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abstract

Background:	Uremic	patients	are	in	a	pro-oxidant	state	and	show	an	increased	level	of	asymmetric	dimethylarginine	(ADMA),	
which	is	due	to	increased	PRMT1	activity	and	reduced	dimethylarginine	dimethylaminohydrolase	(DDAH)	as	degradation	enzymes.	
Reactive	 oxidant	 species	 may	 play	 an	 important	 role	 in	 increasing	 the	 action	 of	 PRMT1	 and	 in	 inhibiting	 the	 action	 of	 DDAH.	
Albuminuria	and	ADMA	are	closely	correlated	with	progression	of	cardiovascular	disease	in	chronic	kidney	disease	(CKD)	patients	
as	well	as	indicators	for	decreasing	renal	function.	Although	ACEIs	and/or	ARBs	reduced	albuminuria	in	CKD	patients,	the	results	
are	still	conflicting.	Several	factors	in	these	patients	may	play	important	roles	in	the	mechanism	of	albuminuria	such	as	oxidative	
stress.	The	antioxidant	N-acetylcysteine	may	prove	to	have	beneficial	 therapeutic	effect,	because	it	can	reduce	oxidative	stress	as	
shown	by	evidence	in	humans,	and	subsequently	increase	ADMA.	The	objective	of	the	present	study	is	to	explore	the	contribution	
of	the	antioxidant	N-acetylcysteine	(NAC)	to	the	decrease	of	ADMA	and	albuminuria	in	non-diabetic	CKD	patients.	Material	and	
Methods:	Patients	with	non-DM	CKD	stage	1–4	with	albuminuria	were	 randomized	 to	 receive	ACEI	and/or	ARB	alone	 (control	
group)	or	with	antioxidant	NAC	600	mg	orally	twice	a	day	(treatment	group).	Observations	were	performed	for	3	months	to	measure	
ADMA	and	albuminuria	before	and	after-treatment.	80	patients	in	total	40	in	the	control	group	and	40	in	the	treatment	group	were	
used.	 Results: After oral treatment with NAC, the plasma level of ADMA in the treatment group increased from 0.604 µmol/l to  
0.689 µmol/l, whereas ADMA level in the control group exhibited a higher increase from 0.561 µmol/l to 0.743 µmol/l. The increases 
in these groups were significantly different (p < 0.02). Moreover, the level of albuminuria was reduced from 148.12 µg/mg • cr to  
132.7 µg/mg • cr in the treatment group, and from 75.25 µg/mg • cr to 71.85 µg/mg • cr in the control group. The difference was significant  
(p < 0.001). Conclusion: The anti-oxidant N-acetylcysteine can be used as adjuvant therapy to inhibit the progression of CKD in 
patients by decreasing the ADMA level and albuminuria.
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introduction

Chronic kidney disease (CKD) is highly prevalent 
with an estimated world wide prevalence of 10%. In CKD 
patients the main cause of death is cardiovascular disease 
(CVD).[1] The mechanism underlying this relationship 
is the occurrence of endothelial dysfunction due to 
reduced nitric oxide (NO) bioavaibility associated with  
atherosclerosis.[2–5] Impairment of NO synthesis in 
CKD might be due to decreased substrates L-arginine 
or tetrahydrobiopterin (BH4) and/or inhibition of nitric 
oxide synthase (NOS), which is required for synthesis 

of NO. Currently, several studies have revealed that the 
main cause of NOS pathway disturbance is the presence 
of asymmetric dimethylarginin (ADMA).[6,7] ADMA is 
suspected to be a predictor risk of CVD in CKD. It is known 
that ADMA increases in CKD, even in CKD stage 1.[8-10] 
There are at least four mechanisms of ADMA increase as 
follows: i) increased protein methylation by PRMT, ii) 
increase protein turnover, iii) decreased metabolism by 
dimethylarginine dimethylaminohydrolase (DDAH) and iv) 
decreased kidney excretion, but it is assamed that increased 
protein methylation by PRMT is the main mechanism. 
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Although the molecular mechanisms of increased activity 
of PRMT and DDAH down-regulation remain unclear 
various studies indicate that oxidative stress is the main 
cause.[11-14] Researchers showed that increased oxidative 
stress in patients with CKD is caused by increased ROS 
(reactive oxygen species) and decreased antioxidants.[15-16] 
Release of NO a potent vasodilator, into the circulation from 
endothelial cells, regulates vascular resistance and blood 
flow into organ tissue. NO can also inhibit the process of 
monocyte adhesion to endothelial cells, platelet aggregation 
and vascular smooth muscle cell proliferation.[17] If there is 
a decrease of NO, endothelial dysfunction and glomerular 
damage characterized by proteinuria will occur. Persistent 
proteinuria is generally a marker of kidney damage.

