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Background: Patients with chronic kidney disease are at high risk for 

cardiovascular morbidity due to CKD induced oxidative stress, inflammation 

and endothelial dysfunction. N-acetyl cysteine supplementation can replenish 

the anti-oxidants deficit and thus reduce the risk of cardiovascular morbidity in 

CKD patients. 

Materials and Methods: 40 patients on maintenance hemodialysis were 

included in this randomized double blind placebo controlled study and were 

then divided randomly into 4 groups of 10 members each. 600mg of N-acetyl 

cysteine (twice daily) was given to group 2 (low flux HD) and group 4 (high 

flux HD), while placebo was given to group 1 (low flux HD) and group 3 (high 

flux HD). Biomarkers of oxidative stress (Malondialdehyde (MDA), Nitric 

oxide (NO) and glutathione), inflammation (highly sensitive C-reactive protein 

(hs-CRP) and endothelial dysfunction (Augmentation pressures and index) were 

evaluated at 0, 4 and 12 weeks. 

Results: The differences in baseline demographic characteristics of all groups 

were not significant. Patients on high flux hemodialysis (groups 3 and 4) and 

low flux hemodialysis with NAC (group 2) showed significant reduction in 

serum MDA and hs-CRP levels, along with significant improvement in serum 

levels of nitric oxide and glutathione. Group 4 (high flux HD on NAC) showed 

the most significant changes while group 1 (low flux HD on placebo showed no 

significant change in any parameters.  

Conclusion: Patients on high flux hemodialysis show a significant difference 

in biomarkers of oxidative stress, inflammation and endothelial dysfunction 

when compared to patient son low flux hemodialysis. These changes are 

augmented by usage of N-acetyl cysteine. 

Keywords: N-acetyl cysteine, Hemodialysis, high flux and low flux dialyzer, 

oxidative stress, Malondialdehyde (MDA), C-reactive protein. 
 

 

INTRODUCTION 
 

Chronic kidney disease (CKD) represents a 

significant public health challenge, with over 2 

million individuals worldwide being diagnosed with 

CKD, and a substantial proportion of them undergo 

hemodialysis (HD) or other forms of renal 

replacement therapy.[1] Diabetes Mellitus, 

hypertension and dyslipidemia are some of the well-

established risk factors which have strong association 

with cardiovascular morbidity, the leading cause of 

mortality in patients with chronic kidney disease.[2,3]  

Imbalance between pro-oxidants (such as increased 

levels of Malondialdehyde (MDA)) and anti-oxidants 
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(such as reduced levels of Glutathione) give rise to 

oxidative stress, which in combination with CKD 

induced chronic inflammatory state and 

accumulation of uremic toxins, lead to endothelial 

dysfunction and increased cardiovascular morbidity 

in CKD patients.[4,5] 

High flux dialysis membranes owing to their greater 

permeability are capable of clearing middle 

molecular weight uremic toxins in comparison to 

low-flux membranes, resulting in decreasing 

oxidative stress and inflammation. However, 

hemodialysis itself can induce oxidative stress due to 

loss of anti-oxidants during the process of dialysis, 

activation of immune cells and interactions between 

blood and dialysis membrane.[6,7]  

Studies have observed that anti-oxidant therapy is 

said to ameliorate oxidative stress in CKD patients 

and therefore mitigate CVD risk. N-acetyl cysteine, a 

thiol-containing compound, known to replenish 

endogenous anti-oxidant, glutathione, has shown 

promising results in reducing oxidative stress 

induced cardiovascular morbidity in CKD patients.  

This studywas done to evaluate the impact of N-

acetyl cysteine (600mg twice daily dose) on 

endothelial dysfunction, oxidative stress, 

inflammation biomarkers and tolerance in patients 

undergoing hemodialysis (high-flux and low-flux). 

 

MATERIALS AND METHODS 
 

This prospective randomized double blind placebo 

controlled study was conducted at the Department of 

Clinical Pharmacology and Therapeutics in 

collaboration with the Department of Nephrology, 

Nizam’s Institute of Medical Sciences, Hyderabad, 

over 12 months duration (May 2018 to April 2019). 

