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Ce nu este cunoscut, deocamdata, la subiectul abordat

Cu toate ca biomarkerii stresului oxidativ au fost studiati
in multiple afectiuni, particularitatile dereglarilor sistemului
oxidant si antioxidant la pacientii cu tuberculoza pulmonara
nu au fost, deocamdatd, complet elucidate.

Ipoteza de cercetare

Stabilirea devierilor homeostaziei biologice la pacientii cu
tuberculoza pulmonarad permite individualizarea regimului
terapeutic pentru Imbunatatirea ratei succesului tratamen-
tului.

Noutatea adusa literaturii stiintifice din domeniu

A fost stabilita cresterea markerilor peroxidarii proteice si
a peroxidarii carbohidratilor. Sporirea activitatii totale antio-
xidante a serului si a concentratiei proteinelor cu capacitate
antioxidanta releva stimularea compensatorie a sistemului
antioxidant. Activitatea redusda a glutation-S-transferazei
serice a conditionat hepatotoxicitatea regimului terapeutic,
apreciat prin cresterea y-glutamiltransferazei si transamina-
zelor serice.
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What is not known yet, about the topic

Despite the oxidative stress biomarkers were studied in
multiple diseases, the features of the oxidative and antioxi-
dant system disturbances in patients with pulmonary tuber-
culosis were not identified.

Research hypothesis

The establishment of the biological homeostasis distur-
bances at patients with pulmonary tuberculosis permits the
individualization of treatment and improvement its success
rate.

Article’s added novelty on the scientific topic

There were determined a moderate elevation of the pro-
tein oxidation and mild increasing of carbohydrate oxidation.
The total serum anti-oxidative activity and the concentration
of the proteins with anti-oxidative capacity demonstrated
the compensatory hyperactivity of the antioxidative sys-
tem. Decreased activity of the serum glutathione-S-trans-
ferase determined the hepatotoxicity of the applied treat-
ment regimen established through the increasing of the
y-glutamyltransferase and serum transaminases.
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Rezumat

Introducere. Evolutia tuberculozei si raspunsul terapeutic
sunt determinate de virulenta micobacteriilor, mecanismele
de protectie, cat si de capacitatea organismului de a contraba-
lansa agresiunea stresului oxidativ. Scopul studiului a constat
in stabilirea particularitatilor stresului oxidativ si sistemului
antioxidant in tuberculoza pulmonara.

Material si metode. A fost realizat un studiu prospectiv,
de tip caz-control, care a inclus 87 de pacienti, distribuiti in
doua esantioane: cel de studiu (n=51), constituit din cazuri
noi de tuberculoza pulmonara si cel de control (n=36), format
din persoane conditionat sanatoase. Loturile au fost similare
conform distributiei dupa gen si varsta. Investigarea cazurilor
a fost realizatd conform protocolului national si standardelor
de evaluare biochimica. Intensitatea stresului oxidativ a fost
estimata prin determinarea concentratiei serice a produsilor
proteici de oxidare avansata (AOPP), proteinei C reactive, pro-
dusilor finali de glicare avansata (AGEs). Sistemul antioxidant
a fost evaluat prin determinarea activitatii antioxidante totale
a serului, activitatii enzimelor glutationului si a nivelului pro-
teinelor serice cu rol antioxidant.

Rezultate. Markerii peroxidarii proteice si proteina C
reactiva au demonstrat perturbari semnificative in tuberculo-
za. Peroxidarea carbohidratilor a fost nesemnificativ pertur-
bata. Activitatea antioxidanta totala a serului a fost relevant
crescuta, ceea ce In asociere cu concentratia marita a proteine-
lor cu rol antioxidant, au demonstrat hiperactivitatea sistemu-
lui antioxidant ca masura compensatorie agresiunii stresului
oxidativ. Activitatea redusa a glutation-S-transferazei serice a
conditionat cresterea activitatii transaminazelor hepatice si
hepatotoxicitatea regimului terapeutic.

Concluzii. Investigarea markerilor biochimici a determi-
nat modificari pronuntate ale peroxidarii proteice si moderate
ale peroxidarii carbohidratilor. Activitatea serica antioxidanta
sporita si concentratia serica a proteinelor cu rol antioxidant
au demonstrat hiperactivitatea sistemului antioxidant la agre-
siunea stresului oxidativ. Studiul activitatii glutation-S-trans-
ferazei permite individualizarea regimul terapeutic si reduce-
rea riscului dezvoltarii efectelor adverse al medicamentelor.

Cuvinte cheie: tuberculoz3, stres oxidativ, sistem antioxi-
dant.

Introducere

Studiile imuno-genetice au demonstrat ca tuberculoza
(TB) este o boald multifactoriald, avand o evolutie si raspuns
la tratament determinate de interactiunea continua a M. tu-
berculosis (MTB) si genotipul uman [1]. Evolutia naturala si
particularitatile morfo-clinice ale infectiei tuberculoase sunt
determinate de virulenta, capacitatea de diseminare a MBT si
mecanismele de aparare ale gazdei [1]. De asemenea, evolu-
tia infectiei depinde de rezistenta imung, cat si de capacitatea
organismului de a lupta prin mecanisme antioxidante contra
stresului oxidativ (SO), determinat de medicatia antitubercu-
loasa si exotoxinele MBT. Stresul oxidativ (SO) este cauzat de
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Abstract

Introduction. Tuberculosis evolution and treatment re-
sponse are determined by the mycobacteria virulence, protec-
tive mechanisms, as well as the organism’s capacity to fight
against the aggression of the oxidative stress. The aim of the
study was the establishment of the features of the oxidative
stress and antioxidative system defence in pulmonary tuber-
culosis.

Material and methods. A prospective, case-control
study, which included 87 patients, distributed in 2 groups:
study group (n=51), consisting of new cases with pulmonary
tuberculosis, and control group (n=36) - conditioned healthy
individuals, similarly distributed according to the sex and age.
The case investigation was realized according to the national
protocol and biochemical assessment standards. The intensity
of the oxidative stress was appreciated through the serum
concentration of the advanced oxidation protein products
(AOPP), C reactive protein, advanced glycation end-products
(AGE). The antioxidant system was assessed through the total
serum antioxidant activity, levels of the glutathione enzymes
and serum proteins with antioxidant role.

