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The aim of this study was to demonstrate the implication of vascular endothelial
dysfunction (VED) induced by oxidative stress in the progression of diabetic
nephropathy through monitoring the change of asymmetric dimethyl arginine
(ADMA) and 8-isoprostane levels in patients with type 2 diabetes mellitus
(T2DM) before and after the onset of nephropathy, that can be represent
important biochemical evaluation with high sensitivity and specificity to make a
precocious diagnosis of diabetic nephropathy (DN). ADMA and 8-isoprostane
levels were estimated in a blood samples that withdrawn from diabetic patients
with nephropathy before and after hemodialysis. In the same time, they were
evaluated in the sera of kidney transplanted patients beside samples for diabetic
patients that had no signs of clinical nephropathy as positive control and healthy
subject as normal control. The results showed drastic elevation in the levels of
ADMA and 8-isoprostane in the diabetic patients before and after hemodialysis
sessions when compared with normal control group. In contrast, ADMA and 8-
isoprostane levels were improved following kidney transplantation. In the
meantime, ADMA shows superior efficacy in DN diagnosis when compared to
microalbumin; the gold standard for DN monitoring. Also, the sensitivity and
specificity of DN diagnosis were enhanced when ADMA used in combined with
microalbumin. In conclusion, there are associations between oxidative stress and
the progression of vascular endothelial dysfunction that induce DN and hence
ADMA and 8-isoprostane could be used as a useful promising biomarker for
early detection of diabetic nephropathy.

Introduction

In view of its significance, there is an urgent and

The rapidly increasing prevalence of diabetes mellitus ~Paramount need for proper managements that could

has become a major global health issue. This has been,
in large part, driven by the escalating epidemic of
metabolic syndrome and obesity. It is projected that the
number of people with diabetes worldwide will increase
from 382 million in 2013 to 592 million by 2035,
according to the International Diabetes Federation ™ .

Diabetic nephropathy (DN) is one of the most
devastating complications of diabetes and the leading
single cause of end-stage kidney disease. It accounts for
a significant increase in morbidity and mortality in
patients with diabetes, underscoring the importance of
therapeutic interventions directed at preventing the
g?velopment and progression of diabetic kidney disease
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either deter or slow the progression of diabetic
nephropathy.

Increased glomerular permeability to proteins is a
characteristic  feature of the complication and
albuminuria is a well-established clinical biomarker of
DN. However, recent studies have shown that
albuminuria is a less precise predictor of overt
nephropathy risk than originally thought and the clinical
relevance of albuminuria as a surrogate outcome in
chronic kidney disease (CKD) has not been confirmed.
In addition, a substantial percentage of diabetic patients
develops CKD, while remaining normoalbuminuric, and
reliable biomarkers are lacking in this subset of patients.
There is thus increasing quest to find novel clinical
biomarkers, other than albuminuria, to identify
individuals at risk of DN both onset and progression !,
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Recently, endothelial dysfunction has been commonly
found in subjects with DN, and is considered the central
pathophysiologic denominator for all cardiovascular
complications of diabetes. In animal models of CKD
and arteriosclerosis, blocking endothelial NO leads to an
increase in microvascular disease, known to impair renal
autoregulation .

Endothelial dysfunction due to reduced availability of
nitric oxide (NO) is an early step in the course of
atherosclerotic vascular disease. NO is synthesized from
the amino acid L-arginine by the action of the NO
synthase (NOS). Nitric oxide (NO) is a very active, but
short living, that is released in the circulation from
endothelial cells. It is a potent vasodilator that regulates
vascular resistance and tissue blood flow. Hence,
endothelial dysfunction, due to reduced NO availability
is an early step of vascular disease ..

