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INTRODUCTION
The pathogenesis of ischemic heart disease is complex, where hy-
poxia plays a key role, developing in conditions of lack of oxygen 
in violation of coronary circulation. Oxygen deficiency negatively 
affects the functional state of smooth muscle cells of the coronary 
arteries as a result of which their reactivity to regulatory stimuli 
that control their contractile activity is significantly impaired. 
At present, large-scale studies are being carried out in leading sci-
entific centers of the world aimed at identifying and characteriz-
ing the pharmacological effects of biologically active compounds 
of plant origin. A large number of different alkaloids and flavo-
noids with a pronounced relaxing effect have been isolated and 
characterized from various plants (Luna-Vázquez FJ, et al., 2013).
Considering the capillary protective ability of flavonoids, they are 
today considered as the most promising candidates for creating 
effective drugs for the correction of pathologies of the cardiovas-
cular system in ischemia (Barnaulov OD, 2010; Lu N, et al., 2003; 
Selmi C, et al., 2008).
In preliminary experiments, it was found that flavone-5-hy-
droxy-3'-methoxy-7,4'-diacetyl in a wide range of concentrations 
does not affect the basal tone of rat aorta preparations. However, in 
further experiments, we found that the studied flavone effectively 
relaxes the rat aorta preparations previously contracted with 50 
mM KCl and phenylephrine, i.e., has a relaxing effect. In this case, 
the relaxant effect was more pronounced in 5-hydroxy-3'-me-
thoxy-7,4'-diacetyl and began to manifest itself already at its con-
centration of 5 μM, while the relaxant effect of chrysoeriol was 
less pronounced and was manifested at its concentration of 5 μM 
(Omonturdiev SZ, et al., 2017). As noted above, the pathogenesis 
of ischemic heart disease is complex, where hypoxia plays a key 
role, which develops in conditions of a lack of oxygen in violation 
of the coronary circulation. Oxygen deficiency negatively affects 
the functional state of Smooth Muscle Cells (SMC) of coronary 
arteries as a result of which their reactivity to regulatory stimu-
li that control their contractile activity is significantly impaired 
(Karaki H and Weiss GB, 1984). We have previously found that 
some alkaloids as flavonoids exhibit pronounced vasodilating 
activity and significantly inhibit the contraction of the rat aortic 
rings caused by KCl and Phenylephrine (PE) (Mirzayeva YT, et 

al., 2016). OBJECTIVE

To study the effect of flavone-5-hydroxy-3'-methoxy-7,4'-di-
acetyl, a derivative of the flavonoid chrysoeriol, isolated from 
the Inula capsicum plant, on the contractile activity of rat aorta 
preparations under hypoxic conditions in vitro (Figure 1).

MATERIALS AND METHODS
Animals and aortic rings preparation
Male albino rats weighing 200 g to 250 g were anesthetized 
with sodium pentobarbital and killed by decapitation. All ani-
mal care and experimental procedures were approved by the 
Committee for Animal Experiments of Institute of Biophysics 
and Biochemistry at the National University of Uzbekistan. 
After brief anesthesia with sodium pentobarbital, the rat was 
decapitated and the thoracic aorta was isolated. The connect-
ive tissue was removed and rings 3 mm long were mounted 
vertically under isometric conditions in a 5 ml organ bath per-
fused with Krebs solution containing (in mM): NaCl 118.3, KCl 
4.7, CaCl2 2.5, MgSO4 1.2, NaH2PO4 1.2, NaHCO3 25.0, EGTA 
1.0 and glucose 11.1 (pH 7.35). Krebs solution was maintained 
at 37°C ± 0.5°C and continuously bubbled with a mixture of 

2. During the experiments, while work-
ing with experimental animals, International principles of the 
Helsinki Declaration and the rules of human attitudes towards 
animals were completely followed. Ethical committee permis-
sion (No.2). 
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Figure 1: Chemical structure of flavone 5-hydroxy-3'-me-
thoxy-7,4'-diacetyl
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Vascular tension recording
An initial load of 1 g was applied and maintained throughout a 60 min 
equilibration period. During equilibration, the bathing solution was 
changed every 15 min with readjustment of baseline tension, when ne-
cessary. The tension was recorded on a pen recorder (Endim 621,02, 

-
ment Ma, USA).

