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Nitric Oxide and
Nitrotyrosine Levels in Relation with
Oxidative Stress-Related Markers in
Non-Alcoholic Fatty Liver Disease

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  Non-alcoholic fatty liver disease (NAFLD) is recognized as one of the most
common liver diseases when viral hepatitis and heavy alcohol consumption are excluded. Although
the pathogenesis of NAFLD is still poorly understood, a crucial role has been proposed for oxida-
tive stress. Nitric oxide, through the formation of peroxynitrite, has the potential to augment the
oxidative stress seen in NAFLD. Therefore, we aimed to investigate the possible contribution of ni-
tric oxide and peroxynitrite to the pathogenesis of this disease. MMaatteerriiaall  aanndd  MMeetthhooddss:: Thirty-eight
NAFLD patients [8 hepatosteatosis, 30 non-alcoholic steatohepatitis (NASH)] and nine healthy sub-
jects were included in this prospective study. Nitrite/nitrate, malondialdehyde, superoxide dismu-
tase, catalase, glutathion and nitrotyrosine (peroxynitrite marker) levels were measured in blood
samples. RReessuullttss:: Nitrite/nitrate, malondialdehyde, catalase, superoxide dismutase, and glutathion
levels in NAFLD patients were higher than those in control subjects. On the other hand, the lev-
els in hepatosteatosis group were not different from those in NASH group. In addition, there were
no differences in nitrotyrosine levels between the groups investigated. In addition, nitrite/nitrate
levels showed significant correlations with malondialdehyde, superoxide dismutase, catalase and
glutathion levels. In contrast, no correlations were found between nitrite/nitrate and nitrotyrosine
and between malondialdehyde and nitrotyrosine levels. CCoonncclluussiioonn:: Nitric oxide and reactive oxy-
gen species seem to have a parallel role in the pathogenesis of NAFLD. 

KKeeyy  WWoorrddss::  Nitric oxide; oxidative stress; nitrotyrosine; liver diseases

ÖÖZZEETT  AAmmaaçç:: Non-alkolik yağlı karaciğer hastalığı (NAYKH), viral hepatitler ve ağır alkol tüketimi
bir kenara bırakılırsa en sık görülen karaciğer hastalıklarından biri olarak kabul edilmektedir. Her
ne kadar NAYKH patogenezi tam olarak anlaşılamamış olsa da oksidatif stres için önemli bir rol
biçilmiştir. Nitrik oksidin peroksinitrite dönüşerek NAYKH’de görülen oksidatif stresi arttırma
potansiyeli vardır. Bundan dolayı nitrik oksit ve peroksinitritin bu hastalığın patogenezine olası
katkısını araştırmayı planladık. GGeerreeçç  vvee  YYöönntteemmlleerr::  Bu prospektif çalışmaya 37 NAYKH hastası [8
hepatosteatozis, 30 non-alkolik steatohepatitis (NASH)] ve dokuz sağlıklı gönüllü dâhil edildi.
Nitrit/nitrat, malondialdehid, süperoksid dismutaz, katalaz, glutatyon ve nitrotirozin (peroksinitrit
belirteci) düzeyleri kan örneklerinde ölçüldü. BBuullgguullaarr:: Nitrit/nitrat, malondialdehid, süperoksid
dismutaz, katalaz ve glutatyon düzeyleri NAYKH hastalarında kontrol grubuna göre yüksekti. Öte
yandan hepatosteatozis hastalarının değerleri NAYKH hastalarınkinden farklı değildi. Ek olarak,
gruplar arasında nitrotirozin düzeyleri açısından fark yoktu. Ayrıca nitrit/nitrat düzeyleri
malondialdehid, süperoksid dismutaz, katalaz ve glutatyon düzeyleri anlamlı pozitif korelasyon
gösterdi. Aksine nitrit/nitrat ve nitrotirozin arasında herhangi bir korelasyona rastlanmadı. SSoonnuuçç::
Nitrik oksit ve serbest oksijen radikalleri NAYKH’nin patogenezinde paralel rol oynuyor gibi
görünmektedir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Nitrik oksit; oksidatif stres; nitrotirozin; karaciğer hastalıkları
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on-al co ho lic fatty li ver di se a se (NAFLD) is
re cog ni zed as one of the most com mon li -
ver di se a ses when vi ral he pa ti tis and he avy

