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I. Adrenergic Nervous System:
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.f,} *{(ﬁ ) The Nobel Prize in Physiology
” or Medicine 1936

"for their discoveries relating to chemical
transmission of nerve impulses”

Sir Henry Hallett  Otto Loewi

Dale 4



,j' ,‘ﬁ. The Nobel Prize in Physiology
= or Medicine 1970

"for their discoveries concerning the humoral
transmittors in the nerve terminals and the
mechanism for their storage, release and
Inactivation™

Sir Bernard Katz Uif von Euler Julius Axelrod
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Fig. 1. Average adrenaline and noradrenaline excretion in urine in mg/min in officers and
trainees during ground activity andduring a 2-3 hour period including parachute jumps.
(Bloom, Von Euler and Frankenhaeuser”)



Fight or Flight Response:

These catecholamine hormones facilitate immediate physical reactions associated
with a preparation for violent muscular action. (Gleitman, et al, 2004). These
include the following:

*Acceleration of heart and lung action-Inhibition of stomach and intestinal action
-Constriction of blood vessels in many parts of the body

-Liberation of nutrients for muscular action

*Dilation of blood vessels for muscles

*Inhibition of tear glands and salivation

*Dilation of pupil

*Relaxation of bladder

*Inhibition of erection



AddekTbl CTUMYNALMM CUMNATUYECKON HEPBHOW CUCTEMBI

1. Mwugpuas
2. Ctumynauua cepgua
- YCUINeHMe W yuyallleHne COKpaLLeHWH,

- NOBbILLEHNE aABTOMATU3Ma I'IpOBO,EI,FILLI,eVI CUCTEMB,
- obneryeHue anI/IOBeHTpI/IKyJ'IFIpHOI/I I'IpOBO,EI,I/IMOCTI/I

3. CyxeHue apTepuin 1 BeH
4. TloBbllleHe apTepuansbHOro AaBfeHUd

5. PaccnabneHne rmagkux MblLLL KULLEYHWKA, MOYEBOrO
ny3bIps

6. [loBbileHNe TOHyca CMHKTEPOB KMLUEYHMKA, MOYEBOro
ny3blp4



JULIUS AXELROD

Noradrenaline: fate and control of its
biosynthesis

Nobel Lecture, December 12, 1970

When I joined the National Institute of Mental Health in 1955, I began to
think of an appropriate problem on which to work. In reading the literature
Iwas surprised to learn that very little was known about the metabolism of
noradrenaline and adrenaline. In 1946 Von Euler'isolated and identified nor -
adrenaline in the sympathetic nervous system and was later to develop sen-
sitive methods for measuring this catecholamine in tissues’. In 1954 I had been
working on the in vivo'and in vitro' metabolism of amphetamines and com-
pounds related in structure to catecholamines. Because of this backgrom]g

I decided to work on the metabolism of noradrenaline and adrenaline



Biosynthesis of norepinephrine and epinephrine
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MexaHnam obpaTtHoro 3axasarta
HopaapeHanuHa re-uptake 1

NORADRENALINE, BIOSYNTHESIS
NORMAL UPTAKE SYMPATHOMIMETIC AMINES,
IMIPRAMINE
KOKaunH
® ®
Sym. Nerve Receptor ®
® ®

Fig. 5. Effect of drugs on uptake of noradrenaline at the sympathetic nerve terminal.

MexaHn3m obpaTHOro 3axsarta OTCyTCTBYeT B Hagno4vyeyHukax!!!
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Fig. 4. Fate of noradrenaline (NA) at a varicosity of the sympathetic nerve W
COMT is catechol-O-methyltransferase; MAO is monoamine oxidase.



ObmeH HopagpeHanmHa B CMMNAaTU4eCKOM OKOHYaHUMU
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MeToabl Nn3MepeHus CUMMNaTUYECKON aKTUBHOCTMH Yy YesnoBeKa

MI/IKpO3ﬂeKTpOAHaFI perncrtpaumnsa akKtTuBHOCT CMMNaTn4£CcKnx BOoJioko
B CMelWlaHHbIX KOXHbIX U MbilWeYHbIX HepBaX

Meton SPILLOVER HopaapeHanuHa. OcHoBaH BHyTpMBeHm BBeAEeHUU
Me4YeHOro TpuTUeM HopagpeHarimHa ¢ nocrieayroLwum npep@eHMeM KOH-
LleHTpaLumm Me4yeHoro n aHaoreHHoro yposHeun HA. O

