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Abstract
Background: Acute myocardial infarction (AMI) is a major cause of morbidity and mortality all over the world. Adropin, which is a
peptide synthesized in the heart, is suggested to be released into the bloodstream after ischaemic cardiac injury.

Aim: To clarify the effect of the ISO-induced AMI in normal and obese rats on serum adropin level and to localize any potential association between its level and other cardiac enzyme markers, oxidative stress markers, pro-inflammatory and metabolic parameters.

Material and Methods: 85 adult male albino rats were used. 15 animals died and the remaining animals (70) were divided into 5

main groups: control group and four ISO-induced AMI groups where blood samples and hearts were taken at 1h, 2h, 6h and 24h.
post AMI. Each group is subdivided into lean and obese subgroups. In all groups, serum adropin, cTn-I, CK-MB, CRP, TNF-α, oxidative
stress markers (MDA, SOD, GSH and catalase), lipid profile, insulin and glucose levels were measured. HOMA-IR was calculated. ECG
and blood pressure were recorded. Histo-pathological examination of the heart was done.

Results: The results of the present study showed that serum adropin levels was increased after AMI together with cTn-I, CK-MB, CRP,
TNF-α, MDA, TC, TGs and LDL-C. Adropin showed positive correlation with abovementioned parameters in all studied groups. SOD,

GSH, catalase and HDL-C were decreased after AMI with negative correlation with adropin in all groups. Histo-pathological examination revealed edema, inflammatory cell infiltration, congestion, haemorrhage and necrosis in ISO-induced AMI.

Conclusions: Serum adropin can be used as an alternative biomarker to other cardiac enzyme markers (cTn-I, CK-MB) for early
diagnosis of AMI especially in cases of obesity.
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Introduction
Cardiovascular diseases are the first cause of morbidity and mortality all over the world [1] where AMI is the main cause of death and

disability in middle-aged and elderly adults in both developing and developed countries [2]. AMI causes injury to the cardiac muscle tissue
or even cause its death due to prolonged exposure to hypoxia and ischemia [3].

Many studies showed that overweight and obesity are associated with AMI [4]. Therefore, accurate, valid, precise, cost-effective, read-

ily accessible cardiac markers are needed for better diagnosis and prognosis of AMI.
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Adropin was firstly isolated in 2008 by Kumar and his team in mice. Adropin is encoded by the Enho gene which is expressed in the

brain, liver sinusoids, hepatocytes [5,6] and cardiomyocytes in addition to endocardium and epicardium [3,5,7].

It was shown that adropin influences the regulation of metabolic pathways during prolonged ischemia and hypoxia in isoproterenol

(ISO)-induced AMI rats [3], where in the ischemic region ATP synthesis is markedly reduced due to the lack of oxygen and the washout of
metabolic products. So, the cardiac infarcted tissues is in need to maintain energy homeostasis, which could explain the increased adropin
expression [8].

Also, some studies reported that adropin has a potential protective role for endothelium that is likely regulated via increased endo-

thelial nitric oxide synthase (eNOS) expression where adropin influences gene expression of eNOS through vascular endothelial growth

factor receptor2 (VEGFR2) -phosphatidylinositol 3-kinase-Akt and VEGFR2-extracellular signal regulated kinase (ERK) 1/2 pathways,
leading to increase of the bioavailability of NO [5].

Another study reported a decrease in serum adropin level in human subjects with AMI compared to controls [10]. Also, a study found

that serum adropin level is significantly lower in coronary artery disease patients than that in the control group [11].

Adropin also appears to play a role in the preservation of energy balance and insulin response [5]. Adropin levels have been observed

to be relatively high in mice fed a diet with a high fat and low carbohydrate content, whereas adropin levels have been reported to be
lower in mice fed a diet with low fat and high carbohydrate content [12]. Adropin has a role in metabolic homeostasis which is evidenced
by improving glucose homeostasis, fatty liver and dyslipidemia with obesity using synthetic peptide or transgenic over expression [9].
Adropin knockout mice became obese, despite maintaining normal food intake and energy consumption [12].

Therefore, we decided to investigate the effect of the ISO-induced AMI in normal and high fat diet (HFD) -induced obese rats on serum

adropin level and to define any potential association between its level and other cardiac enzyme markers, oxidative stress markers, proinflammatory and metabolic parameters.

Materials and Methods

The experimental protocol was approved by animal handling standard ethics, physiology department and by local medical ethics com-

mittee in faculty of medicine of Zagazig university (Institutional Review Board, IRB (3338/29/1/2017).

