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Abstract

Background: The aim of the study was to evaluate the impact of dif-
ferent plasma glucose levels on heart rate (HR) in experimental rats 
with acute myocardial infarction (AMI).

Methods: One hundred and twenty-one male Wistar rats were ran-
domly divided into AMI group (n = 70) and sham-operation group (n 
= 51). Both groups had low, normal and high glucose levels, respec-
tively. In the former group, hypertonic glucose was injected into the 
rats to make their blood glucose levels above 16 mmol/L and insulin 
below 3.3 mmol/L; then, the left anterior descending artery was li-
gated. In the later group, the models of different blood glucose levels 
were the same as the former ones, but false operations, thread with-
out ligating, were given to the rats. Electrocardiogram and troponin I 
(TnI) confirmed that the models were prepared successfully. Electro-
cardiogram expression of AMI was the formation of Q-wave in over 
three adjacent leads and abnormal elevation of TnI.

Results: The HR of the rats in the hypoglycemic group is higher than 
that of the hyperglycemic group and normal blood glucose group be-
fore AMI (P < 0.05). The HR of the hyperglycemic rats is higher than 
that of the hypoglycemic group and normal blood glucose group after 
AMI (P < 0.05). In the hypoglycemic group, the HR of the rats who 
suffered from AMI was lower than that of the rats of the sham group 
(P < 0.05).

Conclusion: Hypoglycemia allows faster HR and the HR in the rats 
with hyperglycemia is higher than that in the rats with hypoglycemia 
among the AMI rats.

Keywords: Hyperglycemia; Hypoglycemia; Acute myocardial is-
chemia; Heart rate

Introduction

Although hyperglycemia on admission is a powerful predictor 
of survival in patients with acute coronary syndrome (ACS), 
intervention to normalize glycemia has yielded inconsistent 
results. Indeed, recent large randomized controlled trials 
have failed to show a significant decrease in mortality with 
intensive glycemic control, or have even shown an increased 
mortality risk. We have previously reported that in older pa-
tients with acute myocardial infarction (AMI), increased as 
well as mildly decreased admission fasting plasma glucose 
(FPG) levels could predict higher in-hospital and 3-year mor-
tality [1, 2]. There was a striking U-shaped relationship be-
tween admission FPG levels and all-cause mortality. These 
results have contributed to confusion regarding optimal gly-
cemic control targets in patients with ACS. However, the 
pathophysiological mechanisms are unclear. Epidemiological 
studies have shown that resting heart rate (HR) is a predic-
tor of all-cause mortality and cardiovascular (CV) mortality 
in subjects with as well as without diagnosed CV disease, 
and the effect is independent of traditional CV risk factors 
[3]. Increased HR is associated with a poor prognosis, and 
the importance of resting HR as a risk factor in the general 
population is recognized by the European Guidelines on CV 
Prevention [4]. In the study, we aimed to evaluate the impact 
of different plasma glucose levels on HR in experimental 
rats with AMI.

Materials and Methods

Animals

For this experiment, male adult Wistar rats weighing 260 - 320 
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g were used in accordance with recommended guidelines on 
the care and use of laboratory animals issued by the Chinese 
Council on Animal Research. The study was approved by the 
ethics committee of the Key Laboratory of Chinese Internal 
Medicine (Beijing University of Chinese Medicine), Ministry 
of Education.

Establishment of experimental rat models of different 
blood glucose levels

The healthy adult male Wistar rats (n = 121), receiving food 
and water ad libitum in 1 week of acclimation, were divided 
randomly into AMI group (n = 70) and sham-operation group 
(n = 51). Both the two groups had low (nAMI group = 19, nSham-
operation group = 19), normal (nAMI group = 23, nSham-operation group = 
13) and high (nAMI group = 28, nSham-operation group = 19) glucose 
levels, respectively. The rats in the high glucose level group 
were injected hypertonic glucose to make their blood glucose 
levels above 16 mmol/L [5, 6]. Likewise, the rats in the low 
glucose level group were injected insulin to make their blood 
glucose levels below 3.3 mmol/L.

