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Irisin Protects Against Hind Limb Ischemia
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Aim: The aim of this study was to evaluate the effects of irisin in a murine model of hind
limb ischemia reperfusion (I/R).

Methods: The mice were divided into four groups (n = 6 in each group): control, irisin,
ischemia reperfusion (I/R), and irisin-ischemia reperfusion (I-I/R). Irisin (0.5 pg.g ', intra-
peritoneally [i.p.]) was administered 30 min before the I/R procedure. After 2 h of ischemia
and 2.5 h of reperfusion, blood and tissue samples were taken for biochemical and histo-
pathological analysis. The results were analyzed by Kruskal-Wallis and Mann—Whitney
U-tests.

Results: There was a statistically significant difference in the total antioxidant status (TAS)
and total oxidant status (TOS) levels in all the groups. The TAS level in the I/R group was
significantly lower than that in the control, irisin, and I-I/R groups, whereas the TOS level
was significantly higher in the I/R group as compared with that in the other groups. Caspase-
3 activity and caspase-8 activity, indicators of inflammation, were significantly higher in the
I/R and I-I/R groups as compared with those in the control and irisin groups.
Conclusion: Irisin may have protective effects in skeletal muscle ischemia reperfusion
injury.
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Introduction
Ischemia is the occurrence of cell death as a result of inadequate perfusion due to
a decrease in the tissue blood supply. Reperfusion is the resumption of blood flow.
In this period, secondary metabolites, such as oxygen free radicals, are produced.'
Oxygen free radicals are toxic under various clinical conditions.” The production of
oxygen free radical during reperfusion can lead to multiorgan failure, followed by
local edema and muscle necrosis.”> Irisin is a recently identified hormone with 112
amino acids (12,587 kDa).® It is a product of type I membrane protein cleavage
encoded by the fibronectin type III domain containing 5 (FNDC5) gene.” Irisin is
secreted mainly in skeletal muscle and cardiac muscle. Irisin has several pharma-
cological effects, such as antioxidant,® antiapoptotic,”'® anti-inflammatory,'"'?
neuroprotective,'® and hepatoprotective.'* It also has bone loss prevention effects.'®
After reperfusion of ischemic tissues, cellular damage is a common and critical
clinical incident. Caspases, especially caspase-8, are proteases that initiate and
execute apoptotic cell death.'® In the presence of increased inhibition of caspase-
8, sensitivity to death receptors increases. Caspase-3 is another protease that
interacts with caspase-8 and caspase-9 in apoptosis.
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The aim of the study was to investigate the effect of
irisin in a rodent model of hind limb muscle ischemia/
reperfusion (I/R) injury.

Materials and Methods

This study was performed in accordance with the guide-
lines of the National Institutes of Health on animal
research, and it was approved by the animal experiments
local ethics committee of Gazi University.

This study used 24 mice weighing 3545 g. The ani-
mals were housed in polycarbonate cages and maintained
at 24° C under a 12-h light/12-h dark cycle. Access to food
was restricted 2 hours before the anesthesia procedure.

The animals were assigned to four groups (n = 6 in
each group): control, irisin, I/R, and irisin-I/R (I-I/R). In
the control group, a midline laparotomy was performed
without any additional surgical interventions. In the irisin
group, the same procedures were applied as in the control
group. %0.9 saline was used to prepare a 1% solution of
irisin. Thirty minutes before ischemia, 0.5 pg.g ' irisin
(Sigma-Aldrich Co. Ltd.) was administered intraperitone-
ally (i.p.). A midline laparotomy was performed in the
same way in the I/R group. During the ischemic period,
the infrarenal aorta was clamped for 2 h. The clamp was
then removed, and the tissue was reperfused for 2.5 h. In
the I-I/R-group, irisin was administered 30 min before
ischemia. The group was then subjected to 2 h of ischemia
and 2.5 h of reperfusion as in the other groups.

At the end of the experiments, blood samples and
tissue samples were taken for biochemical and histopatho-
logical analysis. All the mice were then sacrificed.