al co hol con sump ti on are exc lu ded. NAFLD inc lu -
des a bro ad spec trum of fat-in du ced li ver in jury,
na mely he pa tos te a to sis, non-al co ho lic ste a to he pa -
ti tis (NASH), and cirr ho sis. The term NASH was
first in tro du ced by Lud wig and col le a gu es in 1980,
which oc cur red pre do mi nantly in obe se, di a be tic
fe ma les who de ni ed al co hol con sump ti on.1 The
mec ha nisms un derl ying the pat ho ge ne sis of
NAFLD are still po orly un ders to od. Ne vert he less,
the re exists a hypot he sis na med “two-hi t”, whe re
ste a to sis be ing re la ted to the first hit and ste a to he -
pa ti tis to the se cond.2,3 In this con text, ac cu mu la ti -
on of fat in the li ver du e to se ve ral fac tors such as
obe sity and in su lin re sis tan ce has be en pro po sed to
cons ti tu te the first hit.2 As re gards to the se cond
hit, se ve ral fac tors ha ve be en pos tu la ted to ha ve a
ro le in the prog res si on from ste a to sis to ste a to he -
pa ti tis, inc lu ding in cre a sed cyto ki ne ac ti vity, oxi -
da ti ve stress, and mi toc hon dri al dysfunc ti on.4 In
this re gard, both ani mal and hu man stu di es ha ve
de mons tra ted an as so ci a ti on bet we en oxi da ti ve
stress and NAFLD.5-7

From a mo le cu lar po int of vi ew, both re ac ti ve
oxy gen spe ci es (ROS) and re ac ti ve nit ro gen spe ci -
es (RNS) are pro ne to con tri bu te to the oxi da ti ve
stress se en in chro nic li ver di se a ses. Among the
ROS, su pe ro xi de ani on (O2

-) se ems to be a key star -
ting po int of oxi da ti ve stress, even tho ugh it is not
a po tent oxi dant per se.8 On the ot her hand, se ve -
ral ot her and mo re to xic ROS can be ge ne ra ted by
me ans of dis tinct mec ha nisms such as Fen ton re ac -
ti on.8 In ad di ti on, pe roxy nit ri te (ONO O-) is a
strong and mo re to xic ra di cal, which exists du e to
the re ac ti on of O2

- and nit ric oxi de (NO).8 Thus,
NO may aug ment cyto to xi city of oxi da ti ve stress
thro ugh this par ti cu lar re ac ti on.  The so ur ce of NO
wit hin the li ver may be in du cib le NO syntha se
(iNOS) sin ce oxi da ti ve stress has be en shown to, di-
rectly or thro ugh the in duc ti on of trans crip ti on
fac tors, re gu la te iNOS ex pres si on.8 In sup port of
this, iNOS ex pres si on, in con nec ti on with nit rot -
yro si ne (ONO O- mar ker), in the li ver samp les of
pa ti ents with se ve re NASH re ve a led an in cre a se in

com pa ri son to tho se with mild NASH, sug ges ting
that NO-me di a ted oxi da ti ve in jury may be in vol -
ved in the eti o logy of NASH.9

In vi ew of the com pel ling da ta col lec ted so far,
we ai med to in ves ti ga te the po ten ti al con tri bu ti on
of oxi da ti ve stress and NO to the pat ho ge ne sis of
NAFLD. Ac cor dingly, we first me a su red nit ri -
te/nit ra te (NOx) le vels as an in di ca tor of NO for-
ma ti on. Se condly, ma lon di al dehy de (MDA),
su pe ro xi de dis mu ta se (SOD), ca ta la se (CAT), and
glu tat hi on (GSH) le vels we re analy zed to eva lu a te
oxi da ti ve sta tus. Fi nally, nit rot yro si ne we re me a -
su red so as to as sess the pos sib le in te rac ti on of NO
and O2

-.

