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LISTA DE ABREVIERI

L-arg — NO — calea metabolica L-arginina — oxid nitric
ARDS — sindrom de detresa respiratorie acuta

CARS - sindrom de raspuns compensator antiinflamator
CCly — tetraclorura de carbon

H-E — coloratie hematoxilind-eozina

LPS — lipopolizaharid (endotoxind)

MDA — malondialdehida

N-ACC — N-acetilcisteina

NO — oxid nitric

ROS — radicali liberi de oxigen

RSPA — reactia sistemica postagresiva

SIRS — sindrom de raspuns inflamator sistemic



INTRODUCERE

Teoria reactiei sistemice postagresive si a socului este extrem de complexa,
construindu-se pe concepte din Intreaga fiziologie si fiziopatologie, de la intelegerea
functiilor, reglarilor si leziunilor celulare, la ansamblul functiilor si dezechilibrelor organelor,
a sistemelor functionale si a interactiunilor patologice reciproce, avand ca rezultat final
instalarea insuficientelor multiorganice.

Reactia sistemicd postagresivd este principial monotond, nespecifica, avand un set
comun de caracteristici fiziopatologice, modelate de proprietatile specifice ale agentului
agresor. La acestea se asociazd conditiile functionale preexistente ale organismului victima:
rezerva functionald a sistemelor functionale si, din ce in ce mai bine inteles, factorul genetic.

Reactia sistemica postagresiva cuprinde componenta neuroendocrina si inflamatorie sistemica,
cu impact functional asupra tuturor organelor.

Componenta infectioasd actioneaza fie primar, fiind trigger-ul reactiei sistemice
postagresive sau complicd evolutia unui raspuns inflamator sistemic de origine
noninfectioasa. Astfel, infectia actioneaza ca o ,,a doua lovitura” patogend asupra bolnavului
critic traumatizat, ars, cu insuficientd hepaticd acutd fulminanta, pancreatitd acuta, ca rezultat
al infectiei plagilor, cailor respiratorii in conditiile protezdrii acestora si a ventilatiei
mecanice, translocatiei bacteriene de la nivelul tractului digestiv cu barierd mucoasa
compromisa.

Aduc multumirile mele Conducerii Universititii de Medicind si Farmacie ,,Iuliu
Hatieganu” Cluj-Napoca, care mi-a permis formarea ca medic, cercetdtor si rezident in
specialitatea ATIL.

Cuvinte de multumire deosebite conducatorului stiintific, prof.dr. Luminita Plesca-
Manea, cu care avem o activitate comuna de cercetare inca din anul 1999. Multumesc intregului
colectiv al colegilor mei din Catedra de Fiziopatologie.

CAPITOLUL 1. FIZIOPATOLOGIA GENERALA A REACTIILOR SISTEMICE POSTAGRESIVE

Reactia sistemica postagresiva (raspunsul organismului la stres) presupune modificari
neuroendocrine si imunoinflamatorii sistemice cu impact metabolic asupra tuturor organelor.
Este nespecifica, fiind declansatd de factori agresogeni extrem de diversi: trauma, arsura,
infectia severa, agresiunea chirurgicala, etc. Cel mai bine a fost studiatd in relatie cu
agresiunea chirurgicala.

Conferinta de consens asupra SIRS a American College of Chest Physicians (ACCP)
si a Society of Critical Care Medicine (SCCM) din anul 1991 a standardizat definitiile pentru
SIRS si sepsis, In scopul incadrarii riguroase in cercetare si clinica. Astfel, SIRS este o reactie
inflamatorie generalizatd de etiologie infectioasa si neinfectioasd. Se formuleaza diagnosticul
de SIRS daca sunt indeplinite cel putin doua dintre urmatoarele patru criterii: febra (> 38°C)
sau hipotermie (< 36°C), tahicardie (frecventa cardiacd > 90/ minut), tahipnee (frecventa
respiratorie > 20/ minut sau p,CO, < 32 mmHg), reactia leucocitara (> 12000/ mm’® sau <
4000/ mm® sau > 10% elemente nesegmentate).

Disbalanta dintre citokine dicteazd evolutia fiziopatologica : excedentul de citokine
proinflamatorii genereazd un SIRS excesiv — patologic, iar excedentul de citokine
antiinflamatorii un status de inhibitie inflamatorie — CARS.

CAPITOLUL 2. ACTIUNILE RADICALILOR LIBERI A OXIGENULUI $1 AZOTULUI iN
REACTIA SISTEMICA POSTAGRESIVA

Oxidul nitric reactioneaza cu fierul feros al gruparilor hem din structura moleculelor
proteice, rezultatul fiind activarea sau inactivarea functiei acestor proteine. O tintd foarte



importantd este guanilatciclaza solubild. In urma fixarii NO pe aceastd enzimd rezultd
mesagerul secund intracelular ¢cGMP, care initiaza lantul de evenimente moleculare al
vasorelaxarii NO-dependente. O altd tintd importantd o reprezintd citocrom c oxidaza
(complexul IV) a lantului transportor de electroni mitocondrial, asupra careia exercitd efect
inhibitor. NO actioneaza limitativ asupra propriei sinteze, inhiband nitricoxidsintetazele.

Concentratiile fiziologice ale NO sunt de ordinul nM, in aceste conditii fiind relativ
slab reactiv. In cursul proceselor inflamatorii, concentratile NO ating valori de ordinul
microM, fiind inalt reactiv. In urma reactiei cu radicalii liberi ai oxigenului rezultd NO,,
N,0,, peroxinitritul ( ONOO™ ). Acesti compusi modifica structura proteinelor si lipidelor prin
nitrare $i nitrozilare. Reactia cu grupele tiolice conduce la formarea nitrozotiolilor.

