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Changes in Plasma Concentrations of Hypoxanthine and 
Uric Acid Before and After Hemodialysis
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Introduction. Purine metabolites constitute a major class of uremic 
toxins, and reliable characterization of which helps nephrologists to 
choose the most appropriate treatment for the patients individually. 
In the present study, we assessed plasma concentrations of 
hypoxanthine and uric acid as purine metabolites in patients on 
maintenance hemodialysis, before and after a dialysis session.
Materials and Methods. A total of 20 patients on maintenance 
hemodialysis were enrolled in this study. All of the patients 
underwent a routine 4-hour dialysis, as scheduled 3 times per week. 
Polysulfone membranes and bicarbonate dialysis solution were 
used in all dialysis sessions. Blood specimens were taken from the 
arteriovenous fistula immediately before and after one hemodialysis 
session, in order to measure plasma concentrations of hypoxanthine 
and uric acid by high-performance liquid chromatography, and to 
compare the predialysis and postdialysis values.
Results. Before hemodialysis, the mean plasma hypoxanthine 
and uric acid concentrations were 18.93 ± 8.28 µmol/L and 
44.16 ± 22.88 µmol/L, respectively. After hemodialysis, these 
concentrations reduced to 13.68 ± 4.42 µmol/L and 15.61 ± 11.12 
µmol/L, respectively. Hypoxanthine concentration had a 27.7% 
decrease after hemodialysis (mean difference, 5.25 ± 6.24 µmol/L; 
95% confidence interval, 2.32 to 8.10; P < .001). Also, uric acid 
concentration decreased by 64.6% (mean difference, 28.55 ± 14.39 
µmol/L; 95% confidence interval, 21.81 to 32.28; P < .001).
Conclusions. Plasma concentrations of hypoxanthine and uric acid 
are higher than normal before hemodialysis, and they decrease 
significantly after hemodialysis; however, both of them may be 
still higher than normal values.
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INTRODUCTION
Uremic syndrome is the result of the retention 

of solutes, which are physiologically cleared 
by glomerular filtration. Some of the retained 
solutes are proven toxins. The identification, 
characterization, and analytical determination of 
toxins responsible for the adverse biological effects 
encountered in uremia and the knowledge of their 

pathophysiological role is crucial for prevention 
and treatment of uremia in patients with end-stage 
renal disease (ESRD). The information obtained 
from these analyses will make it possible to 
evaluate existing therapeutic approaches and to 
define new prognostic markers for the removal of 
uremic toxins, and more importantly, it will allow 
the design of new specific removal strategies or 
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other interventions to decrease and even normalize 
plasma levels of uremic toxins. 

Uric acid, xanthine, hypoxanthine, cytidine, and 
guanosine are the most important purine metabolites 
retained in uremia. The purine metabolites constitute 
a major class of uremic toxins, which can disturb 
vitamin D and calcitriol metabolization.1-4 These 
may also play a role in the immunodeficiency state 
of patients on hemodialysis.5 It is documented that 
poor appetite and weight loss are related to purine 
metabolites in patients with ESRD.6 Elimination of 
some purine metabolites by hemodialysis shows no 
correlation with classic retained solutes in uremia, 
such as urea and creatinine.7 It seems that acetate 
hemodialysis stimulates hypoxanthine production.8 
Furthermore, some studies suggest that hemodialysis 
with cuprophane dialysis membranes does not 
affect adenosine concentrations.8-19 These studies 
revealed that only plasma level of hypoxanthine 
decreased after hemodialysis. On the other hand, 
concentrations of some adenosine metabolites are 
reported to increase after hemodialysis.17-20

Reliable characterization of uremic toxins and 
determination of their levels help nephrologists to 
choose the most appropriate treatment for patients 
on hemodialysis. Therefore, in the present study we 
assessed the plasma concentration of hypoxanthine 
and uric acid as purine metabolites in patients 
who received maintenance hemodialysis before 
and after dialysis.

