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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.
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Abstract.

Mirabegron is one of the recently introduced treatments
for overactive bladder which avoids the undue effects of
antimuscarinics such as constipation, headache, and dry
mouth. This study investigated chronic relatively high doses
of beta3 adrenergic receptor activation effect on electrolyte
hemostasis and possible consequence on the central nervous
system viability. In the present study, serum sodium, potassium,
chloride, and calcium ion levels using flame photometry had
been measured and eosin and hematoxylin staining for cerebral
vasculature in the brain striatum. Results showed that chronic
administration of mirabegron has a modest decrease in sodium,
chloride, and potassium levels while increasing calcium serum
levels. Moreover, edema and neuronal degeneration have been
observed in Wistar rats. In summary, a chronic high dose of beta
3 adrenergic agonist Mirabegron might have a deleterious effect
on electrolytes in question homeostasis due to loss of selectivity
to beta 3 adrenoceptor when administered in a high dose.

Key words. Sodium, potassium, chloride, calcium,
mirabegron, B3-adrenoreceptor.

Introduction.

Worldwide prevalence of lower urinary tract symptoms,
overactive bladder (OAB), and urinary incontinence are high,
and the numbers of affected people tend to increase with time
approximately 4.3 billion, especially in developing regions [1].
The incidence of urgent urinary incontinence related to OAB
is approximately 10 in women and 14% in men which makes
it one of the most encountered complaints worldwide [2].
the latter causing great social and economic burdens on both
individuals and families. In severe cases, it causes a great deal
of distress and embarrassment [3,4]. Mirabegron is the first
clinically used selective beta-3 adrenergic receptor agonist
which is approved to treat OAB symptoms [5,6]. Overactive
bladder is defined as urgency, with or without urgency urinary
incontinence, with increased daytime frequency and nocturia
[7]. these symptoms are indicators of urodynamically detrusor
overactivity. However, it can be due to other factors causing
ureterovesical dysfunction [8,9]. The distribution of functional
beta-adrenoceptors (1, 2, and 3) was reported by Tyagi et. al. in
the urothelium and detrusor muscle of the human bladder which
revealed that selective beta3 adrenoceptor agonist solabegron
evoked a significant concentration-dependent relaxation of the
isolated bladder trips. These findings suggested the selective
beta3 adrenoceptor agonist as a potential novel treatment for
OBD [10]. Mirabegron has unique mechanisms of action to treat
OBD by stimulating the beta-3 adrenergic receptor by doing so
it increases voiding intervals through increases the compliance
of the urinary bladder by detrusor urinary bladder smooth
muscle relaxation which in turn increases urinary bladder
accommodation to larger urine volume without urination urgency
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[11-15]. In addition, Mirabegron has been suggested to treat
several other clinical conditions like erectile dysfunction related
to lower urinary tract symptoms /benign prostatic obstruction
patients by clinical report however, the mechanism of action in
this clinical situation was not illustrated clearly [16] Mirabegron
is considered a new advance in the treatment of OAB symptoms
cause the commonly used treatment was antimuscarinic agents
causing troublesome adverse effects, for instance, dry mouth,
confusion, constipation, headache, and glaucoma [17,18], and
although other treatments for has been proposed to treat OAB
symptoms like tramadol, gabapentin and botulinum toxin
[19-21], however, antimuscarinic had considered being the
mainstay of treatment for OAB for decades. The safety and
tolerability of mirabegron draw great attention. Clinical safety
was reported by Nitti V W et. al. through pooling data from
three randomized, placebo-controlled, double-blind, and over
12 weeks of three different mirabegron doses (25,50, and100mg
daily) which revealed that mirabegron treatment was associated
with main hypertension, nasopharyngitis, and even urinary tract
infection among other less incident adverse events [22,23]. As
part of phase four studies, a multicenter, randomized, double-
blind, placebo-controlled, parallel comparison clinical study
investigated the efficacy and safety profile of mirabegron,
which revealed that mirabegron reduces OAB symptoms in
men after 12 weeks of treatment [24]. Also, a recent clinical
study showed the efficacy of 50 mg of mirabegron in improving
women suffering from OAB and urgency urinary incontinence
or mixed urinary incontinence versus placebo including
micturition frequency, and urinary incontinence [25]. Several
studies have investigated the impact of mirabegron on different
body organs and functions for instance female sexual function
and the possible cognitive adverse effects and high incidence
of headache and migraine [26-28]. Philip et al. have reported
that elevation of potassium chloride has stimulatory effects on
bladder detrusor smooth muscle. The latter finding can be one of
the mechanisms of action that can control OAB [29]. Activation
of beta-3 adrenergic receptor has intriguing effects on mineral
homeostasis which might have a role in its effect on bladder
detrusor smooth muscle. This study aims to investigate whether
Mirabegron's mechanisms of action could include its effect on
the homeostasis of sodium, potassium, and/or calcium.

The aims of this study are the investigation of the possible
adverse effect of continuous stimulation of beta 3 adrenoceptors
on brain tissue morphology and electrolyte hemostasis.

