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ABSTRACT

Objective: Oxidative stress has crucial role in pathogenesis of diabetic complications. Diabetic nephropathy (DN) is an important microvascular
complication of diabetes and is widely recognized as the most common cause of the end-stage renal disease (ESRD) seen in clinical practice. Chemically,
oxidative stress occurs as a result of increased levels of lipid peroxides and free radical intermediates, as well as a decrease in the total antioxidant
capacity. This study analyzed the relationships between oxidant and antioxidant markers of DN in patients with type 2 diabetes mellitus (T2DM).

Methods: A descriptive study was taken during the period from November 2016 to August 2017. The present study included 53 patients suffering
from T2DM without nephropathy and 51 patients T2DM with nephropathy along with 69 age- and sex-matched healthy controls. Various biochemical
parameters, antioxidant enzymes, and malondialdehyde (MDA) levels were measured and compared.

Results: The glycosylated hemoglobin (HbAlc), urea, creatinine, microalbuminuria, and MDA levels were significantly increased (p<0.001), and
antioxidant enzyme activities such as glutathione peroxidase (GPx), superoxide dismutase (SOD), and catalase (CTL) were significantly decreased
(p<0.001) in T2DM with nephropathy patients followed by T2DM without nephropathy and control groups. There were a good negative correlations
of HbAlc and GPx (r=-0.79), SOD (r=-0.61) and CTL (r=-0.74) (p<0.05), whereas there was an excellent positive correlation of MDA concentration
(r=0.85, p<0.05) with HbA1c levels in diabetes with nephropathy.

Conclusion: The study illustrated that, in diabetic patients, there is an increased concentration of lipid peroxides which may contribute to
decreased levels of cellular antioxidant enzymes, further leading to T2DM with nephropathy. Hence, monitoring of these antioxidant enzymes
and microalbuminuria parameters in the early stage of diabetic patients could be vital importance in possible preventing further development of
complications. We suggest potential and new multiproperty antioxidants therapy as one of the most important treatment strategies for diabetic
patients without nephropathy for the prevention and slowing of diabetic with nephropathy before reaching to ESRD.

Keywords: Type 2 diabetes mellitus, Diabetic nephropathy, Oxidative stress, Antioxidant enzymes, Malondialdehyde, Glycosylated hemoglobin,
microalbuminuria.
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INTRODUCTION protein glycation) can increase the production of free radicals.
Furthermore, exposure of endothelial cells to high glucos leads
to augmented production of superoxide anion (0,7) and hydrogen
peroxide (H,0,), which may quench nitric oxide, a potent
endothelium-derived vasodilator that participates in the general
homeostasisof the vasculature. There are many evidence that
oxidative stress plays a key role in the most pathogenic pathways
of diabetic complications. Free radicals such as superoxide can
induce cell and tissue injuries throughout lipid peroxidation

(LPO) [3].

Diabetes mellitus (DM) is widely recognized as one of the leading
causes of death and disability worldwide. The prevalence of DM will
likely rise from 6% to over 10% in the next decade. In 2000, the World
Health Organization (WHO) recorded a total of 171 million people for
all age groups worldwide (2.8% of the global population) who have DM,
and the numbers are expected to rise to 366 million (4.4% of the global
population) by 2030 [1].

Oxidative stress is an imbalance between the systemic manifestation of
reactive oxygen and nitrogen species (ROS) and the human biological
system’s ability to readily detoxify the reactive intermediates or to
repair the resulting damage. Redox imbalance caused by increased
ROS concentration and/or reduced antioxidant reserve leads to
pathological consequences, including damage to proteins, lipids,
and deoxyribonucleic acid (DNA). Thus, oxidative stress can cause
disruptions in normal mechanisms of cellular signaling. Chemically,
oxidative stress is associated with increased production of oxidizing
species or a significant decrease in the effectiveness of antioxidants and
antioxidant enzymes [2].

