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|. Reminder on the

neuro-hormonal
regulation of the
cardiovascular system
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Organ perfusion is driven by ARTERIAL BLOOD PRESSURE (AP,)

AP, = Q. . PVR
Q.= HR XV,

Q. : cardiac output (L/min)

PVR: peripheral vascular resistances
HR: heart rate

V.: systole ejection volume

» Right heart : low pressure system

* Left heart : high pressure system

* Quizz : how to treat high blood
pressure (arterial hypertension?)

" Skeletal muscle
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Neurohormona

I stimulation[

Autonomous nervous
system

Sympathetic nervous system

Renin - Angiotensin - aldosterone system

sympathetic

parasympathetic

_—

Noradrenaline

cardiac 3,
adrenergic
recepto

. Ino rope,

a, adrenergic receptor

Vasonstriction
(vascular smooth muscle contraction)

\

A Peripheral Vascular
Resistance

N—

chronotrop
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dromotrop

\

? Cardiac output

—

—

l \"NA

renal B, adrenergic receptor

positive

? Blood Pressure

hypervolemia

renin secretion

Angiotensine |
conversion enzyme

Angiotensine Il
AT, receptor

Aldostérone

A Diueresis
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extra.

intra.

Il. Some key
pharmacological targets

to treat cardiovascular
diseases

substrate product
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Adrenergic system

Heart failure,
Coronary artery disease C
Hypertension

Arrhythmia

Anxiety
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Noradrenaline (NA), adrenaline (Ad) :

mediators of the sympathetic system

Sympathetic Nervous system

Sympathetic tone
4 N
o—< Ach / , target receptors affinity
NIcR ‘ a-adrenergic
NA > Ad
receptors
receptors
Ach/ S )
®- {NicR @
Ad hormone
‘ )
—
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a and g adrenergic receptors: coupling

a-adrenergic B-adrenergic
receptors receptors

AN IP; DAG
: A | CAMP
' v
) TICa>'] N PKA
PKC 1(f) NO: nitric oxide
EPAC NOS: NO synthase
PLC: phospholipase C AC: adenylate cyclase
— IPs inositol 1,4,5-triphosphate  AMPc: adenosine 3',5-monophosphate cyclique - CADUATE SCHOOL
DAG: diacylglycerol PKA: proteine kinase A .. é. | Haslihand
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a and B adrenergic receptors: cardiovascular effects

a-adrenergic
receptors

KEI Vascular smoot?
muscle cell
(VSMOQ):

vasoconstriction

B-adrenergic
receptors

QO cCentral control of BP: ) [

V¥ sympathetic

A parasympathetic

/-(

Vasopressi

evm(

Parasympathetic

Q vsmc, ™

\_vasoconstriction

,DMNX
3]

N\,

Baroreceptor and
Vagal Afferents

o Sympathetic
~——<-Efferents

J

NTS: nucleus tractus solitarii (solitary nucleus),; HR: heart rate

O Sinus Node (34 +++): N HR

O Cardiac myocyte (B,+++):
A inotropism |

a VSMC:
Vasodilatation

O Kidney
B4: renin

O Cardiac myoc.:

W inotropism

Q VSMC:
vasodilatation




a and B adrenergic receptors: agonists and antagonists

o-adrenergic
receptors

Agonists

phenylephrin
e

Antagonists

prazosine

clonidine

B-adrenergic

receptors

isoprenaline
dobutamine salbutamol (nebivolol)
propranolol, carvedilol, ...

atenolol
bisoprolol
nebivolol
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a and  adrenergic receptors: side effects of modulators

Antagonists Antagonists

® -W

heart blood vessels liver pancre&;
inotropic (-) kidney
chronotropic (-) W glucagon
W renin secretion W bronchodilatation W vasodilatation WV glycogenolyse secretion
beneficial effects unwanted effects

=> Relevance of 31 selective antagonists to treat CV disorders.
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renin - angiotensin
- aldosterone
system (RAAS)

(pulmonary...) angiotensinogen

endthelium
i & rerin

R

Conversion enzyme ACE1 l

angiotensin |

Hypertension,
Heart failure,
Acute coronary syndrome,

Cardiovascular prevention... :

adrenal gland
zona glomerulosa, adrenal
cortex

angiotensin Il

v

aldosterone
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renin - angiotensin - aldosterone system (RAAS)

- B-AR stimulation —anziotensin I
- Mpression in afferent Art. Z[gNa Cll macula den
- ¥[NaCl] macula densa _ acu sa
\ I
\ T
\ I
\ ,,V"_"!'m rne"sangial
. cel macula
\ /i " \\\_ c_l_ensal cell

