
BBRC 
  Bioscience Biotechnology
  Research Communications

SPECIAL ISSUE VOLUME 12 NUMBER- (5) 
SEPtEMBER 2019
Print ISSN: 0974-6455
Online ISSN: 2321-4007
CODEN BBRCBA
www.bbrc.in
University Grants Commission (UGC)
New Delhi, India Approved Journal

Published By:
Society For Science and Nature
Bhopal, Post Box 78, GPO,
462001 India

Indexed by Thomson Reuters, Now Clarivate 
Analytics USA

ISI ESCI SJIF 2019=4.186
Online Content Available: 
Every 3 Months at www.bbrc.in

An International Peer Reviewed Open Access Journal for Rapid Publication

Biosc Biotech Res Comm Special Issue Vol 12 (5)September 2019



AbstrAct 

The study was conducted on white outbred rats of 20-, 6-, 3- and 1-week-old. To stimulate alpha1adrenergic receptors, 
the pharmacological preparation methoxamine hydrochloride was used at a concentration of 10-8 M. Stimulation of 
alpha1adrenergic receptors with methoxamine led to bradycardia of an isolated heart in rats of 20, 6 and 3 weeks old 
age and did not change the chronotropy of the heart of newborn rats. In this case, the opposite dynamics of the coronary 
flow of an isolated heart was observed in adult and newborn rats. In response to the introduction of methoxamine 
coronary flow of the hearts of 20-week rats decreased, and 1-week-old rats were significantly increased. The study 
showed that the negative effect of stimulation of alpha1-AP on chronotropy of rat heart has age-related features: 
bradycardia of an isolated heart is observed in rats starting from the 3rd week of postnatal ontogenesis. The absence 
of a chronotropic reaction in newborn rat pups may be due to the lack of formed adrenergic innervation of the heart 
at a given age, which affects the density and maturity of the studied receptors. Moreover, an increase in the rate of 
coronary perfusion in newborn rat pups, in response to stimulation of alpha1-adrenoreceptors, indicates a decrease 
in the tone of the coronary vessels of an isolated heart. This phenomenon may have a compensatory character, due 
to which an increase in coronary blood circulation of the heart in rats at this stage of postnatal development can be 
caused.

 
KEY WOrDs: Rat, Isolated Heart, Chronotropy, Coronary Flow, Alpha1-Adrenoreceptors.

Medical
communication

 
Age-Related Features Influence of Alpha (1) -
Adrenoceptor Stimulation on Isolated Rat Heart 
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Irekovna Khisamieva And Alevtina Vasilevna Krulova, Timur Lvovich Zefirov
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INTRODUCTION
Adaptation of the heart during changes in environmental 
conditions is accompanied by processes of restructuring 

of regulatory mechanisms, with peripheral units of 
adrenergic regulation undergoing significant changes, one 
of which is membrane receptors. Adrenergic receptors 
(ARs) mediating the effects of the sympathetic nerve 
mediator norepinephrine, the hormone adrenaline and 
other biologically active substances are divided into nine 
subtypes: α 1A -, α 1B -, α 1D -, α 2A α 2B -, α 2C -, β 1 -, 
β 2 - and β 3 -ARs (Brodde et al., 2006).

In the heart reactions to catecholamines, the β-adrenergic 
component predominates with its inherent speed 
and versatility of effects, while the effects of alpha1-
adrenoreceptors (α1-AR) are limited to an inotropic reaction 
to adrenaline, and the reaction to norepinephrine is very 
weak. Therefore, when studying the adaptation of the heart, 
the interest in changes in the mechanisms of β-adrenergic 
regulation was predominant, the α1-adrenergic component 
of regulation remained out of the field of view of researchers 
(Chinkin, 1987).
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All three subtypes of α1-AR are present in rat and mouse 
cardiomyocytes and their number significantly increases 
during 1-2 weeks of postnatal development (Chinkin, 2014; 
Docherty, 2010). In the heart of humans and rodents, 
α1A- and α1B-АР predominate. α1D- and α1A - adrenergic 
receptors in the vascular system play a major role in 
controlling blood pressure. Since norepinephrine is highly 
effective against α1D-AP, these receptors mediate the 
fastest response, especially with low frequency stimulation, 
and α1A-AP are more important at high frequencies of 
stimulation. In addition to smooth muscle contraction, 
α1-AR can induce endothelium-dependent relaxation 
of blood vessels, and activation of α1D-adrenoreceptor 
can have a trophic effect on endothelial cells (Filippi et 
al., 2001). The blockade of α1-AR by prazosin improves 
behavioral symptoms in patients with Alzheimer's disease, 
and can reduce alcohol dependence (Kenna et al., 
2016; Khabibrakhmanov et al., 2018). Other actions of 
α1-AR include narrowing of the bronchi and narrowing 
of the sphincters of the gastrointestinal tract, and in the 
genitourinary system these receptors are involved in the 
reduction of the VAS deferens and bladder neck (Luther 
et al., 2001).