Results. The products of the protein peroxidation and pro-
tein C reactive demonstrated severe disturbances in tubercu-
losis. Carbohydrates peroxidation was non-significantly modi-
fied. The increased total antioxidant activity and the concen-
tration of the proteins with the antioxidant role demonstrated
the hyperactivity of the antioxidant system as a compensa-
tory measure against the oxidative stress aggression. The de-
creased activity of the serum glutathione-S-transferase deter-
mined the increasing the activity of the hepatic transaminases
and hepatotoxicity of the therapeutic regimen.

Conclusions. The assessment of the biochemical markers
determined severe disturbances of the protein peroxidation
and moderate of the carbohydrate peroxidation. Increased
serum antioxidant activity and concentration of the proteins
with an antioxidant role demonstrated the hyperactivity of the
antioxidant system at the aggression of the oxidative stress.
The glutathione-S-transferase enzyme study permits the
individualization of the therapeutic regimen for decreasing
the risk of development of the adverse drug reactions.

Key words: tuberculosis, oxidative stress, antioxidant
system.

Introduction

Immune and genetic studies established that tuberculosis
(TB) represent a multifactorial disease, of which evolution
and treatment response are determined by the continuous
interaction between Mycobacterial tuberculosis (MBT) and
human genotype [1]. Natural evolution, morphological and
clinical features of the tuberculous infection are determined
by the virulence, dissemination capacity of MBT and host’s
defence mechanisms [1]. As well as, the infection evolution
depends on the immune resistance, and the organism’s
capacity to fight through the antioxidant mechanisms against
the aggression of the oxidative stress (0S). The oxidative stress



dezechilibrul dintre productia radicalilor liberi de oxigen si
capacitatea sistemului biologic de a detoxifia peroxizii si radi-
calii liberi. SO se manifesta prin peroxidarea ADN-ului celular,
proteinelor, lipidelor, glucidelor si altor macromolecule bio-
logice [2]. SO si peroxidarea proteica provoaca dereglari me-
tabolice cronice, cu fibroza extinsa din cauza acumularii de
colagen 1n tesuturi, consecinta fiind insuficienta poliorgani-
ca. Produsii proteici de oxidare avansata (AOPP) sunt toxine
uremice care rezulta din interactiunea dintre oxidantii clori-
nati (cloramine si acidul hipocloros) cu proteinele plasmatice
[3]- Rinichii si ficatul sunt organele principale responsabile
de izolarea si excretia lor, iar concentratia serica crescuta se
identifica in procesele inflamatorii cronice, insuficienta rena-
1d cronica, hiperparatiroidism si tratament continuu cu calciu
si vitamina D [3]. Produsii finali de glicare avansata (AGEs)
sunt un grup heterogen de substante, care rezulta din glicarea
non-enzimatica a proteinelor, lipidelor si acizilor nucleici, In
urma unui lant de reactii definit ,reactia Maillard” [4]. Con-
centratia serica crescuta a AGEs se identifica la pacientii cu
diabet zaharat si reprezinta un biomarker al hiperglicemiei,
glicarii neenzimatice a proteinelor si activarii excesive a caii
poliol [4, 5]. Proteina C reactiva (PCR) este o proteina neglico-
zilatd plasmatica cu structura pentamericd, produsa de ficat
si endoteliul vascular, avand o rezistenta inalta la proteoliza
[5]. Este considerata un reactant de faza acutd, fiind un tri-
gger pro-inflamator, iar productia ei este stimualata de IL-1f3,
IL-6 si TNF-a [1]. Dovezi convigdtoare au demonstrat ca PCR
reprezinta un biomarker al SO datoritad activarii fractiunilor
complementului, inducerii apoptozei, activarii celulelor en-
doteliale, recrutdrii monocitelor, acumularii lipidelor si altor
procese de tip redox [5].

Sistemul antioxidant este format din compusi antioxi-
danti hidrofili, prezenti in citoplasma celulelor si serul san-
guin, precum si din compusii hidrofobi, care se localizeaza in
membranele biologice [7]. Antioxidantii enzimatici din ser si
citoplasma celulara sunt: superoxid dismutaza (SOD), catalaza
(CAT), glutation reductaza (GR), glutation peroxidaza (GPO)
si glutation-S-transferaza (GST) [8]. Glutation-S-transferaza
este 0 enzima citozolicd, mitocondriala si a membranei micro-
somale, cu rol In detoxifierea xenobioticelor prin catalizarea
conjugdrii glutationului redus In compusi mercapturici [9].
Reglarea si functionarea GST influenteaza cresterea celulara,
nivelul stresului oxidativ, progresia bolii si rezultatul terapeu-
tic. Evaluarea activitatii GST reprezinta o metoda de diagnos-
tic al SO si eficientei mecanismelor de detoxifiere dependen-
te de GST [10]. Gama-glutamiltranspeptidaza (y-GPT) este o
enzima-cheie a ciclului y-glutamilic, ce catalizeaza transferul
grupadrii y-glutamil de la glutation la alti aminoacizi [8]. Este
localizatd in membrana citoplasmatica, iar centrul activ al en-
zimei - la exteriorul celulei. Poseda un rol major in metabolis-
mul mediatorilor inflamatiei (citokinelor, proteinelor de faza
acutd), substantelor cancerigene si toxice. Sinteza y-GPT este
indusa de anumite medicamente, colestaza, consumul de alco-
ol, tumori hepatice si ciroza [8]. Actualmente, y-GPT este con-
siderat drept unul dintre cei mai robusti markeri ai stresului
oxidativ al intregului organism [2]. Aspartat aminotransferaza
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(0S) is caused by the imbalance between the production of the
free oxygen radicals and the capacity of the biological system
to detoxify the peroxides and free radicals. OS is manifested
through the peroxidation of the cellular DNA, proteins, lipids,
carbohydrates and other biological macromolecules [2].
0OS and protein peroxidation products determine chronic
metabolic disturbances with extensive fibrosis and collagen
accumulation in the tissues, in consequence developing
the multisystemic failure. The advanced oxidation protein
products (AOPP) are uremic toxins which result from the
interaction between the chlorine oxidants (chloramines and
hypochloric acid) with plasmatic proteins [3]. The kidneys and
the liver are the major organs responsible for their isolation
and excretion, but the increased serum concentration is
identified in patients with chronic inflammatory processes,
chronic renal failure, hyperparathyroidism and continuous
treatment with calcium and vitamin D [3]. The advanced
glycation end products (AGE_) are a heterogeneous substances,
which result from the non-enzymatic glycation of the proteins,
lipids and nucleic acid, following a chain of reaction, defined
"Maillard reaction” [4]. High serum concentration of AGE_ is
identified in patients with diabetes mellitus and represent
an index of the hyperglycaemia, non-enzymatic glycosylation
of the proteins and excessive activation of the polyol way [4,
5]. Protein C reactive (PCR) is a plasmatic non-glycosylated
protein with pentameric structure, produced by the liver and
vascular endothelium, with a high resistance to the proteolysis
[5]. Is established as an acute phase protein, being a pro-
inflammatory trigger, and its production is stimulated by IL-13,
IL-6 and TNF-a [1]. Evidence-based data demonstrated that
PCR represents a biomarker of the 0S, due to the activation of
the complement fractions, apoptosis inducing, endothelial cell
activation, monocyte recruiting, lipid accumulation and other
redox reactions [5].

