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Abstract

Background: Diabetic nephropathy is characterized by
excessive protienuria and progressive irreversible renal dam-
age. Various mechanisms were suspected to the development
of diabetic nephropathy. However, a few studies have reported
associations between obestatin and diabetic complications.

Aim of the Work: To evaluate serum OBST in type II
diabetic nephropathy rat model and the possible association
with the different biochemical and renal parameters.

Material and Methods: Twenty male albino rats were
included in the study and divided into two groups: Group (I):
Control group, group (II) type II diabetic group rats were fed
High Fat Diet (HFD) for Swks, then the HFD was replaced
with normal rodent diet and animals received single intraperi-
toneal injection of low dose of Streptozotocin (STZ) (35mg/kg).
However, rats had been followed up for two weeks (group
IIa), four weeks (group IIb) and for eight weeks (group Ilc)
after induction of diabetes, the following parameters were
examined BMI, mean arterial blood pressure, serum OBST,
insulin, glucose and calculated insulin resistance, lipids profile,
tumor necrosis factor-alpha, angiotensin II levels, urea, cre-
atinine and uric acid. Proteinuria, glomerular filtration rate
and renal malondialdhyde level, glutathione peroxidase and
superoxide dismutase activities. Histopathological examina-
tions for kidney tissues were also done at the end of experiment.

Results: There were a significant progressive increase in
serum levels of OBST, TNF-a and MAP in group II (a, b, ¢
levels) and progressive increase in serum urea, creatinen, UA,
ANG II and proteinuria in group IIb and c levels while, group
IIa showed insignificant changes. In addition, there were a
significant increase in serum glucose, HOMA-IR, total cho-
lesterol, TG, LDL, VLDL and renal MDA, with a significant
decrease in serum insulin, HDL, GFR and renal GSH-Px,
SOD activities in group Ilc level. Moreover, there was a
progressive significant decrease in BMI in group II (b and ¢
levels). Furthermore, obestatin levels were positively correlated
with all the previously affected parameters in group II at all
levels, except with insulin, HDL and GFR which showed a
significant negative correlation. While no significant correlation
had been found with GSH-Px, SOD activities.
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Physiology, Faculty of Medicine, Zagazig University, Zagazig,
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Conclusion: Serum OBST levels were significantly ele-
vated in experimentally induced diabetic nephropathy in rats
and positively correlated with most of the measured biochem-
ical and renal parameters except for insulin, HDL-C and GFR
was negatively correlated. These findings simplify that OBST
can be used as a novel biomarker for diabetes induced com-
plications. As its increase may play a compensatory role in
this metabolic disturbance.
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Introduction

DIABETIC Nephropathy (DN) is the major com-
plication of uncontrolled diabetes mellitus which
may lead to end stage kidney disease, develops in
about 20-40% of type II diabetic patients [1,2].
Renal complication in diabetic patients could be
attributed to metabolic and hemodynamic changes
as a result of disturbance in glucose regulation [3].

Different mechanisms were suspected to the
development of diabetic nephropathy and its clinical
course including atherosclerotic and inflammatory
processes [4] . Currently available options for treat-
ment of DN only delay progression of the disease
or turn to renal replacement therapy. So, it is
important to identify a new biomarkers for early
diagnosis and treatment for cases at high risk [5].

Obestatin (OBST) is an interesting but contro-
versial gut hormone [6] . It is a 23-amino acid
peptide encoded by the same gene that encodes
ghrelin [7].

OBST is not only found in the gastrointestinal
tract, but also in the spleen, mammary gland tissue,
kidney, thyroid gland, circulating plasma and rat
White Adipose Tissue (WAT), and adipocytes from
both mice and humans, suggesting autocrine/para-
crine effects [8-11], it has been reported to bind to
and activate the orphan receptor, G Protein-coupled
Receptor-39 (GPR39) [12].
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OBST plays an important role in various path-
ological and physiological activities [13]. However,
the biological role of OBST remains largely un-
known [11], afew studies have reported associations
between OBST and diabetic microvascular com-
plications [14,15] . Also, Data regarding serum OBST
in T2DM remain conflicting.

