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INTRODUCERE

Afectarea organismului datoratd cresterii poludrii in mediul ambiant este unanim recunoscuta. Ficatul joaca
un rol esential in metabolizarea si epurarea substantelor toxice care patrund pe diferite cai in organismul uman.
Aceste substante toxice pot fi noxe din mediul inconjurator, dar §i toxice specifice, prezente in anumite profesii.
De asemenea, ficatul poate fi afectat si de consumul excesiv de medicamente.

In acest context, este firesc interesul in crestere pentru cercetiri focalizate, pe de o parte, pe efectele si
mecanismele stresului oxidativ si, pe de altd parte, pe studii orientate spre identificarea unor modalitati de
contracarare/diminuare a acestor efecte negative, de identificare a unor substante cu rol hepatoprotector. Stresul
oxidativ intervine in patologia hepatica [Szanto, 2004]. Ca urmare, reducerea stresului oxidativ se concretizeaza
in diminuarea gravitatii leziunilor ficatului.



Termenul de ,,stres oxidativ” a fost introdus de Sies, in 1985, si desemneaza totalitatea leziunilor oxidative
produse de radicalii liberi ai oxigenului. Stresul oxidativ reprezintd dezechilibrul balantei dintre prooxidanti si
antioxidanti, in favoarea primilor, ca urmare a actiunii exagerate a ,,agresorului” sau/si reducerii capacitatii de
luptd a ,,aparatorului” [Tache, 2000].

Generarea stresului oxidativ se datoreaza, in mare parte, existentei speciilor reactive ale unor elemente
chimice. Acestea prezintd un electron nepereche, ceea ce le conferd o mare reactivitate. Au fost identificate
specii reactive ale oxigenului (SRO), specii reactive ale azotului (SRN) si, mai recent, specii reactive ale sulfului
(SRS), cu roluri importante in procese fiziologice si patologice.

Apdrarea antioxidantd se realizeaza prin intermediul antioxidantilor endogeni, iar in cazul in care aceste
mecanisme sunt depasite, prin intermediul celor exogeni. Antioxidantii au rolul de a neutraliza sau de a indeparta
speciile reactive ale oxigenului si azotului si produsii de peroxidare ai moleculelor organice. Este important de
semnalat existenta unor antioxidantii primari, profilactici, care scad frecventa reactiilor ce conduc la formarea de
radicali liberi si blocheaza propagarea celor deja formati [Muresan, 1997; Dejica, 2000, Tache 2006].

Chitosanul este un polimer al B-(1-4)-D-glucozaminei obtinut prin deacetilarea chitinei care formeaza
exoscheletul crustaceelor marine. Chitosanul este biocompatibil, favorizeaza transportul medicamentelor polare,
dar are dezavantajul de a fi insolubil in apa [Je, 2006]. Efectele pozitive ale chitosanului sunt numeroase, studiile
demonstrand rolul siu hemostatic, hipoalergenic si antibacterian [Sudharshan, 1992]. in ultimii ani au fost
observate si studiate proprietétile sale antioxidante [Qi, 2007; Liu, 2009]. Chitosanul are efecte adjuvante
pozitive in terapia fotodinamica utilizata in tratamentul tumorii Walker [Filip, 2008].

Activitatea de epurator al radicalului hidroxil si al anionului superoxid este direct proportionald cu
concentratia si gradul de deacetilare a chitosanului [Park, 2004]. De asemenea, capacitate sa antioxidantd este
invers proportionald cu greutatea moleculara. Se pare ca efectul sdu antioxidant se datoreazd capacitatii de a
reactiona cu atomii activi de hidrogen si de a forma macromolecule radical mai stabile [Xing, 2005; Tomida,
2009].

In patologia hepatica toxici chitosanul are rol protector, reducind nivelul stresului oxidativ in hepatocitele
embrionare [Xu, 2009] in intoxicatiile cu CCly [Jeon, 2003] sau dupd administrarea de izoniazida si rifampicina
[Santhosh, 2007].

Unul dintre cele frecvent folosite modele de hepatita toxica utilizeaza tetraclorurd de carbon (CCly) ca agent
de producere a hepatitei toxice. Tetraclorura de carbon, un solvent organic cu o larga utilizare, este un cunoscut
toxic hepatic, fiind folosit in vechime ca narcotic [ Nenitescu, 1980; Avram, 1994].

