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INTRODUCTION 
Diabetes mellitus is one of the leading medical and social 
problems that ranks third in the world after cardiovascular 
and oncological diseases in terms of morbidity and the 
number of complications that lead to disability and death 
[1,2]. Among the causes, cardiovascular disease predomi-
nates. According to WHO’s latest estimates, more than 200 
million people around the world suffer from this disease, 
which has allowed it to be recognized as a manifestation 
of the 21st century non-communicable epidemic with a 
tendency to spread, which is associated with an increase 
in age[3].

Analysis of statistical data on the epidemiology of 
diabetes suggests the presence of a gender component, 
which suggests the participation of sex hormones in the 
development of endocrinopathy. It is established that type 
2 diabetes in girls occurs more often than in boys[4]. 

The subject of attention of many researchers in the etiol-
ogy and pathogenesis of diabetes is myocardial dystrophy, 
which often causes a deterioration in the state of patients 
and an increased risk of death[5,6]. Despite the initiation 
of the development of diabetic cardiomyopathy with chron-
ic hyperglycemia, an important role in its pathogenesis 
plays a complex of metabolic disorders, including energy 
imbalance, accumulation in fatty acid cardiomyocytes, 

oxidative stress, violation of ion exchange mechanisms, 
accumulation of calcium ions[7]. 

The manifestations of cardiomyopathy are disturbances 
of the pumping function of the heart – diastolic left ven-
tricular dysfunction and later systolic, the basis for the 
development of which is not only the above-mentioned 
violations, but also autonomous cardiac neuropathy[9]. Its 
development is leading to the progression of heart failure 
and is characterized by a disturbance in the balance be-
tween sympathetic and parasympathetic regulatory effects 
on the heart, a decrease in heart rate variability, heart rate 
adaptation to stress, arrhythmias (sometimes fatal), and a 
decrease in pumping function of the heart[10].

Despite a large number of scientific data reflecting this 
problem, experimental studies that show the results of 
studying the peculiarities of the development and mani-
festation of diabetes mellitus, depending on sex, are small, 
and the available ones do not answer a large number 
of questions. Taking into account available in available 
scientific sources data on the essential difference in the 
cholinergic regulation of the heart, depending on sex, it 
can be assumed that this factor will determine not only 
the characteristics of the course of diabetes, but also the 
nature of the cholinergic regulation of the heart[11]. Little 
research is devoted to the study of the nature of metabolic 
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ABSTRACT
The aim: Find out the nature of the changes sensitivity of the heart to the cholinergic influences the development of diabetes depending on gender.
Materials and methods: In experiments on adult male and female rats, type 1 diabetes by momentary introduction of streptozotocin at a dose of 60 mg/ kg into the peritoneal 
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of acetylcholine in the presynaptic section and sensitivity of postsynaptic cholinoreceptors, increased gradually and after 90 days prevailed the output value in 2.2 times. This 
occurred at the background of a slight (10 %) decrease in response to exogenous acetylcholine that reflected the decrease in sensitivity of cholinoreceptors. In females the 
maximum increase (in 4.4 times) of the intensity of the negative chronotropic effect of vagus nerve stimulation was observed after 30 days from the start of the experiment. 
After 90 days, this indicator prevailed the controlled one in 3.3 times, which occurred at the background of heart response decreasing to exogenous acetylcholine (in 1.7 times).
Conclusions: Obtained results suggest a more significant change in state of cholinoceptor system of myocardium of females compared with males in the dynamics of development 
of streptozotocin-induced diabetes.
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and structural disorders in the myocardium with diabetes, 
depending on gender[12].

THE AIM
Find out the nature of the changes sensitivity of the heart 
to the cholinergic influences the development of diabetes 
depending on gender.

MATERIALS AND METHODS
Research of the heart reactions on electrical stimulation of 
the right vagus nerve allows to evaluate the quanta reserve 
of acetylcholine in the presynaptic section of vagus nerves 
and their ability to disentangle during receiving efferent 
impulse. These effects evaluated in terms of intensity vagus 
bradycardia (IB N.V.). The potency of heart answer on such 
impact largely depends on a sensitivity of postsynaptic 

Fig. 1. Dynamics of bradycardia 
intensity that appeared with 
the electrical stimulation of the 
vagus nerve (IB N.V., abs. number,  
n = 6) in males and females in the 
development of streptozotocin-
induced diabetes.