Diabetic nephropathy (DN) is an important microvascular complication
of DM and is widely recognized as the most common cause of the
end-stage renal disease (ESRD) seen in clinical practice. The kidneys
have many tiny blood vessels that filter waste from the blood. High
blood glucose and hypertension from DM can diminish the blood
vessels, and afterward, kidney will not able to work and it completely
stops functioning. The condition not only causes disability but also
it is associated with a high mortality rate in diabetic patients as
well [4]. Nephropathy complicates approximately 30% of type 2
diabetic patients. The development of vascular complications in DM

Hyperglycemia can increase oxidative stress through several correlates with the intensity of hyperglycemia. High intracellular

pathways. The hypothesis is supported by evidence that many
biochemical pathways strictly associated with hyperglycemia
(glucoseautoxidation, polyol pathway, prostanoid synthesis, and

glucose concentration has been suggested to be a prerequisite for the
development of functional and structural changes in the kidney typical
of DN [5].
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Studies have shown that the extent of microalbuminuria affects long-
term prognosis and the emergence of microalbuminuria not only
indicates the early stage of DN but may also be the consequence of
extensive damage to systemic vascular endothelial cells [6]. MDA is
widely used as a marker of oxidative stress in many studies. MDA is
a water-soluble low molecular weight and LPO product. Increased
oxygenated compounds, particularly, aldehydes such as MDA are
produced during the attack of free radicals on membranes, lipoprotein,
and polyunsaturated fatty acids [7]. Assessment of LPO in the blood
provides useful information for the prognosis of DN patients. There is
no doubt that oxidative stress plays a pivotal or central role in body as
well as the decrease in the protective total antioxidant capacity.

A good antioxidant status may be important for a healthy life of
human beings. Low plasma levels of antioxidant as well as low intake
of dietary antioxidants have been associated with an increased risk of
so many chronic diseases [8]. Enzymatic glutathione peroxidase (GPx),
superoxide dismutase (SOD), catalase (CTL), and chemical antioxidants
play an importantrole in alleviating tissue damage due to the formation
of free radicals and oxidants. Therefore, the aim of this study was to
evaluate the status of oxidants and particularly key antioxidant
enzymes in type 2 diabetes mellitus (T2DM) patients with and without
nephropathy compared with normal healhy subjects.

METHODS

Study area

The descriptive study was taken from November 2016 to August 2017.
The T2DM with and without nephropathy patients attending the
Outpatient Department of Medicine and some patients were admitted
to Medicine and Nephrology unit of the Al-Quwayiyah General Hospital,
Kingdom of Saudi Arabia.

Study subjects and groups

Consecutive 104 patients with T2DM admitted to hospital were selected
for the study, they were between 40 and 60 years old age, and they were
further classified into 2 groups. Fifty-three patients had DM without
nephropathy (group 2) of both the sexes (male 29 and 24 females), and
fifity-one patients (male 27 and 24 females) had DM with nephropathy
(group 3). The criteria for the diagnosis of T2DM was based on the
2006 WHO report [9], and the presence of early stage DN was based
on the staging criteria proposed by Mogensen et al. [10]. Nephropathy
is clinically defined by the presence of persistent proteinuria,
microalbuminuria (>30 mg/day) in DM patients in the absence of
urinary tract disease, and on the basis of clinical history, physical
examination, renal biopsy, and biochemical investigations. Smoking
was defined as regular smoking of cigarettes/beedies (local type of
tobacco). When those patients whose body mass index (BMI) was
>30 kg/m? were considered as obese. Sixty-nine healthy volunteers,
both age- and gender-matched, who were non-diabetic subjects without
nephropathy were considered as controls (group 1). Subjects suffering
from hepatic disease, rheumatoid arthritis, autoimmune disease,
strokes, cerebrovascular accidents, any chronic or acute inflammatory
illness, pregnancy and lactating mothers, alcoholics, with juvenile
T2DM and type 1 DM and patients taking any kinds of multivitamin and
lipid-lowering agents were excluded from the study.

