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Oxidative  stress  reflects  the metabolic pathways that require molecular
imbalance  between  the  excessive oxygen and are likely involved in the
formation of reactive oxygen/nitrogen pathogenesis of different human diseases
species (ROS/RNS) and limited including liver diseases. Liver is one of the
antioxidant defenses. A direct consequence most critical organs in the body due to its
of excessive ROS production derives from numerous functions. Importantly, the
its interaction with cellular biomolecules, metabolism and detoxification of alcohol
such as DNA, lipids, and proteins, which and drugs are its main tasks which produce
are modified and may cause cell death. ROS as byproducts . In addition, it is
Besides exogenous sources, such as responsible for the storage of vitamins (A,
ionizing radiation, diet, metals, pesticides B, D, E, and K), glycogen, and minerals
or other toxic compounds, ROS are also like iron and copper which are involved in
generated endogenously as byproducts of a ROS-generating reactions. Remarkably, all
variety of enzymatic reactions and chronic hepatic disorders, independently

&9



from their etiology, share as a common
feature a highly oxidative milieu that
perpetuates damage and
contributes to the progression of fibrosis,

cellular
cirrthosis, and ultimately hepatocellular
carcinoma, meaning that all could benefit
from the same therapeutic strategies
aiming to boost the antioxidant defense
system [1,2,3].

species can be
produced by exogenous sources such as

Reactive oxygen

alcohol, drugs, virus infection, UV light,
and smoking, or

during metabolic

radiation,  stress,

endogenous sources
pathways in which oxygen is involved.
The metabolism of molecules like ethanol,
drugs (such as APAP), and FFA in
hepatocytes induce an increment in ROS
formation in the mitochondria that in turn
provokes mitochondrial dysfunction. The
accumulated ROS can react with cellular
biomolecules (lipids, proteins, and DNA)

and alter or impede their functioning. The

generation of these oxidized adducts
extends oxidative damage and favors
cellular  death.  Moreover, ethanol

consumption and lipid-enriched diets can
lead to the loss of the intestinal barrier
integrity permitting the entry of microbial
products or saturated-FA to the circulation
that release pathogen-associated molecular
patterns (PAMPs)/damage-associated
molecular patterns (DAMPs) and trigger
the activation of cytokines (II-1B, II-6,
Tnfa) leading to inflammation. APAP:
acetaminophen; ATP: adenosine
triphosphate; Ca2+: calcium ion; CYP2EL:
cytochrome P450 2E1 oxydase; FFA: free
fatty acids; HNE-4: 4-Hydroxynonenal;
LPS: lipopolysaccharide; MDA:
malonaldehyde; MPT:  mitochondrial
permeability transition, NQO1: NAD(P)H:
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OXPHOS:
system,;

Quinone Oxidoreductase 1;
oxidative phosphorylation
PAMPs: pathogen-associated molecular
patterns; ROS: reactive oxygen species
[4,5,6].

Due the
mitochondrial-origin

to predominance of
ROS the
involvement of this organelle in liver

diseases, attention will be focused in the

and

strategies to attenuate mitochondrial ROS
formation. Hepatocytes are well equipped
with  non-enzymatic enzymatic
antioxidant defense systems that neutralize

and

free radicals. SOD enzyme is the “first
line” defense in reducing superoxide
radicals formed in the ETC to H202 and
02. CAT is a major H202 detoxifying
However, mitochondrial
expression of CAT null the

localization of this enzyme is mainly

enzyme.
is as
peroxisomal. Therefore, the degradation of
mitochondrial hydrogen peroxide is carried

out by other alternative antioxidant
enzymes.  Mitochondrial  glutathione
peroxidases  (Gpx1,4) and  various

hydroperoxides (PrxIIl, Trx2) catalyze the
reduction of H202 in a chain reaction with
and the
subsequent conversion of GSH disulfide
(GSSG) back to GSH by the NADPH-
dependent glutathione reductase (GR).
GSH (mGSH)
protects mitochondria from the lack of

