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IepiAnyn

To payvioto (Mg*) eivat éva evOOKUTTAPLKO KATIOV [E
KkaBoploTikod pdro oe pa TANBDPA {WTIK®V AELTOUPYLDV.
H cvotnpatikn tov onpacia amotelei koo Bépa épeuvag
OTNV LATPLKT), TTAPE TO YEYOVOG OTL OTA {0 GUVTPOPLEG
T KAMVIKE Kol Telpapatikd dedopéva elval akopa
neploplopéva. H opotdotaon tov Mg?* enttvyxdvetat
HEOW TNG ATTOPPOPNONG Kol EMAVAPPOPNONG ATTO TO
évTepo Kat TOUg vedpoug, avtiotoxa. Ot Statapayég Tov
Mg*" cuvS£ovTal (e TAPATETAEVT) Voo Aeia Kot avénpéva
enineda OvnopdnTag, eved ot acbeveic mpookopiovral
HE €VTOVA VEUPOAOYIKA Kol KapSLAyyelaKd KALVIKA
ovpntopata. H vreppayvnotatpia Stayryvooketol
onaviong otnv KAk paén kat oxetiletal pe empPapupévn
vedppikn Aettovpyia 1) vepPoikn xoprynon Mg mov
ouvnBwg ekSNA@VETAL e HELOHEVH £wG ATTOVTA TEVOVTLX
AVTOVAKAXOTIKG Kal urtotaon. Avtifeta, n éNkenyn Mg
OLVAVTATOL GUXVOTEPA OTNV KAWVIKT TTp&EN Kat oxeTileTal
pe LTTOKeipEevn cuvuntapxovoa voco. H vmopayvnotatpio
HE 1) XwpIC TAUTOXPOVEG SLATAPaXEG NAEKTPOALTOV elval
T0avo va 08nyrioeL o€ CUOTNHATIKT LITOTAOT KAl KAPOINKES
appuBpieg e€attiag Statapoaxng Tov Suvaptkol dpdong
Tou puokapdiov (Ppdon amoTTOAWONG KAl AVATIOAWGTC).
H éM\ewyn Mg?* pmopei ertiong va evBovetat yia egdpavion
EMANTITIKOV KPIOEWV Kol TETAVIKOV CUOTIAOEWV.

H pétpnon xat eppnveia TG cuykévipwong Tov Mg
elvat pa avtiketpevika StokoAn Stadikaoia e€attiog g
eVEOKUTTAPIKIG EVTOTILOT|G TOU, KAXBMG OL HETPTTELG GTOV 0pO
TOL a{{aTOG givat ot poveg SlaBéateg SOKIHES TTNV KAVIKT).
Néeg texvikég éxouv avartTuxBei Kat XpnoLoolovvTaL o€
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Abstract

Magnesium (Mg?") is an intracellular cation
with a pivotal role in multiple vital functions.
Its systemic importance is a common subject of
research in medicine, although in companion
animals, clinical and experimental data are still
limited. Mg?* homeostasis is achieved through
absorption and reabsorption by the intestine
and kidneys, respectively. Mg?* disorders have
been associated with prolonged hospitalisation
and higher mortality rates, with neurological
and cardiovascular clinical signs prevailing
at presentation. Hypermagnesaemia is rarely
diagnosed in clinical practice and is associated
with impaired renal function or excessive
Mg?* administration, commonly manifesting
as diminished to absent tendon reflexes and
hypotension. In contrast, Mg*" deficiency
occurs more frequently in clinical practice and
is associated with underlying comorbidities.
Hypomagnesaemia with or without other
concurrent electrolyte disorders, may result in
systemic hypotension and cardiac arrhythmias
due to a disruption in myocardial action potential
(depolarisation and repolarisation phase). Mg?**
deficiency can also account for epileptic seizures
or tetanic contractions.

Objective measuring and interpreting
Mg?* concentration are difficult because of its
intracellular localisation, when blood serum Mg**
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TIELPAHATIKEG HENETEC MG Sev eivart akopa Stabéotueg oe
KAWVIKO emtinedo. Ot wpéipeg 1810TNTEG Twv ahdTwv Mg?* Ba
HItopovoav va xprotporotn ooy oe cuoTnUATIKEG TAONoEL,
aANG 1) XOpryNnon Toug cuxva atodevyetat e€attiog NG
ACAPELOG TOV ATTOTEAEOUATWV HETPNONG. Q0Td00, OL
TIOPEVEPYELEG UITOPOVY VA aTtopevXBoUV [Le TTPOCEKTIKN
xopriynon Mg** oe umokeipeveg SlaTapayeg, TIG OTIolEG 1)
OLHPBOAR TO 16VTOG B UITOPOUCE VX ETTLPEPEL TTLO ETILTUXN
QTTOTENEGUATAL.

MeSH keywords: cat, dog, magnesium

Elcaywyn

To payvnoto (Mg?**) eivat éva KATLOV e TIPOTAPXLIKO pOAO
o€ €va eVpL GPATHA [WTIKOV AELTOVPYLOV GTOUG {wVTavolg
opyaviopolg. Ze avtifeon, pe GANA LOVTA OTIWE TO VATPLO
(Na*), to yhopto (Cl), to acBéotio (Ca?*) kat to kéhio (K*),
oL épeuveg Tov oXeTiCovTat fe Tig dtatapaxég Tov Mg ka
1 KAWVIKT Toug onpacia givat teploplopéves. O KOpLog meplL-
OpLOTIKOG TTAPAYOVTHG YLt QUTH TNV ey YeVT) SLOKOA(a givait
n pétpnon tov emmédwv 6To aipa, Sedopévou ott 10 99%
Tov Mg* Bpioketat eviokuttapika. Tig tehevtaieg Sekaetieg
éxouv avarntuxOei Texvikég LeTpnong twv emmédwv Mg
He GpETO 1) Eupeco TpoTo. Mehéteg oe SLaPpopoug TOpElG
NG LXTPLKIG £XOUV ATTOKXAVYEL TOV EVEPYETLKO TOL PONO,
ovpneplapPavopévng tng eviatikig Beparmeiog.

Ye avBpwroug aoBeveic mov xpeldoTnKay voonheia o€
povadeg evratikng Oeparmeiag, To 20% and avtovg armo-
SeixBnxe O1L eixe vTopAy VN OLaLpio Kot To 9% LTTEPUAY V-
otaipia (Reinhart & Desbiens 1985). Xe pior GAAN peétn,
T0 10600 TO TwV avlpaTnv acbevav fe vopayvnotaipio
avepxdtav oe 65% (Ryzenet al. 1985). O Whang mpotetve
™ pétpnon TV enumédwv Mg* aTov 0pd ToL ailatog TOU
acBevolg, GUYKEKPLUEV OTAV GUVUTIAPXOUV SLATAPAXEG
O0TOUG NAEKTPOAVTEG, dedopévou OtL 1) pétpron tov Mg
amnodeixOnke 011 ovxvd apadetotay (Whang & Ryder
1990). I'lio mpdopateg exkBéaelg xouvv cuvdéoel TV ma-
poucia TG vITopayvnotalpiag oe avBpwmovg acbeveig
pe ooPapég Siatapayxés Mg e Suthdolo tocootd Bvn-
OLHOTNTOG, 0g oVYKplon He acBevelg oTOLG OTTOIOVG TO
Mg?* Bplokdtav o€ GUGLONOYIKG emimeda. Xe oNnITIKovg
acBeveig Tov voonlevovtal o€ povadeg evtatikng Bepa-
nielag, mopatnpeital cuxva ofeia vedppikr) PAaPn e€attiog
NG LITOBOETIKAG N pUGLONOYIKNG HIKPOKLKAODOPING, TNG
didomaong Tov puBpot omelpapatikng SiBnong Kat g
SLaTAPaXNG TWV COANVAPLOK®OV ETLONAAK®OV KUTTAP®V
IOV GUXVA 00NYOUV O€ aVWUAAiEG OTLS TLHEG ToL Mg
(Meurer & Hocherl 2019).
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measurements are the only tests available for
clinicians. New techniques have been developed
and used in experimental studies, but they are not
yet available in the clinical setting. The beneficial
properties of Mg** salts could be used in systemic
diseases, but their administration is often avoided
due to ambiguity of concentration measurements.
Nevertheless, adverse effects can be avoided with
careful administration of Mg?* in underlying
disorders in which the ion’s contribution could
lead to more successful results.

Introduction

Magnesium (Mg?) is a cation with a central role in
a wide range of vital functions in living organisms.
In contrast to other ions like sodium (Na*),
chloride (CI), calcium (Ca?*), and potassium
(K*), research regarding Mg** disorders and their
clinical significance in veterinary practice are
limited. The main inhibiting factor for this is
the inherent difficulty in measuring blood levels,
considering that 99% of Mg*" is intracellular. In
recent decades, tests of measuring Mg”* levels
directly or indirectly have been developed. Studies
in various fields of medicine have revealed its
beneficial role, including intensive care treatment.

In human patients that required hospitalisation
in intensive care units, 20% of them were
found to have hypomagnesaemia and 9%
hypermagnesaemia (Reinhart & Desbiens 1985).
In another published report, the percentage of
human patients with hypomagnesaemia reached
65% (Ryzenet al. 1985). Whang has suggested
measuring Mg?* levels in human patient serum,
in particular, when other electrolyte disorders
co-exist, considering that measuring Mg** was
found to be frequently omitted (Whang & Ryder
1990). More recent reports have associated
the presence of hypomagnesaemia in human
patients with severe Mg** disorders with double
the mortality rate, as compared with patients
in which Mg?** was within normal range. In
intensive care hospitalised septic patients, acute
kidney injury is often observed due to presumed
abnormal microcirculation, glomerular filtration
rate disruption and renal tubular epithelial cell
dysfunction that often leads to Mg?** disturbances



Ye pelétn Tov 1957 Tou Ttepleiye mepaLTEPw TTANpOPopi-
¢ antd melpdpaTa oe apovpaiovg, ot Vitale et al. avépepav
AVUOTOAT) TNG 0EeOWTIKNG pwoPopLAinanG oe KOTTUpX
ToL Kapdtakol Huog oe apovpaiovg, e€attiog TnG EAAeYNg
Mg*, artodetkv0ovTag 6Tt To Mg givat ooV TIKO YL TNV
TIOPAYWYT) EVEPYELXG O KUTTAPLKO eTtinedo kat e§axopatilel
TNV OHoAT) AetTOVpYia TV 0pYAVWV TOU 0OHATOG. [la To
Aoyo auto, Slatapayég TnG opoldoTaong Tov Mg?* po-
povV va odnyrioovv oe TR oEg ATEANTIKEG Yia T (o
(Vitale et al. 1957). Ant6 116 peléteg o€ avOpaIToug Kat Tig
TIELPAPATIKEG SOKIUEG OE APOLPAIOVS CUHITEPAIVETOL OTLT
onpaocio tov Mg** eixe yivet katavontr), ytoe 1o Aoyo autd ot
peléteg Ste€ayovtav oe {Ha poketpévou va erttPePatwbel
1 onpacia Tov Kot o€ AUTAL.

