ker of oxi da ti ve stress, and dec re a se in
GSH le vel, a mar ker of an ti o xi dant de fen ce, com-
pa red to their se pa ra te ad mi nis tra ti on.
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