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ABSTRACT

Background: The most common glomerular disorder in children is nephrotic
syndrome, associated with high morbidity despite notable advances in its treatment.
Many of the nephrotic syndrome complications, including the increased risk of
atherosclerosis and thromboembolism, can be linked to dysregulated lipid
metabolism and dyslipidemia. Paraoxonase enzyme is responsible for the most of
the antioxidant properties of HDL, thus preventing the formation of atherogenic
ox-LDL molecules, and Lecithin Cholesterol acyltransferase is intimately involved in
HDL maturation and is a key component of the reverse cholesterol transport
pathway, which removes excess cholesterol molecules from the peripheral tissues to
the liver for excretion.
Objectives: The present study aimed to investigate the serum activities of
paraoxonase-1(PON-1) and lecithin cholesterol acyltransferase (LCAT) in children
with nephrotic syndrome in an active phase (as newly diagnosed or old cases with
acute relapse). Also, to study any correlation exists between paraoxonase-1 activity
and lipid profile.
Methods: This study consists of Group 1 with 40 cases of nephrotic syndrome in the
age group of (2-14 years) and Group 2 with 40 age and sex-matched healthy
controls. Lipid profile and paraoxonase activity, Lecithin Cholesterol acyltransferase
activities were measured in both groups’ serum samples.
Results: Statistical analysis of student’s t-test showed that the mean levels of Total
Cholesterol, Triglycerides, LDL were significantly increased in Group 1 when
compared to Group 2 (p <0.001). PON1 and Lecithin Cholesterol acyltransferase
levels were significantly lower in Group 1 compared to Group 2, and there is no
significant difference among nephrotic groups.
Conclusions: Both Paraoxonase-1 enzyme and Lecithin Cholesterol acyltransferase
are considered good promising predictors for nephrotic syndrome and other
parameters such as LDL, HDL, and T.G. The significantly decreased Paraoxonase-1
enzyme and Lecithin Cholesterol acyltransferase activities result in increased
oxidation of LDL, thus accelerating atherosclerosis.
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INTRODUCTION

The most common glomerular disorder in children is nephrotic syndrome (NS).
Nephrotic syndrome is manifested as heavy (nephrotic-range) proteinuria (>40 mg/h/m2
or >50 mg/kg/day or protein/creatinine ratio >0.2 g/mmol (>2 g/g).

Many of the nephrotic syndrome complications, including the increased risk of
atherosclerosis and thromboembolism, can be linked to dysregulated lipid metabolism
and dyslipidemia.1The paraoxonase1 (PON1) is a serum enzyme involved in lipid
metabolism.2,3 It is bound to high-density lipoprotein (HDL) and acts as an antioxidant for
the low-density lipoproteins (LDL) by hydrolyzing lipid peroxides, thus preventing LDL
oxidation and subsequently leading to an anti-atherogenic effect. 4–6

Paraoxonase 1 (PON1) is a free radical scavenging system that plays a role in detoxifying
a wide range of substrates such as organophosphate compounds and carcinogenic lipid-
soluble radicals from lipid peroxidation. It catalyzes the hydrolysis of multiple compounds
such as arylesterase, lactones and hydroperoxides.7Human LCAT is a glycoproteinmade up
of 416 amino acids circulating in plasma associated with lipids and apolipoproteins in the
HDL.8 LCAT, principally synthesized and secreted by the liver, is the only known plasma
enzyme catalyzing the esterification of free cholesterol in HDL particles.9 LCAT-mediated
cholesterol esterification by converting cholesterol and phosphatidylcholine into cholesteryl
ester and lysophosphatidylcholine is critical for HDL maturation and reverse cholesterol
transport (RCT) which removes excess cholesterol molecules from the peripheral tissues to
the liver for excretion.10

LCAT esterifies free cholesterol on the surface of HDL, forming cholesteryl esters which
thenpartition into the lipoprotein core, resulting inmature sphericalHDLparticles.11 Many
reviews have dealt with the issue of LCAT and its atherogenic aspects.12–15

The present study was taken up to study the serum lipids and PON1, LCAT activity in
children with nephrotic syndrome and study the correlation of lipid parameters with PON1
activity and LCAT activity.

