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Blood Pressure (BP)
Regulation

(Hypertension HTN)



Hypertension
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What do Blood Pressure Numbers Mean? AA0T00 el pul s imcplly ot
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Top number (Systolic) while the bottom number (Diastolic).

Normal Blood Pressure: Blood Pressure of < 140/ 90.
Blood Pressure of 130 to 139/ 85 to 89 should be closely watched.

High Blood Pressure: Blood Pressure > 140/ 90. Usually NO SYMPTOMS! “The
Silent Killer”. May have headache, blurry vision, chest pain, and frequent

urination at nlght. Slay 18 "ealall Bl 1@%&7 153 ¥ Bule 1 140/90 < pul baeds 1adll bias ¢ lasyl
M Joudl 835859 yaall 8 @llg dagyll o9 pacy glao o




why hypertension risk increase with age, however angina risk is higher in infants ? walls of arteries and arterioles become weak with age, and f@
the collateral circulation making the angina risk higher in infants than the old

Hypertension

problem and the blood pressure
elevated we can't say that heis

diagnosed with hypertension &

Hypertension is an intermittent or sustained elevation of diastolic or systolic
blood pressure. Generally, a sustained systolic blood pressure of 139 mm Hg or
higher or a diastolic blood pressure of 89 mm Hg or higher indicates
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Increased blood pressure is the most common health problem in adults and the leading
risk factor in CVD. g0l deeg¥lg Bl bl5aY syl sasl Jale 9ag ] gu) (€5 donall Sl ST o)l bt ¢ 165l asnj

It affects about 1 billion people worldwide. SR TR
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Hypertension increases with age.

Males more than females until menopause. More in blacks compared to whites.
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Recommended Blood Pressure Levels

American Heart Association
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BP Systolic Diastolic Follow-up
Category (mmHg) (mmHg)
Optimal <120 and <80 Recheck
2 years
Normal <130 and <85 Recheck 2 years
High Normal | 130-139 or 85-89 Recheck 1 year
e
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American Heart Association
Recommended Blood Pressure Levels

REY-ES

BP Systolic Diastolic
Follow-up

Category (mmHg) (mmHg)
Stage 1 140-159 o 90.99 Confirm within
(mild HTN) months
Stage 2 160-179 . 100-109 Evaluate within
(moderate HTN) 1 month
Stgcn 180 or > or 110 or > Evalua’fe
(severe HTN) immediately
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when do | make confirm for stage 1 hypertension patient?
first of all we must keep the lifestyle modification then we must give him a minimum dose of drug 4 Lge ety b ¢ oo gall 5sSy oSan Olsag
and we must still take his blood pressure like for another month T T )

now here is the difference

_with the minimum dose of a drug, if the blood pressure reduced to be hypotension then we must

stop the drug and this patient will return to the normal blood pressure

_with a minimum dose of drug, if blood pressure reduced to be normal then the patient confirmed
with stage 1 hypertension

§ Gl s sl o lazl Jelgall S cardiac output( ml/min ) = heart rate (beats /min) x stroke volume(ml/beat)
1. Venous return

2. preload (end diastolic volume) blood pressure= cardiac output x total peripheral resistance (TPR)

3. afterload ( pressure of blood in volume)

4. stroke volume stroke volume= end diastolic volume - end systolic volume

5. heart rate
6. cardiac output

: > &35 blood volume J! s blood pressure J! 483e

Sl Lelell systolic blood pressure e b bl

peripherally : &wSe . :
contraction and cardiac output J! 3o pawe

blood pressure and resistance &b centrally : &b d8Vsll
blood volume and resistance dsuSe blood volume and blood pressuredss b

blood pressure and blood volume &usSe Josll diastolic blood pressure gasie ) ool

TPR and vasoconstriction J=!l
why ?
because of the total peripheral resistance
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Analotensin I causes

artericiar constriction =
and sldosterone ANGOTENSN I
secretion.,

Anglotensin | ie corwerted to .
angictensin Il (a
vasoconetrictor) in the lungs.

Increaced viood
volume and vascular
recletance cavee




Hypertension

Divided into two categories: s3] plaal e s 929 g9 pull biad S pojo £l

. . s . 2 pall s ¢layl o30 (30 %95-90 s+
Primary or idiopathic hypertension:

Chronic elevation of blood pressure without evidence of other diseases.

Affect 90-95% of hypertensive patients.