., liver
|

. efferent

H H arteriole
(pulmonary...) angiotensinogen e i’
endothelium \3‘\ '_. e g
E / A\ : v _.;_’arteriole
14- m i ganiar | /S &
N\ o . secreting) B
angIOtenSIn I cell ik ol distal TAL

(decapeptide) Juxtaglomerular apparatus

Conversion énzyme ACE1 l" chymases Yoo et al., 2009 Am J Physiol Ren Physiol

angiotensin Il

(octapeptide)
aminopeptidases,
endopeptidases
angiotensin Ill AT receptors activation——> physiological effects

angiotensin IV
inactive fragments
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renin - angiotensin - aldosterone system

N angiotensin 1| N 4 ﬁ\‘daptation & p_rotection:\
Sympathetic , AT Infl_ammatlon
tone , 2 | ¥ Oxidative stress
— - > V¥ Fibrosis
<+ Vv Apoptosis
A Cardiac function
A Renal function
7 adrenaline secretion G- &
* NA 2 sympathetic tone : % | %
: - Y
¥ : 1 4 v adrenal gland N
4 \‘:/ I zona glomerulosa, adrenal
blood vessels 3 cortex
¥ heart AT,
.Y
B, AR.
) 7 aldostérone
E secretion
: AT,
i MR
| ! |
vasoconstriction (+) inotropic, cardiac 7 Na*reabsorption 2 ';'ial)'(feabsifptlon
(+) chronotropic (proximal tubule) secretion
P hypertrophy P (collecting duct)
N J & remodeling \_
_Q S

Rapid pressor response Longterm / Slow pressor response
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RAAS: pharmacological modulators

renin inhibitor

aliskiren

angiotensinogen A/O/
(pulmonary...) - m kidney
: ‘ endothelium
1\ S \\

angiotensin | MR. antagonists:

ACE inhibitors: spironolactone
captopril* l eplerenone
enalapril* _°" Conversion K* canrenoate (i.v.)

fosinopril* enzyme ACE1 —»angiotensin Il

lisinopril
ramipril*
perindopril*

AT, R l
antagonists**: 7 aldosterone
@+ AT, R MR

losartan —>  secretion

valsartan
irbesartan
candesartan

antidiuretic effects

*: prodrugs : inactive ester forms => de-esterification => release of active form. i g R e

sk L . . . un|Vers|té . Health and
: competitive reversible antagoniste, selective for AT, .R PARIS-SACLAY | Drug Sciences



RAAS : secondary pharmacodynamics of modulators

renin inhibitor

liver

o angiotensinogen ‘/‘/
kininogen
_ (pulmonary...) - m kidney
m} 5 endothelium

angiotensin | .
_ MR. antagonists
? bradykinin H |

B.R Conversion ]
27 - enzyme ACE1 —=»angiotensin Il
7 aldostérone
M secretion
# — MR.
ACE inhibitors

inactive peptide

N K* secretion
%‘“ hyperkaliemia

A vasodilatation © N glomerular filtr.

2 cough ® ETE Tl hYpotension ® Acute

? Angioneurotic edema (rare) kidney failure* ®
*: angiotensin constrict renal efferent arteriole => stabilizes glomerular filtration rate (GFR): e  GRADUATE SCHOOL
decrease AT1 R. activity leads to W decrease GFR. If stenosis of renal arteries => kidney failure, universite Health and
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L-type calcium
channel

Ca?*

extra.

intra.

Stable angina,
Hypertension,
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The L-type Calcium channel in the cardiovascular system

Depolarisation
(Em > -40mV)

Ca2* 4 B
a Eca =116 mV* Ca®*inward
current
: 1.8 mM S
E
Extra. 4 -
- ' L g o
Em << Eg, %
Intra. el 5
-g -50
)]
10-7 M E -70 -
. . \ 0 Y,
/ » * depolarisation
2+
Ca . P [Ca?],
*: Ec, = Ca2* equilibrium potential (Nernst equation) : membrane potential that would oppose .o | GRADUATE scHooL
universite Healthand

net diffusion of Ca2+ across the membrane : Ec,= RT/ZF . In([Ca*]ey / ([Ca*Tine) PARIS-SACLAY = Drug Sciences



The L-type Calcium channel in the cardiovascular system

depolarisation

(Em > -40mV) .
activated
Ca%
at rest
Extra. <
Intra. \
\ \ - depolarisation
*[Ca?']
inactivated*
*. for I(Ca, L) : L = long lasting current = slow inactivation unlverSIté. ;ZA;::T;:;HOOL
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The L-type Calcium channel : role in the cardiac action potentials (1)

L
universite FACULTE DE
PARIS-SACLAY = PHARMACIE



The L-type Calcium channel: role in the cardiac action potentials (1)

