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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: It was already known that mirabegron, a
B3-adrenoceptor agonist, affected cardiac muscle, data also
demonstrated that mirabegron induced a relaxant effect in
rat aortic vessels by a mechanism dependent on nitric oxide
production. This study examined the possible effects of
mirabegron on the coronary vascular tone. Results show that
mirabegron induced an acute relaxant effect on coronary
segments' contractility, and the relaxation is partly dependent
on nitric oxide and K* channel activation. These findings
emphasize the need to consider these mechanisms when
translating mirabegron's effects to clinical applications.

Objectives: Mirabegron, the first approved 3-adrenoceptor
agonist, has demonstrated positive effects in heart failure.
Research indicates that B3 agonists induce prompt relaxation
in rat aortic and human coronary vessels through a pathway
mediated by NO. This study examined mirabegron's influence
on bovine coronary segments' contractility.

Methods: Using isolated tissue baths, the impact of mirabegron
on bovine coronary artery segments' contractility was assessed.
The plasma level of NO was measured with a specialized kit.
NO was determined by measuring plasma nitrite concentrations
by spectrophotometric analysis at 540 nm.

Results: Mirabegron evoked relaxation in bovine coronary
artery segments in a dose-dependent manner. However, this
effect was inhibited by the presence of potassium chloride (KCI)
(70mM) and methylene blue (30uM). Both potassium channel
and NO pathways were found to play a role in the relaxations
induced by mirabegron. Furthermore, mirabegron was observed
to enhance in vivo nitric oxide (NO) levels, a crucial signaling
molecule maintaining cardiovascular equilibrium.

Conclusions: Our findings illustrate that mirabegron induces
coronary vessel relaxation through the activation of both NO
and K* channels. These findings emphasize the need to consider
these mechanisms when translating mirabegron's effects to
clinical applications.

Key words. Mirabegron, coronary, relaxation, K* channels,
NO.

Introduction.

Mirabegron, is a highly selective B3 versus B1 and B2 adrenergic
receptor agonist currently approved for the treatment of bladder
overactivity. It significantly relaxes human and bladder smooth
muscle via cAMP-dependent and independent pathways such
as K* channel activation and Rho kinase inhibition [1,2]. It also
induces relaxation of the prostate [3], Bl and B2 adrenergic
receptors are distributed in cardiac and vascular tissue, 1
mediates the inotropic and chronotropic effect of the adrenergic
system on the heart, while both $1 and 2 mediate the relaxant
effect in the vascular tissue [4]. Moreover, results have clearly
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shown that B3 adrenergic receptors are also expressed in the
heart. The latter induces a negative inotropic effect in the heart
ventricle, the mechanism is not fully explained, however, results
have shown that the selective 33 agonist inhibits voltage-gated
Ca*? channel. In contrast, B3 activation in atrial muscle increases
Ca*? current which is associated with a positive inotropic effect.
In vascular smooth muscle, the involvement of B adrenergic
receptors in the relaxation of the arterial smooth muscle has
been proven in many studies. For example, Isoprenaline-
induced relaxation of vascular smooth muscle is mediated by
the activation of B2 receptor together with f1 receptors [5].
However, studies have demonstrated the involvement of a third
B3-adrenergic receptor subtype in the physiological control of
smooth muscle and vascular contraction. B3 induced relaxation
has been suggested with a variable mechanism in many vascular
beds, the possibility was strengthened by peripheral vascular
dilation induced by the injection of a selective B3 agonist BRL
37344 in dogs [6]. The same agonist also induced in-vitro
relaxation via the release of NO in rat thoracic and abdominal
aorta [7], however, in the carotid artery, B3 agonist-induced
endothelium-independent relaxation [7]. Most importantly,
B3-adrenoreceptors were identified in the endothelium of
human coronary resistance microarteries, where they mediate
an endothelium-dependent relaxation to both endogenous
catecholamine and p3-adrenoreceptor—preferential agonists
[8]. Mirabegron, by acting on B3 adrenoceptor is expected
to induce off-label effects on cardiac and vascular tissue [9].
Shen et al, have shown that mirabegron lowers the resistance
of the peripheral resistance in dogs [6]. In humans, mirabegron
slightly increases blood pressure with the recommendation of
periodic examination of blood pressure in elderly hypertensive
patients [10]. Thus, the aim of the present study was designed
to examine the effect of mirabegron on the contractility of the
isolated bovine coronary rings.

Materials and Methods.

Materials: Mirabegron was obtained from a local pharmacy.
Methylene blue, DMSO and other constituents of the Krebs
solution were obtained from the University of Mosul.