Ethical Committee approval was taken from the 

Institutional Ethics Committee (Reference no: 

EC/NIMS/2155/2018 30th ESGS No.673/2018) and 

was also registered in Clinical Trial Registry of India 

(CTRI) (Registration no. CTRI/2018/03/012586). A 

written informed consent was taken from all the 

participants prior to the study.  

All CKD patients between 18-60 years who were 

undergoing hemodialysis in the Department of 

Nephrology, 2 or 3 times a week for a duration more 

than 3 months up to 2 years; who were naïve to NAC; 

who were on stable treatment for diabetes and 

hypertension for the past 8 weeks and who gave their 

consent to participate in the study were included. 

Patients who were on Vitamin C or E or other anti-

oxidant supplements for the past 1 month or those 

with chronic inflammatory diseases; or were 

alcoholic; or had malignancy; or with pre-existing 

haematological disorders; or with hypersensitivity to 

NAC; or were enrolled in other drug trials were 

excluded. Pregnant women, lactating mothers and 

post renal transplantation patients were also excluded 

from the study. All study subjects were screened by 

medical history, clinical examination and necessary 

laboratory investigations 

A total of 53 Hemodialysis patients were screened 

with baseline investigations and were assessed for 

their eligibility in the study. A total of 40 patients 

were selected to be included in the study based on 

their baseline parameters and willingness to enroll 

into the study. By means of random allocation, these 

40 participants were divided into four groups in the 

ratio of 1:1:1:1 by means of random allocation. 

Allocation concealment was done using sealed 

envelopes by a third person. Groups 1 and 2 consisted 

of patients on low-flux hemodialysis, while groups 3 

and 4 consisted of patients on high-flux 

hemodialysis. Study participants belonging to 

Groups 2 and 4 were given 600mg of N-acetyl 

cysteine twice daily for 12 weeks, while those of 

Groups 1 and 3 were given NAC identical placebo 

twice daily for 12 weeks (NAC identical placebo 

contained the following inactive ingredients - 49.7% 

of microcrystalline cellulose, 49.5% of lactose and 

0.8% of magnesium stearate). The study medications 

were provided to the patients by the investigator. 

Compliance was assessed by pill count method. 

Blood samples were collected at the baseline (0 

week), 4 weeks, and at the end of 12 weeks treatment 

to estimate biomarkers of oxidative stress and 

inflammation - glutathione, serum malondialdehyde 

(MDA), Nitric oxide (NO) and high-sensitivity C- 

reactive protein (hs-CRP) levels, laboratory 

parameters for safety which included complete blood 

picture, liver function and renal function tests. 

Endothelial function was evaluated using pulse wave 

analysis by measuring augmentation index (Aix), 

augmentation pressure(AP) at baseline, at 4 weeks 

and 12 weeks. 

Primary endpoints for the study included changes in 

biomarkers of oxidative stress (serum MDA, GSH 

and NO); changes in endothelial function 

(augmentation pressure (AP) and index (Aix)). The 

secondary endpoint included tolerability to the study 

medication. Study participants were allowed to 

withdraw at any time during the study in the light of 

occurrence of adverse events or due to non-

compliance to the prescribed drug regimen. 

Statistical analysis was performed using the 

Statistical Package for Social Sciences software 

(IBM SPSS Statistics for Windows, Version 20.0. 

Armonk, NY: IBM Corp). Data was presented as 

mean ± SD. Comparisons between groups was 

assessed by ANOVA followed by post hoc analysis. 

Comparison between pre and post treatment within 

group calculated by repeated measures ANOVA test. 

P value <0.05 was considered as Level of 

significance. 
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RESULTS 

 

A total of 53 patients were screened out of which 13 

patients were excluded (8 due to inflammatory 

disorders and 5 due to unwillingness to participate). 

40 patients were included in the study, who were 

divided into 4 groups randomly. Table 1 shows the 

baseline demographic characteristics in all groups. 

Male predominance was observed in all 4 groups. 

There was no significant difference in the age, BMI 

and gender distribution between the group, which is 

suggestive of uniformity in study sample.  

Table 2 shows the changes in biomarkers of oxidative 

stress (MDA, NO, glutathione andHighly sensitive 

CRP) and endothelial dysfunction (Augmentation 

pressures and augmentation index) at baseline, 4 

weeks and 12 weeks of all 4 groups.  