MATERIAL AND METHODS
SUB JECTS

This was an ob ser va ti o nal pros pec ti ve study in
whe re stan dard me di cal pro ce du res per for med on
pa ti ents we re not al te red. Ni ne he althy sub jects
vo lun te e red ser ved as the con trol gro up, the da ta
of which was used in anot her study car ri ed out in
cirr ho tic pa ti ents (an as yet un pub lis hed study).
Con trol sub jects we re ac cep ted as he althy af ter a
de ta i led cli ni cal and bi oc he mi cal eva lu a ti on of the
li ver, he art and kid ney, the reby exc lu ding any di s-
e a se sta te inc lu ding in fec ti on. The pa ti ents we re se-
lec ted from tho se app lying to the gas tro en te ro logy
out pa ti ent cli nic of our hos pi tal. Pa ti ents sus pec ted
to ha ve NAFLD we re furt her analy zed thro ugh a
de ta i led cli ni cal, bi oc he mi cal and ul tra so nog rap hic
exa mi na ti on. Af ter wards, bi op si es we re ta ken from
pa ti ents to con firm the di se a se and clas sify the pa-
ti ents in to he pa tos te a to sis and NASH. Pa ti ents we -
re ac cep ted to ha ve he pa tos te a to sis upon the
his to lo gi cal cri te ri a that is the pre sen ce of mac ro -
ve si cu lar ste a to sis wit ho ut any nec ro-inf lam ma tory
chan ges and to ha ve NASH upon the pre sen ce of
mac ro ve si cu lar ste a to sis with lo bu lar inf lam ma ti -
on with or wit ho ut he pa tocy tes nec ro sis. Ot her ca -
u ses of li ver di se a se had be en exc lu ded by his tory,
fa mily in ter vi ew, la bo ra tory da ta, li ver his to logy,
and he pa to bi li ary ul tra so und in all pa ti ents. The -
re af ter pa ti ents with a his tory of al co hol con sump -
ti on (>20 g, da ily), he pa to cel lu lar car ci no ma and
drug usa ge that wo uld ca u se ste a to sis (cor ti cos te -
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ro ids, high do se es tro gens, met hot re xa te, tet racy -
cli ne, cal ci um chan nel bloc kers, or ami o da ro ne)
we re not inc lu ded in the study. Ul ti ma tely, thirty-
eight pa ti ents with NAFLD co uld be col lec ted and
8 pa ti ents we re clas si fi ed as he pa tos te a to sis and 30
as NASH. The study pro to col con forms to the et -
hi cal gu i de li nes of the dec la ra ti on of Hel sin ki and
ap pro ved by the et hics com mit te e of the Fa culty.
A writ ten con sent was ob ta i ned from all the sub-
jects inc lu ded in the study.

MET HODS

Du ring the 7 days be fo re the col lec ti on of blo od
samp les, all sub jects had a par ti cu lar pro to col in or -
der to ra ti o na li ze NOx me a su re ment. For this, pa-
ti ents re ce i ved a res tric ted di et with lo we red
nit ra te, so di um (7 g/day) and pro te in (60-70 g/day)
con tent. In ad di ti on so me of the drugs that wo uld
inf lu en ce the me a su re ments we re res tric ted; the se
we re di u re tics, va so ac ti ve agents, an ti bi o tics and
lac tu lo se. Fi nally pa ti ents we re hin de red to smo ke
ci ga ret te du ring 7 days pro ce e ding the ex pe ri ment
day. Af ter a fas ting sta te, all blo od samp les we re
col lec ted at 9 AM in the su pi ne po si ti on af ter an
ap prop ri a te bed rest. Blo od samp les for ro u ti ne bi -
oc he mi cal study we re col lec ted in tu bes wit ho ut
he pa rin and ma de ac cor ding to stan dard hos pi tal
pro ce du res. 

NOX ME A SU RE MENT

Blo od samp les in si li co ne-co a ted glass tu bes with
no ad di ti ve we re used for NOx as sess ment, ac hi e -
ved by Gri ess re a gent. Dep ro te i ni za ti on of se rum
samp les was ac comp lis hed by ul tra fil tra ti on mem-
bra ne. Nit ri te con cen tra ti on was as sa yed di rectly
in su per na tants. Ho we ver, pre vi o us re duc ti on of
nit ra te to nit ri te by ni co ti na mi de ade ni ne di nuc le -
o ti de phosp ha te in the pre sen ce of the enz yme ni-
t ra te re duc ta se was ob li ga tory to as sess the
con cen tra ti on of nit ra te. The nit ri te for med re acts
with N-(1-naphthyl)-eth yle ne-di a mi de dihy -
droch lo ri de and sul fa ni la mi de to gi ve a red-vi o let
di a zo dye. The di a zo dye is me a su red on the ba sis
of its ab sor ban ce in the vi sib le ran ge at 540 nm.
The re sult is ca lib ra ted from the ca lib ra ti on cur ves
cons truc ted using stan dard so lu ti ons of so di um ni-

t ri te and so di um nit ra te. Da ta we re ob ta i ned upon
ad di ti on of the nit ri te and nit ra te con cen tra ti ons
and ex pres sed in mic ro mo les per li ter se rum.

