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Cxema cepae4yHO-coCcyaAUCTOMN
CUCTEMbI MFIeKONUTaKLUX

7%% Pulmonary capillary
el ™y

Pulmonary vein

Pulmonary artery

Tpwu cocTaBnALWKX:

1) LleHTpanu3oBaHHbIN HAcocC
(YeTblpexkamMepHoe cepale)
2) Tpybonposoabl (cocyabl)

3) TpaHcnopTupyoLlas
XXUOKOCTb (KpOBb)

Precava Aorta

Right atrium Left atrium

Postcava

Left ventricle
Right ventricle

Black blood Arterial blood

Capillaries of
peripheral tissues

C uenbto HacTponkn apdektTneHom pabotel CCC
(obecrnevyeHnsa He0OXOOAUMOro KpOBOTOKA B TKAHSIX)
BCe TPW COCTaBNALNX 9PIEKTUBHO PErYNINPYIOTCA.



OcHoBHada pyHKUMA cepaevyHo-
COCyAUCTOUN CUCTEMbI - TPAHCNOPTHAaNA

UTO TpaHcnopTUpyeTcH:

1. Booa

2. AMMHOKNCNOTbI, YrrneBoabl, NPOAYKThI
nepeBapuBaHnNA XXNpPoOB

. QNEKTPONNTbI

. MeTtabonutbl

. JlenkouunTbl

. Kncnopog n yrnekucnbin ras

. Tenno

. fTOpMOHbI 1 gpyrne 6UONOrMYeckn akTUBHbIE
BELLEeCTBa
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Knaccudumkauma KpoBeHOCHbIX COCYyA OB

1) amopTu3mpyoLme (dnacTU4eckoro Tuna): aopTta,
KpYMNHblE apTepum

PyHKUUU:
- amopTuampyrowaa pyHKuMA ( B CUCTONY);

- obecne4yeHne HenpepbIBHOMO Toka KpoBU (B

auacTony).

B kanunnsapbl_— | B kanunnsapsl.

Cucrtona [nacrtona



KpoBeHOCHbIe cocyabl

2) Pe3NUCTUBHbIE (MbILLEYHOro TUNa): Menkme
apTepum n apTepuorol

Quter Smooth Basement
coat muscle membrane  Endothelium

g

PYHKUUMU:

ARTERY Elastic tissue

Elastic tissue

- Perynauyums

cucTtemMHoro A it Ul necled
b

- Perynauus _ iy

PErMoHanbHoro e ——

Kpo BOTO Ka rl?]aesrre\tr;:::e Endothelium

CAPILLARY




KpoBeHOCHbIe cocyabl

3) MUKPOLUMPKYNATOPHOro pycna:

OcHoBHasa hyHKLUA - OOMEeHHasA



KpoBeHOCHbIe cocyabl

4) AKKymynupyrowime (EMKOCTHbIE): MeNKue n
cpegHne BEHDI

PYHKLUMN:

- Pesepsyap kpoBu (63% obbema KpoBu
HaxoOAaTCcsa B BEHaX)
- YyacTtue B nogaepxanHmn ALl

Tunica Adventitia

Tunica Media

Tunica Intima Ar ter ' ()



KpOBOTOK B pa3fiMyHbIX opraHax
(B nokoe u npn MakcMmMmasribHOM aKTUBHOCTH)
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B ronoBHOM MO3re 1 NoYKax (KM3HEHHO BarKHble OpraHbl, KOTOPbIE AOMKHbI
GYHKLUMOHNPOBATb NOCTOAHHO, KPOBOTOK AOCTAaTOYHO BbICOKUIA U U3MEHAETCA
HEe3Ha4YnTeNbHO, @ B CKeNIeTHbIX MbILWLLAX U KOXKe HabatoaatoTca
MaKCMMa/IbHble U3MEHEHUA KPOBOTOKA.