Tetraclorura de carbon este o substantd liposolubild care poate traversa membrana hepatocitara.
Metabolizarea sa se face la nivel microzomal hepatic de o serie de citocromi p450 cu specificitate de substrat
[Farrell, 1994]; consecutiv, apar disfunctii mitocondriale si apoptoza [Tarantino, 2009]. Prin metabolizarea sa,
CCl, genereaza radicali triclormetil CCl; si peroxitriclormetil (OOCCI3) [Brattin, 1985; Soni, 2008], care ataca
structurile lipidice ale membranelor celulare, inducand peroxidare lipidica [Sundari, 1997].

in functie de prezenta sau absenta O,, metabolizarea hepatici a CCl, urmeaza cii diferite. In cazul in care O,
se gaseste in concentratia scazutd sau este absent, enzimele citocromului p450 metabolizeaza intreaga cantitate
de CCl,, ducind la formarea de CCly care, atunci cand depdsesc capacitatea antioxidanta a ficatului, ataca
structurile lipidice [Farell, 1994]. In cazul in care exista cantitati suficiente de oxigen molecular, acesta, pe de o
parte inhiba citocromul p450, limitand formarea de radical CCly si, pe de alta parte, reactioneaza cu CCly,
forméand peroxitriclormetil (CC1;00) [Soni, 2008; Burk, 1984] care poate fi epurat de sistemul antioxidant al
glutationului [Shen, 2009].

Aceste transformari au loc atit in cazul expunerii acute, cét si a celei cronice la CCly. Insi leziunile hepatice
nu se datoreaza doar formarii de radicali liberi derivati ai CCly, ci si inflamatiei aparute: examenul histopatologic
deceleaza un infiltrat inflamator bogat in neutrofile. In timpul reactiei inflamatorii, neutrofilele produc cantitati
crescute de anion superoxid care provoaca si el leziuni oxidative [Komatsu, 2002]. Epurarea superoxidului se
face de sistemul enzimelor antioxidante SOD, CAT si GPx [Tache, 2001].

Mai multe studii surprind nivele crescute ale malondialdehidei si peroxizilor lipidici ca urmare a administrarii
acute [Poyrazoglu, 2008; Shen, 2009] sau cronice de CCl, [Login, 2006; Kang, 2008]. Nu doar structurile
lipidice sunt afectate, ci si proteinele, avand loc carbonilarea lor [ Dani, 2008; Maksimchik, 2008].

OBIECTIVE GENERALE

Studiul experimental derulat are ca scop cercetarea implicatiilor stresului oxidativ in patologia hepatica
toxica, avand urmatoarele obiective:

1. Realizarea unor modele experimentale de hepatitd toxica acuta si cronica (expunere la CCl,) pe care sa se
poata studia modificarile balantei oxidanti-antioxidanti.

2. Studiul efectului administrarii acute si cronice de tetraclorurd de carbon asupra dinamicii parametrilor
stresului oxidativ si apararii antioxidante.



3. Aprecierea efectului administrarii de vitamina E asupra stresului oxidativ din patologia hepatica toxica.

4. Aprecierea efectului administrarii de chitosan asupra stresului oxidativ din patologia hepatica toxica si
compararea cu efectul antioxidantilor uzuali.
MATERIAL SI METODA

Animalele utilizate

Studiul s-a desfasurat in centrul de cercetare al Catedrei de Fiziologie a Universitatii de Medicina si Farmacie
»luliu Hatieganu”. Au fost folositi 120 sobolani albi, femele, rasa Wistar, cu greutatea medie de 220+20 gr.
impartiti in opt loturi experimentale. Animalele, provenind din Biobaza UMF, dupa transferul in biobaza
Catedrei de Fiziologie, au fost mentinute la temperatura camerei de 23+2°C, cu un ciclu lumini intuneric de 12
ore. Au beneficiat de o alimentatie standardizata. Inainte de inceperea experimentului, a existat o perioadi de o
saptamana pentru aclimatizarea animalelor.

Au fost utilizate doud modalitati de administrare a tetraclorurii de carbon: acut si cronic. Experimentul acut s-
a desfasurat pe 40 de animale impartite in patru loturi egale. Doua loturi au primit terapie antioxidantd timp de
sapte zile inaintea expunerii la CCl,. in ziua a saptea s-a administrat tetraclorura de carbon prin gavaj, in doza
unica (3 ml/kge), nediluatd. Dupa 24 de ore, pentru determinarea parametrilor stresului oxidativ si ai functiei
hepatice, s-a recoltat sange din sinusul retroorbitar. Animalele au fost sacrificate si s-a recoltat tesut hepatic
pentru determinarea parametrilor stresului oxidativ si pentru examen histopatologic.