This experimental prospective cohort study was carried out on a total number of 87 healthy adult male albino rats, weighing 150 -

200g. The animals were kept in steel wire cages (7 - 8/cage) in the animal house of the faculty of medicine, Zagazig University under
hygienic conditions. Rats had free access to water, kept at room temperature and were maintained on a 12 h light/dark cycle.

After being acclimatized to the housing for one week, rats were randomly divided according to feeding protocol into two groups: a

group fed normal chow (Lean group) which provided 3. 3 kcal/g of food and was composed of 5% fat, 18% proteins and 77% carbo-

hydrates [13] and a group fed an HFD for 12 weeks which provided 4. 73 kcal/g of food and was composed of 35% carbohydrate, 20%
protein, 45% fat [14] (HFD-obese group). BMI (weight/nose-anus length2, g/cm2) was measured where rats with BMI > 0.68 g/cm2 were

considered to be obese [15].

Then rats were divided into two main groups:
•

•

Control group (Group A): 14 rats which were subdivided into lean (1A) and obese (2A) subgroups, (7rats each).

ISO-induced AMI Groups: 73 rats, 17 of which died after ISO injection to become 56: Rats were divided into 4 equal groups, 14 rats
each (7 lean and 7 obese) -according to the time of taking samples-as following: Group B: 1 hour post induction of infarction. Group
C: 2 hours post induction of infarction. Group D: 6 hours post induction of infarction. Group E: 24 hours post induction of infarction.
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Rats were injected once subcutaneously (S.C.) with ISO in a dose 200 mg/Kg body weight, dissolved in 5 ml normal saline [3], where

control rats were S.C. injected with the same volume of saline.

AMI was diagnosed during the experiment by recording electrocardiogram (ECG) using PowerLab4/20 (data acquisition system, AD

Instruments Pty Ltd, Australia) where lead II was recorded. Blood pressure was measured using non-invasive blood pressure rat tail device (NIBP250). Rats were anesthetized with intraperitoneal (i.p.) injection of urethane (1.5 gm/kg) [16].
Blood collection and heart isolation

At the end of the experiment and according to the timing of each group, blood samples were collected from the retro-orbital vascular

plexus in dry clean and screw capped tubes and left for 30 minutes to be clotted. Then sera were separated by centrifugation at 3000
r.p.m for 15 minutes. The supernatant serum was stored and deeply frozen at -20°C until assayed. Hearts were excised, fixed in formalin,
embedded in paraffin wax, stained with H&E and examined using light microscope.
Biochemical analysis
•
•
•

Serum adropin levels: Were measured using rat Adropin (AD) ELISA kits. SunRed, Biotechnology company, Shanghai, Ca 201-113361.

Serum cardiac troponin-I (cTn-I) levels: Were measured using ELISA kits for for cTn-I:Bioassay technology laboratory, China Cat.
No E0639Ra.

Serum CK-MB levels: Were measured using kits for CK-MB level estimation: Pointe Scientific, Inc. USA.5449 Research Drive, Canton, MI 48188.

•

Serum CRP levels: Were measured by using kits for CRP estimation: Monobind, Inc Lake Forest, Ca 92630, USA.

•

PRTA00.

•

•

Serum TNF-α levels: Were measured using kits for estimation of TNF-α: R and D systems, Inc., USA and Canada, Ca RTA00, SRTA00,

Serum malondialdehyde (MDA) levels: Were measured by using kits for MDA level estimation: Sigma-Aldrich, USA, Ca.MAK085.

Serum superoxide dismutase enzyme activity (SOD): Were measured by using kits for SOD level: Thermofisher, USA, colorimet-

•

ric assay, Ca.EI ASODC.

•

E-BC-K030-S.

Serum Reduced glutathione (GSH) level: Were measured by using kits for GSH estimation, Elabscience, colorimetric assay, Ca

•

Serum Catalase activity: Were measured by using kits for catalase estimation, Thermofisher, USA, colorimetric assay, Ca EIACATC.

•

Belgium.

Serum Total cholesterol (TC) level: Were measured using TC kits. BioSource Europe S.A.-Rue de l’Industrie, 8-B-1400 Nivelles-

•

Serum Triglycerides (TGs) level: Were measured by using kits for estimation of serum TGs, Thermofisher, USA, Ca TR22421

•

dustrie, 8-A-1340 Nivelles-Belgium.

•

[17].