Biochemical Analysis

Homogenization of Tissues

The hind limb tissue collected in the Eppendorf tube
frozen immediately in liquid nitrogen, and stored at —80°
C in a deep freezer until the time of the total antioxidant
status (TAS), total oxidant status (TOS), and oxidative
stress index analyses. The procedures were done very
quickly so the tissues were not allowed to thaw. First,
pieces of 80-100 mg weight were cut with 22 lancets
(PLUSMED®) from the hind limb tissues weighed on
a precision scale. 80-100 mg weighted tissue was smashed
in a porcelain bowl in the presence of liquid nitrogen, and
powdered tissue was immediately transferred to
a homogenization tube (099C S3, Glas-Col). 140 mM
KCI solution was added per gram of tissue to achieve
a 1/10 (w/v) dilution. In order not to increase the

temperature, the homogenization tube was placed in
a flake-ice-filled glass beaker. Glas-Col (K5424®) homo-
genizer was used at a speed of 50 rpm for 2 min to
complete the process (pestle, 099C S21G, Glas-Col).
Homogenates were transferred to 1.5 mL Eppendorf
tubes and centrifuged at 3000 rpm for 10 minutes (NF
048, NUVE). The supernatants obtained were transferred
to new Eppendorf tubes.

Measurements of Total Antioxidant

Status/Total Oxidant Status
TAS Measurement
TAS test kit (RelAssay Diagnostic®, Turkey) was used
according to the manufacturer’s instructions to measure
the TAS levels. 30 uL of the sample was mixed with 500
pL of measurement buffer (reagent 1) in an Eppendorf
tube. 2 pL of that mixture was used to measure the
absorbance at 660 nm (A1) (NanoDrop® ONE, Thermo
Scientific). Then, 75 pL of colored 2,2-azino-bis-3-ethyl-
benzothiazoline-6-sulfonic acid (ABTS) (reagent 2) was
added to the mixture, and an incubation performed at 37°
C for 5 min (ST 30, NUVE). A2 measurement was eval-
uated at the absorbance of 660 nm. Trolox Eq solution at
a concentration of 1 mmol/L was used instead of samples
to obtain the standard values. A1 and A2 measurements
were done three times for each of the samples, and the
average values were calculated. The absorbance change
(AAbs) was calculated by subtracting the first absorbance
value (A;) from the second absorbance value (A,). The
TAS level was calculated using the formula given in the
kit and expressed as mmol Trolox Eq/L.

TAS = ([AAbsH20 - AAbs sample]/[AAbs H20 -
AAbs standard]).

TOS Measurement

TOS test kit (RelAssay Diagnostic®, Turkey) was used
according to the manufacturer’s instructions to measure the
TOS levels. 75 pL of the sample was mixed with 500 pL of
measurement buffer (reagent 1) in an Eppendorf tube. 2 puL
of that mixture was used to measure the absorbance at 530
nm (A1) (NanoDrop® ONE, Thermo Scientific). Then, 25
pL of Pro-chromogenic solution (reagent 2) was added to
the mixture, and an incubation performed at 37° C for 5 min
(ST 30, NUVE). A2 measurement was evaluated at the
absorbance of 530 nm. A standard solution containing 10
umol/L of hydrogen peroxide (H,O,) equivalent/liter given
in the kit was used for standard measurement. Al and A2
measurements were done three times for each of the
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samples, and the average values were calculated. The absor-
bance change (AAbs) was calculated by subtracting the first
absorbance value (A;) from the second absorbance value
(A3). The TOS level was calculated using the formula given
in the kit and expressed as mmol H,O, Eq/L.

TOS = ([(AAbs sample]/[AAbs standard]) x standard
concentration [10 pmol/L]).

Immunohistochemical Analysis

Following tissue collection, the samples were fixed in
formalin, embedded in paraffin blocks, and cut into
sections 4 um thick. The cut tissue samples were then
placed on slides coated with poly-L-lysine. The slides
were kept in a humid medium at 45° C for one night
and then transferred to another medium at 75° for 20
min. Leica Bond-Max auto-stainer was used for depar-
affinization after caspase-8 and caspase-3 antibodies
were stained. The stained slides were covered with
a cover slip with mounting medium and examined
under a light microscope. The intensity of cytoplasmic
localized caspase-3 and caspase-8 in muscle and
endothelial cells were evaluated at 40 and 100x magni-
fications. The slides were evaluated by a pathologist
who was blind to the study. The staining was scored
as follows: 0 = no staining, 1 = mild staining, and 2 =
intense staining. The inclusion and evaluation criteria
were to be stained with antibodies at least 50%.
Routine staining with hematoxylin-eosin dye, followed
by examination under a light microscope was used to
detect possible morphological changes.

