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A C €C O U N B
OF SOME
HYDRAULIC and HYDROSTATICAL
EXPERIMENTS
MADE ON THE

BLLOOD and BLOOD-VESSELS

OF

A NI M A L S

ExPERIMENT L

Xa N December I caufed a mare to be
tied down alive on her back; fhe was
14 bands high, and about 14 years
v _ of age, had a fiftula on her withers, was nei-
e ? ther very leannor yet lufty: having laid open
the left crural artery about 3 inches from her

Cap CtedeH Xeunc, | | oy, 1inercdinto ica b pipe whofe

bore was - of an inch in diameter ; and to

1677-1761 | o B that,




2 HAEAMASTATICS.

that, by means of another brafs pipe which
was fitly adapted to it, I fixed a glafs tube, of
nearly the fame diameter, which was g feet
in length: then untying the ligature on the
artery, the blood rofe in the tube 8 feet 3
inches perpendicular above the level of the
left ventricle of the heart: but it did not at-
tain to its full height at once ; it rufthed up
about half way in an inftant, and afterwards
gradually at cach pulfe 12, 8, 6, 4, 2, and
fometimes 1 inch: when it was at its full
height, it would rife and fall at and after
each pulfe 2, 3, or 4 inches; and fometimes
it would fall 12 or 14 inches, and have there
for a time the fame vibrations up and down,
at and after each pulfe, as it had, when it
was at its full height; to which it would
rife again, after forty or fifty pulfes,

2. The pulfe of a horfe that is well, and
not terrified, nor in any pain, is about 36
beats in a minute, which is ncarly half as
fat as the pulfe of a man in health : this
mare’s pulfe beat about 5 5 times in a minute,
and fometimes 60 or a 100, fhe being in
pain.

3. Then I took away the glafs tube, and

[ | IP" t}'\f‘ h]nnd Frnm SETa A RED s

P — .



MeToa onpeneneHnsa CUCTONIMYECKOro
apT. pasneHua no PuBa-Poyuun — 1896 .




Hukonain CepreeBuu

KOPOTKOB

(1874—1920)

BbINYCKHUK MEUIUHCKOIO (p-Ta
MoOCKOBCKOTIO
yHuBepcurera 1898 roga

Op.- H. C. Kopomxoses. Kb Boupocy 0 Merogaxw®

H3CN'BAOBANiA KPOBAHOrO AaBienis (M3B KIUHHKH
npod. C. II. Bexoposa).

Ha ocHOBaHiM cBOMXB HAGNWOREHIH NOKIAAYHKS
opuuwens Kb TOMY 38KNWYeRio, YTO BNONHE cXa-
Tas aprepis OpH HOPMANbHBIX'B YCJIOBISAX'B HEe NaeTh
HHKZKHMX'b 3BYKOBBh. BOCNOnb30BABUIHCE STHMDB fB-
leHieMs OHB Npeliaraers 3BYKOBOA MeTOA'HL Onpe-
AbieHia KPOBAHOrO AAaBIEeHIA HAa NPOAAXB. Pyxans
Rivva-Roecci Haknansisaerca Ha cpefiHoo '/, nmeua;
AaBleHie Bb pykass OGbICTPO NMOBLIINAETCS N0 IOMA-
HAro npexkpalleHia KpoBoobpameHias HHXe pyRasa.
3arbMb, NpPejOCTABHBH PTYTH MAHOMeTpa MANATH,
ABTCKUM®D CTETOCKONOMD> BBICIYIIHMBAKTE apTepin
TOTYacCh HuXe pykaBa. CnepBa He CIBIUIHO HHKa-
KMX'b 3BYKOBD. IIpu najzeHiH pPTyTH MaHOMeTpa 1o
H3BBCTHOM BHICOTHI MNOABAAWTCA INEpBLIE KOPOTEie
TOHBI, MOABJAEHIe KOTOPbIX'> YKAa3biBaAeTH HAa Npo-
X0XJAeHie YaCTH NyJbCOBOH BOJHBI HOAB PYKABOM'b.
Casaos., uudpel maHOMETpa, MNPY KOTOPHIXB INO-
AABUJCA NEepBblA TOHDB COOTBBTCTBYWTH MAKCHMAlb-
Homy nasiaenio. [pu nanbubiwems naneHiv pryTH
Bb MAHOMETPH CALIMATCHA CUCTOAHYECKie KOMIpec-
CiOHHBIE MIYMbI, KOTOpPbi€ NepexoasT: CHOBA BB
TOHB (BrOopnie). HakoHeus, BCH 3BYKH HCYUE3AKTD.
Bpema ucHYe3HOBeHia 3BYKOBB YKa3nlBaeThs Ha
cBOGOAHYI0 TPOXOAMMOCTL TNYJbCOBOH BOIHLI; JApPY-
rmMu cilosamu, BDb MOMEHTDH Hcuye3aHis 3BYKOBB
MUHMMAIbHOE KPOBAHOEe AaBlJeHie BB aprepiu npe-
BbicMN0 JAasieHie Bb pykask. Caba., uudppsr mano-
MeTpa B'b 3TO BpeMd COOTBBTCTBYHOTH MHHHMMANL-
HOMY KpOBsSiHOMY naBieHilo. OubThl HA XHBOTHEIXD
NAANM NONOXKUTEeIbHBIE pe3ylnbraThl. [lepBeie 3BYKH-
TOHLI noABRAWTCA (Ha 10—12 mm.) paHbure, HeXKedH
nynsch, Ang owylgeHis koroparo (r. av. radialis)
Tpe6yeTcsi mpopnriBL OoJbliell YACTH IYIHCOBOH
BOJNHEIL.