The antioxidant system is composed by the hydrophilic
antioxidant compounds identified in the cytoplasm and blood
serum, as well as the hydrophobic compounds, which are lo-
calized in the biological membranes [7]. Enzymatic antioxi-
dants from the serum and cell’s cytoplasm are: superoxide
dismutase (SOD), catalase (CAT), glutathione reductase (GR),
glutathione peroxidase (GPO) and glutathione S-transferase
(GST) [8]. Glutathione S-transferase is a cytosolic, mitochon-
drial and microsomal enzyme, involved in the detoxification
of the xenobiotics through the conjugation catalysis of the
reduced glutathione in mercapturic compounds [9]. Assess-
ment of the GST level represents a diagnostic tool of the OS
and efficiency of the detoxification mechanisms related to
GST. The y-glutamyltransferase (y-GPT) is a key-enzyme of the
y-glutamyl cycle, which catalyses the transfer of the y-glutamyl
group from the glutathione to other amino acids [8]. It is local-
ised in the cell’s membrane, and the enzyme’s active centre at
the exterior cell’s border. Has a major role in the metabolism
of the inflammatory mediators (cytokines, acute phase pro-
teins), carcinogenic substances and toxins. The synthesis of
the y-GPT is induced by drugs, cholestasis, alcohol consump-
tion, hepatic tumours and cirrhosis [8]. Actually, the y-GPT is
considered done of the most important markers of the oxida-
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(AST) este o enzima catalizator al transferul gruparii amino de
la aspartat la gruparea ceto al cetoglutaratului, cu producerea
de acid oxaloacetic si glutamat. AST este un biomarker al pa-
tologiilor hepatice, sindromului metabolic, sarcopeniei si stre-
sului oxidativ crescut [8]. Alanin aminotransferaza (ALT) este
o enzima din grupul transferazelor, ce catalizeaza transferul
reversibil al gruparii amino de la alanina catre a-cetoglutarat,
cu formarea acidului piruvic si glutamat [9]. Desi, ambele en-
zime fac parte din grupul transmaminazelor hepatice, ALT se
localizeaza in citoplasma, iar AST atat in citoplasma, cat si In
mitocondrii. Raportul AST/ALT mai mare de 1 este corelat cu
risc sporit al mortalitatii [9].

Medicamentele utilizate in tratamentul antituberculos
sunt importanti factori ai perturbarilor homeostaziei orga-
nismului pacientului [11]. Tratamentul antituberculos este
administrat cu scopul diminudrii riscului transmiterii infec-
tiei, vindecarii, prevenirii decesului si recidivei [12]. Principi-
ile tratamentului antituberculos sunt: initierea imediat dupa
depistare, administrarea strict supravegheatd, asocierea me-
dicamentelor cu administrarea in doua faze (intensiva si de
continuare), individualizarea tratamentului la aparitia feno-
menelor adverse si a rezistentei medicamentoase, precum
si imbunatatirea compliantei terapeutice a bolnavului prin
acordarea asistentei materiale [12]. Durata tratamentului tu-
berculozei sensibile consta in admnistrarea, pentru cel putin
6 luni, a preparatelor antituberculoase de linia 1-a (izonia-
zidd, rifampicing, pirazinamida, etambutol si/sau strepto-
micina), iar in tuberculoza determinata de MBT multidrog-
rezistente - pentru o perioada de 18-24 luni de preparate
antituberculoase de linia a 2-a, conform spectrului de sensi-
bilitate medicamentoasa [12, 13]. Tratamentul standardizat
al TB-MDR include antibiotice injectabile - aminoglicozide
(kanamycina, amicacina sau capreomycind) si a chimioprepa-
ratelor cu adminstrare orala: fluoroquinolone (levofloxacina,
moxifloxacinad sau gatifloxacina), etionamida, protionamida,
acidul paraaminosalicilic si cycloserina [13].

Aceasta cercetare reflecta aspecte comparative ale marke-
rilor circulanti ai SO si sistemului antioxidant la pacientii cu
tuberculoza pulmonara pe durata fazei intensive a tratamen-
tului antituberculos, comparativ cu a unui esantion repre-
zentativ de persoane conditionat sandtoase. Scopul studiului
reprezinta stabilirea particularitatilor stresului oxidativ si ale
sistemului antioxidant in tuberculoza pulmonara.

Material si metode

A fost realizat un studiu prospectiv, de tip caz-control, care
a evaluat particularitatile imuno-biochimice ale 51 de pacienti
cu tuberculoza pulmonara (esantionul de studiu) diagnosticati
in institutiile medicale specializate ale Chisindului in perioada
anului 01.01.2016-31.08.2016 si 36 de persoane conditionat
sanatoase conform criteriilor clinice si biochimice (esantionul
de control).

Criteriile de includere in esantionul de studiu au fost:

= varsta peste 18 ani;

= pacient diagnosticat cu tuberculoza pulmonara;

= tipul pacientului: ,caz nou”
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tive stress of the entire body [2]. Aspartate amino-transferase
(AST) is a catalyser enzyme of the transfer of the amino group
from the aspartate to keto group of the ketoglutarate, with the
production of the oxal-acetic acid and glutamate. AST is a bi-
omarker of the hepatic diseases, metabolic syndrome, sarco-
penia and increased OS [8]. Alanine aminotransferase (ALT)
is an enzyme from the transferases group, which catalysis
the reversible transfer of the amino group from the alanine
to a-ketoglutarate, with the produce of the pyruvic acid and
glutamate [9]. Despite, both enzymes are from the group of
the hepatic transaminases, ALT is localised in the cytoplasm,
but the AST in cytoplasm as well as in mitochondria. The AST/
ALT rate more than 1 is correlated with a high risk of the mor-
tality [8].

