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Effect of Metformin Pretreatment on Serum Adropin Level in
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Abstract

addition, the cardioprotective effect of metformin pretreatment
in this condition depends on enhancing the activity of eNOS
enzyme independent on adropin level.

Background: Beside adropin's role in energy homeostasis
and insulin sensitivity, it is also incriminated in myocardial
ischemia. Level of adropin during myocardial infarction (MI)
and the effect of metformin pretreatment on serum adropin
level in rat models of MI is underinvestigated.
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Introduction

Aim of Study: This study investigated the level of adropin
in MI and the possible involvement of adropin and endothelial
nitric oxide synthase enzyme activity (eNOS) in the cardioprotective effect of metformin during acute myocardial
ischemia.
Material and Methods: A total of forty adult male albino
rats weighing 185-220g were divided equally into four groups
Group I: Normal control group. Group II: MI group, which
was induced by subcutaneous injection of adrenalin (2mg/kg)
in two doses 24 hours apart. Group III: Normal rats which
were treated with oral metformin via a feeding tube in a dose
of 300mg/kg for 2 weeks. Group IV: Rats with adrenalininduced MI and pretreated with oral metformin in the same
dose and duration before induction of MI on the 13 th and 14 th
days of the study. Serum adropin and eNOS were measured,
in addition to cardiac troponin I, Creatine Kinase isoenzyme
(CK-MB), and C-reactive protein (CRP). Sections from the
heart was stained with Masson's trichrome stain and examined
to quantify the degree of ischemic injury at the tissue level.
Results: In MI group, both serum adropin level and the
eNOS were significantly increased with significant positive
correlation between adropin and troponin I, CK-MB, and
eNOS in the same group (r= 0.857, 0.97 & 0.845, respectively,
p <0.05). However, Metformin pretreatment in group IV,
produced significant reduction in the level of adropin accompanied by significant increase in levels of eNOS enzyme
activity in comparison to rats with untreated MI. Additionally
histological examination, showed reduction of the inflammatory cell infiltration, myocardial fibrosis and necrosis. Moreover, there was a positive correlation between adropin and
eNOS in the same group (r=0.682, p<0.05).
Conclusion: Adropin and eNOS enzyme play a vital role
in the pathophysiology of acute myocardial infarction. In
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ADROPIN is a recently discovered peptide hormone, which plays a significant role in carbohydrate, lipid and protein metabolism [1] . Adropin is
encoded by the Energy Homeostasis Associated
gene (gene symbol: Enho). The expression of Enho
gene in different tissues mainly the liver and the
brain depends upon the energy status and the contents of diet [2] . Adropin has essential participation
in the maintenance of energy homeostasis and
sensitivity of different cells to insulin and also
during the development and progression of atherogenesis [3] . It is a new contributing factor in cardiovascular diseases especially ischemic injuries of
the heart. However, adropin level in conditions of
myocardial ischemia showed some controversy
which makes the potential role of adropin as a
biomarker for diagnosis and follow-up in certain
cardiovascular disorders such as heart failure and
ischemic heart diseases a great area of interest [4] .
Some reports claimed that serum adropin level is
elevated in acute myocardial infarction (MI) [5] .
On the other hand, Celik et al., [6] reported a possible correlation between low serum adropin level
and ischemic heart diseases in some cardiac patients. Recent reports expressed the potential role
of adropin at the endothelial cells that is mostly
mediated through excessive expression of endothelial nitric oxide synthase (eNOS) enzyme via the
vascular endothelial growth factor receptor 2
(VEGFR2)-phosphatidylinositol 3-kinase-Akt and
VEGFR2-extracellular signal regulated kinase 1/2
pathways [4,7] . Therefore, adropin might be involved in protective mechanisms against ischemia/
reperfusion models.
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On the other hand, metformin plays an essential
role in treatment of diabetes mellitus and in prevention of its complication especially the cardiovascular complications [8] . Interestingly, recent
reports revealed the cardioprotective effects of
metformin against MI even in non-diabetic cases
[9] .The pharmacological actions of metformin mediated intracellularly through the activation of
adenosine monophosphate (AMP)-activated protein
kinase (AMPK) [10] . The cellular level of AMPK
elevated in response to some metabolic changes
e.g. exercise, ischemia, oxidative stress and hypoglycemia [11] . In addition to the metabolic action of
activated AMPK in the form of fatty acids oxidation, promotion of glucose uptake and acceleration
of glycolysis, this enzyme also promotes the phosphorylation and activity of eNOS [12] .
Recently the relation between adropin level
and the expression of eNOS was studied. It was
claimed that, adropin favors upregulation of eNOS
expression through the VEGFR2-phosphatidylinositol 3-kinase-Akt and VEGFR2-extracellular
signal regulated kinase 1/2 pathways [13] .
So the present work aimed to investigate serum
level of adropin and eNOS and explore their possible involvement in the cardioprotective effect of
metformin in experimentally-induced acute MI in
adult male albino rats.
Patients and Methods
Animals:
In the period from 15 th of October 2017 to 15 th
of January 2018, the study was performed in the
animal house of Faculty of Medicine, Zagazig
University, and involved a total of forty adult male
albino rats weighing 185-220g were obtained from
the experimental animal services house of the
Faculty of Pharmacy, Zagazig University. Rats
were kept for acclimatization in clean cages in
groups of five for one week. Rats were fed the
normal balanced rodent formula with water ad
libitum. Room temperature was about 25ºC and a
12h light/dark cycle. The animal experiments were
approved by the Institutional Research Board, and
ethics committee, Faculty of Medicine, Zagazig
University.
Rats were divided into four groups (10 rats/
group). Group I: Normal control group. Group II:
Acute MI group, which was induced by subcutaneous injection of adrenalin (2mg/kg) in two doses
with an interval of 24 hours on day 13 and 14 of
the study [14] . Group III: Normal rats which were
treated with oral metformin (Minapharm Co.