H3eecmus M mnepamopckou
Boenno-meduuyunckoi akademuu,
1905, dexabpwv, Ne 4, m. XI, c.365



[MnepToHMn4yeckKkasa 60ne3Hb -

XpoHunyeckoe 3aboneBaHne, OCHOBHbIM
KITMHUYECKUM NPU3HAKOM KOTOPOro
ABMAETCHA ANMMTENbHOE N CTOUKOE

NoBbILLEHNE apTepunanbHOro AaBneHus
(rmnepteH3uns).




Knaccudumkauma aprtepuanbHoun
rmnepTeH3umn

* MpocdmnakTuka, AMarHOCTUKa M rieveHue aptTepmanbHON TMNepToOHUNn
B Poccumckon Pepgepaumn. Kapguonorunsa.-2000.-Ne11




Knaccudumkauna aprtepuanbHoun
runepteH3uun JNC VII

* Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure. The seventh report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC VII)// NIH Publication N2
03-5233. May, 2003.
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Table 7. ldentifiable causes of hypertension

Chronic kidney disease

Coarctation of the aorta

Cushing’s syndrome and other glucocorticoid excess states
including chronic steroid therapy

Drug induced or drug related (see table 18)

Obstructive uropathy

Pheochromocytoma

Primary aldosteronism and other mineralocorticoid excess states

Renovascular hypertension

Sleep apnea

Thyroid or parathyroid disease



RAAS : T Leptin L BRS ()
Activation (?) i

ey

Activity

vy v

Structural Vasoconstriction
effects Na“ retention
TCardiac output

L 3

Hypertension

Insulin Resistance
Hypernsulinemia

M.Esler et al., Hypertension 2006; 48;
787-796




Quantifying human sympathetic
nervous system activity

Sympathetic

Nerve Traffic " .
Norepinephrine

N’I V‘\/\M"‘ JUV'NW Spillover

Testing is best done by recording postganglionic
nerve traffic (clinical microneurography) and
measuring transmitter release from sympathetic
nerves to plasma (norepinephrine “spillover”)

Murrey Esler, J Appl Physiol 108: 227-237, 2010.




Obesity-Related Hypertension
A Neurogenic Hypertension Variant

HEART

A ks MSNA

KIDNEYS %

«=> GUT AND LIVER

ADREN.
SECR.

M.Esler et al., Hypertension 2006; 48;
787-796




CHMXXeHue pucKa nosABIIeHUS OCHOBHbIX
ocnoxHeHuu 'b- Hypertension Optimal

Treatment ( ) Study, 1998
(19000 naumeHTOB B 26 cTpaHax; 3,8 ropa)
® % cHUXeHnA pucka

I—I'

JlocTurnyroe OnTumanbHoe cHMxeHue Al
AJl nuacr. B HOT uccnepoBaHum- 83 mm Hg
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Table 9. Lifestyle modifications to prevent and manage hypertension*
—_—— s

MODIFICATION RECOMMENDATION APPROXIMATE SBP REDUCTION
(RanGe)t
Weight reduction Maintain normal body weight 5—20 mmHg/10kg9293
(body mass index 18.5-24.9 kg/m?2).
Adopt DASH eating plan Consume a diet rich in fruits, 8-14 mmHg94:95

vegetables, and lowfat dairy
products with a reduced content of
saturated and total fat.

Dietary sodium reduction

Reduce dietary sodium intake to no
more than 100 mmol perday (2.4 g
sodium or 6 g sodium chloride).

2-8 mmHg94-96

Physical activity

Engage in regular aerobic physical
activity such as brisk walking (at
least 30 min per day, most days of
the week).

4—9 mmHgo7-98

Moderation of alcohol
consumption

Limit consumption to no more than
2 drinks (e.g., 24 oz beer, 10 0z
wine, or 3 0z 8o-proof whiskey)

per day in most men, and to no
more than 1 drink per day in
women and lighter weight persons.

2—4 mmHg9?
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Cr i SVR
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¥ | Direct | Circulating . Local
innervation | | regulators ' regulators
PSNS | o4 -ART CatecholaminesT NOJ
SNS T ATII T Prostacyclin 4
Catecholamines 1 Endothelin T
ATIIT
O, 1
H+l
Contractility = Preload Adenosine 1
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Catecholamines T

Venous tone Intravascular volume

SNS T
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Thirst 1 Na*/H,0 retention
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Aldosterone T

ADH T

Natriuretic peptides{

{ Figure 25-1: Determinants of systemic blood pressure. Blood pressure (BP) is the pr...