Statistical analysis 
All data are expressed as means ± S.E.M. The concentration of the fla-
vone-5-hydroxy-3'-methoxy-7,4'-diacetyl evoking 50% of maximal re-
laxation (IC50) and the value of maximal relaxation (Emax) (expressed 
as a percentage of a previous contraction induced by the contractile 
agent) were calculated using a non-linear iterative curve-fitting pro-
cedure. Differences between means were statistically compared using 
Student's t-test and/or one-way ANOVA. The significance level con-
sidered in all tests was 0.05. All values were obtained using Graph-Pad 
Prism 5.01 software (Graph Pad Software Inc., USA). 

RESULTS AND DISCUSSION 
Indeed, as can be seen in figure, the force of contraction of the rat aorta 
induced by (KCl 50 mM) noticeably decreases during deoxygenation of 
the perfusion solution with nitrogen. At the same time, the maximum 
decrease in KCl-induced contractions of the aorta was observed after 
60 minutes of saturation of the solution with nitrogen, where it was 
50.2 ± 4.8% of control. These data may indicate that under conditions 
of hypoxia there is a decrease in the level of [Ca2+]i in the SMC, as a 
result of a violation of their entry into the SMC through the voltage-de-
pendent Ca2+channels of the plasmalemma. which are activated under 
KCl conditions (Bolton TB, 1979). At the same time, it was found that 
under conditions of hypoxia, the reaction of SMCs to the action of 
α-adrenergic receptor agonists, which play a leading role in ensuring 
the contractile activity of smooth muscles, significantly decreases (Mir-
zayeva YT, et al., 2016). Indeed, as can be seen in (Figure 2), depending 
on the degree of deoxygenation of the perfusion solution with nitro-
gen, the contractile responses of aortic preparations to the selective 
α-adrenergic receptor agonist, phenylephrine, are markedly reduced. 
At the same time, the maximum decrease (up to 55.2% ± 4.5%, from 
control) in the response of aortic preparations to the vasoconstrictor 
effect of phenylephrine was observed after 60 minutes of saturation 

of the perfusion solution with nitrogen. Phenylephrine is an effective 
vasoconstrictor and by stimulating α-adrenergic receptors, it activates 
phospholipase C, which hydrolyzes phosphatidylinositol diphosphate 
and produces inositol 1,4,5-triphosphate (IP3), the main mediator of 
inositol 1,4,5-triphosphate receptor (IP3R) (Karaki H, et al., 1997). At 
the same time, IP3, interacting with IP3R and activating it, provides 
the release of Ca2+ ions from the SR, which triggers the process of SMC 
contraction. А. Contractile responses of rat aorta preparations induced 
by KCl (50 mM) under hypoxic conditions.B. Contractile responses of 
rat aorta preparations induced by phenylephrine (1 μM) under hypoxic 
conditions. On the ordinate, the force of contraction of the rat aorta 
preparations, expressed in%, of the control obtained under the action 
of KCl (50 mM) and phenylephrine (1 μM), under normoxic condi-

�

0.05, (n=5).

