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ABSTRACT
Although emotional factors increase the risk of cardiac deaths in patients with coronary artery disease, exact
mechanisms underlying the increased risk has not been identified. The aim of the study was to investigate
the anxiety-like and depression-like behaviors in rats after myocardial infarction and the association with the
autonomic control of heart rate. Anxiety-like and depression-like behaviors were assessed during 28-day post
myocardial infarction period. Myocardial infarction was induced surgically by the ligation of left anterior
descending artery. Elevated plus-maze and forced swimming tests were chosen for assessment of anxiety and
depression, respectively. Autonomic control of heart rate was evaluated by power spectral analysis of heart
rate variability. Our findings showed that both anxiety-like and depressive-like behaviors were seen after
myocardial infarction. However anxiety-like behaviors were seen in the acute period of myocardial infarction,
depression-like behaviors were significant in the late period. Anxiety but not depression was associated with
reduced autonomic control of heart rate after myocardial infarction.
These data lead to the conclusion that emotional factors seem to be involved in the prognostic factors in
coronary artery disease. Adding of antidepressant/anxiolytic therapy to the reperfusion strategies in patients
after myocardial infarction is very important. © Neuroanatomy. 2009; 8: 20–25.
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Introduction
Coronary artery disease (CAD) is the major cause of
cardiovascular mortality worldwide. It is known that
acute coronary syndromes are the initial presentation
of coronary artery disease in most patients and nearly
half of subjects with an acute coronary syndrome have
myocardial infarction (MI) [1].

Emotional factors (including major depression, anxiety
disorders, hostility and anger) and chronic stressors
(including low social support, low socioeconomic status,
work stress, marital stress, and caregiver strain) are two
main psychosocial factors that contribute significantly to
the pathogenesis and prognosis of CAD [2].

Emotional factors become a risk factor for cardiovascular
events when occurs in healthy people; on contrary when
it occurs as a result of cardiovascular disorder, it becomes
a factor worsening the prognosis of the related cardiac
disorder [3,4]. Although this association was mainly
attributed to impaired autonomic control of heart [5],
precise mechanisms underlying this phenomenon have
not been completely identified.

The aim of the study was to investigate the anxiety and
depressive-like behaviors in rats during 28-day post MI
period and examine whether depression and/or anxiety
was associated with autonomic control of heart rate.

Material and Methods
Animals
Adult male Sprague-Dawley rats weighing 250-300
g were housed as four rats per cage under standard
laboratory conditions with a 12 h light/dark cycle,
controlled humidity and temperature and were allowed
tap water and commercial chow (standard animal chow)
ad libitum. Animals were handled to minimize the effects
of non-specific stress and acclimatized to laboratory
for 15 day prior to any experimental procedure. The
experimental procedure was conducted in accordance
with the standards established by the guide for care and
use of laboratory animals of EEC Council Directive
86/609 and approved by the local ‘Institutional Animal
Ethic Committee’.
Left anterior descending (LAD) artery ligation
MI was induced by LAD ligation as described previously
[6]. After anesthetizing with ketamine and xylazine
combination (8mg/100g ketamine, 5mg/100g xylazine),
rats were intubated through a tracheotomy and ventilated
with a volume-cycled small-animal ventilator (TOPO
ventilator, Kent Scientific, USA). A left thoracotomy in
the third intercostal space was performed to expose the
heart. The LAD was identified and then ligated about
2 mm distal to its origin with 6-0 prolene sutures, then
it was released after 30 minutes. MI was confirmed by
regional cyanosis, ST elevation on ECG, and elevation
of serum creatine kinase MB (CK-MB) and troponin T
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Table 1. Power Spectral Analysis of HRV.
HR

SDNN index (msec)

