
What is heart failure?

Heart failure is a disease where the heart is unable
to pump blood as fast and strong as it needs to get
enough oxygen out to the rest of the body. There is
yet no cure, but it can be treated. The most common
treatment today was developed in the 1970’s, and have
not changed much since then, even though this disease
is the most common cause of death in the western world
today.

Mathematical models can be used to
unlock the secrets of how fetuses react

to adrenalin, and this can help us
develop new medication to treat a

failing heart later in life.
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Adrenalinmakestheheartbeatfasterand
stronger

Whenweareexcitedorscaredourbodiesrelease
adrenalin,ahormonethatmakesourheartbeat
strongerandfaster.Thiswayourmusclesgetmore
oxygen,foroccasionswhenweneedthemtoworkhard.

β-adrenoceptorscansenseadrenalin

Themoleculesintheheartthatsensetheadrenalin
arecalledβ-adrenoceptors.Theytriggerachainreac-
tioninthecell,wheremanydifferentproteinscooper-
atetomaketheheartworkharder.Afterawhilethe
heartgrowstired,stopsreactingtotheadrenalinand
slowsdown.Eveniftheadrenaliniswashedawayand
newadrenalinisaddedshortlyafter,theheartwillnot
react.Interestinglyenough,theheartdoesnotgrow
tiredinthesamemannerinfetuses.

Figure1:Afterawhile,theadultheartstopsreacting
toadrenalin.Thisbecomesaprobleminheartfailure,
whereweneedittopumpmorebloodtothetissues.

Mathematicalmodelscantellushowthesignal
travelsinthecell

Noonehasyetbeenabletopinpointexactlywhatthe
differenceisbetweentheadultandthefetalheartwhen
itcomestoadrenalinsignalling.Toinvestigatethiswe
havemadeacomputermodeloftheβ-adrenoceptor
chainreaction.Itpredictshowlongtheheartneedsto
resttostartreactingtoadrenalinagainandshowsus
howthedifferentproteinsinthecellcooperate.
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Figure2:Thisisaflowchartofthemodelthatweuse
topredicthowtheheartreactswhenwestimulateit
withadrenalin.

Hopefully,theresultsfromthismodelcanbeusedto
findbettertreatmentsindiseasessuchasheartfailure.
Itwillalsogiveusvaluablenewknowledgeofhowthe
heartdevelopsfromfetustoadult.

Figure3:Iftheheartisallowedtorestlongenough
betweenstimulations,itwillstartreactingagain.The
mathematicalmodelwilltelluswhythefetalheart
doesnotneedtorestthewaytheadultheartdoes.
Thiswillhelpusdevelopnewandbettermedication
tohelppatientswithheartfailure.