Secondary hypertension: caused by other diseases like kidney disease (if it’s related
to a systemic disease that raises peripheral vascular resistance or cardiac output.).
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Secondary hypertension

Secondary hypertension may be caused by:

high aldosterone , high reabsorption for sodium and water from late distal

Renal hYprtCﬁSiOﬁ. convoluted tubule and collecting duct(same as ADH) , high blood volume,
7 high blood pressure

Adrenocortical hormone as:

high cortisone level, obesity, hypertension side effect, high blood
glucose levels, with inflammation, the opposite of immunity

/7 more epinephrine and norepinephrine, more
Sl 6 3t 9Ty oS Bl . . aE Ny activation for sympathetic , higher heart rate,
o Excess corticosteroids (Cushing’s syndromy

Primary hyperaldosteronism.

hypertension

Adrenal gland abnormalities: Pheaochromaocytoma (rare catecholamine—secreting
tumor of adrenal chromaffin cells it produces adrenaline & noradrenaline, and

they cause hypertension), characterized by episodes of headache, excessive

sweating, and palpitation. g Sl 5asll B 1 dlag Sl LS e Oiliad oSS 3ydy 30U p ) @il sl ayg sy bS] Bkl Glagus o
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_thyroid disease: high TSH , High T3 and T4, hyperthyroidism, high metabolism rate, tachycardia, more contraction for the
heart, hypertension

_pituitary disease: adrenocorticotropic Hormone , high cortisone , and in the end hypertension. .
_parathyroid disease: parathyroid hormone works in early distal convoluted tubule, high reabsorption of calcium, high ‘O
not enough blood for systemic contraction of the heart muscle, and in the end hypertension

circulation then more °
ceocesrne-Secondary h tension

blood pressure and blood y yp

volume, hypertension
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hypoxia or ischemia dwic yooy Saa il
Placental Mishima J! ls=> artery JI <l dos

N Secondary hypertension may be caused by: "Jfﬂiﬁt@;fﬁj fj&f Johzg gt Lo

Coarctation of the aorta (narrowing or Bystanetion & rofs=ilijec = Silayraias
constriction of the aorta). pituitary, or parathyroid gland.
pibllee =22 Oral contraceptive drugs. Pregnancy (gestational hypertensiom.
: : which 1s part of the preeclamptic &)=
Drugs as cocaine, amphetamine, and : P : p_ PUC s
== toxemia that 1s characterized by s o
erythrop01et1n. 1232 hypoxia pasie yeay galy u e ey ol $a 23
/9 4lgdbs contraction J! e €d€ma, hypt?l‘tCIlSlOIl, aﬁd Lg.’LJI Jasdl
: hypertension 2 ; e : dadolU juats
Obstructive sleep apnea. proteinuria (protein in urine). - 75
g - . . dlyg pl
Diabetes mellitus. Neurologlc disorders. drdo g
. : PRI : e S . N : P CE)
cocaine : prevent the reuptake for epinephrine, high epinephrine in systemic circulation, more sympathetic activation, hypertension . (Jodl
9\ ~amphetamine: increase opening of an epinephrine vesicle, high epinephrine in systemic circulation, more sympathetic activation, hypertension. =

c/ erythropoietin: increase synthesis of red blood cells, increase viscosity ,increase the resistance, high blood pressure , hypertension
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why ? because it's NaCl and the Na+ is
increasing sodium and potassium pump
which is going to increase the contraction
then increase heart rate and hypertension

Controllable Risk Factors:

. 2edl yulus|
Increased salt intake. /

Obesity (Lectinmne in non-
obese people, but when an adipose

tissue (fat) increases in the body, the

sensor gets damaged). e
peBadll g s IS
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Stress. (nizauall sy

Lack Of CXErcisc. ) dysfunction for tunica intima

Hypertension

Uncontrollable Risk Factors:
Heredity.
Age.
Men between age 35 and 50.
Women after menopause.
Race:

1 out of every 3 African Americans.

Higher incidence in non-Hispanic

blacks and Mexican Americans. ©
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contraceptive drug

]
Hypertension i

sy )l e cla o Lusd vessels
J81 aghd hypertension

Women and High Blood Pressure:
Birth Control Pill. synthetic estrogen which work on Renin angiotensin aldosterone system
Pregnancy.
Overweight.
After Menopause.

African Americans.




Hypertension

What does High Blood Pressure do to my body?:

Stroke.

Congestive heart failure.

Kidney failure.

Heart attack.

Heart rhythm problems.

Aneurysm.
Al
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High blood pressure adds to the workload of the heart.

The heart must pump harder.

If high blood pressure continues for a long time, the
heart and arteries may not function appropriately.

The heart may at first thicken and then dilate and
weaken causing heart failure.