MDA ME A SU RE MENT

MDA was me a su red ac cor ding to pro ce du re of Oh -
ka wa et al.10 The re ac ti on mix tu re con ta i ned 0.1 ml
of samp le, 0.2 mL of 8.1% so di um do decyl sulp ha -
te (SDS), 1.5 mL of 20% ace tic acid and 1.5 mL of
0.8% aqu e o us so lu ti on of TBA. The mix tu re pH
was ad jus ted to 3.5 and vo lu me was fi nally ma de
up to 4.0 mL with dis til led wa ter and 5.0 mL of the
mix tu re of n-bu ta nol and pyri di ne (15:1, v/v) we -
re ad ded. The mix tu re was sha ken vi go ro usly. Af -
ter cen tri fu ga ti on at 4000 rpm for 10 min, the
ab sor ban ce of the or ga nic la yer was me a su red at
532 nm. The re sults of MDA we re ex pres sed as
nmol/mL.

CAT AC TI VITY

CAT ac ti vi ti es we re de ter mi ned by me a su ring the
dec re a se in hydro gen pe ro xi de con cen tra ti on at
230 nm by the met hod of Be ut ler.11 As say me di um
con sis ted of 1 M Tris HCl-5 mM Na2ED TA buf fer
so lu ti on (pH 8.0), 1.0 M phosp ha te buf fer so lu ti on
(pH 7.0), and 10 mM H2O2. CAT ac ti vity was ex-
pres sed as U/mg pro te in.

SOD AC TI VITY

SOD ac ti vity was me a su red ac cor ding to the met -
hod des cri bed by Fri do vich.12 This met hod emp -
loys xant hi ne and xant hi ne oxi da se to ge ne ra te
su pe ro xi de ra di cals which re act with p-io do nit ro -
tet ra zo li um vi o let (INT) to form a red for ma zan
dye which was me a su red at 505 nm. As say me di um
con sis ted of the 0.01 M phosp ha te buf fer, CAPS (3-
cyclo he xi la mi no-1-pro pa ne sul fo ni ca cid) buf fer so-
lu ti on (50 mM CAPS, 0.94 mM ED TA, sa tu ra ted
Na OH) with pH 10.2, so lu ti on of subs tra te (0.05
mM xant hi ne, 0.025 mM INT) and 80 U/L xant hi -
ne oxi da se. SOD ac ti vity was ex pres sed as U/mg
pro te in.

GSH LE VELS

GSH le vels we re de ter mi ned by me a su ring a highly
co lo red yel low ani on for med by the re duc ti on of
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DTNB [5, 5’-Dit hi o bis (2-nit ro ben zo ic acid)] with
non pro te in sulfhydryl com po unds of tis su e samp les
by the met hod of Be ut ler.13 The op ti cal den sity of
yel low ani on was me a su red at 412 nm wit hin the
first 10 mi nu tes of co lor de ve lop ment. En ti re pro ce-
du re was car ri ed out at ro om tem pe ra tu re. The le -
vels of GSH we re cal cu la ted as μmol/mg pro te in.

PRO TE IN ME A SU RE MENT

To tal pro te in con tents we re de ter mi ned by the
met hod of Lowry, using bo vi ne se rum al bu min
(Merck-Darm stadt, Ger many) as stan dard.14