The drugs used in the treatment of tuberculosis are im-
portant factors of patient’s organism metabolic homeostasis
disturbances [11]. The anti-tuberculosis treatment is used
with the aim to reduce the risk of the infection transmission,
healing, prevention of the death and recurrence [12]. The
principles of the anti-tuberculosis treatment are: onset im-
mediately after detection, strictly supervised administration,
drugs association in two phases (intensive and continuation),
treatment individualization at the appearance of adverse drug
reactions and drug resistance, as well as the improvement of
the patient’s treatment compliance through the material as-
sistance [12]. Drug susceptible treatment duration consists of
the administration for at least 6 months with 1 line antitu-
berculosis drugs (isoniazid, rifampicin, ethambutol and/or
streptomycin), but in tuberculosis determined by the multi-
drug resistant MBT for a period of 18-24 moths with 2*line
antituberculosis drugs according to the drug susceptibility
test [12, 13]. The standard treatment of multidrug resistant
tuberculosis (MDR-TB) consists of injectable antibiotics -
aminoglycosides (kanamycin, amikacin or capreomycin) and
orally administrated anti-tuberculosis drugs: fluoroquinolo-
nes (levofloxacin, moxifloxacin or gatifloxacin), ethionamide,
prothionamide, paraaminosalicylic acid and cycloserine) [13].
This study reflects comparative aspects of the circulating
markers of the oxidative stress and antioxidant system in pa-
tients with pulmonary tuberculosis during the intensive phase
of the anti-tuberculosis treatment in comparison with a rep-
resentative sample of healthy persons. The aim of the study
was the establishment of the oxidative stress peculiarities and
antioxidant system in pulmonary tuberculosis.

Material and methods

It was realised a prospective study which assessed the im-
mune biochemical features of 51 patients with pulmonary
tuberculosis (study group) diagnosed in the medical special-
ized institutions of Chisinau during the period 01.01.2016-
31.08.2016 and 36 conditioned healthy persons, according to
the clinical and biochemical criteria (control group).

Inclusion criteria in the study group were:

= age more than 18 years old;

= patient diagnosed with pulmonary tuberculosis;



= diagnostic confirmat prin metode microbiologice con-
ventionale (examen microbiologic si molecular-genetic
al sputei);

= pacient tratat in faza intensiva in cadrul subdiviziunilor

clinice ale Spitalului Clinic Municipal de Ftiziopneumo-
logie din Chisindu;

= consimtamantul informat semnat.

Ancheta studiului a inclus informatii despre sex, varsts,
diagnosticul clinico-radiologic, tipul de caz, statutul microbio-
logic al pacientului, rezultatele testului de susceptibilitate me-
dicamentoasa, regimul terapeutic si reactiile adverse.

Toti pacientii esantionului de studiu au fost diagnosticati
si tratati conform protocolului clinic national , Tuberculoza la
adulti”, elaborat conform recomandarilor OMS [12, 13].

Criteriile de includere in esantionul de control au consti-
tuit:

= varsta peste 18 ani;

= persoana conditionat sanatoasa conform criteriilor clini-

ce, hematologice (hemoleucograma) si biochimice (tran-
saminazele hepatice, testul biliruibinei);

= consimtamantul informat semnat.

Evaluarea indicatorilor biochimici din ser a fost efectuata
utilizind metode cu microcantitati de material cercetat - ser
sanguin si reagenti de lucru. Dozarea s-a efectuat in microplaci
cu 96 de godeuri. Procesarea probelor s-a efectuat prin adau-
garea reagentilor si masurarea absorbantei in conditii de stan-
dardizare maxima. Proteinele totale au fost evaluate conform
procedeului Lowry modificat [10]. Intensitatea SO a fost ana-
lizatd prin determinarea concentratiei produsilor proteici de
oxidare avansata (AOPP) conform procedeului descris de Wi-
tko-Sarsat V. modificat [3]. Dozarea produsilor finali de glicare
avansata (advanced glycated end-products AGEs) a constat In
cuantificarea a doua tipuri principale: AGEs pentosidine-like si
AGEs vesperlysines-like. Micrometoda s-a bazat pe masurarea
intensitatii fluorescentei probei de cercetat diluate in tampon
fosfat la Aexc 335 nm, Aem 385 nm (cuantificarea pentosidi-
ne-like AGEs) si la Aexc 370 nm, Aem 440 nm (cuantificarea
vesperlysines-like AGEs), conform procedeului descris de Sero
L. modificat [9, 14].

Dozarea activitatii antioxidante totale (tAOA) s-a efectuat
prin: (1) metoda bazata pe degradarea radicalului 2,2-azino-
bis (3-etilbenzotiazolina 6 sulfonat (ABTS) la interactiunea cu
compusii serici cu proprietati antioxidante si masurarea des-
cresterii absorbantei la 734 nm [9]; (2) metoda CUPRAC (Cu-
pric lon Reducing Antioxidant Capacity), bazata pe capacitatea
de reducere a ionului de Cu prin captarea radicalului hidro-
xil [7]. Capacitatea antioxidanta a serului a fost evaluata prin
dozarea activitatii enzimelor glutationului (GST si y-GTP) cu
ajutorul kiturilor de analiza ale firmei Eliteh (Franta) conform
instructiunilor anexate. Injuria hepatocelulara a fost evaluata
prin determinarea transaminazelor serice conform metodelor
cinetice cu ajutorul kiturilor de analiza ale firmei Eliteh (Fran-
ta) conform instructiunilor anexate.

Metodologia lucrdrii s-a bazat pe tehnicile de colectare,
analiza statistica, reprezentare grafica si evaluare analitica.
Analiza statistica a fost realizata prin evaluarea comparativa
a particularitatilor cantitative si calitative ale pacientilor se-
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= patient type ,new case”;

= the diagnosis confirmed through the conventional mi-
crobiological methods (microbiological examination and
molecular genetic test of the sputum);

= patient treated in the intensive phase within clinical sub-

divisions of the Municipal Clinical Hospital of Phtisio-
pneumology of Chisinau;

= signed informed consent.