MATERIALS AND METHODS
Study design and subjects

A case-control study was conducted at Al-Imamain Al-KhadimainMedical City and the
Department of Chemistry and Biochemistry, College of Medicine, Al-Nahrain University
from 1st January until 31st November 2019.
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The study participant included two groups: Group 1 (patients) consisted of 40 children
with confirmed cases of nephrotic syndrome in an active phase (as newly diagnosed or old
cases with acute relapse), with age between 2 to 14 years of both genders. At the same time,
Group 2 (control) consisted of 40 (ages and sex-matched) healthy controls. The patients
were diagnosed and treated with followed up in the Pediatric Nephrology unit at Al Ima-
main Khadimain Medical City and Baghdad Welfare Teaching Hospital in the Medical City
of Baghdad. The authors performed a well-constructed questionnaire and direct interview
with the parents of patients and control group, and all the doctors were involved before
collecting the blood sample. According to steroid responsiveness, data collected included
age, sex, age of onset of N.S., Type of N.S., and relapses frequency. Some of the informa-
tion’s were taken from the files record as well. Body weight and Height measurements were
perfumed to all study groups.

Diagnosis of N.S. was made according to the following criteria:
Relapse: heavy proteinuria >40 mg/h/m2 or >50 mg/kg/day, Albustix ≥ +++ for 3 con-

secutive days after having been in remission. Frequent relapses: 2 or more relapses within
sixmonths of initial response or 4 ormore relapses within one year, hypo-albuminemia <2.5
g/dL, oedema and hyperlipidemia.2,3 The exclusion criteria are Familial hyperlipidemia,
Patients with other renal pathology, Patients with liver disease, diabetic patients, urolithia-
sis and malnourished children.

The Institutional Review Board (IRB) of the College of Medicine, Al-Nahrain Univer-
sity approved this study. All samples were obtained with informed consent following the
Al-Imamain Al-Kadhimain Medical City, Central Child Teaching Hospital and Children
Welfare Teaching Hospital declaration.

Blood sampling

A venous blood sample was collected by taking at morning in (8:30 am), the total of
blood (5ml) from each fasting patient and healthy human, in non-heparinized tubes( plain
tube) to isolate serum by centrifugation at 3000 rpm for 10 min and the serum was divided
into two portions and placed in a cool-Box under a septic condition first one kept in two
Eppendorf tubes in (-80◦C) until estimation for (PON1 and LCAT) enzyme activity and
the other second portion for measuring lipids profile, included serum cholesterol, Low-
density lipoprotein (LDL), High-density lipoprotein (HDL), Very low-density lipoprotein
(VLDL) and triglycerides (T.G.), blood glucose Blood urea, S.creatinne, Total serumprotein
and serum albumin at the same day. These were assessed using an Auto analyzer (Siemens
japan). The control subjects were evaluated by a consultant Pediatric Nephrologist to ensure
the absence of any renal disease.

Analysis of paraoxonase activity

PON1 activity was tested by fluorescence assay Kit (ab241044) Abcam company16 that
enables rapid measurement of Paraoxonase 1 (PON1) activity, utilizing a fluorogenic sub-
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strate that is converted into a highly fluorescent product (Ex/Em = 368/460 nm) in kinetic
mode for 60 minutes at 37◦C. Standards may be read in end-point mode using Glow max
reader (Promega company). The assay is simple to perform, high-throughput adaptable and
can detect a minimum of 2.0 µU paraoxonase activity with a sample volume of 5 µL. This
ensures dramatically greater sensitivity than U.V. or colorimetric assays and eliminates the
need for dangerous toxic substrates.

Analysis of LCAT activity

It is simple, fluorometric assay that quantitativelymeasures LCATphospholipase activity
(LCATActivity Assay Kit (ab242306) – Abcam)17 in plasma, serum, and lysates in a 96-well
microtiter plate format. Each kit provides sufficient reagents to perform up to 100 assays,
including blanks and unknown samples. We should Prepare all reagents and samples as
instructed. We added 50 µL of standards or unknown samples into a 96-well plate and the
desired amount of LCAT inhibitor to the appropriate samples and incubate them for 1 hour
at 37◦C; after that, the reaction was initiated by adding 50 µL of the LCATReaction Reagent
to each well and mix. These are Incubated for 3 to 18 hours at 37◦C. Finally, the reaction
stopped by adding 100 µL of the 2X stop solution to each well and immediately read at
EX:342/EM:400nm.

Statistical analysis

The data were analyzed with SPSS version 26.018 software. Results were expressed as
Mean±SE. The probability also examined using the student’s t-test, and the Chi-square
test was used for group comparisons. Karl Pearson’s correlation coefficient measured the
relationship between variables. A statistical significance was set at 5% level of significance
(p<0.05).

RESULTS

The total number of patients and control in the present studywas 80; there were 48 (60%)
males and females 32 (40%), with male to female ratio of 1.5: 1. Demographic parameters
of both patients and control are shown in (Table 1). There was no statistical difference in
the sex distribution (p-value 0.994) and mean age between the two groups both the groups
were comparable.

