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Cuvinte cheie: insuficienta renald acutd, stress oxidativ, N

acetilcisteina, studiu experimental, biomarkeri, NGAL( lipocalina 2)

Premize: Insuficienta renali acuti (IRA) este o entitate clinicobiologici

complexd cu o ratd de mortalitate s1 morbiditate foarte mare (aproximativ 50% din

pacienti) care se poate manifesta in numeroase modalitati, de la cresteri minime ale

creatininei serice §i pana la insuficienta renald acutd severa, anurica, cu necesar de

dializa. Cu cat timpul scurs pana la diagnosticarea IRA este mai lung, cu atat consecintele

sunt mai importante si mai complexe. Este necesara descoperirea unor biomarkeri care sa

pund in evidentd leziunea renala imediat dupa producerea ei.

Mecanismele implicate in producerea insuficientei renale acute, intens studiate,

nu sunt inca complet elucidate. Implicarea stressului oxidativ in producerea insuficientei



renale acute a fost stabilitd in studii recente, cele mai multe experimentale. Existd insa

foarte putine studii clinice referitoare la relatia dintre stressul oxidativ- insuficienta

renald acuta- hemodializa acuta.

Modelele experimentale folosite frecvent in nefrologia experimentald mondiala,

nu au fost folosite in Romania, medicina experimentald nefrologica fiind inca la inceput

in tara noastra.

Teza se constituie in doua studii clinice si un studiu experimental.

Primul studiu intitulat ,,Evaluarea balantei oxidanti/ antioxidanti pe un model

experimental de insuficientd renald acuta” este un studiu experimental realizat n

colaborare cu Catedra de Fiziologie a Universitatii de Medicina si Farmacie Cluj-Napoca.

Obiective:

1. Efectuarea modelului exprimental de ischemie- reperfuzie renala

2. Evaluarea eficientei inducerii ischemiei renale

3. Aprecierea severitatii leziunilor renale determinate de inducerea ischemiei
renale

4. Analiza histologica in microscopie opticd a fragmentelor renale

5. Aprecierea implicdrii stressului oxidativ in aparitia leziunilor de ischemie-
reperfuzie renala

6. Stabilirea corelatiei dintre markerii oxidanti si cei antioxidanti

7. Evaluarea rolului terapeutic al N acetilcisteinei in ameliorarea leziunilor
ischemice renale

8. Aprecierea relatiei intre doza de N acetilcisteind administrata si leziunile
renale produse de sindromul de ischemie- reperfuzie renala

9. Evaluarea supravietuirii la cele trei loturi de animale la care s-a intervenit

chirurgical

Cercetarile au fost efectuate pe sobolani albi, masculi, rasa Wistar, adulti, cu

greutatea de 160-180 grame/animal, proveniti din biobaza Universitatii de Medicina si

Farmacie “luliu Hatieganu” Cluj Napoca. Animalele au fost mentinute in conditii

zooigienice de vivarium corespunzatoare, standardizate, in biobaza Catedrei de



Fiziologie — UMF “Iuliu Hatieganu”, la temperatura ambientalda de 22 grade Celsius,
hrana standardizata si apa “ad libitum”, cu un ciclu lumina - intuneric de 12 ore si au fost

lasate timp de o saptdmana sa se adapteze inainte de inceperea experimentului.

Protocolul experimental:

S-au grupat animalele in patru loturi:

e |otul martor (0)- 11 animale

e lotul | - animalele supuse modelului de ischemie-reperfuzie renala-22
animale
e lotul Il - animalele au fost tratate cu acetilcisteina, 200 mg/kg corp

intraperitoneal cu 72 de ore, 24 ore si 3 ore inaintea interventiei chirurgicale si
apoi la 3 ore, 24 ore si 72 de ore postoperator- 25 animale

e |otul Il cuprinde animalele la care s-a administrat doza dubla de acetilcisteina
(400 mg/kg c) intraperitoneal, la aceleasi intervale de timp ca si in cazul
lotului 11- 20 animale