Blood

Perynauua nokanbHOro KpoBOTOKa

Perynsauus KpoBoTOKa OCYLLECTBNAETCS Ha YpOBHE MENKUX apTepun,
apTepuvon n npekanunnsipHbiX CPUHKTEPOB NyTeM U3MEeHEeHUs
COMPOTUBIIEHUS1 KPOBOTOKY. MI3MeHeHnss KpOBOTOKA
OCYLLIECTBNAOTCS KaK 3a CYET JIOKaNbHbIX MEXAaHU3MOB, TaK U
nocpencTBOM ryMopanbHbIX U HEPBHbIX BNUAHUN. MK aTunX
COCYOB MMET MHOXECTBO Pasnn4YHbIX PELIENTOPOB N pearupyoT Ha
NosiBNeHne pasnuyHbIX BELLLECTB N METAOONUTOB.

Ba)kHO MOMHUTb, YTO, MOCKOMbKY CONPOTUBIIEHUE coCcCyaoB 06paTHO
nponopuuoHanbHO YeTBepPTOWN cTeneHu paguyca, HebornbLune
N3MEHEHUs Kanmbpa coCyaoB BbI3blBAlOT O4EHb DOMbLLME N3MEHEHUS

KPOBOTOKaA.
l Blood flow
0 . increases
Smooth muscle
precapillary sphi
relaxes.

Blood flow
decreases

Smooth muscle of
precapillary sphincter

contracts. ‘

Blood
flow

__A__';
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Perynauuna nokanbHOro KpPoOBOTOKa

Extrinsic Intrinsic

Arteriole Tissue
— Metabolites

Neural
+ Local
Hormones
+
Humoral Myogenic

Endothelial
Factors



CocyaucTbin TOHYC

Vascular tone:
Basal Myogenic tone

» Spontaneous
discharge of
pacemakers cells

« Spread of AP

 Contraction of
vascular smooth
muscle




CocyaAncCTbIN TOHYC
Myogenic theory

Autoregulation

o) Blood flow is maintained relatively constant despite an
increase B.P. How?

R =
K Flow (F) — Pressure(P)t
\ Ry MOWIF) = peistance (Rju'

Incr. B.P. =» Incr. stretch of = stretched muscles contract =
muscles smaller radius = greater
resistance



D,pyme BUAbl MeCTHOMU perynaumun
KPOBOTOKA
MuoreHHasa ayToperynsaumsa — HEKOTOpble COCyabl
(Hanpumep, rofiIoBHOro0 Mo3ra, NOYKN) CIIOCOOHbI

noaaepXxnBaTb MOCTOAHHYIO OObEMHYIO CKOPOCTb
KpOBOTOKa NpW KornebaHusx JaBrneHus.
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Autoregulation
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CocyaAncCTbIN TOHYC
Metabolic theory of

Autoregulation

Decreased BP. and blood flow to a tissue cause
» Decreased arterial inflow = a fall in tissue PO,

» Decreased venous outflow = accumulation of
products of metabolism:
— Incr. PCO, = incr. [H*] VDMs:
— Incr. heat=» incr. ISF temperature Vasodilator
— Incr. lactic acid = incr. [H*] Metabolites
— Incr. osmolality
— Release of K* (due to hypoxia)
— Release of adenosine (since ATP synthesis is reduced)

 All these act on smooth muscles of precapillary
resistance vessels to relax = increased radius
=» increased blood flow (back to normal)




CocyaAncCTbIN TOHYC

Metabolic theory of
Autoregulation

Vasodilator metabolites cause Hyperaemia
(increased blood flow in the tissues)

e Active hyperaemia:

— VDMs maintain the increased blood flow during
increased metabolic activity of the tissue .e.g.

exercising muscle

e Reactive hyperaemia:

— Increase in blood flow in a tissue when its circulation is
reestablished after a period of occlusion; and this more
than compensates for a decrease in blood flow that has

occurred during occlusion



organ blood flow

organ blood flow

CocyaAncCTbIN TOHYC

A
Skeletal muscle
% blood flow during
ACTIVE HYPEREMIA exercise?
Durmg activity Flow returns to
L period of increased ol normal as the
I~ metabolic rate 1 VDM:s are
B washed way

REACTIVE HYPEREMIA I

i

}e—>| After tremoval of occlusion

period of arrested blood flow

Myocardial perfusion
after coronary artery
spasm?




