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Abstract

Background: Myeloperoxidase (MPO) is a heme enzyme which is the major protein in neutrophils and, to a
lesser extent, in monocytes. MPO uses H,0, to generate HOCI that is a potent bactericidal agent, generating
reactive oxygen species (ROS). MPO plays an essential part in the innate immune system by catalyzing the
production of HOCI. However, MPO has also been implicated as a very harmful agent in an increasing number
of inflammatory-mediated disorders
Aim: The aim of this study was to evaluate the relationship between MPO with albumin creatinine ratio and to
explore possible correlation with HbAlc and Insulin resistance in type 2 diabetic patients.

Materials and methods: Sixty type 2 diabetic patients in the age group of 35 to 60 years were selected for this
study and 30 age matched healthy individuals were selected as a control group. Serum MPO and Insulin levels
were assessed by ELISA method and microalbumin by turbilatex method.

Results: The Serum MPO levels were significantly higher in the normoalbuminuric group with diabetes than in
the control group, and significantly increased in microalbuminuric patients compared to normoalbuminuric
patients. The serum MPO levels were positively correlated with the albumin creatinine ratio (ACR), glycated
hemoglobin (HbA1C) and insulin resistance.

Conclusion: The serum MPO levels were associated with ACR, HbAlc and Insulin resistance in type 2 diabetic
patients and increased levels in normoalbuminuric patients indicates that it could be useful to assess the
vascular dysfunction in T2DM patients.
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I. Introduction

Type 2 diabetes mellitus (T2DM) is a disease that affects more than 415 million people around the
world. In 2040, there will be more than 642 million people with diabetes worldwide [1]. Micro vascular
complications are common in type 2 diabetes includes retinopathy leading to various degrees of visual
impairment including blindness and has become a major cause of blindness throughout the world [2-4];
neuropathy, leading to pain and numbness, chronic and recurrent infected ulcers in the extremities which can
lead to amputation; and nephropathy characterized by proteinuria ultimately leading to end stage renal disease
[5-6]. Microalbuminuria is the gold standard for detection and prediction of diabetic kidney disease in clinical
practice. At the same time, microalbuminuria represents a marker of the generalized endothelial dysfunction
present in DM, linking renal involvement with cardiovascular and cerebral impairment [7, 8]. However, many
patients, who were normoalbuminuric and just recently had positive test for microalbuminuria, have advanced
renal histopathological changes, decreased glomerular filtration rate (GFR) and progressive loss of kidney
function [9,10].So, it is necessary to develop more sensitive markers rather than microalbumin for detecting the
early stage of nephropathy and as well as cardiovascular complications in diabetic patients.

Hyperglycemia frequently induces endothelial dysfunction in diabetic patients. The severity of type 2
diabetic complications normally correlates with plasma glucose levels, and the inflammation provoked by their
deregulation can contribute to insulin resistance [11]. It has been suggested that myeloperoxidase (MPO), a
heme protein derived from leukocytes, plays a key role in leukocyte-mediated vascular injury responses in
inflammatory cardiovascular disease (CVD). MPO is released from activated leukocytes at inflammatory sites,
generating reactive oxygen species (ROS). However, the antimicrobial activity of MPO can also produce
oxidative damage in the endothelium and vessel wall; thus, promoting CVD and clinical complications [12].
Therefore, present study was carried out to evaluate the relationship between MPO with albumin creatinine ratio
and to explore possible correlation with HbAlc, homeostasis model assessment-estimated insulin resistance
(HOMA-IR) in type 2 diabetic patients.
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I1. Materials and Methods

The study groups comprised of 60 type 2 diabetic patients of both sexes, aged between 35-60 years on
oral hypoglycemic drugs, attending diabetic out-patient department of NIMRA institute of medical sciences,
Jupudi, Andhra Pradesh, India, were selected for our study. We excluded the patients based on the following
criteria: patients on insulin, hypertension, smokers, alcoholics, tobacco chewers, abnormal urinary sediment,
urinary tract infection, history of other renal disease and active or chronic persistent infection or inflammatory
disorders, neoplastic disorders, uncontrolled thyroid disorders, severe liver dysfunction, history of acute
myocardial infarction, stroke, and occlusive peripheral vascular disease. The included diabetic patients were
categorized into two groups according to urinary albumin creatinine ratio (ACR). Groups were divided as
follows: 30 patients with normoalbuminuria (< 30 mg/g creatinine), 30 patients with microalbuminuria (30—-299
mg/g creatinine). Thirty healthy age, sex matched subjects were selected as a controls. The informed consent
was obtained from all the study subjects and the study was approved by the Institutional Human Ethics
Committee (IHEC). Experiments were done in accordance with Helsinki declaration of 1975.