Serum HDL-cholesterol (HDL-C) level: Were measured by using kits for estimation of HDL-C. BioSource Europe S.A.-Rue de l’In-

Serum low density lipoprotein-cholesterol (LDL-C) levels: Were measured according to the equation: LDL-C=TC-HDL-C-TGs/5

Serum insulin level: Were measured by using kits for estimation of insulin levels. INS-EASIA, KAP1251 (BioSource Europe S.A.
-Rue de l’Industrie, 4-A- 1300 Nivelles-Belgium).
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Serum glucose: Were measured by using kits for estimation of glucose levels. INS-EASIA, KAP1251 (BioSource Europe S.A. -Rue de
l’Industrie, 8-B- 1400 Nivelles-Belgium).

HOMA-IR: Were measured was calculated according to the equation: Insulin (µU/ml) xGlucose (mg/dl)/405 [18].

Statistical analysis

The data were expressed as mean ± SD for quantitative variables and statistically analyzed by using SPSS program (version26 for

windows) (SPSS Inc. Chicago, IL, USA). One way Analysis of Variance (ANOVA) was used to compare means of the groups followed by LSD
test to compare statistical differences between groups. The correlations between parameters were analyzed using Pearson, s correlation.
P values < 0.05 were considered to be significant.

Results

In this study, body weight (g), BMI (g/cm2) and abdominal circumference (cm) were measured and they were significantly higher in

obese (342 ± 41g, 0.8 ± 0.09 g/cm2 and 24. 2 ± 1. 2 cm respectively) groups when compared to lean groups (232g ± 29, 0.53 ± 0.09 g/cm2

and 17. 9 ± 0.7 cm respectively). Also ECG was recorded before and after ISO injection, where we found (in lean and obese groups) ST segment depression (0.128 ± 0.03 and 0.137 ± 0.03mV respectively), decreased R-wave amplitude (0.45 ± 0.1 and 0.31 ± 0.1 mV respectively),
decreased duration of R-R interval (0.2 ± 0.01 and 0.19 ± 0.02 seconds respectively) and consequently increased heart rate (297 ± 22 and

325 ± 24 BPM respectively) after ISO injection when compared to those before injection [ (0.026 ± 0.007, 0.034 ± 0.01 mV), (0.58 ± 0.18,
0.5 ± 0.15 mV), (0.29 ± 0.02, 0.27 ± 0.02sec.), (208 ± 11, 224 ± 13 BPM) respectively]. Blood pressure was measured (mmHg) before and
after ISO injection and it was significantly decreased (in lean and obese groups) after ISO injection (56 ± 8 and 68 ± 8 respectively) than
that before injection (93 ± 15 and 124 ± 21 respectively). These findings indicate anterior myocardial infarction where lead II is considered a reciprocal lead (Figure 1).

Figure 1: Shows ECG recording of lead II before and after ISO injection in lean and obese groups. [1] ECG of a rat from the lean group
before injection. [2] ECG of a rat from the lean group after injection showing depressed ST segment (blue arrow), upright T-wave (red
arrow), decreased R-wave amplitude (green arrow) and decreased duration of R-R interval (tachycardia) (black arrow). [3] ECG of an
obese rat before injection. [4] ECG of an obese rat after injection showing depressed ST segment (blue arrow), upright T-wave
(red arrow), decreased R-wave amplitude (green arrow) and decreased duration of R-R interval (tachycardia) (black arrow).
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Serum adropin (pg/ml): Our study showed that in lean groups, serum adropin levels in groups 1B, 1C and 1D were significantly (p <
0.05) elevated compared to that of group 1A, with a peak in group 1D. Regarding obese groups, it was found that serum adropin levels in

groups 2B, 2C, 2D and 2E were significantly (p < 0.05) higher compared to that of group 2A with a peak in group 2C. All values of serum
adropin levels in obese groups were significantly (p < 0.05) lower than their corresponding lean groups (Table 1, 2 and figure 2).

Figure 2: Illustrates serum adropin levels in all studied groups. a:vs group A, b: vs group B, c: vs group C, d: vs group D. * means
significant difference between the obese group and its corresponding lean group.