HepBHasa perynsauusa KpoBOTOKa

HepBHana perynaymsa npocBeTa cocyaos (M KpOBOTOKA) OCyLLecTBAAETCA
BHC (npenmyuwectseHHo — CHC). CumnaTnyecknue HepBbl UHHEPBUPYIOT
NPaKTUYECKM BCe cocyabl (Kpome Kanunnapos).

B X OKOHYaHUAX BblAENAETCA HOPAOPEHAUH, KOTOPbIM NPUBOAUT K
cokpauweHuto NMK aptepun. AT® Kkak kompaHcmummep

CyLLecTBYIOT CMMNaTUYecKMe Ba3oamnaTaTtopHblie BOJIOKHA (AucKyccum
npoaoskatotca)?. MNonaratoT, YTo AMNataumsa AOCTUraeTcsa Yyepes
aKTuBaumio B,-aapeHoperentopos 1 npoayKunio NO. B Koxe yenoBeka
XOPOLIO M3BECTHa aKkTUBHaA BasoguaaTtalmsa, HoO HeMpomeamaTop,
OTBETCTBEHHbIN 3a 3TO pacluMpeHne, HemssecTeH. B ckeneTHbIX mMbilLax
yenioBeka bonee paHHWe UccaenoBaHMNA NPeAoCTaBUAN KOCBEHHbIE
JI0Ka3aTe/IbCTBa, COOTBETCTBYOLWME CUMNATUYECKM ONOCPeA0BaHHOM
BasoAunaTaumn.

MapacMmnaTUyecKkue cocyaopaclimpatoLLme XONUHEPrMyecKue BOIOKHA
(Hapy*Hble NoNoBbie OpraHbl)

XOTA Y }KMBOTHbIX ABHO MMEIOTCA YYBCTBUTE/IbHbIE K aTPONUHY 1 NO-
3aBUCUMbIE PacCLUNPUTENIbHbIE HEPBbI CKEJIETHbIX MbILLLL, B HacToAllee
BPEMSA Mbl AYMaeM, YTO BONbLUMHCTBO «CUMMMNATUYECKNX
PACLUMPUTENBHbBIX» PEeaKLUM B MbllLLAX YeN0BEKA 0OYCNOB/EHDI
aApPEHANMHOM UIN MECTHbIMU XONIMHEPTNYECKMMN MEXaHU3MaAMMU,
CTUMYNpPYIOLLMMK BbicBobOXaAeHMe NO 13 cocyancToro sHAoTeNus. .



CvMmnaTnydeckas
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Thoracolumbar outflow

CocyaucTtbin TOHYC

Systemic Control :

Sympathetic ganglion

CHWXeHue pH, rmnepocMonspHOCTb, YMEPEHHOE
NOBbILLEHME KOHLEHTPaLUM MOHOB K+,
a[leHO3MHOBbIX HYKINIEOTUAOB MOAYNUPYIOT
BbICBOOOXAEHWE HOpaapeHanvHa

Neural-1

O.— receptor

Vascular
muscle
contraction

Vasocontriction

Continuous Sympathetic noradrenergic discharge
(Sympathetic tone) maintains vascular tone

Most important control

moment to moment variation in vascular tone is effected by

variation in sympathetic tone



CocyaucTtbin TOHYC

Thoracolumbar outflow

Systemic Control : Neural - 2

/“"/

ACh Muscarmlc— receptor

u D muscle

Q J rele}zjxation

Sympathetlc ganglion a3

\ ACh p"‘%q Vascular

Vasodilation

«  Sympathetic cholinergic vasodilator system supplies
the vessels of the skeletal muscles
. Not important for normal control

. Sudden emotional shock = activation of this system =» pooling
of blood in skeletal muscles of lower limbs



Craniosacral outflow

CocyaucTtbin TOHYC

Systemic Control : Neural - 3

Muscarinic— receptor

s | Vascular
A muscle
relaxatlon

Vasodllatlon

Parasympathetic nervous system
Not important for systemic control of vascular tone
Causes vasodilation in

— actively secreting glands

— erectile reproductive tissue

Mediated by Nitric Oxide (NO) from endothelial cells



Heunpomoaynatopbl U KOTPAaHCMUTTEPbI

NcTopuyeckada posib HopaapeHaMHa Kak npeobnagarolero
CMMMNATUYECKOTO HEMPOMEAMATOPA B COCYAUCTbIX HEMPOIPPEKTOPHDLIX
COeMHEHUAX paclumMpunacb 1 tenepb BKAtoYaeT AT® n moaynatopHoe
nencteme Henponentnaa Y (NPY).