(” Sinoatrial node (pacemaker ceIIs)\:
I(Ca, L) : CaZ* inward current

Ca,1.3 : pacemaker

Ca, 1.2 : ascending phase of the AP
Other depolarising currents :  I(f) (Na*/K*)

I(Ca, T)
Ca?*
\_ J Ec,= 116 mV*
PA sinusal ; 1.8 mM
Depolarisation due
2+ ; . . .
to Ca%*influx o B-adrenergic stimulation Extra. ' +++
\ current \ ‘
0 / Intra. / - -
Na® inward 4

current

‘pacemaker
depolarization®

| 107 M
ol
depolarising

membrane voltage (mV)

time (s)
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The L-type Calcium channel: role in the cardiac action potentials (2)

(PA in nodes : A e B
. A
I(Ca, L), ascending phase of AP %
2
PA in atria; conduction system, ventricle: o
I(Ca, L) : « plateau » (phase 2) 2 0 -
\Balance between calcium influx (depolarising) and K* efflux (repolarising) ) =50 -
4 4
SA Node{ V4 PA in sinoatrial node 100 - =g )
(pacemaker)
/ Atnum| Atrial myocyte
AV Node [ Vs Aschoff-Tawara (AV) node
- _ (conduction)
Purkinje Fiber Purkinje fiber: phase
' ascendante
\ Endocardium e N
\ Skiyccardon| I L ventricular myocyte
’ ! L (contraction)
Septum ! \
Apex ) g
RV LV Epicardium — action potential (AP) phases
) 1l — when LTCC activity is important
0.2 sec
Nerbonne et Kass 2005 PhySfO/ Rev e . GRADUATE SCHOOL

universite = Healthand
PARIS-SACLAY @ Drug Sciences



The L-type Calcium channel: role in the cardiac action potentials (2)

Atrium

Apex

RV LV Epicardium

Nerbonne et Kass 2005 Physiol Rev

AV Node I

Purkinje Fiber

Endocardium

\ Midmyocardium ..

" PAin nodes : A - 1 ~
I(Ca, L), ascending phase of AP 50 7
2
PA in atria; conduction system, ventricle: o
I(Ca, L) : « plateau » (phase 2) 2 0 .
\Balance between calcium influx (depolarising) and K* efflux (repolarising) ) -50 -
4 4
SA Node V4 PA in sinoatrial node 100 J —
: (pacemaker) 30 J

Atrial myocyte
Aschoff-Tawara (AV) node
(conduction)

Purkinje fiber: phase
ascendante

S - ventricular myocyte

(contraction)

— action potential (AP) phases
1l — when LTCC activity is important
0.2 sec
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The L-type Calcium channel: role in excitation-contraction coupling

Figure 1 Ca®* transport in
ventricular myocytes. Inset

transient and contraction 1 F—
measured in a rabbit
ventricular myocyte at 37 °C.
NCX, Na*/Ca®* exchange;
ATP, ATPase; PLB,
phospholamban; SR,
sarcoplasmic reticulum.

4 Cardiomyocyte :
Contractile cell
I(Ca, L) : Ca%* inward current

Ca,1.2: - phase 2 of the AP \ /’

- A [Ca?*], coupling with |
RyR2 (Ca?*-induced Ca?* release)

\_ Cav1l.3 : atrial excitability )

T-tubule
@,
o
w :
—
o

™ — : ' 3Na 2K
_ Isolated cardiomyocyte
shows the time course of an

action potential, Ca** \ 4 Sarcolemma

\
— — )

g7d

Myofilaments

Caj;
AP (Cal

(Em)

Bers et al., 2002 Nature ; Zamponi et al., 2015 Pharmacol Rev
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The L-type Calcium channel : role in vascular tone

blood vessels R
Vascular smooth muscle cell

I(Ca, L) : Ca%* inward current
Ca,1.2: vasoconstriction

Ca?*

CaM

L Vascular [Ca2+| Ca%*-CaM
smooth (-Pj
‘ muiscle cell MLCK

Myosin I ch0 [smin I cho [ser-191-®

CaM : calmodulin MLCP

MLCK : myosin light chain (LC,,) kinase * *

MLCP : myosin light chain (LC,,) phosphatase ]
vasodilatation vasoconstriction

B . / 2009 C R .. GRADUATE SCHOOL
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Ca, 1.2 channel inhibitors /blockers

) o Access to the binding site is facilitated
<z T Ca by channel at open state
RS => « rate-dependent block »

verapamil
diltiazem
oe
Oy
Diltiazem \
dihydropyridines
Affinity +++ for the channel in the
NO; inactivated state
MeOOC COOMe
. => « voltage-dependent block »
le:llpln.
Tang et al. 2016 Nature; Tang et al., 2019 Mol Pharmacol; o ;”"llt’:“ 5;"°°L
Zamponi et al., 2015 Pharmacol Rev Hﬂ',g_%{ﬁ&? fog Sfi:)nces