ADMA is released after posttranslational methylation
from nuclear proteins involved in RNA processing and
transcriptional control. The enzyme protein arginine
methyltransferase type | (PRMT 1) forms ADMA. A
number of cell types, including human endothelial cells,
elaborate ADMA. The substance is excreted by renal
route to some extent, but the major metabolic pathway is
degradation by the enzyme dimethylarginine
dimethylamino-hydrolase (DDAH), which hydrolyzes
ADMA to dimethylamine and L-citrulline !,

In clinical studies, a strong correlation between
increased ADMA blood levels and impaired endothelial-
dependent vasodilatation, and cardiovascular morbidity
and mortality has been documented in different
populations, including in patients with renal disease.
Thus, ADMA seems to be the culprit, and not just an
innocent biochemical bystander, of the vascular
endothelial dysfunction process 1.

Oxidative stress is well recognized as an important
causative factor in the development of DN.
Hyperglycemia and the diabetic milieu induce cellular
superoxide overproduction and the activation of
pathways associated with the pathogenesis of diabetes
complications .

The isoprostanes (IsoPs) are a unique series of
prostaglandin-like compounds formed in vivo via the
non-enzymatic free radical-initiated peroxidation of
arachidonic acid, a ubiquitous polyunsaturated fatty acid
(PUFA). Since the discovery of these molecules over 20
years ago, one class of 1soPs, the F2-IsoPs, has become
the biomarker of choice for assessing endogenous
oxidative stress because these molecules are chemically
stable and have been detected in all biological fluids and
tissues analyzed ©.

Oxidative stress is connected to all the important
processes involved in the development of diabetic
nephropathy. This is why the defense against oxidative
stress is very important in disease pathogenic. In
mammals, glutathione peroxidase family (GPX) is the
main system of antioxidative defense. Glutathione
peroxidases (GPx) are a family of selenocysteine-
containing enzymes that participate in the second step of

the antioxidant pathway, which involves the
neutralization of hydrogen peroxide to water utilizing
glutathione (GSH) as its substrate ™. Indeed, preclinical
and clinical data have shown that GPx plays a critical
role in protecting the cardiovascular system against
oxidative stress with low levels of GPx activity
acknowledged as an independent risk factor for
cardiovascular events ™.

Therefore, the line of this research intended to evaluate
the role of vascular endothelial dysfunction induced by
oxidative stress in the progression of diabetic
nephropathy  through identification of potential
biomarkers which may be implicated in the disease. In
the meantime, these markers compared with familiar
markers that serve as the benchmarks of diabetic
nephropathy.

Subjects and methods

Subijects

The study is a piolet search to check for the implication
of oxidative stress and dysfunction of endothelium in the
development of nephropathy in diabetic patients
attending Al-Hussein hospital, Al-Azhar University,
Cairo, Egypt. The protocol was conducted in accordance
with guidelines approved by local research ethics
committee. All subjects in this study were matched in
regard to sex and age and informed consent was obtained
from all the patients and volunteers. Patients with Liver
disease, Bronchial asthma, Diabetes Insipidus, Thyroid
disease, Obesity, cancer, pulmonary diseases, ongoing
infection or inflammatory diseases were excluded from
the study.

Protocol of the study

In this study the subjects were assorted into four main
groups each included 15 subjects. Group 1; included
diabetic patients under conservative drug management.
Group 2; represented diabetic patients with nephropathy
under regular hemodialysis. This group was subdivided
into: Group 2a in which samples were collected from
patients before hemodialysis and Group 2b in which
samples were collected from the same patients after
compilation of hemodialysis. Group 3; comprised
diabetic patients with nephropathy and undergo kidney
transplantation. Group 4; covered healthy subjects as
normal control.

