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antioxidant defense mechanisms, disrupts redox poten-
tial, leading to and amplifying oxidative stress.

In our study, NAC appeared to have a positive effect on 
hemoglobin levels without modifications to either erythro-
poietin or iron dosage. Data suggests a correlation between 
erythrocytic lipid peroxidation products and resistance to 
erythropoietin, on one hand, and levels of oxidative stress 
biomarkers and hemoglobin, on the other. It seems that NAC 
acts as an adjuvant in the treatment of CKD anaemia8.

The relationship between oxidative stress, inflam-
mation and endothelial dysfunction is observed early in 
CKD becoming prominent in ESRD. Oxidative stress bi-
omarkers have been shown to be surrogate markers of 
cardiovascular morbidity and mortality of equal prognos-
tic power to proinflammatory cytokines9. A positive cor-
relation between CRP and lipid peroxidation by-products 
and a negative correlation between CRP and antioxidants 
has been described in ESRD10. In a recent study, treat-

ment with NAC was associated with a significant reduc-
tion in inflammatory markers11.      

Low albumin levels have been observed in CKD, 
being correlated to disease stage and are considered to 
be an independent risk factor of mortality12. The ratio of 
oxidized albumin is higher in ESRD and is attributed to 
high oxidative stress burden13, uremic inflammation and 
malnutrition, resulting in attenuation of total antioxidant 
plasma capacity14. 

Considering the significant reduction in the number 
of leukocytes, neutrophils, CRP levels and the increase 
in serum albumin, it could be argued that the reduction 
of oxidative stress was likely associated with a decrease 
in uremic inflammation and restoration of key antioxi-
dant mechanisms. Interpreting the increase in blood lym-
phocytes, it could be attributed to a potential decreased 
oxidative-mediated lymphocytic apoptotic rate, a collat-
eral positive antioxidant effect of NAC therapy.

Table 2: Values of serum biomarkers before and after treatment with N-acetylcysteine of the 48 hemodialysis patients, 
who participated in the study.

Marker Before After p Value

Hemoglobin (g/dL) 11.7 ± 1.0 12.0 ± 0.7 0.029

White Blood Cells (/μL) 8,003 ± 2,223 7,408 ± 1,800 0.002

Neutrophil (%) 67.6 ± 7.9 64.3 ± 6.8 0.001
Lymphocytes (%) 21.7 ± 6.4 23.0 ± 6.3 0.008

Serum Urea (mg/dL) 165 ± 38 161 ± 34 0.532
Serum creatinine (mg/dL) 9.5 ± 1.9 9.8 ± 2.0 0.311

Uric Acid (mg/dL) 5.8 ± 1.0 6.3 ± 1.5 0.008
Serum Calcium (mg/dL) 9.0 ± 0.7 9.1 ± 0.5 0.971

Serum Phosphate (mg/dL) 6.3 ± 1.9 5.7 ± 1.3 0.009
Calcium-phosphate Product (mg2/dL2) 56.8 ± 16.5 51.3 ± 10.1 0.014

CRP(mg/dL) 0.79 ± 0.6 0.56 ± 0.4 0.002
Serum Total Protein (g/dL) 6.55 ±0.6 6.71 ± 0.4 0.003

Serum Albumin (g/dL) 3.80 ± 0.4 3.98 ± 0.3 0.001
ALP(IU/L) 116 ± 56 106 ± 43 0.108

Serum Iron (µg/dL) 86.3 ± 43.7 86.1 ± 41 0.647
Serum Ferritin (ng/mL) 743.5 ± 277.4 776.3 ± 320.2 0.376

iPTH (pg/ml) 379 ± 362 314 ± 297 0.001
URR (%) 69.9 ± 5.1 69.5 ± 5.5 0.068
spKt/V 1.44 ± 0.19 1.44 ± 0.21 0.509

All values are mean ± standard deviation. CRP: C-reactive protein, ALP: Alkaline phosphatase, iPTH: intact parathyroid hormone, URR: Urea 
Reduction Ratio, spKt/V: single-pool Kt/V (K, dialyzer blood urea clearance; t, session length; V, urea distribution volume equal to 55% of 
body weight). 

Table 3: Values of serum oxidative stress-specific biomarkers before and after treatment with N-Acetylcysteine of the 
48 hemodialysis patients, who participated in the study.

Marker Before After p Value

NO (ng/mL) 9.05 ± 4.57 13.48 ± 4.97 0.001
MDA (ng/mL) 20.50 ± 14.91 11.84 ± 8.03 0.001

ADMA (ng/mL) 5.20 ± 3.39 3.91 ± 2.09 0.032
MPO (ng/mL) 87.30 ± 27.15 82.37 ± 35.27 0.385

All values are mean ± standard deviation. NO: nitrogen oxide, MDA: malondialdehyde, ADMA: asymmetric dimethylarginine, MPO: my-
eloperoxidase.