Vvarious integrated patterns
based on 3 links:

A. SOMATOMOTOR

{behaviour)

L
nvu’mnt.l] & > B. VISCEROMOTOR

B timmuls
\ (circulation. digestion etc.)

C. HORMONAL

{(metabolism., electrolytes etc.)

aro— and volume hemoreceptor
receptor input

input

NEJURO-HORMONAL
— —e CARDIOVASCULAR"
ADJUSTMENTS

(of cutput, resistance.
flow distr.., volume etc.)

2. BULBAR CONTROL LEVEL
3.

LOCAL CONTROL LEVEL

MYOGENIC ACTIVITY
’ ; (controliled by local neg.
and pos. fesdbacks)

Heart Resistance vessels

FIGURE 1. Schematic outline of the three major levels of cardiovascu-
lar regulation, illustrating principal differences between their respective



Baroreceptor Medulla
afferents
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< N
(GABA)

7\. (Glu) / RVLM

CVLM
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TS

Bulbospinal
pathway (Glu)

Carotid
sinus
Thoracic

cord

Preganglionic
sympathetic
neuron (Ach)

Adrenal
medulla

Postganglionic
sympathetic Arteriole
neuron (NE) or venule

> Figure 33-2: Basic pathways involved in the medullary control of blood pressure. Th...
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'MNnoTeH3MBHbIe cpeacTBa LieHTparibHOro AencTBUS

OH /¥ C H H
=NT N>
CHZ_EH_NHZ —— Cl \E J

a-Methyldopa . a=
(oc-methyl group in color) ClOnldlne

Moxonidine _ .
Rilmenidine

Central alpha-2 agonists and other clonidine (Catapres') 0.1-0.8
centrally acting drugs clonidine patch (Catapres-TTS) 0.1-0.3

methyldopa (Aldomett) 260~1,000
reserpine (generic) 0.1-0.25,
guanfacine (Tenex?) 0.5-2
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Nutt et al., Annals New York Academy of Sciences, 1995



Sympathetic Nerve Proteins
Accessed with Subcutaneous
Forearm Vein Biopsy

Phenylalanine

Sympathetic Nerve

I Dyn 11

l L-DOPS

Noradrenaline

l Neurok

Adrenaline reuptake

Murray Esler, J Appl Physiol 108: 227-237, 2010.




AUTONOMIC NERVOUS SYSTEM
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PREDOMINANT EFFECTS OF GANGLIONIC Ul
SITE TONE BLOCKADE
|

Arterioles Sympathetic Vasodilation; T peripheral ra H n M o 6” O KaTo p bl -

(adrenergic) blood flow; hypotension
Veins Sympathetic Vasodilati(ln; pooling of i <

(adrenergic) blood; L venous return; r 2 5

cardiac output e Kc a M eTo H M M J

Tachycardia 3 LI
A3amMeTOHUMN

Parasympathetic
(cholinergic)

Parasympathetic
(cholinergic)

Mydriasis (pupil dilation)

Ciliary muscle

Parasympathetic
(cholinergic)

CycvlicgriJ(I:;g);ia (focused to far Tp M M ET a Cb a H 1 0 _1 5,

Gastrointestinal  Parasympathetic 1 Tone and motility; consti-
tract (cholinergic) pation; | secretions

Urinary bladder ~ Parasympathetic

(cholinergic)

Urinary retention

[ToboYHbIe
Xerostomia (dry mouth) 3 Cb q) eKTbl

Salivary glands

Parasympathetic
(cholinergic)

Sweat glands Sympathetic

(cholinergic)

Anhidrosis (absence of
sweating)

Table 9-2: Effects of Autonomic Ganglionic Blockade on Tissues



(.} Acute effect of indirect sympathomimetic

MexaHu3m
= | AencTBua
Do ™ @ Tg® ryaHeTuauHa

Mitochondrion DOPGAL

(=) Chronic effect of indirect sympathomimetic

VMAT e

L ®
L

Mitochondrion DOPGAL

Figure 10-4: Acute and chronic effects of indirect sympathomimetics. Indirect symp...



MexaHn3mM AencTBUA pe3epruHa

(9 Reserpine inhibits VMAT

VMAT NET Na*

A
(ve) @ \@

Reserpine

C. Reserpine inhibits the vesicular monoamine transporter, preventing the refilling of synaptic vesicles with NE and
eventually depleting the adrenergic terminal of neurotransmitter. By this mechanism, reserpine inhibits
neurotransmission at adrenergic synapses.



3. Cocaine, TCA block
membrane transport of G

2. G displaces NE
from vesicles and
depletes stores

4. Tyramine, amphetamine,
and reserpine release
G from vesicles

Na*
channel

Ca”*channel

1. G blocks physiologic
release of NE

Junctional
cleft

Figure 11—-4. Guanethidine actions and drug interactions involving the adrenergic neuron. (G, guanethidine:; NE, nor-
epinephrine; TCA, tricyclic antidepressants.)
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ETp, ETg
antagonists

04 antagonists

K* channel ET-1
openers \ /NE / :

Karp o ETp ETg !

