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Introduction
Acute myocardial infarction (MI) is one of 
the most common causes of mortality in 
the world.[1] Exercise training and medical 
antioxidants plants using (Jujube) is a 
strategy for heart rehabilitation.[2,3] The 
search for new adipokines gained added 
fervor with the correlation of the 
reconciliation between cardiovascular 
diseases (CVDs) and metabolic 
syndrome.[4] Lipocalin‑2 (LCN2) expression 
is significantly augmented in patients with 
CVDs and MI.[5] Adiponectin protects the 
heart against the development of systolic 
malfunction after MI, and it protects 
the heart against loss of heart cells and 
capillaries by suppressing heart hypertrophy 
and interstitial fibrosis.[6] Exercise 
training is accepted as a fundamental 
non‑pharmacological intervention strategy 
in cardiac rehabilitation. In particular, 
maximal oxygen uptake (VO2 max), which 
has been noted as the best single predictor 
of death among cardiac patients.[2] In 
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Abstract
Background: Today, the importance of physical activity as a preventative way for cardiovascular 
disease has attracted much attention.The aim of this study is to investigate the effect of 6 weeks 
of interval training with or without extract of Ziziphus jujuba on lipocalcin‑2 (LCN2) and 
adiponectin levels in heart tissue in male Wistar rats with myocardial infarction. Methods: Thirty 
male Wistar rats (mean weight, 180–220 g and age, 2–3 months) were divided into five groups, 
including (1) Healthy control; (2) Isoprenaline‑treated group (ISO); (3) ISO + jujube extracts (JE); 
(4) Trained ISO rats; and (5) Trained ISO rats + JE. Exercise was performed (5 days/week, 
for 6 week including 54‑min cycles with speed of 23 m/min and 54‑min cycles with speed 
of 15 m/min). After 48 h of the last training session, the rats were sacrificed, and their heart 
tissue was excised. The significant level of statistical data was analyzed by one‑way ANOVA 
test. Results: LCN2 levels significantly decreased in trained ISO rats + JE group after 6 weeks 
of interval training with JE consumption, compared to ISO group. However, the consumption 
of jujuba extracts with and without interval training did not show any significant changes in 
adiponectin levels of rat’s heart tissue, compared to ISO (P < 0.05). Conclusions: Because the 
LCN2 inflammatory factor decreased after 6 weeks of exercise and consumption of the extract, 
it seems that performing interval training with JE consumption can be an effective method in the 
cardiac rehabilitation phase after a heart attack.
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addition, the use of medicinal plants has 
long been considered in the treatment of 
many diseases. Natural antioxidants 
increase plasma antioxidants and reduce the 
incidence of certain diseases such as cancer, 
heart disease, and brain stroke.[3] Several 
therapeutic properties have been reported 
for jujuba, including anti‑inflammatory, 
anti‑cancer, lipid lowering, anti‑epileptic, 
anti‑diabetic, and antioxidant properties.[7]  
As far as we know, no study has ever been 
done investigating the effect of interactive 
exercise and jujuba extracts (JEs) in 
patients with myocardial infarction. Studies 
show that doing different exercises in 
rehabilitation protocols may have beneficial 
effects, sometimes harmful or no effects 
on heart function and the deformation 
structure of heart tissue, but research on the 
interactive effect of exercise and the Z. JE 
is limited. Therefore, the purpose of current 
study is to examine the effect of 6 weeks 
aerobic interval training with or without 
the consumption of JEs on LCN2 and 
adiponectin levels in the heart tissue of the 
MI in rats.
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Aerobic interval training protocol

After 2 weeks of adaptation, rats were familiarized with 
running on a treadmill for 5 days (10 min/day at a speed of 
10 m/min).[12] Then, aerobic interval training was performed 
5 days/week, for 6 weeks on the treadmill, and the overload 
principle was applied through a gradual increase in speed. 
The aerobic interval training programs were performed 
for 52 min/day, including 8 min of warm‑up and 4 min 
of cool down at speed of 10 m/min and 54‑min exercise 
at 23 m/min interspersed with 54‑min at 15 m/min.[13] 
However, the control group was without activity under the 
standard environmental conditions of the laboratory.