Tissue preparation: In this study, isolated bovine coronary
arteries were used to examine the impacts of mirabegron,
following established methods as previously described [11,12].
Hearts from male and female bovines were procured from
local butcher shops and transported in a container filled with
cold Krebs-Henseleit physiological buffer. Initial dissection
procedures were carried out to isolate the anterior segment of
the proximal coronary artery. Subsequently, the arterial segment
was meticulously dissected and cleared of adjacent connective
and adipose tissue. The artery was then divided into rings of
approximately Smm length. The segments were prepared for
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connection in an isolated tissue bath setup. Each segment was
suspended between two hooks in a 25ml organ bath chamber.
The first hook was connected to a transducer measuring the force
of contraction which was further connected to the amplifier and
the Laptop, the lower hook was connected to the bottom with a
special glass support. The chambers were filled with about 20 ml
of Krebs-Henseleit solution containing the followings in mM:
(NaCl 118, KCI1 4.8, CaCl,.H,0 1.3, NaHCO, 25.0, KH,PO,
1.2, MgSO,.7H,0, glucose 11.1). The bathes were connected
to a circulating bath and thermostat to control the temperature
at the physiological level of 37°C. Continuous gassing
was maintained with carbogen, 95% O, with 5% CO,. The
experiment was recorded with iWorx LabScribe data recording
and analysis software. The transducers were calibrated before
each experiment using a 10-gram weight [11,12].

Tension recording: The segments were initially precontracted
to about 8gm of tension. Then the segments were allowed to relax
to the baseline level for about 30 to 40 minutes. Once stabilized
the tissue were depolarized with 70mM KCL bath concentration.
Such a concentration has been shown to depolarize the tissue
and open the voltage gated Ca™ channel. After about 10 min at
the plateau the segments were washed with normal Krebs and
the process was repeated twice to improve contractility and for
standardization. After washing from high K* Krebs, the tissue
was then precontracted with a cumulative concentration of the
thromboxane analogue, U46619. The addition started at 100nM
and increased to about 1uM to contract the tissue to about 70%
of the KCL contraction. Subsequently, a single concentration
of mirabegron, 10uM, was added to the bath for about a 2hr
duration. In another set of experiments, mirabegron 10puM was
added after KCl wash at the baseline for about 1hr followed
by a cumulative addition of U46619. Another experiment was
done to determine the effect of depolarization with 70mM KClI,
and thus the role of K* channel on mirabegron relaxant effect.
In all experiments, the control segments were incubated with
the solvent control DMSO. To investigate the influence of
endothelial factors, particularly nitric oxide (NO), on the impact
of mirabegron, the tissues was incubated with methylene blue
at a concentration of 30uM. This specific concentration of
methylene blue has been shown to effectively inhibit guanylate
cyclase (GC) in bovine coronary arteries [13].

Animals: In this present investigation, a total of eighteen
albino rats with weights ranging from 200 to 240 grams were
utilized. The rats were kept in groups of 2 to 3 per cage,
maintaining a controlled environment with a temperature range
of 22 to 25°C and humidity levels between 45% and 65%.
Adequate provisions of water and food were provided without
restrictions. The entire experimental protocol and animal
handling procedures were conducted following the ARRIVE
guidelines and adopted in previous studies [14-19]. The rats
were categorized into three groups, each containing six rats.
These groups were defined as follows: the initial control group
received solvent by oral administration; the second and third
groups were orally administered mirabegron at doses of 2 mg/
kg and 8 mg/kg every day for a duration of 6 days. At the end
of the experiment, all rats were humanely euthanized using the
decapitation method. The method of the study was approved
by the Institutional Animal Care and Use Committee at the
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University of Mosul, College of Veterinary Medicine (UM.
VET. 2022.066).

Serum Nitric oxide: A blood sample was collected using
the beheading method sacrifices. The blood was allowed to
stand for approximately 30 min and then centrifuged at 2000
rpm for 15 min. Serum nitric oxide level was measured using
commercial kit Elabscience® based on the Griess reaction assay
[20]. The samples were measured using a spectrophotometer
at a wavelength of 550 nm. The measurement of the overall
concentration of nitric oxide (NO) in serum involves assessing
the combined levels of nitrite (NO,") and nitrate (NO,"). These
substances are stable end-products of NO metabolism and
serve as indirect indicators of NO presence. The total quantity
of NO is typically the sum of the concentrations of nitrite and
nitrate. To determine NO concentration, a method relying on the
measurement of nitrite concentration in serum was employed,
following Griess's reaction. In this process, nitrate was
transformed into nitrite and subsequently converted into nitric
acid, which reacted with Griess's reagent to produce a visible
color change. The concentration of nitrite was determined
through spectrophotometric analysis at 540 nm, using a standard
curve as a reference. The results indicating NO content were
expressed in micromoles.