ACE inhibitors

Ca?* channe
blockers

Inactive «—— Bradykinin
Kil

\

L-type Ca2* channel

inhibitors g2+ Cchannel :

PDES5 IR
K* | GMP j Argini
AT-| ——— AT-Il / ; 08 .
ACE N &Hyperpolanzation J/ ; YDE leNOS w—«— I Bragykinin
: receptor
——— '
Ca’: 0 ; cGMP << NO «— Nitrates
%‘ -La !
AT, antagonists ; \ Myosin-LC phosphatase

MLCK —— MLCK Myosin-LC phosphatase

Myosin-LC -l—» Myosin-LC (P) Myosin-LC

/ Contraction Relaxation

Vascular smooth muscle cell

0 Figure 21-6: Sites of action of vasodilators. Vasodilators act at several sites in the vascular smooth muscle cell. Left pa...



ACEI
MECHANISM OF ACTION

VASOCONSTRICTIO VASODILATATION
ALDOSTERONE PROSTAGLANDINS
VASOPRESSIN Kininogen tPA
SYMPATHET —
AngidGnhsinogen S\
Wl BRADYKININ

Angiotensin |

. |
A.C.E. - Inhibitor - [Kininase

\ v

ANG'OTENS'N " Inactive Fragments




C-terminal of
angiotensin |

Captopril

B

Fig. 14.6 The active site of angiotensin-converting
enzyme. A. Binding of angiotensin 1. B. Binding of the
inhibitor, captopril, which is an analogue of the terminal
dipeptide of angiotensin 1. 23



CoH15NO5S

MERCK & CO., INC.

k.

COOCH,CH3

T"'a GHOOOH ; T
CHCH,CHNHCH—CO— CHCOOH
COOH v

(enalapril maleate)
C?OH
COOH CH A

' H 13C
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PeHUH-aHIr cuctema Mmo3ra

a Angll b Plasma

membrane

ATIR —

o —
SR ESY \

2+ PI3K
e8] Ras
: X v l PISK
A 4 Ca’*].
Raf I [
PKC | PKR/ \
MAPK AKT
FRK / J NK CaMKIl / \
c-fos = fos \ J
¥ Ik TlCa
Nucleus
AP1 TH/D-BH/NAT
NA Transcrnptuonal 4 Neuronal firing

Neuromodulation

British Journal of Pharmacology (2003) 139, 191-202
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CnocobHocTb nHrmountopos AllP
noaaBniATb CUMMNATUYECKYIHO
AaKTUBHOCTL Y YyerioBeka
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—5— Enalaprilat —a— Dihydralazine
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Change in MSA (bursts/min)
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Placebo  Captopril
6.25 mg

drug administration
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(Johanson et al., 2000) (Corti et al., 2000)
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AHrnoteHsuH ll- peuentopbl

Pacnipeienenue

JIuranapr

Ko-Bo aMMHOKHCIIOT
I'en B Xxpomocome
Ilepenaua curnaia B KJIETKY

DOyHKIUS

AT-R
Aprepum, TieueHb, ITOUKH,
HAJIITOYSYHUKH, CEP/ILIE,
MO3I(TJIKs )
JlozapraHn, Bayi3apras,
npOe3apTaH
3359
3
G4/ G; Genky, axrtusaiwms PLC
(Ca*'/IP3)
Ba3zoKOHCTpUKIMS, CEKpELUs
aJIbJ0CTEPOHA, THIIEPTPOdHSL,
POCT KJIETOK, BbIOpoc KA

AT,-R
IL1oa, Mo3r (HEHpPOHBI),
MUOMETPHH, TOUKH, JIETKHE,
cep/re
PD123319

363

X

G; 6enok, aktuBaiusa docdo-
Ttupo3uH docdarasel (PTP)
AKTHBAIMS OTEHITAA-
3aBHcUMBIX K -KaHaJIoB,
uarH6uposanve Ca™ -kaHanoB
T-Tuma, TopMoskeHHE pocTa,
aKTUBAITUS aIlorTo3a,

B30 IAJISATAIINS

O630p H. Matsubara, Circ. Res. 1998;83:1182-1191)



Pasnuuue achcpektoB nuruoutopos ACE un bnokaropoB
AT, -peuenTtopoB

AnTaroHuctbl AT -R Xvnmasa NHrméutopbl ACE
AHr Il B nnaswe AHr Il B TKaHAX
AHrli e BpagouknHuH
nrasme
AT,-R AT,-R AT -R AT,-R
\[e]
\[e]
Kapauvo-3awmTta BasoaunATauus
BasoaunATauus KapaMo-3alnTa
npotnBocdpnopo3Hoe

TOpM. pocTa



BrniokaTopbl AHr Il (AT,) peuentopo

MERCK & CO., INC.

951* 25 mg

952* 50 mg

960* 100 mg

Cozaar®
(losartan potassium tablets)

e Jlo3zapTaH

Registered trademark of E.I. du Pont de
Nemours and Company.

