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,Uormal - 120/ 80

Hypertension

* Blood pressure is elevated when systolic blood pressure exceed 120
mm Hg and diastolic blood pressure remains below 80 mm Hg.

* Hypertension occurs when systolic blood pressure exceeds 130 mm
Hg or diastolic blood pressure exceeds 80 mm Hg on at least two

occasions.

* Hypertension results from increased peripheral vascular arteriolar
smooth muscle tone, which leads to increased arteriolar resistance

and reduced capacitance of the venous system.
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* The diagnosis of hypertension is based on repeated, reproducible
measurements of elevated blood pressure

* Although many patients have no_symptoms, chronic hypertension can
lead to heart disease and stroke, the top two causes of death in the
world. Hypertension is aléo an important risk factor in the development
of chronic kidney disease arid heart failure® “  silent death “ J) s kil

* only one-half of Americans with hypertension had adequate blood
pressure control. ol
* Effective pharmacologic lowering of blood pressure has been shown to
O* prevent damage to blood vessels ay(d to substantially reduce *®

morbidity and mortality rates.



Hypertension

Systolic Diastolic
mm Hg mm Hg
Normal <120 |and| <80
Elevated 120~ or | <80
129
Stage 1 130- | or | 80-89
hypertension | 139
Stage 2 =140 or | 290

hypertension
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The majority of current guidelines
recommend treatment decisions
based on goals of antihypertensive
therapy, rather than the category of
hypertension.




Etiology of Hypertension
Although hypertension may occur secondary to other disease processm

90% of patients have essential hypertension (hypertension with no identifiable
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* A family history of hypertension

* Age 3 el
=7
* Non-Hispanic blacks y

Diabetes Y

Obesity,

—_—

* Environmental factors, such as a stressful lifestyle, high dietary intake of sodium, and
smoking. -t



Physiologic Control of Blood Pressure

s Cardiac output® systemic vascular resistance

* BP = CO x SVR both ) (Sualaall (e sl g S8 238 BP JI S8 g2 13) L) iy ¥

* CO = HR x Stroke Volume (aka SV) s 13 G SV s heart rate Jsiss Jass sée CO J

e Factors to be considered: J9Aiss e dary N e B £, CO I I8

Heart Rate

Blood Volume
Contractility VR !
Arteriolar Constriction=
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Mechanisms Regulating Blood Pressure:
0,

§ Sympathetic Nervous System
j; G « Baroreceptors @

* Renin -Angiotensin — Aldosterone System
» Angiotensinogen— activation by renin 4lx<:

* Activated b ‘ Juxtaglomerular cells
Produced by JG cells of kidney

052 )3\ Wpes>e Increaseddecreased renal blood flow
* Increased with B, stimulation



Baroreceptors

e Baroreflexes act by changing the activity of the sympathetic and
parasympathetic nervous system.

* Baroreflexes are responsible for the rapid, moment-to-moment

: - sensitive neurone 2 area ¢ 5 ks
regulation of blood pressure. BPJ 4 »#4¥ sense Jaw Js¥ aorticarch+carotid sinusJ)

* A fall in blood pressure causes pressure-sensitive neurons (baroreceptors
in the aortic arch and carotid sinuses) to send fewer impulses to O gibe
cardiovascular centers in the spinal cord. This prompts a reflex response
3OO, . ot
g L of(increased sympathetic and decreased parasympathetid output to the
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% heart and vasculature, resulting in vasoconstriction and increased cardiac

s\w’}(output. These changes result in a compensatory rise in blood pressure.
<Y




—sder2l Baroreceptors

® Falling blood pressure

i L, oW e
® Baroreceptors inhibited Bf Moy
7 L -

® Decreased impulses to brain

d

® Decreased parasympathetic activity
® |ncreased sympathetic activity

d

® Three mechanisms:

1. Heart: increased heart rate and increased
contractility

2. VVessels: increased vasoconstriction

3. Adrenal gland: release of epinephrine
and norepinephrine (enhance heart rate,
contractility, and vasoconstriction)



Renin -Angiotensin — Aldosterone System

O3 o)
* The kidney provides ADH <

long-term control of Rids - 7~ 7 (Adrenal
blood pressure by “ Cortex ?Q.,'/

altering the blood

volume. : T Sympathetlc \
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Cardiac Output Pressure




Mechanisms Regulating Blood Pressure:
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Treatment Strategies

* The goal of antihypertensive therapy is to reduce cardiovascular and renal
morbidity and mortality.

* The blood pressure goals a systolic blood pressure of less than 130 mm Hg
and a diastolic blood pressure of less than 80 mm Hg.

 Current recommendations are to initiate therapy with a thiazide diuretic,
ACE inhibitor, angiotensin receptor blocker (ARB), or calcium channel
blocker. stz s GoletloNs Pl olos £

@ Initial drug therapy choice may vary depending on the guideline and

concomitant diseases.




