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Beta-Adrenergic Receptor Blockers

B-Adrenoceptor Antagonists
"3 Blockers"

Note: Most of the antihypertensive drugs discussed will be encountered
again in the management of other cardiovascular pathologies.
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31 adrenergic receptor

Cardiac Effects:
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* Raymond Ahlquist (MCG) in 1948 was searching for a drug to
relieve menstrual cramps and coincidently found epinephrine
stimulated heart rate through a distinct set of receptors (B) in the
heart
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* By 1964, a research chemist, Sir James Black, having read these
published observations developed B-blockers
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Mechanism of Action: Effect on the cardiac
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* Beta-AR are coupled to Gs-proteins
* Gs-proteins activate adenylyl cyclase to form

AMP
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* PKA phosphorylates L-type calcium channels ”)
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Contraction

* A beta-blocker will block this pathway to“)
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decrease inotropy and chronotropy.---
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Mechanism of Action: Effect on the cardiac myocyte
Further Explanation o ... .
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* Stimulation of B,-adrenergic receptors in cardiac myocytes by
norepinephrine activates a G¢ protein-coupled receptor.

* This activation stimulates adenylyl cyclase, which catalyzes the
conversion of ATP into cyclic AMP (CAMP). (oS v o WL
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* Elevated intracellular cAMP activates protein kinase A (PKA),
which phosphorglates mgosm light chains and L-type calcium
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* These phosphorglatlons increase calcium influx into the cells,
thereby enhancing cardiac contractility (positive inotropy) and
heart rate (positive chronotropy). s . cmmcpn o
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Mechanism of Action: Effect on the blood
A vessel
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* Beta-AR are again coupled to Gs-proteins 2

* However, in contrast to heart, increased

cAMP inhibits MLC-Kin VSMC e ialain e i contraction «—MLCK
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kidney which will decrease renin Sl

production, and decrease vessel tone. =00
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Mechanism of Action: Effect on the blood vessel
Further Explanation®”
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o
@- In contrast to the B,-adrenergic pathway in cardiac myocuytes, g,
adrenergic receptor activation in vascular smooth muscle cells leads to

relaxation by inhibiting myosin light chain kinase (MLCK)
* This mechanism aligns with the sympathetic “fight-or-flight” response
during which enhanced skeletal muscle activity requires increased blood
flow, achieved through B,-mediated vasodilation, smooth muscle
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* The same neurotransmltter, norepmephrlne, can elicit different
physiological effects depending on the adrenergic receptor subtype
and its tissue distribution, supporting the concept emphasized by
Raymond Alkwes; that receptor context - type and tissue distribution -
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Mechanism of Action: Effect on the blood vessel
Further Explanation? Esseesas
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< Organ-Specific Adrenergic Effects:  swnoom | = lshsmmes i

1. Vascular Smooth Muscle cells (VSMCs): 5 o emtiston st o o

* ai-adrenergic receptors (coupled to Gq proteins) mediate vasoconstriction of resistance vessels
via increased intracellular calcium.

* B2-adrenergic receptors (coupled to Gs proteins) promote vasodilation in skeletal muscle
vasculature by inhibiting myosin light chain kinase (MLCK), facilitating blood flow to active
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« Both f1and B2 receptors are expressed, with 1 predominating. Their activation increases
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cardiac contractility (positive inotropy) and heart rate (positive chronotropy). Zoi i meee o i
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* B2 stimulation in coronary arteries causes vasodilation, enhancing myocardial perfusion - an

effect consistent with the sympathetic stress, fight-or-flight, response.
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* B1receptors in juxtaglomerular cells (JG) cells stimulate renin secretion, initiating the renin-
angiotensin-aldosterone system (RAAS) and increasing blood pressure.

 B1-blockers inhibit this pathway, leading to reduced renin release, lower angiotensin I
formation, and decreased systemic vascular resistance (PVR), due to vasodilation. 9



Mechanism of Action: Effect on the blood vessel
Further Explanation®
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¢ Based on what was previously mentioned, -blockers lower blood
pressure through two primary mechanisms:

(Cardiac Effect) guldll st .1

l. Cardlac effeCt- Jﬂ'ﬁdﬁ'&mwemmdﬂluhﬁJm,&mw Leols (Heart Rate) ol ol Juro Juliie

ll bis pais GIGIL ((Cardiac Output) sulall @bl QAL () Gus Lea (LW oo GBI 5,08 oy JIE Luga¥ | sda (olliS (Contractility) olall alislf Jse

