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Abstract

Background: Adropin is a peptide hormone that plays an
important role in energy homeostasis and endothelial functions.
Nitric oxide is a potent vasodilator synthesized in the vascular
endothelium from the Nitric Oxide Synthase enzyme (NOS).
There are controversial studies about the role of NOS and its
isoforms the endothelial (eNOS) and the inducible (iNOS)
forms in Ischemia-Reperfusion (IR) injury. It was found that
adropin influences gene expression of eNOS and enhances
endothelial cell function. However, few researchers have
studied the link between adropin and iNOS activity during
different phases of IR-injury.

Aim of the Study: To estimate the plasma level of adropin,
and iNOS activity and to study the relationship of both of
them and their role during different phases of intestinal IR-
injury in rats.

Material and Methods: A total of 20 rats were used in
this study (200-220g). Rats were divided into two groups (10
rats/each); group I (sham-operated group) and group II which
exposed to laparotomy and occlusion of the superior mesenteric
artery for 30min the reperfusion for 60min. Serial blood
samples were taken via an inserted carotid catheter at 0, 30,
and 90min. Plasma levels of adropin and iNOS were measured
by ELISA kits according to the manufacturer protocols. The
contents of the intestinal lumen were centrifuged and examined
for detection of hemoglobin and albumin concentrations.
ANOVA with a post hoc test, independent sample #-test, and
Person correlation were used for statistical analyses.

Results: Plasma adropin level and iNOS activity are
significantly increased during ischemic and reperfusion phases
of intestinal IR-injury when compared to the pre-ischemic
phase of group II or when compared to the sham-operated
group. Adropin was significantly correlated with iNOS during
all phases. Moreover, unlike adropin, the iNOS level was
correlated with the severity of the intestinal bleeding.

Conclusion: Plasma adropin level is positively correlated
with iNOS activity during different phases of intestinal IR-
injury in rats, and this may provide new markers for diagnosis
of IR-injury during intestinal surgeries.
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Introduction

ADROPIN is a peptide hormone that was discov-
ered in 2008 by Kumar et al., consists of 76 amino
acids, and its amino acid sequence is identical in
humans, mice, and rats [1]. This protein is encoded
by the Enho gene, which is expressed primarily in
the liver and the central nervous system [2].
Moreover, adropin has been detected in various
tissues and body fluids, such as the brain, cerebel-
lum, liver, kidney, heart, pancreas, small intestine,
endothelial cells, colostrum, and milk [1]. Adropin
is involved in carbohydrate-lipid metabolism,
metabolic diseases, central nervous system function,
endothelial function and cardiovascular diseases
3.

Nitric Oxide (NO) plays a vital role in the
circulation, especially the microcirculation due to
its vasodilatory properties and its importance in
maintaining and regulating blood flow in healthy
tissues [4,5] .

Controversial studies concerned with Ischemia-
Reperfusion (IR) injury shed a light on the benefi-
cial effects of Nitric Oxide Synthase (NOS) and
its isoforms endothelial and inducible forms (eNOS)
and (iNOS) respectively [6,7] . It has been reported
that eNOS activity has a beneficial effect [8,9],
while, iNOS derived NO has a harmful effect [10,11]
on damaged tissue.

Adropin is one of the factors that affect en-
dothelial function and eNOS activity [12]. It was
found that adropin could be considered as a marker
indicating endothelial dysfunction in patients with
type 2 diabetes [13]. Moreover, it was found that
adropin affects iNOS activity in the kidneys of rats
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with streptozotocin (STZ)-experimental induced
diabetes [14].

So, this study was designed to elucidate the
association of plasma adropin and iNOS activity
and to study the relationship between their levels
during different phases of IR-intestinal injury in
arat model.

Material and M ethods

This study was performed on atotal number of
20 adult male local strain albino rats, weighing
200-220gm, obtained from the Animal House of
the Faculty of Veterinary Medicine, Zagazig Uni-
versity. Animals were kept in five clean cages, (40
X 28 X 18cm), 4 rats per cage, under hygienic
conditions in the Animal House of Faculty of
Medicine, Zagazig University. This study was
performed from May 2018 to July 2018. All animals
received care in accordance with the guide to the
care and use of experimental animals of the Institute
of Laboratory Animal Resources [15]. All rats had
free access to water and commercial rat standard
chow that consisted of 25.8% protein, 62.8% car-
bohydrates and 11.4% fat [16] . Rats were kept at
a comfortable temperature (20-24°C) and were
maintained on anormal light/dark cycle [17].