Treatment Strategies
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* If blood pressure is inadequately controlled, a second drug should be

added, with the selection based on minimizing the adverse effects of
oal blood pressure.@

the combined regimen and achieving g p

* Patients with systolic blood pressure greater than 20 mm Hg above
‘6//0 goal or diastolic blood pressure more than 10 mm Hg above goal 2°
4 should be started on two antihypertensives simultaneously.

¥ Combination therapy with separate agents or a fixed-dgse @

combination pill may lower blood pressure more quickly with minimal
adverse effects.
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Increase drug dose

or Substitute another drug

Or Add a second drug from a different class
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Response mediated by the sympathetic nervous system

Activation of |
B, adrenoceptors
on the heart

n Cardiac |
output

Activation of
a, adrenoceptors
on smooth muscle

Increased
venous return J_

Activation of
B, adrenoceptors
on kidney

Peripheral
resistance

Renal blood
flow

Aldosterone

Angiotensin Il

Glomerular
filtration rate

Sodium, water
retention

Response mediated by the renin—-angiotensin-aldosterone system

Increase in
blood pressure

-
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Vasomotor center

Methyldopa
Clonidine

Guanabenz
Guanfacine

Sympathetic nerve terminals

Guanethidine
Guanadrel
Reserpine

Sympathetic ganglia
Trimethaphan

Sites of

° ° pB-Receptors of heart
Antihypertensive Drug  romss
ACt i O n Angiotensin o-Receptors of vessels

Vascular smooth muscle

receptors of vessels  pra;0sin and Hydralazine  Verapamil and other
Losartan and other «y-blockers Minoxidil calcium channel
other angiotensin Nitroprusside blockers
receptor blockers Diazoxide Fenoldopam

[B-Receptors of juxtaglomerular
cells that release renin

Propranolol and
other pB-blockers

Ll gozin Vs w  yeadtt! ¥

Kidney tubules
Thiazides, etc

e . - - : \’&
. a P )UFJ‘ db‘ N> ¢ Angiotensin-
V% converting
enzyme Renin
Angiotensin || <«—=>—— Angiotensin | <«———— Angiotensinogen

. 2:) r. ? Aliskiren

e Captopril and
i other ACE inhibitors

Source: Katzung BG, Masters SB, Trevor AJ): 8asic & Clinical Pharmacalagy,
11th Editian: http:/fwww, accessmedicine.com

Copvyright @ The McGraw-Hill Companies, Inc All rights reserved.
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Antihypertensive Drugs

Diuretic agents

B Receptor Blockers

Calcium channel blockers
Angiotensin-Converting Enzyme Inhibitors
Angiotensin Il Receptor Blockers

Renin inhibitors

o, Receptors Blockers

others



Diuretics

* Diuretics are drugs that increase urine flow.

l bloed Pressure J c]_;,

. . . . . /'
* |nitial mechanism is based on decreasing blood volume: most of them
lead to electrolyte excretion and consequently, to osmotic excretion
of water, which increases the 24-hr urine volume.

e Often, diuretics change urine pH and the ionic composition of blood
and urine

* Indications: edema, heart failure, hypertension
&
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Diuretics

Diuretics act on two mechanisms®o lower blood pressure:

1) Diuretics act on the kidney to increase Na+ and water
secretion, which reduces blood volume and cardiac

output, leading to a fall in blood pressure.
blood Uolume J)) — L5 5 \)4-" loizks UMNe i pa IR

2) By increasing the synthesis of prostaglandins (PGs),

which act on the smooth muscles of the blood vessels to

induce their vasodilation. Thus, there will be a reduction in
peripheral vascular resistance (PVR). This reduction in PVR

will then also contribute to a reduction in blood pressure.

P oresh adlaﬂdiﬂ __, VYasedilation .



Diuretic drugs

 Thiazides and thiazide-like diuretics.

 Loop diuretics

* Potassium -sparing diuretics

e Carbonic anhydrase inhibitors.

cus W, 5y Al {

e Osmotic diuretics.
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Diuretic drugs
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Outer medulla

Diuretic site of action:

€ Carbonic anhydrase inhibitors

@) Osmotic diuretics

St o © Loop diuretics
Fe Pl e~ @ Thiazides
d“d";"“ e~ ) Potassium-sparing

12,

Descending limb —e

e— Ascending limb

« Na* +—
o K
« 2Cr
Loop diuretics

feobsorption ) 2

Antidiuretic
hormone
(ADH)

Collecting duct—e

5

L I |
3 Loop of Henle




Thiazides diuretics

* Thiazides are sulfonamide-related organic acids. Such as
Hydrochlorothiazide and Chlorthalidone

* Thiazide diuretics primarily inhibit Na+/Cl- transport in the distal
convoluted tubule.

* Natriuresis (excretion of sodium in the urine)may be accompanied
by some |loss of potassium and H+.

