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Abstract: One of the main health problems is metabolic syndrome (MetS). Its incidence elevates with
age leading to a higher risk of evolving chronic diseases and cancer. Obesity and insulin resistance was
considered the most vital components in its pathogenesis for a long time. This study aims to evaluate
serum novel adipokine and myokine to establish the irrelation of insulin resistance and their impact on
metabolic syndrome. Four groups of rats were included; the control group (C) fed with a standard diet,
the second group (Cl) fed on a standard diet and injected daily with irisin (100ng/ ml) till the end of the
experiment. The third group (MetS group) fed on the HCHF diet for 20 weeks and served as a control
group. Rats in the fourth group (MetS+1 group) were fed on the HCHF diet until they become obese
and diabetic, then injected daily with irisin (100ng/ ml) till the end of the experiment and served as a
treated group. Serum levels of obesity and diabetes indices were significantly increased while HDL was
significantly decreased in the metabolic syndrome group, but after treatment with irisin, their levels
were improved. Both adropin and irisin were significantly decreased, while 1L-6 was significantly
increased in the same group that was enhanced after irisin treatment. In conclusion, this study
demonstrated that lower irisin correlates with the increased risk of increased risk of insulin resistance
and MetS. In addition, our results suggested that irisin could have a potential role in glucose metabolism.
The relations among increased levels of circulating irisin, insulin resistance, and MetS prevalence may
be elucidated with a physiological compensatory contrivance.
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1. Introduction

Globalization is often accompanied by food habits changes. This contributed to an
increase in the incidence of nutrition-associated diseases, including both over- and under-
nutrition [1].

MetS is a mustering of risk factors for both diabetes mellitus type 2 (T2DM) as well as
cardiovascular disease (CVD). Obesity and insulin resistance was considered as the most vital
components in its pathogenesis for a long time [2]. Hypertension, atherogenic dyslipidemia, as
well as the prothrombotic environment, proinflammatory typically enhanced by obesity, are
closely linked with the MetS [3-5].

MetS, as explained by the criteria of National Cholesterol Education Program Adult
Treatment Panel 1I1 (NCEP-ATP Ill), is a pleiad of fasting lipoproteins and lipids, blood

https://biointerfaceresearch.com/ 3305


https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC123.33053315
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-6492-1680

https://doi.org/10.33263/BRIAC123.33053315

pressure, glucoseand waist circumference abnormalities which were associated with increasing
the risk of developing diabetes and CVD [6]. The pervasiveness of MetS ranged between 0.3
& 26.4%, whereby the increasing number of adolescents and children with MetS partially
depended on the used definition. [7].

MetS was one of Western countries' main community health problems; its incidence
was augmented by age leading to an advanced risk of developing chronic diseases and cancer
[8,9].

In Egypt, the general occurrence of MetS was 16.7%, which was more frequent among
female students [10]. The most effective remediation for MetS is lifestyle modifications,
conforming recommendations for a healthy diet with more physical activity expected at weight
loss and alleviating the fat/fat-free mass ratio [11]. The Mediterranean diet has been confirmed
efficient in patients with MetS [12], cardiovascular diseases [13], diabetes [14] and
hypertension [15]. The prevalence of MetS in childhood, which is closely associated with
insulin resistance, is a result of abdominal obesity, dyslipidemia, glucose intolerance, and
hypertension, increasing worldwide [16]. The congregation of metabolic risk factors starts in
childhood [17], and these numerous risk factors resort to keep on from childhood to adulthood
[18]. Visceral obesity, cellular dysfunction, and systemic inflammation are risk factors that
progressively begin in adolescence and childhood and are related to a high probability of
upcoming chronic disease in adulthood.[19].

Adipose tissue is highly documented as a dynamic endocrine organ that regulates
insulin resistance and metabolism through adipocytokines production, which could also amend
the chronic inflammation related to the MetS [20,21]. It consists of dual obviously altered
functional partitions. The prime site of energy storage, white adipose, could also modify muscle
and entire-body and/or liver insulin sensitivity through hormonal signals [22]. In newborns,
nonshivering thermogenesis in brown adipose tissue (BAT) plays a significant part in
preserving body temperature, whereas, in adult persons, this technique appeared to be less
declared as BAT was believed to decline with age.[23]. Activated brown adipocytes dawdle
energy, causing heat production, i.e., BAT burns fat and raises the metabolic rate, stimulating
a negative energy balance. Furthermore, BAT improves metabolic complications as insulin
resistance in type 2 diabetes, decreased insulin secretion, and dyslipidemia. [24].