GSH as the clectron donor,

Hence, mitochondrial
catalase, implying that its availability is
the appropriate
maintenance in this organelle.
GSH is exclusively synthesized in the

crucial for redox

cytosol, thus specific carriers are required

to  distribute GSH to  different
compartments including mitochondria. In
the liver, GSH is transported into

mitochondria via the 2-oxoglutarate carrier



(OGC; Slc25all) which imports GSH in
exchange for 2-oxoglutarate (2-OG). A
relevant aspect of GSH transport in hepatic
disorders is the dependence of the 2-OG
carrier on membrane fluidity which is
determined by fatty acid composition and
cholesterol content. Increment of the
membrane rigidity impairs this transport
system, limiting mGSH availability and
In this
previous studies in various models of
(ASH) and non-alcoholic
(NASH) have reported

increased mitochondrial cholesterol which

antioxidant protection. sense,
alcoholic
steatohepatitis
resulted in mitochondrial dysfunction,
reduced levels of mGSH and increased
susceptibility to cell demise [7,8,9].
Oxidative Stress Caused by
Alcohol: Alcohol beverages are widely
consumed all over the world; however,
excessive alcohol consumption may cause
a series of health problems. It was reported
that alcohol consumption accounting for an
estimated 3.8% of global
mortality. Alcoholic liver disease (ALD)
may progress from steatosis to more severe
liver diseases form, such as hepatitis,
fibrosis, and cirrhosis. As a matter of fact,
more than 90% heavy drinkers develops
fatty liver, and about 30% of heavy
drinkers further develops advance forms of
ALD. Although pathogenesis of ALD has
not been fully elaborated, the direct
consequence of ethanol metabolism seems
be ROS production,
mitochondrial injury and steatosis, which

to related to
are the common features of acute and
chronic alcohol exposure . It is well
illustrated that at least three distinct
enzymatic pathways are involved in the
process of ethanol oxidation. The primary

pathway for the ethanol metabolism is
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dehydrogenase system. It is initiated by
alcohol dehydrogenase (ADH), a NAD+-
requiring enzyme expressed at high levels
in hepatocytes, which oxidizes ethanol to
acetaldehyde. Then, acetaldehyde enters
the mitochondria where it is oxidized to
acetate by aldehyde dehydrogenases
(ALDH). The second major pathway to
oxidize ethanol is the microsomal ethanol
oxidizing system (MEOS), which involves
an NADPH-requiring enzyme, the
cytochrome P450 enzyme CYP2E1. The
MEOS pathway is prompted in individuals
who consume alcohol chronically. In
addition, infrequently, ethanol can also be
oxidized by catalase in peroxisomes. Since
this requires the
presence (H202),
under normal conditions, this pathway
plays no major role in alcohol metabolism.

oxidation pathway
hydrogen peroxide

During the metabolism processes via
dehydrogenase system and MEOS system,
NADH or NADP+ will be produced in
bulk, leading to the increase of ROS,
which cause oxidative stress resulting in
hepatocyte injury, and finally trigger
various liver diseases [8,9,10].

The enhanced activation of Nrf2 by
pharmacologic molecules or genetic
engineering has been shown to protect the
liver in different oxidative stress models.
For example, in terms of pharmacologic
activation of Nrf2, the use of small
molecules, such as BHA, oleanolic acid,
ursolic acid and CDDO-Im have been
reported to show hepatoprotection against
liver damage induced by acetaminophen, a
famous drug possessing hepatotoxicity.
During the process where mitochondria
convert acetate into ATP, a significant
amount of free radicals are generated,
which results in cellular injuries, especially



to mitochondria themselves. Activation of
Nrf2 protects mitochondria from oxidative
stress via a variety of mechanisms
depending on different circumstances, such
as increasing antioxidant levels, protecting
against mitochondrial permeability
transition pore opening, maintaining the
mitochondrial redox state, enhancing
mitochondrial biogenesis by promoting
transcription of nuclear respiratory factor 1
(Nrfl). For fatty liver disease, activation of
Nrf2 could facilitate fatty acid metabolism
in liver by directly regulating fatty acid
metabolism related genes, such as CD36 .
Regarding the vital role of oxidative stress
in chain of liver diseases, various anti-
oxidative therapy and antioxidants are
proposed to prevent and treat liver
diseases. A series of studies have tested the
effectiveness of some antioxidants in the
treatment of patients with various liver
diseases, such as chronic hepatitis C virus
infection, alcoholic hepatitis or cirrhosis,
liver disease
effects of