S-a efectuat narcoza animalelor pe o duratd de 60 de minute, necesard pentru
interventia operatorie, cu un anestezic mixtura, constituit din: 2/3 ketamina (Ketaminol 10,
uz veterinar: 1 ml/kg corp) si 1/3 xilazina (Xylocontact 50 mg/ml, pentru uz veterinar: 0,5
ml/kg corp). Tehnica operatorie a fost urmatoarea: animalul narcotizat s-a imobilizat pe
masa de interventie, dupa care s-a efectuat epilare totald in regiunea lombara. S-a facut apoi
dezinfectie riguroasd cu Povidon-lodine (Betadina), solutie 10 %. S-a practicat o incizie
longitudinald cutaneomusculara in regiunea lombara dreapt, la o distanta de 0,5-1 cm fata
de ultima coasta.

S-au decolat planurile anatomice pana la identificarea rinichiului drept, acesta s-a
adus n planul operator unilateral, s-a clampat timp de 3 minute pediculul vascular si
ureterul, dupa care s-a practicat nefrectomie totald cu hemostaza locald consecutiva si
ligatura ureterului restant.

S-au decolat apoi planurile anatomice pana la identificarea rinichiului sting, care a
fost adus in planul operator unilateral, s-a izolat artera renala stanga si s-a clampat timp de

30 de minute, timp in care rinichiul a fost umectat cu ser fiziologic.



Ulterior rinichiul a fost repus in loja renala, s-a verificat reperfuzia acestuia si s-a
suturat plan cu plan, in ordinea inversd inciziei. Postoperator, animalele au fost tinute timp
de 3 ore la temperatura de 24-25 grade Celsius, intr-un mediu cu umiditate 60%. S-a
recoltat sdnge venos in recipienti cu anticoagulant la 1 zi (24 ore), 3 zile (72 ore) si 7 zile
postoperator, la toate cele patru loturi de animale, dupa care animalele au fost sacrificate.

S-a inregistrat mortalitatea la 1 zi, 3 zile si 7 zile postoperator, s-au determinat
creatinina serica prin metoda Jaffe, malondialdehida serica (nmol/ml) prin fluorescenta,
superoxiddismutaza, catalaza, oxidul nitric si glutationul. S-au examinat Tn
microscopie optica fragmente de tesut renal de la sobolanii din lotul I si III . Recoltérile de

tesut renal s-au facut la sfarsitul studiului.
Rezultatele obtinute au  demonstrat realizarea corecti a modelului

experimental, ischemia renala fiind obiectivatd prin cresterea creatininei serice si prin
punerea in evidenta a leziunilor de necroza tubulara acuta. Parametrii prooxidanti au fost
crescuti dupa inducerea ischemiei renale iar cei antioxidanti au fost semnificativ mai
mici. N acetilcisteina a ameliorat leziunile renale. Dublarea dozei de acetilcisteind nu a

determinat o ameliorare suplimentara a stressului oxidativ.

Al doilea studiu intitulat” Studiul unor parametri de stress oxidativ la pacienti
diagnosticati cu insuficientd renal@ acutd severd cu necesar de hemodializa acutd” este

un studiu clinic, de tip transversal, analitic, observational.

Obiective :

-evaluarea efectului hemodializei asupra unor parametri de stress oxidativ la pacientii
cu insuficienta renald acuta;

-evaluarea balantei oxidanti/antioxidanti la pacienti diagnosticati cu insuficienta
renala acuta cu necesar de hemodializa acuta fata de un lot martor ;

- analiza relatiei dintre creatinina sericd si caracteristicile generale ale pacientilor-
varsta, sex, etiologia insuficientei renale acute;

- evaluarea relatiei dintre parametrii de stress oxidativ studiati si caracteristicile
generale ale pacientilor- varsta, sex, mediul de provenienta, etiologia insuficientei renale

acute.

Material si metoda:



A fost constituit un lot de 28 de pacienti diagnosticati cu insuficientd renald acuta cu necesar
de hemodializa acuta internati in Clinica Nefrologie “Mihai Manasia” Cluj —Napoca, n
perioada noiembrie 2008- ianuarie 2009.

