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Summary

Kratak sadr`aj

Background: The aim of this study is to examine the relationship among the changes in activities of paraoxonase
(PON), arylesterase (ARE) and homocysteine thiolactonase
(HTLase) enzyme having antioxidant properties and the
development of diabetic nephropathy (DN), one of the
most common complications of diabetes.
Methods: Normoalbuminuric type-2 diabetic patients
(Group II, n=100), microalbuminuric type 2 diabetic
patients (Group III, n=100) and the control group (Group
I, n=100) were included in the study. The age and gender
of the patient groups matched with the age and gender of
the control group. HTLase, PON and ARE enzyme activities were measured by the spectrophotometric method
using a g-thiobutyrinolactone, paraoxon, and phenylacetate
substrates respectively. In this study, an autoanalyzer application was developed in order to measure HTLase enzyme
activity for the first time.
Results: Serum HTLase, ARE and PON activities of Group
III and Group II were significantly low compared to
HTLase, ARE and PON results of Group I (p<0.05).
Conclusions: Based on our results, PON, ARE and HTLase
enzyme activities were found to be decreased due to the
increase in the degree of DN.

Uvod: Cilj ovog istra`ivanja je da se ispita odnos izme|u
promena u aktivnostima paraoksonaze (PON), arilesteraze
(ARE) i homocistein tiolaktonaze (HTLase) sa antioksidativnim svojstvima i razvojem dijabeti~ke nefropatije (DN),
jednog od naj~e{}ih komplikacija dijabetesa.
Metode: U studiju su uklju~eni bolesnici sa dijabetesom
tipa 2 u stanju normoalbuminurije (grupa II, n = 100),
pacijenti sa dijabetesom tipa 2, mikroalbuminurnog tipa (III
grupa, n = 100) i kontrolna grupa (grupa I, n = 100). Pol
pacijenata i njihova starosna dob su se podudarali sa
staro{}u i polom kontrolne grupe. Aktivnost enzima
HTLase, PON i ARE je merena spektrofotometrijskom
metodom uz kori{}enje supstrata g-tiobutirinolaktona,
paraoksona i fenilacetata. Ovim istra`ivanjem je razvijena
primena autoanalizatora kako bi se prvi put merila aktivnost
enzima HTLase.
Rezultati: Aktivnosti serumske HTLaze, ARE i PON kod
grupe III i grupe II bile su zna~ajno niske u pore|enju sa
rezultatima HTLaze, ARE i PON kod grupe I (p < 0,05).
Zaklju~ak: Na osnovu na{ih rezultata utvr|eno je da su
aktivnosti enzima PON, ARE i HTLase smanjene zbog
pove}anja stepena DN.
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Introduction
Diabetic nephropathy (DN) is one of the common complications of diabetes and is the main cause
of mortality and morbidity in diabetic patients, leading
to end-stage renal failure (1). Various types of renal
cells are damaged, and DN develops with oxidative
stress (OS) caused by increasing free radicals in the
presence of ongoing hyperglycemia (2, 3). OS plays
a key role in atherosclerosis, which is closely related
to bioactive lipid species and the inflammatory
response (4–6).
Human serum paraoxonase (PON-1) is an
enzyme found in high-density lipoprotein (HDL) and
has a strong antioxidant property. It protects both
HDL and low-density lipoprotein (LDL) against OS.
Studies have shown that PON-1 changes with OS
have a role in the development of atherosclerosis (7).
PON-1 is also a multifunctional antioxidant enzyme
since it has paraoxonase (PON), arylesterase (ARE)
and homocysteine thiolactonase (HTLase) activity (7,
8). PON-1 enzyme detoxifies homocysteine thiolactone (HTL) as well as degrading oxidized LDL
molecules (9). HTL has been identified by Jakubowski
et al. (11) as a metabolite being more active than
homocysteine (Hcy), which mediates the toxic and
damaging effects of Hcy (10–13). HTLase being a
component of HDL hydrolyzes HTL to Hcy.
Endothelial damage especially caused by homocysteinylation of LDL will be prevented by performing
HTL detoxification. HTLase is a product of the polymorphic PON-1 gene. High HTLase activity has been
reported to provide better protection against protein
homocysteinylation compared to low HTLase activity
(7). Recent studies have demonstrated that PON-1
and ARE are enzymes in the esterase group that are
encoded by the same gene and whose active centres
are similar (14, 15). Although PON-1 is known to
present polymorphic changes, ARE enzyme does not
show any genetic polymorphism (16). The PON-1
enzyme has an antioxidant function due to its protective properties targeting LDL against oxidation as
well. It is also able to neutralize other radicals, including hydrogen peroxide (17). On the other hand, ARE
is considered to be the indicator of the original protein that is not affected by changes in PON-1 (18).
In this study, the aim is to examine the relationship between the changes in PON, HTLase and ARE
enzyme activities and the development of DN, one of
the most common complications of diabetes.