In this regard, the suppression of the vasoconstrictor effect of 
phenylephrine on the contraction of aortic preparations under con-
ditions of hypoxia is evidence of damage to the intracellular signaling 
system activated by stimulation of α-adrenergic receptors The results 
of these control experiments show that under conditions of hypoxia in 
the SMC of the rat aorta, there are significant violations of the function 
of Ca2+-transporting systems located in the plasmalemma and in the 
SR. At the same time, these violations are accompanied by a decrease 
in the level of [Ca2+]i, as a result of which the force of contraction of the 
SMC, which was observed by us using preparations of the rat aorta, is 
suppressed. At the same time, as we have shown, the use of rat aorta 

useful in assessing disturbances in the functioning of intracellular sig-
naling systems activated upon stimulation of α-adrenergic receptors. 
Thus, the results of these control experiments show that the assessment 
of changes in the contractile activity of rat aorta preparations under 

characterizing the antihypoxic efficacy of various compounds. To con-
firm the adequacy of the approach used by us, the features of the action 
of flavone-5-hydroxy-3'-methoxy-7,4'-diacetyl on the contractile ac-
tivity of aortic preparations were studied under various experimental 
conditions. At the same time, it has been shown that 5-hydroxy-3'-
methoxy-7,4'-diacetyl effectively relaxes rat aorta preparations previ-
ously contracted with KCl solutions and phenylephrine (Figure 3). 

Figure 2: The contractile responses of the rat aorta under hypoxic conditions
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It was noted that the relaxant effect of 5-hydroxy-3'-methoxy-7,4'-di-
acetyl is more pronounced on preparations of the aorta precontracted 
by α-adrenergic receptors agonists.
Indeed, in our experiments, 5-hydroxy-3'-methoxy-7,4'-diacetyl ef-
fectively reduced the contractions of aortic preparations. The relaxant 
effect of flavone was dose-dependent, and with an increase in flavone 
concentration in the range of 5-30 μM, the force of contraction of the 
rat aorta preparation induced by 50 mM KCl decreased from 4.5% ± 
3.2% to 86.9% ± 3.3%. At the same time, we found that flavone under 
conditions of PE-induced contracture can relax the preparations of the 
aorta; however, its relaxant effect, as in the conditions of KCl-induced 
contracture, was less pronounced in comparison with the effect of 
5-hydroxy-3'-methoxy-7, 4'-diacetyl.
It should be noted that the relaxant effect of 5-hydroxy-3'-methoxy-
7,4'-diacetyl under the conditions of PE-induced contact also has a 
dose-dependent character and at its concentration of 5 μM it caused 
relaxation of the aortic preparation by 21.7% ± 4.1%, and the max-
imum relaxation up to 86.7% ± 3.5% was observed at a concentration 
of 20 μM.
On the ordinate, the force of contraction of the rat aorta preparations, 
expressed in%, of the control obtained under the action of 50 mM 
KCl and 1 μM phenylephrine, was taken as 100%. The abscissa shows 
the concentration of 5-hydroxy-3'-methoxy-7,4'-diacetyl (μM). In all 
cases, P<0.05 (n=5-6).
The results of these experiments indicate that the relaxant effect of 
5-hydroxy-3'-methoxy-7,4'-diacetyl, under conditions of PE-induced 
contracture, is mainly due to its effect on the transport of Ca2+ ions 
through the receptor-driven Ca2+ channels of the plasma membrane. 
and their release from the SR of the SMC, the presented data indicate 
the inhibition of 5-hydroxy-3'-methoxy-7,4'-diacetyl of this pathway of 
increasing [Ca2+]i. Thus, the relaxing effect of 5-hydroxy-3'-methoxy-
7,4'-diacetyl, which is due to the inhibition of the entry of Ca2+ ions 
into the SMC through the voltage-dependent Ca2+ channels of the plas-
malemma and their release from the SR, possibly underlies its cardio-
protective effect.
Hypoxia is a key link in numerous disorders of body functions, in-
cluding behavioral ones (Lukyanova LD and Ushakov IB, 2004; Ches-
nokova NP, et al., 2006; Chesnokova NP, et al., 2006; Salminen A, et 
al., 2016). Hypoxia can have an independent etiology, but it can act as 
a concomitant factor both in diseases associated with dysfunction of 