Znv KTVIaTpikr) KAVIKA Tpaén, n mpaytn pehérn 8n-
pootevBnke to 1957 oe Pooetdr) HETA TNV KATAVAAWOT
GpEaKOL TTPATLVOL XOpTOU, KATA TN didprela TNG dvoténg
Kot Tov GOVOTIOPOUL Katt TNV eUPAVIOT) UTTOHAY VI OLOLpLA-
K¢ tetaviag, tetaviog Tng xAOng 1 tetaviag g dvoténg
(Kemp & Hart 1957). H napovoia tng vmoporyvnotatpiag
elvat moAvmapayovTikn Kot Sev éxet yivel armoAdTwG Kata-
vonTn. Miot arto Tig KOpLeG auTieg eival ) xapnAn TpooAnyn
Mg?, kaBwg kat n mapovsia LYNAGVY enédwv K otn
Statpodr mov eunodifouvv v amoppdpnon tov Mg*'.
Ye pelétn mou mpaypatornot)fnke oe GKOAOUG TTOL gixoy
eloaxBel oe povadeg evratikng Bepareiog, mapatnpnonke
TIoipo LG LITOHAY VN OLALUiNG O€ TTOCOGTO 54% Kat 0 SelkTng
BvnowdtnTag nrav 2,5 popég vYNAOTEPOG Ge CLYKPLON
fe okOAOULG pe Ppuatoloyikd emnineSa Mg** otov opd Tov
aipatog (Martin et al. 1994). Xapnhdtepog Seiktng emiPi-
WONG Kal Hokpd Sidprela voonelag mapatnpronke Kat oe
Y&TEG 0TI oToieg LTpXe Statapayn TV enutédwy Mg
otov opd tou aipatog (Toll et al. 2002). Ot avwpahieg Tov
Mg** otov opd ToL aipaTog paivetatl va oxetilovtat fe
vedppolBiaon Kat TN XpOvia VEPPLKY aVETAPKELX, V-
Pwva fe HENETN TIOL TIpayaToTtoOnKe o ydTeg, oTnv
oroia mapartnprOnke vrtepporyvnoaipio oto 38,1% (16/42)
Kat vrtopayvnolaipia 6to 14,3% (6/42) tTwv mEPIGTATIKGOV
(Chacar et al. 2019).

Ot diatapayég Tov Mg ek8nlovovTal Kuping fe au-
HITTOHATA HETAPOAOHOV, KapSLXY YELAKA KOt &TTd TO KEVTPL-
KO veupLkd ovatna. Otav mapatnpolvTal TEToLov eldoug
CUUTIT@HOTA, CUOTHVETAL 1) ENAVAPOPE TWV ETUITES WV
Mg** oe puotohoyika eminmeda. Ot TPAKTIKES ePpAPUOYES
NG TAPOXNG CUMITANPWHATOV Hoyvnoiov, woTooo, dev
nieplopilovtal oe aUTEG TIG Statapayée, AappdvovTag und-
Yn ot tailouv pddo oty avatoOnaia kot Ty avakynoia,
kaBa¢ kat ot Bepareia Tov TeT&VOUL.

O poAog Tov Mg?

To Mg** eivat onUavTIKO 6Ta HITOXOVOPLA Yia TN HETAPOPE
¢ ATP kat v mapaywyn evépyetag. Epmiéketat otov
HETAPOAOUO TWV VOUKAEIKOV 0EEWV KAl TOAM®V eVIOH®V
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(Meurer & Hocherl 2019).

Other experimental information in rats
has been included in a 1957 study, in which
Vitale et al. reported inhibition of oxidative
phosphorylation in cardiac muscle cells of rats,
due to Mg?** deficiency, indicating that Mg?* is
important for energy production on a cellular
level and ensures normal organ system function.
Therefore, disorders of Mg?* homeostasis may
result in life-threatening conditions (Vitale et
al. 1957). It can be deduced from studies both in
people and experimental rats, that the significance
of Mg** had been clear; therefore, studies in
animals were conducted in order to confirm a
similar significance.

In veterinary clinical practice, the first report
was published in 1957, following the grazing of
fresh green grass during the spring and autumn
and the advent of hypomagnesaemic tetany,
grass tetany or spring tetany in cattle (Kemp &
Hart 1957). The presence of hypomagnesaemia
is multifactorial and has not been completely
understood. A main cause is low dietary Mg*
uptake, as well as the presence of high dietary K*
levels that prevent Mg** absorption. In a research
study performed in dogs that were admitted
to intensive care unit, hypomagnesaemia was
reported in 54% of cases, with the mortality rate
being 2.5 times higher compared to dogs with
normal Mg?* levels in blood serum (Martin et
al. 1994). A lower survival rate and prolonged
duration of hospitalisation was also found in
cats, when disruption of serum Mg?* levels had
developed (Toll et al. 2002). In a clinical study,
serum Mg?* abnormalities seem to be correlated
with nephrolithiasis and chronic kidney disease
in cats, in which hypermagnesaemia existed in
38.1% (16/42) and hypomagnesaemia in 14.3%
(6/42) of cases (Chacar et al. 2019).

Mg?* disorders are mostly reflected in clinical
signs of the metabolism, the cardiovascular and
the central nervous system. Restoring Mg** levels
to normal is recommended when such clinical
signs are observed. Practical applications of Mg**
supplementation, however, are not limited to such
disorders, considering that they also contribute to
anaesthesia, analgesia and treatment for tetanus.

The role of Mg**

Mg?* is important to mitochondria for ATP
transport and energy production. It is involved
in the metabolism of nucleic acids and many
enzymes and contributes to the stability of
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Kal oupBaAel 0T oTaBePOTNTA TOV POTPOATIOIKOV
HepPpavav. ZuvavTtatal eite wg evOoKLTTAPIKO (00Td, OKe-
Aetikoi (veg, KapOLaKd HUTKE KOTTap) 1) EEOKULTTAPIKO LOV
0€ TPEIG HOPDEG: TNV LoVIoHEVN 1) eEAebBep) popdry (Bloloyikd
evepyn), TNV ouvSedepévn pe TIPWTEIVES HopPT) Kal, TENOG,
T oVvOeTn popdn. H kopia tnyr) Mg etvar n Slatpodikn
TPOOANYN, HECK TNG ATTOPPOPNONG ATTO TO EVTEPO, OTIOV
AapBavouy xopa pnxaviopol evepynTikig Kol TadnTikng
petapopdg (Hayashi &Hoshi 1992). Enithéov, o pohog
TV VEPPOV OTNV ATTEKKPLOT Kol entavappddpnon Tov Mg
elvat Slaitepng onpaciag, Sedopévou OTL 1) GLCLONOYIKT
vepin Aettovpyla ennpedlel oNUAVIIKE TNV LlGOpPOTTiat
TOU KaTIOVTOG 010 owpa (Quamme & Rouffignac 2000).

Evrtepikn amoppodpnon tov Mg

H amoppo¢non tov Mg** emituyxdveral pécw madnTi-
KOV KOl EVEPYNTIKWV 08V HETAPOPAC, KUPIWwG OTOV ELNED
Kat devtepevdvTmwe o votida Kat To kKOAov (Hayashi &
Hoshi 1992). H na®ntikr) amoppdgnon emrvyxdverat pe
1pelg Tpdmog. H evtepikrn anoppddpnaon tov Mg** e€aptatal
amnd Ta evdoKLTTApIKA entimeda oTor emONALAKE KOTTAPX
Kal emnpeadetat and to emimeda NG LOVIGHEVNG HOPPNG
OTOV eVTEPLKO aUAO. EmimAéov, n emavappdpnon vepol
Kt 0A&TV 08nyel 0TO oXNUATIONS OeTikOL PpopTiov oTov
eVTEPIKO aUAO, 0 Se0TEPOC TTAPAYOVTOG TIOL OLEVKOAVVEL
Vv madnTikn emavappdPnon tov Mg* and 1o €viepo
(Kerstan & Quamme 2002). Té\og, eivat yvwotr) n onapén
TPWTEIVOV 0TOVG GTEVOLG 8eapovG peTaly Twv emdniia-
KOV KUTTAPWYV, 0oL 0TI0ieG AelToupyoLV wG Siatvot LOVTLY,
napdro mov Sev vmapxovv Stabéotpeg TANpoPopieg Yo
T ouvadeld toug pe to Mg (Kerstan & Quamme 2002).
Zoppwva pe peNéTeg oe avOp@IIOUG, 1) EVEPYNTIKT) He-
TaPOPd EMTUYXAVETAL HEOW TNG eMISPAOTG TWV TIPWTEIVGDV
HETAPOPAC OTN HEUPPAVT TWV EVTEPIKAV ETTIONALAK®V KUT-
Tépwv (Bateman 2012). Eva xapaktnpLotiké mopddetypo
TOV TTPWTEIVOV LTV elval ) TTPWOTEVIKT) LITOKATNYOpia
M xat ovykekptpéva ot TRPM6 kat TRPMY7, ot omoieg
oLVOLALOLV SLAUAOUG LOVTWV e HLX EVOOKVTTAPIKT TTPK-
TEVIKN Kvdon 1) évivpa. e auTh TNV EPImTwoT, woTo0o,
n Mg-ATP amote)el T0 UTTOOTPWHA YLot TO EVIVIKO THR A
auToL TOL LAV, YL TO AGYO0 aUTO ptopel va 0dnyroeL oe
avaoTOAT) TNG eVOOKULTTAPIKAG HeTaPpopag ToL Mg?*. Auvtd
prtopei va oupPel dTav T KOTTOpa eivat A pn oe Mg**
odNy®VTaG 08 TAPEUTTOSLOT TOV GUUTIATNPWHATIKOD Mg
eVOOKUTTAPIKA (€0 TV StabAwv aut®v (Bateman 2012).
Eite evepyntikn eite manrikn, n petapopd Mg* amo
TOV TIEMTIKO CwARva eapTaTal dpeco aTto Tr SIKTPoPIKT
nipdoAnyr) tov. Ta vYnA& Statpodiké emineda Tov Mg
SlevkoAOVOLV TNV TIABNTIKY HeTaPpopd evey o€ avTiOeTn
niepinton, kuptapyel n evepyntikn petapopd (Chubanov et
al. 2005). Ze TaBoA0YIKEG KATAOTATELG OTIWG OL SLATAPAYEG
dvoamnoppodpnong Kat 1 xpovia pAeypovmdng vocog Tov
evTépou, Uiopel va pokAnOei vmopayvnaotatpio.
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phospholipid membranes. It can be found either
as an intracellular (in bones, skeletal muscles,
cardiac muscle cells) or an extracellular ion in
the following three forms: the ionised or free
form (biologically active), the protein bound form
and the complex form. The main source of Mg**
is dietary uptake; it is absorbed by the intestine
where mechanisms of active and passive transport
occur (Hayashi &Hoshi 1992). Furthermore, the
role of kidneys in the excretion and reabsorption
of Mg?*" is of particular importance, considering
that normal renal function greatly affects the
cation balance in the body (Quamme & Rouftignac
2000).

