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Nadine Ahmed Raafat Background: Gestational diabetes mellitus (GDM) is a pregnancy complication
characterized by insulin resistance. Irisin is a myokine that has been associated
to obesity and inflammation. The data on irisin levels in pregnancy and GDM is
still debatable. This study aimed to assess serum irisin levels and explore its
association with some metabolic and inflammatory parameters in normal
pregnant and GDM rats.

Submit Date  2022-03-30 | Methods: Forty-five female albino rats were randomly divided into 3 groups
Revise Date  2022-04-13 | (n=15animals). The rats of both normal pregnant and GDM-induced groups were
2022-04-20 fed a normal diet and a Fatty-sucrose diet respectively for five weeks before
pregnancy induction. The later injected with streptozotocin on the 7% day of
gestation. Body mass index (BMI), serum irisin, triglycerides, total cholesterol,
low-density lipoprotein-cholesterol (LDL-c), and high-density lipoproteins-
cholesterol (HDL-c), c-reactive protein (CRP), glucose, insulin levels and
calculated homeostatic model assessment of insulin resistance index (HOMA-
IR) were estimated.

Results: The irisin levels in normal pregnant rats increased significantly more
than in controls, whereas it was significantly lower in GDM rats. In GDM rats,
BMI, CRP, glucose, and lipid indices, all were significantly raised and negatively
linked with irisin. In GDM rats, HDL-C levels were decreased significantly and
positively associated with irisin.

Conclusions: Late pregnancy is associated with high serum irisin levels that
were lower in GDM rats compared to normal pregnant rats and negatively
correlated with insulin resistance, lipid, and inflammatory parameters.
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INTRODUCTION transcribed from the FNDC5 gene, after its
Gestational diabetes mellitus (GDM) is a severe transference to the outer cell membrane; it is
prenatal complication which appears during proteolytically cleaved on the extracellular surface

pregnancy and is defined as glucose intolerance. It is
generally  disappeared after delivery. The
pathogenesis of GDM is primarily caused by insulin
resistance and insufficient insulin compensation [1].
Women who are diabetic during pregnancy have a
higher chance of developing Type 2 Diabetes
Mellitus (T2DM) and heart disease later in life [2].
Irisin is a novel myokine, adipokine, and neurokine
[3,4]. It is made up of 112 amino acids and processed
from the product of fibronectin type 11l domain
containing protein 5 (FNDC5) due to the activation
of Peroxisome- Proliferator-Activated -Receptor- y
(PPARY) Coactivator-1o. (PGC-1a) [3,4]. Irisin is
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of the muscle cells and released into plasma [3].

Previous research had found that patients with type
2 diabetes have significantly lower circulating irisin
levels than people without diabetes [5,6], also there
is a negative relationship between circulating irisin,
obesity, and insulin resistance. FNDC5 in skeletal
muscle and serum irisin levels are closely linked to
body weight loss and improved insulin sensitivity
[5,6,7]. Irisin operates primarily on white adipose
tissue and enhances energy consumption, which can
help to alleviate insulin resistance caused by a high-
fat diet [7,8]. Irisin is a protein that is expressed in
the human placenta and ovary and plays a role in
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reproductive function as well as pregnancy-related
metabolic alterations [9]. Human studies on the level
of irisin in GDM are inconsistent, and their findings
are confusing.
Many studies have found that women with GDM
have lower irisin levels than healthy pregnant
women [10,11,12,13,14], whereas others have found
no difference [15,16]. Irisin levels, on the other hand,
were elevated in GDM patients [17]. Similarly, in
GDM, the link between irisin and energy metabolism
indicators is still a disconcordant [12,13,17].
As a result, the goal of this work was to measure
serum irisin levels in late pregnancy and to see how
experimentally induced gestational diabetes affects
irisin levels in albino rats. In addition, to see if there
was a link between irisin level and certain metabolic
and inflammatory parameters in both normal and
GDM-induced.