Various meta-analyse indicated that angiotensin 
converting enzyme inhibitors (ACEIs) and/or angiotensin 
II receptor blockers (ARBs) are able to inhibit serum 
creatinine increases, proteinuria and the progression to 
ESKD. Therefore, they are recommended as standard 
renoprotective and antiproteinuric therapy.[18] However, 
both ACEIs and/or ARBs reduce proteinuria by only 
23–32% within 1 to 4 months. Thus, most CKD patients 
are still in a proteinuric state. Since proteinuria reduces 
the GFR (ml/minute/10.54, 73m2/year) patients quickly 
become worse.[19] Therefore, efforts are needed to discover 
alternative adjunctive therapies.

The antioxidant N-acetylcysteine (NAC) contains 
thiol groups as synthetic precursors of cysteine and 
glutathione. NAC is officially indicated for prevention of 
mucolytic, acetaminophen poisoning and contrast-induced 
nephropathy. Several studies have examined the effect of 
NAC in patients with CKD. Antioxidant NAC when given to 
experimental animals was able to reduce homocysteine and 
pulse pressure, to increase NO availability, and to decrease 
ADMA levels. Hermansyah et	al. (2008) reported that NAC 
use in hemodialysis patients decreased ADMA levels by 
31.9%.[20-23] Based on those findings, the clinical trial in the 
present study was conducted to determine the effect of oral 
NAC 600 mg bid for 3 months on plasma ADMA levels and 
albuminuria in non-diabetic CKD stage 1–4 patients with 
albuminuria who were receiving ACEIs/ARBs.

subjects and methods

This study complies with the principles outlined in the 
Declaration of Helsinki. It was approved by the local ethics 
committee and all participants gave written informed consent. 
The study was an open-labelled randomized clinical trial 
for determining the effect of oral NAC on serum asymetric 
dimethylarginine (ADMA) and albuminuria in patients 
who received ACEI or ARB at Dr. Soetomo�s Nephrology 
Outpatient in Surabaya Clinic, Indonesia.

Patients in this study showed albuminuria > 30mg/day, 
age of 21–65 years, Hb > 10 g/dl, albumin > 2.5 g/dl and 
controlled hypertension. They had received an ACEI or 
ARB for at least one month. Research subjects were selected 

by a simple-random test to receive oral NAC and ACE 
inhibitor or ARB for 3 months. Serum ADMA levels and 
albuminuria were checked before and after administration 
of oral NAC for 3 months. The exclusion criteria were as 
follows: (i) trigger factors of proteinuria; pregnant women, 
heart failure class II-IV (NYHA); (ii) trigger factors of 
ROS; dyslipidemia, nephrotic syndrome, diabetes mellitus 
and smoking (in the past 2 weeks and during the study), (iii) 
risk factors for CKD, use of NSAIDs (more than 2 doses 
per week), (iv) folate therapy, vitamin B6, B12 or other 
antioxidants, (v) urinary tract infection (UTI), (vi) steroid 
therapy or other immunosuppressive theraphy in at least the 
past 6 months, (vii) serum potassium > 5.1 mEq/L, (viii) 
cardiac valvular disease and AV block II or III without a 
pacemaker, (ix) history of hypertensive encephalopathy, 
cerebrovascular accident or transient ischemic cerebral 
attacks, (x) history of myocardial infarction, unstable 
angina pectoris, coronary bypass surgery or percutaneous 
coronary intervention, (xi) history of malignancy, including 
leukemia or lymphoma in the last 5 years, (xii) known 
or suspected contraindications or allergy to ACEI, ARB 
or NAC, (xiii) consumption of alcohol (last 2 weeks and 
during the study). The drop-out criteria we as follows:  
(i) uncontrolled blood pressure; systolic pressure > 130 
mmHg, (ii) drug discontination, (iii) died during the study 
period or (iv) stopped participation in the study.

