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Abstract Numerous lines of evidence implicate a role of

myeloperoxidase (MPO) in the pathogenesis of cardio-

vascular disease (CVD). It is a well accepted fact that

patients with chronic kidney disease (CKD) are at an

increased risk for CVD. MPO is a pro-oxidant enzyme

which could be involved in the increased susceptibility of

these patients to CVD. Hence, the levels of plasma MPO

was determined in healthy controls as well as in patients

with CKD [stratified with the level of their kidney failure

as CKD stages II–V (end stage renal disease)]. Plasma

MPO was assayed by a spectrophotometric method. Serum

urea and creatinine were estimated on a clinical chemistry

analyzer using standard laboratory procedures. The mean

plasma MPO levels were significantly lower with advanc-

ing stages of renal failure (P \ 0.001). There was a posi-

tive correlation between MPO and GFR (r = ?0.89,

P \ 0.001) and a negative correlation with urea (r =

-0.85, P \ 0.001) and creatinine (r = -0.82, P \ 0.001).

While an inverse association was observed between plasma

MPO and urea in CKD patients, such an association was

not observed in control subjects (P = 0.43). In conclusion,

the decline in plasma MPO levels may be due to the

inhibitory effect of uraemic toxins on the enzyme.

Keywords Chronic kidney disease � MPO-hydrogen

peroxide–chloride system � Oxidative stress � Uraemic

toxins � Cardiovascular disease

Introduction

Myeloperoxidase (MPO) was traditionally considered to be

a bactericidal agent [1]. Recent investigations revealed a

crucial role of MPO in chronic, nonmicrobial inflammatory

processes such as neurodegenerative diseases and athero-

sclerosis [2]. MPO, a glycosylated, arginine-rich, extre-

mely basic protein (isoelectric point[10) [1] is comprised

of two subunits, encoded within a single mRNA. Two of

each subunits are assembled with heme molecules to pro-

duce the functional enzyme (donor: hydrogen peroxide,

oxidoreductase, EC 1.11.1.7). MPO is stored in primary

azurophilic granules of leukocytes and the enzyme

accounts for up to 5 and 1% of total cell protein content, in

neutrophilic polymorphonuclear leukocytes (neutrophils)

and monocytes, respectively [3].

The ability of MPO to generate hypochlorous acid/

hypochlorite (HOCl/OCl-) from hydrogen peroxide in the

presence of chloride ions is a unique and defining activity

for this enzyme [4]. The importance of MPO-catalyzed

oxidative reactions and formation of a variety of chlori-

nated protein and lipid adducts (with hypochlorous acid as

the major oxidant in causing tissue injury by phagocytic

cells) has been emphasized [5]. Furthermore, high levels of

MPO-mediated endothelial dysfunction may be an

important mechanistic link between oxidation, inflamma-

tion, and cardiovascular disease (CVD) [6]. An elevated

level of plasma MPO served as independent predictor of

increased risk of myocardial infarction [7]. However, the

role of MPO in chronic kidney disease (CKD) is poorly

understood, and not much data is available regarding the

variations of this enzyme in these patients. Hence, the

present study was undertaken to evaluate the MPO levels

in various stages of CKD including end stage renal dis-

ease (ESRD). It was speculated that raised levels of this
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enzyme might be one of the factors responsible for the

increased risk that these patients have for developing

CVD.

Materials and Methods

Subjects

The study was conducted on successive patients after

informed consent was obtained from them. It was approved

by the Institutional Human Ethics Committee. A total of

100 subjects (73 male and 27 female, aged 19–76 years)

were recruited for this study. Control subjects (n = 20) with

normal kidney function had GFR [90 ml/min/1.73 m2,

while CKD patients with stage II (n = 20) had GFR

between 60 and 89 ml/min/1.73 m2, stage III (n = 20) had

GFR between 30 and 59 ml/min/1.73 m2, stage IV had GFR

between 15 and 29 ml/min/1.73 m2 and stage V (ESRD)

had GFR \15 ml/min/1.73 m2 [8]. Patients suffering from

diabetes mellitus, diabetic nephropathy, and acute infec-

tions were excluded from the study.