1A
Control (n = 7)
Adropin (pg/ml)
Glucose (mg/dl)
Insulin (µU/ml)
HOMA-IR
Metabolic
TC (mg/dl)
paramerters
TGs (mg/dl)
HDL (mg/dl)
LDL (mg/dl)
cTn-I (ng/dl)
Cardiac
markers
CK-MB (U/l)
CRP (mg/l)
Inflammatory
markers
TNF-α (pg/ml)
MDA (mg/dl)
Oxidative
SOD (U/ml)
stress
GSH (mg/dl)
markers
Catalase (U/l)

41.2 ± 13
77 ± 14
17 ± 2
3.3 ± 0.6
80 ± 27
93 ± 27
46 ± 5
15 ± 5
0.07 ± 0.02
9.25 ± 3.6
0.07 ± 0.02
16.2 ± 6
11.06 ± 3.1
211.7 ± 46
5.54 ± 1.5
161.6 ± 21

1B
1h. post AMI
(n = 7)
81.4 ± 11a
110 ± 17a
22.4 ± 2a
6 ± 0.8a
104 ± 13a
143 ± 33a
30.7 ± 4a
44 ± 14a
0.13 ± 0.05
12.7 ± 2.4
0.14 ± 0.04
37 ± 8a
14.38 ± 3.1
174.4 ± 51
4.97 ± 1.55
145.2 ± 42

1C
2h. post AMI
(n = 7)
83.9 ± 15 a
119 ± 14 a
25 ± 2 ab
7.3 ± 1ab
105 ± 16a
184 ± 62a
33.9 ± 6a
34 ± 10a
0.27 ± 0.09ab
24.3 ± 5.4ab
0.15 ± 0.06
43.4 ± 14a
15.2 ± 2.53a
128.4 ± 42ab
4.46 ± 1.5
144.3 ± 25

1D
6h. post AMI
(n = 7)
90.7 ± 27a
103 ± 6ac
23 ± 2a
6 ± 0.5ac
116 ± 22a
181 ± 52a
36.9 ± 7a
43 ± 12a
0.33 ± 0.03ab
30.2 ± 5.3abc
0.24 ± 0.08a
54.6 ± 12ab
15.28 ± 3.02a
125.1 ± 25 ab
3.8 ± 0.9 a
132.8 ± 28

Table 1: Shows mean ± SD of metabolic parameters, cardiac markers, inflammatory markers

1E
24h. post AMI
(n = 7)
54.4 ± 16bcd
102 ± 21 ac
22.7 ± 1a
5.8 ± 1ac
106 ± 16a
149 ± 42a
30.9 ± 9a
45 ± 12a
0.27 ± 0.09ab
17.4 ± 5.3acd
0.5 ± 0.2abcd
46.8 ± 11a
19.51 ± 5.3abcd
111.3 ± 34 ab
2.54 ± 0.7abc
109.9 ± 33abc

and oxidative stress markers in all lean groups.
a:vs group A; b: vs group B; c: vs group C; d: vs group D.
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Adropin (pg/ml)

Metabolic
paramerters

Glucose (mg/dl)
Insulin (µU/ml)
HOMA-IR

2D

2E

Control
(n = 7)

1h. post AMI
(n = 7)

2h. post AMI
(n = 7)

6h. post AMI
(n = 7)

24h. post AMI
(n = 7)

27.44 ± 2*

42.07 ± 7.13a*

55 ± 10.2 ab*

45.7 ± 5.9 ac*

37.3 ± 10.04acd*

6.9 ± 2*

15.8 ± 6a*

17.4 ± 7a*

15.4 ± 4a*

14.5 ± 3a*

114 ± 34*
24 ± 4

*

204 ± 69a*
31 ± 5

a*

211 ± 82a*

202 ± 57a*

33 ± 5

31 ± 4

a*

a*

191 ± 9a*
30 ± 5a*

161 ± 20a*

151 ± 14a*

153 ± 16a*

152 ± 22a*

HDL (mg/dl)

36 ± 4*

23 ± 5a*

25 ± 6a*

26 ± 6a*

22 ± 3a*

cTn-I (ng/dl)

Oxidative
stress markers

2C

126 ± 29*

LDL (mg/dl)

Inflammatory
markers

2B

TC (mg/dl)

TGs (mg/dl)

Cardiac
markers

2A

173 ± 19*
55 ± 7

*

0.06 ±
0.01

0.28 ± 0.09*

100.43 ±
32.5*

20.7 ± 3*

95 ± 13.8*

TNF-α (pg/ml)

34.2 ± 10*

MDA (mg/dl)

17.3 ± 3.8*

GSH (mg/dl)

4 ± 0.7*

Catalase (U/l)

76 ± 11

95 ± 20.6

*

49.8 ± 6a*

3.3 ± 1*

93.2 ± 38

*

76 ± 10

ab*

0.24 ±
0.04*

59.3 ± 10*

221 ± 57a*

255 ± 51a*

0.19 ± 0.04ab

43 ± 6*

SOD (U/ml)