Other body organs may also be affected.
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Arterial Blood Pressure Regulation

Baroreceptors exist on the aorta and the carotid but the one on the aorta is more sensitive to change in blood pressure then the carotid one

Short term regulation of blood pressure:

bk - ——
A regulation of blood pressure due to a change in POSIION. o i ta i oo msmal ool oo oot

: : ; pl s O badl] Ol g A
Baroreceptor reflex (Immediate rapid mechanism). This is done/regulated by

baroreceptors, which are responsible for regulating blood pressure from moment

to moment. Baroreceptors prevent fluctuating BP.

Baroreceptors are neurons (collection of nuclei) located in the arch of the aorta

and large blood vessels of the chest. | s oot tesis sl st b a5 (ol oo e ame) daros s Lo biall S3liius

These baroreceptors are sensitive to either increase or decrease in blood flow.
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Arterial Blood Pressure Regulation

Short term regulation of blood pressure:

In the case of decreasing blood flow (hypotension), these receptors will send an
impulse through the glossopharyngeal nerve to the vasomotor center, which is
located in the medulla oblongata (have a collection of nuclei which are called

tractus solitarius). sl Sl essldl ceosll e 2o OMituall 038 Jussi (pll o plasl) pall 3845 plassl U 5
(b Jeedl andi gl o degarma Lo gsiom) Jabazuall g5l 8 3o sall o legll Syal

The vasomotor center (tractus solitarius) will stimulate the sympathetic nervous

system, increasing contractility, and cardiac output. It also enhances the release of
epinephrine & norepinephrine from the medulla of the adrenal gland which leads
to central vasodilation and peripheral vasoconstriction; so, BP will return to

normal. ol alyodly o sodl 3Mb] 30y ol WS dall zladly (oLaidl 598 o asiy las (gagll uanll 3lgadl (g3laid] Jedl) Jlegll Syodl 3S5all Jam
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Arterial Blood Pressure Regulation

Short term regulation of blood pressure:

In the case of an‘increase in blood flow, the impulse will be sent to the vasomotor
center (tractus solitaries). It will block the sympathetic nervous system rather than
stimulate the parasympathetic nervous system. Thus, contractility and cardiac
output will be decreased, vasodilation peripherally will occur, and BP will return to

normal.
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low blood pressure (hypotension) —» impulses send by
baroreceptors

—>

Central vasodilation
peripheral vasoconstriction

'

normal blood flow and the blood pressure

more epinephrine and
norepinephrine from
adrenal medulla

4_

glossopharyngeal nerve to
the vasomotor center in the
medulla oblongata

SENSOory area

v

«— sympathetic stimulation

increasing contractility and
cardiac output(cardiac
stimulatory area)

high blood flow( hypertension) —p impulses send by
baroreceptors

normal blood pressure and

the blood flow

parasympathetic vagusg nerve t
the vasomotor center in the
medulla oblongata

0 ——P parasympathetic
—P» sensory area : .
y stimulation

'

<—— decrease contractility and

cardiac output(cardiac
inhibatory area)

Central vasoconstriction
peripheral vasodilation

-«

vasomotor center is divided to three offices :
1. vasodilator area

2. vasoconstrictor area
3. sensory area ( tractus solitarius)(interneurons)



Nervous Regulation of
the Circulation

Nervous control of the circulation mainly affects more global functions (e.g.,
redistribution of blood flow, cardiac contractility, and rapid control of arterial
blood pressure).
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Autonomic Nervous System

® Sympathetic Nervous System (Norepinephrine 1s the  neurotransmitter
substance): It stimulates vasoconstriction by activation of alpha adrenoceptors on
vascular smooth muscle.
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Nervous Regulation of
the Circulation

Autonomic Nervous System

® Sympathetic Nervous System:

Vasoconstriction of arterioles results in increased wvascular resistance and
G Ay, .1 5 e sl Gl daslial Bl N parlad) Baid o5

*  Vasoconstriction of veins results in increased circulating blood volume,
increased venous return, which subsequently leads to increased ventricular filling and

StrOke VOlume' dJ).‘aJ] @>>9 u.A_bJ.” eMal B_Sng uj! B>y Lg_s_gJ laa ;q;'_u‘)_gﬂ Ll 53‘._4)9 ‘Jg]_un.” r’:-.ﬂ[ @ BAL_JJ ujl '5_5)93” M L_g._\s,_!