OnpeaeneHve KOHUEHTPaLUN KaTeXornaMUHOB B KPOBU
OnpeaeneHve KOHUEHTPaLUN KaTexorlaMMHOB B MOYe

OueHka BapnabenbHOCTU cCepaeyHoro putma

q190HdagolL
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" Physiol Rev 90: 513-557,
2010



Afferent inputs

Central generation of rhythmical
synchronized activity

Central regions regulating SNA in

: Chemoreceptor
response to afferent inputs

Arterial baroreflex

Cardiopulmonary

Frequency

Part 3

Regional specific
changes in SNA

Physiol Rev 90: 513-557,
2010;



ObmeH HopagpeHanmHa B CMMNAaTU4eCKOM OKOHYaHUMU

UHrubmnposaHme MAO
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Cpeacrtea, ycunueatoLime

aipeHepPrnyeckyio nepenady

1. CMMNaTOMUMETUKM
(AOpeHocmumMyriamopbl HernpsmMoa2o oeucmaeus,
OKa3blgarom aghghekm Ha cumnamuyecKkoe
OKOHYaHue)

2. AOpPEHOMNMETUKA

(cmumyrnupyrom aopeHopeuernmopakl)
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CnMmnatoMNMETUKA

1. YcuneHwue BbIOpoca HopagpeHanmHa us

BE3UKYN
- adheapuH
- amd@eTtamMmuH
- TUDAMWH
OH
Q(::—CHZ,NHCHS “HClI
ST - adpheapuH
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ObmeH HopagpeHanmHa B CMMNAaTU4eCKOM OKOHYaHUMU
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CuyumMmnaToMuUMeTnKN (NPoaonXK.)

2. IHriMbunTtopbl MOHO-amunHo-okcnaasbl (MAQO)
- HHanamua

3. IHrimbuTopbl obpaTHOro 3axeara
HopagpeHanuHa

- UMUNPaMUH

- aMUTPUNTUNWH

- KOKauH



erythroxylon coca
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[’H]-Nisoxetine ['H]-NE Uptake

, Compound Structure
=T Binding K;, nM IC.,, nM
s L
VN_J/ §
Desipramine i = 2.3+0.2 8.9 0.2
. J
/‘\\
| A
Atomoxetine 07 N7 35+0.3 58x1.5

=
Duloxetine i E' 73+05 101 +2.2

74 \ f N
Clomipramine ¢’ = N\/\/ 144 =+ 21 346 = 61
Nf
|
Journal of Biomolecular Screening 2 7
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In 1913 Henry Dale observed that adrenaline constricted some
blood vessels while relaxing others. It was not until 1948;
however,

that a scientist named Ahlquist defined 2 receptor subtypes based
on rank order of potency of various catecholamines, including
adrenaline, noradrenaline and isoprenaline.

2 receptor subtypes were called alpha and beta and were
defined in order of agonist potencies as follows

alpha -receptor -Noradrenaline > Adrenaline > Isoprenaline
beta -receptor Isoprenaline > Adrenaline > Noradrenaline

http://www.uni-graz.at/~binder/science/betaintro.htmlThe
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@) The Nobel Prize in Physiology
& or Medicine 1994

"for their discovery of G-proteins and the role of
these proteins in signal transduction in cells"

Alfred G. Gilman Martin Rodbell

® 1/2 of the prize ® 1/2 of the prize

* A major new textbook of Pharmacology The
Pharmacological Basis of Therapeutics, was the fruit of the
Goodman and Gilman collaboration, first published in
1941.

. | too was born in 1941 (in New Haven, Connecticut)
and named Alfred Goodman Gilman. Perhaps my fate was
sealed from that day; as my friend once said, | am probabl
the only person who was ever named after a textboook?