Peroxinitritul intrd in reactie cu enzimele mitocondriale, catalaza, canalele ionice,
receptori si proteine de semnalizare celulard, factori de transcriptie. In urma reactiei cu
radicalii peroxil, NO limiteaza peroxidarea lipidelor. Peroxinitritul initiaza direct peroxidarea
lipidelor si modificarea lipoproteinelor cu densitate mica.

Existd o diferentd semnificativa a raportului aport/ consum de oxigen la nivel celular/
mitocondrial intre socul septic si socurile hipovolemic si cardiogen. In socul septic in faza
hiperdinamica, aportul de oxigen la nivel tisular este crescut, dar utilizarea celulard este
limitata. Aceastd conditie fiziopatologicd de incapacitate mitocondriald de utilizare a
oxigenului este denumitd ,hipoxie citopatici”. In patogeneza hipoxiei citopatice sunt
implicate: inhibarea piruvatdehidrogenazei, inhibarea citocromoxidazei sub actiunea oxidului
nitric, inhibarea enzimelor mitocondriale sub actiunea peroxinitritului, modificarea activitatii
enzimei PARP-1 (poly(ADP-ribose) polymerase family, member 1) nucleare.

CAPITOLUL 3. RASPUNSUL METABOLIC iN REACTIILE SISTEMICE POSTAGRESIVE

Modificarile metabolice in cadrul fiziopatologiei agresiunilor severe sunt rezultatul
restructurarilor functionale celulare, secundare interactiunilor citokinelor, hormonilor si a
mediatorilor chimici ai sistemului vegetativ cu receptorii de suprafati celulara. In sepsis, un
rol patogenetic major joaca interactiunea componentelor bacteriene si a altor agenti infectiosi
cu celulele sistemului monocit/ macrofag prin intermediul sistemului receptorial al proteinelor
Toll. Rezultd activarea cdii factorului nuclear kB ( NF-kB ) si inductia genelor citokinelor
proinflamatorii.

Modificarile hormonale si actiunea citokinelor induc o serie de modificdri ale
metabolismului intermediar stadializate astfel: faza de ,,ebb” (reflux/ diminuare) — cu durata
scurtd — primele 12-24 ore, caracterizatd prin raspuns hipometabolic si hipotermie; hormonal
se caracterizeazd prin insulinodeficientd asociatd cu cresterea secretiei hormonilor de
contrareglare glicemica; faza de ,,flow” (flux) —cu durata lunga; este o etapa hipermetabolica;
hormonal se caracterizeaza prin secretie insulinicd normald sau crescutd, asociata cu un nivel
persistent crescut al hormonilor de contrareglare, ceea ce conduce la status catabolic. In
evolutie, conduce la epuizarea stocurilor de substrat metabolic prin: cresterea degradarii
proteinelor structurale, lipoliza, glicogenoliza si gluconeogeneza. Cresterea fluxului hepatic
de glucoza, asociatd cu scdderea utilizdrii periferice conduce la hiperglicemie. Lipidele
endogene reprezinta principalul substrat metabolic al metabolismului de stres. Catabolismul
intens al proteinelor structurale conduce la un bilant azotat negativ; faza de recuperare —
caracterizatd prin normalizarea glicemiei, normalizarea nivelurilor hormonilor de
contrareglare, reabsorbtia excesului de lichid interstitial in compartimentul intravascular si
intensificarea diurezei. Este urmata de o faza anabolica de lungad duratd, cu refacerea
structurilor proteice si a depozitelor adipoase.



CAPITOLUL 4. MATERIALE SI METODE

Experimentele s-au efectuat pe sobolani Wistar-Bratislava de sex masculin, proveniti
de la Centrul de Medicind Experimentala si Aptitudini Practice al Universitatii de Medicind si
Farmacie ,,Iuliu Hatieganu™ Cluj-Napoca. Structura loturilor si etapele experimentelor sunt
prezentate 1n cadrul capitolelor 5, 6, 7.

Investigatiile de laborator au vizat dozarile: nitritilor/ nitratilor serici, malondialdehidei
serice, glicemiei, colesterolului seric total, HDL-colesterol, trigliceridelor serice, proteinelor serice
totale, testul de disproteinemie cu timol, bilirubinei totale, activititii serice a
aspartataminotransferazei, activititii serice a alaninaminotransferazei, activitatii serice a
lactatdehidrogenazei, activitdtii serice a  fosfatazei alcaline, activititii serice a  gama-
glutamiltranspeptidazei, creatininemiei; determinarile numarului de leucocite, numarului de
trombocite, timpului de protrombind, timpului de tromboplastina partial activata (APTT).

Pentru determinari histopatologice s-au recoltat fragmente de plaman, miocard, rinichi, ficat,
stomac, jejun. Fixarea s-a facut in solutie de formaldehidda 10%. Coloratiile utilizate au fost:
hematoxilind-eozina, tricrom Masson, oil red O.

CAPITOLUL 5. CORELATIA STRES NITROOXIDATIV — DEZECHILIBRE METABOLICE -
INSUFICIENTA MULTIORGANICA iN REACTIA SISTEMICA POSTAGRESIVA PRIN
AGRESIUNE CHIMICA CU TETRACLORURA DE CARBON

Tetraclorura de carbon este printre cele mai puternice hepatotoxice, in cascada metabolica si
patogeneticd a intoxicatiei induse, fiind implicati diversi radicali liberi, rezultand leziuni hepatocitare
severe, precum si disfunctia multiorganicd asociatd: sindromul hepatorenal, sindromul
hepatopulmonar, encefalopatia hepatica.

Experimentele s-au efectuat pe un numar de 16 sobolani din rasa Wistar — Bratislava, de sex
masculin, cu greutatea de 140 g, care au fost repartizati in doua loturi egale, corespunzatoare studiului
intoxicatiei cu CCly, respectiv actiunii L-argininei in aceasta intoxicatie.