OBST has been shown to have multiple func-
tions, including effects on gastrointestinal motility,
cell proliferation, glucose and lipid metabolism,
endothelial cellsaswell as anti-inflammatory and
cardioprotective actions [10,15] .

Because OBST was reported to be associated
with diabetes, Insulin Resistant (IR) and cardio-
vascular risk factors, we supposed that it may also
play arolein underlying pathogenic mechanisms
which leads to progression of albuminuriain DN.

The aim of the present study is to evaluate
serum OBST concentration in type |1 diabetic
nephropathy rat model with protienuria and the
possible association of this hormone with the
different biochemical and renal parameters.

Material and M ethods

Animals: A total number of twenty healthy male
albino rats of local strain weighing 190-220g, were
obtained from the Animal House of Faculty of
Veterinary Medicine Zagazig University. The ani-
mals were kept in steel wire cages (5 rats/cage).
They were housed in room temperature with normal
light/dark cycles. They had free access to food and
water throughout the period of the study all rats
received care in accordance with the national health
guidelines and the study protocol was approved
by the Institutional Review Board and Ethics Com-
mittee of Faculty of Medicine Zagazig University,
the study was conducted in the period from January
to April 2018. The rats were accommodated to
laboratory conditions for one week before the
experiments was started.

Sudy design: The rats were randomly divided
into two main groups:

Group | [control group (n=10)]: Rats were fed
on standard chow diet (5% of energy derived from
fat, 18% from proteins, and 77% from carbohy-
drates; 3.3kcal/g). Group Il [type 2 diabetic group
(n=10)]: In which rats were fed High Fat Diet
(HFD) (60.3% of energy derived from fat, 18.4%
from protein, and 21.3% from carbohydrates;
5. 1kcal/g) for 5 weeks, then the HFD was replaced
with normal rodent diet and animals received single

intraperitoneal (ip) injection of low dose of Strep-
tozotocin (STZ) (35mg/kg) (Sigma Aldrich Co.-
USA) dissolved in normal saline [16]. After aperiod
of oneweek of STZ injection, the rats showed
marked hyperglycemia with the blood glucose level
increased to more than 250mg/dl were included,
the rats survived for 8 weeks after induction of
diabetes [17], through this period rats were followed-
up at three levels according to measured parameters.
Group lla: 2 week after induction of diabetes.
Group I1b: 4 weeks after induction of diabetes.
Group llc: 8 weeks after induction of diabetes,
seven rats only survived.

Measurement of body weight and length: Each
rat was put in closed plastic container and was
weighed at the first and the last day of the experi-
ment. Body length was taken as the distance from
the nose tip to the anus. Calculation of BMI: BMI
= body weight (gm)/length? (cm?), indicator of
obesity where the cutoff value of obesity BMI is
more than O.68gm/cm2 [18] . M easurement of
MABP: MABP is measured in millimeters of mer-
cury (mmHg) by Non Invasive Blood Pressure
monitor (NIBP 250, Serial No: 21202-108, BIOPAC
system, Inc.; USA) [19] . Urine collection: Urine
samples were collected for 24 hours by metabolic
cages, measured for volume and centrifuged 10
minutes at approximately 3000rpm to remove
insoluble materials. The supernatant was kept at

20°C for further analysis [20]. Urine biochemical
analysis: The following urine levels were measured:
Total proteins: Was carried out as described by
Nishi and Elin [21] using Urinary Protein Assay
Kit [Chondrex, Inc. 2607-151 place NE Redmond,
WA 98052, USA]. Creatinine: Was carried out as
described by Jaffé [22] using Creatinine (Colori-
metric) kit [Vitro Scient, Inshas Industrial Zone,
Belbis, Sharkia Egypt].

Blood sampling: One cm blood were obtained
from retro-orbital venous plexus each time, serum
was separated by allowing the blood samplesto
clot then centrifuged at 3000rpm for 20 minutes,
kept frozeen at (—20°c) until used to measure the
serum levels of obestatin, TNF-a, serum urea,
creatinine, uric acid, angiotensin |1, while glucose,
insulin, lipids profile measurement done at the
end.