* Increase in the activity of the heart (heart rate and contractility ). ¢
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Nervous Regulation of
the Circulation

Autonomic Nervous System

® Parasympathetic system:

Plays a minor role in the regulation of circulation. Its important function relates to
its control of the heart rate (stimulation of zagus nerves results in a decrease in heart
rate and contractility).
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Anatomy of the Sympathetic e b5l e
Nervous Control of the \
~.. Blood
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Nerves leave the spinal cord through
thoracic and lumbar spinal nerves, pass ,,
into the sympathetic chain, and then into Cardoiiior
Vasodilator
the circulation through: .
. . . . ‘\\\ -
Specific sympathetlc nerves innervate the § L i i otel v o,
vasculature of the internal viscera and the — <wisalsid Wi '
heart.
® The spinal nerves innervate mainly the
vasculature of the peripheral metarterioles. g o8l sy [ Ssadl Lol s
Ayl sl sl




The Sympathetic Vasoconstrictor System and its
Control by the Central Nervous System

150l de o3 8o BUI ga3o8 alisy
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The distribution of vasoconstrictor fibers varies: s Jldlly clasily LIS 8 55T 2
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- Greater distribution in the kidneys, gut, spleen, and the skin.
- Less potent in the skeletal muscle and brain.
Vasomotor center: sl 520554

- Located in the brain (reticular substance of the medulla and lower pons).

-transmits impulses through the spinal cord and hence sympathetic vasoconstrictor
fibers to almost all blood vessels of the body for blood pressure control.
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Areas of the Vasomotor Center:

1. Vasoconstrictor Area: e TOR S N e N e

Neurons secrete norepinephrine which stimulates the vasoconstrictor neurons of
the sympathetic nervous system.
2. Vasodilator Area: :
e o¥l e blas iy ducodl §ad il oladil Llel Ul dabuall s3e 5 deasll L] o BLIYI e
Fibers from neurons in this area project upward to the vasoconstrictor area and

inhibit vasoconstrictor activity.
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Receives sensory nerve signals from the vagus and glossopharyngeal nerves and the
output signals from this sensory area then help to control the activities of both the
vasoconstrictor and vasodilator areas, thus providing “reflex” control of many
circulatory functions (e.g., baroreceptor reflex for blood pressure control).




® @)
All vessels except capillaries, pre-capillary sphincters, and most metarterioles are
innervated. Small arteries and arterioles when stimulated will increase resistance to
flow and decrease the flow of blood to the tissues. Innervation of large vessels
(e.g., veins) decreases the volume of the veins and alters the volume of the venous
side of the circulation, so the volume is transferred to the arterial side. (Again,

“reservoir functlon”) ubod e Ao Byball ol padl dheag (@gall Olpeadl L3 6o lall OMaslly dygeall Olpmadl elitaly dygaall due oYl g
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Sympathetic carry mostly

Q

_ Artenales vasoconstrictor fibers and a
wrpanatic lot are present in the kidney,
JASODONSINCHON T :

: _Capillanes gut, spleen, skin, and /ess

are in the skeletal muscle
and brain.
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Sympathetic
Vasoconstrictor Tone

Under normal conditions, the
vasoconstrictor area transmits
signals  continuously  (0.5-2
impulses/sec). These impulses
maintain a partial _state of
contraction in vascular smooth
muscle (vasomotor tone).
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Arterial pressure (mm Hg)
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Total spinal anesthesia

\

Injection of norepinephrine

0 5 10 15 20 25
Minutes

Effect of total spinal anesthesia on arterial blood
pressure
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Control of Heart Activity by the Vasomotor Center: oo Jso oo (sl 8585 asll SLH)

Sympathetic nerve fibers to the heart increase heart rate and contractility when stimulated,
whereas impulses from the vagus nerve (parasympathetic nerve fibers) decrease heart rate.

Control of Heart Activity by Higher Nervous Centers:

Reticular substance ; ;
Sedll S5l Sl bty ol 3y of oS

Hypothalamus can either excite or inhibit the vasomotor center

Cerebral Cortex

The Adrenal Medullae:

Excitation of sympathetic fibers to the adrenal medullae cause the secretion of epinephrine

and notepinephrine into the circulation. B e R e R L
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Role of the Nervous System for Rapid
Control of Arterial Pressure

The entire vasoconstrictor and cardioaccelerator functions of the SNS are
stimulated as a unit. At the same time, there is reciprocal inhibition of the
normal parasympathetic vagal inhibitory signals. As a result, 3 changes occur,
each of which contributes to increasing arterial blood pressure: arteriolar constriction
and large vessel constriction (especially veins) increases circulating blood volume and
venous return, increased cardiac contractility and stroke volume, and increase in
arterial pressure. Direct stimulation of the heart (HR increases up to 3-fold and
contractility is increased). Taps

These effects can double arterial pressure within 10-15 sec. Sudden inhibition
can decrease pressure by half within 10-40 sec. 15100528 # Jloal pl bis elos o 21501 0ig) o
A05 4010 s hadl )l bell e ] orleall bl g5 o oS
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Increased Arterial Pressure during Exercise: 2 S5 15530 g
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During exercise, active muscles require greatly increased blood flow.