The study investigation schedule included information
aboutsex, age, radiological diagnosis, case type, microbiological
patient’s status, and results of the drug susceptibility test,
treatment regimen and adverse reactions. All patients of the
study group were diagnosed and treated according to the
national clinical protocol , Tuberculosis in adults”, elaborated
according to the WHO recommendations [12, 13].

The including criteria in the control group were:

= age more than 18 years old;

= conditioned healthy individual according to the clinical

criteria, haematological (CBC) and biochemical (liver
transaminases, bilirubin) indices;

= signed informed consent.

The assessment of the biochemical indices in the serum
was performed using the methods with micro quantities of
the evaluated material - blood serum and work reagents.
The dosage was performed in micro plates with 96 wells.
The sample processing was performed by the addition of
the reagents and assessing the absorbance in the maximum
standardization conditions. Total proteins were assessed
according to the Lowry modified method [10]. The OS intensity
was assessed through the determination of the advanced
oxidation protein products (AOPP) according to the Witko-
Sarsat V. modified method [3]. The advanced glycated end-
products (AGEs) consisted in the quantification of two main
types of the AGEs: pentosidine-like AGEs and vesperlysines-
like AGEs. The micro method was based on the fluorescence
measure of the intensity of the studied samples diluted in the
phosphate tampon at Aexc 335 nm, Aem 385 nm (quantification
of the pentosidine-like AGEs) and at Aexc 370 nm, Aem 440 nm
(quantification of the vesperlysines-like AGEs), according to the
Sero L. modified method [9, 14].

The determination of the total antioxidant activity (tAOA)
was performed through two procedures: (1) method based on
the degradation of the 2,2-azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid (ABTS) radical at the interaction with serum
compounds with the antioxidant properties and measure of
the decreasing absorbance at 734 nm [9]; (2) method CUPRAC
(Cupric Ion Reducing Antioxidant Capacity) based on the
reducing capacity of the Cu ion through the captation of the
hydroxyl radical [7]. The serum antioxidant capacity was
assessed through the dosage of the activity of the glutathione
enzymes (GST and y-GTP) using the analysis kits of the Eliteh
(France) producer, according to the attached instructions. The
hepatocellular injury was assessed through the determination
of the serum transaminases according to the kinetic methods
using the analysis kits of the Eliteh (France) producer
according to the annexed instructions.

The study methodology was based on the collection, sta-
tistical analysis, graphic representation and analytical estima-
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lectati, utilizand programul Microsoft Excel XP. Materialul acu-
mulat a fost sistematizat in grupuri simple si complexe. Pentru
testarea diferentei semnificative dintre indicatorii studiati ai
loturilor comparate, s-a utilizat testul statistic nonparametric
,ttest” si pragul de semnificatie ,p” (p<0,05).

Rezultate

Segregand pacientii conform caracteristicilor biologice, a
fost demonstrata o distributie similara a barbatilor si femei-
lor in ambele esantioane, cu predominarea barbatilor in ace-
easi proportie, fapt ce a permis comparabilitatea rezultatelor.
Aceasi proportie a persoanelor tinere, in varsta de pana la 44
de ani, a fost stabilitd In ambele esantioane, conditie care a
permis comparabilitatea datelor de laborator (Tabelul 1).

Distribuind pacientii esantionului de studiu in grupuri so-
cio-economice, am constatat ca persoanele neangajate, fara
sursa de venit, au constituit doua treimi din esantion, fapt ce
demonstreaza similitudinea esantionului cu cohortele evalua-
te In cercetarile autohtone. Pacientii fara asigurare medicala si
protectie sociala au constituit o jumatate din esantion. Fieca-
re al zecelea pacient a fost comorbid. Din focare infectioase a
provenit fiecare al zecelea pacient. Cu istoric recent de migra-
tie si istoric de detentie au fost un numar limitat de pacienti.
Cate un pacient a fost bolnav de diabet, patologii psihiatrice
sau alcoolism cronic.

Segregarea pacientilor conform grupului de risc este reda-
ta in Tabelul 2.

Depistarea pasiva a 28 (55%) de cazuri a fost realizata

Tabelul 1. Segregarea pacientilor pe sexe si varsta.
Table 1. Segregating patients by sex and age groups.
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tion. Statistical analysis was carried out by the comparative
assessment of the quantitative and qualitative peculiarities of
the selected patients using the Microsoft Excel XP programme.
Accumulated material was systematized in simple and complex
groups. For the testing of significant differences between the
studied indices of the compared samples it was performed the
statistic non-parametric ,t test” and the significance threshold
,p” (p<0.05).

Results

Distributing patients according to the biological character-
istics, it was established a similar rate of men and women in
both groups, with the predomination of men in the same pro-
portion, which permitted the comparability of the results. The
same proportion of young persons, aged less than 44 years
old, was established in both groups, condition which permit-
ted the comparability of the laboratory data (Table 1).

Distributing patients of the study group in socio-economic
subgroups, was established that unemployed persons, with-
out personal income, constituted two thirds of the group, what
demonstrated the similarity of the group with the assessed co-
horts in the national studies. Patients without medical insur-
ance in health and social protection represented one half of
the group. Each tenth patient had associated diseases. From
the infectious clusters came each tenth patient. With a recent
history of migration and a history of detention, there were a
limited number of patients. One patient was ill with diabetes,
psychiatric pathologies or chronic alcoholism. Patient segre-
gation according to the risk group is shown in Table 2.

i ica ES/SG EC/CG
Sggreg.are blologlca. Sexul / Sex / / b
Biological segregation n=51 n=36
Stratificarea pe sexe Barbati / Men 31 (61%) 24 (67%) <0001
Stratification by sex Femei / Women 20 (39%) 12 (33%) '
Stratificarea pe grupuri de varsta 18-44 ani/years 39 (76%) 29 (81%) <0.001
Stratification by age groups >45 ani / years 12 (24%) 7 (19%) ’
Tabelul 2. Segregarea pacientilor pe grupuri de risc (n=51).
Table 2. Segregating patients by risk groups (n=51).
Statut economic / Economical state
= Neangajati, pensionati, invalizi, studenti / Unemployed, retired, disabled, students 39 (76%)
Statutul de asigurat / Insurance status
= Absenta asigurarii / Lack of insurance 29 (57%)
Comorbiditati / Comorbidities
= Boli asociate / Associated diseases 6 (12%)
Grupuri epidemiologice/ Epidemiological groups
= Focare familiare / Family clusters 5(10%)
= Migratie / Migration 4 (8%)
= Istoric de detentie / History of detention 2 (4%)
Grupuri cu risc sporit / Group with high risks
= Alcoolism cronic / Chronic alcoholism 2 (4%)
= Boli psihiatrice / Psychiatric diseases 1(2%)