Biochemical analysis:

A random spot urine and fasting blood samples were obtained from the subjects immediately after
enrolment. Blood samples were centrifuged at 2000xg for 10 min. Samples were analyzed for fasting blood
glucose, lipid Profile(Total Cholesterol, HDL, Triglycerides), by using Auto analyzer. HbA1C estimated by lon
exchange resin method and Myeloperoxidase, Insulin assessed by ELISA and the 2 hour post prandial venous
blood sample collected for plasma glucose (PPG) analysis. Homeostasis model assessment for insulin resistance
evaluation (HOMA-IR) was calculated using the equation: fasting plasma insulin x glucose/22.5 [13]. Urine
samples were analyzed for microalbumin, creatinine by using auto analyzer.

Statistical analysis:

Statistical analyses were carried out with SPSS 20.0. Values were expressed as mean + standard
deviation, p value < 0.05 was considered statistically significant. Normally distributed data were analyzed by
using one-way ANOVA. The Pearson correlation test was used for correlation analysis.

1. Results
Table 1: Baseline data of controls, normoalbuminuric and microalbuminuric type 2 diabetic patients

Parameters Controls (n=30) No.rr?g?\l/lbtjnr?s%l;”c M'.:E;%all/? lzrrgglg)rlc
Age 45.7+3.9 46.1+6.7 48.1+4.4
Body mass index (BMI) 25.3+1.9 26.9£3.6% 26.5£3.5 %
Waist/Hip ratio 0.91+0.03 0.92+0.06 0.92+0.04
Systolic BP(mmHg) 112.946.8 124 5+13 5% 129.6+125%
Diastolic BP (mm Hg) 74.145.4 78.7£75% 78.5+6.6%

a - Controls vs Normoalbuminuria T 2DM, Microalbuminuria T2DM

b -Normoalbuminuria T 2DM vs Microalbuminuria T 2 DM

* pvalue <0.001, # p value <0.05

Data are expressed as mean +SD, p<0.05 was considered statistically significant.

Table 2: Clinical data of controls, normoalbuminuric and microalbuminuric type 2 diabetic patients

Parameters Controls (n=30) NO;?B?\I/FEJ”?%[;”C M'%%all/? L(j?:'gg)”c
Urine albumin Creatl_nl_ne ratio 19.442 1 2384347 140.1412.7 %"
(mg/gm. of creatinine)
FPG(mg/dl) 82.745.1 123.9+195 148.8+185%"
PPG(mg/dl) 107.4+10.3 168.7+20.9% 203.4+42.4% %
HbALC 5.4+0.5 7.3:0.8% 8.240.9%" %
Serum cholesterol (mg/dl) 168.418.6 186.7+25.6 % 194.9422.7%
Serum Triglycerides (mg/dI) 96.7+7.6 123.5+48.1% 140.2+35%
HDL cholesterol (mg/dl) 431422 40.0+3.6" 385+2.4%
LDL cholesterol (mg/dl) 105.9+8.7 122.0+205% 128.3+22.2%
Insulin (UIU/mL) 6.620.6 10.3+3.6% 1424347
HOMA-IR 1.3620.15 3.2£1.2% 49+155 "
Serum Myeloperoxidase (pg/ml) 154.5+13.6 237.1+21.4% 325.7429.5%""

a - Controls vs Normoalbuminuria T 2DM, Microalbuminuria T2DM

b -Normoalbuminuria T 2DM vs Microalbuminuria T 2 DM

* p value <0.001, # p value <0.05

Data are expressed as mean £SD, p<0.05 was considered statistically significant
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Table 3: Correlation between Myeloperoxidase &measured parameters in type 2 diabetic patients

Parameters Correlation Coefficient(r)
Albumin Creatinine Ratio 0.523**
FPG 0.486**
PPG 0.420**

HbA1C 0.487**
HOMA-IR 0.573**
Cholesterol 0.282*

TGL 0.342**
HDL -0.298*
LDL 0.353**

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).