Myokines (i.e., myocyte-secreted proteins) and adipokines (i.e., adipocyte-secreted
proteins) have been related to obesity-associated metabolic and vascular diseases. The skeletal
muscles communicate with further tissues as the liver, bone, and adipose tissues via hormones
secretion, together identified as myokines, whose manner of secretion might be different via
the sort and the strength of physical activity [25]. Myokines identification has been directed to
suggest that some of the beneficial impacts of exercise on metabolic diseases could be related
to myokines and their collaborations with other systems [25].

Irisin is an innovative myokine, first designated by Bostrom and his colleagues [20].
Firstly identified as a myokine, minor quantities of irisin are also produced and secreted from
the adipose tissue or liver [27]. Irisin is a novel myokine that can improve glucose metabolism
and reduce obesity as well [20]. The myokines are induced by exercise in humans and rodents,
linked with browning in adipose tissue and elevated energy disbursement in mice without
prompting food intake and movement, leading to improvement in glucose homeostasis and
reducing obesity [17]. Information about the relationship of obesity and glucose metabolic
status with irisin in humans and MetS in adults remains debatable [28] [29].
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Adropin, a peptide hormone, is needed to prevent obesity-associated insulin resistance
and for metabolic homeostasis [30]. It is a secretory signal peptide, biologically active when
administered to mice and cultured cells. It alters whole-body glucose and lipid metabolism and
also stimulates signaling passageways in mammalian cell lines. The function of adropin might
also be to preserve regulating endothelial function, the activity of endothelial nitric oxide
synthase, the and circulatory system[31]. This study aims to evaluate serum novel adipokine
and myokine to establish the irrelation to insulin resistance and their impact on metabolic
syndrome.

2. Materials and Methods

Animals: Male albino rats from the animal house of the National Research Centre
(Cairo, Egypt) 4-6 weeks old, weighing 95 - 106 g, were used. Animal procedures followed
the recommendations of the Ethics Committee of the National Research Centre (Cairo, Egypt
and the United States National Institutes of Health Guide for Use and Care of Animals in
Laboratory (Publication No. 85-23, revised 1985).

2.1. Diet-induced Metabolic Syndrome in rats.

Feeding rats with a high-carbohydrate, high-fat (HCHF) diet (western-style diet, Table
1) was used in this study to induce a model that closely mimics the changes observed in human
metabolic syndrome (endothelial dysfunction, diabetes, obesity along with nonalcoholic fatty
liver disease) according to Loevinger et al., (2007) and A. Hamid et al., (2017) [32,33]. Also,
a standard diet was prepared according to A.Hamid et al., (2017) and Reeves (1997) (Table 1)
[34, 35].

2.2. Irisin Fc fusion, recombinant.

Irisin Fc fusion is a form of irisin that is attached to the Fc domain of human IgG in
testing the biological activity of irisin. This fusion protein, in principle, renders stability of the
protein in vivo and in vitro without significant loss of activity. The lyophilized irisin Fc-fusion,
a recombinant protein obtained from PHENIX PHARMACEUTICALS, INC.(GERMANY),
will be reconstituted with distilled water to obtain an irisin solution of 100 ng/ml concentration,
which is three times greater than that of normal serum irisin of normal weight rats [20].

Table 1. Component of western-style (high carbohydrate high fat (HCHF) Diet and low-fat diet (standard diet).

Product HFF LF

gm% kcal% gm% kcal%
Protein 20 17 14.2 17.7
Carbohydrate 50 43 73.1 75.9
Fat 21 40 4.0 9.4
Total ( kcal/gm) 4.68 100 3.85 100

High fat high fructose diet (HFF); Low fat diet (LF) as standard diet.
2.3. Experimental study design: (Duration of experiment = 20 weeks).

The rats were randomly divided into 4 main experimental groups10 rats each. Control
group (C) fed with a standard diet, second group (CI) fed on a standard diet and injected daily
with irisin (100ng/ ml) till the end of the experiment according to Saleh et al., (2014)[35]. The
third group (MetS group) fed on the HCHF diet for 20 weeks and served as a control group.
Rats in the fourth group (MetS+I1 group) were fed on HCHF diet until they become obese and
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diabetic, then injected daily with irisin (100ng/ ml) till the end of the experiment and served as
a treated group.

Sampling: Animals have fasted overnight. Three ml of blood was aspirated under
formalin anesthetized from the peripheral vein of the tail, then 15 min centrifugation at 3000
rpm to get the clear serum stored at -80°C till the evaluation day. Serum lipid profile and
glucose level

2.4. A-Biochemical parameters.

The glucose level in serum was measured according to the methods of Passing and
Bablok (1983) by standard commercial colorimetric enzymatic assays (BioMerieux, Marcy
I'Etoile, France; Roche Diagnostics, Basel, Switzerland)[36].