14

® TAS (mmol Trolox Eq/I)

12

10

TAS and TOS levels

i
| Group

0 I
C Group

Statistical Analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS, Chicago, IL,
USA) 20.0 program. The Kolmogorov—Smirnov test was
used for the comparisons of all variable groups. The
results were analyzed using the Kruskal-Wallis test, with
a Bonferroni-adjusted Mann—Whitney U post hoc test. The
results were expressed as the mean + standard error (SE).
A value of p < 0.05 was considered statistically significant.

Results

Biochemical Findings

There was a statistically significant difference in the TAS
levels in all the groups (p = 0.034). The TAS level in the I/
R group was significantly lower than that in the control,
irisin, and I-I/R groups (respectively, p = 0.045, p = 0.015,
and p = 0.011) (Figure 1).

Similar to the TAS levels, there was a statistically sig-
nificant difference in TOS levels in all the groups (p = 0.002).
The TOS level was significantly higher in the I/R group as
compared with that in the control, irisin, and I-I/R groups
(respectively, p = 0.007, p = 0.008, and p = 0.009) (Figure 1).

Histopathological Findings

There was a statistically significant between-group differ-
ence in myositis caspase-8 activity (p = 0.006). Myositis
caspase-8 enzyme activity was significantly higher in the 1/
R and I-I/R groups (p = 0.003 for both) as compared with
those in the control and irisin groups (p = 0.032 and p =
0.032, respectively) (Figures 2—4).

TOS (mmol H202 Eq/I)

=
I-1/R Group

=
I/R Group

Figure | Total antioxidant status (TAS) and total oxidative status (TOS) levels (Mean+SE) *p<0.05: Compared with I/R group.
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Figure 2 Caspase 3 and 8 enzyme activities (MeanSE). *p<0.05: Compared with I/R group; p<0.05: Compared with I-I/R group.

Figure 3 Remarkable caspase-8 staining is seen in muscle fibers and more than fifty percent of the vascular endothelium in I/R group (HE, 40x).

Similarly, there was a statistically significant
between-group difference in myositis caspase-3 activity
(p < 0.0001). Myositis caspase-3 enzyme activity was
significantly higher in the I/R and I-I/R groups (p <
0.0001 for both) as compared with those in the control
and irisin groups (p = 0.003 and p = 0.006, respectively)
(Figure 2).

Inflammation was significantly higher in the I/R

group as compared with that in the control, irisin, and

I-I/R groups (p = 0.007, p = 0.037, and p = 0.037,
respectively).

Myositis damage was significantly higher in the I/R
group as compared with that in the control, irisin, and -1/
R groups (respectively, p < 0.0001, p = 0.022, and p <
0.0001) (Table 1, Figures 5 and 6).

Congestion was significantly higher in the I/R group as
compared with that in the control and irisin groups (p <0.001
and p < 0.0001, respectively) (Table 1, Figures 5 and 6).
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Figure 4 There is a medium caspase-8 staining intensity in some parts of the muscle fibers and in less than half of the vascular endothelial regions in I-I/R group (HE, 40x

magnification).

Discussion
Irisin is a PGCl-a-dependent myokine, which can trans-
form white adipose tissue into brown adipose tissue.” It is
the product of a transmembrane protein transcribed from
the FNDCS gene'”'® and is mainly secreted by skeletal
muscle and myocardium during exercise.'® Previous
research reported that irisin reduced oxidative/nitrative
stress and protected endothelial cells in type 2 diabetes.’
Studies also reported that irisin provided protection against
liver, cardiac, and perforator flap I/R.22%22 In addition,
irisin was reported to play an important role in limb
remote ischemic preconditioning-mediated lung protection
by improving mitochondrial function.*?