NIT ROT YRO SI NE ELI SA

Nit ra ted plas ma pro te ins we re as sa yed by sand wich
enz yme-lin ked im mu no sor bent as say (ELI SA) de-
s cri bed in de ta il el sew he re.15,16 In bri ef, 96-well
pla tes we re co a ted with 1 mg/mL mo noc lo nal an-
ti body to nit rot yro si ne in PBS (100 mL/well) over -
night at 4°C. Af ter bloc king with 1% bo vi ne se rum
al bu min (BSA) (150 mL/well) and was hing, nit ra -
ted pro te ins we re ad ded as an ti gen (100 mL/well)
for 1 h. The pla tes we re then in cu ba ted with bi o -
tiny la ted HM11 (Hbt) di lu ted 1:1000 in PBS con ta -
i ning 0.1% BSA (100 mL/well) for 1 h. The re af ter,
0.1 mL of strep ta vi din ± hor se ra dish pe ro xi da se
con ju ga te was ad ded to each well, and the pla te was
in cu ba ted for 3 h at 37°C. The pla tes we re was hed
thre e ti mes with was hing buf fer to comp le tely re-
mo ve any re a gents not bo und to the so lid pha se.
Fi nally, 0.1 mL of O-phey le ne di a mi ne subs tra te so-
lu ti on was ad ded to each well to de ve lop a yel lo -
wish co lor. The enz yma tic re ac ti on was stop ped by
ad di ti on of 0.1 mL/well of 2 Nor mal H2SO4. The
amo unt of nit rot yro si ne was me a su red as ab sor -
ban ce at 490 nm using an ELI SA pla te re a der. The
use of HM11 as an an ti body re sul ted in an ELI SA
with a de tec ti on li mit of ∼0.2 nmol/l nit rot yro si -
ne.

STA TIS TI CAL ANALY SIS

Da ta are pre sen ted as me an ± S.D. and P va lu es less
than 0.05 we re ac cep ted sta tis ti cally sig ni fi cant.
Spe ar man Rank Cor re la ti on test, Mann Whit ney U
test and Krus kal-Wal lis test we re per for med whe -
re ap prop ri a te. 

RESULTS
The cli ni cal and bi oc he mi cal cha rac te ris tics of the
study gro ups are pre sen ted in Tab le 1. A de ta i led
sta tis ti cal analy sis was per for med and only glyce -
mi a and pro te in le vels we re fo und to be hig her in
pa ti ents than con trol. Si mi larly, NOx le vels we re
hig her when a com pa ri son was ma de bet we en con-
trol gro up and NAFLD gro up (Tab le 2). Ho we ver,
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Control (n=9) HS (n=8) NASH (n=30)

Gender (M/F) 6/3 4/4 15/15

Age (years) 40±9 43±8 52±10

Cholesterol (mg/dL) 170±24 213±55 222±52

Triglyceride (mg/dL) 162±32 164±105 247±92

Glycemia (mg/dL) 86±2 121±59a 166±70a,b

AST (U/l) 27±8 30±13 60±18

ALT (U/l) 32±6 43±29 51±20

ALP (U/l) 153±23 164±81 196±68

GGT (U/l) 24±11 28±12 86±43

Protein (g/dL) 6.6±0.4 7.3±1.3 21±11a

Albumin (g/dL) 4.3±0.4 4.7±0.3 5.3±0.7

Bilirubin (mg/dL) 1.03±0.27 0.7±0.3 1.9±0.9

Type II diabetes - 3 (37.5%) 9 (30%)

Dyslipidemia - 5 (62.5%) 19 (63%)

TABLE 1: Clinical and biochemical characteristics of
subjects. 

HS: Hepatosteatosis, NASH: Non-alcoholic steatohepatitis, 
ALT: Alanin aminotransferase, AST: Aspartate aminotransferase, 
ALP: Alkaline phosphatase, GGT: γ-glutamyltranspeptidase. 
Results are presented as mean ± SD or number and (percentage). 
ap <0.05 versus control group, bp <0.05 versus HS.

Control (n=9) HS (n=8) NASH (n=30)

NOx (mol/l) 0.17±0.07 0.48±0.12* 0.44±0.14*

MDA (nmol/ml) 2.00±0.16 2.90±0.70* 2.72±0.85*

SOD (U/mg) 1.78±0.47 2.99±0.39* 3.13±0.48*

CAT (U/mg) 1.78±0.34 2.54±0.54* 2.52±0.80*

GSH (mol/mg) 1.27±0.16 2.61±0.43* 2.50±0.47*

NTY (nmol/l) 11.40±1.28 10.66±0.80 11.38±1.54

TABLE 2: Comparison of NOx, MDA, SOD, CAT, GSH
and NTY levels in study groups.