Serum biochemical analysis: The following
serum levels were measured:

OBST levels: Was estimated by using rat double-
antibody sandwich ELISA kit; (EIAR-OBS; Ray
Biotech. Inc., USA) that was purchased from Sigma
Aldrich Company. The estimation method was
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according to manufacturer's instructions. Insulin
levels: According to Templeet al., [23] using En-
zyme Amplified Sensitivity Immunoassay (EAS-
IA), using specific insulin kit (BioSource Belgium)

and analyzed by spectrophotometers device. Glu-

cose levels: According to Tietz [24] using glucose
enzymatic (GOD-PAP)-liquizyme rat Kits (Bio-
technology, Egypt). Calculation of (HOMA-IR):

According to the equation of Matthews et al., [25]
[HOMA-IR =insulin ( g/ra) X glucose (mg/dL)/
405]. Total Cholesterol (TC) and Triglycerides
(TG) according to Tietz [24] using specific choles-
terol and triglycerides kits (Spinreact Spain) and

analyzed by spectrophotometers device. HDL-c
levels according to Tietz [24] by using Kits for
HDL-cholesterol (BioSource Europe S.A). Low
Density Lipoproteins (LDLc) and Very Low Den-
sity Lipoproteins (VLDLc) were estimated accord-

ing to Friedewald et al., [26] formula. LDLc =TC-
[HDLc-(TG/5)] & VLDLc =TG/5.

Creatinine levels: Asin urine according to Jaffé
[22] using Crestinine (Colorimetric) kit [Vitro Sci-
ent, Inshas Industrial Zone, Belbis, Sharkia Egypt].
Urealevels: According to Tietz [27] using urea/bun
(urease) kit [Vitro Scient, Inshas Industrial Zone,
Belbis, Sharkia Egypt]. UA levels: According to
Barham and Trinder [28] using uric acid (uricase/
peroxidase) kit: [BioSystems S.A. Quality System
certified according to EN 1SO 13485 and EN 1SO
9001 standards Costa Brava, 30. 08030 Barcelona,
Spain]. ANII: Was carried out as described by
Kumar et a., [29] using rat angiotensin || Enzyme
Immunoassay (EIA) kit (Catalog Number
RABO010, Sigma-Aldrich Co., Egypt). TNF-a
level: Was carried out as described by Fernando
eta., [30], using commercial ELISA kit, (Catalog
Number RAB0480, provided by Sigma-Aldrich
Co). Glomerular Filtration Rate (GFR): By using
creatinine clearance formula Cockcroft et al., [31].

GFR [creatinine ~ Urine creatinine X Urine volume

clearance] (ml/min) ) Serum creatinine X 1440

Tissue sampling and histopathol ogical examination:

Immediately after collecting blood samples,
rats were killed by decapitation after light ether
anesthesia. Kidneys were immediately excised, the
left one was processed for histopathological studies
and the right one was homogenated for biochemical
estimations of Maondialdehyde (MDA) level and
Superoxide Dismutase (SOD) & Glutathione Per-
oxidase (GSH-Px) activities. Renal antioxidant
system estimation: One small division (200mg) of
right kidney was harvested from the rats and accu-
rately weighed. Then, saline was added according
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to the tissue weight: Saline volume = 1.9 (w/v).
Following homogenization at 4°C by aDY 89-
electric homogenate (Ningbo Scientz Biotechnol-
ogy Co., Ltd., Ningbo, China), the homogenates
were centrifuged at 1,100xg for 15min at room
temperature [17].

MDA level: According to the method described
by Ohkawa et al., [32]. Superoxide Dismutase
(SOD) activity: According to the method described
by Kakkar et al., [33]. Glutathione Peroxidase
(GSH-Px) activity: According to the method de-
scribed by Reddy et al., [34].

Satistical analysis: Results were presented as
mean £ SD and analyzed using Version 18 SPSS
program (SPSS Inc. Chicago, IL, USA). The Anal-
ysis of Variance (ANOVA) followed-up with post
hoc test were applied to compare the differences
among means of groups. Pearsons test was done
to detect possibole correlations between serum
OBST and all parameters. p-value <0.05 was con-
sidered to be significant.

Results

There was a significant progressive increase
in serum levels of OBST, TNF-a and MABPIn
group Il (3, b, c stages; p<0.001) compared to
each other and group |. And also, there was a
significant positive correlation of serum OBST
with TNF-a and MABP in these stages rather
group | (Table 1).