Fig. 2. Dynamics of intensity of 
bradycardia after intravenous 
injection of acetylcholine (IB ACh, 
abs. number, n = 6) in males and 
females in the development of 
streptozotocin-induced Diabetes.

Fig. 3. The dynamics of the value 
of the duration of bradycardia that 
began after intravenous injection 
of acetylcholine (DB ACh, sec.,  
n = 6) in males and females in the 
development of streptozotocin-
induced Diabetes.
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cholinoreceptors. The experiment of the process was done 
by intravenous injection of acetylcholine and also estimated 
the largest intensity of bradycardia (IB ACh), which had the 
effects on heart. Also determined another indicator – the 
duration of that bradycardia effect (DB ACh). This figure 
depends on several components: first – the activity of en-
zymatic hydrolysis parasympathetic neurotransmitter into 
the synaptic cleft, and the second – the ability of cholinergic 
receptors for functional desensitization to protect sinus 
pacemakers from prolonged hyperpolarization.

RESULTS AND DISCUSSION
Taking into account that the autonomic nerve system is 
response for the development of diabetic cardiomiopatia 
and implemented at the level of the heart through the 
receptor system. For understanding the mechanism of 
that changes, their feasibility and effectiveness,the next 
stage of the research was to establish the character of the 
sensitivity of the cholinergic structures of the heart on 
stimulating effects.

The results are presented in figure 1, show that electrical 
stimulation of the vagus nerve intensity of vagus bradycar-
dia in males was (9,13 ± 0,12). After 15 days from the start 
of streptozotocin model of diabetes this figure increased 
to (14,28 ± 0,45). This difference was 1.6 times (p <0.001). 
The established tendency showed a gradual increase in this 
indicator and was preserved in the future. After 30 days 
of the experiment, the figure that was (17,21 ± 0,78),and 
was higher then control number in 1.9 times (p <0.001). 

After 60 days of experiment, vagal bradycardia intensity 
is equal (18,30 ± 0,56)and was higher than in control males 
for 2 times (p <0.001). At the last stage of experiment, 90 
days after the value of intensity vagus bradycardia in males 
was (20,46 ± 1,83)and was higher in comparing with the 
first one in 2.2 times (p <0.001).

In females the dynamic intensity of vagus bradycardia 
was brighter and had wavy character (fig. 1). So, the index 
in control animals was(7,97 ± 0,09), After 15 days from the 
first injection of streptozotocin,the number increased to 
(20,22 ± 0,83). This increment was 2.5 times (p <0.001). 
After 30 days of experiment we could see the tendency how 
this index increased and and continued to be constant. 
The value of the intensity of vagus bradycardia increased 
to (34,82 ± 1,18) and dominated the control numbers in 
4.4 times (p <0.001). In the future,the dynamics of this 
index showed a different character. There was a tendency 
to reduce it. As a result, the difference from the original 
index became smaller. So, after 60 days from the beginning 
of streptozotocin induced Diabetes,the value intensity of 
vagus bradycardia was (32,04 ± 0,96). The advantage above 
the controlled females during this period of experiment 
was 4 times (p <0.001).

After 90 days of experiment the value of that number 
reached (26,80 ± 2,74). It was higher just in 3.4 times (p 
<0.001). This was the result of its reduction in comparison 
with the 30-th day of observation for 23% (p <0.05).

 In comparison with the intensity of vagus bradycardia 

male and female, it showed not only a different character 
of dynamics. In males, the figure gradually declined in the 
development of diabetes and the intensity of dynamics 
was mild. Instead of females in the early stages of the ex-
periment (15 and 30 days from the beginning of diabetes) 
significantly increased with the intensity of vagus brady-
cardia and had a tendency to be decreased .

The magnitude of this indicator of animals had not al-
ways changed . In particular, the control number was not 
significant different between males and females . After 15 
days of diabetes intensity value of vagus bradycardia was 
higher in females than in males in 1.4 times (p <0.001). 
After 30 days this difference increased and amounted to 2 
times (p <0.001). After 60 days of diabetes it was 1.8 times 
(p <0.001) and after 90 days there were no difference be-
tween control numbers.

Analysis of the reaction of the heart to intravenous ace-
tylcholine, showed one direction dynamics that revealed 
a decrease in this indicator (fig. 2). In the control group 
of males it was equal to (4,64 ± 0,17). After 15 days it was 
(4,50 ± 0,22). Significant differences with the control was 
not established (p <0.05).