- B an 3a pTa H NOVARTIS PHARMACEUTICALS

CG FZF* CG GOG*
80 mg 160 mg

Diovan®
(valsartan)




bnokatopbl AHr | peuenTopoB He yBeNU4YNBaOT
CUMNATUYECKYHO aKTUBHOCTb

Burst units

i ) i

Eprosartan Losartan Placebo
(n=19) (n=19) (n=19)
[ Bursts/min [ Bursts/100 beats

Figure 2. Microneurographic assessment of efferent

sympathetic nerve traffic to the skeletal muscle vascu-

lature (muscle sympathetic nerve activity), indicative of

central sympathetic ou;‘ﬂow assessed as bursts/minute
te

and bursts/100 beats after 4-week therapy with epro-
sartan, losartan, or placebo. Data are presented as
mean + SD. Repioa’ztced with permission from Am ]

Physiol Heart Circ Physiol. 2006;290:H1706-H1712.




HoBoe B MexaHn3me AencTBUS MHFTIMONTOPOB
PEeHNH-aHTMOTEeH3UHOBOMW CUCTEMbI

1. CTumynupyrotT agunoreHes
2. CTumynupyloT nosiBrieHne MeJsikux agunouuToB

3. CTnmynupyloT nosiBneHne NHCYNNH-YyBCTBUTENbHbIX
agunouuToB

M.Esler et al., Hypertension 2006; 48;
787-796



UHrmbuntopbl peHuHa

RENIN INHIBITOR

Compensatory
feedback

AT, receptor

//V ARBs

Harmful effects

Clin J Am Soc Nephrol 1: 221-228, 2006.




Aliskiren — nepBbI/ NnepopanbHbIN

MHIIMOUTOP peHMHa

Aliskiren Aliskiren Aliskiren Irbesartan
150mg 300mg 600mg 150 mg

||_*

f
Clin J Am Soc Nephrol 1: 221-228, 2006.
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Cocynopacwupsmouime cpencrsa

EHOKaTOpr KaJibuUeBbIX KaHaJ10B

AKTH BATOPbI KalineBbIX KaHAJ10B



ETa, ETg
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04 antagonists
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/ Contraction

Vascular smooth muscle cell

° Figure 21-6: Sites of action of vasodilators. Vasodilators act at several sites in the vascular smooth muscle cell. Left pa...



Tpu knacca 61oKaTopoB KanbLMeBbIX KAHANOB

Chemical Type

Chemical Names

Brand Names

deHnnankmnamuubl | verapamil Calan,
Calna SR,
Phenylalkylamines Isoptin SR,
VEGEED
beH3oTHMa3enuHbl diltiazem Cardizem CD,
Dilacor XR
Benzothiazepines
Nifedipine Adalat CC,
AnrnaponupuamHobl Procardia XL
nicardipine Cardene
1,4-Dihydropyridines | isradipine DynaCirc
felodipine Plendil
Amlodipine Norvasc
Lercanidipine Zanidip




The Three Classes of CCBs Bind to Different Sites

1,4-
Dihydropyridines
(nifedipine)

Benzothiazepines

(diltiazem)
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VASODILATION
(PERIPHERAL ARTERIOLES DEPRESSION OF CARDIAC DEPRESSION OF DEPRESSION OF
AND CORONARY ARTERIES) CONTRACTILITY AUTOMATICITY (SA NODE) CONDUCTION (AV NODE)

Nifedipine
Diltiazem

Verapamil

The effects of the three different classes of Ca®~ channel blockers on vascular tone, cardiac contractility, heart rate, and AV nodal conduction are graded from
0 to 5. 0 = no effect; 5 = significant effect. Note that nifedipine is the most selective drug for peripheral vasodilation, while diltiazem and verapamil have

more selective effects on the heart.
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Table 12-5. Pharmacockinetics of some calicium channel blocking drugs.

Oral Onset of Action Plasma Half-
Drug Bioavailability (route) Lite (hours) Disposition
Dihydropyridines

Amlodipine 65-90% No data avallable 30-50 > 90% bound 10 plasma
proteins; extensively
metabolized.

Felodipine 15-20% 2-5 hours (oral) 11-16 > 99% bound o plasma
proteins; extensively
metabolized.

Isradipine 15-25% 2 hours (oral) 8 95% bound to plasma
protein; extensively
metabolized.

Nicardipine 35% 20 minutes (oral) 2-4 95% bound; extensively
metabolized in the liver.

Nifedipine 45-70% < 1 minute (IV); 4 About 80% bound to plasma

5-20 minutes protein: metabolized to an

(sublingual or oral) acid lactate. 80% of the
drug and metabolites
excreted in urine.

Nimodipine 13% No data available 1-2 Extensively metabolized.

Nisoldipine = 10% No data available 2-6 Extensively metabolized.

Nitrendipine 10-30% 4 hours (oral) 5-12 98% bound; extensively
metabolized.

Miscellaneous

Bepridil B0% 60 minutes (oral) 24-40 > 99% bound to plasma
proteins; extensivaly
metabolized.