Methods of sample collection and biochemical assays

Blood samples were obtained after an overnight fast. Five ml of plain
blood and 3 ml of EDTA blood were collected from each subject, and
the serum was carefully separated and transferred to microtubes and
stored at +4°C before analysis. Anticoagulated blood samples were
centrifuged at 4500 RPM for 15 min. For collecting urine samples at
24 h, wide-mouthed 3 L sterile containers were provided to the patients
and control subjects, and instructions were given regarding urine
collection. The urine volume was measured, and 10 ml of sample was
preserved for analysis. The fasting blood glucose levels were measured
using fully automated biochemistry analyzers [11]. Glycemic control
was assessed by measuring glycated hemoglobin using the resin-ion
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exchange method [12]. The serum urea and creatinine were measured
by routine clinical chemical assays.

Preparation of erythrocyte hemolysate

After plasma separation, the buffy coat was discarded and packed
red blood corpuscles (RBC) were washed 3-4 times with isotonic
0.9% saline solution (pH=7.4). The washed RBCs were hemolyzed
by suspending in chilled distilled water, followed by centrifugation
(1400 x g) at 4°C. The supernatant was the hemolysate, which was
directly used for estimation of GPx, SOD, and CTL activity [13].

Estimation of GPx

GPx activity catalyzes the oxidation of glutathione (GSH) by cumene
hydroperoxide. In the presence of glutathione reductase (GR) and
reduced nicotinamide adenine dinucleotide phosphate (NADPH), the
oxidized glutathione is immediately converted to the reduced form with
a concomitant oxidation of NAPH to NADP*. The decrease in absorbance
at 340 nm is measured. GPx was measured by the method of Paglia and
Valentine [14].

Estimation of SOD

The method employs xanthine and xanthine oxidase to generate
superoxide radicals which react with 2-4-iodophenyl 3-4-nitrophenol-
5-phenyl tetrazolium chloride (INT) to form a red formazan dye.
The SOD activity is then measured by the degree of inhibition of this
reaction and measured by UV spectrophotometry, and absorbance was
monitored at 505 nm for 3 min. One unit of SOD is that which causes a
50% inhibition of the rate of reduction of INT under the condition of
the assay [15].

Estimation of CTL

CTL was assayed by the method of Beers and Seizer [16]. The serum
was incubated with 0.01 ml of absolute ethanol at 4°C for 30 min, after
which 10% Triton X-100 was added so as to have a final concentration
of 1%. The sample, thus obtained, was used to determine CTL activity
by measuring the breakdown of H,0, spectrophotometrically at 240 nm
and expressed as Bergmeyer units/g Hb.

Estimation of malondialdehyde (MDA)

MDA was estimated by thiobarbituric acid (TBA) method. Autoxidation
of unsaturated fatty acids involves in the formation of semi-stable
peroxides which then undergo a series of reactions to form short chain
aldehydes like MDA. One molecule of MDA reacts with two molecules of
TBA with the elimination of water to yield pink crystalline pigment with
a maximum absorption of 535 nm [17].

Ethical approval

The study was conducted with the approval of the Institutional Ethical
and Human Research Committee. Written informed consent was also
obtained from all the patients.

Statistical evaluation

The statistical analysis was undertaken using SPSS version 17.0
software. All values are expressed as meanzstandard deviation.
Differences between the means were calculated by analysis of variance
test (multiple comparisons). Student’s t-test was used to estimate
the significant difference between the groups. Pearson’s correlation
analysis was used to test the correlation between various biochemical
parameters. A p<0.05 was considered to statistically significant.

RESULTS

The clinical characteristics of two groups of patients and non-diabetic
controls are presented in Table 1. In the present study, the numbers
of patients with obesity and hypertensive was more on the T2DM
with nephropathy group, compared to those with T2DM without
nephropathy or controls, whereas smokers are similar in both groups.