* Thiazides enhance Ca2+ reabsorption in the distal convoluted
tubule, by increasing Na+/Ca2+ exchange. Thiazide diuretics

also reduce the urinary excretion of Ca2+plese ob Sohim ycibride , fofession byt
(—-» l‘cabsotpl-;on ot COTQ-
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Thiazides diuretics
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Thiazide diuretics can be used as initial drug —rwrrs
therapy for hypertension unless there are diuretics

compelling reasons to choose another agent. *istention
Thiazides are useful in combination therapy I
with a variety of other antihypertensive siocd
agents. —
Thiazide diuretics are effective in patients l
with inadequate kidney functlon Loop . D N I 1 =
diuretics may be requwed In these patients. = X - J

Thiazide diuretics can induce hypokalemia,
hyperuricemia, and, to a lesser extent,

hyperglycemla in some patients.
C5,.C) 0ip) Peban b ¢ tLal




Thiazides diuretics

v G Sl g ppili

Ca

e A Na+ + Hyponatremia
A CI- Hypochloremia
TH20 Hypovolemia
A K+ Hypokalemia
chm vy phdow o A H4 Alkalosis 7%:1“::.
MMg++ Hypomagnesemia

V Ca++ ., Hypercalcemia



LIS L i g o Loop diuretics
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Hgm\;um Potasium  Chlofide  Co tansporb 2

*
* Loop diuretics inhibit the NKCC2 (the luminal Na/K/2Cl co-transporter) in
the thick ascending limb of the loop of Henle.

* They works even in patients with poor renal function or those who have
not responded to thiazide diuretics.

* Loop diuretics cause decreased renal vascular resistance and increased
renal blood flow 1 brstagendn s Vasoditation

Furosemide( Lasix): most commonly used
Bumetanide

Ethacrynic acid.

Torsemide

W N



Loop diuretics actions

1. Diuretic:

Block the 2 CI- /Na+ /K+ reabsorption pump in the thick ascending loop
of Henle resulting in excretion of 20% of filtered Na+ .

2. Venodilitation:
Via enhancing prostaglandin synthesis —s | bled frsue

* Loop diuretics are rarely used alone to treat hypertension, but they
are commonly used to manage symptoms of heart failure and edema.




Loop diuretics

JOJ;J{D"MWF
_ Urine | Blood

A Na+ Hyponatremia

A CI- Hypochloremia
{ H20 Hypovolemia

MK+ Hypokalemia

N H+ Alkalosis
MMg++ Hypomagnesemia

TCa++ Hypocalcemia
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Potassium-Sparing Diuretics

fehsorption Yo pPotassium

* They act on the collecting tubule to inhibit Na+ reabsorption and
potassium excretion.

e Potassium levels should be monitored in patients treated with

potassium-sparing diuretics. 34 Phusim) oy« Oher cardiac Diurehcs
) fo Woinkgin in fhe normall leve| ¢ Pr [ b

* They should be avoided in patients with severe renal dysfunction.
k -speiry go oer drig Wypertemic gdacs o) ok 2 o8 K dewr

* Included:
1. Aldosterone antagonists: spironolactone and eplerenone.
2. Epithelial sodium channel blockers: Triamterene and amiloride.

28



Potassium-Sparing Diuretics:

* Spironolactone and eplerenone. Vo' reabsapbion ) i 5 oW bhok (s

* They are synthetics steroids that antagﬂwiz\e aldosterone receptors.

e They prevent Na+ reabsorption and K+ and H+ secretion. e s v e lazr

* Eplerenone: is more selective for aldosterone receptors and causes
fewer endocrine effects. endecsne Fanchon 41

* Spironolactone: also binds to progesterone and aldostergne increased breash

Side

receptors, resulting in more endocrine effects such as gvnecomast|a tissue in male

* Potassium-sparing diuretics are sometimes used in combination with
loop diuretics and thiazides to reduce the amount of potassium loss
induced by these diuretics.




Spironolactone and eplerenone

* Therapeutic uses:
1. Edema:

2. Hypokalemia: these agents are often given in conjunction with
thiazide or loop diuretics to prevent K+ excretion.

potassium Level 1 p2y

3. Heart failure : at lower doses to prevent cardiac remodeling. It has
been shown that aldosterone antagonists decrease the mortality
associated with heart failure.

4. Resistant hypertension.



Spironolactone and eplerenone

Adverse effects:
1. Hyperkalemia:

bl endocrine  Punclion vl
Gynecomastia in men and menstrual irregularities in women: only

with Spironolactone.



Epithelial sodium channel blockers: Triamterene
and amiloride.

Oo“od"ltU bubule _][, Pospss
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* They block epithelial sodium channels, resulting in a decrease in

Na+/K+ exchange.

Doﬂm( — Na (,r‘cabsorp}',on') J k —» excretion
L’ blecker bl _y Na ( lose) I K — reabserPhion

 Don’t depend on the presence of aldosterone.

Wsdy (im Ladp P K 835 5 o 13l
* Used only for their potassium-sparing properties, they are
commonly used in combination with other diuretics.