Materials and Methods

moalbuminuria were included in the study. Patient
groups were age and gender-matched with the age
and gender of the control group. Spot urine albumin/creatinine (A/C) ratios of patient groups within
the last 6 months were considered when DN status
was identified. Patients who had an A/C ratio of <30
mg/g for 3 times within the last 6 months were classified as normoalbuminuric, and those who had an
A/C ratio of 30–299 mg/day for 3 times within the
last 6 months were classified as microalbuminuric.
Latest A/C values of patients were included in the
study.
Among patients with T2DM, patients with cardiovascular diseases, chronic infections, liver pathology, hypertension, any renal pathology other than DN,
smokers, alcohol users, those receiving antihyperlipidemic drugs and antioxidant supplements, and those
with a Body Mass Index (BMI) >30 were excluded
from the study. For the control group, participants
were selected from healthy volunteers with no previous diabetes history. In addition, participants taking
B12, B6 and folic acid supplementation in the last
two months were excluded from the control group
and the patient groups. We had a survey including
questions on demographics, diet, and other lifestyle
factors. Within the scope of the survey, we included
patients with a similar diet and lifestyle. A signed
informed consent form was obtained from all patients
and the control group in terms of their participation in
the study. Ethics committee approval was obtained
from the Health Sciences University i li Hamidiye
Etfal Training, and Research Hospital Ethics Committee dated 23/12/2014 and numbered 815. The
study was conducted in accordance with the principles of the Helsinki declaration.
Blood and Urine Sampling
Blood samples were collected in Vacutainer SST
tubes (Becton Dickinson) with gel separator and
EDTA tubes (only for Hcy and HbA1c analysis)
(Becton Dickinson), following a 10 to 12-hour fasting
in the patient and control group. Blood samples (SST
tubes) which were taken from patient and control
groups were centrifuged at 4000 rpm for 10 minutes
and 2500 rpm for 10 minutes EDTA containing
tubes. Triglyceride, Total Cholesterol, HDL, LDL, Glucose, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), B12, Folate, Creatinine, Hcy,
and HbA1c were analyzed on the same day and
stored at -80 °C for studying PON, ARE and HTLase
enzymes.

Subjects
A total of 300 patients including 100 normoalbuminuric type 2 Diabetes Mellitus (T2DM) (Group
II), 100 microalbuminuric T2DM patients (Group III),
and 100 healthy control subjects (Group I) with nor-

Routine Laboratory Analyses
Preprandial blood glucose (FBG), triglyceride,
cholesterol, HDL, creatinine, Hcy, AST, ALT, urine
albumin, and urine creatinine levels were measured

J Med Biochem 2019; 38 (4)