S-a utilizat un amestec de CCly (p. a.) in ulei alimentar de floarea soarelui (1volum CCly, in 8
volume ulei), care a fost administrat prin gavaj — 1 ml amestec/animal/zi, timp de noua zile . L —
arginina s-a administrat in doza de 100 mg/kgcorp/zi, aceeasi perioadd de timp. In ziua a 10-a a
experimentului s-a recoltat sange prin punctionarea sinusului venos retroorbitar, pentru determinari
biochimice si hemostatice, si fragmente de ficat pentru studiu histopatologic.

S-a constatat ca intensitatea hepatocitolizei induse prin CCly este mult ameliorata la animalele
carora li s-a administrat L-arginind si cd parametrii de coagulare, APTT si TP, se imbunatitesc in
conditiile tratamentului cu L-arginina.

CAPITOLUL 6. CORELATIA STRES NITROOXIDATIV — DEZECHILIBRE METABOLICE-
INSUFICIENTA MULTIORGANICA N REACTIA SISTEMICA POSTAGRESIVA PRIN
ARSURA TERMICA EXPERIMENTALA

Arsura termicd severd si consecintele sistemice ale acestei agresiuni, reprezintd o
cauza majora de mortalitate si morbiditate. Dezechilibrele fiziopatologice includ hipovolemia
severd secundara pierderii de plasma, hipermetabolismul si disfunctia imuna. Acestea conduc
la declansarea insuficientelor multiorganice, avand ca trigger raspunsul inflamator sistemic si
infectia.

Ne-am propus evaluarea comparativa a productiei radicalilor liberi de oxigen si
oxidului nitric, precum si a impactului  variatiei acestui raport asupra disfunctiei
multiorganice in cea mai agresogena trauma exercitatd asupra organismului uman si animal,
precum si studiul influentei ketaminei si N-acetilcisteinei asupra proceselor metabolice la
sobolani arsi.



Experimentele s-au efectuat pe sobolani masculi Wistar — Bratislava cu greutatea
medie de aproximativ 200g. S-a obtinut o arsurd termicd de gradele II/ III pe 30% din
suprafata corporald prin imersia tegumentului ras timp de 10 secunde intr-un vas cu apa la
temperatura de 95°C. Loturile de animale studiate au fost:

LOTUL FUNCTIA LOTULUI SUBSTANTE ADMINISTRATE
1 MARTOR -
2 EVALUAREA EFECTELOR KETAMINEI Ketamina 50 mg/kg i.p.
la 8 ore de la administrare

3 EVALUAREA EFECTELOR COADMINISTRARII KETAMINA - Ketamind 50 mg/kg i.p.

N-ACC la 8 ore N-ACC 200 mg/kg i.p.

4 EVALUAREA LA 8 ORE A EFECTELOR ARSURII TERMICE Ketamind 50 mg/kg i.p.
EFECTUATE SUB ANESTEZIE CU KETAMINA

5 EVALUAREA LA 8 ORE A EFECTELOR N-ACC IN ARSURA Ketamind 50 mg/kg i.p.

TERMICA EFECTUATA SUB ANESTEZIE CU KETAMINA N-ACC 200 mg/kg i.p.

6 EVALUAREA LA 24 ORE A EFECTELOR ARSURII TERMICE Ketamind 50 mg/kg i.p.
EFECTUATE SUB ANESTEZIE CU KETAMINA

7 EVALUAREA LA 24 ORE A EFECTELOR N-ACC IN ARSURA Ketamind 50 mg/kg i.p.

TERMICA EFECTUATA SUB ANESTEZIE CU KETAMINA N-ACC 200 mg/kg i.p

La 8 si 24 h postarsurd s-au prelevat probe de sdnge pentru determindri biochimice,
precum si fragmente de organe pentru investigatii histopatologice.

Analiza trendurilor de variatie ale concentratiilor serice ale NO si MDA indicd constant
oscilatii in opozitie: cresterea unei substante este asociatd de scaderea celeilalte, si reciproc. Leziunile

cele mai severe intereseaza plaméanul, rinichiul si ficatul.

CAPITOLUL 7. CORELATIA STRES NITROOXIDATIV — DEZECHILIBRE METABOLICE -
INSUFICIENTA MULTIORGANICA IN REACTIA SISTEMICA POSTAGRESIVA DIN
SOCUL ENDOTOXINIC

Ne-am propus evaluarea influentei dozei de endotoxina si a celei de N-acetilcisteina,
asupra modificarilor metabolice si a disfunctiilor multiorganice Intr-un model experimental de
soc endotoxinic la sobolan. S-au evaluat parametrii de stres nitrozativ si oxidativ: metabolitii
circulanti ai oxidului nitric si malondialdehida serica. Modificarile metabolismului
intermediar s-au studiat prin dozarea glicemiei, trigliceridemiei, colesterolemiei si a fractiunii
HDL-colesterol. Disfunctiile multiorganice au fost evaluate prin markeri biochimici specifici

si prin examindri histopatologice.

Experimentele s-au efectuat pe 133 sobolani masculi din rasa Wistar-Bratislava cu
greutatea medie de aproximativ 200g, repartizati astfel: lotul martor (M) — format din 7

animale, lotul I si lotul II:

LOTUL1 -
63 animale 21 animale
LPS 1 mg/ kg ) N-ACC 100 mg/kg i.p.
21 animale
i.p.
21 animale N-ACC 200 mg/kg i.p.
LOTUL I -
63 animale 21 animale
LPS 5 mg/ke N-ACC 100 mg/kg i.p.
ip. 21 animale

fiecare dintre subloturile de cate 21 animale a fost
impartit in cate 3 grupuri de cate 7 animale, carora li s-au
recoltat: sdnge prin punctia sinusului retroorbitar si
fragmente din organele — plaman, cord, rinichi, ficat,
stomac, jejun, la intervalele de timp 1 ord, 3 ore, 6 ore

dupa inducerea endotoxemiei.