Rats were divided into two groups (10 rats per
each group). Sham-operated group (Group I): Con-
trol group exposed to open laparotomy with expo-
sure of superior mesenteric artery without occlu-
sion. Intestinal ischemia-reperfusion group (Group
I1): Which was exposed to the clamping of the
superior mesenteric artery then removal of the
clamp for reperfusion.

Surgical procedures:

Anesthesia: After overnight fasting, the keta-
mine-xylazine mixture was used for anesthesia
[18] . Ketamine 80mg/kg and xylazine 12mg/kg
solution (Ketamine HCL /xylazine HCL solution,
Catalogue No: MFCD00798875, Sigma-Aldrich)
was injected by intra-peritoneal rout to induce a
sufficient anesthesia/anal gesia throughout the pro-
cedures.

Catheterization of the carotid artery: In the
dorsal position, skin on the frontal aspect of the
neck was shaved and sterilized with acohol spray
then a two-cm incision was made 2mm right to the
midline. Dissection of subcutaneous tissues without
injury of the salivary gland was done, then the
grove between the sternomastoid muscle and the
trachea was gently dissected to reach the carotid
sheath which gently opened and the right carotid
artery which was identified by its pulsation was

separated from the surrounding nerves then ligated
by two ligatures by using 3/0 silk suture thread.

The distal ligature was tightened while the proximal
one remained loose. A Bulldog clamp was applied
proximal to the proximal ligature for temporary
occlusion of the artery until catheterization was
completed. A small plastic strip was applied beneath
the carotid artery to support it against a firm back-

ground during catheterization. By using an iris
scissor, a half-cut was done in the wall of the
carotid artery between the two ligatures, then the
catheter (Carotid Catheter catalogue no CX-2012S,

BASi Co, USA) was introduced inside the carotid
and the proximal loose ligature was tightened over
the catheter. Closure of the incision was done by
3/0 silk while the hub of the catheter was connected
to asyringe for the collection of serial blood
samples [19] . Three samples (500 j/comh) were
collected from each rat in the group 11; basal,

ischemia, and reperfusion. The basal sample was
collected just after the installation of the catheter

in the carotid, the ischemia sample was collected

at the end of the ischemic phase, while reperfusion

was collected after 1 hour of reperfusion. Inthe
sham-operated group, three samples were also
taken at the equivalent time intervals after cathe-

terization (0, 30, & 90min) [20].

Intestinal ischemia-reperfusion: In dorsal posi-
tion, 7cm midline incision was done in the skin
and muscles of the ventral abdominal wall then
the area of the gastric bed was gently dissected to
localize the Superior Mesenteric Artery (SMA) by
being the pulsating branch from the abdominal
aortajust cranial to the left renal artery. SAM was
occluded my microvascular clamp for 30min then
the clamp was removed and the reperfusion was
alowed for 60min [20] . The ischemiawas confirmed
by loss of pulsationsin the branches of SMA in
the mesentery while the reperfusion was marked
by the immediate return of mesenteric pul sations
after removal of the clamp. Regarding group |, no
clamping of SMA was done.

Evaluation of Intestinal mucosal injury after
reperfusion: After 60min of reperfusion, 15cm of
small intestine was isolated and the luminal content
was collected by irrigation of the intestinal lumen
with 5ml of normal saline by using asyringe. The
intestinal content was centrifuged and used for
determination of albumin (as an indicator of intes-
tinal permeability) and hemoglobin concentration
(as an indirect measure of mucosal bleeding). An
auto-analyzer (Fujifilm, Japan) was used for deter-
mination of abumin and hemoglobin concentrations
[21].
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Blood sampling:

Blood samples were collected in heparinized
tubes, centrifuged for 15min at 3000rpm. The
separated plasma was stored at —20°C until the
time of measurement.

Biochemical analysis:

Plasmalevels of Adropin were measured by a
quantitative sandwich ELISA kit [22] (MyBiosource,
USA-Catalogue No MBS023874) according to the
protocol described by the manufacturer. Plasma
inducible nitric oxide synthase (iNOS) activity
was determined by a quantitative sandwich ELISA
kit [23] (Catalogue No MBS023874, MyBiosource,
USA).

Histopathol ogy:

The washed intestinal segment was stored in
10% formalin to be used for the pathology. The
tissues were embedded in paraffin, sectioned at
5 g bsa microtome, and stained with hematoxylin
and eosin stain. Stained sections were examined
under alight microscope (200x and 400x) equipped
with adigital camera [24] .