HS: hepatosteatosis, NASH: non-alcoholic steatohepatitis, NOx: nitrite/nitrate, 
MDA: malondialdehyde, SOD: superoxide dismutase, CAT: catalase, 
GSH: glutathione, NTY; nitrotyrosine. Results are presented as mean ± SD. 
* p <0.05 versus control group.



the le vels in he pa tos te a to sis gro up we re not dif fe -
rent from tho se in NASH gro up (Tab le 2). Alt ho -
ugh no dif fe ren ces we re se en bet we en MDA, SOD,
CAT and GSH le vels in he pa tos te a to sis and NASH
gro ups, the se va lu es we re hig her than tho se in con-
trol gro up (Tab le 2). On the ot her hand, the re was
no dif fe ren ce in nit rot yro si ne le vels bet we en the
gro ups in ves ti ga ted (Tab le 2). In ad di ti on, all the se
pa ra me ters we re com pa red bet we en the pa ti ents
with or wit ho ut di a be tes mel li tus; the re was no dif-
fe ren ce bet we en them (da ta not shown). A si mi lar
ap pro ach was do ne for dysli pi de mi a and no sig ni -
fi cant dif fe ren ce was ob ser ved bet we en the pa ti -
ents with dysli pi de mi a and wit ho ut dysli pi de mi a
(da ta not shown). In furt her analy sis, NOx le vels
sho wed sig ni fi cant and po si ti ve cor re la ti ons with
MDA, SOD, CAT and GSH le vels (Tab le 3). In con-
trast, no cor re la ti ons we re fo und bet we en nit rot -
yro si ne and NOx and bet we en nit rot yro si ne and
MDA le vels (Tab le 3). A de ta i led cor re la ti on analy-
sis among the va ri ab les is sum ma ri zed in Tab le 3.

DISCUSSION
In the pre sent study, MDA le vels we re hig her in
pa ti ents when a com pa ri son was ma de ver sus the
con trol gro up. Si mi larly, se rum le vels of oxi di zed
LDL and thi o bar bi tu ric acid-re ac ting subs tan ces
we re fo und to be ele va ted in NASH gro up with re-
s pect to con trol or ste a to tic gro up.17,18 Alt ho ugh
syste mic le vels of the se pa ra me ters may not en ti -

rely ref lect the oxi da ti ve sta tus of the li ver, the se
re sults sup port the hypot he sis that oxi da ti ve stress
plays a pro mi nent ro le in the eti o logy of NASH.
Ac cor dingly, stu di es uti li zing li ver samp les de mon-
s tra te si mi lar re sults.5,19 Furt her mo re, both li ver
and plas ma an ti o xi dant ca pa ci ti es we re re du ced in
pa ti ents with NASH in a study, sup por ting the no-
ti on that syste mic im ba lan ce in oxi da ti ve sta tus
may ref lect the de ran ge ment se en in the ba lan ce
bet we en oxi dant and an ti o xi dant systems in the li -
ver.20 On the ot her hand, in anot her si mi lar study
re sults in di ca ted that pe rip he ral va lu es may not re-
f lect the oxi da ti ve sta tus wit hin the li ver.21 In fact,
in ves ti ga ti ons con duc ted so far ha ve do cu men ted
conf lic ting re sults re gar ding oxi da ti ve sta tus of hu -
man body. In an in te res ting study, the com po si ti -
on of di et was as su med to be the pos sib le re a son of
the in con sis tent re sults ob ta i ned in dis tinct stu di es
sin ce im pa i red glu tat hi o ne me ta bo lism had be en
fo und to be re la ted to the nut ri ent in ta ke.22 In vi -
ew of this, the re sults ob ta i ned in the pre sent study
may be mo re re li ab le sin ce an im por tant po ten ti al
bi as, na mely the fo od in ta ke in the pe ri od pre ce -
ding the blo od samp ling is lac king in our study.

To elu ci da te the po ten ti al mec ha nisms res pon -
sib le for oxi da ti ve stress in NASH is not simp le sin -
ce the po ten ti al con fo un ding fac tors li ke di a be tes
and obe sity may in vol ve in the eti o logy of NASH.
The se fac tors may re a dily inf lu en ce the le vels of ox-
i da ti ve stress mar kers, the reby comp li ca ting the
elu ci da ti on of the ori gin of oxi da ti ve stress. In ot -
her terms, do es NASH ma ke the dif fe ren ce bet we -
en the gro ups or is it obe sity/di a be tes res pon sib le
for this? Con si de ring our re sults di a be tes was pre s-
ent in ap pro xi ma tely 30% of our pa ti ents, which
may sig ni fi cantly af fect MDA le vels in the blo ods -
tre am. Ho we ver, when our pa ti ents we re di vi ded
in to 2 gro ups as tho se with and wit ho ut di a be tes
and re sults we re re-eva lu a ted, the re we re no dif fe -
ren ces bet we en 2 gro ups, dis car ding the pos si bi lity
that di a be tes inf lu en ces oxi da ti ve stress pa ra me ters.
On the ot her hand, we ha ve, un for tu na tely, no re -
cords on how many of our pa ti ents we re obe se, an-
ot her con fo un ding fac tor with the po ten ti al to
in ter fe re with oxi da ti ve sta tus. Ne vert he less, 5 out
of 9 and 19 out of 30 pa ti ents with he pa tos te a to sis
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MDA SOD CAT GSH NTY