Sample collection

At the end of the experiment, after 48 h of the last session 
of exercise, rats were anesthetized by intraperitoneal 
injection of ketamin/xylasin 70/10 mg/kg.[14] Blood samples 
were taken directly from the heart, and serum was stored 
at −80°C. Then, the heart was isolated and washed in 
a normal saline and was immediately frozen in liquid 
nitrogen and then transferred to −80°C for subsequent 
measurements. The heart tissue was homogenized by liquid 
nitrogen and then buffer containing a protease inhibitor 
tablet (Sigma, Saint Louis, USA) added to each sample 
and centrifuged for 10 min at 1400 rpm and at 4°C, and 
the supernatant liquid to measure the protein was collected 
by the Bradford method. Heart tissue levels of adiponectin 
and LCN2 were evaluated by using the German kits Rat 
LCN2 manufactured by ZellBio GmbH, coefficient of 
variation (CV) = 10% and sensitivity of 0.2 ng/ml and rat 
adiponectin kit with CV = 10% and sensitivity of 28 pg/ml 
were evaluated by ELISA method.

Statistical analysis

The statistical analyses were performed in SPSS 22 
software environment. The Shapiro‑Wilk test was used to 
determine the normal distribution of data. The one‑way 
ANOVA test was used for testing the hypotheses, and 
Turkey’s post hoc test was used for determining the 
different groups at a significant level of P < 0.05.

Results
A total of 30 male Wistar rats (mean weight, 180–220 g 
and age, 2–3 months) in five groups, participated in this 
study. It should be noted that four rats died after the 
second ISO injection and dropped out study. Finally, 
30 rats successfully completed all training sessions and 
consumpted JE and were included in the subsequent 
analyses. As shown in Table 1, the one‑way ANOVA’s test 

Methods
Animals

Thirty healthy male Wistar albino rats, weighting 180–220 g, 
were obtained from Birjand University of Medical Sciences 
Laboratory Animal Breeding and Duplication Center. 
The animals were kept in standard polypropylene cages 
(six rats/cage), at room temperature 23–22 ± 2°C with a 
12‑h light/dark cycle. The animals had free access to tap 
water and food. The rats were randomly assigned into 
five groups: (1) Healthy control (2) Isoprenaline‑treated 
group (ISO) (3) ISO + JEs (4) Trained ISO rats, and 
5. Trained ISO rats + JE. Groups 4 and 5 were run on 
treadmill for 52 min/day and 5 days/week for 6 weeks 
under interval aerobic exercise program: 52 min/day with 
an 8‑min warm‑up and 4‑min cool down at 10 m/min and 
exercise at 15 m/min 4 × 4 min interspersed with 4 × 4 min 
at 23 m/min [Table 1]. Groups 2 and 4 received orally 
jujube supplementation (400 mg/kg body weight) according 
to the schedule.

Myocardial infarction induction

Experimental MI was induced by subcutaneous injection of 
ISO (85 mg/kg body weight) in two consecutive days.[8]

The selection of injectable dose was from a pilot study 
by injection of 50, 85, and 150 mg/kg of body weight. 
The histochemical evaluation of cardiac tissue showed 
that the doses of 85 and 150 mg/kg could induce 
necrotic area in the heart tissue. Therefore, the dose of 
85 mg/kg was chosen for the induction of MI in rats. The 
confirmation of MI was investigated using histochemical 
techniques for hematoxylin‑eosin staining and presence 
of white areas indicating an infarction‑induced necrosis 
damage in the heart tissue was confirmed by microscope. 
A total of 30 rats received ISO; among these, four rats 
died after the second injection. Twenty‑four rats were 
randomly assigned to four groups (n = 6) as mentioned 
before.

Preparation of jujuba extract

Z. jujuba 50 g (Herbarium No. 2470) was coarsely 
powdered and dissolved in 1000 cc of 80% ethanol 
and stayed on an electrical grinder for 24 h at room 
temperature. Then, the mixture was filtered by using a filter 
paper. To remove the solvent, the samples are poured into 
glass plates and placed in a temperature of 40°C for 1 to 
2 days; after the evaporation of the solvent, the samples are 
placed in the freezer at −20°C.[9] The JE was given to each 
rat in 6 weeks (400 mg/kg) after the training session.[10,11]