Methodology

Samples of blood were collected from the patients using

vacutainers (BD, USA) containing clot activator for serum

and with fluoride–EDTA for plasma. The samples were

centrifuged for 15 min at 2000 rpm and stored at -20�C

until analysis. Serum creatinine was measured using an

automated Jaffe’s assay on the Olympus AU 400 (Olympus

Optical, Tokyo, Japan) analyzer according to the manu-

facturer’s procedure. Serum urea was estimated using

standard clinical chemistry procedure with Cobas Integra

400 plus auto analyzer, using Roche reagents.

GFR was calculated using the re-expressed four variable

MDRD formula [9].

GFR ¼ 175� standardized Scr �1:154 � age�0:203

� 1:212 (if black)� 0:742 ðif female):

Estimation of Plasma MPO

MPO activity was measured spectrophotometrically using

o-dianisidine (Sigma-Aldrich) and hydrogen peroxide [10].

In the presence of H2O2 as oxidizing agent, MPO catalyses

the oxidation of o-dianisidine yielding a brown coloured

product, oxidized o-dianisidine, with a maximum absor-

bance at 470 nm, according to the following overall

reaction:

2H2O2 þ o-dianisidine! oxidized dianisidineþ 4H2O:

One unit (U) of MPO activity was defined as that

degrading 1 lmol of hydrogen peroxide per minute at 25�C.

Statistical Analysis

All the values obtained are expressed as mean and SD.

Student’s t test was applied to assess the significance.

Pearson’s correlation coefficient was used to assess the

association between the parameters. A P value \ 0.05 was

considered to be significant.

Results

The results are shown in Tables 1, 2 and Figs. 1, 2a, b, 3a,

b. Table 1 shows mean and standard deviation of age, male

to female ratio, GFR, urea and creatinine of controls and

CKD patients.

The serum creatinine, urea levels in the control samples

varied from 0.58 to 0.81, 17 to 47 mg/dl and for the CKD

patients it varied from 0.73 to 10.25, 17 to 134 mg/dl.

The MPO levels in controls varied from 136.80 to

290.70 U/l and for the CKD patients it varied from 11.97 to

107.73 U/l.

The plasma MPO levels were significantly lower in

CKD when compared with the controls (P \ 0.05). When

the patients were segregated on the basis of the stages

of CKD, plasma MPO levels were found to fall steadily

with advancing renal failure. Also, statistically significant

Table 1 Age, sex, GFR and biochemical parameters in predialysis patients at various stages of CKD

Controls (n = 20) Stage II (n = 20) Stage III (n = 20) Stage IV (n = 20) Stage V (n = 20)

Age (years) 35 ± 5.4 40 ± 12.3 43 ± 12.7 52 ± 13.2 59 ± 11.4

Sex (male/female) 14/6 16/4 11/9 14/6 18/2

GFR (ml/min/1.73 m2) 113 ± 8.6 71 ± 8.8* 38 ± 6.3* 18 ± 3.1* 11 ± 2.4*

S. urea (mg/dl) 25 ± 5.3 33 ± 8.8** 48 ± 14.5** 71 ± 15.3* 111 ± 16.5*

S. creatinine (mg/dl) 0.73 ± 0.07 0.95 ± 0.12* 1.74 ± 0.29* 3.27 ± 0.58* 6.77 ± 1.82*

Plasma MPO(U/l) 217 ± 31.6 100 ± 5.6* 73 ± 9.1* 44 ± 8.8* 21 ± 6.16*

Values are Mean ± SD; * P \ 0.001 and ** P \ 0.01 (compared to controls)
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differences were found between each stage and its pre-

ceding one as indicated in the graph (Fig. 1).

There was a positive correlation between plasma MPO

and GFR (r = ?0.89, P \ 0.001) and a negative correla-

tion was observed between plasma MPO and SCr (r = -

0.82, P \ 0.001, Table 2). There was a significant negative

correlation between plasma MPO and urea, in CKD

patients (r = -0.85, P \ 0.001, Fig. 2b); while there was

no significant correlation in control subjects (Fig. 2a).