Diltiazem 40-65% < 3 minutes (IV), 34 70-80% bound to plasma

> 30 minutes (oral) protein; extensively deacyl-
ated. Drug and metabolites
excreted in feces.
@ 20-35% < 1.5 minutes (1V), 6 About 80% bound to plasma

30 minutes (oral)

protein. 70% eliminated by
kidney:; 15% by gastrointesti-
nal tract,
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° Figure 21-11: Sites of action of Ca’’ channel blockers. Ca®* channel blockers dilate coronary arteries and peripheral arte...



ETa, ETg
antagonists

P 04 antagonists
K channel ET-1 ACE inhibitors

NE / :

Ca?* channe ETs. ETg ¢ : R
blockers channel C ! A E nactive Kil Byt
Ca?2 channel 3 \
ACE lnhlbltOl'S ' PDES inhibitors
“0E AFIN 3 | GMP [ Arginine -
AC . ' — Bradykinin
AT YDE leN OF = receptor
yo —r cazr—"" ; cGMP « <+ NO «— Nitrates
a i
AT, antagonists : Muosinl.C phosoh
Ca?"-CaM : yosin-LC phosphatase
MLCK —— MLCK Myosin-LC phosphatase
Myosin-LC —— Myosin-LC (P) : Myosin-LC
Relaxation

/ Contraction

Vascular smooth muscle cell

° Figure 21-6: Sites of action of vasodilators. Vasodilators act at several sites in the vascular smooth muscle cell. Left pa...



0.5 mmol/l ATP

100 umol/l Diazoxide

A 20s

N :Lo Fig. 14.4 Drugs that act at ATP-sensitive K* channels.
A. K* channels opened by diazoxide. The records were
OH obtained from insulin-secreting cells in culture by the patch-

|
N N
5 Q\N /lL J>< clamp technique (Ch. 2). Saponin caused permeabilization
N
H H

of the cell, with loss of intracellular ATP, causing the

Cromokalim Pinacidil channels to open (upward deflection) until they were
inhibited by ATP. Addition of diazoxide, a vasodilator drug
NH, (which also inhibits insulin secretion; see text) causes
S,o ,N-—\< opening of the channels. In an intact smooth muscle cell,
C: CN-< N~-0S0, this causes hyperpolarization and relaxation. B. Structures
o of compounds that activate or block ATP-sensitive K*
Diazoxide Minoxidil NEX channels. (From: (A) Dunne et al. 1990 Br J Pharmacol

B 99: 169)




CtpykTypa K-KaHana

Extracellular

Intracellular

Top view Side view

Pancreatic p cell Karp© SURT1 + Kir6.2
Cardiac KATP SUR2A + Kir6.2
Smooth muscle Kypp SUR2B + Kir6.1

HIBINO ET AL.
Physiol Rev « VOL 90 - JANUARY 2010



Pharmacology:

Responses to
Sulfonylurea
& K* channel
Opener

Karp channels

Single channel
characteristics

HIBINO ET AL.
Physiol Rev « VOL 90 - JANUARY 2010
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KaTp channel

Kir6.2
‘-;,TQC.{:C a
J‘l?\“““'r‘ 4?
A £
‘ .. Kco| Kco
ac> — | —
[ o=t
SUR2B + g
\
“x‘r BN
I W 4.&1
(i U i —log [ATP]
Wi "_..w"
— v Knpp channel
Kir6.1
-;}?.(_‘.silf):;’, A\
i >
h‘ |
AL l ) 2
ninme S
§ ‘{CO
5
xKeo

—log [ATP]

HIBINO ET AL.