Table 1: Mean and standard deviations of research variables
Groups Healthy control ISO ISO+JE Trained ISO Trained ISO+JE F Sig
Variables M±SEM
LCN.TISSU M±SEM 1.37±0.13 2.25±0.31 1.46±0.14 1.66±0.08 1.43±0.20 3.408 0.023
ADP.TISSU M±SEM 1.70±0.22 0.96±0.04 1.13±0.10 1.26±0.06 1.00±0.07 6.126 0.001
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results show that after 6 weeks performing interval training 
and consumption of JE following the induction of MI by 
ISO, the levels of LCN2 significantly changed (P = 0.023). 
To find meaningful, the Tukey’s post hoc test showed that 
the levels of LCN2 significantly declined in trained ISO 
rats + JE, compared to ISO group (P = 0.047). In addition, 
the data showed a significant increase in LCN2 levels of 
heart tissue in ISO group, compared to the healthy control 
group (P = 0.029). There was no significant difference in 
LCN2 levels between ISO + JE, trained ISO, and trained 
ISO JE groups (P ≥ 0.05) [Figure 1]. Moreover, One‑way 
ANOVA’s test results in levels of adiponectin show that 
applying interval training and/or JE have significantly 
changes between groups (P = 0.001). To find meaningful, 
Tukey’s post hoc test showed that the levels of adiponectin 
significantly decreased in ISO group compare to healthy 
control group (P = 0.002). Although the levels of 
adiponectin in ISO + JE and trained ISO + JE groups were 
significantly lower than healthy control group (respectively 
P = 0.019, P = 0.003), it seems that performing 6 weeks 
interval training can increase the levels of adiponectin in 
trained ISO group in comparison with ISO group (0.433) 
and cause a slight and insignificant improvement [Figure 2]. 
According to the data, it can be induced that adiponectin 
levels in trained ISO group were increased insignificantly 
more than those in ISO + JE group (0.940). In addition, 
no significant variations were observed in adiponectin 
levels in ISO + JE, trained ISO, and trained ISO rats + JE 
groups, compared to ISO group (P ≥ 0.05).The observed 
quantity in the table is related to the significant reduction 
of adiponectin in ISO group, compared to the healthy 
control group (P = 0.001).

Discussion
In general, the findings showed that performing 6 weeks of 
interval training with Z. jujuba supplementation decreased 
the LCN2 levels in heart tissue in rats with MI. LCN2 has 
many functions such as transferring retinol, pheromone, 

and prostaglandin synthesis and contributing to the transfer 
of iron and fatty acids, inhibiting the bacterial growth, 
and modulating the inflammatory responses.[15] In the 
current study, it was shown that the levels of LCN2 as an 
inflammatory marker have been reduced by performing 
interval training and consuming JEs. It seems that LCN2 
has been implicated in the regulation of cell death in various 
cell types, although whether LCN2 directly regulates 
cardiomyocyte apoptosis remains unknown.[5] It has been 
shown that the changes in intracellular iron content can 
mediate apoptosis in a variety of cell types. Furthermore, 
iron overload is associated with cardiomyopathy, involving 
apoptosis and fibrosis, leading to heart failure. Because 
LCN2 has the capability to bind iron, there is a hypothesis 
that the alteration of intracellular iron levels is an important 
mechanism in LCN2‑induced apoptosis.[5] Hence, the 
decrease in LCN2 levels following the interval training and 
supplementation with JE in heart tissue may be because 
of the modulation of inflammatory responses. Over recent 
years, some authors have studied regular exercise as a 
natural anti‑atherogenic activity and its effects on oxidative 
stress and inflammatory pathways.[16] In this regard, 
Ranjbar et al. (2018) suggested that 10 weeks resistance 
training and Crataegus oxyacantha can synergistically 
decrease ischemia‑reperfusion injury, and this mechanism 
may be related to a reduction in oxidative stress, which is 
normally associated with ischemia‑reperfusion.[17] In this 
study, interval training combined with JE supplementation 
was more effective in improving the cardiac condition, 
compared to the levels of LCN2 between trained ISO rats 
or ISO + JE group alone. However, the results showed that 
performing interval training with Z. jujube after MI had 
no significant increase in the levels of adiponectin in heart 
tissue; however, an insignificant increase was observed. 
There is strong evidence regarding the cardiac protection 
role of adiponectin in various pathological conditions, 
including MI, ischemic/reperfusion, heart failure, and 
coronary artery disease, and multiple beneficial effect of 

Figure 1: Effect of interval training and consumption Ziziphus jujuba extract 
on lipocalin‑2 levels in heart tissue (ng/mg). *(P<0.05)