Satistical analysis:

The data obtained in the present study were
expressed as mean = SD for quantitative variables
and statistically analyzed according to the methods
described by Kirkwood, (1985) [25]. The statistical
analysisis done by using the SPSS program, version
23 (SPSS Inc. Chicago, IL, USA). Independent
sample t-test was used to compare between group
| and I, One-Way ANOVA [LSD (Post hoc)] test
was used to compare statistical differences among
basal, ischemic and reperfusion levels of adropin
and iNOS. p-value <0.05 was considered statisti-
cally significant. Pearson's correlation analysis
was performed to illustrate the relationship between
plasma adropin and iNOS among different groups.
Pearson's correlation was considered significant
at p-values <0.05.

Results

Asshown in (Table 1), albumin and hemoglobin
level inintestinal lumen contents of group Il were
significantly higher than those in the sham-operated
group (p<0.001).

Table (1): Comparison of sham-operated rats and rats after
intestinal ischemia-reperfusion.
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Regarding the difference of adropin level be-
tween group | and I1, there was an insignificant
change in the plasma adropin level, during the
preischemia phase. However, the ischemia and the
reperfusion phases showed significantly higher
levelsin group Il than those in group I. Further-
more, in group 1, it was evident that adropin level
was increased to avery high level during ischemia
and asimilarly high level in the reperfusion phase
(40.48+ 1.81 and 42.52+4.58 respectively vs. 26.02+
2.28ng/ml, p<0.001 vs. preischemia). Regarding
group I, no significant changes were recorded
during the three phases of the study (Table 2).

Table (2): Adropin level during phases of intestinal ischemia-
reperfusion in both study groups.

Plasma Groups Group | Group Il p-value
Adropin (n=10) (n=10) (t-test)
(ng/ml)
Pre-ischemia phase:
%+ SD 26.10+1.44  26.02+2.28 NS
p-vaue of LSD
Ischemia phase:
X+ SD 26.33£1.98  40.48%1.81 p<0.001
p-value of LSD NSa p<0.0012
Reperfusion phase:
X+ SD 25.79t2.11  42.52+4.58 p<0.001
p-value of LSD NSa, NSh p<0.0012 NSh

a Significant vs. preischemia phase.
b: Significant vs. ischemia phase.

Like adropin, the plasmalevel of INOS was
significantly higher in group Il than in group |
during both ischemia and reperfusion phases. More-
over, iNOS level showed significant increments
during both ischemia and reperfusion phasesin
comparison to preischemic statusin group I, while
in group | no significant changes were reported
(Table 3).

Table (3): TheiNOS level during phases of intestinal ischemia
reperfusion in both study groups.

Groups Group | Group Il p-
Parameters (n=10) (n=10) value
Body weight (g) 189.67+11.93  185.83+13.39  >0.05
Int. Albumin (g/L) 0.45+0.12 2.93+0.35 <0.001
Int. hemoglobin (g/L) 0.02+0.01 1.98+0.77 <0.001

Plasma Groups Group | Group 11 p-value
iNOS (n=10) (n=10) (t-test)
(VL)
Pre-ischemia phase:
X+ SD 6.32+0.83 6.77+0.54 NS
p-vaue of LSD
Ischemia phase:
X+ SD 6.72+1.20 8.87+0.94 p<0.05
p-value of LSD NSa p<0.0012
Reperfusion phase:
X+ SD 6.65+0.34 9.42+0.73 p<0.001
p-value of LSD NSa, NSb  p<0.0012 NSb

a Significant vs. preischemia phase.
b: Significant vs. ischemia phase.
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Association between adropin and iNOS levels
was demonstrated in Figs. (1-3). During the pre-
ischemia and ischemia phases, there was a signif-
icant positive correlation between adropin and
INOS levels (7=0.679, r=0.837, respectively,

p<0.05). This correlation was continuing even after
reperfusion Fig. (3). The severity of intestinal
mucosal injury denoted by the concentration of
hemoglobin in the intestinal contents was also
correlated significantly with iNOS level Fig. (4)
rather than with adropin Fig. (5). This was not the
case regarding albumin concentration in the intes-
tinal contents as it showed an insignificant corre-
lation with both adropin and iNOS (7=0.543,
r=0.404, respectively, p>0.05).
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Fig. (2): Correlation between Adropin and iNOS levels during
intestinal ischemia phase.
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Fig. (4): Correlation of iNOS level and hemoglobin concen-
tration in the intestinal contents of group II rats. (Int-

Hb; Hemoglobin concentration in the intestinal con-
tents).