Table 4: Correlation between ACR &measured parameters in type 2 diabetic patients

Parameters Correlation Coefficient(r)
FPG 0.282*
PPBS 0.345**

HbA1C 0.273*
HOMA-IR 0.573*
Cholesterol 0.285*

TGL 0.211
HDL -0.293*
LDL 0.331**

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).

Table 5: Correlation between HbAlc &measured parameters in type 2 diabetic patients

Parameters Correlation Coefficient(r)
FPG 0.298*
PPG 0.323**
Cholesterol 0.298*
TGL 0.198
HDL -0.173
LDL 0.231

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).

Table 6: Correlation between HOMA- IR &measured parameters in type 2 diabetic patients

Parameters Correlation Coefficient(r)
FPG 0.483**
PPG 0.321**
Cholesterol 0.289*
TGL 0.301*
HDL -0.294*
LDL 0.368**

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).

V. Discussion

Type 2 diabetes mellitus is associated with oxidative stress and microvascular dysfunction. Although
endothelial dysfunction and endothelial/leukocyte interactions are key features of diabetes and are thought to be
a major cause of diabetes-associated vascular complications, the underlying molecular mechanisms remain
unclear [14,15]. In the present study, we observed that serum myeloperoxidase levels were significantly
increased in type 2 diabetic patients and also positively correlated with ACR indicating its relevance for
diagnosis of vascular dysfunction. MPO levels were significantly increased in normoalbuminuric type 2
diabetics when compared with controls, even before the appearance of microalbuminuric state suggests that it
could be useful as vascular dysfunction marker. MPO is most abundantly present in azurophilic granules of
neutrophils, followed by monocytes and some macrophage subpopulations including resident tissue
macrophages such as peritoneal macrophages, microglia, and Kupffer cells [16]. MPO catalyzes the reaction of
hydrogen peroxide (H,0,), formed by dismutation of O2-—, and halide and pseudohalide ions (Cl—, Br—, and
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SCN-) to the corresponding hypohalous acids (hypochlorous acid, HOCI; hypobromous acid, HOBr; and
hypothiocyanous acid, HOSCN) [17] and formation of other reactive intermediates such as reactive nitrogen
species and tyrosyl radicals. Oxidants produced by MPO are microbicidal factors and play an important role in
innate immune response defending the body against bacteria, parasites, viruses, and other agents [18]. However,
HOCI and other MPO-derived oxidants participate as mediators of oxidative damage to biomolecules, including
proteins, nucleic acids, lipids, and carbohydrates, thus damaging the host tissue. In that way they may initiate
and contribute to the development of atherosclerosis, endothelial dysfunction [19].

MPO levels showed strong positive correlation with HbA1C, HOMA-IR, FPG ,PPG, cholesterol ,
LDL and also negative correlation was observed between HDL cholesterol. Chronic high concentrations of
glucose and dyslipidemias cause oxidative stress and  along with proinflammatory mediators may impair
insulin signaling, initiates insulin resistance [20-22]. MPO protein abundantly expressed in polymorphonuclear
neutrophils (PMNSs) and monocytes, is also a catalyst of 3-nitrotyrosine (NO,Tyr) formation via nitrite oxidation
to the potent nitrating species nitrogen dioxide (*NO,) [23-26]. In addition, MPO is considered a general index
of inflammation, with increased tissue MPO activity thought to reflect neutrophil and monocyte extravasation.
Importantly, there is often increased free MPO observed in the plasma of patients during inflammatory
conditions [27, 28]. Thus, the intraluminal release of this highly cationic protein may facilitate electrostatic
interactions with the negatively charged endothelial plasma membrane, thereby favoring neutrophil-independent
binding of MPO with the vascular intima [29, 30]. Independently, the endothelium and the subendothelial space
have been identified as a predominant site for NO2Tyr formation during tissue inflammatory reactions [31-33].
So, we are suggesting that MPO may catalyzes the oxidative protein modification and pathogenic constituent in
diabetic endothelial dysfunction and it could be useful marker to assess the vascular dysfunction in T2DM
patients. Further studies are needed to confirm it.

References

[1]. International Diabetes Foundation. IDF Diabetes Atlas: 2015; 7 th edition: 1-144.

[2]. Shaw JE, Sicree RA, Zimmet PZ. Global estimation of the prevalence of diabetes for 2030. Diabetes Res Clin Pract. 2010;87(1):4-
14.

[3]. Lee ET, Keen H, Bennett PH, Fuller JH, Lu M. Follow up of the WHO multinational study of vascular disease in Diabetes: General
description and morbidity. Diabetologia. 2001;44(2):S3-13.