Egypt). Group IV: Metformin pretreated acute MI
group.
Metformin was administered orally via a feeding
tube in a dose of 300mg/kg for 2 weeks from the
start of the study in both group III and IV, while
animals in group I and II was treated with oral
saline for the same duration [15] .
Blood sampling:
At the end of the study, and after overnight
fasting, blood sample was collected via cardiac
puncture from the rats while under anesthesia
(Ether anasthesia in a vaporizer chamber), followed
immediately by decapitation as a humane method
of euthanasia. Blood samples were collected in
tubes, centrifuged for 15min at 3000rpm. The separated serum was stored at 20ºC until the time of
measurement.
Biochemical analysis:
The serum level of adropin was measured by
ELISA kits (Sun Red Biotechnology, ChinaCatalogue No 201-11-3361) [16] . Serum cardiac
troponin I was measured by enzyme immunoassay
(OPUS, Marburg CO, Germany), and Creatine
Kinase isoenzyme (CK-MB) was measured with
an autoanalyzer (Hitachi 917, Roche Co, Germany)
[17] . C-reactive protein (CRP) was assayed by rate
nephelometry technique (Behring NA latex CRP;
Behring Co, Germany) [18] . Determination of nitric
oxide synthase (NOS) enzymatic activity was done
by colorimetric method [19] using commercial kits
(BioVision Co USA-Catalogue No K205).
Histopathology:
Immediately after decapitation, heart was excised. Hearts were rapidly opened and washed with
saline then fixed in 10% formalin solution. The
heart tissues were embedded in paraffin, sectioned
at 5µ
m by a microtome, and stained with Masson's
trichrome stain [20] . Stained sections were examined
under light microscope (400x) equipped with digital
camera.
Statistical analysis:
Study results were presented as mean ± SD and
SPSS 23 was used for futher analysis (SPSS Inc.
Chicago, IL, USA). One way Analysis of variance
(ANOVA) was used followed by a post hoc test
(student-least significant differences, LSD test) to
compare statistical differences between groups.
Pearson's correlation was done to detect associations between the studied parameters. p-values
<0.05 was considered to be significant.
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Results

high levels in induced-MI group versus control
(Table 1).

Serum parameters in adrenalin-induced MI:
As shown in Table (1), serum adropin level as
well as the eNOS enzyme activity was significantly
increased in adrenalin-induced MI group in comparison to control group.