Cholesterol (TC) and triglyceride (TG)levels in serum were measured according to the
method of Kwang et al., (2007) and Cole et al., (1984) by standard commercial colorimetric
enzymatic assays (BioMerieux, Marcy I'Etoile, France; Roche Diagnostics, Basel,
Switzerland)[37,38].

Serum HDL-C was estimated by an enzymatic colorimetric method, according to
Movva and Rader (2008) [39]. The kit was supplied from Spectrum Company, Egypt.

2.4.1. Assessment of insulin.

Serum insulin level was evaluated using insulin ELISA Kit BioSource, Belgium)
according to Yallow and Bauman (1983) [40].

Insulin resistance was calculated from the equation:

Insulin resistance = Fasting glucose (mg/dl) x fasting insulin/22.5 (uIU/ml) Wallace et
al., (2004) [41].

2.4.2. Assessment of IL-6.

The levels of IL-6 (Proinflammatory adipokines)in the samples were measured by using
enzyme-linked immunosorbent assay (ELISA) for rats according to Kimura & Kishimoto
(2010) using the manufacturers' protocols (R&D systems) [42].

2.4.3.Assessment of irisin.

The levels of irisin (myokine) in the samples were determined using ELISA kit for rats
according to Samy et al. (2015) using the manufacturers' protocols (R&D systems) [43].

2.4.4. Assessment of adropin.

The levels of adropin (myokine) in the samples were determined using Enzyme-linked
immunosorbent assay (ELISA) for rats according to Topuz et al. (2013) using the
manufacturers' protocols (R&D systems) [44].

2.4.5. B-Histopathological examinations:

Pancreas specimens were dissected immediately after death and fixed in 10% neutral-
buffered formalin saline for at least 72 hours. The specimens were washed with water 30 min
and then dehydrated in ascending grades of alcohol, cleared in xylene, and embedded in
paraffin. Serial sections of 6 um thick were cut and stained with Haematoxylin and eosin
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(Drury and Walligton, 1980) for histopathological examination after one month of feeding [45].
Images were captured and processed using Adobe Photoshop version 8.0.

Statistical Analysis: All data were articulated as mean + SE. The distribution of the data
was verified to be normal using Tests of Normality (SPSS package. Statistical significance was
tested by ANOVA followed by Bonferroni post hoc analysis. Pearson's correlation was
performed to correlate between the studied parameters. Significance level was considered when
P value <0.001.

3.Results and Discussion

Bodyweight before and after study: Results show no significant difference among study
groups regarding weight before the study. The weight gain was highly significantly increased
in MetS group with % of the gain (202 %), while the % of gain after treatment with irisin was
157.24% as shown in Table 2. These findings were confirmed by histopathological
examinations, as shown in Figure 1.

Table 2. Mean weight before and after treatment of rats in different groups.

C Cl MetS MetS+l
Base line weight(gm)
95.7 £1.222 99 + 2.22 86.1 + 4.042 90.1+ 3.52
Weight gain (gm) 141.3+7.02 1325 + 4.6° 271 +5.2¢ 238+ 4.5¢
% of weight gain 44.02 33.6 202 157.24

Data presented as mean+SE. Significant P-value <0.001 and analyzed by one-way analysis of variance
dissimilar values (superscripts a, b,c,d) of each column are significantly dissimilar. C: control, CI: control
injected irisin, MetS: high-carbohydrate high-fat, MetS+I : high-carbohydrate high-fat injected irisin.

Figure 1. Photomicrography of pancreatic tissue for (a) standard diet group showing the normal architecture
formed of the endocrine pancreas in the form of islets of Langerhans (I.L) and exocrine pancreas in the form of
acini (black arrows); (b) High fat diet showing the normal architecture formed of the endocrine pancreas in the

form of islets of Langerhans (I.L) with decreased number of islet cells; (c) High fat diet treated with Irisin
showing the endocrine pancreas in the form of islets of Langerhans (I.L) with improvement in the roundness of
islets and the number of endocrinocytes with minimal widen intercellular spaces (yellow arrows) there are
residual endocrinocytes showing signs of degeneration (black arrows) (H&E200x).
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Serum levels of glucose and lipid profile in different groups after treatment: Serum
levels of glucose, cholesterol, TG, insulin, and IR were significantly increased while HDL was
significantly decreased in MetSgroup, but after treatment with irisin, the levels of glucose,
cholesterol, TG, insulin, and IR were significantly decreased, and the level of HDL was
significantly elevated as shown in Table 3.