Although group | rats gradually gained weight,
ratsin group lladuring first 2 weeks after induction
of DM were heavier (p<0.001). However, BMI of
group l1b and c at 4 and 8 weeks after induction
of diabetes, showed a significant progressive de-
crease (p<0.001). Additionally serum OBST
showed only a significant negative correlation with
BMI ingroup | (Table 1).

Moreover, there was a significant progressive
increase in serum levels of urea, creatinen, UA,
ANG Il and proteinuriain group llband c at (4 &
8 weeks, p<0.01, p<0.001 respectively) while group
I1a showed insignificant change compared to group
I. However, GFR and urine creatinine concentration
insignificantly decreased in group Ila (p>0.05)
compared to group |. Additionally serum OBST
was positively correlated with the previous param-
eters and negatively correlated with GFR while no
correlation with urine creatinine concentration in
all stages (2, 4, and 8 weeks) rather than group |
(Table 1).
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Although, there was a significant increase in
serum levels of glucose, TC, TG, LDLc, VLDL.c,
calculated HOMA-IR and renal MDA levels (p
<0.001), there were a significant decrease in serum
insulin & HDL-c levels and renal SOD & GSH-
Px activities in group Ilc (»p<0.001) compared to
group I. In addition serum OBST was positively
correlated with the previous parameters and nega-

(A)
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tively correlated with insulin and HDL-c levels
while no correlation had found with renal SOD &
GSH-Px activities in the same group (Table 2).

Regarding histopathology renal tissue in group
IIc stage showed sever renal damage with aggre-
gation of inflammatory cells and nephrosclerosis
with excessive hemorrhage in the interstitial tissue
compared to group I Fig. (1).

(B)

Fig. (1): Photomicrograph of normal renal tissue in control group (A) formed of renal glomeruli ( ) and normal renal tubules
(*) (H & E X400). Photomicrograph of renal tissue of a diabetic rat stage ¢ (B) showing atrophic glomeruli with
hydrophic degeneration of renal tubular epithelium and areas of hemorrhage (Hematoxyline & Eosin X400).

Table (1): Renal parameters, MABP, serum levels of OBST, ANG II, TNF-a, and BMI of both groups at

different levels.

Parameters Groups Group I Group Ila Group IIb Group Ilc

« Serum OBST (ng/ml) 0.47+.01 0.6140.032 0.74+0.042b 0.97+.012b¢

« BMI (gm/cm?) 0.56%.06 0.76+0.052 0.61+0.062b 0.47+0.033.b,c
r=0.65* =0.42 =0.01 r=0.46

« Serum urea (mg/dl) 26.09+1.2 25.34+1.9NS 53.5+6.42b 84.7+4.7%b'c
r=0.28 r=0.69* F=0.75%* r=0.74*

« Serum creatinine (mg/dl) 0.49+0.05 0.47+0.04NS 1.6240.11 &b 239+ 42ab¢
r=0.1 r=0.73 * r=0.67* F=0.78%*

« Serum UA (mg/dl) 0.51+.04 0.5+0.02NS 0.95+0.452b 1.88+0.52b'c
r=0.03 r=0.83%* r=0.66* r=0.69*

» Proteinuria (mg/24h) 48.245.2 48.6+6.09NS 190.4+11.42b 256.78+8.63b'c
r=0.48 r=0.79% * #=0.77% * r=0.72%

« Urine creatinine 126.8+4.9 124.06+6.2NS 97.1£7.332b 81.5+5.8abc

concentration (mg/ml) r=0.03 =0.12 =0.02 =0.53

« GFR (ml/min) 1.5340.07 1.48+0.11NS 0.74+0.132b 0.42+ 062b°¢
r=0.21 r=0.63 * p=—79%* r=—0.81 **

« Serum ANG II (ng/ i) 0.22+.03 0.23+0.01NS 0.2940.06a.b 0.41+.03abc
r=0.29 r=0.72% r=0.067* r=0.61 *

« TNF-a (pg/ml) 42.6+3.3 51.46+4.138 58.7+6.042’b 70.7+63bc
r=0.16 r=0.79% * r=0.88%* F=0.75%*

« MABP (mmHg) 82.346.2 100.2+5.32 121 36+7.28b 130.5+7.38b¢
#=0.02 r=0.69* #=0.72% * r=0.76* *

a  : Significance vs. group L. r : Correlation vs. serum OBST level.

b Significance vs. group Ila. o Significant (»p<0.05).

