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Abstract

Background: Preeclampsia is a syndrome associated with
pregnancy and characterized by new onset hypertension and
proteinuria that might result from hypoxic placenta which
secretes pathogenic factors that enter the maternal blood
stream and result in endothelial dysfunction. Irisin is a myokine
that improves endothelial dysfunction and has anti-oxidant
and anti-inflammatory effects. Therefore, the current study
aims to explore the possible effects of irisin on a model of
preeclampsia induced experimentally in adult female albino
rats and to explain the possible underlying mechanisms.

Material and Methods: 24 adult female albino rats were
divided into three groups: Group I (control pregnant rats):
That were injected daily with saline solution from 7th day to
14th day of gestation, Group II (preeclamptic rats): In which
pregnant rats were injected daily with L-NAME starting from
the 7t" day to 14th day of gestation, and Group III (irisin-
treated preeclamptic rats): In which L-NAME-induced preec-
lamptic rats were treated daily with intravenous irisin; 2 pg/kg;
from 10" day to 19t" day of gestation. In all groups, systolic
and diastolic Blood Pressure (BP), Total Urinary Proteins/24
hour (TUP), number of living pups and serum Endothelin-1
(ET-1), Interleukin-6 (IL-6), Nitric Oxide (NO), Placental
Growth Factor (PGF), insulin, glucose, Super Oxide Dismutase
(SOD), Malondialdehyde (MDA) were measured and HOMA-
IR was calculated.

Results: Irisin-treated preeclamptic rats showed significant
decrease in systoilic BP, diastolic BP, TUP, ET-1, IL-6, HOMA-
IR, MDA and significant increase in the number of living
pups, NO, PGF, SOD in comparison to preeclamptic rats.

Conclusion: Irisin may be a promising molecule for
treatment of vascular complications of preeclampsia, as
manifested by the improvement of hypertension and proteinuria
in preeclamptic rats, through several mechanisms that may
involve decreasing the oxidative stress, IL-6, ET-1 and insulin
resistance or increasing the levels of PGF and NO.
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Introduction

PREECLAMPSIA is a disorder of pregnancy that
starts after 20 weeks of pregnancy and characterized
by high blood pressure and proteinuria, while; in
severe cases; there may be hemolysis, thrombocy-
topenia, liver dysfunction, kidney dysfunction,
edema, dyspnea due to fluid in the lungs, or visual
disturbances and if left untreated, it may result in
seizures known as eclampsia [1]. The pathogenesis
of preeclampsia was suggested to be due to de-
creased delivery of blood to the developing utero-
placental unit resulting in hypoxia and oxidative
stress that release into the maternal circulation
substances such as free radicals, oxidized lipids,
and cytokines [2] leading to endothelial disturbance
[3] with vascular hyper permeability, hypertension
and inflammation [2].

Irisin is a 112 amino acids polypeptide hormone
secreted as a product of fibronectin type III domain
containing 5 (FNDCS5) from skeletal muscle in
mice, rats and humans [4]. Numerous studies high-
lighted the beneficial and protective properties of
irisin level elevation in insulin resistance, obesity
and metabolic disturbance [5-7]. The study by
Garcés et al., demonstrated that irisin precursor
protein (FNDCS5) is expressed in decidual, cytotro-
phoblast and syncytiotrophoblast in human placenta
of normal pregnancy. Also, they found higher irisin
levels in middle and late pregnancy compared with
early pregnancy in healthy women suggesting that
placenta might be a source of increased serum
irisin levels during normal pregnancy [8].

There are contradictory reports about serum
profile of irisin in preeclamptic pregnancy. While
it was reported that there is a decrease in serum
irisin levels in preeclampsia patients [8], on the
other hand, Zhanga et al., did not find any change
in serum irisin levels in preeclamptic patients [9].
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It isworth saying that irisin was reported to have
vasodilator [10], antioxidant [11,12], anti inflamma-
tory effects [13,14] and to improve endothelial
dysfunction [15], which suggest that it may aid in
improvement of placental ischemia during preec-
lamp sia.

Therefore, the aims of the current study were
to explore the possible effects of irisin on a model
of preeclampsiainduced in adult female albino
rats and to explain the possible involved mecha-
nisms.