MATERIALS AND METHODS
We selected 24 patients with ESRD who were 

on chronic hemodialysis in our dialysis center. 
The study was approved by the Ethics Committee 
of Ahwaz Jondi Shapour University of Medical 
Sciences, and all patients gave written informed 
consent to participate in this study. Four patients 
had hypotension during the dialysis session and 
were excluded. Thus, we studied on 20 patients 
who were 12 men and 8 women with a mean age 
of 61.6 ± 9.9 years (range, 41 to 69 years). Their 
mean duration of maintenance hemodialysis was 
32.0 ± 18.0 months (range, 16 to 44 months). The 
causes of ESRD were diabetic nephropathy in 8 
patients, hypertensive nephropathy in 3, polycystic 
kidney disease in 2, unknown in 3, obstructive 
nephropathy in 3, and lupus nephritis in 1. All 
of the patients were on 4-hour dialysis sessions, 3 
times per week. Polysulfone dialysis membranes 

were used in all dialysis sessions, and the dialysis 
solution contained sodium, 133 mmol/L; potassium, 
1.0 mmol/L; magnesium, 0.5 mmol/L; calcium, 
1.5 mmol/L; chloride, 105.0 mmol/L; bicarbonate, 
35.7 mmol/L; and glucose, 5 mmol/L. Vascular 
access was either native radial arteriovenous 
fistula (n = 12) or graft polytetrafluoroethylene 
fistula (n = 8). 

Blood samples were taken from the arteriovenous 
fistula immediately before and 2 hours after a 
hemodialysis session. The samples were added 
to tubes containing 1.3 mol of perchloric acid at 
a volume equal to that of the added blood. The 
tubes were then centrifuged and the supernatants 
were neutralized with 3 M of NaH2PO4. Plasma 
concentrations of hypoxanthine and uric acid 
were measured by high-performance liquid 
chromatography, using an automated system 
on a 4 × 125-mm Eurosphere-100C18 column 
(Eurosphere 100 C18, Knauer, Berlin, Germany) 
and a detector (UV/Visable, Cecil Instruments, 
Cambridge, UK). Uric acid and hypoxanthine 
were both from Sigma Chemical Co (St Louis, 
Missouri, USA). The reference ranges for uric 
acid were 15 µmol/L to 33 µmol/L for women 
and 18 µmol/L to 41 µmol/L for men. Sample 
injection, data analysis, and producing standard 
curves were tested and adjusted according to the 
instructions.21 Calibration curves were prepared 
by treating the standard mixtures in the same way 
as plasma samples. Calibration curves suitable 
for the analysis of plasma were linear (r2 > 0.95) 
with limits of detection from 10 ng/mL to 100 ng/
mL. Both intraday and interday relative standard 
deviations were lower than 10%. 

The results were analyzed using Data Control 
statistical package (Cecil Inc, Ohio, USA). Data on 
continuous variables were summarized as the mean 
± standard deviation. Predialysis and postdialysis 
values were assessed using the Wilcoxon signed 
rank test for continuous paired variables. A value 
of P less than .05 was considered significant. 

RESULTS
Twenty patients were enrolled in this study and 

their blood samples were taken before and after 
a 4-hour dialysis session. The mean Kt/V was  
1.13 ± 0.11 (range, 1.0 to 1.22). Before hemodialysis, 
the mean serum creatinine level was 4.66 ± 0.52 
mg/dL (range, 3.9 mg/dL to 5.4 mg/dL), and the 
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mean blood urea nitrogen level was 98.0 ± 22.4 
mg/dL (range, 70 mg/dL to 126 mg/dL). 

Table 1 represents hypoxanthine and uric acid 
concentrations in plasma of the patients before 
and after hemodialysis. 

Plasma hypoxanthine concentration significantly 
reduced after hemodialysis (27.7% on average; 
mean dif ference,  5 .25 ± 6 .24 µmol/L;  95% 
confidence interval, 2.32 to 8.10; P < .001). Also, 
uric acid concentration decreased significantly after 
hemodialysis (64.6% on average; mean difference, 
28.55 ± 14.39 µmol/L; 95% confidence interval, 21.81 
to 32.28; P < .001). Before hemodialysis, uric acid 
and hypoxanthine levels were within normal values 
in 1 patient. Two hours after hemodialysis, uric 
acid and hypoxanthine levels were still higher than 
normal values in 3 and 2 patients, respectively. 

In the chromatographic peaks dimensions, 
some of the metabolites changed in concentration 
before and after hemodialysis. Changes in uric 
acid and hypoxanthine concentrations which 
were identified and quantified could also be 
clearly seen. Furthermore, some compounds were 
observed by our chromatographic method, which 
were unknown.

DISCUSSION
Purine nucleotide metabolism changes in 

chronic kidney disease. Purine metabolites are 
retained in patients with ESRD and lead to some 
uremic symptoms. To better understand the role 
of hemodialysis on purine metabolites in patients 
with ESRD, we assessed the plasma concentration 
of both hypoxanthine and uric acid before and after 
hemodialysis. Significant decreases in plasma levels 
of hypoxanthine and uric acid were documented 
after hemodialysis.