data analysis and statistics
The Kolmogorov Smirnov normality test was used to 

determine differences in distribution of albuminuria and 
ADMA in the treatment and control groups. Correlation 
between glomerular filtration rate (GFR) and ADMA 
level was examined using the Pearson correlation test. 
If the significance was greater than 0.05, the distribution 
was normal and vice	versa. For normal group distribution, 
the parametric t-test was used, and the Wilcoxon non-
parametric test was used for the abnormal group. In the 
control and treatment groups, the Wilcoxon test was used 
to determine whether there were differences in levels of 
albuminuria after 3 months treatment. In both tests, to 
determine whether differences were significant or not, table 
asymp. Sig (2-tailed) was used. If the value was less than 
0.05, differences was significant. If the value was more 
than 0.05, there was no significant difference.

results

Characteristics of the sample data are listed in Table 1. 
Figure 1 shows the graphic correlation. From Figure 1, the 
inverse correlation between the glomerular filtration rate 
(GFR) and ADMA level was moderate (r = –0.537). After 
3 months of observation, the ADMA level in the control 
group was elevated by 0.182 µmol/l (p values; 0.001). 
ADMA levels in the NAC treatement group were elevated 
by 0.086 µmol/l (p value; 0.001). ADMA level pre- and 
post- treatment comparisons in both groups are shown in 
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Table 2. ADMA level elevation in both groups is shown 
in Figure 2.

table 1. Clinical and demographic characteristics of treatme 
and control groups

treatment control p

Number of samples 40 40

Male/Female 9/31 15/25

Age 54.2 ± 52.5 ± 0.000**)

Staging of CKD I-II/III-IV 20/20 20/20

ADMA 0.000**)

Systolic blood pressure 0.000**)

Diastolic blood pressure 0.000**)

figure 1. Graphic correlation of GFR and ADMA level in CKD 
patients (n = 80).

A comparison of pre and post treatment albuminuria in both 
groups is shown in Table 3. 

 

figure 3. Albuminuria lowering in both groups

discussion

In Table 1, the distribution of CKD stages between 
the treatment group and control group did not differ 
significantly. Every 10ml/min/1, 73 m2 decrease of GFR, 
will accelerate a GFR decline of 0.38 ± 0.08 ml/min/year,[19] 
so that if there is a difference among the groups, it can 

table 2. ADMA level comparison in the control group and treatment group

ADMA (µmol/l) Normality Statistical Significance

Before After Test Analysis (p < 0.05)

Control Group 0.561 0.743 Normal Distribution Paired-t 0.001 = S

Treatment Group 0.604 0.689 Normal Distribution Paired-t 0.001 = S

table 3. Albuminuria comparison in both groups

Albuminuria (µg/mgCreat) Statistical Significance

Before After Analysis (p < 0.05)

Control Group 75.25 71.85 Wilcoxon 0.016 (Significant)

Treatment Group 148.12 132.7 Wilcoxon 0.000 (Significant)

Levels of albuminuria were examined before and after 
NAC treatment. Albuminuria was significantly decreased 
by 3 µg/mg • cr during 3 months of treatment in the 
control group (p value; 0.016), while it decreased by 15 
mg/mg • cr in the treatment group (p value 0.000) Figure 3.  

figure 2. Elevated levels of ADMA in the control group and 
treatment group.
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affect the outcome of therapy. However, since the two 
groups showed no differences, confounding factors can 
be minimized.

The results obtained from this study showed a 
correlation between glomerular filtration rate (GFR) in 
patients with CKD stage 1-4 and ADMA levels (Figure 1), 
with a moderate level (r = 0.537) of correlation. This result 
is similar to several previous studies. Kielstein et	al.[9,24] 
showed that ADMA plasma concentrations in non-diabetic 
CKD patients were significantly difference from those in 
patients without CKD (p < 0.001), even in the early stages 
of CKD. The study was also consistent with Baylis et	al.[7] 
that CKD patients with higher ADMA levels showed a high 
incidence of CKD progression. In research by Yilmaz et	
al.,[25] there we increased levels of ADMA in non-nephrotic 
proteinuric patients. An NAC dose of 600 mg bid for  
3 months is expected to reduce oxidative stress, which 
will decrease ADMA levels through reduction of PRMT1 
activity, increase DDAH activity and further improve 
endothelial function reflected by decreased albuminuria. So 
far, no study has mentioned the effective dose of NAC as an 
antioxidant in CKD stage I-IV. The NAC dose used in the 
prevention of contrast induced nephropathy is 1200 mg/day 
before and after the procedure. Cases of contrast-induced 
acute kidney injury (CI-AKI) have a similar pathogenesis 
as CKD. However AKI, mostly occurs transiently, while 
CKD is a chronic process. Extending the use of NAC for  
3 months, will decrease the level of oxidative stress.