including
N-

silymarin,

and non-alcoholic fatty
(NAFLD). The
antioxidants  as

E/C,
acetylcysteine,

clinical
adjuvants
vitamin mitoquinone,
polaprezinc
silibinin and some antioxidant cocktail on
chronic hepatitis C patients have been
examined has shown clear benefit of
antioxidants to interferon based therapy of
HCV [11,12,13,14].

Antioxidants for Prevention and
Treatment of Alcoholic Liver Diseases:
An obvious avenue of alcoholic liver
diseases (ALD) prevention would be
abstinence; however, abstinence is not
easy to maintain due to the high rate of
recidivism 1in alcoholics. As mentioned
ALD develops

steatosis to more severe disease forms

above, from simple
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including hepatitis, fibrosis, cirrhosis, and
even hepatocellular which
that disease
development at the early stage would be

carcinoma,
implies preventing
more effective than receiving treatment at
end-stage of liver disease. Notably, TNF, a
group of cytotoxic
cytokines, is thought to play a vital role in
initiation of liver damage. Increasing

pro-inflammatory

evidence has indicated that oxidative stress
might act together with endotoxins to
TNF  production.

circulating TNF-a  stimulates

Increased
TNF-a
receptors of cell surface, which leads to

increase

activation of the stress-related protein
kinases JNK and IKKf, resulting
of

and

in
increased  production additional
reduced
sensitivity. Consequently, the

inhibition of TNF is regarded as a therapy

inflammatory cytokines,

insulin

to block fatty liver and relieve liver injury.
Pharmacological and genetic manipulation
of TNF have been attempted to treat liver
disease. For example, anti-TNF antibodies
or knocking out TNF-R1 have been treated
to mice to protect against the development
of ALD. However, since liver regeneration
requires low “basal” contents of TNF,
down regulating but not blocking totally
TNF activity is a preferred therapeutic
intervention for liver disease. With better
understanding of the mechanism that
regulates the initiation and advancement of
ALD, therapy
developed as directed therapy to prevent or
treat ALD. It has been demonstrated that
many food and plants, such as vegetables,

antioxidant could be

fruits, tea, cereals, medicinal plants,

microalgae, edible macro-fungi, and wild
flowers, have abundant natural
antioxidants, and possess the ability of

eliminating free radicals and protecting the



liver from oxidative stress, and thus might
be beneficial for liver diseases [15].
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XULASO

QARACIYOR XOSTOLIKLORININ PATOFiZIOLOGIYASINDA OKSIDATIV STRESS,
ANTIOKSIDANT MUDAFIO SISTEMININ ROLU VO MUALICO9DO OHOMIYYOTI
'9liyev Sordar Hicran oglu, “Poluxova Sahzads Musa qiz1, *Oliyev Aydin Niftah oglu,
2Qasimova Giilnars Nisan qizi, “Musayeva Elnura Musa qiz1, *Aslanova Omins Vagqif qiz1,
Karimova Rana Cabbar qiz1.

Azorbaycan Tibb Universiteti. Baki,Azorbaycan
'Patoloji fiziologiya kafedras:.

*Farmakologiya kafedras1.
3Tibbi va bioloji fizika kafedrast.

*Elmi Arasdirmalar Morkozi.

Oksidlogdirici stress reaktiv oksigen/azot névlorinin (ROS/RNS) haddindon artiq formalasmasi vo
mohdud antioksidant miidafio sistemi arasinda balanssizli1 oks etdirir. Hoddindon artiq ROS-un
istehsali onun doyisdirilmis vo hiiceyro oliimiino sobab ola bilon DNT, lipidlor vo ziilallar kimi
hiiceyra biomolekullar1 il qarsiligh tosirindon irali golir. lonlasdirict siialanma, pohriz, metallar,
pestisidlor vo ya diger zohorli birlogsmolor kimi ekzogen monbolordon basqa, ROS hom do
molekulyar oksigen tolob edon vo miixtolif insan xastoliklorinin patogenezinds istirak edon
miixtolif fermentativ reaksiyalarin vo metabolik yollarin slave mohsullar1 kimi endogen sokildo
omalo golir.