Pentru experimentul cronic s-au utilizat 80 de animale impdértite in patru loturi egale. Pentru a evita posibilele
erori datorate uleiului folosit pentru diluarea CCl,, lotului martor i s-a administrat, prin gavaj, ulei de floarea
soarelui in aceeasi doza folositd pentru diluarea CCly (0,9 ml/kg corp prin gavaj, de doud ori/saptamand). S-a
administrat CCly 25%, 1,2 ml/kg corp, prin gavaj de doud ori pe sdptdmana. S-au administrat antioxidanti 6
zile/saptamana, cu 30 de minute inaintea administrarii de CCl,. Vitamina E (Sicomed®, fiole a 30 mg/ml) s-a
injectat intramuscular in dozi de 5 mg/kg corp, iar chitosanul (Sigma-Aldrich®, cu greutatea moleculara medie
de 190-310 kDa, cu gradul de acetilare de 75-85%; solutia originald a continut 1 gr. chitosan/1000 ml acid acetic
0,1% adus, nainte de utilizare, la pH neutru) s-a administrat intraperitoneal, cate 3 mg/kg corp. Animalele au
fost alese aleator din loturi si sacrificate la 15 zile si 30 de zile.

Parametrii stresului oxidativ, ai apdrarii antioxidante si probele hepatice au fost dozate in Laboratorul de
Explorare a Stresului Oxidativ al Catedrei de Fiziologie.

Parametrii urmariti

Din ser s-au dozat: (1) parametrii stresului oxidativ: malondialdehida totald (nmol/ml) si proteinele
carbonilate (nmol/mg proteine); (2) parametrii apararii antioxidante: capacitatea de donor de hidrogen (%
inhibitie), ceruloplasmina (mg%), gruparile sulfthidril (wmol/ml) si glutationul redus (nmol/ml); (3) parametrii ai
functiei hepatice: ASAT (U/), ALAT (U/l) si GGT (U/l). Din lizatul eritrocitar s-au dozat: (1) superoxid
dismutaza (U/mg proteind); (2) catalaza (U/mg proteind). Din omogenatul hepatic s-au dozat: (1) parametrii
stresului oxidativ: malondialdehida totala (nmol/mg prot.), proteinele carbonilate (nmol/mg prot.); (2) parametrii
apararii antioxidante: capacitatea de donor de hidrogen (% inhibitie), gruparile sulthidril (umol/mg prot.) si
glutationul redus (nmol/mg prot.).

Prelucrarea statistica

Prelucrarea statistica a rezultatelor obtinute a inclus stabilirea tipului de distributie a rezultatelor: simetria si
aplatizarea distributiei, normalitatea distributiei (testele Kolmogorov-Smirnov si Shapiro-Wilk), calculul
indicatorilor statistici descriptivi (medie, deviatie standard, mediand) si stabilirea semnificatiei diferentelor dintre
loturile comparate; testele inferentiale folosite pentru aprecierea semnificatiei diferentelor dintre loturi au fost
alese pe baza distributiei rezultatelor. Au fost utilizate programele SPSS 13.0 si Medcalc 11.0.

REZULTATE SI DISCUTII

Studiul nostru a urmarit realizarea a doud modele de hepatopatie toxica: un model acut si unul cronic de
inducere a afectérii hepatice prin administrarea de tetraclorurd de carbon. Tuturor animalelor folosite in cele
doud modele experimentale li s-a administrat aceeasi cantitate de toxic: 3 ml/kgc. Doza totala administrata
animalelor de experientd si modalitatea de administrare au fost aceleasi, variabila manipulatd fiind modul de
dozare/administrare in timp: in modelul acut, intreaga cantitate CCl, a fost administrata intr-o singura doza
(nediluata), pe cand, in modelul cronic, substanta a fost administratd fractionat, in zece doze a cite 0,3 ml/kgc
(diluat 1:3 in ulei de floarea soarelui), pe parcursul a 30 de zile. Cercetarea a urmarit, de asemenea, potentialul
efect hepatoprotector si antioxidant al administrdrii vitaminei E si chitosanului pe cele douia modele
experimentale mentionate.



Atat in cazul expunerii acute, cat si al celei cronice, studiul nostru a decelat cresteri semnificative ale
nivelului seric al transaminazelor hepatice (ASAT, ALAT), rezultat al hepatocitolizei. Au fost identificate
diferente semnificative doar 1n ceea ce priveste nivelul ASAT, care Inregistreaza valori medii mult mai mari in
cazul expunerii acute la toxic (p=0,008). Rezultatele obtinute sunt concordante cu literatura [Poyrazoglu, 2008;
Manna, 2006; Wu, 2007]. Diferentele semnificative doar in cazul ASAT se pot explica prin faptul cd ASAT este
o transaminaza specific care creste in special in leziunile hepatice, pe cand se pot observa cresteri ALAT si in
cazul leziunilor miocardice sau musculare [Arnaiz, 1995]; astfel, ASAT este un indicator mult mai fidel al
gravitatii leziunilor hepatocitare.