< Target
- proteins
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norepinephrine angiotensin Il
B-adrenergic a,-adrenergic AT,
receptor receptor receptor
Gall[.’ry G(!l/ By
Adenylyl cyclase Phospholipase C-,
cAMP IP;, diacylglycerol
PKA PKCao,d,€

Y Y

Ca?* channels (L-type, T-type, ryanodine receptors),
K* channels (K5, inward rectifiers), phospholamban,
troponin-tropomyosin, transporters, transcription factors,
mitochondrial regulators, etc.

endothelin

'

ET,
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Sympathetic
neuron

Yohimbine

[ Norepinephrine }:{> aZ-Q
Local Clonidine
release

Phentolamine Phenylephrine

Physiol Rev 90: 1013-1062,
2010;




[ Epinephrine J

Systemic
circulation

Metoprolol Dobutamine
Yohimbine Clonidine Propranolol Terbutaline

ST A A

\V4

a2=AR B31=-AR p2=AR
VGqg 1Gs Gs } Gi
vasoconstriction cardiac function vasodilation

Physiol Rev 90: 1013-1062,
2010;



TABLE 1. Pharmacological characteristics of adrenergic receptors by major subtype

Receptor Agonist Rank Order Coupling Effect Agonist Antagonist
a-AR Norepi > Epi >> Iso G/PLC/TPy/PKC Vasoconstrict Phenylephrine Phentolamine
a-AR Epi > Norepi == Iso G/AC/decrease cAMP Sympathoinhibit Clonidine Yohimbine

Vasoconstrict
B-AR Iso = Epi = Norepi GJ/AC/increase cAMP +Inotropy Dobutamine Metoprolol
+Chronotropy Propranolol
+Lusitropy
Bs-AR Iso > Epi >> Norepi GJ/AC/increase cAMP Vasodilation Terbutaline Propranolol
G/AC/decrease cAMP +Inotropy
Ba-AR Iso = Norepi = Epi GJ/AC/increase cAMP Lipolysis Solabegron SR59230A

Agonists are as follows: Epi, epinephrine; Norepi, norepinephrine; Iso, isoproterenol/isoprenaline. Coupling factors are as follows: G, G,, or G,
G proteins, PLC, phospholipase C; IP,, inositol trisphosphate; PKC, protein kinase C; AC, adenylyl cyclase. Agonists and antagonists are

representative only, as referred to in the text.

Physiol Rev 90: 1013-1062,

2010;



AQpeHeprnyeckne peuenTopbl

2.4

AGONISTS

Dopamine - Dopamine
- - -+ BN

‘Phenylephrme* Clonidine . * Albuterol

*Methoxamme i o-methyl-NE i Dobutamine St Terabutaline o

Oxymetazoline ; - Isoproterenol
- O
’ Noregmeﬂnne . | *Norepinephring

' Epinephrine ' '

Alpha

Alpha-1 Alpha-2 Beta-1 Beta-2 Beta-3
vascular | presynaptic heart smooth fat
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OTBEeTbI Ha BHYTPMBEHHOE BBEOAEHWNE
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PULSE
RATE
(min)

BLOOD
PRESSURE
(mm Hg)

PERIPHERAL
RESISTANCE

Norepinephrine Epinephrine Isoproterenol

. s

D

10pg/min 10p g/min 10p g/min
| | |

0 15 0 15 0 15

TIME
(min)

Goodman&Gillman, 12th Ed
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AQpeHeprnyeckne peuenTopbl

2.4

AGONISTS

Dopamine - Dopamine
- - -+ BN

‘Phenylephrme* Clonidine . * Albuterol

*Methoxamme i o-methyl-NE i Dobutamine St Terabutaline o

Oxymetazoline ; - Isoproterenol
- O
’ Noregmeﬂnne . | *Norepinephring

' Epinephrine ' '

Alpha

Alpha-1 Alpha-2 Beta-1 Beta-2 Beta-3
vascular | presynaptic heart smooth fat
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| Adrenergic Agonists I

Direct-acting Mixed-acting Indirect-acting
Selective Non-selective Releasing Uptake MOA COoMT
Agents Inhibitor* Inhibitors* Inhibitors*
«,-phenylephrine ty (-Oxymetazoline ephedrine amphetamine cocaine selegiline entacapone
wp-clonidine f4 Po-isoproterencl (ctq «tp By Ppand  tyramine
f3,-dobutamine «y as iy fo-epinephrine  releasing agent) \\
fio-terbutaline a4 (o i4-norepinephrine ! N
pN L, i )
\\\ 'l’ : :
N 2 i i
AN ’ ! ]
o 4 1 '
N/ i i
Responses are not reduced by prior Response is reduced by Responses are abolished by prior
treatment with reserpine or guanethidine. prior treatment with treatment with reserpine or
Response may by potentiated by cocaine, reserpine or guanethidine.  guanethidine.
reserpine and quanethidine.