spectrophotometrically using a Cobas c501 autoanalyzer (Roche Diagnostic, USA) and vitamin B12, folic
acid levels were measured by electrochemiluminescence method using a Cobas e601 immunoassay
device (Roche Diagnostic, USA). LDL levels were calculated using the Friedewald formula. HbA1c was
measured by HPLC (high-pressure liquid chromatography) method on the Tosoh G8 Analyzer (Tosoh
Bioscience, South San Francisco, CA). Estimated
glomerular filtration rate (eGFR) was calculated using
the Schwartz formula.
Paraoxonase measurement
The method developed by Eckerson et al.
(1983) was used for measuring PON activity (19).
The method is based on the conversion of paraoxonase (diethyl p-nitrophenyl phosphate) (Sigma
Aldrich, St. Louis, Missouri, ABD) to diethyl phosphate and p-nitrophenol by PON found in human
serum. The increase in absorbance of the resulting pnitrophenol is measured spectrophotometrically at a
wavelength of 412 nm. The method was applied to a
Beckman Coulter AU-680 analyzer (Mishima Beckman Coulter Co. Ltd. U.S.A.). The wavelength where
p-nitrophenol shows maximum absorbance is 412
nm. Therefore, the absorbance measurements on the
spectrophotometer were made at a wavelength of
412 nm. The molar absorbance coefficient of p-nitrophenol was calculated as e412=18000 M-1cm-1. 1
unit of PON activity creates 1 mmol of p-nitrophenol
per minute. Paraoxonase activity was calculated as
U/L. The molar absorbance coefficient calculated by
the absorbance at 412 nm in the spectrophotometer
was used in the PON calculation measured in the
autoanalyzer. For PON, the value of LOQ (Limit of
quantification) was found to be 6.55 U/L and the
value of LOD (Limit of detection) was found to be 6.5
U/L. The values of linearity were 6.5 –300 U/L.
Homocysteine thiolactonase measurement
The method involves the hydrolysis of t he thiolactone ring of g-thiobutyrinolactone (Sigma Aldrich,
St. Louis, Missouri, ABD) added as substrate by the
HTLase enzyme present in the serum, the released
free thiol groups to form 5-thio-2-nitrobenzoic acid
(TNB) with Ellman’s reactive 5,5’, dithiobis (2-nitrobenzoic acid), and measuring enzyme activity based
on this product. The wavelength at which TNB shows
maximum absorbance is 450 nm. Thus, the absorbance measurements were made on a spectrophotometer at a wavelength of 480 nm. The molar
absorbance coefficient of TNB was calculated as
-1
-1
480=10695 M cm . 1 unit of thiolactonase activity forms 1 mmol of TNB per minute. The molar
absorbance coefficient calculated by the absorbance
values measured at 480 nm was used in the HTLase
calculation measured by an auto analyzer. The modified version of the method described by Billecke was
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used (20). This method was applied to a Beckman
Coulter AU-680 biochemical autoanalyzer (Mishima
Beckman Coulter Co. Ltd. U.S.A.) for the first time in
our study. For HTLase, the values of LOQ, LOD, and
linearity range were found to be 9.75 U/L, 3.85 U/L
and 3.85–757 U/L respectively.
Arylesterase measurement
ARE activity was determined spectrophotometrically by measuring the absorbance increase at 270
nm. It was caused by the coloured compound produced by phenol resulting from the enzymatic hydrolysis of phenylacetate (Sigma Aldrich, St. Louis,
Missouri, ABD) used as a substrate. Activity measurement was performed based on the method developed
by Eckerson et al. (19) and the absorbance change
after 20 seconds lag time was monitored up to the 1st
minute, and the difference was recorded as the
absorbance value. The molar absorbance coefficient
of phenol at 270 nm, accepted as kU/L was taken as
-1
-1
270=1310 M cm . ARE enzyme activity was measured using a Shimadzu UV-spectrophotometer UV1700 (Shimadzu Corporation, Japan). The values of
LOQ, LOD, and linearity range for ARE were found as
3.3 U/L 2.5 U/L and 2.5-91 U/L respectively.
Statistical Analysis of Data
SPSS 15.0 software for Windows was used for
statistical analysis. Descriptive statistics were provided
as numbers and percentages for categorical variables;
and mean, IQR (interquartile range), standard deviation, median for numerical variables. Normal distribution was determined by examining Skewness and
Kurtosis values, Kolmogorov-Smirnov tests, ShapiroWilk tests and examining the distribution of histograms. One Way ANOVA and Tukey host test were
used for multiple group comparisons (3 groups) fitting normal distribution. Kruskal-Wallis and Dunn’s
pairwise tests were used for multiple group comparisons (3 groups) in terms of non-fitting normal distribution. Proportions of categorical variables between
groups were tested by chi-square analysis. A statistical
significance level of alpha was accepted as p<0.05.
In correlation analyses, Pearson Correlation Analysis
was performed when the parametric test condition
was met for numerical variables, and Spearman
Correlation Analysis was used when the parametric
test condition was not met. In addition, multivariate
logistics regression and ordinal regression analyses
were used in order to reveal the relationship between
dependent and independent variables.
Results
Baseline values of clinical characteristics of
Group II (n=100, 50 males, 50 females), Group III
(n=100, 50 males, 50 females), and Group I
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Table I Correlations between the HTLase activity (IU/L) and
the other parameters.
Group II (n=100)

Group III (n=100)

r

p

r

p

PON (IU/L)

0.501

0.01**

0.671

0.01**

ARE (IU/L)

0.582

0.01**

0.422

0.01**

Hcy (mmol/L)