Intestinal absorption of Mg?*

Mg?**absorption is accomplished through passive
and active routes of transport, principally in the
ileum and secondarily in the jejunum and colon
(Hayashi & Hoshi 1992). The passive absorption
is accomplished in three ways. Intestinal Mg**
absorption depends on intracellular levels in
epithelial cells and is affected by ionised form
levels in the intestinal lumen. Furthermore, the
reabsorption of water and salts results in the
formation of positive charge in the intestinal
lumen, the second factor that facilitates passive
reabsorption of Mg* from the intestine (Kerstan &
Quamme 2002). Finally, it is known that there are
proteins in the tight junctions between epithelial
cells, which function as ion channels, even though
no information for their affinity towards Mg** is
available (Kerstan & Quamme 2002).

According to studies in humans, active
transport is accomplished through the effect of
transport proteins on the membrane of intestinal
epithelial cells (Bateman 2012). M proteins are a
typical example of such proteins, and particularly
TRPM6 and TRPM7, which combine ion channels
with an intracellular protein kinase or enzymes.
In this case, however, Mg-ATP (magnesium-
adenosine-triphosphate) is the substrate of the
enzyme portion of this channel; therefore, it
can lead to inhibition of intracellular transport
of Mg?*. This can occur when cells are replete
in Mg*, resulting in blocking of the passage of
supplementary Mg?* intracellularly through these
channels (Bateman 2012).

Either passive or active, Mg** transport
from the digestive tract is directly dependent
on dietary uptake. High dietary content of Mg**
facilitates passive transport, whereas, in case
of the opposite, active transport predominates



Nedpikn emavappodpnon tov Mg**

Omnwg ndn avadépbnke, ot veppoi cuppdAlovy oty opot-
ootaon tov Mg* oto oopa. To 80% tov Mg* 1o oroio
QUNTpApeTOL ATIO TO OTIEIPANA ELCEPXETAL OTX EYYVG OW-
Anvdpla. Xe avtifeon pe Ao KATIOVTA Yl T OTToix 1
emavappdPnon propel va praocel To 60% oto €yyLG ow-
Anvépla, yix to Mg** 1o tocootd ¢prdvel to 10-15%. H
EMAVAPPOPNON G AVLTO TO THUNAHA CUHPAIVEL HETK TNG
TAONTIKNAG HETAPOPEG. ZTO aviov OKENOG TNG AYKVOANG
tov Henle 10 60-70% tou Mg?* 110U GINTPAPETAL KATA TH
Stapkela TG ometpapatikig Sibnong emavappoddral
(Quamme & Rouffignac 2000, Dai et al. 2001). H peta¢o-
pa vatpiou, YAwpiov Kot vepol artd Tov evEoaUAIKS XHpo
otov SL&eTo vePpLko LoTO Snptovpyel o TIKA Stapopd
TI0L K&vel To Mg?* v teivel va ertavappodpnBel péow twv
0TeEVOV GLVIECEWY TV ETIBNALAK®V KUTTEpWV (TTaOnTIKn
HeTapopd). Mepikég armd TIG 0ppdVeG TTOL aLEAVOLY TNV
enanoppodpnon tov Mg eivat n mapaBoppdvn, n yruka-
yovn, 1 tvoovAivn kat 1 ahdootepdvn (Cole & Quamme
2000). AvtiBeta, n vtokalaLpia, 1 VITOPWOPATALUiN KAl
n oéwon éxouv 1o avtifeto armotéleopa. [Tapdro mmou Ta
anw eomelpapéva cwinvapta dev mailouv kamolo pdro
TO00 ONUAVTIKO 660 TO AVIOV OKENOG TNG AYKUANG TOU
Henle yia ) petadopd tov Mg, puBuifouv yia tnv arméx-
KpLoT KAl TNV TEAKH LYKEVTPwAT Tov Mg* oT1o ovpo. H
EMAVUPPOPNOT G€ ALTO TO THAHAK TOL VEPPOL GUKPAiVEL
Hovo péoa amd evepyég o8ovg, oL omoieg eivat OpoLeG He
QUTEG TTOL TipoavapEpOnKay oTov yaoTpiko cwAfva. [ to
AOYO aUTO, O€ TEPUTTMOTELG XPOVIAG VEPPIKNG AVETTAPKELOG
UTTapYXeL 0 KivOuvog NG vreppayvnolapiog e€attiag g
Satapaxnig otnv arékkpton touv Mg* 1o ovpo (Quamme
& Rouffignac 2000, Dai et al. 2001).

Ilepiocoeia Mg**

To av€npéva eminedo Mg eivat acuvhOoTa 0TV KAVIKNA
TIPAEN KAl OTLG TIEPLOCOTEPEG TIEPUTTWOELG E[VOL LATPOYEVT)
1 ovpPaivouv oe aoBeveig pe xpovia veppikn avemapreLa
(Zaman & Abreo 2003, Jackson & Drobatz 2004). H ipwtn)
ONHUOCLELHEV AVAPOPA LATPOYEVOUG LTTEPHAY VIOLOLLIOG
oe (O CLVTPOPLAG £YLve aTtd TOvG Jackson kat Drobatz, ot
oroiot iepLEypayarv SVO MEPLTTOTELG VTTEPHAY VIOLOLILIOG
VoTepa aTtd evEOPAEPLA £YXLOT) TOL LOVTOG KATA T Sl pKELX
Oepameiog vopayvnolapiag (Jackson & Drobatz 2004).
Ye aoBevelg e vTTOKEipEVN VEPPLKT] VOO, 1 LATPOYEVNG
X0pNynon avtiodvov, KaBapTKOY Kol DITOKAVGHOV TIOU
ouviBwg ephappdvouvy Mg umopei va 0dnynoet oe
avénuéva enimeda Mg* oto oopa (Zaman & Abreo 2003,
Swaminathan 2003).

v umeppay voLaLpic, EKONAGVOVTAL KAVIKE CUUITT®-
HOTOC OLTTO TO OTO VEUPOUUIKO Kl TO Kapdlary yelakd o0 T
(Mivaxag 1). Metav TV apX KV KAVIKOV COUTTOUATWV

Magnesium in veterinary clinical practice

(Chubanov et al. 2005). In pathological conditions
such as malabsorption disorders and chronic
inflammatory bowel disease, hypomagnesaemia
may develop.

Renal reabsorption of Mg**

As it was mentioned above, kidneys contribute
to Mg?** homeostasis in the body. Eighty percent
of the Mg?* filtrated by the glomerulus enters the
proximal tubule. In contrast to other cations,
for which reabsorption can reach 60% in the
proximal tubule, the percentage of Mg?* is
10-15%. In this segment, reabsorption occurs
through passive transport. At the ascending
limb of the loop of Henle, 60-70% of the Mg**
filtered during glomerular filtration is reabsorbed
(Quamme & Rouffignac 2000, Dai et al. 2001).
The transport of sodium, chloride, and water
from the intraluminal space to the intermediate
renal tissue creates an osmotic gradient that
causes Mg”* to be reabsorbed through the tight
junctions of epithelial cells (passive transport).
Some of the hormones that increase Mg**
absorption include parathormone, glucagon,
insulin and aldosterone (Cole & Quamme 2000).
In contrast, hypokalaemia, hypophosphatemia,
and acidaemia have the opposite effect. Although
the distal convoluted tubule does not have a
role as significant as the ascending limb of the
loop of Henle in Mg?* transport, it regulates the
excretion and final concentration of Mg?* in urine.
Reabsorption in this segment of the kidney occurs
only through active routes which are similar to
those aforementioned, located in the digestive
tract. Therefore, in chronic renal failure there is
arisk for hypermagnesaemia due to disruption in
Mg?* excretion in urine (Quamme & Rouffignac
2000, Dai et al. 2001).

Mg?** excess

Increased Mg?* levels are uncommon in routine
clinical practice, with the majority being iatrogenic
or developing in patients with chronic renal
failure (Zaman & Abreo 2003, Jackson & Drobatz
2004). The first published report on iatrogenic
hypermagnesaemia in companion animals
belongs to Jackson and Drobatz, describing two
cases of hypermagnesaemia following intravenous
infusion of the ion during treatment for
hypomagnesaemia (Jackson & Drobatz 2004). In
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efvatl n arovoia TwV TEVOVTIWV avTaVaKAAoTIKGOV. Eival
ermiong mbavo va vrdpEet yevikevpévn puikr advvapio
1) akdpa Kot xahapr) map&huon, n oroia eivat Suvatod va
ETNPEATEL TOUG HUG TOU AVOTTVEVOTIKOD, 08NYQOVTG O€
vrtoaeplopd e€attiag tng afabots avamnvorg (Fassler et al.
1985). H entidpaon tng Spdong tov Mg?* 6TIg VELPOUVIKES
ouvayelg avtiotaBpiletal and to Ca™?, evod T CUMITTOHO-
Ta TN LTEppAyVNolaLpiog eivat 1o oéa oe TEPUTTWOELG
vrokoatpiog (Swaminathan 2003).

To vynA& enineda Mg oto aipa prropotv va odnyr-
oouvv oe ooPapr undtaor), Sedopévov 6Tt To Mg pmopel va
nipokaéoet eptdpepkn ayyetodiaoton. Exet mapatnpnOel
o1t 1d00 oTa {war 600 Kat og avOpoToug acBeveig oL TIEG
vYnAoTepeg artd 3-5 mEq L éxouv odnyrioet og epdpavion
vntotaong (Hoff et al. 1939).

Ye mepuUTTROoELG Xoprynong Mg* cuotrjvetal ) oTevi
TTapakoAovONon ToL KAPSLAYYELNKOU CUGTAHHATOG YIa
NAEKTPOKAPSIOYPAPIKES OVWHUANIES KAL LTTOTAOT). L€ TTEpL-
TITWOELG OTIG OTIOLEG TIOPATI POVVTAL AVWHAALEG, T) XOPTYNOT)
Ba mpérel va StaxdmreTal Kat va yivetat xoprjynon Stov-
PNTIK®V. X€ OTIAVLEG TIEPUTTWOELG CUOTHVETAL ) XOP1YNON
yAukovikod Ca?* ipokelpévou va ipoAndpBoiv ev pépet ot
kapSiotoikég emdpaoelg tov Mg?* (Martin 1998, Bateman
2012, Bateman & Mathews 2017).

e melpapatikn épevva o 1999, o Nakayama kot ot

patients with underlying renal disease, iatrogenic
administration of antacids, laxatives as well as
enemas that frequently contain Mg** can lead
to increased Mg?* levels (Zaman & Abreo 2003,
Swaminathan 2003).