Effects of metformin pretreatment:
Rats of group IV showed significant lower
levels of Adropin versus rats with untreated MI
(Table 1), however, it was significantly increased
when compared to group I and III.

In addition, levels of eNOS showed significant
positive correlation with adropin levels in the
same group (r=0.845, p<0.05) (Table 2). Moreover, the levels of cardiac enzymes, Troponin I
and CK-MB, as well as CRP showed significant

Regarding eNOS enzyme activity, Metformin
treatment significantly increased its activity in
both group III and IV in comparison of group I
(Table 1). Pearson test showed a positive correlation
between Adropin and eNOS in rats of group IV.

Table (1): Mean values of serum parameters in all studied groups.
Group I
(Control)

Group II
(MI)

Group III
(C + Met)

Group IV
(MI + Met)

Adropin (ng/ml):
Mean ± SD
p-value of LSD

22.12 ± 3.34

41.12 ± 2.72
p<0.001 a

23.58 ± 2.48
p <0.372

32.42 ±2.35
p<0.001 a,b,c

Troponin I (ng/ml):
Mean ± SD
p-value of LSD

10.17±2.58

44.50±5.13
p<0.001 a

9.53 ±2.24
p=0.740

22.67 ±2.12
p < 0.001 a,b,c

CK-MB (IU/L):
Mean ± SD
p-value of LSD

235.17±44.31

794.50 ± 101.32
p<0.001 a

244.83 ±65.44
p=0.808

421.00 ±45.57
p<0.001 a,b,c

CRP (mg/dl):
Mean ± SD
p-value of LSD

3.13 ±0.53

6.95±0.95
p<0.001 a

3.03 ±0.84
p=0.831

eNOS (U/mL):
Mean ± SD
p-value of LSD

4.43±0.84
,
p<0.05 a c
p<0.001 b

20.97±0.97

24.55 ± 1.75
p <0.05 a

23.78 ± 1.37
p <0.05 a

29.62 ±2.43
p<0.001 a,b,c

Groups
Parameters

a: Significant versus Group I.

b: Significant versus Group II.

c: Significant versus Group III.

Table (2): Pearson correlation coefficients of adropin in relation to other studied parameters
in all studied groups.
Group I
(Control)

Group II
(MI)

Troponin I :
r
p-value

0.971
p <0.001

0.857
p <0.05

0.423
p=22

0.598
p=0.07

CK-MB:
r
p-value

0.570
p=0.08

0.972
p <0.001

–0.444
p=0.20

0.367
p=0.30

CRP:
r
p-value

0.421
p=0.23

0.021
p=95

–0.518
p=0.13

0.870
p <0.05

eNOS activity:
r
p-value

0.478
p=0.16

0.845
p <0.05

0.473
p=0.17

0.682
p <0.05

Groups
Parameters

Group III
(C + Met)

Group IV
(MI + Met)
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Histopathological changes:
As demonstrated in Fig. (1), sections of myocardial tissues in group (I) and group (III) showed
regularly arranged muscle fibers with no evidence
of necrotic areas or fibrosis, while in MI (group

II), there are widespread myocardial necrosis,
myocardial hypertrophy, and widespread homogenous fibrous tissue (arrows). However in metformin
pretreated MI rats (group IV) they showed apparent
reduction of the inflammatory cell infiltration,
myocardial fibrosis and necrosis.

Group I

Group II

Group III

Group IV

Fig. (1): Histopathological changes in the study groups (Masson's trichrome staining x400) arrow showing the area of infarction
with inflammatory cell infiltration, myocardial fibrosis and necrosis.