Criterii de includere:

- pacienti cu functie renala normald in ultimele trei luni care au prezentat o
crestere brusca si sustinuta a retentiei azotate;

- pacienti cu afectare renald preexistentd la care s-a inregistrat o crestere a
creatininei serice cu cel putin 50 % fata de valoarea creatininei serice de
fond;

- toti pacientii inclusi 1n lotul studiat au necesitat tratament de supleere a
functiei renale, indicatiile de hemodializa fiind cele clasice: hiperhidratare
care nu a raspuns la tratamentul conservativ, dezechilibre ionice majore-
hiperpotasemie severa- peste 7 mEg/l, acidoza metabolicd severda ce nu a
putut fi corectata prin mijloace conservative.

Criterii de excludere:
- pacienti cunoscuti cu boald cronica de rinichi stadiul KDOQI V, in program de
hemodializa cronica.
Un numar de 10 voluntari a fost inclus in lotul martor.

S-au determinat urmatorii parametrii de stress oxidativ: malondialdehida,
superoxiddismutaza si catalaza serica, inainte i dupa prima sedinta de hemodializa.
La lotul martor s-a recoltat creatinina serica si parametrii de stress oxidativ identici cu cei

de la lotul de pacienti cu insuficientd renald acuta.
Rezultatele au demonstrat ca pacientii cu insuficientd renald acuta prezinta

parametrii de stress oxidativ semnificativ diferiti fatd de martorii sanatosi iar sedinta de
hemodializd amelioreaza parametrii de stress oxidativ, determinand scaderea parametrilor

prooxidanti si cresterea parametrilor antioxidanti.

Al treilea studiu intitulat ,,Lipocalina 2 (NGAL) - marker de predictie a insuficientei
renale acute in sectia de terapie intensiva” este un studiu clinic, de tip transversal,

analitic, observational.



Obiective :

1. studiul evolutiei NGAL seric la pacientii internati in sectia terapie intensiva
care au fost supusi unei interventii chirurgicale;

2. evaluarea corelatiei NGAL cu creatinina sericd, ureea serica, diureza, tip
interventie chirurgicald, pierderi sanguine la pacienti internati in sectia terapie
intensiva care au fost supusi unei interventii chirurgicale;

3. aprecierea NGAL ca marker de predictie independent al IRA.
Material si metoda :

S-au constituit doua loturi de pacienti :

Lotul | - 17 pacienti internati in Sectia Anestezie Terapie Intensiva Chirurgie I,

din cadrul Spitalului Clinic Judetean de Urgenta Cluj

Lotul Il - 19 pacienti internati in Sectia Anestezie Terapie Intensiva, Clinica

Chirurgie V- Spitalul Clinic Municipal Cluj

Toti pacientii au fost supusi unei interventii chirurgicale, moment care s-a
considerat ca factor de risc pentru aparitia insuficientei renale acute. La pacientii din lotul
IT interventiile chirurgicale au fost doar in sfera urologica, n timp ce la pacientii din lotul
I tipul interventiei chirurgicale a inclus si sfera digestiva si vasculara. S-a definit aparitia
insuficientei renale acute ca si crestere cu cel putin 0,3 mg/dl, sustinutd- cel putin 2 zile
(clasa AKIN 1).
In functie de aparitia insuficientei renale ambele loturi au fost divizate in doua subloturi
Lotul Ia si ITa — pacienti care au dezvoltat insuficienta renala acuta;
Lotul I b s1 II b- pacienti care nu au dezvoltat insuficienta renala acuta.
S-au inregistrat caracteristicile generale ale pacientilor- varsta, sex, morbiditati asociate,
s-a notat riscul operator, tipul interventiei chirugicale, durata interventiei chirurgicale,
pierderile sanguine. S-au monitorizat zilnic diureza, tensiunea arteriala sistolica si
diastolicd. Parametrii biologici folositi in studiu au fost creatinina serica, ureea serica si
hemoleucograma. Valoarea acestor parametri a fost notatd preoperator si apoi pe o
perioada de 4 zile.
La lotul | s-a efectuat o singura determinare a NGAL plasmatic la un interval de timp de

24 de ore postoperator.