Nivelul seric al transaminazelor coreleaza cu intensitatea peroxidarii lipidelor membranei hepatocitare,
leziune ce cauzeaza eliberarea enzimelor din citosol in sange [Agarwal, 2006; Gutiérrez, 2009]. Atat
administrarea acutd, cat si cea cronica produc o severa peroxidare lipidica in tesutul hepatic si in ser, modificari
traduse prin cresterea semnificativa statistic a MDA. In cazul administrarii cronice, cresterea MDA hepatic
precede cresterea sericd, sugerand eficienta mecanismelor hepatice antioxidante. Totusi, nu au fost identificate
diferentele semnificative intre nivelul MDA in functie de durata expunerii. Rezultatele obtinute sunt concordante
cu studiile din literatura care si ele citeaza o crestere semnificativi a MDA hepatic dupa administrarea acuta
[Tirkey, 2005; Fernandez-Martinez, 2007; Nogueira, 2009] sau cronica de CCl, [Gutiérrez, 2009]. Se poate
constata cd, indiferent de durata expunerii, gravitatea leziunilor oxidative este similara, dependentd de doza
totala de CCly administrata. Studiile din literaturd nu prezintd dinamica serica a produsilor de peroxidare lipidica;
MDA seric, prin usUrinta recoltdrii sdngelui, ar putea fi un marker mult mai putin invaziv. Studiul nostru a
surprins bune corelatii intre nivelul seric si hepatic al MDA la sfarsitul experimentului.

Examenul histopatologic a decelat leziuni mult mai grave in cazul expunerii acute, cdnd se observa necroze
hepatocitare masive; in cazul expunerii cronice apare doar steatoza si distrofie vacuolara.

Peroxidarea lipidica apéaruta ca urmare a expunerii la CCl, antreneaza modificari ale nivelului sistemelor
antioxidante hepatice si plasmatice. Literatura citeaza o scddere a nivelului hepatic al GSH si a expresiei
enzimelor antioxidante (SOD, CAT, GPx) [Manna, 2006; Wu, 2007; Hwang, 2009]. Studiul nostru a decelat
rezultate similare, surprinzdnd o scadere a nivelului hepatic al GSH si a gruparilor SH atat in cazul expunerii
acute cat si al celei cronice, dinamica sistemelor antioxidante coreldnd cu cea a peroxizilor lipidici. Totusi,
analiza statistica nu a decelat diferente intre nivelul hepatic al GSH si al gruparilor SH in functie de durata
expunerii la toxic.

in plasma, insa, expunerea cronici la CCly, comparativ cu expunerea acuta, conduce la un consum masiv al
glutationului redus (p<0,0001) si a ceruloplasminei (p<0,0001) comparativ cu lotul martor. Dimpotriva,
capacitatea de donor de hidrogen (p<0,0001), gruparile SH (p=0,045) si CAT eritrocitara (p=0,003) au valori
semnificativ mai scazute dupa expunerea acuta.

Pe baza analizei sintetice a rezultatelor obtinute, se poate afirma cé, desi balanta oxidanti/antioxidanti nu
prezinta variatii semnificative in functie de durata expunerii la toxic, totusi, leziunile hepatocitare, traduse prin
nivelul seric al ASAT si prin modificarile observate la examenul histopatologic, sunt mult mai grave in cazul
expunerii acute, depasind capacitatea ficatului de a epura toxicul ingerat.

Dincolo de evidentierea posibilelor diferente ale efectului toxicului administrat in cele doud modele
experimentale (acut i cronic) am urmarit impactul administrérii prealabile de vitamina E si chitosan asupra
stresului oxidativ si gravitatii afectarii hepatice prin evaluarea parametrilor biochimici si a aspectelor
morfologice si histologice ale tesutului hepatic.

in patologia hepatici toxicd, tratamentul antioxidant are, in general, efecte favorabile. Experimental,
antioxidantii se pot administra fie inaintea unei expuneri la toxic, fie in paralel cu expunerea cronicd la toxic.
Numeroase studii au demonstrat efectul protector al unor antioxidanti uzuali si al multor extracte naturale [Raja,
2007; Kang, 2008; Gowri, 2008]. Cu toate acestea, efectele chitosanului, un produs natural obtinut prin
deacetilarea chitinei, au fost mai putin studiate in patologia hepatica toxica. Ca urmare, dintre numerosii posibili
antioxidanti naturali, In acest studiu am evaluat efectele antioxidante si hepatoprotectoare ale chitosanului
comparativ cu capacitatea antioxidantd a vitaminei E in conditiile administrérii acute si cronice de tetraclorura de
carbon.