Serum fasting blood glucose, glycosylated hemoglobin (HbAlc),
urea, creatinine, and microalbuminuria were increased in T2DM
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without nephropathy (Table 2) and further significantly increased in
T2DM with nephropathy patients compared to controls (p<0.001).
Antioxidant enzyme activities such as GPx, SOD, and CTL were
significantly decreased (p<0.001) in T2DM with nephropathy patients
compared to T2DM patients without nephropathy and non diabetic
controls. Significantly increased levels of MDA were observed in T2DM
patients with nephropathy compared to normal subjects (p<0.001) as
summarized in Table 3.

To assess the relationship between HbAlc levels with various
antioxidant enzymes and oxidative stress factor, a linear correlation
analysis was carried out, and Pearson’s correlation coefficient was used.
Analysis revealed that GPx, SOD, and CTL activities showed an inverse
relationship with HbAlc level. MDA concentration was positively
correlated with HbA1lc levels in diabetic patients without nephropathy
and those with diabetes and nephropathy as shown in Table 4.

DISCUSSION

It has been suggested that free radicals are responsible for the
development of DM macroangiopathy as well as microangiopathy. DN
is one of the most important microvascular complications of DM and
a major cause of ESRD. Several mechanisms are thought to be involved
in the pathogenesis of DN and its complications, and some of these
pathways are: Formation of advanced glycation end products, polyol
pathway activation, hexosamine biosynthetic pathway, activation
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of protein kinase C, and then, stimulating NADPH oxidase to induce
ROS generation [18,19]. ROS activates signal transduction cascades
and transcription factors leading to transcriptional activation of
profibrotic genes. Further, PKC, transforming growth factor-p (TGF-f),
and intrarenal rennin angiotensin aldosterone system stimulated
by hyperglycemia-induced ROS, in turn, these ROS are activated and
involve in glomerular mesangial expansion and tubulointerstitial
fibrosis. It is now clear that overproduction of ROS in T2DM is a direct
consequence of hyperglycemia, and various types of cells including
endothelial, vascular smooth muscle, mesangial and tubular epithelial
cells are capable of producing ROS under glycemic condition [20]. TGF-8
plays an important role in the development of renal hypertrophy and
accumulation of extracellular matrix components in DM. The expression
of TGF-B was found to increase in DN of experimental animal and in
human studies [21]. Interestingly, oxidative stress has been suggested
as a common product at the level of LPO, protein oxidation, and DNA
damage is involved in the pathogenesis of DN in association with T2DM.

DN is one of the common complications of T2DM and has aleading cause
of ESRD in many countries. It is believed that the pathophysiological
mechanisms of renal disorder are similar in both types of diabetes. The
pathogenesis of clinical course of DN can be monitored by structural
and hemodynamic changes. The earliest changes are an increase
in glomerular filtration rate, also call “hyperfiltration” stage, which
is followed by detectable glomerular lesions with normal albumin
excretion rate. The next change is the development of microalbuminuria.

Table 1: Clinical details of the study subjects

Particulars Mean+SD

Controls (n=69)

Diabetes mellitus with
nephropathy (n=51)

Diabetes mellitus without
nephropathy (n=53)

Type of diabetes mellitus -
52.3+¥11.3

Age (years)

Sex (male/female) 36/33
BMI (kg/m?) 23.0+0.8
HTN % 6

Smokers % -
Duration of diabetes mellitus discovered -

2 2
51.2413.1 53.549.7*
29/24 27/24*
25.1£1.1 26.3+1.4*
55 62*

42 42+
6.7+1.8 8.1£2.1

The values are mean+SD, *p<0.001, highly significantly compared to controls. BMI: Body mass index, HTN: Hypertension, SD: Standard deviation