Malonialdehyde (MDA), a biomarker of oxidative 

stress was significantly reduced from baseline to 12 

weeks in groups 2,3 and 4 (p = <0.001), with the 

highest reduction observed in group 4 (-1.32 μM/L, 

24.37%; p = <0.001). There was no change in MDA 

levels in Group 1 ( ) Intra-group comparison revealed 

significantly reduced MDA levels in high flux HD on 

NAC group than any other groups.  

Nitric oxide levels which represent the vascular 

function, was significantly improved in groups 2, 3 

and 4. There was no significant change in levels of 

NO in group 1 ( ). At end of 12weeks, groups 2, 3 and 

4 had shown significant improvement in NO levels 

with group $ showing the highest increase (+16.12 

μM/L, 45.38%, p < 0.001).  

Serum glutathione levels have shown a significant 

rise in groups 2, 3 and 4. However, group 1 shows 

non-significant change in serum glutathione levels (-

0.42 μM/L, -0.11%, p value = not significant). By end 

of 12 weeks, groups 2 – 4 have shown a significant 

improvement in glutathione levels, with the 

maximum rise in group 4 (+83.98 μM/L, 23.99% by 

12 weeks, p < 0.001). 

Highly sensitive C-reactive protein levels have 

shown a significant reduction in groups 2-4, with the 

maximum change in group 4 (-1.97 mg/L, -45.28%’ 

p = <0.001). Group 1 exhibited no change by 12 

weeks (0.18 mg/L, 4.26%, p = 1.00).  

Augmentation pressure, a marker of endothelial 

dysfunction was significantly reduced in groups 2 

and 4 by 4 weeks (p value = 0.03 and < 0.001, 

respectively for groups 2 and 4). This reduction was 

greater by the end of 12 weeks (p value = 0.001 and 

<0.001, respectively). Group 1 observed no change in 

augmentation pressure by end of 12 weeks. The 

greatest reduction of AP was seen in group 3 (-6.6 

mmHg, -36.6%, p value = <0.001). 

Another marker of endothelial dysfunction, 

augmentation index (Aix), was also significant 

reduced in groups 2,3 and 4, with the highest 

reduction with group 4 by end of 12 weeks (-7.0, -

21.94%, p value = <0.001). Group 1 has shown no 

change. However, intragroup comparison shows that 

there was no statistically significant change in mean 

augmentation index seen at 4,12 weeks between all 

the 4 groups. 

 

 
Figure 1: Figure 1-6: Bar charts depicting changes in 

various parameters at baseline (blue bars), 4 weeks 

(green bars) and 12 weeks (cream coloured bars). MDA 

– Malondialdehyde; NO – nitric oxide; Glut – 

Glutathione; hs-CRP – Highly sensitive CRP; AI – 

Augmentation index; AP – Augmentation pressure 

 

Table 1: Baseline demographic characteristics 

Characteristic 

Group 1 (n=10) 

Low flux with 

placebo 

Group 2 (n=10) 

Low flux with 

NAC 

Group 3 (n=10) 

High flux with 

placebo 

Group 4 (n=10) 

High flux with 

NAC 

P value 

Gender (M/F) 7M/3F 6M/4F 7M/3F 6M/4F 0.932 
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Age (years) 42.00±13.09 45.90±10.32 46.30±11.51 38.70±10.49 0.410 

BMI (kg/m2) 22.65±4.25 24.47±3.42 22.07±4.03 23.98±3.03 0.448 

 

Table 2: Comparison of changes in oxidative and endothelial dysfunction markers in groups 

Parameter 

Group 1 

Low flux with 

placebo 

Group 2 

Low flux with 

NAC 

Group 3 

High flux with 

placebo 

Group 4 

High flux with 

NAC 

Malondialdehyde (MDA 

in µM/L) 