® | ocal vasodilatory mechanisms.

® [levation of arterial blood pressure (an increase of 30-40% can increase blood
flow by 2-fold). (80ll ylakay ol 585 835 ) BAO-30 ety B33 255 1) oSas) Loiliradl sl oacs g lasyl -

Exercise is initiated by activation of the motor areas of nervous system. At the
same time these areas are activated to initiate exercise, the reticular activating system of
the brain stem 1s also activated (incl. stimulation of the vasoconstrictor and
cardioaccelerator areas of the vasomotor center). These raise arterial pressure
instantaneously to keep pace with the increase in muscle activity. This occurs with

many other types of stress (e.g., fight or flight reaction).
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The Baroreceptor Reflex
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Once signals have entered — the medulla § =
. = e o T
secondary signals inhibit the vasoconstrictor &
: : £
center and excite the vagal center. This results = = 100 e e
in wvasodilation of the veins and arterioles 2 T ot
: . : - Both common Carotids released
throughout the systemic circulation and & |carotids clamped
= ©
decreased heart rate and contractility. 5 90f
}
<
Therefore, stimulation of the baroreceptor
reflex reduces blood pressure through a O
decrease in peripheral resistance and a decrease Minutes
in cardiac output. Low pressure has the | N — |
: £, e L el o e Typical Carotid Sinus Reflex on Arterial Pressure
o2 o p : Ot yuSmis jaaoxd 8 : :
M ‘,@ppOSItC cIIcect. S Caused by Clamping Both Common Carotids
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The Baroreceptor Reflex

Function during changes in body posture:

When going from laying down to standing up there is a decrease in a
stretch of the baroreceptors which respond immediately to increase
pressure by removal of inhibition on the vasoconstrictor center.
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Mechanisms for Maintaining Normal
Arterial Pressure

® Arterial Baroreceptor Control System:

Receptor:  Spray-type nerve endings slazg A1l Sl loadl) 838 a9l degdl jlax 3
128 gall (adll OMdzus da2dll Mdnua) o 3esdl Lugd

Location: in the wall of large arterial vessels (internal carotid artery and the wall of aortic
arch; (baroreceptor, pressoreceptors)

Stimulus: Stretch
tretcn

Normally, the carotid baroreceptors are not stimulated by pressures between 0-60 mmHg. Above
60 mmHg they respond progressively more and more rapidly and reach a maximum at about
180 mmHg. The aortic baroreceptors behave similarly but operate at pressures 30 n@-lg
higher than the carotid. Respond very rapidly to changes in pressure, with the rate of impulse

~ firing increasing during systole and decreasing during diastole. @ |
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Arterial Baroreceptor Control
System:

ceasll Jl guyo cuae ye Sladl sl ceasll Yo Sledl Ll
Szl ¢ Bl 8 ealyaidl Lol JI @3 o9 ( Sladll ag2ll

Pathway: Internal carotid
transmits impulses through Herring’s
nerve to the glossopharyngeal nerve
and hence to the tractus solitarius in
the medulla.

Lol daguall Slacill ye 03l us8 o Clall Jad

Signals from the aortic arch are
transmitted through the vagus nerves
also into this area of the medulla.

.
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@

—— Glossopharyngeal nerve
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Baroceptor Reflex with decreased Art. Pressure

|Pa

 Stretch on carotid sinus baroceptors

! Firing rate of carotid sinus nerve

| Parasympathetic activity
to the heart

1 Heart rate

Pa toward normal

T Sympathetic activity
to heart and blood vessels

T Heart rate
T Contractility

Constriction of arterioles (T TPR)
T Venous return

d Unstressed volume



Carotid Aortic arch
sinus baroceptors

baroceptors

Baroceptors

w/increased P carotid sinus nerve @ P

V nerv
glossopharyngeal nerve agus nerve

Medulla Nucleus tractus solitarius

P &

Increase HR Vasoconstriction
Increased SV

l T

Heart and Sinoatrial Contractility Arterioles Veins
node Increase TPR Increase
Blood Vessels VR

@ Heart

@ Blood vessels
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® Carotid and Aortic Chemoreceptors:

3 g _L_,.‘_“SI o—’b dalsy _gT (oSl odi asall clacl o agasll 3 29250 1 L |
Closely associated with the baroreceptors. el i) e e e ;‘ s

. ol gl (il
Stimulus: lack of O,, excess of CO,, or excess of H"

located in several small organs (1-2 mm 1n size), carotid, and aortic bodies.