the respiratory and cardiovascular systems, as well as in the transport 
function of blood and in the vast majority of other pathologies, where 
it aggravates their course. Despite the noticeable progress in the treat-
ment of ischemic heart disease, the problem of developing new drugs 
that can effectively protect cardiomyocytes from ischemic damage, as 
well as positively affect the course of the disease itself, remains very 
urgent (Glezer MG, et al., 2013; Rylova NV and Oganezova LG, 2012).
Considering this feature of the action of 5-hydroxy-3'-methoxy-7,4'-
diacetyl, we studied its effects on the contractions of aortic prepara-
tions induced by KCl solutions and phenylephrine under hypoxic 
conditions. As you can see in figure, during preliminary incubation 
of aortic preparations with 5-hydroxy-3'-methoxy-7,4'-diacetyl, the 
inhibitory effect of hypoxia on contractions induced by KCl solutions 
is noticeably reduced. At the same time, in the presence of 5-hydroxy-
3'-methoxy-7,4'-diacetyl in the incubation medium, the decrease in the 
force of contraction of the aortic preparations under hypoxic condi-
tions was 85.2% ± 4.5%, compared to 50.2% ± 4, 2%, if absent. Consid-
ering that KCl-induced contractions of aortic preparations are caused 
by the entry of Ca2+ ions through voltage-dependent Ca2+channels, the 
observed effect of 5-hydroxy-3'-methoxy-7,4'-diacetyl, under condi-
tions of hypoxia, may indicate its influence on these channels.
A. Effect of 5-hydroxy-3'-methoxy-7,4'-diacetyl on KCl-induced con-
tractions of rat aortic preparations under hypoxic conditions. B. Effect 
of 5-hydroxy-3'-methoxy-7,4'-diacetyl on the contractions of rat aorta 
preparations induced by phenylephrine (1 μM) under hypoxic condi-
tions. On the ordinate axis, the force of contraction of the rat aorta 
preparations, expressed in%, of the control obtained with the action of 
KCl (50 mM) and 1 μM phenylephrine and taken as 100%. In all cases, 
P<0.05 (n=3-4)
However, a similar protective effect of 5-hydroxy-3'-methoxy-7,4'-di-
acetyl was observed by us in experiments with phenylephrine, in which 
it also effectively neutralized the effects of hypoxia. At the same time, 
the decrease in the force of contraction of aortic preparations induced 
by phenylephrine during hypoxia, reaching 55.2% ± 4.5% of the con-
trol, in the presence of 5-hydroxy-3'-methoxy-7,4'-diacetyl, decreased 
to only 89% ± 4.2% (Figure 4). 
Because the development of aortic contractions induced by phenyleph-
rine is due to an increase in [Ca2+]i, provided mainly by Ca2+ ions re-
leased from the SR, the results of these experiments are evidence of the 
influence of 5-hydroxy-3'-methoxy-7,4'.

Figure 3: Effect of flavone-5-hydroxy-3'-methoxy-7,4'-diacetyl on contractions of the rat aorta preparation induced by A) KCl and 
B) Phenylephrine
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CONCLUSION
Thus, the data obtained in experiments with the flavone 5-hydroxy-3'-me-
thoxy-7,4'-diacetyl show that this flavone effectively prevents hypoxia-in-
duced damage to the contractile activity of the rat aorta. Diacetyl, on the 
intracellular signaling system activated by stimulation of α-adrenergic re-
ceptors. These effects of the flavone used are due to its influence on the 
voltage-dependent Ca2+channels of the plasmalemma and the channels 
of the sarcoplasmic reticulum, which regulate [Ca2+]i in the SMC. Such a 
corrective effect of flavone on the functional activity of these Ca2+ channels 
is possibly due to their complex effect on the state of membranes, energy 
metabolism, and on the guanylate cyclase system of the endothelium pro-
ducing nitric oxide, which together provides its cardioprotective activity.
In general, the results obtained in this series of experiments indicate that 
the use of the developed by us method for assessing the effect of com-
pounds on the contractile activity of rat aortic smooth muscle under hy-

-
tential antihypoxic agents.
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