-0.039

0.797

-0.127

0.378

A/C (mg/mg)

0.772

0.025*

0.863

0.01**

(n=100, 50 males, 50 females) were shown in Table
I. Age and gender of the patient groups were
matched with each other and with the control group.
No statistically significant difference was found
between serum LDL (p=0.459), cholesterol (p=0.591),
AST (p=0.392), ALT (p=0.382), B12 (p=0.612),
folate (p=0.058), plasma Hcy results (p=0.710) and
eGFR values (p=0.745) when the patient groups
were compared with the control group. Serum HDL
levels of Group II and Group III were significantly low
compared to the levels of the control group

Table II Median, interquartile range and standard deviation values for all groups.
Group I
(n=100) control

Group II
(n=100)
T2DM normoalbumin

Group III
(n=100)
T2DM microalbumin

mean ± std deviation/
median-IQR

mean ± std
deviation/median-IQR

mean ± std
deviation/median-IQR

54.5 (44–60)

54.5 (44–60)

54.5 (44–60)

50 males, 50 females

50 males, 50 females

50 males, 50 females

24.74±3.45

25.91±2.48

26.05±29.72

0.523

Diabetes duration (year)

non-diabetic group

6 (5–9)

6 (5–8)

–

eGFR mL/min/1,73 m2

95.6±10.4

90.8±8.4

91.4±9.3

0.745

4.9 (4.6–5.2)

10.7 (7.4–14.2)

9.9 (7.6–12.9)

0.001**

77.8 (65.4–88.4)

68.1 (53.0–82.2)

58.3 (48.6–76.9)

0.016*

5.3 (5.1–5.5)

8.4 (7.4–10.1)

8.4 (7.2–9.6)

0.001**

HDL (mmol/L)

1.4±0.5

1.2±0.4

1.1±0.3

0.009**

LDL (mmol/L)

2.8 (2.2–3.1)

2.9 (2.4–3.4)

2.7 (2.1–3.3)

0.459

Triglyceride (mmol/L)

1.0 (0.8–1.3)

1.5 (1.2–2.2)

1.7 (1.1–2.7)

0.001**

Cholesterol (mmol/L)

4.7 (3.1–4.1)

5.0 (4.2–5.5)

4.8 (4.0–5.5)

0.591

AST (IU/L)

19 (16–24)

18 (15–23)

19.5 (14–23)

0.392

ALT (IU/L)

19 (15–30)

22 (17–28)

21 (14–31)

0.382

278.6 (225.4–319.1)

254.5 (194.0–318.6)

237.2 (187.5–318.2)

0.612

23.1 (20.2–27.6)

25.8 (20.6–31.0)

24.2 (18.3–28.1)

0.058

8.4 (5.7–14.4)

13.4 (8.8–19.6)

94.9 (46.6–163.5)

0.001**

169.6 (91.9–230.9)

136.2 (86.8–156.6)

107.5 (62.8–170.5)

0.105

A/C ratio (mg/g)

4.8 (3.5–8.4)

10.4 (7.3 –21.3)

95.9 (53.8–128.7)

0.001**

HTLase (IU/L)

635.5±124.4

615±132.9

596.8±150.6

0.023*

PON-1 (IU/L)

97.5 (39.5–133.5)

96.0 (36.1–133.3)

34.5 (24.8–112.0)

0.025*

57.1 (50.1–65.6)

53.1 (39.1–61.7)

44.9 (36.1–58.6)

0.006**

9.6(7.8–13.6)

9.87 (8.54–13.16)

9.98 (8.53–13.55)

0.710

Tests

Age (year)
Gender
BMI kg/m2

FBG (mmol/L)
Creatinine (mmol/L)
HbA1c (%)

B12 (pmol/L)
Folate (nmol/L)
Urine albumin (mg/L)
Urine Creatinine (mg/dL)