Ca, 1.2 channel inhibitors /blockers

Pharmacological Example of Binding tissue selectivity Pharmaco-

class compounds properties of action dynamics

cardiac +

phenylalkylamines  verapamil Access to the binding (Em very negative

o o at rest, short
site is facilitated by . i
channel at open state depol.) inotropic (-)

chronotropic (-)

=> « rate- < dromotropic (-)
benzothiazepines  diltiazem dEpeneERtlsledts §——— - ||batimotropic(s)
g

Vascular smooth
m le ++

Affinity +++ for the uscie -

ifédipi channel in the (Em less negative at
1, 4- dihydropyridines niredipine inactivated state rest, long vasodilatory
amlodipine...  dependent block » tachycardia)
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[ll. Beneficial effects of
these medications on CV

physiology
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Deleterious neurohormal activation fuels maladaptive mechanisms

| O, supply @ treatments

treatments o y
Omp 0, needs

» High loading pressure* (preload)
» High afterload (ejection pressure* : HTA)
» Ischemia after coronary syndrome

(atherosclerosis) )
- Congenital cardiomyopathy A

Loss of function

ustained neurohormonal stimulatio

Sympathetic system (NA, Ad)
Renin-Angiotensin-aldosteron system

treatments

e . GRADUATE SCHOOL
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Rational for various treatment strategies

WHIF THE HORSE UNLOAT THE WAGON SLOW THE HORBE

GET & NEW HORSE GET ATRACTOR HEALTHE HORSE

Arnold Katz Heart Failure 2000

Katz, 2000 Heart Failure
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Which strategy would you suggest to improve heart
function?
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Important concepts #1 : determinants of O, demand?

T heart rate

N

T contractility sy

+ wall tension ”

. &
(RS ZA
1 diastolic pressure == (@ =) == 1 systolic pressure
: g ex
« stiffer myocardium; = * increased afterload : peripheral vasoconstriction,
* increased end-diastolic volume arterial hypertension...
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Which drug to.... decrease O, needs?

Via decreased
sympathetic
stimulation

| heartrate  mmp
ms | contractility ) J 0, needs

Sympatholytics

B-blockers

| wall tension mp

Via decreased SRAA
system stimulation

AAAAAAAAAAAAAAA
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Which drug to.... decrease O, needs?

Via decreased
sympathetic
stimulation

| Angll

ACE inhibitor,

Angll r. \

antagonist

P | heartrate  mmm)

| contractility

| wall tension =)

Via decreased aldosterone

release

4 0, needs

AAAAAAAAAAAAAAA
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Which drug to.... decrease O, needs?

| aldosterone
signalling

Mineralocorticoid
receptor
antagonists
(diuretics)

N | wall tensionmsp

Via decreased
SRAA system
stimulation

4 0, needs

LA
I Health and
! Drug Sciences
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Important concepts #2

Indirect benefits from slowing the heart...

Diastole

WV heart rate

|

A filling time of LV
(diastole)

A 4

A\ coronary perfusion

Poor coronary perfusion 1

|0, supply |

Due to extra-vascular compressive forces (high during systole),
coronary flux occurs mainly during diastole
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Important concepts #2

Indirect benefits from slowing the heart...

A filling time of

. | heartrate mmp LV

. (diastole)
Sympatholytics ‘
B-blockers A coronary

perfusion

d

A O, supply
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Examples of pharmacological interventions to treat the CV system

B-A.R. antagonists (ACE inhibitor, ARA)

« cardiac » CCB: verapamil, diltiazem

(1)

A\ Coronary perfusion

WV inotropism WV heart rate

$ @

‘ WV 0, needs ‘

*

VLV parietal tension
f&)

WV blood volume

MR antagonists (diuretics)

v

1l Qe
W moysupply |

*

A\ coronary perfusion
INE)

vasodilatation

dihydropyridines (+++)

(4)

ACE inhibitor, ARA B-A.R. antagonists

verapamil (++) diltiazem (+)



Conclusion : what do | need to know?

« Which are the therapeutic targets and the action
mechanisms of drugs...

 Acting on the sympathetic nervous system
 Acting on the RAA system

 Acting on the calcium channels in the heart and vessels

 Which are the mechanisms that would...
 Decrease BP
* Increase O, supply to the myocardium?

« Diminish O, needs of the myocardium?

AAAAAAAAAAAAAAA

PARIS-SACLAY @ Drug Sciences