In hypermagnesaemis, clinical signs affect the
neuromuscular and cardiovascular systems (Table
1). Among the first clinical findings is the absence
of tendon reflexes. Generalised muscle weakness
or even flaccid paralysis can also develop,
affecting the respiratory muscles and resulting
in hypoventilation due to shallow breathing
(Fassler et al. 1985). The effect of Mg** activity
on neuromuscular synapses is countered by Ca*,
while signs of hypermagnesaemia are more severe
in cases of hypocalcaemia (Swaminathan 2003).

High Mg** levels in the plasma can result
in severe hypotension, since Mg?* can cause
peripheral vasodilation. It has been observed
that both in humans and animal, values higher
than 3-5 mEq L have resulted in hypotension
(Hoff et al. 1939).

In cases of Mg?" administration, close
monitoring of the cardiovascular system is
recommended for potential electrocardiographic

Mivakag 1. Aitia, KAvikd onpeia ko Ogpaneia tng mepicosiag Mg?*.

Aitia Mapdayovteg mou Se0EVOLY TO PWOPOPO e BAoel To avBpakikod Mg?*

Meovadouoa dlatpo@ikr mpdoAnyn
Oepareia e Aiblo
Ne@ppIkr avemapkela

EvdokpivordBelec (umepnapabupeoeldiopde, umoBupoEIBIoUAE, vooog Tou Addison)

KAwvikd onueia

Kapdiayyeiakd ovotnua (umdtaon, evaiodnoia atn Styoivn, Kapdiakr) avakorr)

HAektpokapdloypaikd euprjpata (Bpadukapdia, mapatetapévo didotnua PR)
Nevpopuiko clotnua (peiwon 1y amousia vwTiaiwy avtavakhaoTikwy, xahapr mapdhuon)

[a0TPEVTEPIKG OUOTNHA (EUETOC, EINEOC)

O¢epaneia Aovpnon e xopriynon 0,9% xAwplovxou vatpiou

FAUKOVIKO aoféoTio

Meptrovaikr) SIUAION EI8IKA GTAV EXEL EMNPEATTEL N VEQPIKN AEToupyia

AovupNTIKA TNG AYKUANG

TEVIKOTERQ, AV N VEPPIKA AEIToupyia eival aképain, n UmEPUAyVNOLaIpia ival ypriyopa avaoTpéPIun

Table 1. Causes, clinical signs, and treatment of Mg?** excess.

Causes Phosphate-binding agents based on Mg2+ carbonate
Excessive dietary uptake
Lithium treatment
Renal failure

Endocrine (hyperparathyroidism, hypothyroidism, Addison’s disease)

Clinical signs Cardiovascular system (hypotension, digoxin sensitivity, cardiac arrest)
ECG (bradycardia, prolonged P-R)
Neuromuscular system (reduction or absence of in spinal reflexes, flaccid paralysis)
Gastrointestinal system (vomiting, ileus)

Treatment 0.9% NaCl diuresis

Calcium gluconate

Peritoneal lavage especially when renal function is affected

Loop diuretics

In general, when renal function is intact hypermagnesaemia is quickly resolved
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OLVEPYATEG TOV HEAETNOAV TNV ETISPACT) TNG LATPOYEVOUG
xoprynong Mg?* ae ok ovg kat ouprépavay ottn §oco-
Moyia petad 0,1-0,2 mEq kg Sev mpokael atpoSuvapikég
Satapayés (Nakayama et al. 1999).

EANewyn Mg*

H éM\ewyn Mg?* propel va ennpedoet TOMAITAG GLOTH-
pata opydvev (TTivakag 2) kat, Onwg poavapepOnke,
oxetileTal e mapateTapévn voonheia Kot VYNAG TocooTd
Bvnopotnrag oe okbAovg Kat yateg (Martin et al. 1994,
Toll et al. 2002). H xataviiwon Siattag xapning oe Mg
éxet ouvdebei pe kabvotepnuévn avamtuln, PA&Peg oto
O¢ppa kot Teptpepikd odnpata (Bateman 2012, Bateman
& Mathews 2017).

Ta KAWVIKE CUUITTOUATA €ivat DKo SLAKPLTE 0TV
KAWVIKY TIpd€n katl ouviBwg mpoépxovTal amd To Kop-
SLAYYELAKO KAL TO VEVPOULIKO cUOTNpA, KaBwg Kat To
AVATIHPOYWYLKO KAL TO EVOOKPLVIKO cUOTNHA. AVaAdywg

Mivakag 2. Aitia kat KAwvika onpeia tng éNewpng Mg+,

Magnesium in veterinary clinical practice

abnormalities and hypotension. If abnormalities
are observed, administration should be stopped,
and diuretics should be administered. In rare
cases, Ca** gluconate is recommended in order
to prevent the cardiotoxic effects of Mg?* (Martin
1998, Bateman 2012, Bateman & Mathews 2017).

In an experimental research in 1999,
Nakayama and associates studied the effect of
iatrogenic administration of Mg** in dogs and
concluded that doses between 0.1-0.2 mEq kg* do
not cause haemodynamic disorders (Nakayama
et al. 1999).

Mg?** deficiency

The effect of Mg?* deficiency can involve
multiple organ systems (Table 2) and, as it was
mentioned above, it is associated with prolonged
hospitalisation and high mortality rates in dogs

Table 2. Causes and clinical signs of Mg?* deficiency.

Aitia Meiwpévn mpdoAnyn Mg?*
+ Avopetia
* Melwpévn eviepikn amoppo®non
+ Euetog
+ Xpdvia dlappota
* OAeypovwdng vOoog ToU EVTEPOU
* J0vdpopo duoanoppoPnong
* EVIEPEKTOUN-EVTEPOAVAOTOMWON
+ Ofeia yohootatiki nmatitida
+ [layKPEQTIKA QVEMAPKELQ
AnOAEIa 0 KOMOTNTA TOU OWHATOC
Oeparneia e VooLNivN
AUENON KATEXOAAIVV
Oepaneia o&éwong
Eyxuon yhukolng
Maykpeatitida
Auénpévn amwAela
+Aloupnon pe anwAela YAwploUxou vatpiou
* AloupnTikd
* Ymeppwopatalpia
* YrokaAhawuia
* Negpikéc Siatapayéc
EvookplvomabeleC: oakyapwong Slaritng
Avamapaywylké o0oTnia: Kuogopia
Odppaka Onhacpol

KAwvikd onpeia  Avamveuotikd o0otnpa (Bpoyxoomaopoq)
Kapdiayyelakd ovotnpa
ayyeloovonaon
uméptaon
evalobnoia otn dtyo&ivn
HAextpokapdloypagikd euprjata
Kohrikry taxukapdia
YrepkoIMakr Taxukapdia
+ Torsade de Pointes
KoATtikr) pappapuyr
Neupopuiko ovotnua
+ Tetavia
Muikéc ouomdoelc
EmAnmtikr 6paotnpidtnta

Clinical signs

Causes Decreased Mg?* uptake

* Anorexia
* Reduced intestinal absorption
+ Vomiting
+ Chronic diarrhoea
*Inflammatory bowel disease
* Malabsorption syndrome
+ Enteric resection - anastomosis
+ Severe cholestatic hepatitis
+ Pancreatic insufficiency
Body compartment loss
Insulin therapy
Catecholamine increase
Management of acidosis
Glucose infusion
Pancreatitis
Increased loss
+ Saline diuresis
+ Diuretics
* Hyperphosphatemia
* Hypocalcaemia
* Renal disorders
Endocrinopathies: diabetes mellitus
Reproductive system: gestation
Lactation medications

Respiratory system (bronchoconstriction)
Cardiovascular system
Vasoconstriction
Hypertension
Digoxin sensitivity
ECG
Atrial tachycardia
Supraventricular tachycardia
+ Torsade de Pointes
Atrial fibrillation
Neuromuscular system
+ Tetany
Muscle contractions/fasciculations
Epileptic activity
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fe TV actia Kat TN coPapdtnta TG ENAenyng Mg, ta
CUUTIT@HOTA HITOPOVV VA TIOIKIAOLY aTtd RTTL HEXPL
ammeAnN Tk yla ) {wn).

Kapdiayyelakod cuoTnpa

Amé puololoyikr) aroyrn, 1 GLOTIAGT TOL KapSLKoL
HLOG €lvaL TO ATTOTENEGHA EVOG TUVOETOUL UNXAVIOHOD,
0 0110i0G YapaKTNpileTot artd TNV Tageio avToAayr) ev-
SOKUTTATIK®V KL e§WKUTTAPIKDV LOVIWV. ZUYKEKPLHEVA,
€vog Paotkog TapayovTag Tov cUUPBAANEL O ALTO TO
pnxaviopo eivatn eevBépwon Ca** arnd 1o capkomAa-
opaTiko 8ikTuo 1) 1 €icod6¢ Tov amtd ToV EWKLTTAPIKO
xwpo. QoT1d00, N petapopa Ca’ ouvdéeTal 0TEVA (e
™ ovykévipwon Mg* (e€wkuttapiki kat evdokutTa-
PIKT) LOVIOHEVT) HOPPT), TIOL aTTOTENEL GUVEVILHO TNG
Ca?*ATPdong. H Ca**ATPdaon eivat éva évivpo vmed-
Buvo yla ) petadopd Tov Ca** 0To COAPKOTANCUATIKO
Siktvo, dtav €xel ohokAnpwBei n puikr ovomaon (Martin
etal. 1994). Enuth\éov, to ewkuttapiko Mg propei va
Aettovpynoel wg avaoToréag Twv Statdwv Ca?t, tpo-
AXHPAVOVTAG TNV KUTTAPOTTAACUATIKT UTTEPGOPTWOT
(Iserietal. 1983). Téhog, to Mg?* eivat emiong cuvévivpo
TV AVTALGV LOVTIWY, oL oTtoieg peTadépouv Na* kat Ca?*
070 e€wTeptKo, Kal K 0710 eowtepikd Twv Kapdiakmv
HUK®V KuTTapwv (Martin et al. 1994).

H éMewyn Mg eivat miBavd v odnymoet oe appub-
pieg, OTwG 1 KOATIKY TarxuKopdia, KOATIKY pappapuyn,
vrnepkothtaki taxvkapdia kat n Torsades de Pointes
(Iserietal. 1992, Bateman 2012, Humphrey et al. 2014),
e€autiag datapaxwv otnv aviodlaym petad Twv Ca*
kot K* (exrtodmon kat avarmodwor) ota KopStakd puikd
KoTTapa. Kavovikd, katd tn StapKela TG ¢pAaong ekmod-
Awong (p&on 4) to evdokuttapikd Ca* amofdAletar pe
™ Ponrfeta tng Mg-ATPd&ong Kat Tov evEoKLTTAPIKOD
K* mou eivat xapn\oé og autd to onpeio Kat popei
va cLUUIANpwOel péow TG e€aptirpevng amo to Mg
Na*- kot K*-ATPdong. Otav vndpyxel Ehewyn Mg*, o
mapantdve pnxaviopdg ev Aettovpyei. Emumiéov, oe
TIEPUTTAOOELG VTTOHAYVIOLALHIAG, eival Suvato va Tpo-
KANBoUV peTaduvapikd e€attiag TwV eVOOKLTTAPLIKWY
ovykevipwoewv Ca*. Ta Suvauikd autd pITopovy va
TIPOKANOOUV KAl oTd TNV TEPLOTATLOKT HETAPOPK TWV
Ca?* 670 CopKOTTAAGHATIKO OIKTLO. Z€ TIEPUTTWOELS EN-
Aewyng Mg?, Snuiovpyotvtal ékTomeg O¢oelg ekTOAwanG
o€e ouVOLAOHO e peiwan Tou K¥, ) petadopd Tou omoiov
eniong Kavotepel, TPOKAA@VTAG VTTOTpOTILd{ovoa
tayukapdio (Iseri et al. 1983).