METHODS
Forty-five virgin female albino rats of a local strain
aged 6-9 weeks and weighing 100-130 g, in addition
to ten adult males (For fertilization) were used in this
experiment. They were obtained from the animal
house of the Faculty of Veterinary Medicine,
Zagazig University. Rats were housed in steel wire
cages (5 per cage) measuring 50x 60x60 cm, at the
animal house of the Faculty of Medicine, Zagazig
University. They were kept at a suitable temperature,
had a regular light/dark cycle, were fed ordinary
chow, and had free access to water. The
experimental procedure was approved by the
Zagazig University Faculty of Medicine's Local
Medical Ethics Committee (Institutional Review
Board, IRB). All animal experiments comply with
the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals.
The rats were divided into three equal groups (n=12
each) after one week of acclimation [18]. Group I
(Control) rats were fed a standard diet (25.8%
protein, 62.8% carbohydrates, and 11.4% fat) [19]
and were given citrate buffer as a vehicle
intraperitoneally (1.P). Group Il (normal pregnant)
rats were fed a standard diet for five weeks prior to
induction of pregnancy, after which they were
injected I.P with a vehicle on the seventh day of
pregnancy [19, 20]. Group Il (GDM-induced) rats
were fed a Fatty-sucrose diet (FSD) (25% sucrose,
40% beef tallow, and 20% casein protein- FSD was
prepared in the Department of Nutrition, Faculty of
Veterinary Medicine, Zagazig University) for five
weeks prior to induction of pregnancy, then given a
single 1.P dose of streptozotocin (STZ) (25 mg/kg)
on the seventh day of gestation [19,20].
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Induction of pregnancy: After one week of
acclimation, in order to induce pregnancy, animals
were examined for estrous cycles for two
consecutive weeks. [21]. Female rats that were found
to be in estrus phase were paired with male rats.
Females were segregated after mating until the time
of investigation to ensure correct conception timing.
A vaginal smear was taken in the next morning. The
presence of a copulation plug or spermatozoa in the
vaginal canal verified copulation. The presence of
sperms indicates that the pregnancy had begun (first
day) [22].

Induction of experimental GDM: Rats were time
mated overnight with males after five weeks of FSD-
feeding, and the presence of sperms in the vaginal
smear checked in the morning was considered the
first day of pregnancy [22].

After overnight fasting at the 7" day of gestation,
FSD-feeding rats were injected I.P. with a low dose
of STZ (25 mg/kg) (Sigma—Aldrich, USA) which
dissolved in 0.1 mol/L sodium citrate (PH 4.5) [20].
The blood glucose level for each rat was measured
using a One Touch Glucometer (blood was drawn
from the tail vein) [23]. After 6 hours of STZ
injection, the rats were administered a 10% glucose
solution orally for the next 48 hours. The same diet
was given to all of the rats.

BMI (body mass index): The rats were fasted
overnight, placed in a sealed plastic container, and
weighed at the end of the study. A metal ruler was
used to measure the rat's length from nose to anus.
The body mass index (BMI) was calculated as body
mass (g) divided by length (cm2); this index can be
used as an indicator of obesity, with a cutoff value of
>0.68 g/cm? [24].

Blood sampling: Blood samples were taken from
virgin and pregnant rats (on day 21 of pregnancy)
that had been fasted overnight and sedated with
diethyl ether. Blood was drawn from the retro-orbital
venous plexus and placed in clean plastic centrifuge
tubes to clot. Blood was centrifuged at 3000 rpm for
15 minutes to remove the serum, which was kept at
-20 °C until used.

Serum analysis: Irisin levels were measured using rat
enzyme-linked immunoassay kits (Uscn Life
Science USA), as described by Tan et al. [25].
Estimation of total cholesterol (TC) values was done
using total cholesterol kits (BioSource Europe S.A).
according to Tietz [26]. Estimation of High-density
lipoproteins (HDL-c) levels was done by using
HDL-cholesterol kits (BioSource Europe S.A),
according to Nauk et al. [27].
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Low-density lipoproteins (LDL-c) were calculated
according to Friedewald et al. [28], LDL=TC-HDL-
TG/5. Total triglycerides (TG) levels were measured
using triglycerides ESPAS SL kits A (Elttech S.A.,
Lyon, France) according to Naito [29].