Analiza rezultatelor studiului surprinde faptul ca administrarea prealabild de vitamina E si chitosan are efecte
diferite asupra integritatii hepatocitelor si asupra balantei oxidanti/antioxidanti in hepatita toxica acutd indusa cu
CCl,. Rezultatele surprind faptul c@ tratamentul cu cei doi antioxidanti limiteazd leziunile hepatocitare
determinand o scadere semnificativa a nivelului seric al transaminazelor hepatice (ASAT, ALAT) si al GGT
[Login, 2009].

Cea mai importanta scadere are loc in cazul nivelului seric al ASAT. Acest parametru este singurul care
diferentiaza semnificativ cele doua loturi la care s-au administrat antioxidanti diferiti: valorile medii ale nivelului
ASAT sunt semnificativ statistic mai crescute la animalele din lotul protejat cu chitosan, rezultate sustinute de
datele raportate de literatura [ Yonezawa, 2005].

Antioxidanti folositi in studiul nostru au capacitatea de a reduce peroxidarea acizilor grasi la nivelul ficatului.
in comparatie cu animalele expuse doar la CCly, nivelul MDA scade semnificativ dupa administrarea ambilor



antioxidanti, insa fara a atinge nivelul lotului martor. Totusi, in ser, desi ambii antioxidanti conduc la scaderea
semnificativd a MDA, administrarea de chitosan determind o scadere mult mai importantd a MDA (p<0,0001) in
comparatie cu vitamina E. Administrarea prealabila de antioxidanti, pe langa diminuarea peroxidarii lipidice, are
si capacitatea de a cruta sistemele antioxidante endogene. Chitosanul ofera o mai buna protectie a rezervelor
endogene de ceruloplasmini si GSH (p=0,002). in lizatul eritrocitar, ambii antioxidanti stimuleazi expresia
enzimelor antioxidante, insd nu se deceleazd diferente semnificative. Rezultatele obtinute sunt in acord cu
literatura [Shon, 2002].

Administrati simultan cu expunerea cronicd la doze mici de CCl,, vitamina E si chitosanul pot avea efecte
diferite asupra balantei oxidanti/antioxidanti. Desi ambii antioxidanti au capacitatea de a reduce in dinamica
nivelul seric al transaminazelor, niciunul dintre ei nu determind sciderea nivelului seric al ASAT si ALAT astfel
incat sd atingd valorile medii inregistrate la animalele din lotul martor. Totusi, in conditiile modelului cronic,
administrarea de chitosan are un efect hepatoprotector mai bun decat administrarea de vitamina E. Dupa 15 zile
de administrare de chitosan, nivelul seric al ASAT atinge valori semnificativ mai mici decat in lotul tratat cu
vitamina E (p=0,034) dupa acelasi interval de timp. Analiza statisticd in dinamica a evolutiei parametrilor pe
parcursul celor 30 de zile ale experimentului indica faptul ca nivelul seric al ASAT se mentine mai scazut
(comparativ cu lotul caruia i s-a administrat vitamina E) pana la sfarsitul experimentului, insa in ziua 30 scaderea
ASAT dupa administrare de chitosan, nu mai difera semnificativ din punct de vedere statistic fata de lotul caruia
i s-a administrat vitamina E.

Ambii antioxidanti au capacitatea de a reduce peroxidarea lipidicd. insi nu se deceleazi diferente
semnificative statistic intre administrarea celor doi antioxidanti in privinta nivelului hepatic si seric al MDA;
totusi, desi nesemnificativ, MDA seric este mai scdzut dupa administrarea de chitosan; acestei scaderi i se
asociaza un nivel seric semnificativ mai crescut al GSH (p=0,003). Rezultatele noastre sunt in acord cu putinele
studii din literatura privind activitatea antioxidantd a chitosanului in patologia hepaticd toxica [Jeon, 2003].
Rezultatele obtinute pe parcursul experimentului cronic deceleazd un efect antioxidant al chitosanului mai bun
decat cel al vitaminei E.

fn ansamblu, chitosanul, administrat atit inaintea expunerii la CCly, In cazul hepatitei toxice acute, cat si
concomitent cu CCly, in cazul hepatitei toxice cronice, are efecte antioxidante si hepatoprotectoare considerabile,
semnificativ mai bune decat vitamina E, manifestate mai ales prin crutarea antioxidantilor serici §i epurarea
radicalilor liberi, rezultatele noastre sustinute si de datele din literatura [ Xue, 1998; Kogan, 2004].

CONCLUZII GENERALE

1. Administrarea de CCl, produce hepatocitoliza (creste nivelul seric al ASAT si ALAT). in expunerea acuti
leziunile au 0 mai mare gravitate (necroze hepatocitare la examenul histopatologic).