All subjects (patients and control) were subjected to measuring serum urea, creatinine,
albumin, lipid profile, PON1, LCAT activity shown in (Table 2). Statistical analysis of stu-
dent’s t-test showed that themean levels of S. Albumin significantly lowered in N.S. patients
compared to control (1.33± 0.12 vs. 4.12± 0.06) respectively at p <0.001whereas S.Ch, TG,
LDL, were significantly increased in Group1 (Patients) when compared to Group 2(control)
at (p <0.001). The levels of PON1enzyme activity and LCAT activity levels are significantly
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Table 1 Themean age levels of patients and control.

Groups Age (years) p-value
Patients’ group Control group

Males 7.25±0.73 7.24±0.73 0.994
Females 6.95±0.93 7.13±0.85 0.891
Total 7.14±0.57 7.20±0.55 0.994
p-value 0.798 0.921

p>0.05 (not significant)

lower in Group 1 compared to Group 2 (p<0.001).
In tables 3 and4, comparison between the PON1enzyme activity and LCAT enzyme

activity among the patient group presented: 10 were newly diagnosed cases of N.S., while 30
were old cases with frequent relapses. Statistical analysis demonstrated that PON1enzyme
activity insignificant difference between ND (123.0 ± 9.87 µU/ml), F.R. (129.80 ± 5.79
µU/ml), and LCAT enzyme activity insignificant difference between N.S. patients’ group
ND (93.60 ± 4.94 µU/ml), F.R. (94.70 ± 3.15µU/ml).

Table 2 Study parameters levels of control and nephrotic syndrome patients

Groups mean± S.E. (Years) Probability
Patients group (n=40) control group (n=40)

BMI (Kg/m2) 23.61±1.39 18.60±0.48 0.010
Blood Urea (mg/dl) 43.52±6.69 27.49±0.56 0.083
Serum creatinine (mg/dl) 1.56±0.89 0.79±0.02 0.571
Blood sugar (mg/dl) 101.13±1.51 95.07±1.35 0.028
Serum albumin (mg/dl) 1.33±0.12 4.12±0.06** 0.0001
Serum cholesterol (mg/dl) 382.93±9.82 163.12±2.66** 0.0001
Serum triglyceride (mg/dl) 333.80±24.49 132.93±2.09** 0.0001
Serum HDL-cholesterol (mg/dl) 39.80±1.28 62.61±2.25** 0.0001
Serum LDL-cholesterol (mg/dl) 201.25±13.62 75.39±2.69** 0.0001
S. Paraxonase Activity (µU/ml) 128.10±4.95 327.54±6.45** 0.0001
LCAT activity (RFU) after 18 hr 94.43±2.64 148.27±5.98** 0.0001

p>0.05 (not significant), *p<0.05 (significant), **p<0.001 (highly significant)

Table 3 S. paraoxonase activity mean in patients’ group

Groups NO. S. Paraxonase Activity mean± S.E. (µU/ml) P
ND 10 123.0±9.87 0.559
FR 30 129.80±5.79

ND: Newly diagnosed N.S. patients
FR: Frequent relapse N.S. patients
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Table 4 LCAT activity means patients’ group

Groups NO. LCAT activity mean± SE (RFU) after 18 hours P
ND 10 93.60±4.94 0.859
F.R. 30 94.70±3.15

ND: Newly diagnosed N.S. patients
FR: Frequent relapse N.S. patients

Correlation between the studied parameters in patient group

The relationship between all parameters included in the current work concerning bio-
chemical measurements was studied using Pearson correlation analysis; the results are pre-
sented in (Table 5). This study showed a highly significant (P< 0.01) correlation between
S. paraoxonase activity levels and Serum albumin, HDL (P-value 0.0001, r=0.852, r=0.652
respectively).

There was a significant (P< 0.05) correlation between S. paraoxonase activity and urea
level in N.S. patient P-value 0.021, r= (-0.256). No significant correlation was reported from
S. paraoxonase activity with Creatinine P-value= 0.221, r= (-0.146) negative Correlation.

Table 5 Correlations between variables in patient group.