Baseline 5.41±0.31 5.69±0.59 5.87±0.43 5.42±0.29 

4weeks 5.37±0.29 5.20±0.38 5.20±0.41 4.78±0.28 

12 weeks 5.32±0.47 4.73±0.45 4.59±0.44 4.09±0.25 

P value 
4 weeks = 0.776 

12 weeks = 1.0 

4 weeks = 
<0.0001 

12 weeks = 

<0.0001 

4 weeks = <0.0001 

12 weeks = 
<0.0001 

4 weeks = <0.0001 

12 weeks = 
<0.0001 

NO (μM/L) 

Baseline 33.98±4.24 31.95±4.08 32.64±3.29 35.53±4.06 

4 weeks 33.21±4.57 35.78±3.18 38.03±2.60 42.72±7.94 

12 weeks 33.49±4.31 40.04±2.46 45.29±2.11 51.66±6.87 

P value 
4 weeks = 0.428 
12 weeks = 1.0 

4 weeks = 

<0.0001 
12 weeks = 

<0.0001 

4 weeks = <0.0001 

12 weeks = 

<0.0001 

4 weeks = 0.03 

12 weeks = 

<0.0001 

Glutathione (μM/L) 

Baseline 356.31±3.06 354.73±16.31 349.75±15.21 349.96±21.71 

4 weeks 357.17±3.37 361.01±16.10 366.34±15.82 378.06±19.83 

12 weeks 355.89±5.48 380.27±14.04 408.60±32.96 433.94±8.78 

P value 

4 weeks = not 

significant 

12 weeks = 
<0.001 

4 weeks = 

<0.0001 

12 weeks = 
<0.0001 

4 weeks = <0.0001 
12 weeks = 

<0.0001 

4 weeks = 0.03 
12 weeks = 

<0.0001 

Highly sensitive C- 
reactive Protein (mg/L) 

Baseline 4.41±0.17 4.32±0.33 4.45±0.44 4.35±0.31 

4 weeks 4.44±0.89 4.01±0.20 3.93±0.40 3.40±0.35 

12 weeks 4.59±0.93 3.62±0.16 3.37±0.30 2.38±0.35 

P value 
4 weeks = 1.00 

12 weeks = 1.000 

4 weeks = 0.012 
12 weeks = 

<0.0001 

4 weeks = <0.0001 
12 weeks = 

<0.0001 

4 weeks = <0.001 
12 weeks = 

<0.0001 

Augmentation pressure 

(mm Hg) 

Baseline 12.50±7.23 13.20±3.52 18.0 ±11.47 11.50±3.40 

4 weeks 12.10±7.09 11.6 ±3.20 13.70±8.31 10.10±2.96 

12 weeks 12.0±6.34 10.50±2.59 11.40±6.43 8.90±2.76 

P value 
4 weeks = 0.110 
12 weeks = 0.638 

4 weeks = 0.03 
12 weeks = 0.001 

4 weeks = 0.552 
12 weeks = 0.145 

4 weeks = <0.001 

12 weeks = 

<0.0001 

Augmentation Index 

Baseline 27.10±9.38 27.20±7.13 25.40±5.16 31.90±12.13 

4 weeks 27.30±9.35 24.40±6.44 23.50±5.01 29.90±11.74 

12 weeks 27.60±9.81 22.80±6.33 21.70±4.76 24.90±9.75 

P value 
4 weeks = 1.00 

12 weeks = 1.000 

4 weeks = 0.012 
12 weeks = 

<0.0001 

4 weeks = <0.0001 
12 weeks = 

<0.0001 

4 weeks = <0.001 
12 weeks = 

<0.0001 

 

Overall, 4 adverse events were noted in 40 enrolled patients. Group 2 had the most adverse effects of all. The 

most common adverse events reported were gastrointestinal symptoms. 

 

Table 3: Adverse effects 

Adverse effects 

Group1 

(Low flux with 

placebo) 

n=10 

Group2 

Low flux with 

NAC) 

n=10 

Group3(High flux 

with placebo) 

n=10 

Group4(High flux 

with NAC) 

n=10 

Gastrointestinal 

discomfort 
0 1 0 1 

Nausea 0 1 0 0 

Giddiness 0 0 0 1 

 

DISCUSSION 
 

Exogenous anti-oxidants such as N-acetyl cysteine 

are said to reduce the oxidative stress generated in 

CKD patients on hemodialysis. This randomized 

controlled trial was done to evaluate the efficacy of 

N-acetyl cysteine versus placebo on reducing 

oxidative stress in patients undergoing low flux 

versus high glux hemodialysis. 40 patients were 

divided in 4 groups of 10 members each. Patients on 

low flux hemodialysis were in group 1 and 2 who 

received placebo and NAC, respectively, while 

patients on high – flux hemodialysis were in groups 

3 and 4 who received placebo and NAC respectively.  