[4]. Vishwanath K, McGavin DD. Diabetic retinopathy: clinical findings and management. Community Eye Health. 2003;16:21-24.

[5] Turner RC, Holman RR. Lessons from UKPDS Diabetes. Res Clin Pract. 1995;28(7):S151-157.

[6]. Ahmedani MY, Hydrie MZ, Igbal A, Gul A, Mirza WB, Basit A. Prevalence of microalbuminuria in type 2 diabetic patients in
Karachi: Pakistan: a multi-center study. J Pak Med Assoc. 2005;55(9):382-386.

[7]. Gluhovschi C, Gluhovschi G, Petrica L, Timar R, Velciov S, lonita I, Kaycsa A, Timar B.Urinary Biomarkers in the Assessment of
Early Diabetic Nephropathy. J Diabetes Res. 2016; 4626125:1-13.
[8]. Caramori ML, Fioretto P, Mauer M. The need for early predictors of diabetic nephropathy risk:is aloumin excretion rate sufficient?

Diabetes. 2000; 49:1399-1408.

[9]. Yokoyama H, Kanno S, Takahashi S, et al. Determinants of decline in glomerular filtration rate in nonproteinuric subjects with or
without diabetes and hypertension. Clin J Am Soc Nephrol.2009; 4(9):1432-1440.

[10]. Caramori ML, Fioretto P, Mauer M. Low glomerular filtration rate in normoalbuminuric type 1 diabetic patients: an indicator of
more advanced glomerular lesions. Diabetes. 2003; 52(4):1036-1040.

[11]. Hink U. Li H. Mollnau H. Oelze M. Matheis E. Hartmann M. Skatchkov M. Thaiss F. Stahl RA. Warnholtz A. Meinertz T.
Griendling K. Harrison DG. Forstermann U. Munzel T. Mechanisms underlying endothelial dysfunction in diabetes mellitus. Circ
Res. 2001;88:E14-E22.

[12]. Zhang C. Yang J. Jennings LK. Leukocyte-derived myeloperoxidase amplifies high-glucose induced endothelial dysfunction
through interaction with high-glucose stimulated, vascular non leukocyte-derived reactive oxygen species. Diabetes. 2004;53:2950-
2959.

[13]. Matthews D.R., Hosker J.P., Rudenski A.S. Homeostasis model assessment: Insulin resistance and beta cell function from fasting
plasma glucose and insulin concentrations in man. Diabetologia. 1985;13:412-419.

[14]. Hernandez-Mijares A. Rocha M. Apostolova N. Borras C. Jover A. Bafiuls C. Sola E. Victor VM. Mitochondrial complex |
impairment in leukocytes from type 2 diabetic patients. Free Radic Biol Med. 2011;50:1215-1221.

[15].  Hernandez-Mijares A. Rocha M. Rovira-Llopis S. Bafiuls C. Bellod L. de Pablo C. Alvarez A. Roldan-Rorres I. Sola-1zquierdo E.
Victor VM. Human leukocyte/endothelial cell interactions and mitochondrial dysfunction in type 2 diabetic patients and their
association with silent myocardial ischemia. Diabetes Care. 2013; 36(6): 1695-1702.

[16].  Odobasic D, Kitching A. R, Holdsworth S. R. Neutrophil-mediated regulation of innate and adaptive immunity: the role of
myeloperoxidase. Journal of Immunology Research. 2016;2016:11. J Immunol Res. 2016;2349817:1-11.

[17]. Rayner B. S, Love D. T, Hawkins C. L. Comparative reactivity of myeloperoxidase-derived oxidants with mammalian cells. Free
Radical Biology and Medicine. 2014;71:240-255.

[18]. Mayadas T. N., Cullere X., Lowell C. A. The multifaceted functions of neutrophils. Annual Review of Pathology: Mechanisms of
Disease. 2014;9:181-218.

[19]. Rees M. D, Dang L, Thai T., Owen D. M., Malle E, Thomas S. R. Targeted subendothelial matrix oxidation by myeloperoxidase
triggers myosin 1l-dependent de-adhesion and alters signaling in endothelial cells. Free Radical Biology and Medicine.
2012;53(12):2344-2356.