Receptor:
Each body has close contact with the arterial blood. Low pressure stimulates the

chemoreceptors because diminished blood flow reduces oxygen and increases carbon

dioxide and hydrogen ions. These receptors are not strongly stimulated until systolic
Al 385 plasil oY Lola Sl Ozl Baall plasil Jam byl audl 3o Jlail g S

pressure falls below 80 mmHg 2> 8y UMzl ode 34053 @iy 3 L opem 93ag)l Dligala 0908 ST 5B ias emaSY! iy
&5 ple 80 po JBT | oLl bl iy

Pathway: same as Baroreceptor.
Jsall Ldtwe jlua i ;yluall
The Reflex: The signals transmitted from the chemoreceptors into the vasomotor
center EXCITE the vasomotor center and increase arterial pressure.
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low blood volume § &S indirect detection ! 88l L« baroreceptors J! Jea ua3 chemoreceptors J!

'

low 02 ( hypoxia) — high CO2 (hyperkalemia) —Jp» High H2CO3 —p» High H+( low pH) ( acidosis) — P activation of chemoreceptors

'

3L o] I | yudi : . . i i
330 o dlas vasomotor center J! le z o baroreceptors I juds JaS sy <p— action potential generated <@ sodium and potassium pump
blood pressure and blood volume to normal J! 2>

S high Ml dl> 8 leds  usely



Arterial Blood Pressure Regulation

Long-Term Control

RAS &9 3szeng - opesiganil-epany)l pllas NS e clls ay

It 1s done through the Renin-Angiotensin-Aldosterone System [RAS].

When cardiac output decreases, it decreases CO in all the body including the

kjdneys. oS 3 8 lay el elouil guan 8 il 2ol pasiy ( dall ! jaasay lasie

When the globular filtration rate or the renal perfusion decreases, the kidneys will

respond to this by increasing renin production.

ol Sl syl Jama adsy lavie
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Baroceptors in long term AP
regulation

However, if BP is maintained for 1 to 2 days, the baroceptors
will reset at this ‘new’ level of 160 mmHg. Therefore,
baroceptors are not as important, in long-term regulation.

Souall 130 e badll UM duwe bud Sole] attw (wogs Il por Saal pull bds sawl 13] .2U3 gag
2l Ly edaddl \_Yg dpa0dl by ey badll OMdvwa 18 (355 ple 160 YU auasdl

P— R R R R O R R R R RO R R PR— — - P —— R R R R RO O R R R R R R R R R R R R R R R RO~




Sympathetic

afferent >
arteriole ’ macula
(decreased densa

stretch) (lowered
sodium)
Juxtaglomerular
Apparatus
sympathetic
stimulation (NE) Renin

Repnin
obulin » ‘ Angiotensin I

Liver Kidney Lung

Angiotensin II
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Renin

A oS gaaol I e sreuSgod 3l Yoy aofy 3urdon o0 oyl o
Juoxd Olay 3] daawlgy 2 rasigead! I 1 ceacdgad] Juoxd au @
32830 58 (ACE) (yaeasiiguaidl

* Renin is a protease that cleaves angiotensinogen to angiotensin I. Then
angiotensin 1 is converted to angiotensin 2 by the angiotensin-converting
enzymes (ACE) in the lungs.

*Renin 1s secreted by the juxtaglomerular apparatus in response to a reflexive
sympathetic activity or beta receptor stimulation, decreased central volume of
blood or decreased plasma Na+.
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Angiotensin 11

v &89 mall dyganll due oW ddoall slgall godl asle
(Gl olas] 8) azgliSy]

* One of the most potent vasoconstrictors known.

2 . . oglEall Bali) oyl yad) eludall OMae)l bl (a0 §aad
* Octapeptide (8 amino acids). N p e e e

* Constricts principally arteriolar smooth muscle to increase resistance.
* Stimulates the vasomotor center of the brain.

* Stimulates the release of Aldosterone (steroid hormone) by the

adrenal I%. cortex

* Inactivated by angiotensinase enzyme. Sl 5590 o (aareis 53029) 9semssaldl B3 S

i gl pa 3] Al gy ddasi @ty o
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Effect of Angiotensin to Cause Retention of Salt and Water

Vel o aguagall Syl olazal ale] 33my
= clalt ot t = pgissall ptazal salel) ol

@® Direct Renal Effect (can decrease urinary output 4-6 fold): 22513 (Ses¥l 52, paodl 2 800
4B sadll (e g st il

Enhances the reabsorption of Na 1ons from the proximal tubule (Na
reabsorption = water retention = increase in volume... vasoconstriction).