Goodman&Gillman, 12th Ed
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516 K. STARKE AND J. R. DOCHERTY
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AroHucTbl Anba2-agpeHopeLenTopoB
HO OH ¢+
\/
CH,

i
C—0

— S ;,)
[ e

CHg

o-Methyldopa
(oc-methyl group in color)

/'\ﬁl\'/E T J AN

Central alpha-2 agonists and other clonidine (Cataprest) 0.1-0.8 2

centrally acting drugs clonidine patch (Catapres-TTS) 0.1-0.3 1wkly
methyldopa (Aldomet) 260~1,000 2
reserpine (generic) 0.1-0.25, 46 1
guanfacine (Tenex?) 0.5-2 1
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Frequency dependence

A Sympathetic nerve

release (%)

N W — (6 (o))

o o o o o
1 1 || 1 | |
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Inhibition of [3H]-norepinephrine

g~ iy T T
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Frequency (Hz)

Am J Physiol Regulatory Integrative Comp
Physiol 283: R287-R295, 2002; 48



decreased
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outflow

O2A T .
ﬁ salt-induced o ﬁ VES0-
hypertension / o2B constriction
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norepinephrine
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Am J Physiol Regulatory Integrative Comp 49
Physiol 283: R287—-R295, 2002;



OcHOBHblE hapMakonornyeckne aMEKTbI aapeHanmHa

1) Mwugpuas

N

YyallleHne 1 ycuneHue cokpalleHuin cepaua

B~ W

) TloBbIWEHME apTEPWAnbLHOrO AaBMEHNS
) PaccrnabneHue rnagkux bl OPOHXOB

5) [uneprnmkemus
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OCHOBHbIE NOKA3aHWS K MPUMEHEHWUIO aipeHaINHa

AHamnakTU4yeckum WoK (B/B, B/M)

OctaHoBka cepaua (B NonocTb NEBOro Xesynoyka)
[TpucTynbl OpoHXMansHOM acTMbl (M/K)
OTKpbITOYronbHas rnaykoma (rnasHble kansu)

MpenynpexneHne pe3opbTUBHOTO AENCTBUS U MPONOHMMPOBAHNE AENCTBIS MECTHBIX

dHECTETUKOB
Epipen (ALK-Abell6) auto-injector Grey safety cap

[unornukemus

1. Remove device from carton 5. Hold for 10 seconds
2. Remove grey safety cap 6. Massage area for several seconds
3. Place black tip against thigh at 90° 7. Discard device safely
4. Press hard into thigh until auto-
injector mechanism functions
(should click)

Anapen (Celltech) auto-injector Black safety cap

Black needle cap
1. Remove black needle cap 4. Press red firi tt:
2. Remove black safety cap 5. Hold for 10 1
from red firing button 6. Massage ar: seviial seconds

3. Place against thigh at 90° 7. Discard device safely
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gland Epinephrine







MexaHusm peLenTopHO-MexXaHN4eCKoro cConpsi>keHusi B

rmagkoun Mmbilliue cocyaa

agonists (norepinephrine,
angiotensin I, endothelin-1, etc.)

2+
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operated and sarcoplasmic) pasn RhoGEF —»
receptor- reticulum |«— 1P, DG
operated Ca?* 5 RhoA-GTP RhoA-GDP
channels Ca=* PKC (active) (inactive)
— Ca?* — CaZ*/calmodulin
Rho-
MLC kinase kinase | ATP
(active)
l /"
actin + MLC (P) |
(contracted)

P)
myosin myosin\."/
l‘_ phos);')hatase — hos hatase

MLC (active) inactive)
(relaxed) 5 4




[ magkue MblliLbl apTepuanbHbIX  COCYOOB

CumnaTtnyeckas MHHepBaLUus
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COKpaWweHNne 55

PHARMACOLOGICAL REVIEWS 2001, Vol. 53, No. 2




OcHoBHble 3(hdheKkTbl BO3DYXAEHWA adpeHOpeLenTopos

- MUpunas (COKpaLLI,eHI/Ie pafvanbHON MbILLLI PayKKK)

- CYXXeHue apTepun n BeH
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-652

BRODDE AND MICHEL

adrenoceptors

aj-adrenoceptors

oy-adrenoceptors

-adrenoceptors

B2 s

Ba?
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IIpoBeneHne curHana B KapAMOMHUOILIUTE IIPY aKTUBAIUU
Oeta-1 aagpeHopeLenTopa
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Protein

Sarcoplasmatic Reticulum
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Mexanu3M pacciaOiaeHus TIagKUX MBIIIII
npu akTuBanuu Oera2-AP
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Eur Respir J 2006; 27: 1286—-1306
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AroHucTbl beTta2-
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3a Kakue uccrneanoBaHus Julius
Axelrod

ObiIn HarpaxxgeH HobeneBckon

I-I ..... ~
rBapMaHTbl

I
oTBeTOB.