Discussion
Metformin as an euglycemic medication is
clinically used since more than 60 years, however,
its non-diabetic uses especially as a cardioprotective agent is a hot area of research [21] . Reports
pointed to the role of metformin in cardiovascular
diseases through potential mechanisms independent on its anti-diabetic effects. These reports reveled the protective effect of metformin against MI
via its ability to decrease the infarction size and
to improve cardiac functions in animal models of
MI [22] . The biochemical and histological results
of the present study coincide with these findings.
The results of the present study showed significant
reduction of troponin I, CK-MB and CRP in MImetformin-treated group in comparison to control
group, moreover the histological examination of
cardiac tissues emphasized the protective effect
of metformin as it attenuated the extent of myocardial tissue injury in the form of reducing the

inflammatory cell infiltration, myocardial fibrosis
and necrosis.
Regardless the therapeutic use of metformin,
AMPKK plays the essential role in its intracellular
effects [10,23] . The activated AMPKK has wellknown metabolic effects which favor the glucose
utilization and increase insulin sensitivity [24] . The
activated AMPKK regulates many intracellular
pathways. One of the most important activated
intracellular pathways is that for eNOS production
[12] . Results of our study showed significant elevation of eNOS level in metformin groups in comparison to other groups. Oidor-Chan et al., [15]
reported that the cardioprotective effect of metformin depends upon the restoration of eNOS
bioavailability in the cardiac tissues which is mediated partially through activation of PPAR- a
receptors with subsequent anti-oxidant effect. In
the current study the estimated serum level of
eNOS showed significant elevation in all groups
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in comparison to the control group and the maximal
elevation were observed in the MI-metformin
treated group. It seems that the expression of eNOS
is stimulated and subsequently elevated in response
to ischemic injury as a compensatory mechanism
[25] and the role of metformin is to enhance this
compensatory mechanism in order to minimize the
sequel of ischemic insult. Jones et al., [26] showed
that nitric oxide which is released as a result of
phosphorylation and activation of eNOS has an
essential role as a cardioprotective signal molecule
through its antioxidant effect, its vasodilator action,
anti-platelets effect and leucocyte chemotactic role.
Beside PPAR-a receptors, there are many other
metabolic signal molecules which play significant
role in the pathogenesis and prognosis of ischemic
heart diseases and the other cardiovascular disorders
[27] . Adropin is a recently discovered protein which
proved to be participated in energy balance und
insulin sensitivity [3] . It is also discovered that
adropin is essential to maintain the structure and
function of endothelial cells [28] . It is well-known
that endothelial dysfunction is an essential factor
for development of coronary atherosclerosis and
ischemic heart diseases [29] . Adropin maintains
the vitality of endothelial cells by preserving the
bioavailability of nitric oxide which is produced
through eNOS. This pathway is also affected in
case of metformin administration as mentioned
above. Interestingly Aydin et al., [30] reported that
the serum level in isoproterenol-induced MI in rats
is elevated and they explained this finding by the
release of adropin into the serum after damage of
myocytes due to acute MI and the authors recommended usage of adropin as a diagnostic marker
with troponin I in early detection of MI. In agreement with previous report we also found that serum
level of adropin in MI-group was significantly
elevated in comparison to both control group and
also metformin-treated group, this elevation emphasizes both the idea of implication of adropin
as a biomarker of heart diseases [3] and also the
protective role of metformin against ischemic heart
lesions [8,9] . From all previous studies and their
findings, it was obvious that metformin as a commonly prescribed drug and adropin as a recent
detected peptide play essential role in ischemic
heart diseases and they share in increasing the
production or activity of eNOS [12, 28] .
According to the result of current study, metformin-pretreated MI group (group IV) showed
significant reduction in serum adropin level in
comparison to non-treated MI group, however,
metformin treatment in normal group (group III)
showed non-significant elevation in serum adropin

level in comparison to control group, These results
elucidate that the cardioprotective role of metformin
depends upon potential mechanisms rather than
adropin production, although both substances favors
eNOS production.
Interestingly, Lovren et al., [4] reported that
Akt/protein kinase B is the main pathway by which
adropin upregulates eNOS synthesis and expression. However, Calvert et al., [24] proved that
metformin couldn't activate this pathway and depends mainly on AMP Kinase pathway. These
findings correlate with the results of current study
which showed maintained elevation in serum eNOS
in metformin-treated groups although adropin levels
were lower in these groups than in group II.
In conclusion, the increase in both serum adropin and eNOS enzyme activity might be involved
in the pathogenesis of acute MI interestingly;
metformin pretreatment has a cardioprotective role
depending on enhancing production of eNOS enzyme activity independent of adropin level. Future
investigations are recommended for much clarification cellular pathways of cardioprotective effects
of metformin.
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