ARE (kU/L)
Hcy (mmol/L)

p values

–

* p<0.05, **p<0.01
Abbreviations: FBG, Fasting Blood Glucose; HDL, High-Density Lipoprotein; LDL, Low-Density Lipoprotein; AST, Aspartate
Aminotransferase; ALT, Alanine Aminotransferase; A/C, Albumin/Creatinine; HTLase, Homocysteine Thiolactonase; PON-1,
Paraoxonase-1; ARE, Arylesterase; Hcy, Homocysteine; std, standard deviation; IQR, interquartile range.
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(p=0.009). HTLase results of Group II and Group III
were significantly low compared to HTLase results of
Group I (p=0.023). Serum PON levels of Group II
and Group III were significantly low compared to the
control group (p=0.025). Serum ARE levels of Group
II, and Group III were significantly low compared to
the control group (p=0.009). The correlation results
of the groups were presented in Table I.
Discussion
In this study, changes in the activities of PON,
ARE and HTLase enzymes showing PON-1 enzyme
activity were examined with respect to nephropathy,
one of the most common complications due to
T2DM. We have also examined whether these
enzyme activities are suitable markers for the early
diagnosis of DN. Research only analyzed enzyme
activity in patients with incipient diabetic nephropathy
comparing to patients with or without diabetes and
without microalbuminuria. In our study, a spectrophotometric measurement method for HTLase enzyme
activity was developed for a biochemical autoanalyzer
(Beckman Coulter AU-680) for the first time.
Our initial findings of decreasing PON, ARE and
HTLase enzyme activities in DN support the hypothesis that advanced glycation of structural proteins and
OS one of the main mechanisms in the development
of diabetic complications (21). We studied normoalbuminuric patients with T2DM (Group II, n = 100)
and microalbuminuric patients with T2DM (Group III,
n = 100). The control group (Group I, n = 100) consisted of healthy volunteers. The OS caused by diabetes affects PON, ARE and HTLase enzyme activities, which have antioxidant capacity. As the level of
OS increases, enzyme activity decreases (7, 22). In
the study, we determined that PON, HTLase and ARE
enzyme activities in Group III were lower than PON,
HTLase and ARE enzyme activities in Group II. When
enzyme activities were compared with the control
group consisting of healthy volunteers, it was concluded that the serum enzyme activity results of the
patient groups were lower than that of the control
group except for the serum HTLase activity of Group
II. The elevated serum HTLase activity of Group II
compared to Group I can be interpreted as an
increase in the expression of the enzyme as an antioxidant defense mechanism.
There are three members of the paraoxonase
gene family: PON1, PON2, and PON3. PON1
exhibits paraoxonase, arylesterase and lactonase
activity. PON2 and PON3 have lactonase activity but
do not exhibit paraoxonase and arylesterase activity
(23). Previous studies have reported findings of an
association between PON-1 enzyme activities and
diabetes. Suvarna et al. examined the change of
PON-1 enzyme activity in the diabetic patient group
and healthy volunteer group and found that serum