NOx r= 0.755* r=0.715* r= 0.743* r= 0.788* r= -0.107

p=0.0001 p=0.0001 p=0.0001 p=0.0001 p=0.474

MDA r= 0.460* r= 0.491* r= 0.563* r= 0.030

p=0.001 p=0.0001 p=0.0001 p=0.841

SOD r= 0.491* r= 0.667* r= 0.126

p=0.0001 p=0.0001 p=0.398

CAT r= 0.542* r= -0.248

p=0.0001 p=0.092

GSH r= -0.207

p=0.163

TABLE 3: Correlation analysis of NOx, MDA, SOD,
CAT, GSH and NTY levels in study groups.

NOx: Nitrite/nitrae, MDA: Malondialdehyde, SOD: Superoxide dismutase, 
CAT: Catalase, GSH: Glutathione, NTY; Nitrotyrosine, 
* statistically significant correlation. 



and NASH, res pec ti vely, pre sen ted dysli pi de mi a in
our study. The da ta from pa ti ents with and wit ho -
ut dysli pi de mi a we re furt her in ves ti ga ted and we
co uld not find any dif fe ren ce bet we en 2 gro ups.
Ove rall, our re sults sug gest that NAFLD, rat her
than di a be tes and dysli pi de mi a, may be res pon sib -
le for the in cre a sed MDA le vels.  In har mony with
our conc lu si on, in a study dis car ding the se po ten ti -
al con fo un ding fac tors both li ver and pe rip he ral
lymphocy te CYP2E1 ac ti vi ti es, an im por tant can-
di da te for oxi da ti ve stress, we re de ter mi ned to be
in cre a sed in non di a be tic pa ti ents with NASH.23

Anot her exp la na ti on for the in cre a sed ge ne ra -
ti on of ROS/RNS wo uld be the de fi ci ency oc cur red
in the an ti o xi dant de fen se mec ha nisms such as
SOD, CAT, and GSH. In te res tingly, the re we re no
at te nu a ti ons in the le vels of the se mo le cu les in the
pre sent study. Rat her, it was de ter mi ned that SOD,
CAT and GSH le vels we re ele va ted. The se re sults
we re partly in pa ral lel with the study pub lis hed by
Ko ruk et al.24 In con trast, the se pa ra me ters and sys-
te mic an ti o xi dant ca pa city we re re du ced in a study
con duc ted on NAFLD pa ti ents in a pre vi o us
study.20 This in cre a se ob ser ved in our study may be
exp la i ned by a com pen sa tory res pon se to in cre a sed
oxi dants. 

A po ten ti al mo du la tor that wo uld eit her dec -
re a se or in cre a se oxi da ti ve stress, is NO. In this con-
text, NO le vels we re hig her in pa ti ents with
ste a to sis and with NASH than tho se in he althy con-
trols in the pre sent study. Ac cor dingly, Ko ruk et al
sho wed that NO le vels we re ele va ted in pa ti ents
with NASH in com pa ri son with he althy con trols.24

Ho we ver, anot her gro up sho wed con tro ver si al re-
sults whe re in NO le vels we re dec re a sed in NASH
pa ti ents with res pect to he althy con trols.24 The se
con tro ver si al re sults might re sult from met ho do lo -
gi cal dif fe ren ces con cer ning the exc lu ding cri te ri a
of the sub jects.  Re le vantly, we and Ko ruk et al did
not exc lu de the pa ti ents with di a be tes mel li tus or
dysli pi de mi a in con trast to Bas kol study.24,25 The se
con co mi tant fac tors co uld be res pon sib le for the el-
e va ti on of NO se en in our NASH pa ti ents; ho we ver,
the re we re no dif fe ren ces bet we en pa ti ents with or
wit ho ut di a be tes mel li tus or dysli pi de mi a when a
furt her analy sis we re per for med, dis car ding the for-

mer pos si bi lity. In de ed, in anot her study, inc lu ding
sub jects with di a be tes mel li tus, obe sity and hyper -
li pop ro te i ne mi a, NO le vels did not show any dif fe -
ren ce bet we en NASH and ste a to sis gro ups.26