Material and M ethods

In the period from 15th February to 10th May
2017, the study was performed in the Animal House
of Faculty of Medicine, Zagazig University and
involved twenty four healthy adult female albino
rats and four adult male albino rats of local strain
weighing 170-190g and aged 12-16 weeks that
were obtained from the Animal House, Faculty of
Veterinary Medicine, Zagazig University. All rats
were kept in steel wire cages under high hygienic
conditions, had free access to water and kept on
standard diet which consisted of mixed commercial
rat laboratory chow (25.88% protein, 62.98% car-
bohydrate and 11.94% fat) [16] . Rats were kept at
comfortable temperature, maintained on natural
light/dark cycle [17] and accommodated to labora-
tory conditions for three weeks before starting the
experiments [18] . All experimental procedures were
conducted in accordance with the guiding principles
for the care and use of research animals and were
approved by the Institutional Research Board.

Grouping of animals;

The male rats were used for induction of preg-
nancy. The female rats were divided into three
equal groups: Group | (control pregnant rats): That
were injected daily with saline solution at a dose
of 0.5ml/100g Body Weight (BW) subcutaneously
starting from the 7th day to 14th day of gestation,
Group 1 (preeclamptic rats): That were injected
daily with nitric oxide synthase inhibitor; [NG-
nitro-L-arginine methyl ester, L-NAME, (Sigma-
Aldrich, U.S.A.)] at adose of 10mg/0.5ml sa-
line/100g BW subcutaneously starting from the
7th day to 14th day of gestation to induce an animal
model of preeclampsia [19], Group |1 (irisin-treated
preeclamptic rats): That were injected daily with
L-NAME at adose of 10mg/0.5ml saline/100g BW
subcutaneously from the 7 th day to 14th day of
gestation [19] and treated daily with irisin (Sigma-
Aldrich, U.SA.) at adose of 2ug/kg BW intrave-
nously [20] starting from the 10th day to 19th day
of gestation [21] .

Methods:

Determination of the first day of pregnancy:

By vaginal smears which were examined daily by
using light microscope to ensure the regularity of
estrus cycle. The female proved to be in estrus
phase; established by the presence of cornified
epithelial cellsin vaginal smears [22] ; was paired
with amature male rat in a separate cage. After
mating, females were subsequently isolated until
the time of analysis to ensure accurate gestation
timing, and in the next morning avagina smear
taken. Copulation was confirmed by the presence
of acopulation plug or spermatozoain the vagina
which indicated the first day of gestation [23].

Urine collection: The 24 h-urine samples were
collected at the 19th day of pregnancy. The rats
were housed individually in metabolic cages and
urine was collected at the bottom of the cagesin
suitable-sized funnels with plastic perforated discs
to retain fecal matter [24] . The urine sample for
each rat was collected in a beaker placed under
the funnel and centrifuged for 10 minutes at 3000
rpm. The supernatants were transferred into another
set of clean and dry tubes and stored at —20°C until
analysis.

Measurement of Blood Pressure (BP): Systolic
and diastolic BP were measured in all studied
groups at the 20th day of pregnancy. The rats were
anesthetized with urethane (1.2g/kg, i.p.) [25] and
the trachea was cannulated by polyethylene tube.
The invasive (direct) blood pressure was measured
by cannulation of the carotid artery by a polyeth-
ylene catheter filled with heparinized saline con-
nected to physiological pressure transducer of
Power Lab data acquisition system [26].

Blood sampling: At the 20th day of pregnancy,
blood samples were taken from retro orbital vessels
under ether anesthesia between 9-11A.M. with
animals overnight fasting. The blood was collected
in clean plastic centrifuge tubes and allowed to
clot. Serum was separated by centrifugation of
blood at 3000rpm for 15 minutes [27] . The super-
natant serum was pipetted off using fine tipped
automatic pipettes and stored frozen at —20°C until
used.

Estimation of the number of living pups: At the
20th day of pregnancy, after blood pressure meas-
urement, pups were delivered by cesarean section;
the number of living pups was recorded.