1. 3a OTKpbITHUE reHa, OTBEeTCTBEHHOro 3a cuHTe3 HopapgpeHanuHa
2. 3a uccnenoBaHua nyTen metabonnama KatexonammHOB

3. 3a paboTtbl B obnactu mopcgonormm cuMnaTu4eCKom HepBHOU CUCTEMBbI

4. 3a ycTaHOBJIEHUEe XMMNYECKON NpUpoabl Nnepenavym HEPBHOIO UMNybCca

Mocnatb SMS ¢ HOMEepPOM NpPpaBUJNIbHOIo OTBETa Ha TeIrl.

" +7-903-745-6208 _,



4.

3a Kakue uccnenoBaHus Julius Axelrod Obin
HarpaxageH
HobGeneBckown I :

BapuaHTbl 1 MMH 30 CeK

OTBETOB:

3a OTKpbITHE reHa, OTBETCTBEHHOro 3a cuHTe3 HopagpeHanunHa

3a uccnepoBaHusa nyTen metabonmnama KatexosilaMmMHOB

3a paboTbl B obnactn mopdonormm cumnatmn4ecKkon HePpBHON CUCTEMbI

3a ycTaHOBNEHUEe XMMUYECKOW NpMpoabl Nnepeaayn HePBHOIro MMMNYNbCa

[Mocnatb SMS ¢ HOMepoM NMpaBUITbHOrO OTBETA Ha
HOMeEp

+7-903-745-6203



4.

3a Kakue uccnenoBaHus Julius Axelrod Obin
HarpaxageH
HobGeneBckown I :

BapuaHTbl 1 MMH OO CeK

OTBETOB:

3a OTKpbITHE reHa, OTBETCTBEHHOro 3a cuHTe3 HopagpeHanunHa

3a uccnepoBaHusa nyTen metabonmnama KatexosilaMmMHOB

3a paboTbl B obnactn mopdonormm cumnatmn4ecKkon HePpBHON CUCTEMbI

3a ycTaHOBNEHUEe XMMUYECKOW NpMpoabl Nnepeaayn HePBHOIro MMMNYNbCa

[Mocnatb SMS ¢ HOMepoM NMpaBUITbHOrO OTBETA Ha
HOMeEp

+7-903-745-6203



4.

3a Kakue uccnenoBaHus Julius Axelrod Obin
HarpaxageH
HobGeneBckown I :

BapuaHTbl O MMH 30 CeK

OTBETOB:

3a OTKpbITHE reHa, OTBETCTBEHHOro 3a cuHTe3 HopagpeHanunHa

3a uccnepoBaHusa nyTen metabonmnama KatexosilaMmMHOB

3a paboTbl B obnactn mopdonormm cumnatmn4ecKkon HePpBHON CUCTEMbI

3a ycTaHOBNEHUEe XMMUYECKOW NpMpoabl Nnepeaayn HePBHOIro MMMNYNbCa

[Mocnatb SMS ¢ HOMepoM NMpaBUITbHOrO OTBETA Ha
HOMeEp

+7-903-745-6203



3a Kakue uccnenoBaHus Julius Axelrod Obin

HarpaxgeH
Hob6enesckoun I
BapuaHTbl
OTBETOB:

1. 3a OoTKpbITHE reHa, OTBETCTBEHHOro 3a cuHTe3 HopagpeHanuHa
2. 3a uccnenoBaHua nyTen metabonnama KatexonammHOB
3. 3a paboTtbl B obnactu mopcgonormm cuMnaTu4eCKom HepBHOU CUCTEMbI

4. 3a ycTaHOBJIeEHUEe XMMNYECKOMN NpUpoabl Nnepeaavyn HEPBHOIO UMNYNbCa

[Mocnatb SMS ¢ HOMepoM NMpaBUITbHOrO OTBETA Ha
HOMeEp

+7-903-745-6208
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Hayka n TexHuka

Teru:

e-Patient

treatment

online

NTnueHsun:
CraHgapTHasa nuueHauns YouTube