Samples collection

All subjects were instructed to fast overnight and 10 ml
of venous blood samples were withdrawn in different
vacutainer tubes. Two ml Lithium-heparinized blood
were separated rapidly for determination of glutathione
peroxidase and two ml of blood was collected on EDTA
coated tube for estimation of Hbay.. In the meantime, the
rest of blood sample was kept in clean glass tube without
additives for the determination of the rest of biochemical
parameters in serum. Also, urine samples were collected
for the determination of microalbumin level.
Biochemical analyses

The glucose levels were determined according to the
colorimetric enzymatic method described by Trinder
121 Total cholesterol, LDL cholesterol and HDL choles-
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terol were estimated by cholesterol oxidase peroxidase
method 3. The serum triglyceride was estimated
according to method of Young and Pestaner ™. Urea
and creatinine  concentrations were  measured
colorimetrically according to methods of Kaplan **!
and Butler ™ respectively. Glycated hemoglobin (Hb
Alc) was determined using the ion exchange resin
according to method described by Trivelli ™. Urinary
albumin was determined according to method of
Schosinsky ™. Nitric oxide was determined in serum
according to the method of Miranda et al. 9.
Enzymatic activity of glutathione peroxidase in plasma
was estimated by method described by Paglia and
Valentine . The level of 8 isoprostane and ADMA
were determined by commercial ELISA (Cayman
Chemical, USA) according to instruction included in the
kits.

Data presentation and statistical analysis

Data were expressed as mean + S.D. results of
biochemical studies were statistically analyzed using
one way analysis of variance (ANOVA). All statistics
were done using SPSS 17 for windows. Differences
were  considered  statistically  significant  at
p < 0.05. Computing the correlation matrix of different
measured parameters was also calculated. Receiver
operating characteristic curves were plotted to define the
optimal cut-off values and to identify the sensitivity and
specificity of the targeted markers.

Results:

In comparison to the normal control group, there are
significant increases in the serum levels of fasting and
postprandial glucose, and glycated hemoglobin in all
studied groups (p< 0.001) as shown in Table (1).

In the same line, creatinine, blood urea nitrogen and

microalbumin were highly significant increased in
groups 1, 2a and 2b. But, the same parameters in group 3
were recorded with non-significant changes when
compared with those levels in control group (Figures 1
and 2).

Data presented in Table (2) revealed that, drastic
increase (p<0.001) in cholesterol and LDL-c, VLDL-c
and TAG levels in groups 1, 2a, 2b and 3 when
compared with control group. In contrast, HDL-c was
significant decreased (p<0.05) in groups 1 and 2a by
6.26% and 7.34% respectively and highly significantly
decreased (p<0.001) in group 2b by 10.47%. While there
was a non-significant increase in group 3 by 5.57% when
compared with control group.

Results of Table (3) clearly indicated that, the level of
8-Isoprostane was highly significant increase (p<0.001)
in group 1, 2a, 2b and 3 by 388.77%, 465.22%, 435.33%
and 150.82% respectively when compared with control
group. In contrast, there are highly significant decrease
in plasma GSHPx activity in group 1, 2a, 2b and 3 by
59.59%, 66.34%, 68.75% and 39.26% respectively when
compared with control group.

The same approach was found in the presented data
where, the ADMA level was highly significant increase
(p<0.001) in group 2a & 2b by 51.09% and 47.18%
respectively. In the meantime, there was a significant
increase (p<0.01) in group 1 by 26.26%. While, it was
non-significantly increased by 10.34% in groups 3 were
observed when compared with control group. With the
contrary that confirm these results, NO" was highly
significant decrease (p<0.001) in groups 1, 2a and 2b by
40.76%, 57.57% and 58.97% respectively. In contract, in
group 3 it was non-significantly decreased by 2% when
compared with control group.