Estimations:

Total urinary proteins: By using Microlab 300
(Vital Scientific, Germany), according to the man-



Reham H. [brahim & Marwa A. Habib

ufacturer's protocol through the principle of turbi-
dimetry using 5% trichloroacetic acid [28] . Serum
Endothelin-1 level (ET-1): By using a double-
antibody sandwich ELISA rat ET-1 kits according
to Khraibi et al., [29]. Serum Interleukin 6 (IL-6)
level: By using a double-antibody sandwich ELISA
rat IL-6 kits according to Song et al., [30] . Serum
Nitric Oxide (NO) level: Was estimated as nitrite,
aNO metabolite, by monitoring of reduction of
NOj3 to NO2 by nitrate reductase or metallic
catalyst, then NO o levels (nitrite levels) were
measured using the calorimetric Griess Reaction
[31].Serum Placental Growth Factor (PGF) level:
By using quantitative sandwich ELISA PGF Kits
(Marburg, Germany) according to Cowans et al.,
[32].Serum insulin level: By using KAP1251-INS-
EASIA (Enzyme Amplified Sensitivity lmmu-
noassay) Kits (BioSource Europe S.A., Belgium)
according to Temple et al., [33] . Serum glucose
level: by using enzymatic (GOD-PAP)-liquizyme
glucose kits (Biotechnology, Egypt), according to
Tietz [34]. HOMA-IR: Was calculated by homeos-
tasis model assessment [where HOMA = Fasting
serum insulin ( glU/ml ) X fasting serum glucose
(mmol/L)/22.5] according to Matthews et al., [35].
Serum Super Oxide Dismutase (SOD) level: By a
modified spectrophotometric assay using Bio di-
agnostic, Egypt kits according to Kakker et Bal .
(36] . Serum Malondialdehyde (MDA) level: =~ a
spectrophotometeric assay using Bio diagnostic,
Egypt kits according to Metkari et al., [37].

Satistical analysis:

The data obtained in the present study were
expressed as mean * SD for quantitative variables
and statistically analyzed by using SPSS program
(Version 18 for windows) (SPSS Inc. Chicago, IL,
USA). One way analysis of variance (ANOVA)
was done followed by LSD test to compare means
of the different groups. p-value <0.05 was consid-
ered statistically significant.

Results

Table (1) showsthe effect of irisin administra-
tion on al measured parameters in the three studied
groups. There was a significant increase in the
Systolic Blood Pressure (SBP) in Group Il (preec-
lamptic rats; p<0.001) and Group |11 (irisin-treated
preeclamptic rats; p<0.001) when compared to that
of Group | (control pregnant rats); while, there
was a significant decrease in SBP in Group 111
(p<0.001) when compared to that of Group I1.
Additionally, there was a significant increase in
the Diastolic Blood Pressure (DBP) in Group |1
(p<0.001) in comparison to Group I; while, in
Group 11, there was a significant decrease in DBP
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when compared to that of Group 11 (p<0.001) and
no significant change when compared to that of
Group | (p>0.05). Regarding the Total Urine Pro-
teins (TUP), there was a significant increase in
Group Il (p<0.001) and Group 11 (p<0.001) when
compared to that of Group I; whiletherewas a
significant decreasein TUP in Group |11 when
compared to that of Group 11 (p<0.001).

Regarding the number of living pups, it was
significantly decreased in Group 11 when compared
to that of Group | (p<0.001). However, it was
significantly increased in Group |11 when compared
to that of Group 11 (p<0.01), and significantly
decreased when compared to that of Group |
(p<0-01)-

Asregard the Placental Growth Factor (PGF),
it was significantly decreased in Group Il when
compared to that of Group | (p<0.001). However,
it was significantly increased in Group 11 when
compared to that of Group | and Group Il ( p<0.001).

Concerning Nitric Oxide (NO), it was signifi-
cantly decreased in Group 11 when compared to
that of Group | (p<0.001). While in Group |11, no
was significantly increased when compared to that
of Group | and Group Il (p<0.001).

Asregard Malonaldehyde (MDA), therewas a
significant increase in Group |1 when compared
to that of Group | (p<0.01). However in Group Ill,
there was a significant increase when compared
to that of Group | (p<0.01) and significant decrease
when compared to that of Group Il (p<0.01). Con-
cerning superoxide dismutase (SOD), it was sig-
nificantly decreased in Group Il when compared
to that of Group | (p<0.001). Whilein Group 111,
SOD was significantly decreased when compared
to that of Group | (p<0.001) and significantly
increased when compared to that of Group 11
(p<0.001).