Table 3. Indices of obesity and diabetes in the studied groups.

C Cl MetS MetS+l1
Glucose (mg/dl) 82.65 +7.32 63.4 +5.2° 159 +3.9¢ 132 +3.19
Cholesterol (mg/dl) 52+ 2.62 51.4+4.12 15745.2° 82.2 £3.4¢
TG (mg/dl) 52.8 £5.2a 34.1£1.3° 130+ 4.1° 112+ 2.3¢
HDL (mg/dI) 85.5+0.7a 90.2+2.1a 54.5+ 1.5 73.0+ 1.2
Insulin (Ulu/L) 0.71+0.052 0.52+0.5° 0.99+0.15° 0.39+0.05¢
Insulin Resistance 0.152+0.005? 0.085+0.0032 0.393+0.025° 0.131+0.0092¢

Data presented as mean=SE. Significant P-value <0.001 and analyzed by one-way analysis of dissimilar
variance values (superscripts a, b,c,d) of each column are significantly dissimilar. C: control, CI: control
injected irisin, HCHF: high-carbohydrate high-fat, HCHF +I : high-carbohydrate high-fat injected irisin.

Effects on serum levels of adropin, IL-6, and irisin: The results summarized in Table 4
showed that both adropin and irisin were significantly decreased while IL-6 was significantly
increased in MetSgroup. After treatment with irisin, the levels of adropin and irisin were
significantly increased, and the level of IL-6 was significantly decreased.

Table 4. Mean serum levels of adropin (AD), IL-6, and irisin in different groups

C Cl MetS MetS+I
AD (pg/ml) 751 +17.32 778 + 252 623 + 24° 741 £ 22¢
IL-6 (pg/ml) 69.0+1.22 62.5 £ 8.62 87.6+ 5.9° 64.1+ 4.72
Irisin(pg/ml) 19.2+1.42 21.0+152 13.1+1.0° 25.3+2.32

Data presented as meanSE. Significant P-value <0.05 and analyzed by one-way analysis of dissimilar variance
values (superscripts a, b,c,d) of each column are significantly different.

Pearson's correlation coefficient showed a statistically significant inverse correlation
between irisin and diabetic and obesity indices as well as IL-6. However, it showed a direct
correlation with HDL. Moreover, there was a statistically significant direct correlation between
diabetic and obesity indices, as shown in Table 5.

Table 5. Correlations in rats feeding with HCHF diet and treated with irisin.

HDL Cholest TG
Irisin IL-6 Adropin Insulin Glucose IR erol
Irisin | ------- - 0.640" | 0.004 -0.917 - 0.655" - 0.901™ 0.797** -0.933** -0.599*
IL-6 -0.640" | --------- -0.189 0.539 642" 0.565 -0.452 0.674* 0.735**
Adropin 0.004 0189 | -------m-- - 0.153 - 0.509 -0.180 0.238 -0.219 0.067
Insulin -0.917" | 0.539 -0.153 | ---m-ee- 0.686" 0.994™ -0.947** 0.944** 0.715*
Glucose -0.655" | 0.642" - 0.509 T I —— 0.780™ -0.761** 0.816** 0.561
IR -0.901™ | 0.565 -0.180 0.994™ 0.780" | -------- -0.936** 0.955** 0.662*
HDL -.599* 0.735** | 0.067 0.715* 0.561 0.662* -0.407 0.660* |  -----m—-
Cholesterol | - 0.674* -0.219 0.944** 0.816** 0.955** -0.850** | -----ee- 0.660*
0.933**
TG -0.599* | 0.735** | 0.067 0.715* 0.561 0.662* | - -0.850** -0.407

* P value <0.05. **. P value <0.001

Irisin stimulates the expression of a number of exercise response genes in myotube and
pro-myogenic; its injection stimulates hypertrophy significantly because of stimulation of
satellite cells and augments protein synthesis, so it is suggested that irisin act as a pro-myogenic
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agent [46, 47]. Privation of upregulation of irisin in insulin resistance status and other
components of the metabolic syndrome might hypothetically propose the progress of original
cardiac inadequacy in ESRD patients treated with HD [48].