α1-adrenoreceptors are associated with many secondary 
messengers, mainly through Gq / 11 proteins, which activate 
phospholipase C with the formation of inositol triphosphate 
and diacylglycerol. The latter stimulates protein kinase C, 
and inositol triphosphate releases accumulated calcium 
from the endoplasmic reticulum (Metz et al., 1996).

In the heart of rats of different ages, stimulation of α1-AR 
with phenylephrine causes a short-term decrease in heart 
rate, bradycardia is especially pronounced in 20 and 6 
week old rats. This effect is not removed with the blockade 
of Ca2+-L-type channels. However, in 3- and 1-week-old 
rat pups, the negative chronotropic phenylephrine reaction 
was abolished by blocking If currents (Minneman, 1988; 
Nigmatullina et al., 1999). In in vivo experiments, prazosin 
reduced heart rate in 3 and 10 week old rats by 17 and 
10%, respectively (Nozdrachev et al., 2016). In rats after 
beta-adrenoreceptor blockade, the effect of adrenaline 
on stroke volume of blood tends to decrease. These 
changes may be associated with compensatory activation 
of alpha1-adrenergic receptors, which enhances the weak 
effects of adrenaline and inhibits strong effects (Wang et 
al., 2009).  The blockade of α1-AR by prazosin leads to 
a reduction in the heart rate of rats older than 3 weeks of 
age, and does not affect the heart rate of newborn rats. 
The authors note that the physiological functions of  1-AR 
can significantly differ with the development of cardiac 

regulation mechanisms (Zefirov et al., 2016). Stimulation 
of α1-adrenoreceptors with methoxamine causes short-
term in vivo rat heart bradycardia (Zefirov et al., 2011).  
However, selective stimulation of α1A-AR agonist A-61603 
leads to a decrease in heart rate in vivo, but does not 
have a chronotropic effect on the isolated heart of rats 
(Ziyatdinova et al., 2013).

The physiological effects of the activation of α1-AR on 
chronotropy and coronary circulation of the heart of 
mammals have been little studied. The age aspect of this 
problem is also practically unexplored. In this regard, the 
aim of this study was to study the effect of stimulation of 
alpha1-adrenoreceptors on chronotropy and coronary flow 
of an isolated heart of rats of different ages.

METHODS
White outbred rats of 1-, 3-, 6-, 20-week-old were used 
in the work. For anesthesia of animals, a 25% solution of 
urethane in a dose of 800 mg / kg of rat mass was used.

The study was carried out according to the method 
described in previous studies (Zefirov et al., 2011; 
Ziyatdinova et al., 2013). We studied the effect of stimulation 
of α1-adrenoreceptors on the frequency of contractions 
(heart rate) and coronary flow (CP) of an isolated heart. 
To activate α1-AR, a non-selective agonist, methoxamine 
hydrochloride (Sigma), was used at a concentration of 10-8 
mol. Statistical analysis of the significance of differences 
was performed using Student's t-test.

RESULTS AND DISCUSSION
 Alpha stimulation effects1-adrenoreceptors on the 
frequency of contraction of the isolated heart of rats of 
different ages. 

Methoxamine at a concentration of 10-8 M led to a 
decrease in the frequency of contractions of the isolated 
heart of 20-week-old rats from 169.3 ± 29.7 beats / min 
to 126.4 ± 21.9 beats / min (p <0.05), bradycardia was 
25% (Fig. 1).

The chronotropic reaction of the isolated heart of 6-week-
old rats in response to the action of methoxamine was 
also negative, heart rate within 12 minutes decreased from 
269.5 ± 12 beats / min to 214.7 ± 22 beats / min (p <0.05) 
, the effect was 20%.

The heart rate of 3-week-old rats after methoxamine 
infusion at a concentration of 10-1659 -8-1668 M (n = 6) 
decreased from 198.2 ± 15 beats / min to 160.8 ± 17 beats 
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/ min (p <0.01). The maximum chronotropic effect upon 
stimulation of alpha1-adrenoreceptors was 19% and was 
recorded at 12 minutes after introduction of the agonist.

The isolated heart of 1-week-old rat pups did not produce 
a chronotropic reaction in response to the action of 
methoxamine at a concentration of 10-8 M (n = 6). Over 
12 minutes, heart rate ranged from 148.2 ± 8.2 beats / min 
to 151 ± 11.2 beats / min (Fig. 1).

Alpha stimulation effects1-adrenoreceptors on the 
frequency of contraction of the isolated heart of rats of 
different ages. 