Establishment of experimental rat models of AMI with 
different blood glucose levels

When the rats were in the ideal blood sugar levels, the rats were 
anesthetized by intraperitoneal injection of 1% sodium pento-
barbital at 50 mg/kg, then the back was fixed, the left chest was 
prepared by shaving, an ECG was conducted to obtain heart rate 
and Q-wave, rats treated with endotracheal intubation via throat 
and a respiratory pump was connected to provide an artificial 
respiration with 100% oxygen, whose respiratory rate was 80 
bpm and the tide volume was 0.7 - 0.8 mL. The operative re-
gion was disinfected by iodine complex and the operation was 
started. The skin was incised at about 1.5 cm long on the left 
side between the third and fourth ribs transversely. After blunt 
separation of muscle layer, the chest was opened along the in-
tercostal space. A thoracotomy device was used to expand the 
operative field. The pericardium was torn, then the left anterior 
descending artery can be exposed in the vision. The ligation 
sites lied in the distance from the junction of the arterial cone 
and left atrial appendage at 2 cm, when the line 5/0 was used. 
Immediately after that, an ECG was done on the rat. If lead I 
showed that ST-segment elevated obviously (≥ 3 mm), the chest 
wall was sutured layer by layer. The sham operation was the 
same as the method mentioned above except the step of ligation. 
All the rats were injected penicillin and given routine feeding as 
before after the operation. Twenty-four hours later, all the rats 
were put to death after having an ECG and the venous sampling 
via abdominal vein by which the troponin I (TnI) was tested.

Statistical analysis

Data were expressed as mean ± SEM. P < 0.05 was considered 
significant. Results were compared using one-way ANOVA 
followed by Tukey’s multiple comparison test.

Results

The ECG showed that all the rats in the AMI group had the 

Table 1.  The Results of TnI of the Different Groups

Groups N TnI
MH 8 77.97 ± 26.53a

MN 10 72.49 ± 27.64a

ML 13 69.93 ± 27.27a

SH 11 2.88 ± 2.37
SN 12 2.04 ± 2.46
SL 7 2.45 ± 2.61
Total 61 38.22 ± 40.16

aCompared with the sham groups, the AMI groups had a much higher 
TnI, which was statically significant (P < 0.05). MH: myocardial infarc-
tion high glucose level; MN: myocardial infarction normal glucose level; 
ML: myocardial infarction low glucose level; SH: sham-operated high 
glucose level; SN: sham-operated normal glucose level; SL: sham-
operated low glucose level.

Table 2.  The Blood Glucose Levels of the Different Groups

Groups N Before the operation N After the operation N Before the death
MH 11 17.71 ± 1.99a 10 18.87 ± 9.37a 11 6.36 ± 0.74
MN 13 7.68 ± 4.93 10 9.16 ± 6.30 10 6.19 ± 0.45
ML 15 3.13 ± 0.41b 15 4.50 ± 5.31b 2 6.40 ± 0.14
SH 12 17.66 ± 2.56a 11 21.20 ± 8.75a 11 6.15 ± 0.76
SN 12 6.48 ± 0.94 12 7.64 ± 0.80 9 6.66 ± 0.50
SL 16 3.41 ± 0.28b 13 6.09 ± 3.95b 17 6.30 ± 0.71
Total 79 8.60 ± 6.46 71 10.59 ± 8.76 60 6.32 ± 0.65

aCompared with the normal and low blood glucose groups, the high blood glucose group had a higher blood glucose levels, which 
was statically significant (P < 0.05). bCompared with the normal and high blood glucose group, the low blood glucose groups had 
a lower blood glucose levels, which was statically significant (P < 0.05). MH: myocardial infarction high glucose level; MN: myo-
cardial infarction normal glucose level; ML: myocardial infarction low glucose level; SH: sham-operated high glucose level; SN: 
sham-operated normal glucose level; SL: sham-operated low glucose level.
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common trait, the formation of Q-wave in more than three 
leads, while the sham group had none Q-wave in any lead or 
had the formation of Q-wave in less than two leads. Likewise, 
the results of the test of TnI lent credit to that the AMI group 
had much higher TnI than the sham group (Table 1). The dif-
ference was statistically significant (P < 0.05). It was proved 
that the kinds of the groups were successfully prepared.

In sum, 43 rats died, of which 10 rats died from respiratory 
failure and five rats died from arrhythmia. It was found that 17 
rats died in the hyperglycemic group. Other deaths occurred 
for no obvious reason.

The following were results about the levels of the blood 
glucose and the HR of the rats in the different groups.