Aev givat duvatd va emtiPePatwdei av ot appubpieg
TIoU TIpoavadEpOnKav TPOKAAOUVTIAL ATTOKAELOTIKA
amnd v éNewyn Mg*, dedopévou OTL GUXVE LTIAPXEL
tavtoxpova vokatatpia (Huang & Kuo 2007). Xe
TIELPAUATIKT] LEAETT) O€ TPWKTIKA TIOU elyary AaPeL Tpodr
xopic Mg*, mapatnpriOnkav .IoTonaoloyik GpAeypo-
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and cats (Martin et al. 1994, Toll et al. 2002). Diet poor
in Mg** has been associated with delayed growth,
skin lesions and peripheral oedemas (Bateman 2012,
Bateman & Mathews 2017).

Clinical signs are readily observed in the clinical
setting and usually stem from the cardiovascular and
neuromuscular systems, as well as the reproductive
and endocrine systems. Depending on the cause and
severity of Mg?* deficiency, these can vary from mild
to life-threatening.

Cardiovascular system

From a physiological perspective, cardiac muscle
contraction is the result of a complicated mechanism,
which is characterised by rapid exchange of
intracellular and extracellular ions. In particular,
a major contributing factor for this mechanism
is the release of Ca?* from the sarcoplasmic
reticulum or its entry from the extracellular space.
However, Ca* transport is closely associated with
Mg?* concentration (the intracellular as well as
the extracellular ionised form), which happens to
be a coenzyme of Ca**ATPase. Ca**ATPase is an
enzyme responsible for Ca** transport back to the
sarcoplasmic reticulum, when muscle contraction
has been completed (Martin et al. 1994). Moreover,
extracellular Mg** can act as a Ca** channel blocker
preventing cytoplasmic overload (Iseri et al. 1983).
Finally, Mg** is also a coenzyme of ion pumps, which
transport Na* and Ca*" outside, and K* inside the
cardiac muscle cells (Martin et al. 1994).

Mg?** deficiency is likely to lead to cardiac
arrhythmias, such as atrial tachycardia, atrial
fibrillation, supraventricular tachycardia and
Torsades de Pointes (Iseri et al. 1992, Bateman
2012, Humphrey et al. 2014) due to disorders in
the exchange between Ca?* and K* (depolarisation
and repolarisation) in cardiac muscle cells. Normally,
during the depolarization phase (phase 4), the
intracellular Ca*" is expelled through the Mg-ATPase
and intracellular K* which at this point is low and
can be supplemented through the Mg-dependent
Na*-and K*-ATPase. When Mg** deficiency develops,
the above mechanism is not possible. Moreover,
in cases of hypomagnesaemia, metadynamics can
be caused due to intracellular Ca** concentrations.
Such dynamics may also be caused by the occasional
transport of Ca** through the sarcoplasmic reticulum.
In cases of Mg?* deficiency, impulse sites of extranodal
origin are created combined with a reduction in K*,
the transport of which is also delayed, resulting in
recurring tachycardia (Iseri et al. 1983).

It is not possible to confirm whether the aforemen-



vadelg adlotnoelg Tou pvokapdiov (Kramer et al. 2003).
Emuthéov, n éMewyn Mg?* peimoe tov oudo mpoxkinong
TaxLappLOULOV aTTd ETIVEPPIVT), OE APOVPALIOVG TTOL TOUG
elxe xopnynOei elomvevotikn avaiodnoia (Crawford 2004).
Ol ovvéneleg Tov apLotkeVv eTmédwv Mg?* oT1o aipa eivat
eUaVEIG KL 0TO TIEPLPEPIKO KapSlary yelakd ovotnpa. Eival
YEYOVOG OTL 1 TTapousior Tov Mg éxel oy YeloSIaoTaATIK
eniSpaon, Aappavovtag vtoyn otL ennpedlel TOV KOKAO
Touv Ca*" ot KOTTHpA TV A&V HUGOV TWV TIEPLPEPIKAOV
ayyeiwv, 0dnNy®vTag 0g ayYELOOVOTIAOT [HEOW XUTOV TOL
HIXAVIOHOV, TOV OTT0{0 avaTpEéTel To Mg* mpoKaAOvTag
ayYeloSlaoTONN. Xe Tiepunt@oelg EMetyng Mg?, ermopévwg,
1) CLOTNHIKT LIEEPTAOT) Eival KATL TO avapevopevo (Martin
et al. 1994, Laurant & Touyz, 2000).

Avamapaywyiké c0oTnHa

Ye GKUAOUG e TIEpLYEVVNTIKT eKAapyia, N LTTopay v olotpio
Kal 1 vIokoALatpioe ATy Tavtoxpova mapovoeg. I to
AOYO aUTO, O€ TEPUTTAOTELG EKAAUYIAG, 1) AT CUUTIAN p®-
HOTOG Kot TV U0 LOVTWV ETIIPEPEL TILO OTOTEAETUATIKT
KaL T OTEPT VPEDT) TWV CUUTTOHETWY (Aroch et al. 1999).

Ev8okpuvikd cvotnua

Meléteg oe avBpamoug deixvouv 011 oe acBeveig (e ooK-
xapwdn dwafrtn (ZA) n vopayvnolatpia ptopel v ou-
VUTIAPXEL e avTOXT OTNV LVGOUAiVN. Oewpeital OTtL avTo
mpokoeital and tn vedppikn arékkplon Mg* péow g
UITEPYAUKALUIKN G wOHTIKNG Stovpnong (Huerta et al.
2005). Ze pla epyacio o€ YATEG e pn) eMUTAEYHEVO XA Kall
dtapnrikn keto€éwan (AKO) Bpédnke eppavig Stapo-
PO AVAPESA GTIG TIHEG TOL GUVOMKOV Hayvnoiov (tMg)
KOL TOU LOVIGHEVOL payvnaiov (IMg) oe mpoaPePAnuéveg
YéteG, o cUYKPLON He QUTEG TIG TIHEG O€ LYLEIG YATEG. 2e
TpocPePAnpéveg yateg PpéOnkav xapun\oTepeg TIHEG OTA
enineda 1600 ToL tMg 600 Kot Tov IMg. Xe voonhevopeva
(oo aoBeveic pe LA kot AKO, eivar avaykaia n otevr) mo-
pakoroVOnon Yl TOAVE CUMTTTOUATO LITOAY VI OLOLLiG
(Norris et al. 1999).

Nevpopuiko ocvoTnpa

‘Ooov apopd TO KEVTPIKO VELPLKO CUGTNHA KAL TO HUOCKE-
Aetikd VoA, 1) LITOpAYVHoLALpa HITopel va 00Ny oeL
oe LTEPSIEYEPTT TWV VELPWVKV Kail atLENEVT VEVPOUUIKT
petadoaon, mov ouvhBwg ekSNAGVOVTAL KAVIKA 0G ETTLAN-
TTIKEG Kpioelg (Anderson et al. 1986). Qotdoo, e€attiog
TOU YeYOVATOG OTL OL GUVETIELEG TNG VAL OTIAVIWG KAVIKA
eppaveic ot (O oLVTPOoPLAG, ot Stabéatpeg TAnpodopieg
elvat eploplopéves. H tetavia tng xAong ota fooetdr) mov
nipokoeital amd v EAenyn Mg eival yvootr edo Kal
Kalpo6 (Kemp & Hart 1957). Xe tétoleg MEPUTTWOELS, T
xapnha enineda Mg* o8nyovv oe avénpévn amodéopievon
AKETUAOXOAIVIC OTIG VEUPOUVIKEG CUVAYELG KOll, ETTOUEVWG,
OTNV eUPAVIOT EMANTTIKGOV KPIGEWY KAL TOV TETAVIKGOV
HUIK®WV OLOTIAOEWV.

Magnesium in veterinary clinical practice

tioned arrhythmias are exclusively caused by
Mg?** deficiency, considering that hypokalaemia
is often concomitant (Huang & Kuo 2007). In
an experimental study in rodents that were fed
diet lacking Mg**, histopathological findings in-
cluded inflammatory lesions in the myocardium
(Kramer etal. 2003). In addition, Mg** deficiency
decreased the threshold for epinephrine-induced
tachyarrhythmias in rats that had been adminis-
tered inhalational anaesthesia (Crawford 2004).
Consequences of abnormal levels of Mg?* in the
blood are also evident in the peripheral cardio-
vascular system. It is a fact that the presence of
Mg** has a vasodilatory effect, considering that
it affects the Ca** cycle in the peripheral vascular
smooth muscle cells, resulting in vasoconstriction
through this mechanism, which is negated by
Mg?, causing vasodilation. Therefore, in cases of
Mg?* deficiency, systemic hypertension is expect-
ed (Martin et al. 1994, Laurant & Touyz, 2000).

Reproductive system

In dogs with perinatal eclampsia, hypomagne-
saemia was found to be concomitant with hy-
pocalcaemia. As a result, in cases of eclampsia,
the supplementation of both ions should lead to
more effective and faster remission of clinical
signs (Aroch et al. 1999).

Endocrine system

Research studies in humans indicate that in pa-
tients with diabetes mellitus (DM) hypomag-
nesaemia and insulin resistance may develop
concurrently. It is considered that this is caused by
increased renal excretion of Mg?* through hyper-
glycaemic osmotic diuresis (Huerta et al. 2005).
In a study in cats with uncomplicated DM and
diabetic ketoacidosis (DKA), there was a distinct
difference between the values of total magnesium
(tMg) and ionised magnesium (iMg) in affected
cats, compared to those in healthy control cats.
In affected cats, lower values of both tMg and
iMg levels were found. In hospitalised animal
patients with DM and DKA, close monitoring is
necessary for potential signs of hypomagnesaemia
(Norris et al. 1999).