Data and statistical analysis: The collected data were
analyzed using a two-way ANOVA test. Results are presented
as meantstandard error (SE). In cases where the ANOVA
was significant, a post-hoc Bonferroni test was performed.
The significance level was set at a P value less than 0.05,
indicating a statistically significant mean difference. The levels
of significance are denoted as follows: *** means p< 0.001, **
means p<0.01, and * means p<0.05. The results of relaxation
were compared with values obtained from the DMSO solvent
control. Statistical analysis for all experiments was conducted
using GraphPad Prism 5 software.

Results.

Isolated tissue bath experiments: Aspreviously demonstrated,
apreliminary experiment on sheep bladder segments showed that
mirabegron induced significant relaxation of bladder segments
(Figure 1). More notably, 30min incubation with mirabegron
significantly inhibited the contraction of isolated coronary
vessels (Figure 2A), mirabegron also induced significant
relaxation of the isolated bovine coronary rings precontracted
with U46619 (Figure 2C) starting after approximately 30min
of drug incubation. Incubation with methylene blue (30uM)
abolished the inhibitory effect of mirabegron on coronary tone
(Figure 2B). The rate of relaxation was determined by calculating
the percentage change from the contraction induced by U46619,
within a period of approximately 2 hours. Additionally, the
rate of contraction was calculated as a percentage of KCl
contraction. The presented values for each repetition represent
the mean = SEM, and negative values denote relaxation. The
rate of relaxation induced by mirabegron was compared to a
control containing DMSO (at a concentration of 0.1% v/v) over
a 2-hour interval. This comparison was conducted using a two-
way analysis of variance (ANOVA) followed by a Bonferroni
post-hoc test. Significance was attributed to instances where the
P-value was below 0.05. The symbols *** p-value < 0.001, **
p-value <0.01, and *p-value <0.05.
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Figure 1. The effect of Mir 10uM on isolated bladder segments. The
figure shows the significant relaxant effect of mirabegron(Mir) 10uM
(n=5) in sheep bladder tissue precontracted with U46619.
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Figure 2. (4) Effect of mirabegron (Mir) incubation for 30 minutes
on the contractile response of the isolated bovine coronary segments
to U46619-induced contraction (n=6). (B) Effect of mirabegron (Mir)
incubation for 30min on the contractile response of the isolated bovine
coronary segments to U46619-induced contraction incubated with MB
30uM for 30min then mirabegron 10uM for another 30min (n=6). (C)
The effect of depolarization with 70mM KCI on mirabegron relaxation
in isolated bovine coronary segments (n=7). The presence of 70mM
KCl significantly attenuated the relaxation caused by mirabegron when
compared to precontraction induced by U46619.
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Figure 3. Shows the levels of total serum concentration of NO
(NO;/NO,") in both the solvent-treated group as a control, and the
mirabegron treated group. In the mirabegron group, the serum NO
concentrations were significantly higher in comparison to the control
group. Moreover, the total concentration of NO in the serum of rats
treated with 8 mg/kg was higher those treated with 2 mg/kg (*=p<0.05,
***=p<0.001).
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Figure 4. Suggested mechanism of mirabegron relaxation in bovine
coronary vessels. Mirabegron activates eNOs in the endothelium,
increases NO, and induces relaxation via K' channel activation.
MB inhibits GC activation and inhibits mirabegron relaxation. The
addition of 70mM KCI also inhibits K* channel activation and thus
mirabegron relaxation. eNOs, endothelial nitric oxide synthase; GC,
guanylyl cyclase; cGMP, cyclic 3'5'-guanosine monophosphate; MB,
methylene blue.

Serum Nitric oxide (NO) level: The assessment of serum
total NO level indicated a significant distinction between the
rats subjected to mirabegron treatment and those exposed solely
to the solvent (Figure 3). Results also revealed significant
differences in serum NO levels between the rats treated with
2 mg/kg and those administered 8 mg/kg of mirabegron daily
(p <0.001). This comparison was conducted utilizing one-way
ANOVA followed by a Welch and Brown-Forsythe test.

Discussion.

Mirabegron exhibited a relaxation effect on the bovine
coronary artery that progressed over time. Typically, relaxation
commenced within approximately 30 minutes following the
addition of the drug. However, the relaxation process was
gradual, reaching its peak response approximately 120 minutes
after initial pre-contraction using U46619 depolarization. This



relaxation phenomenon is likely attributed to mirabegron's
capability to stimulate the generation of nitric oxide (NO).
methylene blue 30uM was able to significantly inhibit
mirabegron relaxation, providing evidence for NO-dependent
relaxation [13]. Experimental evidence suggests that methylene
blue with such concentration was able to inhibit bovine coronary
relaxation to organic nitrates by direct inhibition of endothelial
nitric oxide synthase enzyme eNOs [13]. Consistent with the
isometric study, the examination of NO level in the plasma of
animals treated with mirabegron showed that the drug increased
NO significantly and the effect was dose-dependent (Figure 3).
Similarly, studies have shown that other  adrenergic agonists
like epinephrine, in response to stress and exercise, terbutaline
and isoproterenol-induced coronary relaxation via NO-mediated
pathway. Physiologically, the coronary blood flow increases
when [-adrenergic receptors are stimulated [21]. Coronary
vasodilation is suggested to compensate for the increase in
oxygen demand due to the increased cardiac inotropic and
chronotropic effect of catecholamine, the latter can activate 1
and B2 adrenergic receptors with a resultant increase in cAMP
and vasorelaxation, the present observations are consistent with
B1 and B2 activation results since it suggests that the activation
of B3 would also activate additional adrenergic pathway in the
coronary circulation mediated via NO production. B3 activation
also promotes circulation in the ischemic limb in the murine
diabetic model and pancreatic circulation [22].