The IR injury of intestine showed local his-
topathological changes in comparison to the sham-
operated group. The intestinal changes were graded
according to Quaedackers et al., [24]. The main
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Fig. (1): Correlation between Adropin and iNOS levels during
preischemia phase.
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Fig. (3): Correlation between adropin and iNOS levels after
reperfusion.
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Fig. (5): Correlation of adropin level and hemoglobin concen-
tration in the intestinal contents in group II. (Int-Hb;
Hemoglobin concentration in the intestinal contents).

changes included the development of Gruenhagen's
space at the tip of intestinal villi (Grade 2), dense
inflammatory infiltrate (Grade 3) and complete
destruction of the villi (Grade 4) Fig. (6).
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Fig. (6): Histopathological changes after intestinal 1schemia/Reperfusion (IR). (A): Normal intestinal mucosa and villi (H &
E X200). (B): Intestinal villi after IR showing the development of Gruenhagen's space at the tip of villi (Grade 2) (H
& E X400). (C): Intestinal villi after IR showing dense inflammatory infiltrate (Grade 3) (H & E X400). (D): Intestine
showing the destruction of the villi (Grade 4) (H & E X200).

Discussion

Adropin is a peptide hormone involved in en-
ergy homeostasis and the control of glucose and
fatty acid metabolism [3] . There are controversial
studies about the physiological role of adropinin
the cardiovascular system. The immunoreactivity
of adropin has been detected in many tissues,
including the heart [26].

Nitric Oxide (NO) is the most active vasodilator
produced by endothelial cells. It is synthesized
continuously from the amino acid L-arginine by
Nitric Oxide Synthase (NOS) [27]. Additionally, it
has been found that microcirculatory dysfunction
usually associated with decreased production of
NO [28]. Many studies concerned with increased
impairment of microcirculatory function and tissue
injury following NO inhibitory treatment shed a
light on the importance of NO synthase (NOS)
enzyme and its endothelial and inducible isoforms,
eNOS and iNOS respectively [29].

Controversy about the prevention and treatment
of ischemia reperfusion-injury have elucidated that

eNOS and iNOS activity leads to differencesin
NO production involving both positive and negative
effects [11,30] . eNOS activity has a beneficial effect
[8], while iINOS activity has a harmful effect [10]
on damaged tissue.

This study created arat model of intestinal
ischemia-reperfusion. The success of this model
in group Il was proved by significant increasesin
levels of albumin and hemoglobin in the intestinal
lumen [21], together with the pathognomonic fea-
turesin Fig. (6). This study also revealed that there
is no significant change in both plasma adropin
level and plasmaiNOS activity in rats of both
groups during the pre-ischemic phase. However,
asignificant increase in their levels during both
ischemic and reperfusion phasesin group Il in
comparison to their levelsin the group | was de-
tected.

In addition, this study recorded changes in both
plasma adropin level and plasmaiNOS activity
during different phases of ischemia-reperfusion
injury. In group |1, there was a significant elevation
in both plasma adropin level and plasmaiNOS
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activity in both ischemic and reperfusion phases
compared to their levels during the pre-ischemic
phase. However, the increments in both plasma
adropin level and plasmaiNOS activity were not
furtherly increased during the reperfusion phase
i.e. the means during reperfusion vs. the ischemic
phase were insignificant in group |1. Moreover, a
significant positive correlation has been reported
between plasma adropin level and iNOS activity
in pre-ischemic, ischemic, and reperfusion phases
ingroup Il.

In agreement with these data, Altintas et al.,
[21] found that, adropin in blood-stream is markedly
increased in rat model with cerebral ischemia
induced by Middle Cerebral Artery Occlusion
(MCAO) when compared to both sham-operated
group and Ischemic Preconditioning (1PreC) group
induced by intermittent left internal carotid artery
occlusion, and there was no significant changein
adropin level between sham and IPreC groups.
They explained their findings as adropin expression
in brain tissuesisincreased in case of ischemia
resulted from MCAO to modulate energy homeos-
tasis, and ischemic injury of neurons releases
adropin into blood-stream. Adropin level was not
changed in IPreC group when compared to control.
Asthis state resulted in subclinical cerebral insuf-
ficiency that induces cerebrovascular adaptations
as a neuroprotective stress defense mechanism
increasing the durability of neurons and reducing
the infarction size. So, neurons didn't release adro-
pin into bloodstream [31].