Neuromuscular system

Regarding the central nervous and musculoskele-
tal system, hypomagnesaemia may lead to neuron
overstimulation and increased neuromuscular
transmission, usually clinically evident as epileptic
seizures (Anderson et al. 1986). However, due to
the fact that the sequelae of hypomagnesaemia
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Mg?** kat AANoL NAeKTPOAVTEG

Kdéio

Onwg avapévetat artd ooa mpoavapépinkay, ot Slata-
paxég atnv opotdotacn tov Mg* eivat mBavd va emnn-
PEAGOLV TNV OUOLOGTACT 0€ AANA LOVTX TOU COMUATOG.
Y10 onpeio avto Ba avapepBolie AMOKAEITTIKE GTOVG
UNXAVIOHOUG [E TOUG OTIoloVG 1) LTTopayvnolatpia etvat
mbavo va eivar n awtia g ENAetyng K. H Sixtapayn
avth opeiletat ot duvapkn Tov Mg* wg cuvev{vov
TV aviAev TG ATPdong. Z1nv nepintwon auth, 1 eAAt-
16 Aettovpyia tng Na-K-ATPdong kot Tou 6UGTAHATOG
petapopdg Na-K-Cl eivat o Baoikdg Adyog yia Tnv mept-
oplopEvn emavelcaywyr) Tov K ota KOTTOpa Kal akopn
peyohvtepeg anmieteg K (Whang et al. 1992, Dai et al.
2001). Xe Mg* -e€apTOpeVN LITOKAALALYIN, ) KATAGTOOT
yivetat akopa TTLo TTOAUTIAOKT), oD 1) emavappdPnamn Tov
Mg?* amtd Toug veppoig petwvetart e€altiog TnG EANeYng
K*. Katd 1 didpkrela tng Stoxelplong avtrg TG Katd-
otaong, n xopnynon K* kat poévo eivat avemoapkng, eKTog
Kt av avarmAnpwBouv kat Ta emineda Mg?*. Ze KALVIKEG
HEAETEG ATIO £pEVLVEG € GKUAOUG O€ KPIOLHN KATAaTA 0N,
BpéBnke OTL N vTTopaYVNOLALHi LTTPXE TTAPAAANAA [LE
v vtokahtatpia (Khanna et al. 1998).

Acpéotio

Y& okOAoug e vrtonapadupoelSiopd vapyet ovvSean
petalo g mapaBopuovng (PTH), Tng vmopayvnowatpiog
Kat NG vrtokalatpiog. Metd tn xopriynon Mg, oL Tipég
Ca* kat PTH emaviABov evTog Twv puotoloyikev opiwv
(Bush et al. 2001). e Yorkshire Terrier, n tavtdypo-
VI TTApoLGia LITOKAALXLUING KL DITOpHAY VN OLALHaG ExXeL
avagpepbei oe 5 meploTatikd evieponddelag e anmwAelo
npwteivov (Kimmel et al. 2000). H éXhewyn avtov twv
VTV anmodidetal oe eVTePIKES aTtAeLeS, Suoamoppddn-
on kat Siatapayég otn Prrapivn D kot tnv PTH. Xe {oa
He xpovieg evtepomdadeleg, eivat Suvatd va avartuxBodv
VELPOAOYLKE CUUTTTOHATA efatTiog Twv poavapepbel-
OWV NAEKTPOALTIKOV SlaTapaxadv, eMOHEVLE KpiveTal
avaykaia 1 enavapopi Twv GLCLOAOYLIKOV ETTESWV
toug (Bush et al. 2001).

AlyvwoTikn diepevvnon

H evdoxvttapikr evtdmion Tov 99% tov cuvolikov Mg?**
mapepniodiel Tn SladiKacia TG AVTIKEWEVIKHG EKTIHNONG
ToU enTESoL ToL Mg 6ToV 0p0. OL Sy vwoTiKEG péBodol
eAéyxoL HtopolV va Ta€lvounBovv ae duo Katnyopieg: n
TIPWTN PacileTal GTOVG LOTOVE TWV OPYEVWY, TIOV EMITPETIEL
TN HETPNOT) TNG CLUVOAIKAG OLYKEVTPWOTG TOL Mg, Kal
n 8evtepn Paciletat o pvOuLoN Tov eTTéSov ToL Mg
Ao TOLG VEPPOUG.

H emiloyn Tou TTo avTITPOoWIELTIKOV ITOV YIA TN
HéTpnon Tou Mg amoTehel TpOKAN O™ Kot Oépa LeAETN G
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are rarely clinically evident in companion animals,
there is limited information available. Grass tetany
in cattle caused by Mg?* deficiency has been known
for along time (Kemp & Hart 1957). In such cases,
low Mg?** levels lead to increased acetylcholine
release in neuromuscular junctions and, conse-
quently, to the development of epileptic seizures
and tetanic muscle contractions.

Mg?** and other electrolytes

Potassium

As expected after all the aforementioned data,
disorders in Mg?* homeostasis are likely to affect the
homeostasis of other ions in the body as well. At this
point, we will exclusively mention the mechanisms
in which hypomagnesaemia may be the cause of
K* deficiency. This disorder originates from Mg?**
potential as a coenzyme of ATPase pumps. In this
case, insufficient function of Na-K-ATPase and the
Na-K-Cl transport system is the main reason for
limited re-entry of K* in cells and more extensive
K losses (Whang et al. 1992, Dai et al. 2001). In
Mg?*-dependent hypokalaemia, complications
become worse, because the reabsorption of Mg**
by the kidneys is reduced, due to lack of K*. During
management of this situation, the administration
of K" alone is inefficient, unless Mg?* levels are also
restored. In clinical research studies in critically
ill dogs, it was found that hypomagnesaemia co-
existed with hypokalaemia (Khanna et al. 1998).

Calcium

In dogs with hypoparathyroidism, there has been
a correlation between parathormone (PTH),
hypomagnesaemia and hypocalcaemia. Following
administration of Mg?*, Ca** and PTH values
were also restored (Bush et al. 2001). In Yorkshire
Terriers, the co-existence of hypocalcaemia and
hypomagnesaemia has been described in five
cases of protein-losing enteropathy (Kimmel et
al. 2000). Deficiency of these ions is attributed to
intestinal losses, malabsorption, as well as vitamin
D and PTH disorders. In animals with chronic
enteropathies, neurological signs may develop due
to the aforementioned electrolyte disorders, hence,
restoring their levels is considered to be necessary
(Bush et al. 2001).

Diagnostic investigation

Intracellular location of 99% of total Mg?* impedes
the process of accurate Mg”* serum level assessment.



yta ToAoUg epevvnTég. O 0pdG TOL AipaTog eival TIpo-
TIHOTEPOG, Sedopévou OTL eival TO HECO HETAPOPES TOV
KATIOVTOG, e€attiag ToL OTL eivat eUKOAOTEPO Vo AndOet
KOL O TILO EDKOAA TIPOGLTOG LOTOG GTNV KALVIKY TIpA&dn
(Bateman 2012). Xtov op6 pmopei va petpnBei 1o tMg
Kat 1o iMg, mov arrotehov 1o 1% kot 0,2-0,3% 010 cwua,
avtioTotya. o To Adyo avtd, Ta amoteréopata Sev eiva
TAVTA AVTUTPOOWITELTIKK TNG TIPOYHATIKNG TIEPIOTELag
1 éMewyng Mg Iapadelypata amotehodv ol Xpovieg
TIEPUTTAOOELG anwAelang Mg?, oTIG omoieg ot ammoBrikeg Mg
KLV TOTIOLOVVTAL 08NYWVTAG 08 PUTLONOYIKEG TIHEG tMg
Kol iMg, TTaepOAo TIOL 1) EANENYT KATIOVTOG UITOPEL AKOLL
va vpioTatat. AvTiBéTng, oe 0feieg TIEPUTTOTELG ATTWAELNG
Mg*, eivatl mBavn n pétpnon xapnAev enmédwv Mg
OTOV 0p0, TTAPONO TIOL UTTOPEL VA UV LTTAPXeEL EANEWYT
(Woolddridge & Gregory 1999, Norris et al. 1999).

H Siayvootikr pébodog mouv Paciletatl o vedpikn
pLBuLon Tov Mg TeplopileTal oe aobevelg e veppikn
Sdvoletrovpyia (Bateman 2012). ITpokepévou va afto-
AoynBei n veppikn pvOuon Tov Mg, eivar avaykaia 1
HETPNOT) TNG K& POTG Kot KAXGHATIKAG KTTEKKPLOTIG TOV
Mg* ota oUpa, kB¢ Kot 0 Padpog ouvoliknig kabapong
oe didotnpa 24 wpwv. H amovaia Tov ebpoug avapopdig
1oL Mg** o€ {da KabLoTd Tig Stay vwoTikég pefddoug mou
PacilovTtal 0TIC HETPIOELG ATIEKKPLOTIG OTA OVPX TIPOG TO
napov avaliomioteg (Norris et al. 1999).

‘Exouv apxioet va avarmtoooovtal véeg pebodol pétpn-
ong Twv enmédwv Mg, 0nwg 1 $AoHATOOKOTTI oty v TL-
KOV GUVTOVIGHOU Kat oL pBopilovTeg eviokuTTAPIKOL AVL-
XVELTEG, TIPOTPEPOVTAG TILO AVTLKELHEVIKK OTTOTENEGHATAL,
Kabwg eoTIdlOVY OTN HETPNOT TWV GLYKEVIPOTEWY TOL
evdokuTttapikot ovtog (Liu et al. 2018, Cameron et al.
2019). Ot dvo avtég mpoavadepBeioeg péBodot Sev £xouv
aKOHa ePpapHOYT TNV KAWVIK TTpaKTikr). I1pog o mapov,
n eppnveia tov enmédwv Mg** oe KAWVIKE TTeploTaTiké Oo
nipémet va ouvdualetat pe TNV aloAdynorn Twv KAVIKGOV
CUUNTWHATWV Kol TWV UTTOKEILEVWY VOOTHATMV.

Evdeieig g Oepameiag pe dAata
Mg* Kol TIPAKTIKT) EPAPUOYT)

TNV KTNVIXTPLKT) KAWVIKE TIPAKTIKT) 0L OKOAOL KOL OL YATES
He puololoyikég Statpodiiég ovviiBeteg Sev Statpéxovv
Kkiv8uvo eppaviong avtng tng maboloyikrg KATaoTaoNG,
emeldn) Ta eykekpipéva mpotuma diautag eivat mhovola
oe Mg*". AvtiBeta, ao0Oeveig pe avopeio 1§ onpavTik
anweloc Mg?* and 1o ovpomotnTikd cOOTNUA 1) TOV TTe-
TITIKO CwAva eivat Bavo va epdavicovy vmopayvnot-
atptio. Emumhéov, moANég peléteg 18taitepa oe avBpwitoug
aocBeveig éxouv Seifel 6TL N emavapopd TwV eMTESWV
Mg* kaBwog Kat GAGV SLaTapaydV 6TOUG NAEKTPOAUTEG
odnyolV 0 AIMOKATACTAGN TNG NAEKTPOPLGLONOYIKNG
SpacTnplotnTag oe aobeveig e cUHPGOPNTIKA KapSLaKh
avemndprelo Kat kapStakég appubpieg (Iseri et al. 1992,

Magnesium in veterinary clinical practice

Diagnostic testing methods are classified in two
categories; the first is based on organ tissues
enabling the measurement of total concentration
of Mg*', and the second is based on the regulation
of Mg?* level by the kidneys.