After 30 days of the experiment, the intensity value 
of bradycardia, which happened because of intravenous 
acetylcholine injection, decreased to (4,11 ± 0,05). At this 
stage the difference was authentic, although reduction was 
only for 11% (p <0.02). After 60 days it was (4,06 ± 0,14), 
lower than the original for 13% (p <0.02), and 90 days, 
the value index (4,24 ± 0,47) significant differences of the 
control was not installed.

In females, these changes had similar direction, but sub-
stantial. In control animals the intensity value of bradycardia 
after intravenous injection of acetylcholine was (4,26 ± 0,14). 
After 15 days of streptozotocin injection,the value of the 
index has decreased to (3,06 ± 0,05), which was significant 
and was 1.5 times (p <0.001). After 30 days of experiment, 
this tendency continued. Reducing the rate to (2,04 ± 0,01) it 
was more significant and amounted to 2.3 times (p <0.001). 
After 60 days from the beginning of diabetes, this figure was 
(1,52 ± 0,12), which was 3 times (p <0.001) lower than the 
original figure. After 90 days, the value of intensity brady-
cardia occurred after intravenous injection of acetylcholine, 
which was (2,51 ± 0,12), was in 1.7 times (p <0.001) higher 
than in the previous stage of experiment, while remaining 
lower than in controls in 1.7 times (p <0.001).

Despite a similar dynamic test rate in males and females, 
due to its greater intensity in the last absolute values,dif-
fered at various stages of development of diabetes. The main 
feature of this difference was that in female intensity value 
of bradycardia, which corresponded heart to intravenous 
acetylcholine was significantly smaller. In the absence of 
such a difference in the control (p> 0.05) After 15 days ben-
efit rate of males was in 1.5 times (p <0.001) After 30 days 
-in 2 times (p <0.001) after 60 days – 2.7 times (p <0.001) 
and 90 days -in 1.7 times. Reducing differences in the last 
stage of observation was the result statistically significant 
increase in this indicator compared to the previous phase 
observations in 1.7 times (p <0.001).



HEART REACTION OF MALE AND FEMALE WITH STREPTOZOTOCIN INDUCED DIABETES ON CHOLINERGIC IMPACTS

227

Analysis of figures of bradycardia started with intrave-
nous injection of acetylcholine, showed not so bright results 
as the dynamics of the two options described above (fig. 3).  
In males this value in control was (18,6 ± 0,3). After 15 
days of the experiment, it was (18,9 ± 1,2), after 30 days 
of observation – (19,7 ± 1,0), after 60 days – (18,8 ± 1,7), 
and after 90 days – (24,3 ± 2,3). Despite different absolute 
values of its fluctuations throughout most of the observa-
tion period of the development of diabetes were within the 
statistical mistakes (p> 0.05).Especially on 15th day, 30th 
day and 60th day of experiment. However, 90 days after the 
diabetes, the figure was significantly greater than the value 
of the control group for 30% (p <0.05).

In females the value of duration of bradycardia, which 
began after intravenous injection of acetylcholine, also 
within the statistical error. In the control group this index 
was (23,0 ± 1,1).

After 15 days of streptozotocin model of diabetes,the 
index was (21,6 ± 1,3), after 30 days – (23,2 ± 0,6), after 60 
days – (22,8 ± 1,9), and 90 days after the experiment – (27,5 
± 3,0). Significant differences relative measure of control 
animals that was not on any of the stages of development 
of diabetes (p> 0.05).

The comparison of animals with different sexes showed 
that in the control group animals duration of bradycardia, 
which corresponded to the female heart to intravenous 
acetylcholine was significantly higher than in males. The 
difference was 24% (p <0.01). After 15 days from the be-
ginning of diabetes, detected difference of absolute values 
was within the statistical error (p> 0.05). After 30 days of 
experiment,the dynamics of the duration of bradycardia 
showed that the heart of animals with intravenous acetyl-
choline in female figure was bigger than the males. The 
advantage was 18% and was authentic (p <0.02). After 
60 and 90 days of experiment,there was not a significant 
differences for this indicator. between males and females. 
The nature of the dynamics of this index was similar in 
animals of both sexes. 