The rats in the hyperglycemia group had a much higher 
blood glucose level than the other groups and the rats in the 
hypoglycemia group had a lower blood glucose level than the 
other groups; the difference was significant (P < 0.05) (Table 
2). It was proved that the kinds of the groups of different blood 
glucose levels were successfully prepared.

The HR of the rats in the hypoglycemic group is higher 
than that of the hyperglycemic group and normal blood glu-
cose group before AMI, and the difference is significant (P < 
0.05). The HR of the hyperglycemic rats is higher than that of 
the hypoglycemic and normal blood glucose rats after AMI, 
and the difference is significant (P < 0.05). In the hypoglyce-
mic group, the HR of the rats who suffered from AMI is lower 
than that of the rats of the sham group, and the difference is 

significant (P < 0.05) (Tables 3 and 4).

Discussion

Over the years, since diabetes became an independent predic-
tor among all the risk factors of coronary heart disease (CHD), 
abnormal blood sugar becomes the focus of experts [7, 8]. At 
the same time, it was verified that the increase of resting HR 
was related to the CV events based on a large number of Co-
hort researches and prospective double-blind clinical trials. So, 
more and more people begin to pay attention to the HR of the 
patients with AMI complicated with abnormal blood glucose 
[9-13].

At present, lots of studies involved the relationship be-
tween the HR turbulence (HRT) or HR variability (HRV) and 
blood sugar. HRT refers to sinus rhythm with a process from 
acceleration to deceleration after a single premature ventricu-
lar contraction (PVC), that is, it is the sensitive response of the 
sinoatrial node to the single premature ventricular contraction. 
In 1999, Jiang [14] proposed a new non-invasive examination 
index - HRT that was used to describe changes of HR of the 
PVC. What they thought that HRT can effectively predict the 
risk of the patients with myocardial infarction has been con-
firmed by a number of clinical studies. In the Chinese Heart 
Assembly, researches put forward that fasting blood glucose 
levels have association with HRT closely, and the patients with 
impaired glucose regulation already have cardiac autonomic 
dysfunction. HRV refers to the phenomenon that the sinus HR 
changes periodically in a certain period of time, which is an 
important index to reflect balance of the tension between sym-
pathetic and parasympathetic. There are two methods to deter-
mine HRV - time domain and frequency domain. The clinical 
significance is that HRV, being in response to the activities of 
the autonomic nervous, is the indicator of vagal and sympa-
thetic quantitatively. The reduction of HRV, the most valuable 
independent index to predict the malignant arrhythmia and 
sudden cardiac death, is close to severe arrhythmias and sud-
den cardiac death, which is more specific and sensitive than 
the late potential positive and the reduced ejection fraction. 

Table 3.  The Heart Rate of the Different Groups

Groups N Before the operation N After the operation N Before the death
MH 11 426.36 ± 32.13 11 443.55 ± 43.77a 10 484.70 ± 23.59
MN 12 433.50 ± 31.00 12 403.25 ± 81.58 12 426.67 ± 125.25
ML 15 427.00 ± 42.00 15 403.00 ± 36.24 15 453.73 ± 35.79
SH 11 383.18 ± 40.81 10 404.20 ± 32.30 12 425.33 ± 123.43
SN 12 417.42 ± 43.34 12 419.17 ± 39.88 11 466.64 ± 41.52
SL 17 435.47 ± 37.51 16 437.88 ± 22.15b 17 460.53 ± 38.59
Total 78 422.10 ± 40.68 76 418.96 ± 47.09 77 452.45 ± 75.63

aCompared with the MN and ML groups, the MH group had a much faster heart rate, which was statically significant (P < 0.05); 
also, the MH group had a much faster heart rate than before, which was statically significant (P < 0.05). bCompared with the SL 
group, the ML group had a lower heart rate, which was statically significant (P < 0.05). MH: myocardial infarction high glucose 
level; MN: myocardial infarction normal glucose level; ML: myocardial infarction low glucose level; SH: sham-operated high glu-
cose level; SN: sham-operated normal glucose level; SL: sham-operated low glucose level.