= Diabet / Diabetes

1 (2%)




prin examinarea pacientilor simptomatici, 7 (14%) - prin exa-
minarea grupurilor cu risc sporit, iar 16 (31%) au fost depis-
tati prin adresare directd la institutiile medicale specializate.
Majoritatea pacientilor, 49 (96%), au fost diagnosticati cu tu-
berculoza infiltrativa si 2 (4%) - cu tuberculozad diseminata.
La examenul radiologic s-au constatat distructii parenchima-
toase la intregul esantion de studiu. Examenul microscopic al
sputei pentru identificarea bacililor acido-alcoolo-rezistenti a
fost pozitiv in 30 (59%) de cazuri, iar cultura pe mediile con-
ventionale a determinat prezenta coloniilor micobacteriene in
26 (51%) de cazuri, inclusiv, 20 (39%) au fost sensibile si 6
(12%) - drog-rezistente. Monorezistenta la izoniazida a fost
stabilita In 2 (4%) cazuri, iar polirezistenta la izoniazida si
streptomicind - In 3 (6%) cazuri. Tratamentul standardizat
pentru tuberculoza sensibila a fost administrat la 33 (65%) de
pacienti. Un tratament standardizat pentru tuberculoza drog-
rezistenta (DOTS-Plus) - 1a 13 (25%) pacienti, si regim indivi-
dualizat pentru tuberculoza polirezistenta - 1a 5 (10%). Reactii
adverse de hepatotoxicitate au fost observate la 2 (4%) pa-
cienti.

Indicatorii biochimici au fost analizati la 46 de pacienti cu
tuberculoza (esantionul de studiu) si la 36 de persoane con-
ditionat sanatoase (esantionul de control). Cinci cazuri au
fost excluse din analiza din cauza depdasirii mai mult de trei
ori a erorii medii standard a rezultatelor obtinute. Recoltarea
materialului biologic (sdnge) a fost realizat pe durata fazei in-
tensive, In conditii de spitalizare, in subdiviziunile clinice ale
SCME, pe fond de tratament administrat conform spectrului de
sensibilitate medicamentoasa a micobacteriilor izolate.

Evaluand concentratia serica a AOPP, s-au obtinut valori
semnificativ mai mari in esantionul pacientilor cu tuberculoza
fata de esantionul de control. La pacientii bolnavi de tubercu-
loza, concentratia proteinei C reactive a fost de peste 30 de
ori mai mare (16,99+18,57 mg/dl) decat valorile de referinta
pentru persoanele sanatoase (<0,5 mg/dl) [15]. Nivelul se-
ric al AGEs pentosidine-like a fost nesemnificativ diminuat in
esantionul pacientilor cu tuberculoza fatd de control. Nivelul
seric al AGEs vesperlysines-like s-a constatat nesemnificativ
crescut in esantionul pacientilor cu tuberculoza, comparativ
cu esantionul de control (Tabelul 3).

Activitatea anti-oxidanta totala a serului, evaluata prin me-

Tabelul 3. Unii parametri ai stresului oxidativ.
Table 3. Some parameters of the oxidative stress.

Stresul oxidativ in tuberculoza pulmonard

Detected by passive way were 28 (55%) patients through
the examination of the symptomatic cases, 7 (14%) - through
the examination of the high risk groups, but 16 (31%) were
detected through the direct addressing to the specialized
medical institutions. The majority of patients were diagnosed
with pulmonary infiltrative tuberculosis 49 (96%), and 2
(4%) - with disseminated tuberculosis. At the radiological ex-
amination was identified lung destruction at patients from the
entire study group. Microscopic examination of the smear for
acid alcohol-resistant-bacilli was positive at 30 (59%) cases,
but the culture on the conventional mediums, determined the
presence of the mycobacteria colonies at 26 (51%) cases, in-
cluding 20 (39%) were sensible and 6 (12%) drug resistant
types. Mono resistance to isoniazid was established in 2 (4%)
cases, but the poly resistance to isoniazid and streptomycin
in 3 (6%) cases. Standardized treatment for sensible tubercu-
losis was administrated to 33 (65%) patients, standardized
treatment for drug resistant tuberculosis (DOTS-Plus) at 13
(25%) patients and individualised regimen for poly resistant
tuberculosis at 5 (10%). Hepatotoxicity, as side effect was es-
tablished in 2 (4%) patients.

Biochemical indices were analysed at 46 patients with
tuberculosis (study group), 5 cases being excluded due to of the
overpassing more than three times the standard error and at
36 conditioned healthy persons (control group). The collection
(harvesting) of the biological material was performed during
the intensive phase of the treatment performed in the clinical
subdivisions of the hospital (SCMF) according to the drug
susceptibility test of the isolated mycobacteria.

When assessing the OS markers through the serum con-
centration of the AOPP it was established a statistical higher
concentration in the group of patients with tuberculosis com-
pared with the control group. The serum concentration of the
protein C reactive was 30 times higher (16.99+18.57 mg/dl)
compared with the references values of the healthy individu-
als (0.5 mg/dl) [15]. The serum concentration of the pentosi-
dine-like AGEs was not significantly lower in the group of pa-
tients with tuberculosis compared with the control group. The
serum concentration of the vesperlysines-like AGEs demon-
strated a nonsignificant increasing in the group of the patients
with tuberculosis compared with the control group (Table 3).