Laboratory parameters for
patients Nephrotic Syndrome

S. paraxonase activity (r-value) P-value

Urea -0.256 * 0.021
Creatinine -0.146 NS 0.221
Serum albumin 0.852 ** 0.0001
Cholesterol -0.751** 0.0001
TG -0.616** 0.0001
HDL 0.652** 0.0001
LDL -0.722 ** 0.0001
LCAT 0.631** 0.0001

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
* (P<0.05), ** (P<0.01), NS: Non-significant

DISCUSSION

In agreement with previous studies,19–22 children in group 1 had significantly increased
levels of T.C., T.G., LDL andVLDL in comparison toGroup 2 (p <0.001). (Table2) show that
a significant decrease in serum albumin means levels in children with the nephrotic syn-
drome than healthy control; this result agreed with the studies23,24 in which nephrotic syn-
drome in children characterized by hypoalbuminemia (serum albumin ≤25 g/l). Hypoal-
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Figure 1 The correlation between S. paraxonase activity and serum albumin levels in patients group

buminemia outcomes from urinary losses of protein during proteinuria, scanty reparations
by liver synthesis, and probably, increased catabolism of albumin. The main problem in
hypoalbuminemia pathogenesis is the disability of the nephrotic liver to raise the synthesis
of protein (albumin) to compensate for urinary losses. However, a normal liver synthesizes
(12–14) gram albumin per day and can rising production three-fold in times of request.
25 Further, in this table, the activity of enzyme PON1 that hydrolyzes oxidized lipids is
decreased significantly in Group 1 compared to Group 2. Reduced PON1 activity could
be a result of increased oxidative stress and/or reduced HDL levels. This is in accordance
with studies done by researchers.20,22,26

PON-1 is an enzyme that protects against atherosclerosis by preventing lipid oxidation,
and its level is decreased in chronic kidney disease. Its main function is binding to HDL
and protecting LDL lipid peroxidation. Moreover, an inverse association was demonstrated
between oxidative stress and PON-1 as a potent HDL-associated antioxidant enzyme 26 .

The (Table2) reveals the effect of LCAT activity on patients children with nephrotic syn-
drome compared to healthy children. There was a highly significant difference in the mean
LCAT enzyme activity of patients compared to control (p<0.0001). When free choles-
terol enters the intravascular space, it encounters the LCAT. As a relatively small soluble
glycoprotein (67 kDa), LCAT operates in an aqueous plasma medium with less or more
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Figure 2 The correlation between S. paraxonase activity and serum cholesterol levels

hydrophobic components. Therefore, LCAT and cholesterol esterification rate’s effective-
ness will depend on many factors such as the physicochemical nature of the cholesterol-
phospholipid bilayer. 27,28 The size of HDL, LDL and VLDL particles and activity of LCAT
probably represent themost vital connection with the atherogenic plasma profile. The asso-
ciations of high-density lipoprotein subclasses and apolipoproteins with ischemic heart dis-
ease and coronary atherosclerosis were found already in the eighties. 28 On the other hand,
two biomarkers – FERHDL (fractional esterification rate in HDL) and atherogenic index of
plasma (AIP) [log (TG/HDL-C)] can offer a benefit to identifying the risk of cardiovascu-
lar disease (CVD). They both reflect the rate of cholesterol esterification by LCAT and the
composition of lipoprotein subpopulations that controls this rate. 25

Both Table 3 and Table 4 shows an insignificant difference between PON1 and LCAT
among types of N.S. cases in an active phase (newly diagnosed or old cases with acute
relapse). Aydin, in his study, demonstrated greater oxidative stress and decreased antiox-
idants in the active phase of steroid-sensitive N.S. and while patients receive steroids than
during full remission. 29

Both newly diagnosed (N.D.) and relapsing patients are regarded as an active state of
the disease and they were started on Steroid therapy, this can explain low PON 1 and LCAT
activity as antioxidants in this study with an insignificant difference.
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In (Table5) it was found a significant correlation between lipid profile parameters- T.C.,
T.G., HDL, LDL, VLDL and PON1 within the patient’s group and a significant negative cor-
relation between (LDL and PON1) and a significant positive correlation between (HDL and
PON1) in group 1 this result agreed with the studies.4,30 Both PON1 and LCAT considered
as good promising predictors for nephrotic syndrome in addition to other parameters LDL,
HDL, T.G. However, the availability of the fluorometric method is not common. Those
patients with atherosclerotic dyslipidemia and significantly decreased PON1 and or LCAT
activity result in increased LDL oxidation, accelerating atherosclerosis.

CONCLUSIONS

Decreased levels of PON1 and LCAT activities in children with nephrotic syndrome.
Also, a high correlation was found between PON1 and LCAT activities and reduced serum
albumin as well as with elevated serum cholesterol.

Further prospective studies with a larger sample size are required to clarify this effect of
PON1 on the permeability of the glomeruli of children with nephrotic syndrome.
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