Table 4.  The Heart Rate Before the Operations

Groups N Blood glucose

H 22 404.77 ± 42.105

N 24 425.46 ± 37.753

L 32 431.50 ± 39.235a

Total 78 422.10 ± 40.682

aCompared with the rats with the high and normal blood glucose, the 
rats with low blood glucose had a more fast heart rate, which was stati-
cally significant (P < 0.05). H: high glucose level; N: normal glucose 
level; L: low glucose level.
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As a result, many scholars advocate the use of HPV to evalu-
ate the function of the cardiac autonomic nerve quantitatively 
[15, 16]. In their opinion, abnormal glucose level can induce 
HR disorder by cardiac sympathetic or parasympathetic dys-
function. Wu [17] analyzed the abnormal HRV in patients with 
fasting blood glucose and the influence of rosiglitazone on it, 
then they come to that the phenomenon of autonomic nerve 
damage existed in the patients with fasting blood glucose ab-
normalities, and the main performance is that the vagus nerve 
is abated, while the sympathetic is well, which disordered the 
balance between the sympathetic and vagal. Jamerson et al 
[18] pointed up in their experiment about the relationship be-
tween sympathetic overstimulation and insulin resistance that 
the excessive sympathetic excitation can lead to a faster HR, 
abnormal glucose metabolism and other disorders. Addition-
ally, other scholar studies show that glucose fluctuations can 
damage the cardiac autonomic nervous function [19]. How-
ever, the exact mechanism remains to be confirmed by further 
clinical studies.

In our results based on animal study, the HR in the rats 
with hypoglycemia was generally fast; the HR in the rats with 
hyperglycemia and acute myocardial ischemia was faster. 
However, the HR of the rats with AMI was lower than those 
without myocardial infarction when they were in the same low 
glucose level. The possible mechanisms we considered were as 
follows: the response of the normal to the decrease of the blood 
glucose is that the secretion of insulin is reduced or completely 
suppressed, the secretion of hormone that increases blood sug-
ar will increase, hypothalamus - adrenergic nerve excites and 
the cognitive disorder. Clinical manifestations may be divided 
into neurological symptoms and brain dysfunction symptoms. 
For the former, the neurologic symptoms often start quickly, 
which can be named neuroglycopenia. The reasons lie in that 
the central nervous system is most sensitive to hypoglycemia, 
but the nerve cells themselves have no glycogen reserves, in 
addition that the brain cells have to be dependent on the blood 
glucose completely to provide its energy. The suppressed per-
formance of the impaired brain function generally occurs in 
sequence of cerebral cortex, subcortical central (including the 
basal ganglia), hypothalamus and autonomic nervous system, 
brain and other area. Among them, the hypothalamus may be 
considered as the central regulation of glucose metabolism. 
Many neurons in the hypothalamus contain sugar receptors, 
which can feel the change of the glucose concentration lied 
in the extracellular fluid. When the blood glucose lowers, the 
information produced by sugar sensing will convert to the rel-
evant neurons quickly, which can excite corticotropin-releas-
ing hormone (CRH), thyrotropin-releasing hormone (TRH) 
and other cells in the hypothalamic, and promote the release 
of CRH, TRH, and excitatory amino acid. Under the action 
of those substances mentioned above, pituitary-adrenal axis is 
activated to increase the secretion of glucocorticoids and adre-
nal medulla catecholamines. For another, hypoglycemia itself 
can stimulate the sympathetic nerve and the adrenal medulla 
cells release catecholamines, which leads to increasing HR. 
In 1951, Himwich [20] who divided the hypoglycemia into 
different periods according to the degree of the brain damage 
thought that when the cerebral cortex of telencephalon - dien-
cephalon is damaged, there will have no sensory resolution, no 

reaction, fast HR, and pupil dilation. While the neurons and 
life pivot are damaged, there will be coma, weak breathing, 
bradycardia, hypothermia, and so on. This gave a good expla-
nation of the fasting HR at first of our experimental animals 
with hypoglycemia but slow at the onset of AMI. Some schol-
ars think that hypoglycemia can cause released catecholamine 
substances, which aggravates the myocardial ischemia or may 
be the induced factor of arrhythmia. In addition, hypoglycemia 
can stimulate the secretion of growth hormone (GH), cortisol, 
glucagon and epinephrine. That is to say, the normal rat has 
its own mechanism to regulate its blood sugar levels, which 
validates that a normal diet can help the rate suffer from acute 
hypoglycemia quickly, and along with the blood glucose re-
sponse, the abnormal HR gradually returns to its original level. 
Some researchers have shown that the incidence of patients 
with AMI complicated with sinus tachycardia was 30%. The 
main mechanism was that the excitability of the cardiac auto-
nomic nerve caused by acute myocardial ischemia induced too 
fast heartbeat, which is also the important cause of CV events 
as well as sudden death.