Phosphorilation of adenosine into adenine is 
the first step of purine degradation in human. 
Adenine is deaminated rapidly into inosine, which 
is converted to hypoxanthine. Then, hypoxanthine 
is converted to xanthine by xanthine oxidase. 
Finally, xanthine is metabolized to uric acid, the 
final product of purine degradation in humans. 

Uric acid, xanthine, and hypoxanthine are the 
most important purine metabolites retained in 
uremia. Xanthine and hypoxanthine have been 
implicated as modulators of neurotransmission 
and may be related to poor appetite and weight 
loss.6 Both xanthine and hypoxanthine induce 
vasoconstriction and disturb endothelial barriers.22,23 
Xanthine also acts as a substrate for xanthine 
oxidase and enhances superoxide generation, which 
plays a major role in microvascular dysfunction 
and exerts direct tissue damage, leading to lipid 
peroxidation. A study by Linas and coworkers 
found that xanthine oxidase depletion improved 
kidney function after reperfusion.24 Also, plasma 
concentrations of xanthine and hypoxanthine are 
connected with delayed graft function in kidney 
transplant recipients.25 

Uric acid is a small water-soluble compound 
that is removed by hemodialysis from plasma in 
a similar way as urea, but its removal from the 
intracellular compartment is by far not as efficient 
as that of urea.26,27 Epidemiologic studies have 
also found that hyperuricemia is an independent 
risk factor of kidney dysfunction in the general 
population, as well as patients with hypertension, 
diabetes mellitus, and chronic kidney disease.28-31 
In addition, hyperuricemia has been found to 
accelerate kidney disease in the remnant kidney 
model and to accelerate experimental cyclosporine 
nephropathy.32,33 The importance of these pathways 
is suggested by a recent prospective study, in 
which lowering uric acid in individuals with 
hyperuricemia and kidney dysfunction was 
associated with improved blood pressure control 
and slower progression of kidney disease.34 It 
should also be noted that uric acid may contribute 
to vascular disease.35

We found high concentrations of hypoxanthine 
and uric acid in plasma of patients with ESRD 
before hemodialysis, which was in agreement with 
findings of the previous reports.8,9 In our patients, 
the concentrations of plasma hypoxanthine and uric 
acid decreased significantly after hemodialysis. 
However, their concentrations were higher than 

Electrolyte Before hemodialysis After Hemodialysis P
Hypoxanthine, µmol/L 18.93 ± 8.28 (16.9 to 19.6) 13.68 ± 4.42 (10.4 to 15.3) < .001
Uric acid, µmol/L 44.16 ± 22.88 (37.1 to 49.1) 15.61 ± 11.12 (14.0 to 17.9) < .001

Plasma Hypoxanthine and Uric Acid Concentrations in Plasma of Patients on Hemodialysis
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normal after hemodialysis, in spite of relatively 
high uric acid and hypoxanthine removal. Bullo 
and associates found the same results.8 They 
reported that in spite of twofold decrement, blood 
concentration of hypoxanthine was higher than 
normal even after 24 hours of hemodialysis. In 
contrast to their patient, however, our patients 
were on dialysis by bicarbonate dialysis solution. 
In another study, Bober and coworkers reported 
that purine metabolites decreased significantly 
after hemodialysis in patients who were on dialysis 
with dialysis solutions either containing or not 
containing glucose. They showed that glucose-
containing dialysis solutions could influence in the 
decrement of purine metabolites after hemodialysis.9 
Tekkanat and colleagues showed that purine 
metabolites increased after hemodialysis with 
acetate dialysate.10 In accordance with these studies, 
we found that purine metabolites concentrations 
were higher than normal both before and after 
hemodialysis. This observation could be due to 
either incomplete hypoxanthine and uric acid 
clearance by hemodialysis or the stimulated 
endogenous synthesis or impaired degradation 
during a hemodialysis session. 

High plasma levels of hypoxanthine and uric acid 
even after hemodialysis could also be explained by 
occurrence of ischemic events during hemodialysis. 
Ischemic events during hemodialysis enhance 
adenine nucleotide degradation, which lead to 
adenosine triphosphate hydrolysis, anaerobic 
glycolysis, progressive reduction of the iron-sulfur 
proteins associated with nicotinamide adenine 
dinucleotide dehydrogenase, and proteolytic 
conversion of xanthine dehydrogenase to xanthine 
oxidase.13-15 All together, these mechanisms cause 
adenosine triphosphate degradation and increase 
hypoxanthine and uric acid production during 
ischemia. The influence of ischemic events on 
adenosine triphosphate degradation has been 
documented in conditions other than hemodialysis, 
as well. Woolliscroft and colleagues demonstrated 
that urine oxypurine-creatinine ratio increased 
after hypotensive events in patients with chronic 
heart failure, liver diseases, etc.16 