¢ : Significance vs. group IIb. ** . Significant (p<0.01).

NS : No Significance. o Significant (»p<0.001).
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Table (2): Serum biochemical parametersin group | and group
Ilc.

Parameters Groups Group | Group llc
* Serum insulin ( gUAml) 178%12 11.6+0.6a
r=0.51 r=-0.61*
¢ Serum glucose (mg/dl) 85.66£2.5 308.7+24.5a
r=0.41 r=0.913***
* HOMA-IR 324 134+ .62
r=0.2 r=0.7*
« TC (mg/dl) 81.1+3.2 180.2+6.5a
r=0.06 r=0.72*
* TG (mg/dl) 66.1t4.4 145.7+6.5a
r=0.35 r=0.84* *
« HDLc (mg/dl) 41.8+3.1 21.5+3.62
r=—0.3 r=—0.66*
e LDLc (mg/dl) 22.9%4.1 139.4+7.12
r=0.28 r=0.77**
«VLDLc (mg/dl) 9.57+ 31.9+3.2a
r=0.03 r=0.63*
* Renal MDA (nmol/gm 343121 69.6t4.7a
tissue) r=0.16 r=0.77**
* Renal SOD activity 10.5+£0.6 6.9+0.3a
(U/mg protein) r=0.03 r=0.41
* Renal GSH-Px levels 13.5+£0.75 10.5+.49a
(U/mg protein) r=0.5 r=0.02
Discussion

DN is characterized by excessive protienuria
and leads to progressive and irreversible renal
damage, thisis directly related to diabetes and/or
hypertension [35]. Hence, controlling DN conditions
can be usually by overcoming hyperglycemia or
proteinuriaincidence [5,63] .

The induction of type 2DM in this study by the
using of HFD feeding produces IR syndrome by
increasing plasma free fatty acids as a result of
increased influx of triglycerides into the blood
[16,37] . After injection of low dose STZ, there were
significant hyperglycemia and hypoinsulinemia
this could be due to partial destruction of B-cells
by STZ induced toxic DNA damage [38] . STZ is
transported into the cells by glucose transporter
protein, (GLUT?2), [39]. STZ is not known by other
glucose transporter proteins, and this explainsits
selective toxic effect on 3-cells of the pancreas,
as these cells have high levels of GLUT2 [40].

Hyperglycemia, successfully induced renal
lesions that were similarly present in human patients
with DN and confirmed by histopathological ex-
amination where a heavy aggregation of inflam-
matory cells and nephrosclerosis with excessive
glomerular damage and hemorrhage in the intersti-
tial tissue in diabetic rats. These findings are in
agreement with the study of Zakkerkish et a., [41],
who suggested that hyperglycemia may have a
significant role in the progression of DN.
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The present rat models of DN suffered from
dydlipidemia, hypertension and IR, however, OBST
levels were significantly elevated asiit is proved
to be insulinotropic, antiapoptotic, antinflammtory
and promotion of survival in both of B-cellsand
3T3-L1 adipocytes and its production has been
shown to rise possibly as a compensatory mecha-
nismin IR conditions and obese subjects [10,42] .
The signaling pathways involved in these effects
include Cyclic Adenosine Monophosphate (CAMP)
activation, phosphorylation of survival and prolif-
erative pathways such as phosphatidylinositol 3-
kinase, and extracellular signal-related kinase
[10,43].

Previous studies have confirmed OBST levels
compensatory elevation in patients with obesity,
metabolic syndrome, impaired glucose control,
T1DM, bulimia nervosa and Chronic Kidney Dis-
ease (CKD) [44-46] .

In line with these positive findings Zorlu et d.,
[15] reported that serum OBST levelsrisein T2DM
patients with albuminuria compared to normal, it
might be secondary to the activation of defensive
mechanisms against CK D-mediated metabolic and
inflammatory disturbance or as possible response
against sympathetic nerve stimuli.

Albuminuria actively contributes to endothelial
dysfunction which is mostly characterized by low-
grade state of systemic inflammation [47].