2. Administrarea de CCl,, prin intermediul radicalilor liberi produsi prin metabolizarea sa, determina
peroxidarea lipidelor la nivelul tesutului hepatic si in ser. in administrarea acuta, stresul oxidativ aparut duce la
epuizarea antioxidantilor endogeni hepatici. In administrarea cronici nivelul antioxidantilor hepatici scade
progresiv, pana la epuizare.

3. Corelatiile dintre nivelul seric al transaminazelor, pe de o parte, si nivelul hepatic si seric al produsilor de
peroxidare lipidicd si al antioxidantilor, pe de altd parte, sugereazd implicare stresului oxidativ in aparitia
hepatocitolizei ca urmare a expunerii la CCl,.

4. Administrarea de vitamina E are un efect antioxidant. Vitamina E, folositd atat ca hepatoprotector, in
expunerea acuta la CCly,, cat si administrata in paralel cu expunerea cronicd la CCl, reface echilibrul balantei
oxidanti/antioxidanti, diminueaza gravitatea leziunilor hepatocitare i reduce nivelul seric al transaminazelor.

5. Administrarea de chitosan are un bun efect antioxidant. Chitosanul are capacitatea de a reduce peroxidarea
lipidicd si de a proteja antioxidantii endogeni, mai ales sistemul glutationului. Leziunile observate la examenul
histopatologic sunt discrete.

6. In dozele administrate, in hepatopatia toxici experimentald acutd si cronicd, chitosanul are un efect
antioxidant si hepatoprotector superior vitaminei E.
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INTRODUCTION

The effect of the increasing environmental pollution on the human body is well-known. The liver
plays an important role in the metabolism and during the clearance of the toxic substances which enter
the organism. These substances can be environmental toxics but, also, specific toxic substances to
some professions. Also, the liver can be injured by the excessive use of medical drugs.

In this context, the interest for researches concerning the effects and the implications of the oxida-
tive stress in liver pathology, and concerning the identification and use of some potential antioxidant
substances, capable to protects the liver tissue, increased. The oxidative stress plays an important role
in liver pathology [Szanto, 2004]. Therefore, a decrease of the oxidative stress level will reduce the
gravity of the liver lesions.

The “oxidative stress” term was introduced by Sies in 1985. It comprises all the oxidative lesions
induced to individual cells and the entire human body. The oxidative stress represents an imbalance in
the oxidants/antioxidants equilibrium [Tache, 2000]. Mostly, the oxidative stress is due to the reactive
oxygen species (ROS) which have an unpaired electron, that gives them a high reactivity.

The antioxidant defense consists of endogenous antioxidants and, when these mechanisms are dep-
leted, the use of some exogenous substances might be useful. The antioxidant substances play an im-
portant role in neutralizing and scavenging the reactive oxygen and nitrogen species and the peroxides
of the organic molecules. It is important to note that there are some primary, prophylactic antioxidants,
which have the capability to decrease the frequency of the reactions that lead to ROS formation or to
block the already started reactions [Muresan, 1997; Dejica, 2000, Tache 2006].

Chitosan is a polymer obtained through the deacetylation of the chitin which forms the exoskeleton
of the crustaceous. It is biocompatible, hypoallergenic, but it is insoluble into water [Je, 2006]. It has
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many positive effects; the literature suggests its haemostatic and antibacterial effects [Sudharshan,
1992]. Lately, were identified its antioxidant effects [Qi, 2007; Filip, 2008; Liu, 2009].

Its scavenging ability for the hydroxyl and superoxid ions is proportion with its concentration and
deacetylation degree [Park, 2004]. Its antioxidant capacity is inversely proportional with its molecular
weight. It seems that its antioxidant capacity is due to its capacity to interact with the active hydrogen
atoms and to form more stable radicals [Xing, 2005; Tomida, 2009].

In liver pathology, the chitosan has a protective effect, reducing the oxidative stress level in em-
bryonic hepatocytes [Xu, 2009], in CCl, intoxications [Jeon, 2003] or after exposure to isoniazid and
rifampicine [Santhosh, 2007].

One of the most accessible experimental models of toxic hepatitis uses carbon tetrachloride as in-
ducing agent. CCl, is a largely used organic solvent with a very high liver toxicity [Nenitescu, 1980;
Avram, 1994].

Carbon tetrachloride is a liposoluble substance capable to pass trough the membrane of the hepato-
cytes. It is metabolized at microsomal level by some specific p450 cytochroms [Farrell, 1994]; this
leads to mitochondrial malfunctions and apoptosis [Tarantino, 2009]. During its metabolism, CCl,
leads to CCl; and OOCCI; radicals formation [Brattin, 1985; Soni, 2008], which attack the lipids lo-
cated in the cell membranes, leading to lipid peroxidation [Sundari, 1997].