Regarding Endothelin 1 (ET-1), therewas a
significant increase in group |1 when compared to
that of Group | (p<0.001). However in Group 111,
ET-1 was significantly increased when compared
to that of Group | (p<0.001) and significantly
decreased when compared to that of Group 11
(p<0.01). Concerning Interleukin-6 (IL-6), it was
significantly increased in Group |1 when compared
to that of Group | (p<0.001). Whilein Group |11,
IL-6 was significantly increased when compared
to that of Group | (p<0.001) and significantly
decreased when compared to that of Group 11.

Regarding Insulin, there was a significant in-
crease in Group |1 when compared to that of Group
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| (p<0.001). However in Group IlI, there was no
significant change in serum insulin when compared
to that of Group | (p>0.05) and a significant de-
crease when compared to that of Group Il ( p<0.01).
Asregard HOMA-IR, it was significantly increased

Effect of Irisin on Experimentally-Induced Preeclampsia in Female Albino Rats

in Group Il when compared to that of Group |

(p<0.001). Whilein Group Il1, HOMA-IR was
significantly increased when compared to that of
Group | (p<0.01), and significantly decreased when
compared to that of Group 11 (p<0.001).

Table (1): Effect of irisin administration on all measured parametersin all studied groups.

Groups Group | Group I Group 11

Parameters (control (preeclamptic (irisin-treated
pregnant rats) rats) preeclamptic rats)

Systolic BP (mmHg) 102.4£0.34 145.49+2.984 120.6+ 1.352b
Diastolic BP (mmHg) 81.9+11.3 112+8.62 85+4.2P
Total urine protein (mg/L) 5.3+0.07 13.9£0.832 8.02+0.91ab
Number of living pubs 1+21 5+152 g+1.3ab
Placental growth factor (pg/mL) 60.3£12.6 23+11.22 85+13.2ab
Nitric oxide ( gmol/L) 68.89+14.01 37.55+26.612 107.10+ 14.7420
Malonal dehyde ( gnai/L) 2.3+0.3 4.9+042 3.5+0.62D
Superoxide dismutase (mg/dl) 140.15+8.8 83+7.232 125+9.92b
Endothelin-1 (pg/ml) 1.67+£0.20 4.56+0.302 3.9+187ab
Interleukin-6 (pg/ml) 30+0.2 70+£0.32 43+5.28'b
Insulin (mIU/L) 8.50+0.70 13.50+0.802 9.2+2.48b
HOMA-IR 2.60+0.24 4.90+0.214a 32+121ab

Data are expressed as mean * SD.
(a): Significant vs. Group I.
(b): Significant vs. Group I1.

Discussion

In the current study, a model of experimental
preeclampsiain adult female albino rats was per-
formed. The occurrence of preeclampsia was con-
firmed by the statistically significant elevation in
blood pressure and the total urine proteinsin com-
parison to control pregnant rats. These findings
are in line with another study that specified hyper-
tension and proteinuria as diagnostic criteriafor
preeclampsia [3g] . In the current study we used the
nitric oxide synthase inhibitor (L-NAME) for
induction of preeclampsiain pregnant rats as chron-
ic Nitric Oxide Synthase (NOS) inhibition in preg-
nant rats produced a pattern similar to preeclampsia
such as hypertension, proteinuria, intrauterine
retarded growth, and increased fetal morbidity [39].

The present study also studied the effect of
treating preeclamptic rats with intravenousirisin
and found that irisin significantly improved the
signs of preeclampsia as evidenced by the signifi-
cant reduction in both systolic and diastolic blood
pressure and the total urinary proteins and the
significant increase in the number of living pups
in comparison to the preeclamptic rats. The present
study suggested that reductioninirisin levels might
play a part in the pathogenesis of preeclampsia
and that treatment with irisin can compensate for
this reduction and improve preeclampsia-associated
complications. In support of this suggestion, Garcés

et al., reported that serum levels of irisin were
reduced in preeclamptic patients and suggested
that low irisin levels might be involved in the
pathogenesis of the disease. Also, they suggested
that the low levels during the first and second
trimesters might be a good predictor of the devel-
opment of the disease [8]. Moreover, it was reported
that FNDCS5 placental expression was upregulated
and positively correlated with systolic blood pres-
sure and urinary protein levels in preeclamptic
patients; while; serum irisin level was found to be
negatively associated with systolic and diastolic
blood pressure levels; which propose that irisin
might play arolein regulation of blood pressure

9.