Irisin, a myokine released in response to exercise and a high-fat diet, augments GSIS.
Alike to GLP-1, irisin augments promote accrual of B-cell functional mass and insulin
biosynthesis. [49]. It was identified as an innovative hormone that has been proposed to play
an important role in energy homeostasis and obesity [25]. Irisin induces mitochondrial brown
fat uncoupling protein (UCP1) activity and expression in mice and encourages browning of
adipocytes in white adipose tissue depots, thus stimulate elevated total energy expenditure,
thermogenesis, and reduced obesity [50]. Overexpression of irisin in animals fed a high-fat diet
caused improvement of glucose tolerance and hyperinsulinemia.

In the current study, irisin levels were significantly decreased in the metabolic
syndrome group that was diabetic, obese, and overweight compared to those of the control with
normal weight as the primary target of irisin is the adipose tissue. Levels of irisin also have a
significant inverse association with diabetes as determined by glucose, insulin, and insulin
resistance. In line with these findings, Bostrom et al. 2012 revealed that irisin concentrations
were significantly decreased in obese/overweight prepubertal children with MetS than those
with adipose tissue depots in a well-identified process as white fat browning [20]. Also, it
elevates total energy disbursement in rodents and the irisin expression in mice that were fed a
high-fat diet leading to a significant improvement in glucose tolerance and a reduction in
fasting insulin levels. As well as, irisin encouraged an increase in thermogenesis that is
associated with glucose metabolism, body weight, and insulin sensitivity in mice.

The correlation between glucose homeostasis and irisin was suggested to be linked with
augmented oxidation of fatty acid and utilization of glucose through the adenosine
monophosphate-activated protein kinase (AMPK) signaling pathway in a diabetic mouse
model [51,52]. It was reported that diminished irisin levels were related to the increase of
insulin resistance and its related diseases, such as MetS and T2DM [53]. Our results indicated
that decreases in irisin levels are significantly related to MetS and confirm the preceding
studies.

Increased production of endogenous cholesterol is the main factor contributing to
hypercholesterolemia in obesity. Plasma concentrations of adropin also seemed to be decreased
in cases of obesity-related hypercholesterolemia, a condition in which cholesterol synthesis is
augmented. This indicates a relationship of obesity with low plasma adropin levels and elevated
metabolic risk factors in humans. In mouse models of obesity, adropin production decreases is
a secondary impact of weight gain [20]. As showed in the present work, there was a statistically
significant reduction in plasma adropin levels in MetS group that was improved when treated
with irisin. Ghoshal et al., 2018 also suggested a relationship between plasma adropin
concentrations and obesity [54].

Obesity is associated with lower circulating adropin concentrations in humans.
Adropin-deficient mice display impaired glucose tolerance with diet-induced obesity,
dyslipidemia, hyperinsulinemia, and insulin resistance [20]. Furthermore, recombinant adropin
administration reversed dyslipidemia and insulin resistance in mice [25].

Investigating adropin-deficient rats indicates that the peptide hormone is needed for
metabolic homeostasis, specifically preventing dyslipidemia, maintaining insulin sensitivity,
and protecting against impaired glucose tolerance. In addition, mounting evidence indicates
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that adropin may act as a hormone in regulating metabolic homeostasis, in part by controlling
substrate (glucose and fatty acid) metabolism in skeletal muscle [55].

A significant increase in plasma adropin levels was observed after RYGB (Roux-en-Y
gastric bypass), indicating that reverse of the metabolic syndrome is associated with a reversal
of low plasma adropin levels and also with obesity [56,57].

Our study demonstrated that lower irisin is related to increased risk of insulin resistance
and with a raised probability of having MetS. In addition, our results recommended that irisin
might play a potential role in glucose metabolism. The relations between insulin resistance,
MetS prevalence, and high levels of circulating irisin may be elucidated with a physiological
compensatory mechanism, which could result in elevated irisin levels because of an essential
declined sensitivity to irisin’s effects (i.e., MetS and obesity being irisin-resistant states,
resembling insulin resistance) or possible alternative suggestion as increased production via
the elevated fat tissue and muscle in obesity. The potential mechanisms supportive to these
associations must be explained by further mechanistic studies.

4. Conclusions

Our study demonstrated that lower-level irisin is related to increased risk of insulin
resistance and with a raised probability of having MetS. In addition, these results suggested
that irisin could play a potential role in glucose metabolism. The relations between insulin
resistance, MetS prevalence, and high levels of circulating irisin may be elucidated with a
physiological compensatory mechanism, which could result in elevated irisin levels because of
an essential declined sensitivity to irisin’s effects (i.e., MetS and obesity being irisin-resistant
states, resembling insulin resistance) or possible alternative suggestion as increased production
via the elevated fat tissue and muscle in obesity. The potential mechanisms supportive to these
associations must be explained by further mechanistic studies.
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