Table 2: Biochemical parameters of study subjects

Parameters Mean+SD

Controls (n=69) Diabetes mellitus without Diabetes mellitus with

nephropathy (n=53) nephropathy (n=51)

Fasting blood glucose (mg/dl) 93.0£9.1 173.0£6.3* 202.2+£9.8**
HbA1lc % 4.4+0.6 7.5+1.2* 8.2+£1.7**
Urea (mg/dl) 18.2+2.1 28.9+3.2% 62.0£4.2%*
Creatinine (mg/dl) 0.8+0.3 1.0+0.5* 2.6x1.2%*
Microalbuminuria (mg/24 h) 8.71£2.1 13.23+4.1* 98.51+40.2**

The values are mean+SD; ANOVA test was done for multiple comparisons and Student’s t-test for significance between the groups. *p<0.001, control versus diabetes
mellitus and **p<0.001, diabetes mellitus versus diabetes with nephropathy. HbA1lc: Glycosylated hemoglobin, SD: Standard deviation

Table 3: Activities of antioxidant enzymes and MDA concentration in study subjects

Parameters Mean+SD
Controls(n=69) Diabetes mellitus without Diabetes mellitus with
nephropathy (n=53) nephropathy (n=51)
GPx (U/g Hb) 28.28.1 22.4+5.0* 19.0+3.3**
SOD (U/g Hb) 6.9£0.6 5.1+0.5* 4.1%0.8%
Catalase (U/g Hb) 8.2+1.8 6.5+1.0* 4.2+0.6**
MDA (nmol/ml) 3.8+0.9 6.9+1.8* 7.8+2.2%*

The values are mean+SD; ANOVA test was done for multiple comparisons and Student’s t-test for significance between the groups *p<0.001, control versus diabetes
mellitus and **p<0.001, diabetes mellitus versus diabetes with nephropathy. GPx: Glutathione peroxidase, SOD: Superoxide dismutase, MDA: Malondialdehyde,

SD: Standard deviation
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Table 4: Correlation analysis of HbA1c levels between diabetes
mellitus with and without nephropathy patients

Parameters Diabetes mellitus Diabetes mellitus
without nephropathy “r”  with nephropathy “r”

HbA1c/GPx -0.73* -0.79*

HbAlc/SOD  -0.52* -0.61*

HbA1c/CTL -0.68* -0.74*

HbAlc/MDA  0.78* 0.85*

*Pearson correlation coefficient is significant at p<0.05, GPx: Glutathione
peroxidase, SOD: Superoxide dismutase, MDA: Malondialdehyde, CTL: Catalase,
HbAlc: Glycosylated hemoglobin

Once microalbuminuria persist, both changes in glomerular structure,
such as mesangial expansion, basement membrane thickening, and
permeability happened, which is referred as “incipient nephropathy.”
Diabetic subjects with persistent microalbuminuria are at increased
risk for “over DN.” At this stage, prominent proteinuria, hypertension,
and renal insufficiency progressed. The pathological findings in this
stage are glomerular basement membrane, thickening, mesangial
expansion, and resulting in diffuse and/or nodular glomerulosclerosis,
afferent and efferent arteriolar hyalinosis, and tubulointerstitial
fibrosis. After several years of persistent proteinuria, the progression
of ESRD will occur [22]. Recent evidence suggests that glomerular
podocytes have a key role in early proteinuria, and reduced podocyte
number was reported in patients with DN. Experimental studies suggest
that amelioration of excessive oxidative stress by antioxidant therapies
may potentially prevent glomerular and podocyte damage in DN [23].