The total antioxidant activity of the serum assessed

Sistemul peroxidativ Parametru ES/SG EC/ CG

Peroxidative system Parameter n=46 n=36 P

Peroxidarea proteica AOPP, pmol/1

Proteic peroxidation 44,06+2,86 34,349+3,58 0,032
(128%) (100%) ’

Peroxidarea carbohidrata Pentosidine-like AGEs, pmol/1 174,3+15,41 208,5+16,27 013

Carbohydrate peroxidation (84%) (100%) ’

Vesperlysines-like AGEs, pmol /1 382,2+25,42 343,2+49,63 045

(111%) (100%) ’

Notd: AOPP - produsi proteici de oxidare avansatd; AGEs - produsii finali de glicare avansatd. Datele sunt prezentate drept medie si

eroare standard.

Note: AOPP - advanced oxidation protein products; AGEs - advanced glycated end-products. Data are presented as mean and standard

error.
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todele ABTS si CUPRAC a fost semnificativ mai intensa in esan-
tionul pacientilor cu tuberculoza, comparativ cu esantionul de
control. Concentratia ceruloplasminei, proteind a fazei acute
cu rol antioxidant, a fost semnificativ mai mare in esantionul
pacientilor cu tuberculoza, comparativ cu esantionul de con-
trol. Concentratia proteinelor serice totale (albumina, globuli-
na al, a2, 3, y) cu rol antioxidant a fost semnificativ mai mare
in esantionul pacientilor cu tuberculoza fata de esantionul de
control (Tabelul 4).

Activitatea serica a GST a fost semnificativ mai redusa in
esantionul pacientilor cu tuberculoza fata de esantionul de
control. Activitatea y-GPT a fost marita veridic in esantionul

Tabelul 4. Unii indicatori ai activitatii antioxidante.
Table 4. Some parameters of the antioxidative activity.
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through the ABTS and CUPRAC methods was significantly mo-
re increased in the group of patients with tuberculosis in com-
parison with the control group. The concentration of the ceru-
loplasmine, known as a protein of the acute phase with anti-
oxidant role was significantly higher in the group of patients
with tuberculosis in comparison with the control group. The
concentration of the total serum proteins (albumin, a1, a2, 3
and y globulins), which include and those with an antioxidant
role were established in a higher concentration in the group
of patients with tuberculosis compared with the control group
(Table 4).

The serum level of the GST was significantly lower in the

ES / SG EC/CG
Rezervele antioxidante / Antioxidant defense p
n=46 n=36
Activitatea antioxidantd totald / Total antioxidant activity
= metoda ABTS / ABTS method, mmol/I 0,77+0,005 (110%) 0,71+0,004 (100%) <0,0001
* Metoda CUPRAC / CUPRAC method, mmol/I 1,09+0,18 (210%) 0,517+0,04 (100%) 0,008
Proteine antioxidante / Antioxidant proteins
= Ceruloplasmina / Ceruloplasmine, mg/1 887,2+36,48 (123%) 724,3+27,8 (100%) 0,0008
= Proteina sericd totala / Total serum protein, g/1 59,4+3,61 (114%) 57,1+2,3 (100%) 0,001

Nota: Datele sunt prezentate drept medie si eroare standard.
Note: Data are presented as mean and standard error.

pacientilor cu tuberculoza fata de control. Nivelul seric al AST
a fost semnificativ mai tnalt in esantionul pacientilor cu tuber-
culoza fata de cel de control. Similar, nivelul seric al ALT s-a
constatat a fi mai Tnalt in grupul pacientilor cu tuberculoza
fata de control, Insa gradul semnificatiei a fost mai mic, com-
parativ cu nivelul cresterii AST (Tabelul 5).

group of patients with tuberculosis compared with the control
group. The activity of y-glutamyltranspeptidase (y-GPT) was
significantly increased in the tuberculosis group in compari-
son with the control group. The serum level of the AST was sig-
nificantly higher in the group of patients with tuberculosis to-
wards the control group. As well as the serum level of the ALT
was established significantly higher in the tuberculosis group

Tabelul 5. Unii indici ai enzimelor glutationului si a clasei transaminazelor.
Table 5. Some indices of the glutathion-related ensymes and transaminase classe.

. . . ES / SG EC/CG
Sistemul enzimatic / Ensymatic system p
n=46 n=36
Enzimele glutationului / Glutathion-related enzymes
= Glutation-S-transferaza/ Glutathione-S-transferase nmol/sxI 16,4+7,42 (76%) 21,5+6,75 (100%) 0,0015
= v Glutamiltransferaza / y Glutamyltransferase, U/l 62,95+6,56 (147%) 42,7+7,02 (100%) 0,042
Transaminazele serice / Serum transmaminases
= Aspartat aminotransferazad / Aspartate aminotransferase, U/l 41,74+7,11 (156%) 26,75+2,36 (100%) <0,0001
= Alanin aminotransferaza / Alanine aminotransferase, U/l 43,18+4,65 (139%) 30,98+3,38 (100%) 0,035

Nota: Datele sunt prezentate drept medie si eroare standard.
Note: Data are presented as mean and standard error.

Discutii

Distributia pacientilor in functie de sex si varsta a deter-
minat o predominare a sexului masculin si varstei economic
si reproductiv active (18-44 ani) in ambele esantioane, fapt ce
a permis comparabilitatea rezultatelor. Statutul economic so-
cial defavorizat, asociat cu absenta asigurarii medicale a fost
stabilit la majoritatea pacientilor cu tuberculoza. Datele sunt
similare cu rezultatele studiilor autohtone [16]. Ponderea pa-
cientilor cu boli asociate a constituit o parte semnificativa, iar

compared with the control group, with a statistical threshold
lower compared with the level of the AST (Table 5).

Discussion

Distributing of the patients according to the sex and age
determined the predomination of the men and economic re-
productive age (18-44 years) in both groups, which allowed
the comparability of the results. The social, economic disad-



prezenta pacientilor cu diabet, boli psihice si alcoolism cronic
demonstreaza ca aceste persoane fac parte din grupurile cu
risc, stabilite in ghidurile internationale [17]. Persoanele cu
risc epidemiologic precum cele provenite din focare infecti-
oase, migrantii si ex-detinutii au constituit o parte mica din
esantion, similar cu datele studiilor nationale [18]. Depistati si
diagnosticati prin cel putin una din metodele microbiologice
a exclus posibilitatea selectdrii pacientilor cu diagnostic ero-
nat de tuberculoza. Diagnosticul de tuberculoza pulmonara
infiltrativa si a distructiilor parenchimatoase, intr-o proportie
fnalta, a demonstrat similitudinea esantionului selectat cu co-
hortele nationale [18].