The results showed that in the control and treatment 
groups, increased ADMA levels were 0.182 µmol/l and 
0.086 µmol/l. When compared, the ADMA level increase 
on the treatment group was owen (p = 0.021). These 
results suggest that NAC therapy inhibits the increase 
of ADMA in CKD stage I-IV with albuminuria. Table 3 
revened that NAC at 1200 mg/day for 3 months decrease 
albuminuria as much as 15.42 mg/mg • cr. In the control 
group, the decrease was only 3.42 mg/mg • cr. The decrease 
of albuminuria in the treatment group was significantly 
greater (p = 0.02). This evidence suggests that a decrease 
in proteinuria was very helpful in slowing the acceleration 
renal deterioration. A two-fold increase in proteinuria may 
accelerate a decline in GFR by 0.54 ± 0.05 ml/min/year. 
The decline in GFR at 10 ml/min/1.73 m2 will accelerate 
the decline in GFR by 0.38 ± 0.08 ml/min/year.[19] This 
study revealed that administration of NAC antioxidant at 
1200 mg/day can inhibit ADMA level increases and reduce 
albuminuria in CKD stages 1-4 patients with albuminuria 
who have received ACEI/ARBs therapy. Possible 
mechanisms underlying this correlation are decreased 
oxidative stress, decreased PRMT activity and increased 
DDAH activity. Thus, decreased ADMA level improved 
endothelial function and reduced albuminuria. It appears 
that administration of NAC at 1200 mg/day for 3 months 
in CKD stages 1–4 patients with albuminuria may inhibit 
ADMA level increases and reduced albuminuria.

conclusion
The anti-oxidant N-acetylcysteine can be used as 

adjuvant therapy to inhibit the progression of CKD in 
patients by decreasing the ADMA level and albuminuria.

acknowledgements
We wish to thank the Dean of Airlangga Medical 

Faculty, Surabaya, Prof Muhammad Amin, MD; Head 
of Internal Medicine Department, Chairul Effendi, MD, 
President of the Indonesian Society of Nephrology 
(INaSH), and Prof. Suhardjono, MD, PhD. 

references

 1. Shah, et	al. Oxidants in Chronic Kidney Disease. USA: American 
Society of Nephrology American Society of Nephrology. 2007; 18: 
16–28. 

 2. Cooke JP, Dzau VJ. Derangements of the nitric oxide synthase 
pathway, L-arginine, and cardiovascular diseases. Circulation. 1997; 
96: 379–382.

 3. Harrison DG. Cellular and molecular mechanisms of endothelial cell 
dysfunction. J	Clin	Invest. 1997; 100: 2153–2157. 

 4. Cooke JP. Does ADMA cause endothelial dysfunction? Arterioscler 
Thromb Vasc Biol. 2000; 20: 2032–2037.

 5. Ueda S, Yamagishi S, Kaida Y, Okuda S. Asymmetric dimethylarginine 
(ADMA) may be a missing link between chronic kidney disease 
(CKD) and cardiovascular disease (CVD). Nephrology. 2007; 12: 
582–590.

 6. Cooke PJ. Asymetrical Dimethylarginine, The Uber Marker? USA: 
American Heart Association; 2004. Halaman 1813–1818.

 7. Baylis C. Arginine, Arginine Analogs and Nitric Oxide Production 
in Chronic Kidney Disease. Nature Clinical Practice Nephrology. 
2006; 2(4): 209–20.

 8. Caglar K, Yilmaz MI, Sonmez A, et	al. ADMA, proteinuria, and 
insulin resistance in non-diabetic stage I chronic kidney disease. 
Kidney Int. 2006; 70: 781–787.

 9. Kielstein JT, Martens-Lobenhoffer J, Vollmer S, Bode-Boger SM. 
L-Arginine, ADMA, SDMA, creatinine, MDRD formula: detour to 
renal function testing. J	Nephrol. 2008; 21: 959–961.