Effects of NAC on oxidative stress: 

Malondialdehyde, one of the biomarker of oxidative 

stress was found to be significantly reduced in 

patients of high flux group (group 3 and 4) and low 

flux group receiving NAC (group 2). There was no 

change in low flux group on placebo. High flux HD 
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patients receiving NAC showed the highest reduction 

of MDA levels, thereby suggesting a positive role of 

NAC. Studies done by Trimachi et al,[8] and 

Giannikouris et al,[9] also resonate similar findings.  

While both the high flux groups (groups 3 and 4) and 

low flux group on NAC showed increased nitric 

oxide (NO) levels, low flux group on placebo had no 

change in present study. Hemodialysis patients 

exhibit high levels of Asymmetric dimethyl arginine 

(ADMA), a molecule with inhibitory action on nitric 

acid synthetase (NOS) and low levels of the 

endothelium-derived relaxant factor NO.[10] 

Giannikouris et al,[9] suggest a beneficial effect on the 

levels of NO and ADMA, which could be attributed 

to the restoration of redox balance as a result of 

oxidative stress reduction. 

In present study, it was observed that high flux 

groups (groups 3 and 4) and low flux group on NAC 

have shown significant improvement in glutathione 

values at 4, and 12 weeks of treatment compared to 

baseline. Group 1 (Low flux without NAC) has not 

shown any significant change from baseline. Khazim 

et al,[11] conducted a cross-sectional study in 33 

maintenance HD patients and 21 healthy controls and 

found that compared to controls, the RBC 

GSH/GSSG redox potential was significantly lower 

and both glutathionylated and 

cysteinylatedhemoglobins were significantly higher 

in HD subjects. Ideally, the reduced stores of 

glutathione can be replenished by NAC 

administration as exogenous glutathione 

administration has poor bioavailability and is unable 

to cross phospholipid bilayer.[12,13] Gibson et al.[14] 

demonstrated that NAC increased intraplatelet levels 

of GSH, decreased ROS detection and reduced 

platelet activation in vitro. 

Effect of NAC on inflammation: CRP, a large, non-

dialyzable acute phase reactant, rises rapidly and has 

a short life, making it ideal for identifying acute 

inflammation.[15-17] In present study, highly sensitive 

C-reactive protein (hs-CRP) was significantly 

reduced in high flux groups (group 3 and 4) and low 

flux group on NAC (group 2). Group 1 had no 

significant change. Saddadi et al,[18] gave 600mg of 

NAC to 24 CKD patients on HD and observed a 

significant decrease in levels of hs-CRP and IL-6. 

Purwanto and Prasetyo et al,[19] concluded that 

compared to placebo, NAC administration 

significantly reduced the levels of several 

inflammatory biomarkers such as IL-1, IL-6, hs-CRP, 

TNF, and procalcitonin. Hadim et al,[20] also had 

similar findings in their study. 

Effect of NAC on endothelial dysfunction: In 

patients with CKD, Multiple intrinsic and extrinsic 

factors interplay to induce endothelial dysfunction 

and atherosclerosis.[21,22] In present study, patients 

who received NAC (groups 2 and 4) had significant 

reduction in augmentation pressure when compared 

to those who received placebo (groups 1 and 3).The 

results of this study were similar to the study by 

Wittstock et al,[23] Sahin et al,[24] and Tepel et al.[25] 

Tolerability: The patients in this study tolerated NAC 

well with minimal adverse events. A total of 4 

adverse events were noted in a total of 40 enrolled 

patients. However, according to previosu studies, 

adverse effects with NAC depend on the route of 

administration. Mild reactions – such as nausea, 

vomiting and cutaneous reactions (pruritus and 

erythema) – are common with the IV preparation. 