@ Stimulation of Aldosterone Secretion from the adrenal glands

Increase in salt reabsorption by the kidney tubules, increase in extracellular fluid
sodium, and water retention.

(S sl Wl gy xlall olazal Bsle] S Baly)
c.La” L)ALU.D-IQ ;4.«.\.9:.” C_)La- J.EL.:JI potIge k_Tg o.sb_)_g

@® Blocks bradykinin, which is a local mediator of vasodilation:

de gl gugd 2dg0 sy 989 (raiSoalydl giay
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So, blocking 1t causes vasoconstriction. g et mia L S
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Aldosterone

o295 Dlovzal JASIN G 03347 gang i (9030

cortex

* Steroid hormone secreted by the adrenal rmmlEa in response to
angiotensin II formation.

* Increases blood volume by promoting the reabsorption of sodium and
watet.

.;.I.A”_g 99%.39..0.” uoha_m] OJLC.!_}J_}SJ \9J_}.59 o fs_s.” @3> 93 e

*Takes hours to be effective in raising blood pressure and volume
because it requires protein synthests.
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The Role of the Renin-
Angiotensin System in
Regulating Arterial
Pressure

Decreased Arterial Pressure

\/
Renin (kidney)

Renin Substrate =" Angiotensin | (10 amino
(Plasma protein) acids)

= Angiotensinogen _
Converting enzyme
(Lung)

Angiotensin |l

(8 amino Anguotensnnase
aC|ds)
(Inactivated)

Renal Retention Vasoconstriction

of Salt and Water /

lncreased Arterial Pressure



1. A drop in blood pressure or sodium
prompts the kidneys to release
renin.

2. Renin converts angiotensinogen
(from the liver) into angiotensin I.

3. Angiotensin-converting enzyme
(ACE) converts angiotensin | into
angiotensin Il.

Now, angiotensin |l does multiple
things:

* |t constricts blood vessels, raising

blood pressure.

* |t signals the adrenal glands to
release aldosterone.

e |t stimulates thirst and increases
ADH release, promoting water
retention.

Then, aldosterone also has several
roles:

e |t acts on the kidneys to increase
sodium reabsorption.

» Water follows sodium, increasing
blood volume.

e It reduces potassium levels by
increasing potassium excretion.

The combined effect is restoring blood
pressure and volume balance.

R



Antidiuretic Hormone (ADH, Vasopressin)

1. ADH E:.JJI Lg_}};Au.g @b L8 dalsdl sasl u_al>=.” uedll &uwgawlwuwug M(:\uu]_u-g”k)ﬁ Al o,
ADH is an oligopeptide that i1s synthesized in the hypothalamus and stored in
the posterior pituitary before it is released into the bloodstream.

posterior

ADH release is stimulated by osmoreceptors in the zwmmEE= pituitary, triggers
ADH and thirst (2% osmolarity) change is enough.

sidaslly ADH 3158] L 382 Las galsdll sl _aladl
(%2 doy ddgaud] yods 850)

These hormones prevent diuresis (loss of water in urine) in case of
dehydration and hypovolemia.
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. Osmoreceptors in the
hypothalamus detect increased
blood osmolarity.

. The hypothalamus signals the
posterior pituitary gland.

. The posterior pituitary releases ADH
into the bloodstream.

. ADH travels to the kidneys.

. ADH increases water reabsorption

in the kidney tubules.

. Water retention increases, and urine
output decreases.

. Blood volume rises.

. Blood pressure is maintained.



ADH (Vasopressin) and Blood Volume

Ang Il Hypothalamus
receptor
Maxillary
Osmo Body
receptors
Increased
osmolarity Optic _
- Posterior
Pituitary e
FEO

Vagal Anterior
afferents Pituitary

Atrial
volume

receptors TTPR Volume

Retention




ADH (Vasopressin) receptotrs

4 Adle gl eldall OMagll 8V OMdiiwa S o3
V, receptors are in vascular smooth muscle. “ %

» ! : : ENENT IR VNS e EY REXY
V, receptors are in the principal cells of the renal collecting duct. sl daabali sl dwiy