485

PON-1 enzyme activity was lower in diabetic patients.
In addition, the diabetic patient group was divided
into two groups as those with diabetic complications
and those without diabetic complications, and serum
PON-1 activity was found to be lower in patients with
complications compared to those without complications (24). In our study, DN grade was determined
according to A/C ratio, and PON-1 activity was found
to be lower in diabetic patients who developed
nephropathy. In a study conducted by Gawade et al.
(25) serum PON-1 activities were evaluated in diabetic patient groups with and without nephropathy.
Serum PON-1 enzyme activity was found to be lower
in the diabetic patient group who developed
nephropathy, and it has been reported that this may
be related to the pathophysiology of DN (25). In
another study conducted by Sabah et al. (26) serum
PON-1 enzyme activity was found to be low in the
diabetic patient group developing microvascular complications. It was concluded that a decreasing change
in serum PON-1 enzyme activity was a deterministic
risk factor for microvascular complications of diabetes
mellitus. It was also suggested that renal vascular
damage in diabetic patients could be reduced by preserving serum PON-1 activity by treating patients with
antioxidant substances at therapeutic doses (26).
Although PON enzyme is known to demonstrate
polymorphic changes, ARE enzyme does not show
any genetic polymorphisms. PON enzyme has antioxidant function due to its protective properties against
LDL oxidation and its ability to neutralize other radicals, including hydrogen peroxide (16, 18). On the
other hand, ARE is considered to be the primary protein marker not affected by changes in PON-1 (16)
and decreased activity in both enzymes occurs with
increased glycation and increased OS in diabetic
patients, resulting in loss of function (27). HTL, which
is a more active intermediate metabolite than Hcy,
causes homocysteinylation of proteins. LDL and HDL
are particularly affected by this homocysteinylation.
HTLase hydrolyzes HTL and protects LDL and HDL
against this situation. HTLase and PON-1 are also
referred to as similar enzymes because HTLase
exhibits PON-1 activity. In light of this information,
metabolic changes that occur in diabetes will lead to
loss of activity in HTLase enzyme and will provide the
basis for the development of cardiovascular events in
diabetic patients (28).
In our study, changes in PON, ARE and HTLase
enzyme activities, which exhibit serum PON-1 activity
and have similar characteristics, were evaluated in the
early phase of DN. ARE and PON were encoded by
the same gene and their active centres were found to
be similar. However, the major difference between
these enzymes was that PON exhibited polymorphic
changes whereas ARE did not exhibit genetic polymorphisms (16). When we evaluated serum ARE
enzyme activity in our study, the possibility of PON
enzyme exhibiting genetic polymorphism was taken
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into consideration. When HTLase activity was evaluated, all three enzyme activities were assessed together.
The failure of removing HTL active metabolite of Hcy
from the body would support the development process of atherosclerosis, and HTLase enzyme had
antioxidant capacity. According to the results of our
study, serum PON, ARE and HTLase enzyme activities were found to be significantly lower in patients
with DN compared to diabetic patients without
nephropathy (p<0.05). Craciun et al. (29) assessed
the activity of all enzymes exhibiting PON-1 activity
and noted a reduction in the activity of these enzymes
in diabetic patients. However, a significant loss of
activity was observed in HTLase activity (29). DN may
not be detected at first. Albumin excretion in patients’
urine may be normoalbuminuric, and microalbuminuria and macroalbuminuria may develop later, leading
to an end-stage renal failure. In the study of Tabur et
al. (30) where PON and ARE enzyme activities of diabetic patients grouped as normoalbuminuria and
microalbuminuria according to the degree of microalbuminuria were examined in conjunction with the OS
caused by diabetes, it was concluded that the activities of these enzymes were lower in the microalbuminuria group. Bayrak et al. (31) conducted a study
on patient groups with impaired FBG and impaired
glucose tolerance and investigated changes in
HTLase activity compared to healthy volunteers. In
conclusion, HTLase activity was found to be significantly low in all three groups compared to the control
group, and it was reported that the reduction in
HTLase activity in the prediabetic phase was associated with cardiovascular risk (31). Kosaka et al. (32)
evaluated HTLase activity in patients with T2DM and
argued that increased carotid intima-media thickness
in patients with T2DM was inversely correlated with
HTLase activity, and a reduction in serum HTLase
activity could provide data about the status of
atherosclerosis in patients with T2DM (32).
Koubaa et al. (33) examined plasma total Hcy
levels, HTLase activity, lipid panel (LDL, HDL, TG,
Total Cholesterol), lipoprotein (ApoA1 and ApoB) and
oxidized LDL levels of diabetic patient group and nondiabetic healthy volunteers. It was found that HTLase
activity was statistically significantly low in the patient
group compared to the control group, and Hcy and
oxidized LDL levels were significantly elevated in the

patient group. It was reported that the increase in Hcy
levels in diabetic patients was due to a decrease in
HTLase activity and elevated Hcy levels in diabetic
patients would impair lipid metabolism in particular
by contributing to the formation of oxidized LDL and
therefore accompany atherosclerosis-related complications (33). In our study, no statistical significance
was found between plasma Hcy levels in both group
II and group III (p>0.05). Furthermore, when the correlation results of both groups were examined, no
correlation was observed between Group II plasma
Hcy values and HTLase (r: -0.039, p=0.797) and
between Group III plasma Hcy values and HTLase (r:
-0.127, p=0.378) in our study.

Conclusions
Uncontrolled diabetes is a very dangerous situation due to increased glycation in the body. We
believe that the regulation of oxidant-antioxidant
impairment due to excessive glycation can prevent
diabetic complications once diabetic control is established and especially slowed down the atherosclerotic
process. Based on our results, PON, ARE and HTLase
enzyme activities were found to be decreased in
patients with incipient diabetic nephropathy.

Limitations
Although the study has been carefully prepared,
I am still aware of its limitations and shortcomings.
Firstly, the number of participants can be increased,
and gender differences can be examined, resulting in
a wide range of data for Turkish society for males and
females. Secondly, when we assessed homocysteine
levels in our study, we could not evaluate the active
metabolite, homocysteine thiolactone. Homocysteine
thiolactone levels should be assessed in these patient
groups and data could be obtained about the role of
homocysteine thiolactone in the development of DN.
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