Physiol Rev « VOL 90 - JANUARY 2010



[fpodhmnb aKTUBHOCTU




Nicorandil + Bbligenget NO
Minoxidil  + cTumMynupyeTt poCT BONOC
[lpmeHeHune

ApTepuanbHas rmnepToHns

CTeHokapaus
CepaevHasa HeOOCTATOMHOCTb

[Tpn pucke npexxaeBpeMEHHbIX pOaoB



['vapana3uvH

* [loBbIlLaeT coaepxaHue
Hydralazine GMP

* YMeHbLlaeT BbIOpOC
Ca' us
capKonsiaamaTn4yeckoro
peTUuKyrioma

e Bbigensetr NO




Cocynopacwupsowme cpencrsa
ANA KyrnupoBaHUs

rmnepToHUYecKoro Kpusa

Table 23. Parenteral drugs for treatment of hypertensive emergencies*

DruG Dose Onser ofF Action | DuraTion oF Action | Apverse EFrFecrst SPECIAL INDICATIONS
Vasodilators
Sodium nitroprusside 0.25-10 pg/kg/min Immediate 1-2 min Nausea, vomiting, muscle Most hypertensive emergen-
as IV infusion? twitching, sweating, thiocynate | cies; caution with high
and cyanide intoxication intracranial pressure or
azotemia
Nicardipine hydrochloride | 5-15 mg/h IV 5-10 min 15-30 min, may Tachycardia, headache, Most hypertensive emergen-
exceed 4 hrs flushing, local phlebitis cies except acute heart
failure; caution with coronary
ischemia
Fenoldopam mesylate 0.1-0.3 pg/kg per <5 min 30 min Tachycardia, headache, Most hypertensive emergen-
min IV infusion nausea, flushing cies; caution with glaucoma
Nitroglycerin 5-100 pPg/ min 2-5 min 5-10 min Headache, vomiting, Coronary ischemia
as IV infusion* methemoglobinemia, tolerance
with prolonged use
Enalaprilat 1.25-5 mg every 15-30 min 6-12 hrs Precipitous fall in pressure Acute left ventricular failure;
6hrs IV in high-renin states; variable avoid in acute myocardial
response infarction
Hydralazine hydrochloride| 10-20 mg IV 10-20 min [V 4 hrs V Tachycardia, flushing, headache, | Eclampsia
10-40 mg IM 20-30 min IM 4-6 hrs IM vomiting, aggravation of angina




Sodium nitroprusside Organic nitrates
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° Figure 21-7: Biotransformation of organic nitrates and sodium nitroprusside. Organic nitrates and sodium nitroprussid...
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Labetalol hydrochloride 20-8omg V 5-10 min Vomiting, scalp tingling, Most hypertensive
bolus every 10 min bronchoconstriction, emergencies except acute
0.5-2.0 mg/min [V dizziness, nausea, heart failure
infusion heart block, orthostatic
hypotension

Esmolol hydrochloride 250-500 pg/kg/min 10-30 min Hypotension, nausea, asthma, | Aortic dissection,
IV bolus, then 5o~ first degree heart block, perioperative
100 pg/kg/ min by heart failure
infusion; may repeat
bolus after 5 min or
increase infusion to
300 pg/min

Phentolamine 5-15 mg IV bolus =2 min 10-30 min Tachycardia, flushing, headache | Catecholamine excess
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Direct arterial vasodilators
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Figure 25-2: Pharmacologic effects of commonly used antihypertensive agents. Ant...




Table 14.5 Commonly used antihypertensive drugs

Adverse effects

Mode of action Drugs Postural Impotence Other Special features
hypotension
Reduction of blood Thiazide diuretics®* — -+ Urinary frequency, gout, Reduce stroke in clinical
volume/indirect glucose intolerance, trials, inexpensive
vasodilatation hypokalemia,
hyponatremia,
thrombocytopenia
Block of Propranolol — = = Fatigue, cold peripheries HReduce stroke in clinical
B-adrenoceptors’  Atenolol trials, inexpensive,
Metoprolol additional benefit after
Contraindications:
asthma, heart failure,
heart block, peripharal
vascular disease
ACE inhibition Captopril — + First dose hypotension, Additional benefit in
Enalapril dry cough, reversibla insulin-dependent
renal failure in patients diabetics with
with bilateral renal proteinuria, following
artery stenosis MI, and in patients with
heart failure; cause
regrassion of left
ventricular hypertrophy
Arteriolar Ca* antagonists, - + Flushing, headache,
vasodilatation - e.g. nifedipine, ankle edema
amilodipine
nicardipine
Block of Prazosin - + First dose hypotansion Longer-acting drugs (e.qg.
a,-adrenoceptars’ Terazosin terazosin, doxazosin)
Doxazosin better tolerated than

prazosin. Improve
plasma lipids. Useful
addition to other drugs
when two drugs neede:

MI = myocardial infarction, * see Ch. 18, Tsee Ch. 7

-
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Fig. 14.8 Diagram showing the main mechanisms involved in arterial blood pressure regulation (black lines), ar
the sites of action of antihypertensive drugs (red lines). NE = norepinephrine, Al = angiotensin |, All = angiotensin I,
ACE = angiotensin-converting enzyme. 3 8




Calcium Channel

Diuretics Betablockers Blockers ACE-Inhibitors
p L 2

2
= J
S -10
il
c
)
(@) 195 —
=
®
-
&)

e |

p <0.05
-25

36

Schlaich&Schmieder Am.J.Hypertension, 1998,11:1394




Table 3: Adverse effects of]:drugs: percentage of people with one or more symptoms attributable to treatment*, according to category
of drug and dose, in randomised trials [9, 20]

Percent (95%Cl) with symptoms (treated minus placebo)’

Drug class No. of trials 1/2 standard dose Standard dose Twice standard dose

Thiazides 59 2.0 [2.2 to 6.3] 9.9 [6.6 to 13.2] 17.8 [11.5 to 24.2]
BBs 62 5.5 [0.3 to 10.7] 7.5 [4.0 to 10.9] 9.4 [3.6 to 15.2]
ACEi 9% 3.9 [3.7 to 11.6] 3.9 [-0.5 to 8.3] 3.9 [-0.2 to 8.0]
ARBs 44 -1.8 [-10.2 to 6.5] 0 [-5.4 to 5.4] 1.9 [-5.6 t0 9.3]
CCBs 9% 1.6 [-3.5 to 6.7] 8.3 [4.8 to 11.8] 14.9 [9.8 to 20.1]