Qaraciyar ¢oxsayli funksiyalarina géro orqanizmin an kritik orqanlarindan biridir. Spirtli i¢kilordoe
vo narkotik kimi maddolerin miibadilesinde vo detoksifikasiyada ROS —un alave mohsul kimi
istehsali onun osas vozifalorindan biridir. Bundan slave garaciyor vitaminlorin (A, B, D, E va K),
glikogenin vo ROS-u yaradan reaksiyalarda istirak edon domir vo mis kimi minerallarin
saxlanmasina cavabdehdir.

Maraqlidir ki, biitlin xroniki qaraciyor xostoliklori, etiologiyasindan asili olmayaraq hiiceyra
zadalonmosini davam etdiron fibroz, sirroz vo noticads hepatoselliiler karsinomanin irslilomasino
tohfo veron yiiksok oksidlogdirici miihiti boliislir. Hepatositlords etanol, dermanlar (mosalon,
APAP) va FFA kimi molekullarin metabolizmi mitoxondriyada ROS amals golmasinin artmasini
stiratlondirir ki, bu da 6z ndvbasindo mitoxondrial disfunksiyaya sobab olur. Yigilmis ROS,
hiiceyra biomolekullar1 (lipidlar, ziilallar vo DNT) ilo reaksiya vera bilor va onlarin foaliyyatini
doyisdira vo ya manes torads bilor. Bu oksidlogmis alavalorin omolo golmasi oksidlosdirici zarori
genislondirir vo hiiceyrs 6liimiina sobab olur.

Acar sozlar: garaciyar xastaliklori, patofiziologiya, oksidativ stress, antioksidant miidafia sistemi,
miialica

PE3IOME

POJIb OKCUJATHBHOI'O CTPECCA U CUCTEMBI AHTHOKCUJIAHTHOM
3AIIUTHI B MATO®U3NUOJIOT MU 3ABOJIEBAHUM MEYEHU U UX 3HAUYEHUE B
JIJEHEHUU
'AnueB Capaap Xumkpan orasl, “Tomyxosa Ilaxsanze Myca KbI3bl, “AsHeB AiibIH
Hudranu orasl, “Kacumora I'yasnapa Hucan kpi3b1, “Mycaea DibHypa Myca Kbi3bl,
’AcianoBa Amuna Barudg xbisel, ‘Kepumona Pena JI:xa66ap KbI3bl.
Azepbaitmxanckuit Meauuunckuil YHuBepcuret. baky,AzepOaiimkan
1Ka(be)lga ITatonornueckoit @PU3NOIOTHH.

Kadenpa dapmakonorumu.
3Katbe;1ga MenuiuHCKOM U GMOJIOTHYECKON (PU3UKH.
Hayuno-HccnenoBarensckuii LleHTp.

OKUCIUTENBHBIA CTpECC OTpaXkaeT AucOaNaHCc MeXAy H30BITOYHBIM OOpa30BaHMEM AKTHBHBIX
dopm kucnopona/azora (ROS/RNS) u orpanuueHHON aHTHOKCHUIAHTHON 3amuTtol. [Ipsmoe
ciencTBue M30bITOYHOro Tpou3BoacTBa ROS BhITEKaeT U3 €ro B3aMMOACUCTBUS C KIETOUHBIMH
ouomonekynamu, TakuMu kak JJHK, nmumuner u 6enku, KoTopsie MOAUDUIUPYIOTCS U MOTYT
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BbI3bIBaTh THOENb KJIETOK. [IOMHMMO 3K30T€HHBIX HCTOYHHMKOB, TaKHMX KaK HOHH3HpYIOLIEe
U3JIydyeHUe, AUETa, METAJUIbl, NMECTULUAbl WM Jpyrue TOKCHuHble coequHeHus, ROS Ttaxxe
TCHEePHUPYIOTCS HHJIOTEHHO KaK MOOOYHBIE MPOIYKTHI Pa3NUYHBIX ()EPMEHTATUBHBIX PEAKUUN U
MeTab0IMUECKUX MyTEeH, KOTOpbIE TPEOYIOT MOJIEKYJISIPHOTO KUCIIOPOAA U BEPOATHO Y4aCTBYIOT B
MaTOreHe3e Pa3IMYHbIX 3200JIeBaHHI YeoBeKa, BKII0Yas 3a00JIeBaHUs TICUCHH.