La lotul 1l s-au efectuat trei determinari de NGAL : preoperator, la 6 ore, la 24 de ore
postoperator.

Criterii de excludere :

-pacienti cu insuficienta renala cronica aflati in program de supleere a functiei renale.
Pentru determinarea sensibilitatii si specificitatii NGAL la valori diferite de cut-off s-au
folosit curbe de tip ROC si s-a calculat aria de sub curba pentru stabilirea valorii de

biomarker a NGAL.
Rezultatele obtinute au demonstrat valori crescute ale lipocalinei la pacientii

care au dezvoltat insuficientd renala acuta postoperator si au confirmat NGAL ca

marker de predictie al insuficientei renale acute.
Concluzii generale:

1. Stressul oxidativ este unul dintre mecanismele etiopatogenetice implicate in
producerea insuficientei renale acut.

2. Realizarea in premiera a modelului experimental de ischemie-reperfuzie renali a
Jost corectd, leziunile de necroza tubulard acutd fiind obiectivate prin analiza
histologica a fragmentelor renale.

3. Valorile creatininei serice sunt semnificativ mai mari dupd inducerea ischemiei
renale.

4. Balanta oxidanti- antioxidanti in insuficienta renald acuti este afectatd prin
cresterea markerilor prooxidanti si scaderea markerilor antioxidanti.

5. N acetilcisteina este unul dintre mijloacele terapeutice ce ar putea influenta
markerii de stress oxidativ, determinand astfel limitarea leziunilor date de acesta.

6. N acetilcisteina determind scaderea valorilor creatininei serice si cresterea valorilor
glutationului seric, catalazei si superoxiddismutazei.

7. Leziunile determinate de sindromul de ischemie-reperfuzie renald sunt
semnificativ mai reduse dupd administrarea de N acetilcisteind.

8. Mortalitatea este semnificativ mai scazutd dupd administrare de N acetilcisteind.

9. Cresterea dozei de N acetilcisteina nu imbundtateste semnificativ markerii de stress

oxidativ.



10. Pacientii cu insuficientd renald acutid cu necesar de hemodializd acutid au un
status oxidativ crescut, dar care este ameliorat prin hemodializa.

11. Hemodializa acuta nu determind normalizarea parametrilor de stress oxidatiy,
acestia ramanand mai mari decat la lotul martor.

12. Enzimele antioxidante si prooxidante nu prezinta diferente semnificative in functie
de sex, varstda, mediul de provenienta si etiologia insuficientei renale acute.

13. Lipocalina are valori semnificativ mai mari la pacientii care dezvolta insuficientd
renald acuta.

14. O singura determinare a NGAL seric postoperator poate fi utild in depistarea
pacientilor cu risc pentru dezvoltarea insuficientei renale acute.

15. Lipocalina se coreleazd pozitiv cu creatinina sericd, ureea sericd si durata
interventiei chirurgicale si invers cu diureza.

16. Lipocalina este un biomarker renal eficient in predictia insuficientei renale acute.
Teza cuprinde 142 referinte bibliografice din literatura de specialitate recenta.

Rezultatele studiilor au fost publicate in reviste de specialitate cotate B+.
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Introduction: Acute renal failure is an complex clinical and biological entity
with a high rate of morbidity and mortality( 50% of patients) which can manifests in
different ways, from minimal changes in serum creatinine levels to severe anuric acute
renal failure, treated with hemodialysis. The period of time needed to evidence the acute
renal failure has important and complex consequences on renal function. It is therefore
necessary to identify new effective biomarkers which may lead to improved efforts in
ameliorating the course of acute renal failure or preventing further renal injury.
The mechanisms of acute renal failure are still not completely known. The implication of
oxidative stress was the subject of many studies, most of them experimental. There are
just few clinical studies regarding the relationship between acute renal failure and
oxidative stress in human.The experimental models used in acute renal failure studies
were not used in our country till now.
The thesis is structured in two clinical studies and one experimental study.
The first study named ,, Evaluation of oxidant/antioxidant balance in an acute renal
failure experimental model ” is an experimental study and the objectives are:

1. to create the renal ischemia-reperfusion model

2. to assess the efficiency of inducing renal ischemia by measuring the levels of
serum creatinine
to asess the severity of renal lesions
to perform histologic analysis of kidney tissue in optic microscopy
to assess oxidative stress influence on acute renal failure
to assess the corelation between oxidants and antioxidants

to evaluate the protective role of N acetylcystein in attenuating renal lesions
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to assess the effect of different doses of N acteylcistein on oxidative stress
parameters and on renal lesions

9. to assess cumulative survival after renal ischemia reperfusion

Material and methods:Male Wistar rats, weighing aproximate 200 g, were divided

in four groups:a control group- 11 rats, a group who underwent ischemia reperfusion(IR)



model -22 rats, a group treated with ACC( 200 mg/kgc ip) with 72,24 and 3 hours prior
IR and 3, 24, 72 hours after IR-25 rats and a group treated with double dose of ACC- 400
mg/kgc/ip-20 rats. The animals were anaesthetized with a mixture of xylazine (10 mg/kg,
i.p.) and ketamine (75 mg/kg, i.p.).The operatory technique was the following: through
flank incisions, the left renal artery was clamped for 30 min by a non-traumatic
microvascular clip, and a right-sided nephrectomy was performed. After surgery, fluid
losses were replaced by administration of 5 ml of warm (37°C) isotonic saline i.p., and
rats were returned to their cages. The rats had free access to normal rat chow and tap
water throughout.On days 1, 3 and 7 venous blood samples were collected from all the
three groups for measurements of plasma creatinine, MDA, SOD, nitric oxide, catalase
and gluthathione concentrations. At the end of the study animals were sacrified and

kidney tissue was examined in optic microscopy.

Results: the renal ischemia-reperfusion model was effective, the renal lesions were
tippical for acute tubular necrosis, the serum creatinine leveles were increased in rats who
underwent ischemia-reperfusion model. Prooxidant parameters had increased levels and
antioxidants levels were decresead in rats who underwent ischemia-reperfusion model.
Acetylcystein reduced elevated levels of MDA, increased SOD, catalase and gluthatione
levels(P<0.05) and  attenuated renal dysfunction.These results demonstrate the

antioxidant effect of ACC in attenuating renal ischemia reperfusion injury.

The second study ,, Study of oxidative stress in patients with acute renal failure treated

with hemodialysis”is a transversal, observational , analytical study.
Objectives :

- to assess the effect of hemodialysis on some oxidative stress parameters in patients with
acute renal failure

-evaluation of oxidant/antioxidant balance in patients with acute renal failure treated
with acute hemodialysis vs. a control group

-to assess the relation between serum creatinine and demographic characteristics of

patients



-to assess the relation between oxidative stress parameters and demographic
characteristics of patients

Patients and methods: This study has been carried out on a group of 28
patients with acute renal failure from ,,Mihai Manasia” Nephrology Clinique Cluj,
between november 2008- january 20009.

Inclusion criteria:

-patients with normal renal function in the last three months with an abrupt and
constant deterioration of renal function

- patients with preexisting renal disorder who develop an acute renal failue
defined asa 50% increase in serum creatinine from baseline

-all the patients were treated with hemodialysis. The indications for hemodyalisis
were : severe hyperhidratation without response at diuretic treatment , hyperkaliemia,
severe methabolic acidosis

Exclusion criteria:

-patients with chronic kidney disease KDOQI V stage, treated with hemodialysis.

The control group was formed by 10 clinically healthy subjects.

The following parameters were determined: malondialdehyde, superoxiddismutase and
catalase, before and after the first session of hemodialysis.I control group were
determined serum creatinine and the same oxidative stress parameters.