Cardiovascular Diabetology 2009, 8:18



DRUG CLASS  INDICATIONS CONTRAINDICATIONS
Diuretics Heart failure Gout
Systolic hypertension
B-Antagonists  Coronary artery disease Asthma
Heart failure Heart block
Migraine
Tachyarrhythmias
a-Antagonists  Prostatic hypertrophy Heart failure
Calcium Systolic hypertension Heart block
channel
blockers

ACE inhibitors

AT, antagonists

Diabetic or other nephropathy

Heart failure

Previous myocardial
infarction

ACE inhibitor-associated
cough

Diabetic or other nephropathy

Heart failure

Bilateral renal artery
stenosis

Hyperkalemia

Pregnancy

Bilateral renal artery
stenosis

Hyperkalemia

Pregnancy

Table 25-4: Relative Indications and Contraindications for Antihypertensive Agents




2 year persistence x 10 (%) 2 year persistence x 10 (%)
2 4 6 8 2 4 6 8
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@ ARBs: P68.5%; BP-11.2/-58mmHg @) BBs: P 44.8%; BP -4.0 / -2.3 mmHg
(@ ACEi: P 64.5%; BP -10.5/ -5.1 mmHg (5) Diu: P 34.4%; BP -2.3/-2.1 mmHg
@ ccBs: P 51.6%; BP -8.5/-4.6 mmHg

Cardiovascular Diabetology 2009, 8:18




Benefits, risks, costs (2)

Chronic HTN « $ per month

hydralazine « $8.40
minoxidil « $1.20
amlodipine ¢ $39.90
diltiazem « $40.20
captopril « $16.20
losartan « $38.10

The Medical Letter 2001;43:17-22



Annual average drug costs per patient for different
antihypertensives according to the pattern of persistence

Antihypertensive Continuers
[95%CI]

Diuretics € 65.09
[58.67-71.52]

Beta-blockers € 109.29
[102.46—116.12]

Calcium-channel blockers € 234.63
[224.78-244.47]

ACE inhibitors € 196.28
[189.69-202.86]

Angiotensin |l antagonists € 326.16
[313.05-339.27]

Total €171.73
[167.43-176.04]

Cl, confidence interval.

Cardiovascular Diabetology 2009, 8:18



INiTAL DRUG CHOICES

.

.

Without Compelling With Compelling
Indications Indications
Stage1 Stage 2 Drug(s) for the
Hypertension Hypertension compelling indications
(SBP 140-159 (SBP >160 or DBP (see table 12)
or DBP 90-99 mmHg) >100 mmHg) :
Thinzde-lype diuretics Two-drug combination for ?’ther ';:?hy:f rte:ége
sl Piast sty thleside ARB, BB, CCB) as needed
ACEL ARB’.BB'.CCB’ o type diuretic and ACEl, or Y
Fomblsation ARB, or BB, or CCB)
Nor ar GoaL
ACEl, angiotensin converting Broop Pressure
enzyme inhibitor; ARB,
angiotensin receptor blocker; l
BB, beta blocker; CCB, calcium
channel blodker; DBF, diastolic .
blood pressure; SBP, systolic Optimize dosages or add additlon.al drugs
blood pressure until goal blood pressure is achieved.

Consider consultation with hy pertension specialist.



Table 12. Clinical trial and guideline basis for compelling indications for individual

drug classes
|

COMPELLING INDICATION®

RECOMMENDED DRUGS

CLINICAL TRIAL Basist

” =
:
S|l alY | 2|8 |8
(=] [n] < < o <
Heart failure & C & ACC/AHA Heart Failure Guideline,32 MERIT-
HF,133 COPERNICUS,134 CIBIS,135 SOLVD,136
AIRE,37 TRACE,38 ValHEFT,139 RALES,4°
CHARM141
Postmyocardial infarction e o ® ACC/AHA Post-MI Guideline,42 BHAT,43
SAVE 44 Capricorn,145 EPHESUS46
High coronary disease risk | o o ® ALLHAT,*9 HOPE,11© ANBP2,112 L|FE,102
CONVINCE, 1 EUROPA, 114 INVEST47
Diabetes o o ® |0 (o NKF-ADA Guideline,8.89 UKPDS, 148 ALLHAT09
Chronic kidney disease C NKF Guideline,®9 Captopril Trial,149
RENAAL,5° IDNT,5t REIN,152 AASK153
Recurrent stroke prevention & ) PROGRESSm11
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Figure 33-4: Baroreceptor areas in the carotid sinus and aortic arch. X, sites where
receptors are located. The carotid and aortic bodies, which contain chemoreceptors,
are also shown.




DRUG DURATION OF ACTION (HOURS)
Thiazide Diuretics

Chlorothiazide

Chlorthalidone

Hydrochlorothiazide

Indapamide

Metolazone

Loop Diuretics

Bumetanide

Ethacrynic acid

Furosemide

Torsemide

Potassium-Sparing Diuretics

Amiloride

Eplerenone

Spironolactone

Triamterene