Additionally, insulin exerts pro-and anti-
atherogenic actions on the vasculature. During IR
conditions, pathway-specific impairment in phos-
phatidylinositol 3-kinase-dependent signaling po-
tentially causes inequality between the production
of nitric oxide and secretion of endothelin- 1 to
promote endothelial dysfunction [48].

Our results are in accordance with the result of
Eftekhari et al., [49] which showed an elevated
OBST level in children and adult on hemodialysis
and explained that elevation to its clearance reduc-
tion.

Furthermore, possible inflammatory mecha-
nisms should be considered as an explanation to
the rise of serum OBST levels, in COPD patients
lel et al., [50] and uremic children Monzani et dl.,
[2]. In addition, the present data demonstrated a
significant positive correlation between circulating
OBST and serum TNFa compared to control group.

Although OBST dose dependently increased
oxidized LDL binding to macrophages, a process
that leads to foam cell formation, which isan
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essential step in atherogenesis [51] . However, Kel-
lokosk et al., [52] found that in the presence of
TNF-a, OBST inhibited Vascular Cell Adhesion
Molecule (VCAM-1) expression, suggesting that
this protein may adjust the processes participating
in atherogenesis, meanwhile concluded as to exhibit
antiatherogenic propertiesin the group of patients
with high TNF-a levels and protect them from
fatal cardiovascular complication, whereas CKD
patients with high TNF-a but low OBST levels
are missing such a protection and thus have poorer
outcomes [53,54] .

Consistently, Zhang et al., [55 demonstrated
that OBST was useful as a possible beneficial agent
in renal ischemic reperfusion injury. Thisinforma-
tion proposes that the increase of serum OBST is
derived from renal tubein DN to act as one of the
renal protective factors.

In contrary to our data, Alhalbouni et al., [56]
reported that OBST levels were significantly lower
in patients with T2DM, and no correlation was
found between itslevel and inflammatory markers
in two chronic inflammatory diseases RA and BD.

The discrepancy between our findings and those
of others may be due to species differences, dura-
tion, type and/or stages of diabetes or accompanied
medications.

Regarding kidney function, there were a signif-
icant increase in both of serum urea, creatinine,
UA levels and urine flow rate, proteinuria, while
the GFR and urine creatinine level were signifi-
cantly decreased (in duration dependent manner)
in diabetic group compared to control group, which
indicates development of renal dysfunction. These
findings are in accordance with the findings of
Zhang et a., [17], who reported that HFD/STZ-
induced diabetes affect kidney function.

In addition, we found that serum OBST levels
were correlated positively with serum levels of
creatinine, urea, UA and proteinuriawhile this
protein correlated negatively to GFR and urine
creatinine. Thisisin line with the results of [2,15,57]
who reported higher serum OBST levels were
positively correlated with serum urea, creatinin,
UA levels and albuminuriain nephropathic patients
and inversely correlated with GFR.

Inverse to the current results Lacquaniti et al.,
[58] found that circulating OBST was significantly
lower in uremic children and negatively correlated
with serum urea and creatinen while positively
associated with GFR.

During this study BMI of rats in control group
showed steadily increased. In comparison, those
of diabetic group showed significant decrease,
which may be due to increased muscle wasting
and loss of tissue proteins, and thisin line with
[59].

While OBST concentrations were negatively
correlated with BMI of ratsin control group, there
was no correlation with BMI of ratsinT2DM group
at any levels. So, it did not seem to be the reason
for elevation of OBST levelsin T2DM. Thisis
supported by Gao et al., [60] and Lel et al., [50]
who reported that there was a negative association
between circulating OBST levels and BMI in nor-
mal subjects, but not in patients with chronic
atrophic gastritis and COPD. In contrast to the
present study, Xin et a., [61] reported OBST was
negatively correlated with BMI in CHF and CKD.

In addition, Zhang et al., [14] explored that
exogenous OBST decrease food intake in fasting
mice. While, Agnew et a., [62] found that OBST
exerted no effect on food intake and body weight
in rats. From those results we can suggest that
OBST expression in some diseases may be different
from healthy one.

Regarding, the hyperlipidemia observed in this
study could be due to IR that enhance the produc-
tion of cholesterol, theincreasein serum LDLc
level may result from non-enzymatic glycosyla
tion of LDLc and may result in decreased LDL
clearance [43].