The hepatic lesions are produced not only by free radicals generated by CCl, but also during in-
flammation, the histopathology findings showing a large number of neutrophils, which produce large
guantities of ROS [Komatsu, 2002].

Many published studies have identified increased MDA levels after acute [Poyrazoglu, 2008; Shen,
2009] or chronic exposure to CCl, [Login, 2006; Kang, 2008]. Also, the proteins are injured by the
produced ROS [Dani, 2008; Maksimchik, 2008].

AIMS

The purpose of the experimental study was to explore the implication of the oxidative stress in the
mechanisms of the toxic liver pathology. The study had the following general aims:

1. To design an experimental model of acute/chronic toxic hepatitis on which to study the changes
of the oxidants/antioxidants equilibrium.

2. To study the effect of the acute and chronic exposure to carbon tetrachloride on the oxi-
dants/antioxidants equilibrium.

3. To asses the effects of the vitamin E supplementation in liver toxic pathology.

4. To asses the effects of chitosan supplementation in liver toxic pathology and to compare its with
the effect of the classic antioxidant substances (vitamin E).

MATERIAL AND METHOD

The study took place in the Research center of the Physiology Department of the University of
Medicine and Pharmacy “Iuliu Hatieganu” Cluj-Napoca. 120 female Wistar rats (medium weight
220+20 gr.) have been used.

We used two experimental models of toxic hepatitis. The acute experiment used 40 rats randomly
assigned to four equal groups. Two groups received antioxidant therapy (vitamin E or chitosan) for
seven days prior to CCl, acute exposure. 24 hours after the exposure blood was taken and the animals
have been sacrificed in order to take liver samples. The chronic experiment used 80 rats divided also
into four groups. Two groups received antioxidant treatment in the same tame with the CCl, chronic
exposure. Blood and liver samples have been taken after 15 and 30 days.

The oxidative stress markers and the parameters of the liver function have been assessed in the
Oxidative Stress Exploration laboratory of the Physiology Department. The histopathology examina-
tion was performed at the University of Veterinary Medicine, Cluj-Napoca.

From the blood we assessed: total malondialdehyde, carbonylated proteins, hydrogen donors capac-
ity, ceruloplasmin, thyol groups, reduced glutathione and the liver enzymes (AST, ALT, GGT). From
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the liver tissue we assessed: total malondialdehyde, carbonylated proteins, hydrogen donors capacity,
thyol groups, reduced glutathione; and from the red blood cells: SOD and CAT.

The obtained data was organized into a data base and statistically analyzed using SPSS and Med-
calc software.

RESULTS AND DISCUSSIONS

For the two experimental models of toxic hepatitis (acute and chronic), we used the same amount
of CCl, given as one dose (3 mg/kg, undiluted) or divided in ten doses (diluted with sunflower oil
25%), by gavage. Also, we used two antioxidant substances: vitamin E (5 mg/kg, i.m.) and chitosan (3
mg/kg, i.p.).

As result of both the acute and chronic exposure, the blood level of the liver enzymes (ALT, AST)
increased. But we identified significant changes only concerning the AST level, an enzyme specific to
the liver cells (p=0.008), while ALT can be found also in myocardium and kidneys [Arnaiz, 1995].
These results are in agreement with the literature [Poyrazoglu, 2008; Manna, 2006; Wu, 2007].

The serum level of the liver enzymes correlates with the membrane lipid peroxidation, lesions that
allow the release of the enzymes into the blood stream [Agarwal, 2006; Gutiérrez, 2009]. During the
chronic exposure, the increase of the liver MDA predates the increase in the serum, result supported
by the published papers [Tirkey, 2005; Fernandez-Martinez, 2007; Nogueira, 2009; Gutiérrez, 2009]
concerning both acute and chronic toxic experimental hepatitis. Even if the biochemical changes are
similar after acute and chronic exposure, the histopathology examination revealed much more severe
lesions after acute exposure.

Lipid peroxidation leads to changes in the antioxidant defense systems activity both in liver tissue
and in serum. The literature shows a decrease in the GSH level and also in the expression of the anti-
oxidant enzymes (SOD, CAT, GPx) [Manna, 2006; Wu, 2007; Hwang, 2009], our results being simi-
lar: GSH and SH liver levels decrease after acute and chronic exposure. However, in serum, acute ex-
posure leads to a GSH (p<0.0001) and ceruloplasmin (p<0.0001) depletion, as compared with the con-
trol group, but the hydrogen donors (p<0.0001), SH (p=0.04) and CAT (p=0.003) levers are lower.