Like other previous studies [24], we demonstrated that hypertension
and obesity were found to be significantly higher in T2DM patients
and further increased in T2DM with nephropathy patients. Tobacco
smoking is one of the most important modifiable risk factors for the
development of so many diseases. The smoking habit, concurrent with
multiple metabolic toxicities of DM and metabolic syndrome, likely
accelerates the multifaceted pathogenetic mechanisms of diabetic
glomerulosclerosis and chronic kidney disease [25]. Cigarette smoke
contains so many free radicals in both the gas and tar phases, and it
decreases the total antioxidant capacity of several critical enzymes,
which are involved in the free radical detoxification, including GPx, SOD,
metallothionein, and thioredoxin reductase [26]. In the present study,
we observed more smokers in T2DM and T2DM with nephropathy
compared to controls. Interestingly, a new study from China has
shown that the expansion of visceral adiposity is a risk factor for an
elevated risk of 24 h urinary albumin excretion, and with the expansion
of visceral adiposity, the prevalence of heavy albuminuria increases
in DN patients [27]. Our study indicated that there is an increase of
urine microalbuminuria in T2DM patients, and further, elevation was
observed in T2DM with nephropathy patients. Vandana Varma et al. [28]
and Hanai et al. [29], in their experiments and patient’s studies, have
shown similar results of urine microalbuminuria. Then, the findings
indicate that protein, lipid, and DNA damage already may exist in the
early stages of DN in patients with T2DM and that the levels of oxidative
stress increase as microalbuminuria becomes more pronounced. These
studies confirmed that microalbuminuria was currently an excellent
nontraumatic predictor of the early stage of DN.

MDA is a natural product of LPO and reflects the oxidant status of
the biological system. LPO is a free radical linked chain reaction and
which is self-perpetuating. Several authors in their experimental and
patients studies have revealed that increased levels of serum MDA in DN
patients [5,30]. In our study, we also observed the increased levels of MDA
in T2DM and further increased in T2DM patients with nephropathy as
compared to controls, possibly because there is an increased production
of ROS in the circulation. This fact may indicate increased production of
freeradicals or diminished efficiency of antioxidant defense mechanisms
in DN patients [31]. The estimation of LPO in the patients with DN is very
useful to judge the progress of the patient.
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Human body combat against the free radicals by its natural defense
with antioxidant enzymes and exogenous antioxidants. There are
many enzymatic antioxidants in vivo such as GPx, SOD, and CTL that
play a very important role in the protection against LPO. Phospholipid
hydroperoxide GPx,an intrinsicrenal cytoprotective antioxidant enzyme
mainly expressed in glomerular podocytes, parietal epithelial cells,
as well as tubular epithelial cells play a prominent role in preventing
LPO [32]. The enzyme reduced glutathione reduces the oxidized form
of the enzyme GPx, which in turn reduces H,0,, a dangerously reactive
species within the cell. The increased production of LPO and H,0,
resulting a decreased consumption of GSH, this impairs the depletion
GPx activity in DN patients. Increased activity of aldolase reductase
pathway in patients with DN consumes NADPH, resulting in impaired
the activity of GR. Thus, decreased GPx antioxidant enzyme was seen in
patients with DN [33]. A several authors reported a decreased activity
of GPx in DN patients [2,34]. Similarly, we also observed a decreased
activity of GPx in DN patients compared to controls. The resultant
oxidative damage can then contribute to the pathogenesis of DN.

Another one of the important antioxidant enzymes in the human
body is SOD. Some authors have reported a decreased level of SOD
in the blood [31,35]. We have also found a decrease in SOD levels in
T2DM patients, and further decreased activity was observed in T2DM
patients with nephropathy. Kimura et al. [36] and Moussa et al. [37]
in their study displayed increased SOD levels in patients with DM. The
decrease in serum SOD activity in T2DM is linked to be progressive
glycation of enzymatic proteins. About 50% of SOD in erythrocytes of
diabetic patients is glycated, resulting in trace activity. Whereas further
lower activity of SOD levels in DN patients could be due to excessive
production of superoxide radicals, consumption in the autoxidation
procedure and increased excretion from inflammatory kidney in
nephropathy [38]. CTL is apparently the most efficient enzyme found
in our cells [39]. Selvam et al. [40] reported an increase in CTL activity
in T2DM with nephropathy patients. On the other hand, Inah Hwang
etal. [41] revealed that a diabetic person had decreased activity in CTL.
Similarly, our study showed that CTL levels were found significantly
reduced in T2DM patients with nephropathy. Increased ROSs in CTL
deficiency impair peroxisomal/mitochondrial fatty acid oxidation
and subsequently increase lipid accumulation, which might induce
increased renal injury [42]. Animal and clinical studies have confirmed
that antioxidant treatment plays an effective role in T2DM and DN [43].