[20]. Olza J, Aguilera CM, Gil-Campos M, Leis R, Bueno G, Martinez-Jiménez MD, Valle M, Cafiete R, Tojo R, Moreno LA, Gil A.
Myeloperoxidase is an early biomarker of inflammation and cardiovascular risk in prepubertal obese children.Diabetes Care. 2012;
35(11):2373-6.

[21]. Evans JL, Goldfine ID, Maddux BA, Grodsky GM.Oxidative stress and stress-activated signaling pathways: a unifying hypothesis
of type 2 diabetes. Endocr Rev. 2002; 23(5):599-622.

DOI: 10.9790/0853-1603083034 www.iosrjournals.org 33| Page



Myeloperoxidase levels predicts the vascular dysfunction in patients with Type 2 Diabetes Mellitus

[22].

[23].
[24].

[25].

[26].

[271.

[28].
[29].

[30].

[31].
[32].

[33].

Zengi A, Ercan G, Caglayan O, Tamsel S, Karadeniz M, Simsir I, Harman E, Kahraman C, Orman M, Cetinkalp S, Ozgen G.
Increased oxidative DNA damage in lean normoglycemic offspring of type 2 diabetic patients. Exp Clin Endocrinol Diabetes. 2011;
119(8):467-71.

Eiserich JP, Hristova M, Cross CE, Jones AD, Freeman BA, Halliwell B, van der Vliet A. Formation of nitric oxide-derived
inflammatory oxidants by myeloperoxidase in neutrophils. Nature. 1998;391:393-397.

van der Vliet A, Eiserich JP, Halliwell B, Cross CE. Formation of reactive nitrogen species during peroxidase-catalyzed oxidation
of nitrite. A potential additional mechanism of nitric oxide-dependent toxicity. J Biol Chem. 1997;272:7617-7625.

Hazen SL, Zhang R, Shen Z, Wu W, Podrez EA, MacPherson JC, Schmitt D, Mitra SN, Mukhopadhyay C, Chen Y, Cohen PA,
Hoff HF, Abu-Soud HM. Formation of nitric oxide-derived oxidants by myeloperoxidase in monocytes: pathways for monocyte-
mediated protein nitration and lipid peroxidation in vivo. Circ Res. 1999;85:950-958.

van Dalen CJ, Winterbourn CC, Senthilmohan R, Kettle AJ. Nitrite as a substrate and inhibitor of myeloperoxidase. Implications for
nitration and hypochlorous acid production at sites of inflammation. J Biol Chem. 2000;275:11638-11644.

Biasucci LM, D'Onofrio G, Liuzzo G, Zini G, Monaco C, Caligiuri G, Tommasi M, Rebuzzi AG, Maseri A. Intracellular neutrophil
myeloperoxidase is reduced in unstable angina and acute myocardial infarction, but its reduction is not related to ischemia. J Am
Coll Cardiol. 1996;27:611-616.

Deby-Dupont G, Deby C, Lamy M. Neutrophil myeloperoxidase revisited: its role in health and disease. Intensivmedizin-und-
Notfallmedizin. 1999;36:500-513.

Daugherty A, Dunn JL, Rateri DL, Heinecke JW. Myeloperoxidase, a catalyst for lipoprotein oxidation, is expressed in human
atherosclerotic lesions. J Clin Invest. 1994;94:437-444.

Malle E, Waeg G, Schreiber R, Grone EF, Sattler W, Grone HJ. Immunohistochemical evidence for the
myeloperoxidase/H202/halide system in human atherosclerotic lesions: colocalization of myeloperoxidase and hypochlorite-
modified proteins. Eur J Biochem. 2000;267:4495-4503.

Albertini M, Clement MG, Lafortuna CL, Caniatti M, Magder S, Abdulmalek K, Hussain SN. Role of poly-(ADP-ribose)
synthetase in lipopolysaccharide-induced vascular failure and acute lung injury in pigs. J Crit Care. 2000;15:73-83.

Beckmann JS, Ye YZ, Anderson PG, Chen J, Accavitti MA, Tarpey MM, White CR. Extensive nitration of protein tyrosines in
human atherosclerosis detected by immunohistochemistry. Biol Chem Hoppe Seyler. 1994;375:81-88.

Hirabayashi H, Takizawa S, Fukuyama N, Nakazawa H, Shinohara Y. Nitrotyrosine generation via inducible nitric oxide synthase
in vascular wall in focal ischemia-reperfusion. Brain Res. 2000;852:319-325.

DOI: 10.9790/0853-1603083034 www.iosrjournals.org 34 | Page