Moreover, in Myocardia Infarction (M) in-
duced by administration of isoproterenol in rats,
adropin synthesisin the hearts of rats was progres-
sively increased 1-24h after M1, and serum adropin
level increased at 30 minutes after a heart attack
and peaked at 2 hours. As, when myocardial cells
become damaged, adropin is released into the
bloodstream. So, a gradual increase in serum adro-
pin could be anovel diagnostic marker in M1 [32].
Also, adropin level increases with the severity of
heart failure [33].

On the other hand, serum adropin level was
significantly lower in patients with acute Ml com-
pared to patients with stable coronary artery disease
and healthy persons. Adropin may be considered
as an independent early predictor of acute Ml in
patients with coronary artery disease [34] . Other
studies have shown that alower concentration of
adropin is arisk factor for the development of
coronary heart disease [35] and an independent
factor for late saphenous vein graft occlusion [36].

It was reported that low circulating levels of
adropin are associated with cardiac syndrome X
that isrelated to endothelial dysfunction. In addi-
tion, higher levels of adropin protect the endothe-
lium and prevent the development of this disease
(37].

Concerning iNOS, the results of this study
confirmed the positive correlation between iNOS
and the severity of intestinal mucosal bleeding Fig.
(4). Thisis supported by the findings of hightower
and intaglietta [38] who found that the production
of INOS markedly increased during ischemia-
reperfusion injury of vascular endothelium and
surrounding tissue cells and these high levels of
microvascular INOS worsen all IR injuries. How-
ever, continuous wave diagnostic frequency ultra-
sound exposure of IR-injury induced tissue damage
resulted in inhibition of INOS production during
early perfusion and increased eNOS level during
late perfusion providing protection for damaged
tissues from IR-injury [38].

Moreover, Busse et al., [39 and Kessler et al.,
[40] observed that low-grade vascular inflammation
activates the production of iNOS isoform which
considered as one of the major sources of oxidative
stress generating Reactive Oxygen Species (ROS)
[41,42] and produces endothelial dysfunction [ 43,44].
Also, Jiang et a., [45] and Vinaset al., [46] found
that the upregulation of iINOS and or NO synthesis
through the iINOS pathway induced apoptosis dur-
ing in vitro and in vivo ischemia-reperfusion stud-
ies, respectively. In addition, genetic manipulation
that inhibits the production of iNOS [11] and treat-
ment with specific INOS inhibitors [47,48] during
IR resultsin decreased injury and improved recov-
ery. However, there were controversial studies
supporting the benefit of INOS [49-51] .

Taken together, it is clear that in case of IR-
injury the accelerated production of Reactive Ox-
ygen Species (ROS) [52], and the cytokines released
as aresult of inflammatory process are involved
in the pathogenesis of IR-injury [53]. The ROS and
cytokines increase expression of iNOS in the vas-
cular endothelium and induce the production of
iNOS-derived NO which is not present in normal
conditions and greatly harmful to the vascular
endothelium [54], because the ROS interact with
iNOS-derived NO leading to loss of its bioavaila-
bility and producing the reactive nitrogen species
peroxynitrite that greatly interferes with the vas-
cular signaling pathways [55].

About the positive correlation between adropin
and iNOS activity in pre-ischemic, ischemic, and
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reperfusion phases of IR-injury in this study, this
can be approved by [12] who reported that adropin
isone of the factors that affect endothelial function
and endothelial Nitric Oxide Synthase (eNOS)
activity. Also, adropin regulate the bioavailability
of nitric oxide through affecting gene expression
of eNOS [56,57] . In addition, Aydin and Kuloglu
[14] demonstrated that adropin altered iINOS ex-
pression. Asthey observed that in STZ-
experimental induced diabetes in rats, both adropin
and iNOS showed elevated levelsin renal tissues
of rats.

Discrepancies in these data and others may be
related to the difference in species: Human or
animal model, the difference in study design and
duration of the experiment, difference in kits, and
the rapidity of ischemia development.

Conclusion:

Plasma adropin level and iNOS activity are
significantly higher during the ischemic phase
when compared to the pre-ischemic phase of IR-
intestinal injury in arat model. Moreover, after
reperfusion, adropin level and iINOS activity did
not return to basal level but still significantly higher
than pre-ischemic phase, but insignificantly higher
than ischemic phase. This may be due to the release
of adropin into the bloodstream from the damaged
ischemic tissue and the activation of production
of iINOS as one other major sources of oxidative
stress during IR-injury.

In addition, there is a significant positive cor-
relation between adropin and iNOS in group 11
during all phases of IR-injury, and this may provide
an evidence about the link between adropin and
iNOS and their role during different phases of IR-
injury.
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