When the rats with high blood glucose developed AMI, 
their HRs were increased obviously. There are two problems 
here. Firstly, there is some correlation between hyperglyce-
mia and HR. Our statistical analysis of the data revealed weak 
positive correlation between them, but without statistical sig-
nificance. Wei [9] found that with the increase of resting HR, 
fasting blood glucose levels are increased accordingly, which 
was also confirmed in many others studies [21-24]. Another 
researcher’s experiment showed that the glucose level showed 
a linear or nearly linear upward trend with the increasing HR 
[25]. Secondly, HR and myocardial ischemia are related. The 
Gao’s [26] experimental data showed that the HR in the rats 
with AMI was significantly higher than that in other groups, 
while Li [27] found in his study that the bias deviation of the 
value of ST segment, T-wave and HR was increased in the 
ischemic ST events, compared with the based value of the 
non-ischemic period of time. Therefore, we can come to the 
conclusion that hyperglycemia in rats with AMI can easily 
complicate with fast HR [28]. It is believed that the increas-
ing HR, together with hyperglycemia and other metabolic ab-
normalities, was cause by dysfunction of autonomic nervous 
system and sympathetic activation, which was the pathophysi-
ological basis to induce the CV events [29]. In Huram’s study, 
he tried to illustrate to us that when the resting HR increased 
by 10/min, a major CV event risk increased 8% in 9,580 pa-
tients with stable coronary heart disease with a mean follow-up 
of 4.9 years. When the resting HR was above 70 bpm, the risk 
of hospitalization caused by heart failure increased more than 
two times. HR is an objective indicator to reflect the tension 
of sympathetic and vagal. When sympathetic was activated, 
blood catecholamine concentration increased then, resulting 
in accelerated HR, whereas the over-sympathetic activity can 
lead to multiple metabolic abnormalities, including metabolic 
disorders, abdominal fat accumulation and insulin resistance, 
and the latter will make the heartbeat faster through sympa-
thetic mediated. Therefore, the fast HR often complicates 
with hypertension, hyperglycemia, hyperlipidemia, obesity, 
high cholesterol and other risk factors. On the other hand, ab-
normal glucose metabolism stimulates insulin secretion and 
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compensatory increase, causing hyperinsulinemia, which can 
also increase HR. In recent years, there is some correlation-
ship among insulin resistance, glucose metabolism and lipid 
metabolism both in the domestic and foreign researches. The 
patients with AMI were in a state of stress, and plasma cat-
echolamine increased sharply, which enhanced sympathetic 
nervous activity, and increased resting HR [30]. The levels of 
increased resting HR reflect the conditions of sympathetic ac-
tivity. The higher the resting HR increased, the more excite 
of sympathetic nerve. However, the excessive sympathetic 
excitation can lead to the increasing myocardial oxygen con-
sumption, which aggravates the myocardial hypoxic and low-
ers the threshold of arrhythmia, which can easily lead to heart-
beat tachycardia [31]. HR is the important influence factor of 
myocardial oxygen consumption. When the HR increases, the 
myocardial oxygen supply reduces and the myocardial oxygen 
consumption increases, which in reverse aggravate the myo-
cardial ischemia and necrosis. Early studies have confirmed 
that higher resting HR increases the risk of sudden death [32]. 
Some researchers found that by using β-blockers to reduce the 
myocardial oxygen consumption and sympathetic activity to 
control the HR of the patients with AMI to a reasonable level, 
the mortality was reduced accordingly [33, 34]. In Marfella et 
al’s study [35], they allowed the healthy volunteers to increase 
their blood sugar to acute hyperglycemia. Two hours later, he 
found the emergence of systolic and diastolic blood pressure, 
pulse, blood catecholamine concentration and QT interval pro-
longation. All the changes mentioned above can be corrected 
reversely along with the blood sugar return to be normal. Some 
scholars confirm that hyperglycemia can increase systolic and 
diastolic blood pressure, HR, and plasma catecholamine levels 
and decrease leg blood flow. And acute hyperglycemia may 
increase the production of free radicals that mediate its hemo-
dynamic effects.

Conclusion

Hypoglycemia allows faster HR and the HR in the rats with 
hyperglycemia is higher than that in the rats with hypoglyce-
mia among the AMI rats.
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