Although severe systemic reactions are uncommon, 

incidents of anaphylactoid reactions with intravenous 

route have been reported.[26-28] 

 

CONCLUSION 

 

Shifting HD settings from low flux to high flux 

dialyzer along with supplementation of N-acetyl 

cysteine (oral or intravenous administration) showed 

significant beneficial effects in reducing oxidative 

stress, inflammation and endothelial dysfunction than 

single intervention. However, further studies in large 

cohorts of dialysis patients are required, to establish 

causality between antioxidant supplementation with 

N-acetylcysteine, changing the flux of membranes on 

the clinical end-points of cardiovascular diseases and 

all-cause mortality. 

Acknowledgement: The authors would like to 

acknowledge the support given by the staff of 

Department of Nephrology in conducting this study. 

Conflicts of interest: The authors have no conflicts 

of interest to declare. 

 

REFERENCES 
 
1. Krata N, Zagożdżon R, Foroncewicz B, Mucha K. Oxidative 

Stress in Kidney Diseases: The Cause or the Consequence? 

Arch ImmunolTherExp (Warsz). 2018 Jun;66(3):211-220. 

doi: 10.1007/s00005-017-0496-0. Epub 2017 Dec 6. PMID: 
29214330; PMCID: PMC5956016. 

2. Couser WG, Remuzzi G, Mendis S, Tonelli M. The 

contribution of chronic kidney disease to the global burden 
of major non-communicable diseases.Kidney international. 

2011.2;80(12):1258-70. 

3. Sarnak MJ, Levey AS, Schoolwerth AC, Coresh J, Culleton 
B, Hamm LL, et al. Kidney disease as a risk factor for 

development of cardiovascular disease: a statement from the 

American Heart Association Councils on Kidney in 
Cardiovascular Disease, High Blood Pressure Research, 

Clinical Cardiology, and Epidemiology and Prevention. 

Circulation. 2003; 108:2154–69 
4. Cheung AK. Biocompatibility of hemodialysis 

membranes.Journal of the American Society of Nephrology. 

1990;1(2):150-61. 
5. Wu, MD KK, Thiagarajan, MD P. Role of endothelium in 

thrombosis and hemostasis. Annual review of medicine. 

1996 Feb;47(1):315-31. 
6. Ward RA, Ouseph R, McLeish KR. Effects of high-flux 

hemodialysis on oxidant stress. Kidney Int. 2003 

Jan;63(1):353-9. 
7. 7.Unruh M, Benz R, Greene T, Yan G, Beddhu S, DeVita M, 

Dwyer JT, Kimmel PL, Kusek JW, Martin A, Rehm-

McGillicuddy J, Tee- han BP, Meyer KB: Effects of 
hemodialysis dose and membrane flux on health-related 

quality of life in the HEMO Study. Kidney Int 2004; 66:355–

366.  
8. H. Trimarchi, M. R. Mongitore, P. Baglioni et al., “N-

Acetylcysteine reduces malondialdehyde levels in chronic 

hemodialysis patients - a pilot study,” Clinical Nephrology, 
2003.vol. 59, no. 06, pp. 441–446,  



392 

 International Journal of Medicine and Public Health, Vol 15, Issue 1, January- March, 2025 (www.ijmedph.org) 

 

9. Giannikouris, “The effect of N-acetylcysteine on oxidative 

serum biomarkers of hemodialysis patients,” Hippokratia, 

2015. vol. 19, no. 2, pp. 131–135,  

10. Uzun H, Konukoglu D, Besler M, Erdenen F, Sezgin C, 

MuderrisogluC. The effects of renal replacement therapy on 
plasma, asymmetric dimethylarginine, nitric oxide and C-

reactive protein levels.Clin Invest Med. 2008; 31: E1-E7 

11. Khazim et al. conducted a cross-sectional study in 33 
maintenance HD patients and 21 healthy controls and found 

that compared to controls, the RBC GSH/GSSG redox 

potential was significantly lower and both glutathionylated 
and cysteinylatedhemoglobins were significantly higher in 

HD subjects. 