Intradialytic hypotension is one of the most 
prominent features of ischemic events in patients 
with ESRD during hemodialysis. Shinzato and 
coworkers assessed the plasma level of purine 
metabolites in patients on hemodialysis during 

intradialyt ic  hypotension episodes.17 They 
showed that purine metabolites increased during 
hypotension. They showed also that caffeine as an 
adenosine antagonist could attenuate intradialytic 
hypotension episodes. Likewise, Imai and associates 
showed that FK352, a selective A1 antagonist, 
improved intradialytic hypotension.18 These clinical 
studies showed that adenosine and its metabolites 
incorporate in hemodialysis complications. 

CONCLUSIONS
We conclude that plasma concentration of 

hypoxanthine and uric acid are higher than normal 
before hemodialysis in patients with ESRD and 
their plasma levels decrease significantly after 
hemodialysis, but they are still higher than normal 
values. 

CONFLICT OF INTERETST 
None declared.

REFERENCES
1.	 Vanholder R, Argiles A, Baurmeister U, et al. Uremic 

toxicity: present state of the art. Int J Artif Organs. 
2001;24:695-725.

2.	 Vanholder R, De Smet R, Glorieux G, et al. Review 
on uremic toxins: classification, concentration, and 
interindividual variability. Kidney Int. 2003;63:1934-43.

3.	 Heinig M, Johnson RJ. Role of uric acid in hypertension, 
renal disease, and metabolic syndrome. Cleve Clin J Med. 
2006;73:1059-64.

4.	 Hsu CH, Patel SR, Young EW, Vanholder R. Effects of 
purine derivatives on calcitriol metabolism in rats. Am J 
Physiol. 1991;260:F596-601.

5.	 Sampol J, Dussol B, Fenouillet E, et al. High adenosine 
and deoxyadenosine concentrations in mononuclear 
cells of hemodialyzed patients. J Am Soc Nephrol. 
2001;12:1721-8.

6.	 Simmonds HA, Cameron JS, Morris GS, Fairbanks LD, 
Davies PM. Purine metabolites in uraemia. Adv Exp Med 
Biol. 1987;223:73-80.

7.	 Vanholder RC, De Smet RV, Ringoir SM. Assessment 
of urea and other uremic markers for quantification of 
dialysis efficacy. Clin Chem. 1992;38:1429-36.

8.	 Bullo B, Marlewski M, Smolenski RT, Rutkowski B, 
Swierczynski J, Manitius J. Erythrocyte nucleotides and 
blood hypoxanthine in patients with uremia evaluated 
immediately and 24 hours after hemodialysis. Ren Fail. 
1996;18:247-52.

9.	 Bober J, Kedzierska K, Safranow K, et al. Influence of 
glucose in dialyzing fluid on purine concentrations in 
hemodialyzed patients with chronic renal failure. Nephron 
Clin Pract. 2003;95:c31-6.

10.	Tekkanat KK, Port FK, Schmaltz S, Chen T, Fox IH. 
Excessive ATP degradation during hemodialysis against 



Hypoxanthine and Uric Acid in Patients on Hemodialysis—Shahbazian et al

155Iranian Journal of Kidney Diseases | Volume 3 | Number 3 | July 2009

sodium acetate. J Lab Clin Med. 1988;112:686-93.

11.	 Heinig M, Johnson RJ. Role of uric acid in hypertension, 
renal disease, and metabolic syndrome. Cleve Clin J Med. 
2006;73:1059-64.

12.	Rutkowski B, Swierczynski J, Slominska E, et al. 
Disturbances of purine nucleotide metabolism in uremia. 
Semin Nephrol. 2004;24:479-83.

13.	Smolenski RT, Skladanowski AC, Perko M, Zydowo MM. 
Adenylate degradation products release from the human 
myocardium during open heart surgery. Clin Chim Acta. 
1989;182:63-73.

14.	Arduini A, Mezzetti A, Porreca E, et al. Effect of ischemia 
and reperfusion on antioxidant enzymes and mitochondrial 
inner membrane proteins in perfused rat heart. Biochim 
Biophys Acta. 1988;970:113-21.

15.	Kurokawa T, Kobayashi H, Nonami T, Harada A, Nakao 
A, Takagi H. Mitochondrial glutathione redox and energy 
producing function during liver ischemia and reperfusion. J 
Surg Res. 1996;66:1-5.

16.	Woolliscroft JO, Fox IH. Increased body fluid purine levels 
during hypotensive events. Evidence for ATP degradation. 
Am J Med. 1986;81:472-8.