21 animale N-ACC 200 mg/kg i.p.

Indiferent de dozele de LPS si N-ACC administrate, pe intervalul primelor 6 h de evolutie
a socului endotoxinic, variatiile markerilor de stres nitrozativ si oxidativ studiati nu se
influenteaza reciproc. Similar agresiunii prin arsurd termicd, organele cu leziunile cele mai
severe sunt plamanul, rinichiul si ficatul.

CAPITOLUL 8. CONCLUZII GENERALE

8.1. Intoxicatia experimentalda cu CCly demonstreaza obiectiv histopatologic, in coloratie
histochimica oil red O, prezenta unei RSPA concretizatd printr-o distrofie grasa hepatocitara
precoce si deosebit de grava.

8.2. Dupa expunerea repetitiva, timp de mai multe zile la CCly, cu poarta de intrare
digestiva, leziunile hepatice sunt extrem de severe, distructiei hepatocitare i se asociaza
inflamatia severa si remanierea fibroticd a parenchimului, compatibild unei hepatite cu gradul
necroinflamator IV si fibroza stadiul II/ ITI, demonstrata histopatologic prin coloratia tricrom
Masson

8.3. La animalele cérora li s-a suplimentat aportul de L-arginind, leziunile hepatice sunt
mult diminuate, fiind de hepatitd gradul I si stadiul |

8.4. La animalele intoxicate cu CCly si tratate cu L-arg exogena, platforma biochimica
lipidologica, proteicd, glicemicd si cea hemostatica surprinde o ameliorare a parametrilor,
concordantd cu investigatia histopatologica.

8.5. In conditiile agresiunii chimice cu CCly la sobolan, suplimentarea parenterald a L-
argininei conduce la cresterea semnificativa a concentratiilor serice ale NO si MDA, mai
intensa a NO

8.6. Toate investigatiile biochimice si morfologice efectuate, demonstreaza efectul
favorabil al suplimentdrii L-argininei in intoxicatia cu CCly, RSPA fiind modulata pozitiv de
NO, ce limiteazd hepatocitoliza si apoptoza, in timp ce ROS valideazd pregnant actiunea
lezionala, 1n relatie cu cresterea MDA

8.7. Spre deosebire de cresterea sinergicd a NO si MDA pe modelul de intoxicatie cu
CCly, in modelul de arsura termicd studiat, analiza trendurilor de variatie a concentratiilor
serice ale NO si MDA, indica constant oscilatii Tn opozitie: cresterea unei substante este
asociata de scaderea celeilalte, si reciproc

8.8. Administrarea de N-ACC anterior inducerii arsurii termice severe, genereaza scaderea
semnificativd a MDA si cresterea NO seric

8.9. Administrarea la sobolan a ketaminei , anestezicul general de electie in chirurgia de
urgenta a arsului, creste semnificativ nivelul seric al MDA si il reduce pe cel de NO

8.10. In raport cu animalele cirora li s-a administrat numai anestezicul, coasocierea
ketamina/ N-ACC creste semnificativ nivelul seric al NO si il reduce pe cel de MDA.
Ketamina, administrata solitar, exercitda efect hipoglicemiant, hipotrigliceridemiant si
hipocolesterolemiant

8.11. Intensitatea distructiei tisulare, cuantificatd prin activitatea sericd a
lactatdehidrogenazei, se accentueaza in timp, paradoxal fiind mai ampla la loturile de animale
carora li s-a administrat N-ACC, demonstrand implicatia majora a stresului nitro-oxidativ

8.12. Pe modelul de arsura termica la sobolan anesteziat cu ketamina, modificarile
metabolismului intermediar din RSPA variaza in functie de administrarea N-ACC; afirmatia
tine cont permanent si de observatia personala asupra efectelor trimetabolice exercitate de
ketamina, care atenueaza mult din intensitatea RSPA, implicit prin asocierea cu N-ACC si un
efect analgezic benefic, posibil de modulare a receptorilor opioizi




8.13. Modificarile metabolice, implicit ale NO si MDA sunt concordante cu aspectul
histologic in coloratia uzuald H-E. RSPA este mai pregnanta in pulmon, ce ia aspectul de
ARDS.

8.14. Administrarea N-ACC exercita efecte favorabile, leziunile fiind mai atenuate la
animalele pretratate cu aceastd substantd, dovedind rolul patogenetic major al stresului
oxidativ.

8.15. Impactul agresional sistemic al arsurii termice severe se repercutd asupra ficatului,
fiind conditionat prin mecanism ischemic si inflamator. Hepatocitoliza este intensa, atat la 8
h, cat si la 24 h, cresterea ALAT fiind mai intensd decit a ASAT. In prezenta N-ACC,
hepatocitoliza se accentueaza

8.16. Ca o concluzie generald indubitabila, patogeneza modificarilor metabolice din cadrul
RSPA a arsilor, in experimentul animalier, este guvernata cronologic de amploarea descércarii
citokinice din focarul de arsura si al impactului acesteia asupra NO si ROS, cu actiune tisulara
sistemica

8.17. in modelul de soc endotoxinic studiat, la sobolan, variatia nivelurilor serice ale NO
este independenta de doza de LPS administratd, LPS avand, probabil, numai actiune trigger in
activarea izoenzimei iNOS. In endotoxemie, intensitatea stresului oxidativ, cuantificat prin
concentratiile serice ale MDA, comparativ cu martorii normali, este semnificativ crescuta.