LF/HF

Day
Sham

MI

Sham

MI

Sham

MI

Basal

242±18

245±12

5.7±0.8

6.3±0.2

4.59±0.26

4.37±0.85

3

253±10

224±08*&

5.5±0.3

4.7±0.4*&

4.93±0.55

10.43±0.95*&

5

248±12

218±10*&

6.0±0.9

4.0±0.2*&

4.93±0.61

11.75±0.53*&

7

250±14

207±07*&

6.1±0.4

3.2±0.6*&

4.94±0.72

11.88±0.70*

14

253±13

212±04*&

5.8±0.3

2.5±0.1*&

4.84±0.58

9.29±0.95*&

21

245±11

209±11*

6.2±0.8

2.1±0.5*

4.75±0.32

7.84±0.51*&

28

248±09

205±14*

5.9±0.4

1.9±0.4*

4.84±0.31

7.20±0.73 *&

(* p<0.05 compared to sham-control at the same time point; & compared to day within a same group)
HR: Heart rate, SDNN index: standard deviation of R-R intervals; LF/HF: Low frequency to High frequency ratio

levels. Positive end-expiratory pressure was applied to
fully inflate the lungs, and then the chest was closed
in layers. The sham-control rats underwent the same
procedure except ligation. All surgical procedure was
done under aseptic conditions.
ECG records
Before each behavioral test procedure, ECG records were
taken using 1-lead electrocardiogram. Animals were
lightly anesthetized by ketamine/xylazine combination
(10mg/kg ketamine and 3mg/kg xylazine). Subcutaneous
electrodes were placed both axillae and over the
xiphoid process and connected to the PowerLab dataacquisition system (10T Hardware System, PowerLab,
ADI Instruments, UK). ECG was recorded at a rate 200
samples/second during 5 minutes.
Assessment of autonomic control of heart rate
Autonomic control of heart rate was evaluated by power
spectral analysis of heart rate variability. An off-line
analysis was performed on an ECG processor analyzing
system (Nevrokard, Small Animal HR Analysis Software,
Japan) using the stored ECG data on a computer [7]. First
R waves were identified, and both heart rate (HR) and the
R-R interval tachograms as the raw heart rate variability
(HRV). From the tachograms HRV was calculated as
the standard deviation of R-R intervals (SDNN). The
power spectrum of the fluctuation was obtained by Fast
Fourier Transform (FFT) analysis. Frequency ranges
were set as: 0.04-1.00 Hz for low frequency (LF) and
1.00-3.00 Hz for high frequency (HF). The LF region
was considered a measure of both sympathetic and
parasympathetic activity. The HF region was associated
with parasympathetic activity. LF/HF ratio was used as a
measure of sympathovagal balance [8].
Behavioral tests
Anxiety and depression-like behaviors were evaluated
before MI (basal) and at the 3, 5, 7, 14, 21 and 28 days
after MI. While elevated plus-maze test was used for the
evaluation of anxiety-like behaviors, forced swimming

test was used for the evaluation of depression-like
behaviors.
All tests were performed in the light period (12:00–17:00)
in a quiet, dimly lit room.
Elevated plus-maze test
The plus-maze was elevated to height of 50 cm and
consisted of two open arms (50 x 10 cm2) crossed with
two similar closed arms with walls of 40 cm height. Each
rat was placed at the center of the maze facing one of
the closed arms. During 5-min test period, an unaware
observer recorded the number of open and closed arms
entries and the time spent in the open arms. Subsequently,
the percentage of open arm entries and time spent in open
arms were calculated [9].