In general, described changes in heart rate and vari-
ation cardiointervalmetria indicators  showed that the 
development of streptozotocin-induced diabetes in males 
and females characterized by different heart reactions and 
autonomic nerve system. 

Males in the early stages of experiment had a bradycar-
dia. These changes were recorded after 15 and 30 days after 
streptozotocin injection. The reaction of the autonomic 
nerve system showed a decrease adrenergic control of the 
heart thtough the humoral canal, confirmed an increase 
in module. The absence of amplitude dynamics of module 
testified maintain control heart rhythm this link autonomic 
regulation, which implements the functional effects through 
the nervous canal. The gradual increase of variation mag-
nitude indicative of moderate cardio cholinergic activation 
level of autonomic regulation that contributed to its general 
dominance in the formation of heart rate and a decrease in 
confirmed integral indicators – index of stress regulatory 
mechanisms, autonomic balance index, vegetation index 
rhythm and rate adequacy of regulatory processes.

Despite the fact that the progression of diabetes in males 
led to the development of tachycardia, heart rate regulation 
had signs of further growth and a significant level of dom-
inance cholinergic autonomic regulation, which showed a 
decrease in the above integrated indicators. These changes 
were the result of the significant increase in the participa-
tion of the vagus nerve in the formation of heart rate, as 
evidenced by a progressive increase cardio variations scope 
and limitations adrenergic implemented through the nerve 
canal (confirmed decrease in the amplitude of module).

State of cholinergic receptors also experienced change 
of heart, the essence of which was strengthening the heart 
response to electrical stimulation of the vagus nerve and 
slight intensity reduction reaction of the heart to intrave-
nous acetylcholine. This indicated facilitated the release 
the quanta of acetylcholine from the presynaptic process 
against a slight decrease in the reactivity of postsynaptic 
cholinergic receptors. Synergetic growth of cardio inter-
vals, despite an increase in heart rate, demonstrated the 
dominant role of cholinergic mechanisms in the heart.

In female rats, the development of diabetes in early stages 
called tachycardia. Regulation of heart rate with the varia-
tion according cardiointervalmetria is characterized by a 
decrease in amplitude and increase and decrease of module, 
that cause a significant increase in adrenergic part auto-
nomic nerve system on the formation of the heart rhythm. 
The increase of the index of tension and  the adequancy 
of regulation processes reflects the dominance of the early 
stage of diabetes adrenergic mechanisms of the heart.

The reduction of heart rate began with a growth of mod-
ule and reducing the amplitude of module that demon-
strated significant limitation of adrenergic activity level 
in autonomic regulation of the heart. Cholinergic activity 
level under these conditions was growing moderately, as 
evidenced not only a slow increase in the cardio intervals, 
but smaller than in males.The gradual reduction of inte-
grated indicators – index of stress regulatory mechanisms, 
autonomic balance index, vegetation index rhythm and 
rate adequacy of regulatory processes collectively reflect 
the dominant role of cholinergic autonomic nerve system 
in the formation of heart rhythm . Despite of bradycardia, 
its contribution to the formation of heart rate was similar 
to that in males.

CONCLUSIONS
The changes that was described above in females with 
diabetes occurred in the more substantial than in males, 
heart response to electrical stimulation of the vagus nerve. 
This response of the heart to intravenous acetylcholine, 
significantly decreased. Totally, it demonstrated the ac-
cumulation and slight excretion of acetylcholine in the 
presynaptic membrane.

Therefore,we can make the following intermediate con-
clusion:
1.  The development of streptozotocin induced diabetes 

causes a cardio rhythm disordes and problems with 
vegetative regulation of rats’ heart, which character 



Orysia O. Bandrivska et al. 

228

depends mainly on gender. In males, there is a mod-
erate level reducing of adrenergic autonomic nervous 
system in regulating the heart and significant increase 
of cholinergic. In females,the development of diabetes is 
less intensive , than in males, and decreasing of activity 
in adrenergic and increasing of cholinergic links in the 
formation of heart rhythm is different too.

2.  The progress of diabetic cardiomyopathy is more signif-
icant in female rats compared with males, strengthening 
the response of heart to stimulate the vagus nerve and 
its reduction by exogenous acetylcholine, that shows 
the increase of reserve in presynaptic neurotransmitter 
parasympathetic mediator of the vagus nerve and basi-
cally causes a bradycardia, due to deeper than in males  
reducing of the sensitivity of postsynaptic cholinergic 
receptors.
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