8.18. La animalele 1n soc endotoxinic, concentratiile serice ale NO sunt semnificativ mai
crescute, in raport cu martorul. In evolutia socului endotoxinic , se constati ci in intervalul de
timp studiat, dupa picul initial la 1 h, nivelurile serice ale NO rdman crescute si fard variatii
semnificative ulterioare

8.19. Indiferent de dozele de LPS si N-ACC administrate, pe intervalul primelor 6 h de
evolutie a socului endotoxinic, variatiile markerilor de stres nitrozativ si oxidativ studiati nu
se influenteaza reciproc

8.20. RSPA din socul endotoxinic, modulat sau nu de N-ACC, oferd tipare de variatie
metabolica interesante, independente de dozele de LPS si N-ACC (cresteri semnificative ale
glicemiei, trigliceridemiei, cu scaderea semnificativda a HDL)

8.21. In contextul RSPA endotoxemice studiate, aspectul histopatologic cel mai pregnant
modificat 1l oferd ficatul, rinichiul si plamanul:

e hepatocitoliza se amplifica rapid, inca din 1 h de endotoxemie, fiind demonstrata
prin cresterea semnificativd a transaminazelor, mai accentuatd a ASAT.
Intensitatea hepatocitolizei se amplifica la 3 h si la 6 h, fiind direct proportionala
cu dozele de LPS si N-ACC administrate, mecanismul fiind dependent de actiunea
lezionald directd exercitatd de LPS pe hepatocit si a reducerii disponibilului local
de NO sub administrarea N-ACC; mecanismul este in relatie cu actiunea protectiva
si antiapoptotica a dozelor mici de NO asupra acestor celule.

e reactia renald este rapidd si nespecificd, evidentiindu-se stazd sanguind
glomerulara si distrofie hidropica la nivelul celulelor tubulare, inca din primele 3
h. Modificarile se accentueaza in timp, la 6 h, constatindu-se formarea cilindrilor
proteici

e reactia pulmonard este rapidd dupa initierea endotoxemiei, investigatiile
histopatologice demonstrand arii de hiperinflatie si atelectazie alveolara, instalate
incd din primele 3 h de evolutie a agresiunii sistemice. Initial, sub actiunea directa
a endotoxinei, creste marcant permeabilitatea membranei alveolo-capilare,
demonstrata prin prezenta edemului alveolar

8.22. Concluzia generala, desprinsd din studiul acestui model de soc endotoxinic
experimental, este cd patogeneza modificarilor metabolice intermediare si celulare,
determinante ale progresiunii insuficientelor multiorganice, este dependentd de actiunea



aditiva a endotoxinei si a citokinelor , fie directd, fie mediatda de NO si ROS, precum si de
modularea antioxidanta a N-ACC

8.23. Toate cele trei modele experimentale au evidentiat progresiunea RSPA la
insuficientda multiorganica, probatd prin testele histopatologice si evaluarea biochimicda a
markerilor specifici

8.24. In fiziopatologia bolnavului critic - ars, politraumatizat, intoxicat sau septic, RSPA
reprezintd axul patogenetic central, modulat individual de componenta genetica, rezerva
functionala organica si de promptitudinea si eficienta terapeutica
practica clinicdA a bolnavului critic, lucrarea dorindu-se o aplicatie a fiziologiei si
fiziopatologiei experimentale si clinice 1n practica de anestezie si terapie intensiva.

CUVINTE CHEIE: reactie sistemicd postagresiva, tetraclorurd de carbon, arsura,
endotoxind, ketamind, oxid nitric, malondialdehida, insuficientd multiorganica
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INTRODUCTION

The response to systemic injury and shock theory is extremely complex. It
encompresses physiology and pathophysiology concepts, from understanding the mechanisms
of cellular lesions and the functions and regulations at cellular level, to organ functionality in
its entirely, the functional systems and reciprocal pathological interactions. Summed together,
all these act towards the final result - multiple organ system failure.

The response to systemic injury is mainly dull, nonspecific; it is centered on a series
of common pathophysiological characteristics, and it is modeled by the specific properties of
the trigger. The pre-existing functional capacities of the target organism are decisive, and
these are represented by the functionality of the bodily organs, and, now better understood,
the genetic factor.

The response to systemic injury has a neuroendocrine component and a systemic
inflammatory component, both having a functional impact on all the organs.

The infectious component may act as a trigger for the systemic injury or may
complicate the evolution of a systemic inflammatory response with a non-infectious start
point. In the latter case, the infection acts as a ,,second hit” on a critical trauma patient or a
burn victim or a patient with fulminant hepatitis or acute pancreatitis. The infections may
start in the wounds, the mechanical ventilated airways, or through bacterial translocation in a
gut with a compromised mucosal integrity.

My thanks go to “Iuliu Hatieganu” University of Medicine and Pharmacy, the
institution that facilitated my growth as a physician, as a researcher and as a resident in
Anesthesiology and Intensive Care.

Sincere thanks to my mentor, Prof.Dr. Luminita Plesca-Manea; our scientific activities
started in 1999 and continue to present day. My thanks also go to all my colleagues in the
Pathophysiology Department.

CHAPTER 1. GENERAL PATHOPHYSIOLOGY OF THE RESPONSE TO SYSTEMIC INJURY

The response to systemic injury involves neuroendocrine and systemic inflammatory
changes, with a great metabolic impact on all organs. It is nonspecific and it is triggered by
very diverse factors: trauma, burns, severe infection, surgery, etc. Best studied and understood
is the reaction that is triggered by the surgical stress.