MHOrouymnmcneHHble nccnegoBaHuA C U30JIMPOBAHHLIMU KOJIbLLAMMU
KPOBEHOCHbIX COCYA0B AEMOHCTPUPYIOT HA/IMUME KNtoYeBbIX GEePMEHTOB,
OTBETCTBEHHbIX 33 CMHTEe3 ATD, HopaapeHanuHa n NPY, nx coemectHoe
XPaHEHNE N UX SINEKTPUYECKN BbI3BAaHHOE BbICBODOOXKAEHME U3
CUMMATUYECKMX NMEPUBACKYNSAPHbBIX HEPBHbIX OKOHYAHUMN.

Ob6HapyXeHune pa3Hoobpa3Hbix nonyasaumnm peuentopos ATO,
HopagpeHannHa n NPY B KpoBeHOCHbIX cocyaax, byab TO B rnagakux
MbILILAX, SHOOTE/IMANbHbIX K/IETKaX UM HEPBHbIX OKOHYaHUAX, elle
bonblue cnocobCcTBYET NPEACTAaBAEHUIO O TOM, YTO CMMMNATUYECKUE
cocyauctble pedieKCbl BK/IIOYAIOT B cebs corlacoBaHHOE AeNCTBUE
HopagpeHannHa u AT® n nx moaynauma NPY.



Moaoynsauua nepegaym B nepudepunyecKux
cUMnaTU4YeCKUX HepBax

A3BECTHO, YTO BbICBODOXOEHNE HOpaapeHanuHa nu3 nepugepnyeckmnx
CUMNATUYECKNX HEMPOHOB HAaXoAUTCS NOA KOHTPOMNEM Kak
oTpuuaTenbHON, Tak U NONOXUTESNTbHON 0bpaTHOU CBA3N.

HopaapeHanuH, BbiICBOOOXAaeMbIN U3 Nepudpeprnyecknx HENMPOHOB,
OEeNCTBYET Ha npecunHanTuyeckme anbda-2-peuenTopbl, NogaBnsd
OaribHenLWy HeNpPOTPaHCMUCCUIO.

[ononHuTenbHble NpecnHanTuieckne godamMmHeprmyeckme peuenTopsbl
(DA2), myckapuHoOBble peLenTopbl (aueTUnxosivmH), onmMounaHble
peuenTopbl, peuenTtopbl NpocTarfiaHanHOB, adeHO3UHOBbLIE PeLenTopbl
(A1) n ructammHoBble peuenTtopsbl (H2) npucyTcTBYOT Ha MeMbpaHax
cuMnaTU4EeCKNX HEPBOB W MPU B3aUMOLENCTBUM C COOTBETCTBYHOLLIUM
nuraHgom MOryT orpaHmdmBaTth ak3oumtos HA.

[[aMMa-aMmnHoOMacnaHas Kucnorta u CEPOTOHNH UTPAKOT aHAJTOTNYHYHO
poOJib B CHU>XXEHUN aKTUBHOCTU CUMNATUNYECKNX HEPBOB.

ObneryeHne BbICBOOOXOEHNA HOpaapeHanuHa NPOUCXOANT 3a CYET
aKTUBaLMN HEMpPOHAaIbHbIX PEeLEenTOpoB aHrMoTeH3nHa |l n , BO3MOXHO, 3a
cyeT cTumynauumn beta-2-peuenTopoB MembpaH cMMmnaTUYeCKUX HEPBOB.



CocyaucTtbin TOHYC
Systemic Control : Humoral

Circulating

Vasoconstrictors
- Noradrenaline
. Angiotensin |l . : !