Selection of the most suitable tissue for the
measurement of Mg?" is a challenge and has been a
subject of study for several researchers. Blood serum
is preferred, considering that it is the transport
medium for the cation, as it is easier to obtain
and the most accessible tissue in clinical practice
(Bateman 2012). In blood serum, tMg and iMg are
measured, which comprise 1% and 0.2-0.3% of tMg
in the body, respectively. Therefore, results are not
always representative of the actual deficiency or
excess of Mg?*. Examples are chronic cases of Mg**
loss, in which Mg?** stores are mobilised, causing
tMg and iMg values to be within normal range,
even though cation deficiency may still exist. In
contrast, in acute cases of Mg?* loss, it is possible
to measure low levels in serum, even though there
may be no deficiency (Woolddridge & Gregory
1999, Norris et al. 1999).

The diagnostic method that is based on renal
Mg?** regulation is limited in patients with renal
dysfunction (Bateman 2012). In order to evaluate
renal regulation of Mg*, measuring of clearance
and fractional excretion of Mg** in the urine, as
well as the degree of total clearance in 24 hours are
necessary. The absence of Mg*' reference range in
animals makes diagnostic methods that are based
on urinary excretion measurements currently
unreliable (Norris et al. 1999).

New methods of measuring Mg** levels, such
as nuclear magnetic resonance spectroscopy and
fluorescent intracellular probes emerge, offering
more objective results, as they focus on measuring
intracellular ion concentrations (Liu et al. 2018,
Cameron et al. 2019). Both of the aforementioned
methods have not yet been applied in clinical
practice. For the moment, the interpretation of
Mg?*" levels in clinical cases should be combined
with the evaluation of clinical signs and underlying
comorbidities.

Indications of treatment
with Mg?* salts and practical
applications

In veterinary clinical practice, dogs and cats with
normal dietary habits are in no risk of developing
this particular pathological condition, because
approved dietary plans are rich in Mg?*. In contrast,
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Bateman 2012).

210 caxxap®wdn SaPrTn, aKOHA KAl € TTEPUTTWOELG
KETOEEWONG, PAIVETAL OTL T ATIOKATAGTACT TG OHOLOOTO-
ong tov Mg umopei va €XeL UTTOGTNPLIKTIKO POAO GTOV TILO
AImOTEAEOUATIKO €Aeyxo Tou SiaPritn (Norris et al. 1999,
Huerta et al. 2005).

Eveifelc yiax Tn Oepamevtin xprjon tov aAdtov Mg**
o€ poyxtko aoBua mapovotdoTnKay TpmTN Gpopd amd Tov
Trendelenburg to 1912, o omoiog mapatrpnoe Tig Bpoyxo-
Ol TAATIKEG 1OLOTNTEG TOL in Vitro. Xtov &vBpwrto paiveTal
VQ HELWVEL TN GUXVOTNTA KAl TN GOPapOTNTH TV KPIoEWV
doBuatog. Qo1d00, auTd Sev €xel akopa StepevvnBel oTa
{oa ovvtpodiag (Trendelenburg 1912, Bateman 2012,
Humphrey et al. 2014).

Y TElpapaTIKn pHeAETN o€ apovpaiovg, o Vink mapa-
THPNOE OTL HETA ATTO EYKEPANLKO TPAVHO TOL TTELPOHATO-
{wa eppavicav feimwon Tou evooKLTTApIKOL Mg* oTov
eyKePpoAkd 10Td. Xe autd T {wa TTov xopnyndnke mpo-
Anmrikn Oepareio pe Betkd payvroto kot Ta emnimeda Mg**
Tapépevay LYNAA Kat eixav emiong PEATIwévVa TT0GOaTA
enPiwong (Vink et al. 1988).

To dhata Mg éxouv éva evpl Tepldwplo aopaleiog
(pe e€aipeon toug aoBeveic pe vedpikég Suolettovpyieg),
ytor To Adyo auTo 1) xoprynon Mg* oty KAk mpdén dev
Oa pémel va amogevyetat e€attiag TnG ENNEWYNG EKTEVMV
peretwv. H xopnynon ohdtwv Mg pnopet va emitevyOei
peow Stapdpwv odmv (TTivakag 3). Ze TepuTt@oels EKTaKTNG
avdykng, eivat mavr) i xoprynon vyning 6dong péoo oe
dlaoTnpa Aiywv Aemtmv. AladopeTikd, 1 idta §6om) pmopei va
eyxLOel TI¢ TpiTEG 24 e KaL ETetTal e PpadiTepo puBpod
TIG EMTOEVEG NUEPEC, £0G OTOL 1 SLATPOPIKT) TIPOCANYT
Mg va umopei va diatnproet T emineda tov Mg** ato
GLGLONOYIKS. Q0TOGO, T StaNVHaTO NG TRV Mg e Tie-
PLEKTIKOTNTA HeyahUTEPT) TOL 20% (200 mg ml™) Ba mpémet
va amtogpevyovtal. To Mg eivat oupPatd pe To Stahvpa
de€Tpding 5%, To Siéhvpa YAwplovxou vatpiov 0,9% Kot To
Lactated Ringer’s, kaBwg Kal pe TN yevtapikivn, Tnv Kedpo-
Cohivn kot T peTpovidalonn. Avtifétwg, Sev éxet ovdepia
GLOIKT) CUUPATOTNTA pe Tor YOAXKTOHATA Atwv 10%, To
YAUKOVIKO 0lGB£0TLO, TNV AUPOTEPLKIVN, TNV KEPETIUN, TN
outpoproaaoivn, TNV KAVSaHLKIVY, TV KUKAOGTIOpivY,
™ SoPouvtapivn, T vaTplovxo ¢wodopLkr LEPOKoPTILOVN,
v ToALpEivn, TNV TpoKaivn, To 6Evo GAaG pwoPOPLKOD
KoAoL Kat To podoptkd vatplo (Bateman 2012, Humphrey
et al. 2014, Bateman & Mathews 2017).

Xopriynon Mg* wg
ovunmAnpopatikn Oepaneia oe
S1apopeg KALVIKEG KATAOTAOELG

Tétavog

O téravog xapaxtnpiletat and éviove puikég CLUOTIATELS,
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patients with anorexia or cases with significant
Mg?* losses from the urinary or digestive tract are
likely to develop hypomagnesaemia. Furthermore,
multiple research studies, especially in human
patients, have indicated that restoring of Mg*
levels, as well as other electrolyte imbalances,
leads to restoration of electrophysiological activity
in patients with congestive heart failure and
cardiac arrhythmias (Iseri et al. 1992, Bateman
2012).

In diabetes mellitus, even in cases of
ketoacidosis, it appears that the restoration of
Mg?* homeostasis can play a supportive role in
more efficient diabetic control (Norris et al. 1999,
Huerta et al. 2005).

Indications regarding the therapeutic use
of Mg?" salts in bronchial asthma were first
reported by Trendelenburg in 1912, who observed
its bronchodilating effects in vitro. In human
patients it appears to lessen the frequency and
severity of asthma attacks. However, this has
not yet been investigated in companion animals
(Trendelenburg 1912, Bateman 2012, Humphrey
et al. 2014).

In an experimental study in rats, Vink observed
that after cerebral trauma, laboratory animals
developed a reduction of intracellular Mg** in
cerebral tissue. These animals were administered
prophylactic treatment with magnesium sulfate
and the Mg?>* levels remained high; they also
had an improved survival rate (Vink et al. 1988).

Mg?* salts have a wide safety margin (patients
with renal disorders are an exception), therefore
Mg** administration in the clinical setting should
not be avoided due to lack of extensive studies.
Mg?* salts can be administered via various
routes (Table 3). In emergency situations, it
is possible to administer a high dose within a
few minutes. Otherwise, the same dose can be
infused in the first 24 hours and then over the
next few days at a slower rate, until the Mg*
dietary uptake can maintain Mg** levels within
normal range. However, Mg?* salt solutions with
a content higher than 20% (200 mg ml") should
be avoided. Mg?* is compatible with dextrose 5%,
with 0.9% saline solution and Lactated Ringer s
solution, as well as with gentamicin, cefazolin
and metronidazole. In contrast, it has no physical
compatibility with 10% fat emulsions, calcium
gluconate, amphotericin, cefepime, ciprofloxacin,
clindamycin, cyclosporine, dobutamine,
hydrocortisone sodium phosphate, polymyxin,
procaine, potassium phosphoric acid salt, and
sodium phosphate (Bateman 2012, Humphrey
et al. 2014, Bateman & Mathews 2017).



ot oroieg cupPaivouy eattiag TnG avaoTolng ehevBépwong
veupoSLaPIBAcT®Y, OTIWG 1 YAUKIVT KAL TO y-QpLVO-BOoUTu-
pko o&0. To Beuko payvroto éxet xopnynBel uTTOGTNPIKTIKG
0e GKOAOUG € YEVIKEVHEVT) TETAVIX, OTOXEVOVTOG GTN
Helwon TV TETAVIK®V HUIKGOV CLOTIACE®V Kot 00N YOV TG
0g UUIKN XaAdpwoT), o cLVOLAOUS e LVOXAAAPWTIKA
(Simmonds et al. 2011). Kotd 0 SidpKeto TnG Xopryn-
OTMG, GUGTHVETAL ] GUXVI TTapaKoAovONoN TV emTédwy
Mg* o1o 0pd Kal N aloAOYNOT TOL AVTOAVAKANGTIKOD
g emtyovatidac, kabog n peiwon 1 amovoio Tov elval
evOelKTIKN TN Lteppayvnotatpiog. To Mg* ¢aivetal 6Tl
OULHPAENNEL 0T pUikD Xadpwon, Kabnhg amotpémnel Tnv
ELOXWPNON TOL AOPECTIOV OTIG TPOTUVATITIKEG ATTOANEELG
TIPOKAAGVTOG Helwor TNG eAevBépwong akeTUAOXOAIVNG
Kol eTT0N G HELOVOVTAG TNV eLaoOnoia TwV TPOCUVIITIKGVY
aroA€ewv otV emidpaon NG aketuAoxoAivng (Simmonds
et al. 2011,Fawcett & Irwin 2014).

AvauoBnoia ki avalynaoio

‘Exet avagpepbei 611 To Mg cuppetéxel otny avatoOnoia
AELTOVPYDOVTAG WG AVTAYWVLOTHG 0TOLG LITOSOXE(G TOV
N-pe@ui-D-aonaptikod (NMDA) kat toug Stavhovg Ca?