Table 1: Statistical analysis of blood sugar levels and glycated hemoglobin ratio between patients and control groups.

rameters | Fasting blood Postprandial blood Hbasc ratio

Groups sugar (mg%o) sugar (mg%o) (%)
Group 1:

Range 149-232 196-261 6.5-10.1

mean £ S.D | 179.47 +22.98 243.93 + 16.35 8.15+1.04

P< 0.001 0.001 0.001
Group 2a

Range 120-249 198-350 7.5-13.9

mean £ S.D | 193.49 +30.19 261.93+42.31 1065+ 1.6

P< 0.001 0.001 0.001
Group 2b

Range 129-244 193.8-316 6.5-12.3

mean + S.D 195.17 + 30.7 249.1 + 32.62 9.99 +1.59

P< 0.001 0.001 0.001
Group 3

Range 121-189 200-270 5.5-7.3

mean + S.D 159.1 +18.73 222.8+18.42 6.67 + 0.57

P< 0.001 0.001 0.001
Group 4

Range 82-110 112-146 4.1-53

mean £ S.D 96.6 +8.5 122 +9.73 4.7+0.35

51



F.T. Alietal. /Egy. J. Pure & Appl. Sci. 2015; 53(3):49-57

Percent Change (%)

Ly

Haiw

G

Forr

=

ALMLF

o Ulream

R T

Grrour 1 Group 23
Groups

HBUN eSS Creatinine @ Miceroalboamin

Fig 1: Percent change of urea, BUN, crteatinine and microalbumin in groups 1 and 2a compared with normal control.
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Fig 2: Percent change of urea, BUN, crteatinine and microalbumin in groups 2b and 3 compared with normal control.
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Table 2: Statistical analysis of lipid profile parameters between patients and control groups.

rameters TC HDL-c LDL-c VLDL-c TAG

Groups (mg%) (mg%) (Mmg%) (mg%) (Mmg%)
Group 1:

Range 199-272 32-38.9 120.2-198.6 33.6-42 168-210.2

mean +S.D 222.23+223 | 35341234 149.19 £ 22.8 3769124 188.47 +£12.1

P< 0.001 0.05 0.001 0.001 0.001
Group 2a

Range 180-272 31-40.6 100.1-200.8 37.2-53.7 186-268.8

mean+S.D | 226.45+294 34.93+27 148.59 + 30.46 429+52 214.63 + 26.4

P< 0.001 0.05 0.001 0.001 0.001
Group 2b

Range 71-273.3 30-39.2 100.3-199.6 34.5-57.5 172-287.7

mean+S.D | 234.45+34.4 33.75+ 238 154.79 £ 30.9 46.43+7.6 232.13 +38.2

P< 0.001 0.001 0.001 0.001 0.001
Group 3

Range 71-273.3 33.6-46 97.92-156.7 32.2-43.3 161-216.5

mean+S.D | 200.13+£19.9 39.8+3.42 12257 £17.9 37.76 £ 3.6 188.79 £ 18.3

P< 0.001 NS 0.01 0.001 0.001
Group 4

Range 122-196 32-41.2 66.2-130 19.1-24.6 95.8-123

mean+S.D | 149.78 £ 20.6 37.7+2.67 89.84 + 19.6 22.24+1.9 111.19+95

Table 3: Statistical analysis of ADMA, NO, 8-isoprostane and Pl. GSHPX between patients groups and control

groups.
arameters ADMA | NO 8-Isoprostane Pl. GSHPx

Groups pmole/L pg/mi muU/ml
Group 1:

Range 0.61-0.84 22.3-324 280-430 38-101.3

mean +S.D 0.73+0.07 27.37+£3.01 359.73 +45.97 | 81.63 +16.86

P< 0.01 0.001 0.001 0.001
Group 2a

Range 0.68-1.2 16.3-21.5 340-460 44-86.3

mean = S.D 0.87 £ 0.15 18.96 + 1.32 416 £ 39.35 67.99 + 12.51

P< 0.001 0.001 0.001 0.001
Group 2b

Range 0.67-1.2 16.9-23.5 321-473 47-80.1

mean + S.D 0.85+0.14 19.61+ 2.05 394 +61.02 63.14 £ 10.63

P< 0.001 0.001 0.001 0.001
Group 3

Range 0.41-0.68 39.2-48.6 145-230 76.9-198

mean + S.D 0.64 £0.09 45.19 +2.61 184.6 £ 26.15 | 122.72 £43.43

P< NS NS 0.001 0.001
Group 4

Range 0.52-0.68 38.6-50.4 44-98 156-232

mean + S.D 0.58 £ 0.06 46.21+ 3.4 73.6 + 15.94 202.03 + 23.17

The results of computing the correlation matrix of the
different measured parameters and either ADMA, NO’,
pl. GSHPx and 8-isoprostane that shown in
Table (4) illustrated a highly significant positive
correlation was shown between 8-isoprostane and Hba,
ADMA & creatinine and 8-isoprostane & creatinine in
group 2a.

In the mean time, a highly significant negative
correlation was shown between ADMA and nitric oxide
in group 2b.

Meanwhile, in group 3; there is a highly significant
positive correlation was shown between 8-isoprostane &
Hbasc as shown in Figure (3).
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Table 4: Correlation between targeted parameters in diabetic nephropathy groups.

Group Correlation r r’ P<
8-isoprostane & HbAlc 0.557 0.31 0.05
8-isoprostane & creatinine 0.661 0.437 0.05

Gr2a "ADMA & creatinine 0.952 0.906 0.001
ADMA & nitric oxide - 0.965 0.931 0.001

Gr2b | ADMA & nitric oxide -0.971 0.942 0.001

5.57 o]

rz =0.866 , P<0.001

L 1 1

140 160 180

1 1
200 220 24

8-Isoprostane (pg/ml)

Fig 3: Correlation between 8-isoprostane & Hb,y, in kidney transplanted group (group 3).

The results presented in Figure (4) showed the receiver—
operator curve (ROC) of targeted parameters where the
area under curve (AUROC) of 8-isoprostane for the
diagnosis of DN was 0.838, which was superior to that
of microalbumin (0.740) but inferior to ADMA (0.945).
The DN diagnostic sensitivities of microalbumin, 8-
isoprostane and ADMA in the serum samples were
80.1%, 73.6% and 85.4% and specificities were 85%,
76% and 90% at cut-offs of 84.07ug/ml, 343.5pg/ml and
0.70umole/L respectively. However, when ADMA used
in combination with microalbumin for early detection of
DN, they increased sensitivity up to 90.3%, whereas,
specificity was 94% Table (5).

Discussion

Diabetic nephropathy (DN) is a serious microvascular
complication of T2DM that may eventually require
dialysis, and it represents a major cause of
cardiovascular mortality 21, Approximately one-third of
patients with diabetes eventually developed DN, so it is
critical to identify the risk factors for DN in T2DM 2.

Although hyperglycemia is necessary, it is not a suffi-

cient condition to cause DN because some patients with
diabetes with excellent blood glucose control still
develop DN, whereas others with poor blood glucose
control can escape from this renal complication during
the first two decades of diabetes. Therefore, a genetic
susceptibility to DN has been proposed 2%

The present study was carried out in attempt to evaluate
the potential link between oxidative stress that induce
VED and pathogenesis of diabetic nephropathy in
Egyptian patients suffering from T2DM.

Current study showed that, there was significant increase
in ADMA level in DN, pre-hemodialysis & post-
hemodialysis groups when compared to control group.
This is explained by Lin et al ! who reported that,
hyperglycemia impairs DDAHs activity in vascular
smooth muscle cells and the endothelium, thereby
contributing to elevated ADMA levels among diabetic
patients.

In the meantime, the present results show that there was
a non-significant decrease in ADMA level in
posthemodialyzed group compared to pre-hemodialyzed
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Fig 4: Receiver operating characteristic (ROC) curves display of microalbumin, 8- Isoprostane & ADMA for DN patients group.

Table 5: Sensitivity and specificity of targeted markers for early diagnosis of Diabetic nephropathy.