The present study tried to explain the possible
involved mechanisms through which irisin im-
proved the signs of preeclampsia. Placental Growth
Factor (PGF) is amember of the vascular endothe-
lial growth factor sub-family secreted from placen-
tal trophoblast that was reported to play arolein
trophoblast growth and differentiation and was
considered as an important member in vascul ogen-
esis, in particular during embryogenesis [40] and
also essential in the maintenance of proper endothe-
lial cell function and health [39]. In the current
study, we found that serum levels of PGF were
significantly decreased in preeeclamptic ratsin
relation to control pregnant rats. Consistent with
our findings, it was reported that serum levels of
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PGF were reduced in women presenting with both
early and late onset preeclampsia, and this reduction
was considered to be responsible for the endothelial

dysfunction that produced hypertension and the
glomerular endothelial injury that produced pro-

teinuria [41] . The present study found a significant
increase in serum levels of PGF in preeclamptic
rats treated with irisin in comparison to those of
preeclamptic rats. So, it was suggested that irisin
may be an effective treatment for the endothelial
dysfunction produced by reduced PGF in preela-
mpsia.

No was suggested to have an important rolein
modulating arterial pressure [39] . The elevation of
no production in normal pregnancy was suggested
to play an important role in the vasodilatation that
occursin pregnancy [42] . In the present study,
treating preeclamptic rats with irisin caused a
significant increase in serum no levels in compar-
ison to those of preeclamptic rats. Consistent with
our finding, Han et al., reported that irisin could
stimulate no production in human umbilical vas-
cular endothelial cells [10] . In addition, Fu et al.,
reported that irisin increased no production, whereas
pretreatment with L-NAME abolished the stimula-
tory effect of irisin on no production [43]. Moreover,
it was reported that irisin enhances the phosphor-
ylation of AMPK that has been characterized as
an energy sensor (sensitive to the AMP/ATP ratio)
in the regulation of glucose uptake and fatty acid
oxidation in the whole body [44]. AMPK was re-
ported to induce phosphorylation of eNOS and to
activate no generation in endothelia cells [43].

Oxidative stress has also been implicated in
preeclampsia. In the present study, we found a
state of oxidative stressin preeclamptic rats that
was evidenced by increased serum levels of
Malonaldehyde (MDA) and decreased serum levels
of Superoxide Dismutase (SOD) in comparison to
control pregnant rats. In agreement with our results,
increased concentrations of several oxidative stress
markers were found in preeclamptic women con-
current with decreased levels of SOD [45]. Moreo-
ver, NADPH oxidase inhibitor; apocynin; was
reported to attenuate placental ischemia-induced
gestational hypertension, implicating the enzyme
as an important source of pathogenic free radicles
[39] . In the current study, preeclamptic rats treated
with irisin showed reduced oxidative stress state
that was proved by the significant reduction in
serum levels of MDA and the increase in serum
levels of SOD in comparison to preeclamptic rats.
In line with our finding, irisin was suggested to
have antioxidant role as it was reported to increase
the expression of antioxidant enzymes, inhibit
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oxidative stress of vascular endothelial cells and
down-regulate NADPH oxidase [11,12] . So, the
current study suggested that irisin may be a prom-
ising myokine for treatment of vascular complica-
tions of preeclampsia caused by oxidative stress.

There is a growing evidence suggesting an
important role for the potent endothelium-derived
vasoconstrictor; Endothelin-1 (ET-1) in the patho-
physiology of preeclampsia. Our study found a
significant increase in serum ET-1 levelsin preec-
lamptic rats compared with control pregnant rats.
In accordance with our findings, elevated levels
of plasma ET-1 were reported in preeclamptic
women [46] . Moreover, George and Granger report-
ed that hypertension in preeclamptic rats was
attenuated by ETA receptor antagonism, and they
suggested that ET-1 might be afinal common
pathway linking factors produced during placental
ischemiato elevations in blood pressure [46] . In
the current study, treating preeclamptic rats with
irisin significantly reduced serum ET-1 levels
compared with those of preeclamptic rats. This
effect may be due to the reducing effect of irisin
on IL-6 which is a strong stimulator of endothelin
secretion [47].