Ne vert he less, di a be tes mel li tus ra te was the only va -
ri ab le that dif fe red bet we en gro ups, be ing hig her in
NASH gro up than the ot hers.26 The ab sen ce of a he -
althy con trol gro up of this study comp li ca tes the in-
ter pre ta ti on of NO re sults with res pect to tho se
ob ta i ned abo ve men ti o ned stu di es. Ove rall, we must
stress that only our re sults re fer ring NO se ems to be
re li ab le sin ce all ot her stu di es, uti li zing gri ess re ac -
ti on that al lows the me a su re ment of nit ri te/nit ra te
(end-pro ducts of NO me ta bo lism), lack a res tric ted
pro to col which al lows to avo id me a su re ment er rors.
All the se fac tors (se e met hods sec ti on) ha ve the po-
ten ti al to im pa ir nit ri te/nit ra te me a su re ments.

Sup por ting the in te rac ti on of NO and ROS,
oxi da ti ve stress end-pro ducts are known to in du ce
NF-kB-me di a ted NO synthe sis.8 In de ed, iNOS ex-
pres si on, in con nec ti on with nit rot yro si ne, in the
li ver samp les of pa ti ents with se ve re NASH re ve a -
led an in cre a se in com pa ri son with tho se with mild
NASH, sug ges ting that NO-me di a ted oxi da ti ve in-
jury may be in vol ved in the eti o logy of NASH.27 In
or der to iden tify whet her NO aug ments oxi da ti ve
stress, we analy zed the re la ti ons hip bet we en NO
and MDA and fo und a sig ni fi cant po si ti ve cor re la -
ti on bet we en the se mo le cu les, sup por ting a pro-
oxi dant be ha vi or of NO in NAFLD. In fact, NO has
be en fo und to disp lay both pro-oxi dant and an ti-
oxi dant ef fects and the un derl ying oxi da ti ve sta tus
of the tis su e has be en sug ges ted to be the key de ter-
mi nant of the di rec ti on of this ac ti on.28 Re le vantly,
NO, as a fre e ra di cal, is ca pab le of re ac ting with ot -
her ROS, the reby le a ding the for ma ti on of mo re or
less to xic ra di cals in the mic ro en vi ron ment. One of
the ma in mo le cu les in ter fe ring with NO is su pe ro -
xi de ani on, which, in turn, fa vors the ge ne ra ti on of
pe roxy nit ri te ani on.28 In de ed, pe roxy nit ri te ani on
se ems to me di a te cyto to xic ef fects of NO in li ver
pat ho lo gi es.29 Be ca u se of this, we ai med to eva lu a -
te if this re ac ti on oc curs in NAFLD thro ugh the as-
sess ment of nit rot yro si ne le vels, which is ac cep ted
to be the spe ci fic mar ker of pe roxy nit ri te ani on.30

Ho we ver, the re was no dif fe ren ce in nit rot yro si ne
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le vels bet we en con trol and NAFLD gro ups, par ti -
ally dis car ding the pos sib le re ac ti on bet we en NO
and su pe ro xi de ani on in fa vor of pe roxy nit ri te ge -
ne ra ti on. In con trast, 3-nit rot yro si ne im mu nos ta i -
nings we re shown to be in cre a sed in NAFLD
pa ti ents in com pa ri son with con trol sub jects in pre-
vi o us stu di es.27,31 Al ter na ti vely, it is pos sib le that
ot her ra di cals ot her than ONO O-, inc lu ding nit ri -
te, di nit ro gen tri o xi de, nit ro gen di o xi de and nitryl
ca ti on, may ta ke pla ce in the pat ho ge ne sis of
NAFLD in re la ti on with NO.28,32

In conc lu si on, our re sults de mons tra te that
ROS and NO se em to ha ve a pro mi nent and pa ral -
lel ro le in the pat ho ge ne sis of NAFLD. Alt ho ugh
our re sults do not fa vor a ro le for ONO O- for ma ti -
on, it is im pos sib le with our da ta to exc lu de the
pos si bi lity that this mo le cu le may be for med in the
li ver.
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