The 1991 conference of the American College of Chest Physicians (ACCP) and the
Society of Critical Care Medicine (SCCM) on SIRS, standardized the definitions for SIRS
and sepsis, for a more compelling understanding of these concepts in clinical medicine and
research. Based on these definitions, SIRS is a generalized inflammatory reaction that may be
caused by an infectious or a noninfectious agent. To diagnose SIRS, 2 out of the following 4
criteria must be met: fever (> 38°C) or hypothermia (< 36°C), tachycardia (heart rate > 90/
minute), tachypnea (respiratory rate > 20/ minute or p,CO, < 32 mmHg), white blood cell
count (> 12000 cells/ mm® or < 4000 cells/ mm® or > 10% bands).

The lack of balance between cytokine secretion dictates the pathophysiological
evolution: the proinflammatory cytokine surplus generates an excessive, pathologic SIRS,
while the antiinflammatory cytokines surplus does the opposite, generating an inflammation
inhibitory status, known as CARS.

CHAPTER 2. THE ACTIONS OF OXYGEN AND NITROGEN FREE RADICALS IN THE RESPONSE
TO SYSTEMIC INJURY

Nitric oxid reacts with ferous iron of the heme groups in protein molecules. The result
may be the activation or the inactivation of these proteins. A target of extreme importance is
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soluble guanylate cyclase. As a result of NO binding to this enzyme, cGMP is generated,
which acts as a second messenger and initiates the chain reactions leading to NO-dependent
vessel relaxation.

Another important target is cytochrome ¢ oxidase (complex IV) of the respiratory
chain inside the mitochondrial inner membrane. NO inhibits this enzyme. NO has a limited
inhibitory action on its own synthesis, by acting on NO synthases.

The physiologic amounts of NO are expressed in nM, making NO a weak reagent.
However, if an inflammation occurs, the NO concentrations reach quantities that are
expressed in microM, and it becomes a very reactive chemical compound. With oxygen free
radicals, it forms NO,;, N,O,, ONOO". All these new chemical molecules modify the
structures of proteins and lipids through nitration and nitrosilation. The reaction with thiolic
groups leads to the formation of nitrosothiols.

Peroxynitrite reacts with mitochondrial enzymes, catalase, ionic channels, receptors
and signaling protein molecules, and with transcription factors. The reaction between NO and
peroxyl radicals limits lipid peroxidation. Peroxynitrite directly initiates lipid peroxidation
and the modification of LDL.

There is a big difference between the cellular/ mitochondrial oxygen supply/
consumption in septic shock as compared to hypovolemic and cardiogenic shock. In the
hyperdynamic phase of septic shock, the tissue oxygen supply is significantly increased, but
its use by the cell is limited. Thus the mitochondria are unable to fully make use of the oxygen
that is being provided. This inability is called ,.cytopathic hypoxia”. Amongst the events
involved in the pathogenesis of this phenomenon are: pyruvate dehydrogenase inhibition, NO
dependent cytochrome oxidase inhibition, peroxynitrite dependent inhibition of mitochondrial
enzymes, as well as changes in the activity of PARP-1 (poly-ADP ribose polymerase family,
member 1) in the nucleus.

CHAPTER 3. METABOLIC CHANGES IN THE REACTION TO SYSTEMIC INJURY

The metabolic changes that occur with severe stress are the result of functional
alterations inside the cells - the result of the interaction between cytokines, hormones and
autonomic neurotrasmitters with the receptors located on cell membranes. In sepsis, the
interaction between bacterial compounds (or other infectious agents) and monocytes or
macrophages is facilitated by the Toll protein receptors. This stands at the epicenter of the
pathological changes that are found in sepsis. The direct result is the activation of nuclear
factor kB, followed by the induction of transcription and expression of the proinflammatory
cytokines genes.

Hormonal changes in response to injury and the action of cytokines generate a series
of metabolic responses, classically divided in three phases: the ,,ebb” phase - has a short
duration (12-24 hrs), is characterized by a hypometabolic and hypothermic reaction; there is
absolute insulin deficiency and an increase in the synthesis and secretion of counterregulatory
hormones (catabolic state); the ,,flow” phase - has a long duration; it is a hypermetabolic
reaction, wherein the insulin secretion returns to normal or may enhance, along with
persistently high levels of counterregulatory hormones (catabolic state). Over prolonged
periods, this phase leads to severe depletion of energy stores, through: increased protein
breakdown, lipolysis, glycogenolysis and gluconeogenesis. The increase in hepatic glucose
production and the decrease in glucose utilization results in hyperglycemia. Endogenous
lipids represent the main energy stores in critical illness. Excessive protein breakdown leads
to a negative nitrogen balance; lastly, the ,,recovery” phase is characterized by normal
glycemia, normal levels of counterregulatory hormones, reabsorbtion of interstitial fluid in the
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intravascular compartment with diuresis. This is followed by an anabolic state, during which
protein and lipid stores are normalized.

CHAPTER 4. MATERIALS AND METHODS

The experiments were made on Wistar-Bratislava male rats at the Center for
Experimental Medicine and Practical Abilities, at “luliu Hatieganu” University of Medicine
and Pharmacy Cluj-Napoca. The characteristics of the groups and experimental phases are
presented in chapters 5, 6, 7.

Laboratory investigations comprised the determinations of: plasmatic nitrites/ nitrates,
malondialdehyde, glycemia, total cholesterol, HDL-cholesterol, triglycerides, total proteins,
total bilirubin, thymol dysproteinemia test, plasmatic activity of AST, ALT, LDH, alkaline
phosphatase, gamma-GT, creatinine; coagulation tests: platelet count, prothrombin time,
APTT; white blood cell count.

Histopathological analysis was made on tissue fragments from lung, myocardium,
kidney, liver, stomach, jejunum. For fixation 10% formaldehyde was used. The sections were
stained with: hematoxylin-eosin, Masson’s trichrome, oil red O.