C reactive proteins (CRP) levels were measured
according to Ridker et al. [30] using CRP Kits
(MonobindInc Lake Forest, Ca 92630, USA). Insulin
levels were measured according to Temple et al. [31]
using KAP1251-INS-EASIA (Enzyme Amplified
Sensitivity Immunoassay) kits (BioSource Europe
S.A., Belgium). Glucose levels were measured
according to Tietz [26] using glucose enzymatic
(GOD-PAP)-liquizyme rat Kits (Biotechnology,
Egypt).

Calculation of homeostatic model assessment of
insulin resistance index (HOMA-IR): was done
according to the formula described by Matthews et
al. [32] as HOMA- IR = fasting serum glucose
(mg/dl) x fasting serum insulin (uIU/ml) /405.
Statistical analysis: The Statistical Package for the
Social Sciences (SPSS Inc., Chicago, IL, United
States version 20) was used for statistical analysis.
The results were given as mean and standard
deviation (SD). To compare the means of each two
different groups, the One-way analysis of variance
(ANOVA) was used, followed by the student-least
significant difference (LSD) post hoc test. Pearson's
correlation analysis was used to look for possible
relationships between serum irisin levels and all
other variables. P values less than 0.05 were
statistically significant in all statistical tests.
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(P<0.001), serum levels of irisin (P<0.001), insulin
(P<0.01), CRP (P<0.01), TC (P<0.001), TG
(P<0.001), LDL-c (P<0.001) and HOMA-R
(P<0.05) (Table 1). However, mean values of serum
levels of HDL-c were significantly decreased
(P<0.05) in normal pregnant rats in comparison to
controls, while serum glucose levels between both
groups did not have a significant difference
(P>0.05). Additionally, in the GDM-induced group,
rats exhibited a significant increase in mean values
of BMI (P<0.001), HOMA-R (P<0.001), serum
glucose (P<0.001), TC (P<0.001), TG (P<0.001),
LDL-c (P<0.001) and CRP (P<0.001) as compared
to both control and normal pregnant groups. Also,
they showed a significant reduction in mean values
of serum irisin and insulin in relation to normal
pregnant rats but a significant increase compared to
controls (P<0.01, P<0.001 respectively) while the
levels of HDL-C levels were significantly lower in
relation to both groups (P<0.001).

Regarding Table 2 and Figures (1-9), the normal
pregnant group displayed a positive correlation
between the serum irisin levels and BMI (r= 0.719,
P<0.01), serum glucose (r=0.734, P<0.01), insulin
levels (r=0.561, P<0.05), HOMA-IR (r=0.708,
P<0.01), serum TC (r=0.659, P<0.01), TG (r=0.666,
P<0.01), LDL-c (r=0.524, P<0.05), CRP levels
(r=0.848, P<0.001), HDL-c (r=0.659, P<0.001)
However, in GDM rats, serum irisin levels were
negatively correlated to BMI (r= -0.778, P<0.01),
HOMA-IR (r=-0.782, P<0.01), serum glucose (r=-
0.782, P<0.01), TC (r=-0.771, P<0.01), TG (r=-
0.579, P<0.05), LDL-c (r=-0.559, P<0.05) and CRP
(r=0.652, P<0.01) levels and they have positively

RESULTS correlated to serum HDL-c levels (r=-0.676,
Compared to control rats, normal pregnant rats had a P<0.01).
significant increase in mean values of BMI
Table 1: Statistical analysis of serum levels of all parameters in the three studied groups.
Parameters Control Normal Pregnant GDM
BMI (g/cm2) 0.50+.01 0.64+0.01° 0.74 +0 .02 2"
Glucose (mg/dL) 83.67+ 7.15 84.47+ 6.99 179+ 17.34%°
Insulin(ulU/mL) 6.53+ 1.36 13.67 +£2.38° 8.20+1.26*°
HOMA-IR 1.38+0.35 2.85+ 0.68? 3.51+0.79%°
TC (mg/dL) 110.93 £5.15 147.20 + 8.03* 206.13 + 7.58%°
LDL -cholesterol (mg/dL) 41.21+ 7.45 56.40+ 7.822 130.29+ 7.04°
TG (mg/dL) 72.40+9.72 131.94 + 23.652 234.87 + 38.042"
HDL-C(mg/dL) 57.07 + 8.48 64.40 + 8.54°2 28.87 £5.05%°
CRP (Ug/MI) 0.62+0.15 1.43+0.07° 3.07+0.082"
Irisin (ng/ml) 7.6 £1.58 12.39+1.742 9.96 +1.46%°

a = p-value of significance versus control.
b = p-value of significance versus normal pregnant group.
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Table 2: Pearson’s correlation analysis between serum irisin and all parameters in normal pregnant and GDM-

induced groups.