90 ± 11

a*

246 ± 22a*

0.09 ± 0.03

CK-MB (U/l)
CRP (mg/l)

240 ± 39a*

ab*

86 ± 18a*

0.38 ± 0.1abc

0.28 ± 0.06abcd

0.28 ± 0.04*

0.38 ± 0.06abc*

0.78 ± 0.07abcd*

29.9 ± 5.4 ab*

29 ± 5.2 ab*

34.1 ± 5.9ab*

76.3 ± 12 ab*
59.2 ± 12a*
87.7 ± 8.9*
2.7 ± 0.9 a*

79.1 ± 31.8

*
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78.3 ± 22.5ab*
70.4 ± 7abc*

70.57 ± 13ab*
2.68 ± 0.8 a*

71.7 ± 31.5

*

55.7 ± 18 cd*
62 ± 10ab*

69.86 ± 8.7ab*

1.59 ± 0.68abcd*

Table 2: Shows mean ± SD of metabolic parameters, cardiac markers, inflammatory markers

46 ± 23abc*

and oxidative stress markers in all obese groups.
a:vs group A; b: vs group B; c: vs group C; d: vs group D.
*means significant difference between obese group and its corresponding lean group.
Regarding serum glucose (mg/dl), insulin (µU/ml) and HOMA-IR: In lean and obese groups, it was found that their levels in all AMI

groups (B, C, D, E) were significantly (p < 0.05) higher than that group (A). Moreover, these values were significantly (p < 0.05) higher in
obese than lean groups (Table 1 and 2).

Lipid profile: Was also measured (mg/dl), where we found that in both lean and obese groups, serum TC, TGs and LDL-C were signifi-

cantly (p < 0.05) higher, while HDL-C was significantly (p < 0.05) lower in all AMI groups compared to that of controls. Moreover, there
were significant differences between obese and their corresponding lean groups (Table 1 and 2).

Serum cTn-I (ng/dl): It was found that in lean groups serum cTn-I levels in groups 1C, 1D and 1E were significantly (p < 0.05) higher
compared to that of group 1A. Regarding obese groups, it was found that serum cTn-I levels in groups 2C, 2D and 2E were significantly (p
< 0.05) higher compared to that of group 2A. No significant differences were found between obese and their corresponding lean groups
(Table 1 and 2).

Serum CK-MB (U/l): In lean groups, serum CK-MB levels in groups 1C, 1D and 1E were significantly (p < 0.05) higher compared to that

of group 1A. Regarding obese groups, it was found that serum CK-MB levels in groups 2C and 2D were significantly (p < 0.05) higher
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compared to that of group 2A. Moreover, serum CK-MB levels in all obese groups were significantly (p < 0.05) higher than those of their
corresponding lean groups (Table 1 and 2).

Serum inflammatory markers: In lean groups, serum CRP levels (mg/l) in groups 1D and 1E were significantly (p < 0.05) higher than

that of group 1A. In obese groups, serum CRP levels in groups 2D and 2E were significantly (p < 0.05) higher compared to that of group 2A.

Moreover, the mean values of serum CRP levels in all obese groups were significantly (p < 0.05) higher than those of their corresponding
lean groups (Table 1 and 2).

Regarding serum TNF-α (pg/ml), it was found that in lean groups, serum levels of TNF-α in groups 1B, 1C, 1D and 1E were significantly

(p < 0.05) higher than that of group1A. Also in obese groups, serum TNF-α levels in groups 2B, 2C, 2D and 2E were significantly (p < 0.05)
higher than that of group 2A. Serum TNF-α levels in all obese groups were significantly (p < 0.05) higher than those of their corresponding
lean groups (Table 1 and 2).

Serum oxidative stress markers: In lean groups, serum MDA levels (mg/dl) in groups 1C, 1D and 1E were significantly (p < 0.05) higher

compared to that of group 1A. In obese groups, it was found that serum MDA levels in groups 2C, 2D and 2E were significantly (p < 0.05)
higher compared to that of group 2A. Moreover, serum MDA levels in all obese groups were significantly (p < 0.05) higher than those of
their corresponding lean groups (Table 1 and 2).

Regarding serum SOD activity (U/ml) in lean groups, it was found that in groups 1C, 1D and 1E, serum SOD activity was significantly

(p < 0.05) lower compared to that of group 1A. Regarding obese groups, it was found that serum SOD activity in groups 2D and 2E was

significantly (p < 0.05) lower compared to that of group 2A. Serum SOD activity in all obese groups were significantly (p < 0.05) lower than
those of their corresponding lean groups (Table 1 and 2).