Figure 1. Kaplan-Meier survival curves during study period. No
death was seen in the operational control (sham) group. In the LAD
ligation grup (MI) Deaths were seen within the sub-acute period of
MI (first 72 hour post MI). No more death was seen after this period.
In this group survival ratio was greater than 95%.
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Forced swimming test
The test procedure described by Porsolt et al. was followed
[10]. Each rat was placed individually in a glass cylinder
(40 cm height, 18 cm diameter) containing tap water (25
°C) 18 cm from bottom. Animals were forced to swim
for 15 min, and the total immobility time was measured.
Immobility was assigned as floating in the water without
struggling, and making only those movements necessary
to keep the head above water. Animals were exposed to
pretest for 15 min, 24 h prior to the 5-min swimming
test.
Statistical Analysis
All the variables were expressed as mean±SD.
Differences among groups were assessed using mixeddesign ANOVA (one way for independent groups and
one repeated measures) with post-hoc Scheffe’s test.
Correlation coefficients were calculated by Pearson
correlation analysis. Kaplan-Meier survival curves over
the follow-up period were constructed and analyzed
by the generalized Savage (Mantel-Cox) test. A value
of p<0.05 in a two-tailed distribution was considered
statistically significant.
Results
A total of 24 rats were subjected to the MI or sham
operation. Mortality was followed up for 28 days after
operation. No death was seen in the operational control
group (sham) during the study. Except 4 peri-operative
deaths within the first 72 hours after LAD ligation

procedure, no more death was seen in the MI group in
that period (Figure 1).
Elevated plus-maze test
Analysis of elevated plus-maze data was done according
to two criteria: percentage of open arm entries and
percentages of time spent in open arms.
Results of elevated plus-maze test are shown in Figure 2.
As seen in this figure, baseline percentages of both open
arm entries and time spent in open arms were not different
between two groups. In the operational control group
(sham) the percentage of open arm entries decreased at
3-day post MI period. However, this ratio did not reach
to statistical significance (p=0.08) and return to the
baseline at the 5th day of MI. On contrary, percentages of
time spent in open arms did not significantly change in
this group during the study.
In the MI group, percentages of both open arm entries and
time spent in open arms were decreased significantly in
a time dependent manner (p<0.05 for both comparisons).
This decrease was prominent during the first 7-day post
MI period. Moreover, there was a positive correlation
between time spent in open arms in elevated plus-maze
and the SDNN indexes (Figure 3).
Forced-swimming test
Analysis of forced-swimming test data revealed that
the duration of immobility was significantly different
between two groups during the study period (p<0.05)
(Figure 4). The immobility time of animals in the

Figure 2a. The percentage of open arm entries of groups in the
elevated plus-maze test. In the operational control group (sham) the
percentage of open arm entries was decreased significantly at the
3rd day after operation however it turned to the basal level at the 5th
day after operation. On contrary percentage of open arm entries in
MI group was decreased immediate after MI. This trend contiuned
during the study period also. (*p<0.05 compared to basal value;
**p<compared to days within a same group; &p<0.05 compared to
sham group at the same time point)

Figure 2b. The percentage of time spent in open arms of two
groups in the elevated plus-maze test. In the operational control
group (sham) percentage of time spent in open arms did not change
during the study. However in the MI group this was decreased
immediately after MI. This trend also contiuned during the 21day period. At the 28th day after MI the percentage of time spent
in open arms tended to be increased. (*p<0.05 compared to days
within a same group; &p<0.05 compared to sham group at the
same time point)
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Figure 3. Correlation curve of SDNN with the percentage of time
spent in open arms in elevated plus-maze test. Positive correlation
was found between the SDNN indexes and percentage of time spent in
open arms (R=0.624, p<0.01)

Figure 4. The immobility time of groups in the forced swimming
test. In the MI group immobility time increased immediately after MI.
This trend continued during the study period too. (*p<0.05 compared
to day within a sama group; &p<0.05 compared to sham group at the
same time point)