Evaluand markerii circulanti ai SO prin concentratia serica
a produsilor proteici de oxidare avansatd, a fost demonstrat
un nivel semnificativ mai mare in grupul pacientilor cu tuber-
culoza, comparativ cu grupul control. in literatura de specia-
litate nu au fost identificate studii comparabile privind con-
centratia AOPP la pacientii cu tuberculoza. Concentratia serica
a produsilor finali de glicare avansata pentosidine-like a fost
nesemnificativ mai mica in serul pacientilor cu tuberculoza,
fapt ce demonstreaza o stare de inanitie a organismului si ex-
acerbarea catabolismului. Concentratia serica a produsilor fi-
nali de glicare avansata vesperlysine-like a fost nesemnificativ
mai Tnalta in esantionul pacientilor cu tuberculoza, insa gradul
cresterii a fost mult mai mic decat la pacientii comorbizi cu
diabet zaharat, asociat tuberculozei, raportati in studiile inter-
nationale [19].

Markerii sistemului antioxidant al serului - activitatea to-
tald antioxidantd, concentratia proteinelor serice cu rol antio-
xidant au suferit modificari pronuntate in grupul pacientilor
cu tuberculoza. Rezultatele similare din literatura de specia-
litate au demonstrat hiperactivitatea mecanismelor defensive
impotriva exotoxinelor micobacteriene, cat si intensificarea
procesului de detoxifiere a medicatiei antituberculoase [20].

Activitatea enzimei glutation-S-transferazei (GST) a fost di-
minuata semnificativ in esantionul pacientilor cu tuberculoza.
Datele din literatura de specialitate coreleaza cu modificarile
epigenetice cu nivelul redus al exprimarii genei GST, in special,
a izoformelor asociate cu hepatotoxicitatea medicamentelor
anti-tuberculoase [21, 22, 23, 24]. in consecintd, nivelul activi-
tatii y-glutamiltranspeptidazei si transaminazelor hepatice au
fost semnificativ crescute in serul pacientilor cu tuberculoza,
investigati pe durata tratamentului antituberculos.

Concluzii

1) in tuberculozi s-a constatat cresterea concentratiei mar-
kerilor peroxidarii proteice si glucidice din cauza inten-
sificarii stresului oxidativ.

2) Activitatea antioxidanta serica totala crescuta si concen-
tratia marita a proteinelor cu rol antioxidant demon-
streaza activarea compensatorie a sistemului antioxi-
dant fata de agresiunea stresului oxidativ.

3) Activitatea redusda a glutation-S-transferazei serice a
conditionat hepatotoxicitatea regimului terapeutic anti-
tuberculos, apreciat prin cresterea activitatii enzimelor
y-glutamiltransferazei si a transaminazelor hepatice.

4) Studiul factorilor genetici care conditioneaza polimorfis-

Stresul oxidativ in tuberculoza pulmonard

vantaged state, associated with the absence of the medical
insurance was established in the majority patients with tuber-
culosis. Data are similar to the results of other studies [16].
The rate of patients with associated diseases constituted a
significant part, but the presence of the patients with diabe-
tes, psychiatric diseases and chronic alcoholism demonstrated
that those persons are part of the risk groups established in
the national clinical protocol [17]. The persons with epidemi-
ological risk, as those form infectious clusters, migrants and
ex-detainees constituted a little part of the group, similar with
data of the national studies [18].

Detected and diagnosed through at least one microbiologi-
cal method excluded the possibility to select patients with di-
agnosis of tuberculosis subsequently denied. The diagnosis of
the pulmonary infiltrative tuberculosis and lung destruction
in a high proportion demonstrated the similarity of the select-
ed group with the national cohorts [18].

Estimation of the level of the OS circulating markers
through the serum concentration of the advanced oxidation
protein products and products of the protein catabolism dem-
onstrated the presence of a significantly higher level of the pro-
tein peroxidation in the group of patients with tuberculosis. In
the speciality literature, comparable studies on AOPP concen-
tration in patients with tuberculosis have not been identified.
The serum concentration of the pentosidine-like advanced gly-
cation end-products determined an insignificant lower in pa-
tients with tuberculosis, which demonstrates a state of organ-
ism’s starvation, but can be explained also by the exacerbation
of catabolic processes. The serum level of vesperlysines-like
advanced glycation end-products was insignificantly higher in
the group of tuberculosis patients, but the degree of increase
was much lower than in comorbid diabetic patients associated
with tuberculosis reported in the international studies [19].

The markers of the serum antioxidant system - total anti-
oxidant activity, the concentration of the serum proteins with
an antioxidant role underwent marked changes in the group
of tuberculosis patients. The similar results from the specia-
lity literature demonstrated the hyperactivity of the defensive
mechanisms against mycobacterial exotoxins as well as by the
intensification of the detoxification metabolic process of the an-
tituberculosis medication [20].

The activity of the glutathione S-transferase enzyme (GST)
was significantly diminished in the group of patients with
tuberculosis. Speciality literature data correlated the epigenetic
disturbances with the low level of the GST gene expression,
especially of the isoforms associated with the hepatotoxicity of
the anti-tuberculosis drugs [21, 22, 23, 24]. In consequence, the
level of the hepatic transaminases and y-glutamyltransferase
at patients with tuberculosis was significantly increased in the
serum of the patients with tuberculosis investigated during the
antituberculosis treatment.

Conclusions

1) In patients with tuberculosis was established the in-
creased level of the protein and carbohydrates peroxida-
tion, due to the intensification of the oxidative stress.

2) The increased total serum antioxidant activity and the
proteins with the antioxidant role demonstrates the hy-
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mul glutation-S-transferazei devine importanta pentru
promovarea terapiei individualizate si reducerea riscului
efectelor adverse la regimul terapeutic antituberculos.
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peractivity of the antioxidant system as a compensatory
measure against the oxidative stress aggression.

3) The low activity of the glutathione S-transferase deter-

mined the hepatotoxicity of applied anti-tuberculosis
regimen, appreciated through the increasing of the
y-glutamyltransferase and hepatic transaminases.

4) The genetic study of the factors influencing the polymor-

phism of the glutathione S-transferase is important for
the establishment of an individualized therapy and re-
ducing the adverse drug reactions of the anti-tuberculo-
sis therapeutic regimen.
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