Regarding serum GSH levels (mg/dl) in lean groups it was found that in groups 1D and 1E, serum GSH levels were significantly (p 0.05)

lower than that of group 1A. While in obese groups, it was found that serum GSH levels in groups 2C, 2D and 2E were significantly (p <

0.05) lower than that of group 2A. Moreover, serum GSH levels in all obese groups were significantly (p < 0.05) lower than those of their
corresponding lean groups (Table 1 and 2).

Regarding catalase activity (U/l) in the lean groups, it was found that in group 1E, it was significantly (p < 0.05) lower compared to that

of group 1A. While in obese groups, it was found that serum catalase activity in group 2E was significantly (p < 0.05) lower compared to

that of group 2A. Moreover, it was found that serum catalase activity in all obese groups were significantly (p < 0.05) lower than those of
their corresponding lean groups (Table 1 and 2).

There were significant positive correlations (p < 0.05) between serum adropin levels and each of cTn-I, CK-MB, CRP, TNF-α, MDA,

glucose, insulin, HOMA-IR, TC, TGs and LDL-C, while there were significant negative correlations (p < 0.05) between serum adropin levels
and each of SOD, catalase, GSH and HDL-C in both lean and obese groups (Table 3).
Histopathological changes were found in AMI groups (Figures 3 and 4).

Discussion

AMI is one of the most common causes of death worldwide and it is defined as myocardial cell death due to prolonged ischemia. Rapid

diagnosis of AMI using ECG and assessment of early cardiac biomarkers is mandatory to initiate effective treatment [19].

In this study, AMI was induced by ISO injection. Myocardial damage with ISO was explained by an imbalance between oxygen supply

and demand of cardiomyocytes, which is related to myocardial hyperfunction due to increase both in chronotropism and inotropism as
well as coronary hypotension [20].
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TC
TGs
HDL
LDL
Glucose
Insulin
HOMA-IR
CRP
TNF-α
cTn-I
CK-MB
MDA
SOD
GSH
Catalase

Lean group (at 6h. post-AMI)
r
p-value
+0.868
<0.05
+0.872
<0.05
-0.963
<0.01
+0.846
<0.05
+0.839
<0.05
+0.899
<0.01
+0.869
<0.05
+0.861
<0.05
+0.769
<0.05
+0.906
<0.01
+0.779
<0.05
+0.968
<0.001
-0.777
<0.05
-0.911
<0.01
-0.830
<0.05

HFD-induced obese group (at 2h. post-AMI)
r
p-value
+0.932
<0.01
+0.845
<0.05
-0.938
<0.01
+0.892
<0.01
+0.955
<0.01
+0.946
<0.01
+0.911
<0.01
+0.772
<0.05
+0.993
<0.001
+0.851
<0.05
+0.923
<0.01
+0.934
<0.01
-0.935
<0.01
-0.976
<0.001
-0.861
<0.05
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Table 3: Shows correlation between serum adropin levels (at its peak) and other parameters in both lean and HFD-induced obese groups.

Figure 3: Photomicrographs of cardiac tissue from the lean group (HE x400). [1A] Group 1A: Normal architecture of cardiac wall
with branching and anastomosing myofibers bounded with endomysium. Cardiomyocytes have central oval, euchromatic nuclei (black
arrows) and surrounded with numerous blood capillaries flat nuclei of fibroblasts (red arrow). [1B] Group1B: Normal architecture of
cardiac wall with branching and anastomosing myofibers with mild interstitial edema (red arrow) with few apoptotic nuclei (black
arrow). [1C] Group1C: Myofibers with loss of myocardial striation (black arrows) [1D] Group1D: Mild inflammatory infiltrate (black
arrow) [1E] Group1E: Moderate tissue necrosis (black arrow), moderate congested blood vessels (red arrow).
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Figure 4: Photomicrographs of cardiac tissue from the obese group (HE x400). [2A] Group2A: pyknotic (apoptotic) nuclei (black
arrow), congested blood vessels (red arrow), hemorrhage. [2B] Group2B: Marked pyknotic (apoptotic) nuclei (black arrows), severe
congested blood vessels (red arrow). [2C] Group2C: marked interstitial edema (red arrows), mild inflammatory infiltrate (black arrows).
[2D] Group2D: moderate interstitial infiltrate (black arrow), severe congested blood vessels (red arrow). [2E] Group2E: marked tissue
necrosis (black arrow), severe congested blood vessels and haemorrhage (red arrow).