CHAPTER 5. THE CORRELATION BETWEEN NITRO-OXIDATIVE STRESS - METABOLIC
CHANGES - MULTIPLE ORGAN FAILURE IN RESPONSE TO
CARBON TETRACHLORIDE TOXICITY

Carbon tetrachloride is one of the most powerful hepatotoxic compounds. Through
various free radicals, it is involved in multiple organ dysfunction such as: hepatorenal
syndrome, hepatopulmonary syndrome, hepatic encephalopathy.

The experiments involved 16 Wistar-Bratislava male rats, with an average weight of
140 grams. These were split into two groups, both were poisoned with CCl4, and one group
was given L-arginine to study its effect in relation with CCly toxicity.

CCl4 was mixed with sunflower oil (1 in 8 volumes) and administered over 9 days, at
a dosage of 1 ml mixture/rat/day. 100 mg/kg/day L-arginine was administered daily for 9 days
as well. Liver tissue was obtained for histopathological analysis and blood samples from
retro-orbital venous sinus were taken in day 10 of the experiment for biochemical and
coagulation determinations.

It has been noted that the coagulation parameters such as APTT and PT and the CCls-
induced hepatic cell lysis were markedly improved by concomitant administration of L-
arginine.

CHAPTER 6. THE CORRELATION BETWEEN NITRO-OXIDATIVE STRESS - METABOLIC
CHANGES - MULTIPLE ORGAN FAILURE IN RESPONSE TO EXPERIMENTAL THERMAL BURN

Severe thermal burn and its systemic consequences represent a major cause of
mortality and morbidity. The result is dramatic hypovolemia due to plasma loss,
hypermetabolism and immune dysfunction. These lead to multiple organ failure triggered by
the systemic inflammatory response and infection.

We evaluated and compared the NO and oxygen free radicals synthesis, and their
impact on multiple organ dysfunction in what is the most severe trauma for both human and
animal. We also studied the ketamine and N-acetylcysteine influence on metabolic processes
in rats suffering from burning injuries.

The experiments were made on Wistar-Bratislava male rats, with an average weight of
approx. 200 grams. Grade II/IIl burns were obtained on 30% body surface by immersion of
shaved skin in water at 95° C for 10 seconds.
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Group Function of each group Substances administered

1 control _

2 Study of ketamine effects at 8 hrs from administration Ketamine 50 mg/kg i.p.

3 Study of ketamine- NACC simultaneous administration at 8 hrs. Ketamine 50 mg/kg i.p.

N-ACC 200 mg/kg i.p.

4 Study of thermal burn effects under ketamine anesthesia — at 8 hrs Ketamine 50 mg/kg i.p.

5 Study of N-ACC effects in thermal burn under ketamine anesthesia- at Ketamine 50 mg/kg i.p.

8 hrs N-ACC 200 mg/kg i.p.

6 Study of thermal burn effects under ketamine anesthesia- at 24 hrs Ketamine 50 mg/kg i.p.

7 Study of N-ACC effects in thermal burn under ketamine anesthesia — at Ketamine 50 mg/kg i.p.

24 hrs N-ACC 200 mg/kg i.p

Tissue samples were obtained and used for histopathological investigations. Blood
samples were obtained at 8 and 24 hrs following thermal burns, and used for biochemical
determinations.

NO and MDA blood concentrations vary in opposite direction: increase of one is
associated with decrease of the other. The most severe lesions were in the lung, kidney and
liver.

CHAPTER 7. THE CORRELATION BETWEEN NITRO-OXIDATIVE STRESS - METABOLIC
CHANGES - MULTIPLE ORGAN FAILURE IN RESPONSE TO SYSTEMIC INJURY IN
ENDOTOXINIC SHOCK

We studied the endotoxin and N-ACC influences on metabolic processes and multiple organ
dysfunction in an experimentally induced endotoxinic shock in rats. The circulating metabolites of NO and
malondialdehyde were determined, along with triglycerides, glycemia, total cholesterol and HDL-cholesterol.
Multiple organ dysfunctions were analyzed through specific biochemical and histopathological analysis.

The experiments were made on 133 Wistar-Bratislava male rats, with an average weight of approx. 200
grams, divided in three groups: 7 rats in group the control group, and groups I and II of 63 animals each.

group [ -
63 animals 21 animals Each of the 21 animal groups was divided into 3
LPS 1 mg/ kg . N-ACC 100 mg/kg i.p. subgroups of 7 animals each; blood samples were
21 animals
ip. obtained from the retro-orbital sinus, as well as tissue
21 animals N-ACC 200 mg/kg i.p. samples from the lung, heart, kidney, liver, stomach,
jejunum, at various time intervals following endotoxin
administration, i.e. 1 h, 3 hrs, 6 hrs.
group II -
63 animals 21 animals
LPS 5 mg/kg N-ACC 100 mg/kg i.p.
ip. 21 animals
21 animals N-ACC 200 mg/kg i.p.

During the first 6 hrs of endotoxinic shock, and independent of LPS and N-ACC dosages,
the concentration of different oxidative and nitrosative stress markers do not influence each
other. Similar to what was observed in thermal burn injury, the organs most affected were the
lung, the kidney and the liver.
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CHAPTER 8. GENERAL CONCLUSIONS

8.1. The CCly experimental poisoning results in a RSI characterized by a precocious and
extremely severe hepatic fat dystrophy, as demonstrated histopathologically using oil red O
stain.

8.2. On repetitive exposure to CCly (over multiple days), with a digestive port of entry, the
hepatic lesions are extremely severe, and hepatic destruction associates a dramatic
inflammation and parenchymal fibrosis, corresponding to grade IV necroinflammatory
hepatitis, stadium II/III fibrosis, as demonstrated on tissue samples stained with Masson’s
trichrome.