V, receptors are involved in water reabsorption in the collecting duct and in

the maintenance of body osmolarity. N T
ondl aoand e Blandl 3o daalal

R R R R RO RO R R R RO R R R R R R R R R R R R R R R R R R . - . - D— p— - R R R R R R R R R R R R R RO R R R R R RO



The Renal-Body Fluid System for Long Term Control of Arterial Pressure:

When the body contains too much extracellular fluid, arterial pressure rises. This increase in
pressure causes the kidneys to excrete the excess fluid until pressure returns to normal

(pressure dﬂll'6515>- bl 8 a3l aie . ilyadl sl e iy dolsl 215 Blowdl o 3l e sl ggins Losic
(Lol e gl Jodl slosl) wsmads ] bll sgey o 50130 Blgudl zhsly raidSl pLE 3 ot

Quantification of pressure diuresis using renal function curves

As pressure increases urinary volume, there is an equal etfect on the urinary output of salt
(pressure natriuresis),

i.e. the relationship is similar for sodium excretion

~
T
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Typical Renal Output Curve
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" _ Afferent  Efferent
2ewsd le ANP Jasy ANP dilates the afferent Arteriole Arteriole
s el sl | arteriole leading to iy
SSfjjj st by increased blood flow and | Blood flow =3

4 filtration -> diuresis ) Glomerular

il capillary

< Bowman’s [Thanks to
tl’la capsule Wikipedia
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Natriuretic N

ANP suppresses
reabsorption of Na+ in

Pep tlde collecting duct and » Collecting

other segments of the duct

(ANP) Knephron -> naturesis -

neghron]

Increased excretion of
water and sodium
. @ http:/ /www.vivo.colostate.edu/hbooks/pathphys/endocrine/otherendo/anp.html @ ; ‘
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Cardiac distension
Sympathetic stimulation
Angiotensin Il

| |

Blood Blood Natriuresis
¢Pressure iVqume Diuresis

https:/ /www.cvphysiology.com/Blood%20Pressure /BP017 C/ :
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1. The atria of the heart sense
increased stretch, usually due to
higher blood volume or pressure.

2. In response, the atria release ANP
into the blood.

3. ANP travels to the kidneys.

4. ANP promotes increased sodium
(and thus water) excretion in the
urine.

5 This reduces blood volume.




JdWhat Can I Do?

* High blood pressure is a lifelong disease. o2 pdl bas el

* Blood pressure can be controlled not cured. e sse s o5 ol bao e 500 5o

* Controlling blood pressure will reduce the risk of stroke, heart
attack, heart failure, and kidney disease. R
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JdWhat Can I Do? 591 o 005 s

* Loose weight if your overweight.

* Get regular physical activity.

* Avoid excessive alcohol.
JeoSIl Jols 6 blyddl cand

* Stop smoking.

* Manage your stress.

Decrease salt intake.
Eat for heart health.

Discuss the use of oral
contraceptives with your doctor.

Discuss the use of some
medications with your doctot.

ViU elecdo 2o dy50a)l Jasl gilga plasizal 28U
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* Commandments for Blood Pressure Control:

-Know your blood pressure -Eat a low-fat diet
* Have it checked regularly * According to AHA regulations
-Know what your weight should be -Don’t smoke cigarettes
* Keep it at that level or below * Or use tobacco products
-Don’t use excessive salt in cooking or at meals  -Take your medicine exactly as prescribed
*  Avoid salty foods * Don’t run out of pills even for a single
day

o' A -Keep your appointments with the doctor
el ; :
STl R -Follow your doctor's advice about exercise




Main medication for HTN

» Angiotensin _II _receptor _blockers

» Diuretics: (ACE):

* Rid the body of excess fluids and salt * Intetfere with the bodies production

> Boribloclors: of angiotensin, a chemical that
causes the arteries to constrict

* Reduce the heart rate and the work of the o it = e

heart (G sl (oL &30S
> Vasodilators:

> Calcium an tagonists:

* Cause_the muscle in the wall of the
—1 blood vessels to relax, allowing the

o vessel to dilate (widen).

* Reduce heart rate and relax blood vessels




about beta receptors centrally :

B1 in the cardiac muscle, if it's activated, it's will increase the contraction which will increase the heart rate (sympathetic activation)

B2 on the lungs, if it's activated, it's going to do bronchodilation, which will increase the respiratory rate ( sympathetic activation)

about alpha receptors peripherally:

Alpha 1 activation ,exists in tonica media where the smooth muscles of blood vessels, would lead to vasoconstriction peripherally

side effects for beta blockers :
-bradycardia(do not stop the medication immediately)

where do ANP and PNP be secreted from?
ANP from atrium of the heart
PNP from ventricle of the heart