Variable Cut-off value Sensitivity Specificity
Microalbumin (pg/ml) 84.07 80.1% 85%
8- isoprostane (pg/ml) 343.5 73.6% 76%
ADMA (umole/L) 0.70 85.4% 90%
Combined microalbumin 84.07 pg/ml 0 0
and ADMA 0.70 pmole/L 90.3% 94%

group. This was in agreement with Kielstein et al. **!
who show that; at Shr after the hemodialysis session,
ADMA level was decreased by 65%, compared to 1hr
after dialysis.

The results showed that, ADMA level was decreased
after renal transplantation, compared to hemodialysis
groups, but it was still elevated when compared to
control group. These results are agreement with Yilmaz
et al. ¥ who declared that after successful renal
transplantation; ADMA levels rapidly declined over 28
days after transplantation and were associated with an
improvement in endothelial function.
Endothelial-derived nitric oxide (EDNO), a potent
gaseous mediator released by endothelial cells, is widely
accepted as the key determinant of endothelial function.
The obtained results of decreased NO level are in
agreement with Kimura et al. ¥ who reported that The
NO output is decreased in end-stage renal disease
(ESRD) patients on both peritoneal dialysis (PD) and
hemodialysis (HD) as well as in CKD patients. Using
the more direct approach to measure the'N,-labeled
arginine-to-citrulline conversion, Wever et al.”® also

concluded that NO production was decreased in humans
with CKD. This can be explained as; DM induce reactive
oxygen species overproduction which result in
scavenging of NO, resulting in decreased nitric oxide
bioavailability causing endothelial dysfunction seen in
DM.

The most acceptable explanation for the cumulative
obtained results is inhibition of NO synthase via ADMA
which is a competitive inhibitor of L-Arginine; the
substrate of NOS. This is lead to decreased production of
NO. In the same context, the results that shown an
elevation of NO level in transplanted group compared to
other groups was not surprising because the same group
has the lowest ADMA level compared to all patient
groups.

The level of isoprostane (IsoP) in blood or urine is
widely regarded as the reference marker for the
assessment of oxidative stress. As a result, nowadays,
Isoprostane is the most frequently measured oxidative
stress marker Nikolaidis et al. Its level had
advantages over other quantitative markers of oxidative
stress: they are chemically stable, specific products of
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lipid peroxidation; they are formed in vivo and are
present in all normal tissues and biological fluids Milne
etal. B,

In the present study, the level of 8-isoprostane was high
significantly increased in all patients groups. These
results are in line with Choi et al. B who illustrate
these observations as oxidative stress is increased in
Type 2 diabetes and this appears to underlie the
development of diabetic complications. Increased
oxidative stress is claimed to be triggered directly by
hyperglycemia.

Glutathione peroxidase, a Selenium containing enzyme,
is a key component in an enzymatic system that is most
responsible for controlling cellular peroxide levels.

In this study, PI-GSHPx was found to be highly
significantly decreased in all groups when compared
with normal control. The results arein harmong/ with
results of El-Far et al. ¥, Roxborough et al. ¥ and
Zachara et al. B,

These results can be illustrated by the fact that the main
source of the antioxidant in the human body is located in
human proximal tubules. In the meantime, the
endogenous, toxic compounds in the blood, which exert
an inhibitory effect on this enzyme, are responsible for
the decrease in GSH-Px activity. During dialysis, these
compounds are removed so that the enzyme activity is
enhanced.

From the aforementioned results it can concluded that;
ADMA, the masked culprit implicated in the
development of vascular endothelial dysfunction, inhibit
eNOS resulting in decreased NO production and hence,
the development of diabetic nephropathy in diabetic
patients. Also, 8-isoprostane is a very unique & specific
oxidative stress parameter through which, the stress
degree can be defined.

Together, ADMA & 8-isoprostane can be considered to
be good prognostic biomarkers of vascular endothelial
dysfunction which leads to diabetic nephropathy. The
first, gave aware about the degree of vascular
endothelial dysfunction. The second, gave knowledge
about the degree of oxidative stress occurred.
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