Materials and methods.

Animals: Randomly chosen ten male Wistar rats aged between
3-4 months were used in the current study. All animals were
kept under a controlled environment at a temperature 23-25°C
and humidity of 50-55%. All animals had access to food and
water ad libitum. All the protocols and procedures had been
approved by Ninevah university [30-32].
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Ten rats were divided into two groups, first group was
administered 6 mg/kg of mirabegron while the second group
was administered tap water orally once daily for three months.

Biochemical analysis: Blood samples of five rats from each
group were exsanguinated by Retro orbital blood withdrawal.
The serum was separated by centrifugation 1000g after lifting
the blood sample at from temperature for 30-60min Electrolytes
analysis of Sodium, potassium, and calcium concentrations in
serum were measured by flame photometry Instrumentation
Laboratory, Lexington, MA.

Histological study: Rat's brains were kept in paraformaldehyde
10% in phosphate saline buffer overnight for fixation
then embedded in paraffin for sectioning and stained with
Hematoxylin-eosin.

Statistical analysis: An unpaired t-test was performed to
compare between mirabegron group and the control group,
using GraphPad Instant software for tabulation. A P value of
<0.05 was considered statistically significant.

Results.

Three months of mirabegron 6 mg/kg orally once daily
significantly decreases serum sodium and chloride level (P<0.5)
in comparison with the control group. Potassium levels also
significantly decreased in mirabegron in comparison with the
control group. While calcium level significantly elevated with
mirabegron use (figure 1).

Rat's brain which was treated for three months with Mirabegron
sections showed signs of necrosis and neuronal degeneration
(figure 2) under the light microscope.

Discussion.

The current study showed that three months of treatment of
rats with 6 mg/kg of mirabegron caused a decrease in both
sodium and potassium levels and an increase in calcium levels.
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Figure 1. Disturbances of electrolyte homeostasis (Na, K, CI, and Ca)
stimulation of B3 receptor. Data expressed as meantSD, *p<0.05 as
compared to after stimulation of B3 receptor or control group.
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Figure 2. Representative image for Brain (a) control, (b) after 3-month
stimulation of B3 receptor with Mirabegron. H and E stain, 100X and
400X.

Moreover, 6mg/kg of mirabegron for three months, caused
neuronal degeneration and edema.

Beta 3 adrenoceptor is one of the adrenergic receptors activated
by catecholamines. Beta adrenoceptor activation is through
beta-adrenoceptor-adenylyl cyclase-protein kinase A cascade.
Beta 3 adrenoceptors consist of seven membrane-spanning
domains consisting of three intra and three extracellular loops
plus one extracellular and one intracellular terminal [33]. Beta
3 adrenoceptor is present mainly in the bladder detrusor muscle
and in adipose tissue [34].

Mirabegron has drawn a great deal of attention recently
because of its unique mechanism of action by direct blocking
beta 3 adrenoceptor in the detrusor muscle treating over-
active bladder of both neurogenic and non-neurogenic origin.
Recently, Mirabegron has been suggested to treat obesity in
relatively high doses through an increase in energy expenditure
without an increase in blood pressure or heart rate (avoiding
cardiovascular undesirable effect) through besieging of white
adipose tissue to brown adipose tissue when given in doses of 50
and 100 mg daily while 150 and 200 mg caused cardiovascular
adverse effect [35,36].

Zhang and his coworker reported functional pain syndromes
and brain damage associated with increased catecholamine
activity as they report that continuous activation of beta 2
and beta 3 adrenoceptors for 14 days results in pain at several
body regions through the release of pro-inflammatory cytokine
tumor necrosis factor-alpha [37]. Consistently, another study by
Kline revealed the attenuation of catechol-O-methyltransferase
activity can lead to enhanced chronic pain perception in humans,
and this pain perception is mediated by beta-adrenoceptors
[38]. Functional pain and comorbid depression due to the
Catechol-O-methyltransferase enzyme which is responsible for
catecholamines metabolism polymorphism has been investigated
and the results shown blocking COMT enzyme caused pain
and depressive-like behavior was prominent in females who
administered COMT inhibitor OR486 continuously over 14
days in addition to increase glucocorticoid receptor expression
a well-know stress related receptor [39].

Mild activation of beta2 adrenoceptor can lead to an
intracellular influx of potassium causing hypokalemia which in
turn decreases the reactivity of detrusor muscle [40-42]. The
latter might be one of the suggested mechanisms through which
mirabegron can treat OAB. Calcium elevation in this study is not



clear and these action could increase the chance of application
of mirabegron for musculoskeletal delimma including spinal
injury [43].

Conclusion.

The current study highlights the possible central nervous
system adverse effect of mirabegron when used in relatively
high doses over an extended time for the first time. The latter effect
might be due to the beta 2 or 1 adrenoceptor not being excluded
and whether these effects due to electrolytes disturbance could be
a marker for these neurological adverse effects need more studies.
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