Therefore, we can conclude that although the oxidant/antioxidant balance does not demonstrate
significant differences related with the duration of the exposure, the hepatocytes’ injuries are far more
severe after the acute exposure.

Also, we tried to asses using these two experimental models the antioxidant and hepatoprotective
effects of the vitamin E and chitosan, by assessing the biochemical parameters of oxidative stress and
liver function and the histological changes.

Generally speaking, in toxic liver pathology the antioxidant therapy has positive effects. Experi-
mentally, the antioxidants can be given either prior to an exposure to a toxic substance or in the same
time. Many studies have demonstrated the protective effect of some usual and natural antioxidant sub-
stances [Raja, 2007; Kang, 2008; Gowri, 2008]. But chitosan, a natural product obtain from the ex-
oskeleton of the see crustaceous, was less studied in relation with toxic liver pathology. Therefore,
among the numerous natural substances with antioxidant potential, we assessed the antioxidant and
hepatoprotective effects of chitosan and we compared its antioxidant capacity with that of vitamin E in
relation with acute and chronic toxic hepatitis induced with carbon tetrachloride.

The results analysis identified that vitamin E and chitosan administration prior to the exposure has
different effects on the liver function, hepatocytes integrity and oxidants/antioxidants equilibrium in
acute toxic hepatitis. The antioxidant treatment limits the hepatocytes lesions and induces a decrease
of the liver enzymes (ALT, AST, GGT) [Login, 2009]. The most important effect concerned the AST.
This enzymes is the only one that was significant lower in the chitosan treated rats as compared with
those who received vitamin E, results similar to those find in the literature [Yonezawa, 2005].

The used antioxidant substances have the ability also to decrease the lipid peroxidation in the liver.
In comparison with the animals exposed only to CCl,, MDA level decreases after both antioxidants,
but without reaching the level of the control group. In serum, even if both substances decrease the
MDA level, chitosan induced a highly significant decrease as compared with vitamin E (p<0.0001).
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Antioxidant supplementation prior to the exposure also spares the endogenous antioxidant systems.
It protects the endogenous reserves of ceruloplasmin and GSH (p=0.002). Both antioxidants stimulate
the expression of the antioxidant enzymes in the erythrocytes [Shon, 2002].

The antioxidants given in the same time with the toxic, can have different effects on the oxi-
dants/antioxidants equilibrium. Even if both of them are able to reduce the AST and ALT levels, none
will induce plasma levels similar to those of the control group. However, during the chronic exposure,
the chitosan has a superior effect after two weeks as compared to the control group (p=0,03).

Both antioxidants have the capacity to decrease lipid peroxidation. Even if there are not highly sig-
nificant differences concerning MDA hepatic level, in the serum MDA is lower after chitosan use than
after vitamin E treatment. This decrease is related with a higher GSH level (p=0.003). Though there
are only a few studies in the literature, their results are quite similar [Jeon, 2003]. The results of the
chronic experiment suggest that chitosan has a superior antioxidant and hepatoprotective effect as
compared with vitamin E.

Therefore, the chitosan, given both before the acute exposure to CCl, or in the same time with the
chronic exposure to the toxic substance, has considerable antioxidant properties, far better than those
of vitamin E, being capable to scavenge the free radicals both in plasma and in the liver tissue, results
which are in agreement with those found in the published studies [Xue, 1998; Kogan, 2004].

GENERAL CONCLUSIONS

1. Carbon tetrachloride administration induces the destruction of the hepatocytes (ALT and AST
plasma levels increase). After the acute exposure the lesions are much more severe (liver ne-
crosis found at the histopathology examination).

2.  Carbon tetrachloride, through the free radicals produced during its liver metabolism, induces
liver peroxidation both in the liver tissue and in plasma. During the acute exposure, the oxida-
tive stress leads to the depletion of the endogenous liver antioxidants. During the chronic ex-
posure, the antioxidants level in the liver decrease progressively.

3. The correlations between the serum transaminase levels, on one hand, and of the liver and
plasma markers of the oxidative stress, on the other, suggest the implication of the oxidative
stress in the onset of the liver cells destruction after CCl, exposure.

4.  Vitamin E has an antioxidant effect in toxic liver pathology. Both in chronic and acute expo-
sure to CCl,, vitamin reestablish the oxidants/antioxidants equilibrium, decreases the gravity
of the liver lesions and reduces the serum level of the liver enzymes (ALT, AST).

5. Chitosan has antioxidant properties. It is capable to reduce lipid peroxidation and to protect
the endogenous antioxidant systems, especially the glutathione system.

6. In the used amounts, both in chronic and in acute exposure, the antioxidant effect of the chi-
tosan is superior to that of the vitamin E.
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