12. Rushworth GF, Megson IL. Existing and potential 
therapeutic uses for N-acetylcysteine: the need for 

conversion to intracellular glutathione for antioxidant 

benefits. Pharmacology &therapeutics.2014 ;141(2):150-9. 
13. Bartoli GM, Sies H. Reduced and oxidized glutathione efflux 

from liver. FEBS letters.1978 ;86(1):89-91. 

14. Gibson KR, Winterburn TJ, Barrett F, Sharma S, MacRury 
SM, Megson IL. Therapeutic potential of N-acetylcysteine as 

an antiplatelet agent in patients with type-2 

diabetes.Cardiovasculardiabetology. 2011;10(1):43. 
15. Pepys MB, Hirschfield GM ,C-reactive protein: a critical 

update". The Journal of Clinical Investigation 2003;111(12): 

1805–12. 
16. Vigushin DM, Pepys MB, Hawkins PN(). Metabolic and 

scintigraphic studies of radioiodinated human C-reactive 

protein in health and disease. J Clin Invest1 1993,91(4): 
1351–1357 

17. DeFilippi C, Wasserman S, Rosanio S et al. Cardiac troponin 

T and C-reactive protein for predicting prognosis, coronary 
atherosclerosis, and cardiomyopathy in patients undergoing 

long-term hemodialysis. JAMA.2003, 290(3): 353–349. 

18. Saddadi F, Alatab S, Pasha F, Ganji MR, Soleimanian T. The 
effect of treatment with N-acetylcysteine on the serum levels 

of C-reactive protein and interleukin-6 in patients on 

hemodialysis. Saudi Journal of Kidney Diseases and 
Transplantation 2014; Jan 1;25(1):66. 

19. B. Purwanto and D. H. Prasetyo, “Effect of oral N-

acetylcysteine treatment on immune system in continuous 

ambulatory peritoneal dialysis patients,” 

ActaMedicaIndonesiana, 2012; vol. 44, no. 2, pp. 140–144,. 

20. Mohamed EA, Mohamed ME, Abdelhamid HS, Mohammed 
MA. Effects of High Flux versus Low Flux on Serum C-

Reactive Protein A as an Inflammatory Biomarker in 

Hemodialysis Patients. Egyptian Journal of Hospital 
Medicine. 2017;67(2).645-655 

21. Kosch M, Levers A, Fobker M, Barenbrock M, Schaefer RM, 

Rahn KH, Hausberg M: Dialysis filter type determines the 
acute effect of haemodialysis on endothelial function and 

oxidative stress. Nephrol Dial Transplant 2003; 18: 1370–

1375. 
22. Hoffmann U, Fischereder M, Marx M, Schweda F, Lang B, 

Straub RH, Kramer BK: Induction of cytokines and adhesion 

molecules in stable hemodialysis patients: Is there an effect 
of membrane material? Am J Nephrol 2003; 23: 442–447. 

23. Wittstock A, Burkert M, Zidek W, Tepel M, Scholze A. N-

acetylcysteine improves arterial vascular reactivity in 
patients with chronic kidney disease. Nephron Clinical 

Practice. 2009;112(3):184-9. 

24. G. Sahin, A. U. Yalcin, and N. Akcar, “Effect of N-
acetylcysteine on endothelial dysfunction in dialysis 

patients,” Blood Purification, 2007; vol. 25, no. 4, pp. 309–

315,. 
25. M. Tepel, M. van der Giet, M. Statz, J. Jankowski, and W. 

Zidek, “The antioxidant acetylcysteine reduces 

cardiovascular events in patients with end-stage renal failure: 
a randomized, controlled trial,” Circulation, 2003; vol. 107, 

no. 7, pp. 992–995,  

26. Sandilands EA, Bateman DN. Adverse reactions associated 
with acetylcysteine. Clinical Toxicology.2009 ;47(2):81-8. 

27. Pakravan N, Waring WS, Sharma S, Ludlam C, Megson I, 

Bateman DN. Risk factors and mechanisms of anaphylactoid 
reactions to acetylcysteine in acetaminophen overdose. 

Clinical toxicology.2008 ;46(8):697-702. 

28. Kanter MZ. Comparison of oral and ivacetylcysteine in the 
treatment of acetaminophen poisoning. American Journal of 

Health-System Pharmacy. 2006;63(19):1821-7.  

 