Ischemia is the most common cause of irreversible
cellular injury. I/R results in the generation of toxic reac-
tive oxygen species (ROS) in organs. Ischemia studies

reported irisin reduced the activity of cellular defense
enzymes against ROS and reperfusion and that these oxi-
dative products disturbed the delicate balance of oxidants/
antioxidants, leading to intracellular calcium overload,
adenosine triphosphate depletion, myocardial apoptosis,
and endothelial dysfunction.* ?” Research also demon-
strated that oxidative products, such as ROS, reactive
nitrogen species, lipid peroxides, hydrochloric acid, and
malondialdehyde (MDA), formed TOS.'

In the present study, in light of this information, we
investigated whether irisin ameliorated I/R-induced
damage by measuring TAS and TOS levels in a murine
model of I/R injury. Previous studies showed that mea-
surements of TAS levels provided more valuable informa-
tion than individual measurements of antioxidants.**?’

Thus, in our study, we used TAS as a marker of total

Table | The Light Microscope Data of Mice Skeletal Muscle (MeantSE)

C Group (n=6) I Group (n=6) I/R Group (n=6) I-l/R (n=6) Pk
Inflammation 0.00+.0.00* 0.17£0.17* 0.67+0.21 0.17£0.17* 0.040
Fibrosis 0.00+.0.00 0.00+0.00 0.00+0.00 0.00+0.00 -
Vascular dilatation 0.00+.0.00 0.00+0.00 0.00+0.00 0.00+0.00 -
Congestion 0.00+.0.00* 0.00+0.00* 0.83+0.17 0.50+0.22 0.001
Myositis injury 0.00+.0.00* 0.00+0.00* 1.16£0.31 0.50+£0.22* 0.001
Notes: 0: none, I: light, 2: severe. P**: Kruskal Wallis test, ¥p<0.05: Compared with I/R group.
Drug Design, Development and Therapy 2021:15 submit your manuscript 365
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Figure 5 Prominent damage pattern is seen in most of the muscle fibers. There are also inflammatory cell infiltration sites between muscle fibers and significant congestion

in veins (HE, 20x).

Figure 6 There are prominent focal acute necrotic change sites in muscular tissue sites and diffuse inflammatory cell infiltration (HE, 20x).

antioxidant protection against attack by free radicals and
TOS as a marker of total oxidative stress. The TAS level
was significantly higher in the I/R group as compared with
that in the control and I-I/R groups, which was in accor-
dance with I/R-induced impairment of antioxidant activity,
as reported previously. Kim et al*® found that vitamin
C treatment at a dose of 2.5 mg for 5 d increased the
TAS during and after the treatment period. They found that

TAS levels were decreased in their study and attributed
this finding to a decrease in antioxidant stress. The TOS
level in the I/R group in the present study was significantly
higher than that in the control and I-I/R groups. Oxidative
stress, which is the main actor of I/R injury, was lower in
the irisin-treated groups according to the TOS level.
Some pathophysiological processes in apoptosis events
are related to the severity of I/R.*'*? The proportion of
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Bax to Bcl-2 reflects the triggering of apoptosis following
the initiation process, and caspase-3 antibody signaling is
the main factor responsible for the acceleration of the
apoptotic event.>>* Previous research reported that irisin
effectively decreased the cellular expression level of
cleaved caspase-3, which, in turn, indicated that irisin
administration may have a protective effect against I/R
damage of striated muscle tissue. In our study, we
observed that irisin led to a reduction in caspase-3 levels.
This finding was in accordance with the previous study.

Significant differences were found between groups in
terms of inflammation, myositis injury and congestion.
Inflammation and myositis injury were significantly higher
in the I/R group than in the control, irisin, and I-I/R
groups. The congestion was significantly higher in the I/
R group than in the control and irisin groups. In addition,
there was a significant between-group difference in the
skeletal muscle cross-sections in our study.

In light of these data, we conclude that irisin has
a protective effect against hind limb I/R-induced damage
in skeletal muscle. To evaluate the protective effects of
irisin against I/R-induced damage to various organs, stu-
dies are needed to establish different I/R times. Such
studies could elucidate the protective effects of irisin, as
well as the underlying mechanisms of tissue damage asso-
ciated with I/R injury.

Disclosure
The authors declare that they have no competing interests.
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