There are many evidence suggest that ROS plays an important role in the
pathogenesis of DN. To prevent the development and progression of DN,
it would be effective in combing the strategies to prevent overproduction
of ROS and to increase the removal of performed ROS. Some natural
antioxidants were proved to process the ability to decelerate DN through
reducing oxidative status. The flower of Hibiscus sabdariffa Linnaeus calyx
is commonly used in hot and cold beverages and as a supplement due
to its perceived potential of health benefits. The flower extract has been
reported to decrease blood pressure and has antitumor characteristics
as well as immune-modulating and antileukemic effects, and also, extract
contains polyphenolic acids, flavonoids, and protocatechuic acids [44].
Wang et al. [45] demonstrated that aqueous extract of H. sabdariffa
Linnaeus is capable of increasing CTL and GSH enzyme activities
significantly in diabetic kidney disease. Another, Luteolin is a plant-
derived flavonoid that has protecting effect against the development of DN
by increasing the SOD activity, decreasing MDA content, and expression of
heme oxygenase-1 protein [46]. Some authors revealed that antioxidants
such as a lipoic acid, propolis, astaxanthin, flax, and pumkin seed mixture
have been proved as an important treatment regimens for diabetic renal
disease to reduce oxidative stress [18]. However, further clinical studies
are needed to illuminate their therapeutic potential in treating diabetic
patients with nephropathy.

Some clinical evidence studies showed that the improvement of
albuminiuria, HbAlc, MDA in T2DM patients with combined using of
antioxidants therapy or antioxidant with anti-inflammation agent [47].
Recently, one report hypothesizez that natural substances have
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antioxidant and anti-inflammatory activities and have an impact on
NFB and KEAP1/Nrf2/ARE pathways. The preclinical studies explored
the effectiveness of whole herbs, plants, or seeds and their active
ingredients that might change our strategies for the management of
DN [48]. In future studies, the new antioxidants will be preferred which
show multiple effects against DN pathogenesis pathways. There were
some limitations in the present study, our sample size was small, and
since it was a hospital-based study, so we cannot represent over the
entire population. This is needed to be proven in clinical trial studies.

CONCLUSION

This will be the first report to measure oxidants and particularly key
antioxidant enzymes in T2DM patients with nephropathy among the
Saudi population in Al-Quwayiyah region of Saudi Arabia; there are
taking more junk food, animal saturated fat, and high cholesterol food all
these affect for so many diseases. However, they are not very well aware
of their DM, kidney disease, and cardiovascular diseases. In an earlier
stage of DM patients, they want to take some important precautions,
otherwise this may affect as a key initiator of kidney damage associated
with DN. Oxidative stress coupled with chronic hyperglycemia may
have an important role in the pathogenesis of glomerular and tubular
functional and structural abnormalities. The study illustrated that
continuous use of antioxidants with long half-life time; it increases
of antioxidant concentration in specific cellular organelle such as
mitochondrion, show anti-inflammatory, blood lowering pressure
effect, and increase body antioxidant enzyme activity. Hence, monitoring
of these antioxidant enzymes and microalbuminuria parameters in
the early stage of patients with T2DM could be vital importance in
possible preventing further development of complications. We suggest
that potential and new multiproperty antioxidant therapy seems to be
promising in preventing the induction and progression of DN before
reaching to ESRD.
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