It was found that adropin was increased significantly at 1 hour post-AMI induction in both lean and obese groups compared to that

of controls and continued to increase to reach peak levels at 6 hours in the lean groups and 2 hours in the obese groups. This may be
explained by the need of the infarcted tissues to maintain energy homeostasis, where adropin could influence the regulation of metabolic

pathways during long periods of ischemia and hypoxia in AMI rats [8]. Accordingly, adropin could be increased to protect the ischemic

region by maintaining glucose homeostasis and restoring myocardial glycogen stores, thus improving myocardial energy status to avoid
more hypoxia, enlargement of the infarcted area and further impairment of cardiac function [8].

Our results were consistent with other studies [3,6] which reported significant increase in serum adropin levels as early as 30 minutes

and within 2 hours post-infarction respectively compared to that of controls.

However, our results were not in line with those of another study [10] who found that serum adropin levels were significantly lower in

patients with AMI compared to controls.

In the present study, serum adropin levels in all obese groups were found to be significantly lower than that of their corresponding

lean. This finding is in agreement with those of a previous study [5] which reported decreased levels of adropin in obesity.

Regarding cTn-I, we found that-in both lean and obese groups-cTn-I levels began to increase significantly 2 hours post AMI induction.

A previous study reported that cTnI began to increase significantly at 1 hour post-AMI induction [3]. A human study found that serum
cTnI rose within 30 minutes post AMI [6].
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Serum CK-MB-in both lean and obese groups-began to increase significantly at 2 hours post-AMI induction. Moreover, we found that

serum levels of CK-MB were significantly higher in obese groups compared to that of the lean groups. Our results are in line with those
of another study which found that serum levels of CK-MB were significantly elevated 2hours post-AMI [3]. In a human study, serum CK-

MB was significantly elevated within 30 - 40 minutes after the onset of chest pain [6]. Also, our results came in consistency with those of
another study which found that HFD-induced obesity in rabbits was associated with increased CK-MB activity [21].

When myocardial cells are damaged, the cardiac membrane becomes permeable resulting in leakage of enzymes [22]. ISO increases

permeability of cardiac muscle cells leading to release of cytosolic enzymes such as CK-MB [23].

Regarding inflammatory markers, we found that CRP increased gradually to become significantly higher at 6 hours post-AMI induction,

in both lean and obese groups, while TNF-α began to increase significantly at 1 hour post AMI induction in both lean and obese groups.

These results are in consistency with those of another study which found that CRP was increased in acute coronary syndrome after 12
hours since CRP requires > 6 hours to be synthesized and secreted by hepatocytes [24].

TNF-α is expressed in cardiomyocytes only after AMI as myocardial tissue with ischemia and anoxia activates cardiomyocytes and lo-

cal mononuclear macrophages, which causes the myocardium in the infarcted zone and infarction border zone to produce large amounts

of TNF- α [25]. We found also that both serum CRP and TNF-α were significantly higher in the obese groups than that in the lean groups.
Obesity predisposes to a pro-inflammatory state by increasing inflammatory mediators IL-6 and TNF-α [26]. The liver drains free fatty ac-

ids and the circulating triacylglycerol promoting release of cytokines such as IL-1β that induces IL-6 production by adipose tissue, which
in turn triggers hepatocyte expression and release of CRP [27].

Regarding MDA, which is an indicator of lipid peroxidation, we found that its serum levels -in both lean and obese groups- became

significantly higher than that of the controls at 2 hours post AMI induction.

On the other hand, we found that serum levels of SOD decreased to become significantly lower at 2 hours post AMI induction (in the

lean group) and at 6hours post AMI induction (in the obese group).

Also, it was found that serum levels of GSH began to decrease significantly at 6 hours post AMI induction in the lean group and at 2

hours in the obese group.

Serum catalase activity became significantly lower at 24 hours post AMI induction than that of controls in both lean and obese groups.

It is worth noting that serum levels of MDA were significantly higher in the obese groups than that of their corresponding lean groups,

while SOD, GSH and catalase were significantly lower in the obese groups than that of their corresponding lean groups.

Our results are in agreement with those of other investigators who reported that the levels of MDA were significantly increased and

total antioxidant status was significantly decreased in AMI [28]. A study showed that in obese mice, serum levels of MDA were significantly

higher, while serum levels of GSH and catalase were significantly lower than that of non-obese [29]. Moreover, it was observed that the

mean MDA concentration was highest in AMI patients with previous hyperlipidemia. Thus AMI is associated with greater oxidative stress
and diminished activity of antioxidant defense system to combat free radical [30].