Normal Pregnant GDM
r P value r P value
BMI (gm/Cm?) 0.719 0.003** -0.778 0.001**
Glucose (mg/dL) 0.734 0.002** -0.782 0.001**
Insulin (mIU/mL) 0.561 0.03* -0.555 0.032*
HOMA-IR 0.708 0.003** -0.779 0.001**
TC (mg/dL) 0.659 0.008** -0.771 0.001**
LDL-c (mg/dL) 0.524 0.045* -0.559 0.030*
TG (mg/dL) 0.666 0.007** -0.579 0.024*
HDL-c(mg/dL) 0.659 0.008** 0.676 0.006**
CRP (Ug/MI) 0.688 <0.005*** -0.708 0.003**
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Figure (1): Pearson's correlation analysis between irisin and BMI in GDM rats.
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Figure (2): Pearson's correlation analysis between irisin and glucose in GDM rats.
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Figure (3): Pearson's correlation analysis between irisin and insulin in GDM rats.
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Figure (4): Pearson's correlation analysis between irisin and HOMA-IR in GDM rats
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Figure (5): Pearson's correlation analysis between irisin and TC in GDM rats.
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Figure (6): Pearson's correlation analysis between irisin and HDL-C in GDM rats.

DISCUSSION
The current study found that serum irisin levels in
normal pregnant rats were considerably higher than
in controls, but that this increase was significantly
smaller in rats with GDM. In line with these
findings, Ebert et al. [15] discovered that pregnant
women have higher irisin concentrations than non-
pregnant women, but no significant variations in
irisin levels during and after pregnhancy [16].
Garces et al. [9] proved that as the pregnancy
progressed, serum levels of irisin and placental
expression of its precursor raised, and irisin levels
were positively linked with gestational age during
pregnancy, compared to non-pregnant women. In
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normal pregnant women, an increase in irisin levels
may occur to offset the insulin resistance that is
frequent during pregnancy and to diminish the
adverse metabolic and vascular implications of this
condition [9].

Furthermore, as the pregnancy proceeds, the
maternal BMI rises. BMI helps to maintain the
balance of energy storage and expenditure by
increasing circulating irisin levels [15]. The lower
irisin level in GDM in late pregnancy could be
attributed to the negative feedback of the initial rise
in irisin's in early pregnancy, which negatively
hampered its secretion from adipose tissues [4]. In
addition, once diabetes develops, a compensatory
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over-secretion of irisin will evolve into a secretion
failure from the skeletal muscles and adipose
tissues [33]. In addition, GDM is commonly
accompanied by inflammation, which could be the
main cause that explains why circulating irisin
concentrations are low [34]. According to these
findings, in comparison with normal pregnant,
many studies have found that maternal serum irisin
levels are significantly lower in women with GDM
[10,11,13,35]

Ural et al. [14] and Erol et al. [36] both came to the
conclusion that serum irisin levels might be used as
a new marker for GDM and that decreasing irisin
levels could be indicative of GDM. Other
researchers, on the other hand, have no evidence
that irisin can be used as a predictive risk marker
for developing GDM in later pregnancy [35].
Newly, Cui et al. [37] discovered in a meta-
analysis that low irisin levels in pregnant women
with GDM may lead to increased blood glucose
and poor insulin sensitivity. In contrast, Piya et al.
[16] found that obese pregnant and GDM pregnant
women had higher irisin levels than non-obese
pregnant women. Ebert et al. [15] and Celik [38],
on the other hand, observed no change significant
difference between pregnant women with and
without GDM.