Figure 2: Effect of interval training and consumption Ziziphus jujuba extract 
on adiponectin levels in heart tissue (ng/mg)
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adiponectin such as insulin sensitivity, anti‑inflammation, 
and energy balance adjustment.[18] Although it seems 
that the use of JE with and without interval training has 
not been effective in sufficiently increasing the levels of 
protective adipokine in heart tissue, a slight increase in 
adiponectin levels (as an anti‑inflammatory index) was 
observed in these groups.Physical activity as an important 
part of post‑cardiac rehabilitation have different effects 
on cardiac rehabilitation, depending on severity, duration, 
type of protocol, and rest duration to start post‑MI exercise 
program. Because of inducing favorite effects with less 
exercise volume or optimizing the time, aerobic interval 
training has been considered for patients suffering from 
chronic heart failure, MI, hypertension, and coronary heart 
diseases (CHDs).[19] Hence, some studies are consistent 
with our research; Choi et al. (2008) investigated the 
implications of LCN2 and visfatin levels in patients with 
CHD and reported that LCN2 levels were significantly 
higher in patients with CHD, compared to the control 
subjects; they concluded that serum LCN2 levels were 
significantly elevated in patients with CHD and were 
independently associated with CHD.[20] Mohebbati 
et al. (2018) investigated the effects of sub‑chronic 
administration of Z. jujuba fruits hydroalcoholic extract to 
NG‑nitro‑L‑arginine methyl ester (L‑NAME) hypertensive 
rats, and they suggested that Z. jujuba has potential 
beneficial effects in prevention of hypertension induced by 
nitric oxide deficiency.[21] Buturak et al. (2016) reported a 
reduction in adiponectin levels after percutaneous coronary 
intervention (PCI) and says this decline in adiponectin 
levels may be the consequence of plaque rupture that 
impairs endothelial integrity leading to adiponectin 
accumulation in subendothelial space in response to 
PCI.[22] Roca et al. (2012) reported the levels of adiponectin 
and leptin remained stably after a 2‑month cardiac 
rehabilitation program that was on the basis of nutritional 
and exercise.[16] However, other factors such as the severity 
of MI is important in the efficacy of the exercise following 
heart infarction. Doing exercise a short period after 
MI could exacerbate the development of the infarction 
region and the transformation of the heart tissue.[23] A 
number of studies are countered with this study; Damirchi 
et al. (2011) studied the levels of LCN2 in obese and 
normal weight men after a short term treadmill protocol, 
and they found that levels of LCN2, hs‑CRP, and the 
number of white blood cells increased significantly in both 
groups.[23] Choi et al. (2009) evaluated the effect of exercise 
training on A‑FABP, LCN2, and RBP4, and they reported 
no significant change in the LCN2 and RBP4 levels after 
the exercise program. These results suggest that A‑FABP 
and LCN2 might not be simple markers of inflammation. 
It is likely that there is a complex interconnection between 
LCN family proteins, obesity‑induced metabolic disorders, 
and inflammation.[24] Zhu et al. (2015) observed an increase 
in the expressions of four adiponectin‑related proteins: 
AdipoR1, PPARα, AMPK, and P‑AMPK, in the myocardial 

tissue of the ApoE mice.[25] During the past decade, the 
reactive oxygen species generation and oxidative stress 
have been implicated in the development of many diverse 
diseases, including hypertension, cardiac dysrhythmia, and 
myocardial damage.[26] The jujubosides, flavonoids, and 
terpenes are important compounds of Z. jujuba that have 
anti‑inflammatory activities, which may produce beneficial 
cardiovascular effect of Z. jujuba.[21] Gao et al. (2013) stated 
that Z. jujuba fruit with anticancer, anti‑inflammatory, 
antiobesity, immunostimulating, antioxidant, and 
hepatoprotective properties is useful for predicting other 
medicinal uses and potential drug.[27] In the current study, 
findings from LCN2 indicated that exercise and extract 
consumption could reduce the inflammatory effects of MI 
in the heart tissue, whereas the findings revealed a little 
increasing trend in adiponectin levels but adiponectin levels 
did not change significantly after 6 weeks of intervention.

Conclusions
It can be concluded that 6 weeks of aerobic interval 
training with consumption of Z. jujuba extract has 
beneficial effect on LCN2 levels in the heart tissue of MI 
rats. In addition, interval training alone had a positive but 
negligible effect on the levels of adiponectin in the heart 
tissue. In conclusion, some potentiation effects have been 
observed between aerobic training and JE on LCN2 levels, 
and probably a longer period of training with consumption 
of JE could reveal potentiation effect on the levels of 
adiponectin as well.
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