Similarly a significant negative correlation was observed

between plasma MPO and S. creatinine in CKD patients

(Fig 3b), while no such correlation was observed between

these two parameters in the controls (Fig 3a).

Discussion

To the best of our knowledge this is the first study which has

demonstrated that there is a progressive fall in mean plasma

MPO levels with advancing renal disease. MPO is an

enzyme which has been shown to play an important role in

the initiation and progression of atherosclerosis. Several

mechanisms by which elevated levels of MPO can promote

cardiovascular complications have been described [11].

Patients with CKD are at a higher risk for CVD [12].

Therefore this study was performed to determine MPO

activity in patients with CKD. However, results have shown

that plasma MPO levels are significantly lower in CKD
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Fig. 3 Regression analysis showing the relationship between plasma

MPO and serum creatinine, in controls (a) and CKD patients (b)

Table 2 Regression analyses between plasma MPO levels and GFR,

urea, creatinine values in CKD patients

S. no. r Value P value

1 Plasma MPO and GFR ?0.89 \0.001

2 Plasma MPO and urea -0.85 \0.001

3 Plasma MPO and SCr -0.82 \0.001

The correlation coefficients (r) were significant at the indicated

P value
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Fig. 1 Histogram showing the plasma MPO levels (U/l) in CKD

patients stratified with the level of their kidney failure in CKD stages

II–V (ESRD)
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Fig. 2 Regression analysis showing the relationship between plasma

MPO and serum urea, in controls (a) and CKD patients (b)
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patients as compared to controls. Thus there is a clear

indication that this enzyme does not have a role in the eti-

ology of cardiovascular complications in patients with

CKD.

Several studies have indicated that MPO serves as an

enzymatic source for bioactive lipids and its generated

adduct products have been shown to adversely affect the

protective capacity of high-density lipoprotein as well as to

induce endothelial dysfunction [13, 14]. Inflammation and

oxidative stress are known to induce endothelial dysfunc-

tion and the role of MPO remains controversial in these

patients. This study has demonstrated that in patients with

CKD the enzyme MPO does not have a significant role in

oxidative stress mediated endothelial dysfunction. Cape-

illere et al. [15] have also suggested that in uraemic

patients, plasma proteins could be directly oxidized by an

MPO independent mechanism and the generation of

advanced oxidation protein products occurs mainly via an

MPO independent pathway. These observations emphasize

the role of other agents in causing increased oxidative

stress-mediated endothelial dysfunction, which might ulti-

mately manifest in higher incidence of cardiovascular

complications in CKD.

The reasons for the fall in the levels of plasma MPO are

not known with certainty. However, it could be specu-

lated that this may be due to the uremic environment.

Cyanate (CNO-) is chemically similar to thiocyanate

(SCN-), a so-called pseudohalide, which can serve as

substrate for peroxidases such as lactoperoxidase, MPO

and eosinophil peroxidase yielding hypothiocyanous acid

(HOSCN) [16]. Dirnhuber and Schutz [17] reported that

under physiological conditions, cyanate (CNO-) forms

spontaneously in solutions containing urea, and is present

in urine and the body fluids of uraemic patients and reaches

equilibrium in the molar ratio of approximately 0.0075:1

(CNO--urea). Therefore it is possible that CNO- also may

act as a pseudohalide but that the product of an MPO–

CNO- reaction, if any, could be relatively impotent in

bacterial killing and/ or may directly inhibit MPO [18]. The

present study has also shown a significant negative corre-

lation between urea and MPO in CKD; while no significant

correlation was observed in the control subjects. Hence, it

could be speculated that the decline in MPO levels in CKD

patients might be due to the inhibitory action of uraemic

toxins, particularly CNO-, on this enzyme.

In conclusion, the study has shown that, plasma MPO

levels decline steadily as the CKD progresses, possibly due

to the inhibitory effect of uraemic toxins on the enzyme.

However, the precise inhibitory role of uraemic toxins such

as cyanate (CNO-) on MPO has to be investigated in

detail. This study further demonstrates that the enzyme

MPO cannot be invoked to account for the increased sus-

ceptibility to CVD of CKD patients.
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