Because the hyperglycemia can undergo auto
oxidation and non enzymatic reaction, forming
glycated product, which will form oxidants with
generation of Reactive Oxygen Species (ROS) [63].
Which it isarisk factor for hyperlipidemia, hyper-
tension and nephropathy [64,65] .

ROS can change proteins, lipids and nucleic
acids inside the cells, which lead to cellular dys-
function such as metabolic energy loss, cell sign-
aling and transport mechanisms change, genetic
mutations, general suppressed biological activity,
immune stimulation and inflammation [66,67] .

DN group exhibited a significant increase in
fasting serum levels of glucose, TC, TG, LDL,
VLDL and HOMA-IR they also were positively
correlated with serum OBST in diabetic group
compared to control group. While, there was a
significant decrease in serum insulin and HDL
levelsin and they were negatively correlated with
serum OBST in the same group.
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These findings were supported by [46,68] who
found that the higher OBST levelsin long-term
type 1 diabetes are aresult of afeedback to offset
cell death and low insulin gene expression and C
peptide secretion. Furthermore, Razzaghy-Azar et
al., [69] found that the fasting plasma OBST levels
in obese children were high, and was significantly
correlated with both insulin levels and HOMA-IR,
indicating an interrelationship between OBST and
insulin.

However, Szentpéteri et al., [70] reported that
circulating OBST levels were lower in obese pa-
tients and negetively correlated with VLDL, TC
and TG while positive correlation with HDL
and no correlation with other anthropometric pa-
rameters.

Also, inverse correlations between circulating
OBST and insulin, glucose, leptin, and HOMA-IR
have also been reported [51,71]. While Lei et al.,
[50] showed no significant correlation was found
between plasma OBST and TC, TG, glucose, or
insulin.

Being amarker of lipid peroxidation, MDA, is
anatural end product produced in intention cell
membrane through polyunsaturated lipids degra-
dation [72] . In the current study, MDA was signif-
icantly increased in the kidney tissue of T2DM
rats and negatively correlated with OBST, accom-
panied by decreased levels of the SOD and GSH-
Px activities, in agreement with [63].

Furthermore, in our study ANGII significantly
increased in the diabetic group compared to control
with significant positive correlation with serum
OBST level. Thisisin agreement with the finding
of Al-Qattan et al., [73] who reported a significant
increase in plasma ANGI| in diabetic rats.

However, OBST isreported to inhibit experi-
mental ANGII and dehydration-induced release of
vasopressin [74] . Hyperglycemia provoked high
ANGII concentration and stimulation of over ex-
pressed AT 1 receptors lead to sodium retention,
vascular resistance, glomerular capillary pressure,
and tubulointerstitial cell hypertrophy and hyper-
plasia associated with extracellular mesangial
matrix production [75].

In addition, the present study showed that a
significant elevation of MABP in diabetic group
compared with control rats and a combined with
positive correlation with serum OBST.

Further, hypertension developed in diabetic
nephropathy resulted from activation of sympathetic
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nervous system, renin-angiotensin-aldosterone
system which increases reabsorption of sodium
and water and resultsin fluid retention and aggra-
vation of renal filtration and reabsorption [76],
endothelial cell dysfunction and increased ROS
also reported [67] .

Although, Ren et al., [77] found a positive asso-
ciation between serum OBST and MABP in both
normal pregnancy and those associated with hy-
pertension rather than non pregnant which in line
to us, whereas Anderwald-Stadler et al., [78] report-
ed plasma OBST levels were negatively correlated
with systolic blood pressurein IR patients. More-
over, other studies have reported that OBST induces
vascular relaxation, both ex vivo and in vivo in an
NO-dependent manner [79].

Summary: Serum OBST levels were significant-
ly elevated in experimentally induced DN in rats
and positively correlated with the most measured
biochemical and renal parameters except for insulin,
HDL-C and GFR was negatively correlated. These
findings simplify that OBST can be used as a novel
biomarker for diabetes induced complications. As
itsincrease may play a compensatory rolein this
metabolic disturbance. Further studies are needed
to explore the exact mechanism elevates OBST
levelsin DN.
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