operational control group (sham) was not changed during
the study (p>0.05).
The duration of immobility was increased after induction
of MI and further increase was seen during the study
period. This increase was prominent especially in the
second half of the study period.
Power Spectral Analysis of HRV
Mean heart rate values and results of power spectral
analysis of HRV are shown in Table 1. There were no
significant differences between the groups in the HRs,
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SDNN indexes and LF/HF ratios at baseline. HRs of
sham-control group did not significantly change during
the study. HR values were significantly reduced soon
after MI (p<0.05). This trend was also continued during
28-day post MI period.
Power spectral analysis of HRV revealed that; in
comparison to sham group, SDNN index was significantly
lower in MI induced rats. This trend was also constant
during the study period. However, slight increase was
seen in the LF values; dramatic decrease was seen in
the HF values immediately after MI (Figure 5). These
changes were more significant in the first half of the
study period. As a result, LF/HF ratio was increased
immediately after MI and this trend was also continued
during the study period.
Discussion
The present study provides evidence that anxiety like
behaviors are seen in the subacute period of MI and
anxiety is related to the reduced autonomic control of
the heart rate in rats with MI. Autonomic control was
significantly reduced (characterized by decreased SDNN
index and increased LF/HF ratio) immediately after MI
(7 day-post MI period). Most dramatic decrease in the
percentages of both open arm entries and time spent in
open arms were also seen in the same period. Moreover,
correlation between SDNN index and percentage of
time spent in open arms was found. Similarly, previous
studies showed reduced HRV in patients with generalized
anxiety [11], and other stress disorders [12,13]. More
recently, Watkins et al. demonstrated the relationship
between anxiety and reduced baroreflex control of heart
in patients after MI [14].
It is well known that most of early deaths after MI are
caused by arrhythmias [15]. It is also known that there is
an association between anxiety and risk of sudden cardiac
death [16,17]. Moreover, relationship with anxiety and
increased prevalence of arrhythmias after MI was shown
[18]. In our study, deaths were seen in the subacute period
of MI (within first 72 hour of MI) when the anxietylike behaviors were seen. These deaths may be caused
by anxiety-induced arrhythmias but it is impossible to
distinguish them from the reperfusion arrhythmias in
this LAD ligation model.
Although anxiety tended to be associated with higher
HR, in our study HR values were decreased immediately
after MI. In some animal MI models, independent from
drug effect, a decrease in HR was reported. But these
decreases, like in our study, are either slight or low in
significance [19,20]. It was also known that increased
vagal discharge to reduce work and oxygen consumption
of heart for limiting the damage occurs within the first
hours of developing MI [21,22].
In this study, decreased autonomic control of HR was
mainly secondary to reduced parasympathetic control
rather than increased sympathetic control. Because
first heart rate recordings were collected before the
behavioral tests and second recordings were done under
light anesthesia; under these conditions there is no
contribution of sympathetic system. Dramatic decreases
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Figure 5a. HF values of two groups in the power spectral analysis
of heart rate variability. HF values in the sham group did not change
during the study. On contrary significant decrease was seen in the
MI group immedialety after LAD ligation. This trend also contiuned
during the study (*p<0.05 compared to days within a same group;
&p<0.05 compared to sham group at the same time point)

Figure 5b. LF values of two groups in the power spectral analysis
of heart rate variability. LF values in the sham group did not change
during the study. Slight increase was seen in the MI group immedialety
after LAD ligation. LF values were also decreased in a time dependent
manner too (*p<0.05 compared to days within a same group; &p<0.05
compared to sham group at the same time point)

in HF region compared to slight increase in LF region
in the power spectral analysis of HRV also supports this
finding.
We observed depressive-like behaviors in the second
half of the study period (after the 14th day of MI). We
found no evidence for relationship between depression
and impaired autonomic control in rats with MI. No
correlation was found between immobility time and
SDNN index. However, SDNN indexes were still low
in that period. Similar findings were reported in some
studies [13,23,24]. However, in other studies, association
of depression with reduced HRV in CAD was shown
[25,26]. One possible explanation is that the degree
of depression could not be determined in this study.
Another explanation can be the comorbidity of anxietylike behaviors.
In summary, our findings show that both anxiety-like and
depressive-like behaviors are seen after MI. However,

anxiety-like behaviors are seen in the acute period of
MI, depression-like behaviors are significant in the late
period of MI. Anxiety but not depression is associated
with reduced autonomic control of heart rate. With the
confirmation of these results in further clinical studies;
contribution of emotional factors toward prognostic
factors in CAD and addition of antidepressant and/or
anxiolytic therapy to the reperfusion strategies after MI
would be more important.
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