Failure of maternal immune tolerance was aso
suggested to be involved in the pathophysiology
of preeclampsiaasit might induce poor placentation
and impaired placental perfusion and chronic im-
mune activation originating from the placenta [4g].

Also, it might share in the exaggerated inflam-
matory response in preeclampsia with excessive
production of Interleukin 6 (IL-6), Tumor Necrosis
Factor (TNF) and Monocyte Chemoattractant Pro-
tein 1 (MCP-1) [49] . These reports support the
present study findings that revealed a significant
increase in serum levels of 1L-6 in preeclamptic
rats compared with control pregnant rats. The
present study found a significant decrease in serum
IL-6 levelsin preeclamptic rats treated with irisin
compared with preeclamptic rats. Thisfinding is
in line with many studies which suggested that
irisin has anti-inflammatory properties [13,14,50,51] .
The High-Mobility Group Box 1 protein (HMGB 1)
is anuclear DNA-binding protein which can be
actively secreted by stimulated macrophages, or
passively by damaged or necrotic cells [52]. Also,
HMGB 1 was reported to induce an activation of
NF-B [53] and consequently enhances secretion of
pro-inflammatory factors, including TNF [54]. Irisin
was reported to inhibit the expression and release
of HMGB 1 and consequently reduce the expression
and release of pro-inflammatory cytokines, such
as TNF, IL-6, MCP-1 [55].
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Insulin resistance has also been involved in the
pathogenesis of preeclampsia. In the current study,
we observed increased insulin resistance; asindi-
cated by therisein HOMA-IR levels; in preec-
lamptic ratsin relation to control pregnant rats.
Consistent with our findings, it was reported that
insulin resistance was increased in women with
established preeclampsiarelative to normal preg-
nancy [56] . Moreover, it was demonstrated that
diminished insulin-mediated activation of NOS
resulted in decreased nitric oxide production and
led to reduced vasodilatation [57] . This reduced
vasodilatatory effect of insulin was suggested to
induce a small increase in peripheral resistance
leading to hypertension [58] . In the current study,
treating preeclamptic rats with irisin was found to
increase insulin sensitivity as indicated by the
significant reduction in HOMA-IR levelsin com-
parison to those of preeclamptic rats. The present
study suggested that the reduction in blood pressure
inirisin-treated preeclamptic rats may be attributed
to irisin-induced rise in insulin sensitivity which
improved the reduced vasodilatatory effect of
insulin in preeclamptic rats. Thisfindingisin line
with other studies which demonstrated that irisin
improved glucose tolerance and reduced fasting
insulin, and therefore, improved insulin sensitivity
[59].

It isworth saying that irisin may improve preec-
lampsia still through other mechanisms. It was
reported that irisin enhanced protein levels of Heme
Oxygenase-1 (HO-1); the stress response gene that
is considered a cytoprotective pathway counteract-
ing pathophysiological insults during pregnancy
[15] . HO-1 activation was suggested to inhibit the
expression of oxidative-stress-induced adhesion
molecules [60]. While, human HO-I deficiency was
reported to attenuate the cytoprotective effect of
NO [61], and to induce severe and persistent en-
dothelial damage in preeclampsia [62].

Moreover, it was reported that irisin potently
promoted angiogenesis viaincreasing formation
of capillary-like structures by increasing protein
and mRNA expression and activity of Matrix Met-
alloproteinases (MMPs) [63] . Specifically, MMP-
2 and MMP-9 were found to be involved in remod-
eling of placental and uterine arteries [64] and
abnormal expression of these MM Ps has been
found in hypertensive disorders of pregnancy [65].

Conclusion:

This study provides the first evidence that irisin
may be a promising treatment for preeclampsia-
associated vascular complications as manifested
by the improvement of hypertension and proteinuria

in preeclamptic rats. Several mechanisms might
be implicated in the effect of irisin in preeclamptic
rats which may be through decreasing oxidative
stress, IL-6, ET-1 and insulin resistance or through
increasing PGF and NO. Further studies are rec-
ommended for demonstrating the irisin effectsin
preeclamptic women and the accurate underlying
mechanisms.
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