In the current study, GDM rats had significantly
more weight as a result of FSD intake, higher
glucose levels, and insulin resistance (HOMA-IR)
with lower insulin levels than healthy pregnant
rats. Likewise, they revealed a rise in CRP levels
and lipid profile (TC, TG, LDL-c), with a
significant drop in HDL-C values. These results
were concordant with those of Abdul Aziz et al.
[19] and Liang et al. [39]. In GDM rats, placental
hormone production, STZ, which led to partial
pancreatic beta cell injury, and a fatty diet intake
altered glucose tolerance and provoked insulin
resistance [20, 19,40]. As a result of hormonal
changes linked with pregnancy, glucose and lipid
metabolism may be affected [30].

As a result, when compared to healthy controls in
this experiment, normal pregnant rats displayed a
profile of insulin resistance and dyslipidemia in the
form of higher TC, LDL- cholesterol, and TG, as
well as lower levels of HDL- cholesterol. Phuse
[41] explained the changes in lipid metabolism in
this study, he proposed that TC, TG, and LDL-
cholesterol increased in the third trimester, whereas
HDL-cholesterol dropped, compared to the first
and second trimesters. Elevated TG levels and
alterations in (HDL-c and LDL-c) metabolism are
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attributed to enhance hepatic lipase action caused
by increased estradiol, which leads to increased
hepatic TG synthesis and decreased lipoprotein
lipase activity, resulting in decreased adipose tissue
catabolism [42]. GDM is frequently characterized
by hyperlipidemia [43].

Increased serum TC and TG may be due to FSD
and increased dietary cholesterol and triglyceride
absorption from the small intestine, as well as
reduced T.G. uptake in peripheral tissues due to
insulin-dependent Lipoprotein Lipase dysfunction,
increased hepatic secretion of triglyceride-enriched
Very Low-Density Lipoprotein, or activation of
hepatic 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase, which is a rate-limiting
enzyme involved in cholesterol synthesis [44].

In the normal pregnant group, irisin had a
significant positive correlation with BMI, TC, TG,
LDL-C, glucose, HOMA-IR, insulin, and CRP, but
the correlation was significantly negative in the
gestational diabetic group. In both groups,
however, irisin was strongly positively linked with
HDL-C. Garcés et al. [9], Piya et al. [16], and Ebert
etal. [15] are in agreement with us. They found that
serum irisin was positively linked with BMlI,
fasting glucose, insulin, and HOMA-IR in healthy
pregnant women. Yuskel et al. [12] and Ural et al.
[14] found that irisin levels were adversely linked
with BMI and insulin resistance in GDM women.
Kulhan et al. [35] recently discovered that serum
irisin levels in GDM women were negatively
correlated with BMI but positively correlated with
insulin resistance. Unexpectedly, none of the BMI
or glucose parameters were linked to serum irisin
levels, according to Al-Ghazali et al. [10]. These
contradictory results of the former studies could be
explained by changes in gestational age, sampling
time, and screening criteria used for GDM. The
irisin-encoding gene FNDCS5 expression in adipose
and muscular tissue is reduced in obese and
diabetic patients [7]. In obesity, the physiological
irisin was unable to maintain the balance between
energy storage and expenditure, resulting in
adipose tissue hypertrophy and an increase of fat
storage [45]. In contrast to the current study, serum
irisin in pregnant diabetic women was strongly
positively linked with BMI [45], fasting insulin,
and HOMA-IR [14]. However, there was no
association between circulating irisin and BMI in
GDM women [11,14,15].

In GDM, Zhao et al. [13] demonstrated a positive
correlation between serum irisin and HDL-C.
Furthermore, Choi et al. [5] concluded that serum
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irisin levels were significantly negatively linked
with triglycerides levels in diabetes individuals. In
pregnant diabetic women, however, there was no
link between serum irisin and total cholesterol,
triglycerides, HDL-C and LDL-C [11,16], or CRP
[15].
CONCLUSIONS

Late pregnancy is linked with an increase in blood
irisin levels; however, irisin levels in GDM-
induced rats were lower than in normal pregnant
rats and were negatively correlated with glucose,
lipid, and inflammatory markers. Irisin may play a
critical role in the development of GDM and could
be a promising marker for GDM diagnosis in the
future, thus additional research is needed.
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Figure (7): Pearson's correlation analysis between irisin and LDL-C in GDM rats
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Figure (8): Pearson's correlation analysis between irisin and TG in GDM rats
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Figure (9): Pearson's correlation analysis between irisin and CRP in GDM rats.
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