Ileyenp sBIsAETCS OOHMM W3 BaXXHEHIINX OpPraHOB B OPraHM3ME H3-3a €€ MHOTIOYMCIIEHHBIX
¢GbyHKIMH. Ba)kHO OTMETUTH, YTO META0OIU3M M IETOKCUKALIUS AJIKOTOJI U HAPKOTUKOB SIBIISTFOTCS
€e OCHOBHBIMHU 3ajJjauaMu, KoTopsle pou3BoaaT ROS B kauectBe moOOUHBIX MpoayKToB. Kpome
TOTO, OHa OTBEYaeT 3a XxpaHeHue BuTaMuHoB (A, B, D, E u K), rimmkorena u MuHepasaoB, TAKUX Kak
XKEJIe30 U MeNlb, KOTOPBIE Y4acTBYIOT B peakuusx, renepupyomux ROS. [IpumedarensHo, 4to Bce
XpOHHUYECKHE 3a00J€BaHUs II€YEHU, HE3aBUCUMO OT HX 3THOJOIMM, UMEIOT B KauecTBe 0OLIel
4epThl BBICOKOOKHMCIMTEIIBHYIO CpElly, KOTOpas YBEKOBEUMBACT IIOBPEXKICHHE KIETOK U
CIIOCOOCTBYET MporpeccupoBaHuio Gpudpo3a, LUppo3a U, B KOHEYHOM CUeTe, renaToLe/UIIoIIPHON
KApLUMHOMBI, YTO O3HA4aeT, 4TO BCE MOIYT BBIMIPAaTb OT OJHMX M TE€X K€ TEPAIEBTHUYECKUX
CTpaTEruii, HaIPaBJICHHBIX HA YCWJICHUE CUCTEMbI AHTHOKCUJAHTHOM 3alUTHI.

AxTuBHBIE (POPMBI KUCIOPOJIa MOTYT BbIPaOaThIBaThCs SK30I'€HHBIMU MCTOUHUKAMH, TAKUMH Kak
aJIKOTOJIb, HAapKOTUKHW, BUpycHas wuH(pekuus, YD-cBer, paamanus, CTpecC M KypeHHe, WU
SHJOI€HHBIMU HCTOYHHMKAMM B XOJi€ METaOOJIIMYECKUX IYTE€H, B KOTOPBIX y4acTBYET KHUCIOPO.
MeTtabonu3m MOJEKyJ, TaKMX Kak 3TaHoJ, jJekapcrsa (Hanpumep, APAP) u FFA B renaronurax,
BBI3bIBACT yBeNM4eHUE 00pa3oBaHus ROS B MUTOXOHIpPHSIX, YTO B CBOIO OYEPE]b MPOBOLUPYET
MUTOXOHJIpHalIbHYI0 aucyHkiuio. Hakomnenneie ROS Moryr pearupoBaTh C KIETOYHBIMU
ouomonexkymamu (mnuaamu, Oenkamum u  JIHK) ©u  wW3MeHAT, WM 3aTpyAHATh UX
¢bynkunonupoBanue. OOpa3oBaHME 3THUX OKHCICHHBIX aJJIyKTOB TPOJUIEBACT OKUCIHUTEIBHOE
MOBPEXKICHHUE U CLIOCOOCTBYET KJIETOUHON CMEPTH.

KuloueBble  cioBa:  3a6onesanus — neyeHU,namouzuoiocus,  OKCUOAHMHBIL — cmpecc,
AHMUOKCUOAHMHASL CUCTEeMA 3aUWUmbl, 1e4eHue

95