8.3. Concomitant administration of L-arginine results in much less severe lesions of grade
[ and stadium II hepatitis.

8.4. Animals poisoned with CCly and treated with exogenous L-arginine show an
improved biochemical panel (lipids, proteins, glycemia, coagulation parameters), concordant
with the histopathological results.

8.5. L-arginine given parenterally to CCly poisoned rats, leads to a significant increase in
plasmatic levels of NO and MDA (with a higher concentration of NO).

8.6. All biochemical and morphological investigations demonstrate the favorable action of
L-arginine in CCly poisoning; the RSI is positively influenced by NO.

8.7. As opposed to the synergistic increase in NO and MDA in case of CCls poisoning, in
thermal burn NO and MDA concentrations vary in opposite directions, thus the increase of
NO associates the decrease in MDA and vice versa.

8.8. Administration of N-ACC before severe thermal burn injury leads to a significant
decrease in MDA concentration along with an increase in NO.

8.9. Administration of ketamine (the anesthetic of choice in emergency surgery of burns)
significantly increases MDA and reduces NO seric levels.

8.10. As compared to the effects of administration of anesthetic only, the association of
ketamine/N-ACC significantly increases blood levels of NO and decreases blood levels of
MDA. Ketamine, administered by itself, has a hypoglycemic effect and decreases the levels of
triglycerides and of cholesterol.

8.11. The intensity of tissue destruction, biochemically evaluated by the plasma level of
LDH, increases with time. Paradoxically, it is more pronounced in groups that have been
administered N-ACC, thus showing the major role of nitro-oxidative stress.

8.12. In thermal burn under ketamine anesthesia, the metabolic changes that occur with
the RSI varies with the administration of N-ACC; this statement takes into account personal
observations on the effects of ketamine on the three major metabolisms; it significantly
decreases the intensity of the systemic response (also when associated with N-ACC);
ketamine has analgesic properties, most likely through its action at opioid receptors.

8.13. The metabolic changes involving NO and MDA are concordant with the
hematoxylin-eosin stained tissue samples histological features. The reaction to systemic injury
is more obvious in the lung, where it appears as ARDS.

8.14. The administration of N-ACC has favorable effects; the lesions are less when
animals are pre-treated with this substance, thus demonstrating the major pathogenic role of
oxidative stress.

8.15. The severe thermal burn injury impact is extremely pronounced in the liver, where
both ischemic and inflammatory mechanisms are involved. At 8 hrs and at 24 hrs, the
hepatocyte lysis is intense, and the increase of ALT tops that of AST. The lysis is even more
intense when associated with N-ACC administration.
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8.16. As a general truth, the metabolic changes in the RSI that is triggered by burns, are
governed in a chronological order by the amount of cytokine synthesis from the burnt tissue
and its impact on NO and oxygen free radicals synthesis, followed by the systemic reaction.

8.17. In the case of induced endotoxinic shock, the variation of NO levels is not dependent
on LPS dosage; thus LPS has most likely only a trigger action on the activation of iNOS
enzyme. In endotoxemia, the intensity of oxidative stress, as quantified by the plasmatic
concentration of MDA, is significantly increased, when compared to controls.

8.18. In endotoxic shock, the plasmatic concentrations of NO are significantly increased,
as compared to controls. In its evolution, after the initial peak at 1hr, the NO blood levels
remain high with no significant latter variations.

8.19. Independent of the administered dosages of LPS and N-ACC, over the first 6 hrs of
evolution of the endotoxinic shock, the variations in the levels of markers of nitrosative and
oxidative stress levels do not influence each other.

8.20. The RSI in endotoxinic shock, whether or not controlled by N-ACC, offers
interesting metabolic changes patterns, which are independent of LPS and N-ACC dosages
(significant increases in glycemia, triglycerides, along with a significant decrease in HDL)

8.21. In endotoxinic shock, the most involved organs are the liver, the kidney and the
lung, as demonstrated histologically.

¢ in the liver, cellular lysis amplifies rapidly, beginning with the first hour following
the induction of endotoxemia; it results in a significant increase in transaminases,
mainly AST. The lysis then attain higher levels at 3 and 6 hrs, directly proportional
to LPS and N-ACC doses- LPS has a direct toxic effect on hepatocytes, while N-
ACC decreases the local availability of NO. NO in small quantities has a
protective, antiapoptotic action on liver cells.

e in the kidney, the processes are fast and nonspecific. In the first 3 hrs, there is
blood stasis at the glomerular level, and hydropic dystrophy in the tubular cells.
All these changes increase over time, and so, at 6 hrs, protein casts form.

e in the lung, the effects take place rapidly. In the first 3 hrs, areas of hyperinflation
and alveolar atelectasis appear, as demonstrated histopathologically. Initially,
under the direct action of endotoxin, the permeability of alveolar-capillary
membrane dramatically increases, leading to alveolar edema.

8.22. As a general conclusion, in endotoxinic shock, the pathogenesis of metabolic
changes is dependent on the combined actions of endotoxin and cytokines, and eventually
multiple organ failure ensues. These compounds may have a direct action or the effects may
be mediated by NO and ROS, as well as by N-ACC, with antioxidant properties.

8.23. Our three experimental models have shown the progression of the RSI to multiple
organ system failure, as demonstrated histopathologically and biochemically.

8.24. In critically ill patients- polytrauma, burns, intoxications, infections, the response to
systemic injury represents the central pathogenic event. The outcome also depends on the
genetic component, the functional reserves and the therapeutic promptness and efficacy.

8.25. The results of our research in experimental physiology and pathophysiology may
have applicability in clinical medicine of critically ill patients - anesthesia and intensive care.

Key words: response to systemic injury, carbon tetrachloride, burn, endotoxin, ketamine,
nitric oxide, malondialdehyde, multiple organ failure.
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