It is well accepted that mirabegron induces relaxation of the
human and rat urinary bladder via activation of B3 adrenergic
receptors [23], the latter could also be related to the activation of
the bladder urothelium to produce NO as a signaling molecule,
mirabegron also induces smooth muscle relaxation via nitric
oxide-dependent pathway in different vascular beds like
thoracic and abdominal aortic vessels [24]. Similarly, in vitro
studies with experimental 3 agonists provide further evidence
for B3 induced endothelium-dependent relaxation. It was also
observed that the B adrenergic blocker, nebivolol, by activation
of B3 adrenoceptor agonist, could induce endothelium-
dependent vascular tissue relaxation [25], the relaxation was
inhibited in genetically modified B3 deficient rats. In vivo,
studies have also shown that B3 agonist-induced coronary
vasodilation with additional cardiac inotropic effect [25]. By
contrast, in rat carotid artery f3 adrenoceptor agonist-induced
endothelium-independent relaxation, the reason could be related
to the difference in vascular bed and the role of NO in carotid
artery relaxation [26]. It is well known that NO could have an
additional relaxant effect via direct activation of Kca channels
[27]. Accordingly, the study examined the role of the K* channel
in mirabegron relaxation, Data have shown that the relaxation
to mirabegron is partly dependent on the contractile agent since
mirabegron-induced relaxation of vessels precontracted with
U46619 significantly more than the vessels precontracted with
70mM KCIl. In fact, by enhancing the K* level extracellularly
the efflux of ions through the K+ channel would be reduced
due to a reduction in electrochemical gradient with resultant
cell depolarization and the opening of the voltage-gated Ca™
channel. The outcomes of these findings indicate the involvement
of potassium (K*) channels in the relaxation induced by
mirabegron. Moreover, the addition of KCI to the extracellular
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compartment would prevent cellular hyperpolarization and thus
inhibit the role of other endothelium-derived hyperpolarizing
factors, the latter need to be examined in further study [28].
Similarly, previous data also suggest a role of the K* channel
in mirabegron-induced relaxation in lung tissue precontracted
in hypoxic conditions [29]. The involvement of K* channels
has also been suggested as a downstream signal for B3 induced
relaxation in rat aorta [30]. BRL 37344 a selective agonist for
the B3 receptor also induced endothelium-dependent relaxation
of human coronary vessels. These results collectively suggest a
role for B3 receptors in smooth muscle hyperpolarization. The
signalling pathway of B3 activation in coronary vascular tissue
is summarized in Figure 4.

By contrast, in the pulmonary artery CL 316 243 induced
endothelium-independent relaxation via increased synthesis
of cAMP while in the mammary artery, SR 58611A induced
NO-dependent and independent relaxation [31]. Interestingly,
in myocytes isolated from the portal vein, B3 agonists activate
voltage-gated channels through stimulation of cAMP with
subsequent phosphorylation and inactivation of the channel
[32]. Ca™ increased intracellularly by either increased influx
from voltage-gated and store-operated channels or even released
from the intracellular store upon stimulation by an agonist, KCl
addition to the bath would activate Ca* influx from the voltage
channel, mirabegron was approved to inhibit Ca*? channel in the
cardiac muscle such mechanism could play a role in coronary
vasodilation. Moreover, the NO released from the endothelium
could also inhibit the Ca™ channel. The effect of mirabegron on
the Ca™? channel needs further study.

Previous results suggested an inhibitory effect of B3-
adrenoceptors on human heart contractility [33], vascular B3
adrenergic receptors like those in the heart could serve as a
brake at sympathetic overstimulation, thus mirabegron-induced
relaxation might contribute to a beneficial clinical hemodynamic
effect via activation of B3 receptor and increased NO especially
in those with coronary artery diseases. In conclusion, the findings
of the present study recommend more investigation concerning
the role of B3 in coronary pathophysiology and examination of
the effects of selective B3 agonists [31].

Conclusion.

Our findings illustrate that mirabegron induces coronary
vessel relaxation through the activation of both NO and K*
channels. These findings emphasize the need to consider these
mechanisms when translating the effects of mirabegron in
clinical applications.
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