17.	Shinzato T, Miwa M, Nakai S, et al. Role of adenosine 
in dialysis-induced hypotension. J Am Soc Nephrol. 
1994;4:1987-94.

18.	 Imai E, Fujii M, Kohno Y, et al. Adenosine A1 receptor 
antagonist improves intradialytic hypotension. Kidney Int. 
2006;69:877-83.

19.	Bullo B, Marlewski M, Manitius J, Smolenski RT, 
Rutkowski B. [The levels of adenine nucleotides 
and hypoxanthine in blood of patients on long-term 
hemodialysis using dialysis fluid containing acetate or 
bicarbonate]. Przegl Lek. 1997;54:3-5. Polish.

20.	Guieu R, Brunet P, Sampol J, et al. Adenosine and 
hemodialysis in humans. J Investig Med. 2001;49:56-67.

21.	Smolenski RT, Lachno DR, Ledingham SJ, Yacoub MH. 
Determination of sixteen nucleotides, nucleosides and 
bases using high-performance liquid chromatography and 
its application to the study of purine metabolism in hearts 
for transplantation. J Chromatogr. 1990;527:414-20.

22.	Yang BC, Khan S, Mehta JL. Blockade of platelet-
mediated relaxation in rat aortic rings exposed 
to xanthine-xanthine oxidase. Am J Physiol. 
1994;266:H2212-9.

23.	Berman RS, Martin W. Arterial endothelial barrier 
dysfunction: actions of homocysteine and the 
hypoxanthine-xanthine oxidase free radical generating 
system. Br J Pharmacol. 1993;108:920-6.

24.	Linas SL, Whittenburg D, Repine JE. Role of xanthine 
oxidase in ischemia/reperfusion injury. Am J Physiol. 
1990;258:F711-6.

25.	Shahbazian H, Mombini H, Zand Moghaddam A, 

Jasemi M, Hosseini MA, Vaziri P. Changes in plasma 
concentrations of hypoxanthine and xanthine in renal vein 
as an index of delayed kidney allograft function. Urol J. 
2006;3:225-9.

26.	Vanholder RC, De Smet RV, Ringoir SM. Assessment 
of urea and other uremic markers for quantification of 
dialysis efficacy. Clin Chem. 1992;38:1429-36.

27.	Langsdorf LJ, Zydney AL. Effect of uremia on the 
membrane transport characteristics of red blood cells. 
Blood. 1993;81:820-7.

28.	 Iseki K, Oshiro S, Tozawa M, Iseki C, Ikemiya Y, Takishita 
S. Significance of hyperuricemia on the early detection of 
renal failure in a cohort of screened subjects. Hypertens 
Res. 2001;24:691-7.

29.	Segura J, Campo C, Ruilope LM. How relevant and 
frequent is the presence of mild renal insufficiency in 
essential hypertension? J Clin Hypertens (Greenwich). 
2002;4:332-6.

30.	Tseng CH. Correlation of uric acid and urinary albumin 
excretion rate in patients with type 2 diabetes mellitus in 
Taiwan. Kidney Int. 2005;68:796-801.

31.	Ohno I, Hosoya T, Gomi H, Ichida K, Okabe H, Hikita M. 
Serum uric acid and renal prognosis in patients with IgA 
nephropathy. Nephron. 2001;87:333-9.

32.	Kang DH, Nakagawa T, Feng L, et al. A role for uric acid 
in the progression of renal disease. J Am Soc Nephrol. 
2002;13:2888-97.

33.	Mazzali M, Kim YG, Suga S, et al. Hyperuricemia 
exacerbates chronic cyclosporine nephropathy. 
Transplantation. 2001;71:900-5.

34.	Siu YP, Leung KT, Tong MK, Kwan TH. Use of allopurinol 
in slowing the progression of renal disease through its 
ability to lower serum uric acid level. Am J Kidney Dis. 
2006;47:51-9.

35.	 Ioachimescu AG, Brennan DM, Hoar BM, Kashyap SR, 
Hoogwerf BJ. Serum uric acid, mortality and glucose 
control in patients with Type 2 diabetes mellitus: a PreCIS 
database study. Diabet Med. 2007;24:1369-74.

Correspondence to:
Heshmatollah Shahbazian, MD
Division of Nephrology, Dialysis and Kidney Transplantation, 
Golestan Hospital, Ahwaz, Iran. Postal code: 61355-173

Tel: +98 611 338 6258
Fax: +98 611 334 3964
E-mail: shahbazian_he@yahoo.com

Received January 2009
Revised April 2009
Accepted April 2009