10. Panichi V, Mantuano E, Paoletti S, et	al. Effect of simvastatin on 
plasma asymmetric dimethylarginine concentration in patients with 
chronic kidney disease. J	Nephrol. 2008; 21: 38–44.

11. Boger RH, Sydow K, Borlak J, et	al. LDL cholesterol upregulates 
synthesis of asymmetrical dimethylarginine in human endothelial cells: 
involvement of S-adenosylmethionine-dependent methyltransferases. 
Circ	Res. 2000; 87: 99–105.

12. Leiper J, Murray-Rust J, McDonald N, Vallance P. S-nitrosylation 
of dimethylarginine dimethylaminohydrolase regulates enzyme 
activity: further interactions between nitric oxide synthase and 
dimethylarginine dimethylaminohydrolase. Proc Natl Acad Sci USA. 
2002; 99: 13527–13532.

13. Himmelfarb J, Stenvinkel P, Ikizler TA, Hakim RM. The elephant in 
uremia: Oxidant stress as a unifying concept of cardiovascular disease 
in uremia. Kidney Int. 2002; 62: 1524–1538.

14. Zoccali C, Mallamaci F, Tripepi G. Novel cardiovascular risk factors 
in end-stage renal disease. J Am Soc Nephrol. 2004; 15 Suppl 1: 
S77–S80.

15. Locatelli F. Oxidative Stress in End-Stage Renal Disease: An 
Emerging Threat to Patient Outcome. Nephrology Dialysis 
Transplantation. 2003; 18: 1272–1280.

16. Araujo M, and Welch, J.M. Oxidative Stress and Nitrite Oxide in 
Kidney Function. Current Opinion Nephrology and Hypertension. 
2006; 15: 72–77.

17. Cooke JP. Does ADMA Cause Endothelial Dysfunction? 
Arteriosclerosis Thrombosis Vascular Biology. 2000; 20: 2032–7.



150 Indonesian Journal of Tropical and Infectious Disease, Vol. 1. No. 3 September–December 2010: 146-150

18. Jafar. Proteinuria as Modifiable Risk Factor for the Progression of 
Non Diabetic Renal Disease. Kidney Internal. 2001; 67: 2288–94.

19. Lea. The Magnitude Between Proteinuria Reduction and Risk End 
Stage Renal Disease. Archive Internal Medicine. 2005; 163. 

20. Ivanovski O, et	 al. The Antioxidant N-Acetylcysteine Prevents 
Accelerated Atherosclerosis in Uremic Apolipoprotein E Knockout 
Mice. Kidney Int. 2005; 67: 2288–94.

21. Schulze, et	 al. Determination of Asymetric Dimethylarginine 
(ADMA) using a Novel ELISA Assay. Clin Chem Lab Med. 2004; 
42(12): 1377–1383. 

22. Thaha M, Yogiantoro M, Tomino Y. Intravenous N – Acetylcysteine 
during Hemodialysis Reduces the Plasma Concentration of 

Homocysteine in Patients with End Stage Renal Disease. Clin Drug 
Invest. 2006; 26(4): 195–202.

23. Yuli H. Pengaruh Pemberian N-Asetilsistein Intravena terhadap 
Kadar Adma pada Pasien Penyakit Ginjal Kronik Stadium 5 Selama 
Tindakan Hemodialisis. SMF Penyakit Dalam, RSU Dr. Soetomo. 
2006.

24. Kielstein JT, Boger RH, Bode-Boger SM, et	al. sMarked increase 
of asymmetric dimethylarginine in patients with incipient primary 
chronic renal disease. J Am Soc Nephrol. 2002; 13: 170–176.

25. Yilmaz, et	al. ADMA Levels Correlate with Proteinuria, Secondary 
Amyloidosis, and Endothelial Dysfunction. J Am Soc Nephrol. 2008; 
19: 388–395.


	IJTID vol 1 no 3 Sep-Dec 2010.44.pdf
	IJTID vol 1 no 3 Sep-Dec 2010.45.pdf
	IJTID vol 1 no 3 Sep-Dec 2010.46.pdf
	IJTID vol 1 no 3 Sep-Dec 2010.47.pdf
	IJTID vol 1 no 3 Sep-Dec 2010.48.pdf