The coronary flow of an isolated heart of rats of 20 weeks 
of age after methoxamine infusion (10-8 mol) decreased 
from 6.3 ± 0.97 ml / min to 3.57 ± 0.3 ml / min (p <0.05) , 
the change was 43% (Fig. 2).

After methoxamine infusion, the coronary flow of the 
isolated heart of 6-week-old rats tended to increase. The 
coronary flow rate within 1 minute after introduction of the 
agonist changed from 5.3 ± 0.3 ml / min to 5.9 ± 0.5 ml / 
min, however, the change in the index was restored by the 
end of the experiment.

The coronary heart flow of 3-week-old rat pups in response 
to the action of methoxamine changed from 2.5 ± 0.09 ml 
/ min to 2.6 ± 0.12 ml / min (p <0.05) (Fig. 2), then inverse 
dynamics of the indicator was observed. At 12 minutes of 
the study, the coronary flow rate was 2.4 ± 0.17 ml / min.

Stimulation of alpha1-AP of the isolated heart of 1-week-old 
rat pups caused a relatively slow coronary flow response. 
By the 3rd minute, the indicator values changed from 0.88 
± 0.08 ml / min to 0.89 ± 0.075 ml / min. 3 minutes after 
the addition of methoxamine, there was a tendency to 
increase the rate of coronary flow. By the 7th minute, the 
coronary flow changed to 0.95 ± 0.06 ml / min. At the 12th 
minute of methoxamine action, the maximum increase in 
the coronary flow rate was observed to 1.15 ± 0.1 ml / min 
(p <0.05), the growth rate was 31% (Fig. 2).

SUMMARY
Stimulation of alpha1-adrenoreceptors with methoxamine 
at a concentration of 10-8 mol causes bradycardia of an 
isolated heart in rats starting from the 3rd week of postnatal 
ontogenesis. Methoxamine at a concentration of 10-8 
mol does not affect the heart rate of the isolated heart 
of newborn rats. Stimulation of alpha1-adrenoreceptors 
causes a decrease in the coronary flow of the heart in adult 
rats, and its increase in 1, 3-week-old rats.

CONCLUSION
Thus, non-selective stimulation of α1-AR of the isolated 
heart of rats of different ages exerted multidirectional 
effects on the indices studied by us. Stimulation of alpha1-
adrenergic receptors with methoxamine led to bradycardia 
of an isolated heart in rats of 20, 6, and 3 weeks of age 
and practically did not change the chronotropy of the heart 
of 1-week-old rats. In this case, the opposite dynamics of 
the coronary flow of an isolated heart was observed in 
adult and newborn rats. In response to the introduction 
of methoxamine coronary flow of the hearts of 20-week 
rats decreased, and 1-week-old rats were significantly 

Fig. 1: The effect of methoxamine on the frequency 
of contraction of the isolated heart of rats of 

different ages. The ordinate axis is the heart rate 
(HR, in%), the abscissa axis is time (minute). Note: 
the validity of the changes compared to the original 

values.

Fig. 2: The effect of methoxamine on the frequency 
of contraction of the isolated heart of rats of 

different ages. The ordinate axis is the coronary flow 
(CF, in%), the abscissa axis is time (minute). Note: 

the validity of the changes compared to the original 
values.
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increased. In 3-week-old rat pups, only a slight increase 
in coronary flow was observed, and in 6-week-old animals, 
this indicator had only a tendency to increase. In addition, 
differences in the temporal dynamics of the coronary flow 
after introduction of methoxamine were observed. The 
coronary flow in rats of 20, 6, and 3 weeks of age changed 
immediately after the introduction of the agonist, in 1-week-
old rat pups, a change in this indicator began only after the 
3rd minute of methoxamine addition.

This study showed that the negative effect of stimulation 
of alpha1-AP on rat heart chronotropy is age-related. 
These data are consistent with our previous results 
(Minneman, 1988; Ziyatdinova et al., 2013). The absence 
of a chronotropic reaction in newborn rat pups may be due 
to the lack of formed adrenergic innervation of the heart 
at a given age, which affects the density and maturity of 
the studied receptors. Moreover, an increase in the rate 
of coronary perfusion in newborn rat pups, in response 
to stimulation of alpha1-adrenoreceptors, indicates a 
decrease in the tone of the coronary vessels of an isolated 
heart. This phenomenon may have a compensatory 
character, due to which an increase in coronary blood 
circulation of the heart in rats at this stage of postnatal 
development can be caused.

Our results confirm the idea of other researchers that 
in ontogenesis appears alpha1-mediated inhibition of 
the activity of the heart of mammals. The features and 
mechanisms of these phenomena may be the subject of 
further research.
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