Results demonstrated that the patients with acute renal failure treated with acute
hemodialysis has an increased level of oxidative stress and the hemodialysis session
ameliorates the oxidativ stress with the decrease of prooxidant parameters and increase of
antioxidant parameters.

The third study , Neutrophil-gelatinase-associated lipocalin(NGAL) -a predictive
marker for acute renal failure in intensive care” is a transversal, analitic, observational

study.
Objectives :

1. to assess the levels of serum NGAL in patients from intensive care

undergoing a surgery intervention ;



2. to evaluate the correlation of NGAL with serum creatinine, serum urea,
diuresis, the type of the surgery intervention, the blood loss

3. to evaluate the predictive role of NGAL for acute renal failure
Patients and method:

This study has been carried out on two groups of patients:

Group | - 17 patients from Intensive Care from Emergency Clinic County
Hospital Cluj
Lotul 11 - 19 patients from Intensive Care — Municipal Hospital Cluj

All the patients undergoed a surgery intervention. This moment was considered
the risk factor for developing acute renal failure. The patients from group Il had an
urology surgery intervention and the patients from group | had different kind of surgery
intrevention:urological, abdominal and vascular surgery. The acute renal failure was
defined by a minimum 0,3 mg% increase of serum creatinine, sustained , more than 2
days( AKIN 1).

The groups were divided in two subgroups

Group laand lla— patients who developed acute renal failure

Group I band Il b- patients without acute renal failure

The data regarding demographical and clinical characteristics were recorded- age, sex,
comorbidities, surgery risk, the type and duration of the intervention, blood loss.
Diuresis, systolic and diastolic pressure were recorded daily. Serum creatinine, serum
ureea ,CBS was measured at baseline and routinely monitored daily before the surgery
and in the immediate postoperative period for four days.

In group | plasma NGAL was tested at 24 hours after the surgery.

In group 11 plasma NGAI was tested in 3 moments: before the surgery, 6 hours after the
surgery and 24 hours after the surgery.

Exclusion criteria:

-patients with chronic kidney disease KDOQI V stage, treated with hemodialysis.

To measure the sensitivity and specificity for plasma NGAL at different cutoff values, a
conventional receiver-operatingcharacteristic (ROC) curve was generated for NGAL. We

calculated the area under the curve to ascertain the quality of NGAL as a biomarker.



Results: NGAL has increased levels in patients who developed acute renal failure and

NGAL is a valide predictive early biomarker for acute renal failure.

General conclusions :

1.

10.

11.

12.

13.

14.

Oxidative stress is one of the etiopathogenic mechanisms involved in acute
renal failure.

The experimental model of renal ischemia-reperfusion was correctly performed,
, lesions of acute tubular necrosis were objectified by histological analysis of
renal fragments.

Serum creatinine values are significantly higher after induction of renal
ischemia

Oxidants/antioxidants balance in acute renal failure is affected by increasing of
prooxidant markers and decreasing of antioxidant markers.

N acetylcysteine therapy is one of the methods that could influence oxidative
stress markers.

N acetylcysteine decreases serum creatinine and elevate glutathione levels,
catalase andsuperoxiddismutase.

Injuries caused by ischemia-reperfusion renal syndrome are significantly lower
after administration of N acetylcysteine.

Mortality is significantly lower after administration of N acetylcysteine.
Increasing the dose of N acetylcysteine did not significantly improve oxidative
stress markers.

Patients with acute renal failure with acute hemodialysis have an increased
oxidative status, but this is improved by hemodialysis.

Acute hemodialysis does not cause oxidative stress a normalization parameters,
they remain higher than in the control group.

Antioxidant and prooxidant markers do not differ significantly by gender, age,

area of origin and etiology of acute renal failure.

Lipocalin has significantly higher values in patients who develop acute renal
failure.
One postoperative serum NGAL determination may be useful in detecting

patients at risk for developing acute renal failure.



15. Lipocalin is positively correlated with serum creatinine, serum urea and
duration of surgery and negatively with diuresis.

16. Lipocalin is an effective biomarker in predicting acute renal failure.
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