: irculating Vasodilators
. Vasopressin > . .
; . [y Adrenaline (liver,

’ Adrenalm.e (skin, ol skeletal muscle)

splanchnic) \

Dopamine (kidney)
Atrial Natriuretic
peptide (ANP)

o  VIP (Vasoactive
Intestinal Peptde)

O Kinins
O Substance P

. Dopamine
. Neuropeptide Y
. Calcium ions



CocyaucTtbin TOHYC

Local Control : Humoral

Vasoconstrictors

Serotonin (5-HT)
(from platelets)

Thromboxane A2
(from platelets)

Endothelin (from
endothelial cells)

Vasodilators

o Nitric oxide (from
endothelial cells)
Prostacyclin (from
endothelial cells)

0 Histamine

Vasodilator
metabolites
(VDMs) from
tissue metabolism



JlokanbHbIe perynaTopHbIle
MeXaHU3MbI

 HepocTtaTtok kucnopopga. [ nnokcunyeckas
Basogunaravuus.

* MpoaykTbl MeTabonuama:

- MecTHOe noBblweHne kKoHueHTpauun CO, nnu
KOHUEHTpauumn H*.

- Mono4yHaga kucnota, nupysat, AP, AMO,
aJEeHO3VH.

- K*?



MecTHble dhakTopbl perynauumu

KPOBOTOKA

NERVE ENDING:
Noradrenaline

INTIMA:

* Endothelial cells: NO, PGl,, TXA,,

* Smooth muscle cells

MEDIA:

* Fibroblasts: O3, H,0,, ET-1

ADVENTITIA:

Gl,, PGE,, ADRF,

2, P

-1, NO, TXA

adipocytokines.

I,

* Adipocytes: leptin, adiponectin, AT

PVAT




Ponb NO 1 H,S

1. Endothelial cells

2. Vascular smooth muscle cells
‘ i/— 3. Periadventitial adipose tissue

PLag



CocyaucTbIn TOHYC

Endothelial control of vascular tone: -
Endothelial cells secrete
Vasoactive substances:
Vasoconstrictor | ;; ’j Vasodilators
+ Endothelin [ “H#E——xg NO
(peptide) (gas)
Prostacyclin

(prostaglandin)

Y Tunica

intima * EHRF

ndothelium



CocyaucTtbin TOHYC

Nitric oxide production

NO-dependent

Blood Flow vasodilators  * L-arginine
Shearing Forces
Inflammation —/-———¥> i + * NO synthase

— - — Constitutive NOS (cNOS)

P
| A ,4\{/ — Inducible NOS (iNOS)

k‘Endotheha’:V OSVCNOS .~"’ ) PI.'OdUCti(')n Of NO
(__cen  NO ~~/ « Diffuses into smooth
—— g muscle cell
N TN « Activation of guanylyl
'\/ Muscle NO—'GC”’CGMP \ cyclase (GC)
C‘Eﬁon,,ac,,on atp . 7 * Increased cGMP
B el = decr. Ca?* conc.

« =>Relaxation of
vascular smooth muscle



CocyaAncCTbIN TOHYC

Stimuli for Nitric oxide production

Acetylcholine

NO-dependent

Blood Flow Vasodilators Bradykinin
Shearing Forces + Histamine (via H1 receptors)
IR VIP

Substance P

Endothelial if Vasoconstrictors:
C II N O / .
e oradrenaline

THE: / Angiotensin Il
Pl —CAMP (R}

Pl
o Noi"»GC(/»cG_MP‘)

Muscle

Cell %
- lontraction,CTP .

—”| Certain infections = septicaemia = inflammatory mediators = iNOS =
massive production of NO =» vasodilation refractory to vasoconstrictor drugs
=» refractory shock




CocyaAncCTbIN TOHYC

Vascular actions of NO

* Directly causes vasodilation

 Mediates the action of some
vasodilators

* Modulate the vasoconstrictor action

of

noradrenaline and AGII

the direct effect is greater

l'_ Net effect;
endothelium vasoconstriction since
(+)

kNO

Vascular smooth muscle
c?mraction

Far greater
vasoconstriction if
NO is deficient3’




CocyaucTbin TOHYC

Vascular actions of NO

Modulates the vasoconstrictor action of
endothelin (ET-1)

Anti-thrombotic effect - inhibits platelet adhesion
to the vascular endothelium

Anti-inflammatory effect - inhibits leukocyte
adhesion to vascular endothelium

Anti-proliferative effect - inhibits smooth muscle
hyperplasia

Effects of NO deficiency?
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