Growing evidence indicates that the mitochondria of white adipose tissue, particularly of obese persons, are the main site of reactive

oxygen species (ROS) generation, with augmented expression of NADPH oxidase and decreased expression of antioxidative enzymes [31].

The activation of antioxidant enzymes in overweight individuals may be to counteract the effect of oxidative stress generated by ROS. Also,

it was found that in the early stages of obesity development there may be an initial elevation in antioxidant enzymes to counteract oxida-

tive stress [32]. The depletion of the antioxidant activities in obese individuals may be attributed to the high production of ROS which may
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destroy these antioxidant enzymes. Also, decreased activity of SOD may be attributed to excess production of ox-LDL which inhibits the
expression of SOD [33].

During AMI, superoxide radicals modulate the activity of catalase resulting in reduced activity of this enzyme and accumulation of

superoxide radicals, with consequent damage to the myocardium [34].

The mechanism of free radical formation in obesity is the increase of pro-inflammatory cytokines produced by adipocytes and pre-

adipocytes such as TNF-α, IL-1 and IL-6 which are potent stimulators for the production of reactive oxygen and nitrogen species by macrophages and monocytes. TNF-α increases the interaction of electrons with oxygen to produce superoxide anions [35].

Regarding metabolic parameters, significant increases were found in serum levels of TC, TGs and LDL-C with significant decreases in

HDL-C in AMI groups in both lean and obese groups. These results are in consistency with that of other investigators [36]. We also found

that lipid profile in obese group was different from lean group, where TC, TGs and LDL-C were significantly higher in obese than that of

lean groups, while HDL-C was significantly lower in obese group when compared to that of the lean group, which agreed with a previous
study [37]. ISO-induced elevation in cholesterol levels could be due to increase in biosynthesis and decrease in its utilization [38]. Hyper-

triglyceridemia might be due to decrease in the activity of lipoprotein lipase accompanied by increase in the activity of hormone-sensitive
lipase, resulting in the decreased uptake of TGs from the circulation [36].

We also found significant increase in serum glucose, insulin levels and insulin resistance (HOMA-IR) in AMI groups compared to that

of controls and also in obese groups compared to their corresponding lean groups. These results were in line with those of Aydin., et al.

Who found that glucose levels in patients with acute coronary syndrome were elevated compared to controls. The elevated glucose levels
may be due to the effect of increased epinephrine secretion after AMI, causing glycogenolysis in the liver and releasing glucose into the
blood [6].

In this study we found significant positive correlations between serum adropin and each of cTn-I, CK-MB, CRP, TNF-α, MDA, glucose,

insulin, HOMA-IR, TC, TGs and LDL-C while there were significant negative correlations with SOD, catalase, GSH and HDL-C in both lean

and obese groups at the peaks of serum adropin. These results came in line with another study that found a positive correlation between
serm adropin and cTn-I [3].

Histopathological changes were found in all AMI groups such as interstitial edema, apoptotic cells, loss of striations, inflammatory cell

infiltration, congestion, haemorrhage and tissue necrosis. These finding came in line with a previous study [3]. Myocardial edema may be

the cause of decreased R wave amplitude [39]. It was reported that neutrophils exert potent cytotoxic effects through the release of proteolytic enzymes and the adhesion with Intercellular Adhesion Molecule (ICAM) -1 expressing cardiomyocytes. Monocyte Chemoattrac-

tant Protein (MCP) -1 is also markedly upregulated in the infarcted myocardium inducing recruitment of mononuclear cells in the injured
areas. Monocyte-derived macrophages and mast cells may produce cytokines and growth factors necessary for fibroblast proliferation
and neovascularization, leading to effective repair and scar formation [40].

Conclusion

The present study revealed a significant increase of serum adropin levels following AMI. These levels were correlated with the changes

in other cardiac enzyme markers, lipid profile, proinflammatory and oxidative stress markers. Thus, serum adropin can be used as an
alternative biomarker to other cardiac enzyme markers (cTn-I, CK-MB) for early diagnosis of AMI especially in cases of obesity.

Recommendations

Further studies are required to clarify the effect of adropin injection on cardiovascular system in absence and presence of different

diseases such as AMI and heart failure and its possible mechanism/s of action under different conditions as obesity and diabetes mellitus.
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