Magnesium in veterinary clinical practice

Administration of Mg>* as
adjunctive therapy in various
clinical conditions

Tetanus

Tetanus can cause severe muscle contrac-
tions, occurring due to the inhibition of re-
lease of neurotransmitters, such as glycine and
y-aminobutyric acid. Magnesium sulphate has
been supportively administered in dogs with
generalised tetany, aiming in reducing tetanic
muscle contractions and resulting in muscle re-
laxation, combined with muscle relaxants (Sim-
monds et al. 2011). During administration, it is
recommended to monitor Mg** serum levels
frequently and assess the patellar reflex because
its reduction or absence might be an indication
of hypermagnesaemia. Mg** seems to contribute
to muscle relaxation, because it prevents Ca**
entry in presynaptic terminals, resulting in the

Mivakag 3. Ebpog 8ocoloyiag Twv ahatwv Mg?* (Bateman 2012).

Evéo@AéBia xopriynon mEq g’ mEq kg’ nuépa’  mEqkg’ wpa’ mg kg’ wpa’
Tayeia avamiripwon MgSO , 8,12 0,75-1 0,03-0,04 3,7-49

MgCl, 9,25 0,75-1 0,03-0,04 3,2-43
Apyn avamAfipwaon MgSO, 8,12 0,3-0,5 0,013-0,02 1,6-2,5

MgCl, 9,25 0,3-0,5 0,013-0,02 14-2,2

mEq kg™ Mg kg™ Aldpkela

Adon og eneiyovoeg MgSO, 0,15-03 19-37
KOTOOTAGEIG 5 \emta-1 wpa nuepnoiwg

MgCl, 0,15-03 16-32

XopRynon and Tov
OTOHATOC

Nidpopa dhata

1-2 mEq kg-1 nuépa (010 okUAO, Gev UTIAPXOUY GNUOCIEVHEVA GTOIXE YIa YATEC)

MgS0,: Beukd payvijoto, MgCl: Yhwpiovyo payvrioto

Table 3. Mg?** salts dose range (Bateman 2012).

Intravenous administration mEq g’ mEq kg™ day’ mEq kg™ hr' mg kg™ hr'
Rapid replacement MgSO, 8.12 0.75-1 0.03-0.04 3.7-49
Mgdl, 9.25 0.75-1 0.03-0.04 3.2-43
Slow replacement MgSO, 8.12 03-05 0.013-0.02 1.6-2.5
Mgqdl, 9.25 03-05 0.013-0.02 14-22
mEq kg mg kg Duration
Emergency dose MgSO, 0.15-0.3 19-37
MgCl, 0.15-03 16-32 > min—1h daily

Oral administration Several salts

1-2 mEq kg™ day (in dogs, no published data about cats)

MgS0,: magnesium sulphate, MgCl.: magnesium chloride
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(Sasaki et al. 2002). e melpapatiké HOVTENO O€ ApoL-
paiovg mapatnprOnke 4t n avénon Twv entmédwv Mg**
HelwOE TIG ATTAUTOVEVEG CUYKEVTPWOELG O€ ELOTIVEVOTIKY
avatoOntikd (Thomson et al. 1988).

O mbavog pnxaviopds y tny enidpaon tov Mg*
Paciletal 6TV AVAGTOAN TWV TIPOCUVATITIKGY SIAUA®V
Mg* Tou tndkaprtov mov puBuilouv Toug vevpodiapi-
PooTéG TOL KEVTPLKOV VeupLKoL ouoTrpaTog (Sasaki et
al. 2002). H mpérAnon avalobnoiog fe eloTveuoTIKa
avooOnTIKG TTPOKVTITEL HEOW TNG AVAOTOANG AUTWV
Twv Stablwv. E€attiag avtol Tov yeyovotog, n arat-
TOUHEVT) GUYKEVTPWOT] TOUG HEIWVETAL OF TTEPUTTOOELG
611ov 1) Xopriynon Mg* éxet mponynOei g xopriynong
TOU €LOTIVELOTIKOV avatodntikol, deSopévou oTL éva
TuNpa TwV SOV avTeV eivatl Katetknppévo (Sasaki
et al. 2002).

Ze o KAWVIKT peéTn Ppébnke OTL 1) Taelor evSo-
GAEPLa yoprynon Mg?* kat Katdmy 1 Guvexng €yxuon
pelwoe TNV MoodTNTA TOL ATTALTOVHEVOL ahoBaviov
0g OKOAOUG LTI avaloOnoia yia wobnkvoTepekTOu
(Anagnostou et al. 2008).

H avodyntikn enidpaon tov Mg?* éxet amotehéoel
aVTIKEIHEVO HENETNG TOOO GTOV AVOpWTTO 600 Kal e
(oo aoBeveig petd amo evdodéPia Kot emokAnpiSia
éyxvon (Bateman 2012). TTapdro mov vriapxet Stadpwvia
petald Twv epeuvNTOY, To Mg daivetal va petwvel
v evatodnoio otov TOVO avtaywvi{opevo to Ca*
Yot Toug avTioTotoug SlabAoug, TNV evepyoTIoinon TwV
vnodoxéwv NMDA kat ) pv6pion tng ehevBépwong
HECONAPNTOV ATTO TOUG TTPOCLVATITIKOVG UTTOSOXE(G
(Iseri et al. 1983, Sasaki et al. 2002). Emuunthéov, to Mg
epmodiel Tnv KevTpiki evalcdnTomnoinon péow TG ava-
otohr¢ Twv NMDA vroSoyxéwv oto paxtaio Képag, o€
TIEPUTTMOOELG TPAVHATIONOD Kat pAeypovig (Adami et al.
2016). Qotdoo0, Ipog To Tapodv To Mg 8ev ovvioTaTal
®G aVaAyNTIKO Kat elSIKE (LOVO TO.

To Mg** ¢aivetal Tt mailet poXo Kot TNV TOTIL-
Kn avatoOnoia. Ze pa pehétn, o cuvévaopog Mg pe
pomPakaivn oe emokAnpidia avalcbnaio oe okvAovg
oL efxav LTOPANOel o€ ooTEOTON X TOV KVNpLKiOL KUP-
TOUATOG, HelWOE TIG TIEPIEYXELPNTIKEG ATTAITHOELG OF
¢GatvTavOrn (Adami et al. 2016). Ze melpapaticn pehéTn,
10 Mg?* ouvéBahe 0T pelwon Tov SaPntikod vevporta-
Bntikol TdvoL o€ TTEPAUATIKO LOVTENO Ge apoupaiovg
(Rondon et al. 2010).

vunépacua

To Mg?* eivat évog NAEKTPOADTNG TIPWTAPXLIKNG onpaciog
yta TouG {0vTavous 0pyaviopols, KaBmg KATEXEL TTpw-
TeLOVTA PONO Og [ TTOIKIA LA aTtd (W TIKEG AelToupYieG,
ennpealoviag kabe cOGTNHA TOV OPYAVIOHOV AECH
1 éppeoa. ITapoha avtd, n ENAeWYn TEKUNPLOUEVWY
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decrease of acetylcholine release and the reduction
of presynaptic terminals sensitivity to the effect of
acetylcholine (Simmonds et al. 2011, Fawcett &
Irwin 2014).

Anaesthesia and analgesia

Mg?* is reported to play a role in anaesthesia, by
acting as an antagonist to N-methyl-D-aspartate
(NMDA) receptors and Ca*" channels (Sasaki et
al. 2002). In an experimental model in rats, it was
shown that an increase in Mg?* levels decreased
the required concentrations in inhaled anaesthetics
(Thomson et al. 1988).

The potential mechanism underlying the
effects of Mg?* is based on blocking presynaptic
Ca* channels in the hippocampus that regulate
neurotransmitters of the central nervous system
(Sasaki et al. 2002). Induction of anaesthesia through
inhaled anaesthetics occurs by blocking these
channels. As a result, their required concentration
is reduced in cases when Mg?* administration has
preceded the inhaled anaesthetic administration,
taking into account that part of these channels will
be occupied (Sasaki et al. 2002).

In a clinical study, intravenous bolus infusion of
Mg?", followed by constant rate infusion, was found
to reduce the amount of required halothane in dogs
that were anaesthetised for ovariohysterectomy
(Anagnostou et al. 2008).

The analgesic effect of Mg?* has been studied
both in human and animal patients after intravenous
and intrathecal infusion (Bateman 2012). Despite
the disagreement among researchers, Mg?* seems
to reduce sensitivity to pain through antagonising
Ca?* for the corresponding channels, the activation
of NMDA receptors and the regulation of mediator
release from presynaptic receptors (Iseri et al. 1983,
Sasaki et al. 2002). Furthermore, Mg** prevents
central sensitisation due to NMDA receptor
inhibition in the dorsal horn, in cases of tissue trauma
or inflammation (Adami et al. 2016). Nevertheless,
currently Mg** is not recommended as an analgesic
and, particularly, as a sole analgesic agent.

Mg?* use seems to play a role in local anaesthesia
as well. In a study, the combination of Mg** with
ropivacaine in epidural anaesthesia in dogs that
underwent tibial plateau levelling osteotomy reduced
perioperative requirements of fentanyl (Adami et al.
2016). In an experimental study, Mg?* contributed
to a reduction in diabetic neuropathic pain in an
experimental model in rats (Rondon et al. 2010).



HEAETOV oTa (O GUVTPOPLAG aTtoTeNel euTOSI0 GTNV
KoTavonon Tng onpaociog tov Mg yior TNy KTnNVINTPIKN
nipaén. H amocagrvion {NtnHatwv 6nwg oL GuVETeLeg
™G éNeryng Mg** ota (oo oLVTPOPLAG, KABKOG Kot 1)
avantuén afomiotov pebddwv ya  péTpnon tov
emuédov Mg Oa purmopovoe va adA&Eet Tn Sidyvmon
kat tn Stayeiplon evog peydhov aptbpot maboloyikav
Statapaywv. ITapd ) obyxvon mov meptBaAlel Ty
ePUNVEIN TV AITOTEAECUATWY TNG HETPTOT G TOL Mg,
n ovvdvaopévn ektipnon Twv entmédwv Mg* e mept-
TITWOELG TTOL epdavifovy cupuntopata Ba piropovoe va
OUHPAEAEL 0TIV EVPEDT) HLOG TILO KTTOTEAECUATIKNAG ADONG.

2X0yKkpovon cupPeEPOVIV

Ot ouyypageic dnhmvouv OtL dev LTIEPXEL GVYKPOLOT
OLUPEPOVTOV.

Magnesium in veterinary clinical practice

Conclusion

Mg?* is an electrolyte of primary importance for
living organisms, because it plays a central role
in a variety of vital functions, affecting all body
systems, directly or indirectly. However, the lack of
substantiated studies in companion animals poses
an obstacle in understanding the significance of
Mg?** in veterinary clinical practice. The elucidation
of matters such as the consequences of Mg?**
deficiency in companion animals, as well as the
development of reliable methods for measuring Mg?**
levels, could alter the diagnosis and management
of multiple pathological disorders. Despite the
confusion surrounding the interpretation of Mg*
measurement results, the combined evaluation of
Mg?** levels with cases developing clinical signs may
contribute to a more effective solution.
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