Decreased heart rate and contractility, thus reduced cardiac output.7”
2. Renal effect: oAt 31 e 01 i 1] 55l ot AR i 15
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Inhibition of Bi-mediated renin release, results in less angiotensin I, leading to
vasodilation and lower PVR. e i) o it s ) 1- 1
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* During sympathetic activation, a,-mediated vasoconstriction
predominates, while B,-mediated vasodilation provides a localized,
opposing effect, most evident in skeletal, not smooth, muscle
vasculature. This B, influence, however, plays a minor role in systemic
blood pressure regulation. 5 S nn s
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Mechanism of Action: Effect on the blood vessel
" Further Explanation
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 The common simplification that 31 receptors are only in the heart
and 2 only in the lungs is inaccurate; both subtypes coexist in
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various proportions across tissues. i s o
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» Consequently, non-selective f3-blockers that also block B27
receptors can transiently increase PVR and blood pressure in
specific vascular beds, though the overall systemic effect remains
a reduction in blood pressure through decreased cardiac output
and RAAS SUPPIresSION. = Jii o wnu s s arspm o
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» The discussion of a2 receptors - mainly presynaptic, with minor vascular
presence - will be addressed separately.
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Propranolol(Inderal): Mechanisms of Action
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* Nonselective®, competitive antagonist of 1 and B2 adrenergic receptors (block
binding of NE), it is the prototype. et T ot A s
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* Delays AV node conduction from the atria to the ventricles, which makes them useful

in the management of cardiac arrhythmias. P e e
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* Neutralize reflex tachycardia induced by vasodilators.("

2. Reduces central sympathetic nervous system output, as propranolol can cross the blood-
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3. Small vasoconstrictive effect (initially Increase PVR) by inhibiting (3, receptors in blood
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4. Reducesreninrelease (1) (effective in patients with hlgh renin activity as is common in»
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*Note: A selective drug typically produces fewer side effects, whereas a non-selective drug is associated with a
higher incidence of adverse effects.
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Propranolol (Inderal): Reflex Tachycardia

Ailegll Slacagall (I¥1 L5011
(Systemic Vascular Resistance - SVR) ilesl] doglall ada (Il dae o) Jals binall (ada (] $ahs Dseall gVl o8 grggill 138 Gy s0all Lae S cloalll cdlandl clayinsl 3asb e Dsenll sVl grness (o] Gu55 (i S Lilesll Slagslls

* As previously mentioned, vasodilators such as nifedipine lower blood
pressure by inducing vascular smooth muscle relaxation, leading to
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 This sudden decrease in, systemic vascular resistance (SVR), blood
pressure triggers baroreceptor-mediated reflex tachycardia, a
compensatory increase in heart rate aimed at restoring arterial

pressure.

* In patients with cardiac conditions where tachycardia is undesirable,
such as angina pectoris, heart failure, or post-myocardial
infarction, the non-selective 3-blocker propranolol may be co-
administered to attenuate this reflex increase in heart rate.
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.. Vasodilators and Therapeutic Indications
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* Despite their side effects, vasodilators are still used initially
because they remain valuable for rapid blood pressure reduction
in hypertensive emergencies, [3-blockers act more gradually and
are not considered first-line agents for routine, uncomplicated,
hypertension Management St s ans ot o s i 5 sk it

Gamo Lull JSLie ke 51 il by Jama elny] s 3 Y L (0 oy JSit piied o cind ] i

* Modern treatment strategies now favor medications targeting the
renin-angiotensin-aldosterone system (RAAS), such as ACE
inhibitors, angiotensin receptor blockers (ARBs), due to superior
cardiovascular and renal outcomes.
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7Neuertheless, it’s essential to understand the older drugs, as in resistant
hypertension, agents acting on the adrenergic pathway or central
sympathetic inhibition may still be used despite their adverse effect
profiles.

* B-blockers, though no longer preferred for uncomplicated
hypertension, retain an essential role in conditions such as:
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v’ Thus, while not optimal as monotherapy for blood pressure control,
B-blockers remain cornerstone agents in cardiovascular therapeutics.
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Side Effects

7 egat echo otopy)uhlluh)‘aJmuJ:_&m)u G say (Badycada)ulsll
. Hypotensmn AV block, severe bradycardia (negative chronotrope),
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possibly heart failure (HF).” =+~
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» Careful consideration in patients with conduction problems/bradycardia‘?
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* Do not use in asthmatic patients.
* Acute withdrawal syndrome (receptor super sensitivity) in patients,
:(Acute Withdrawal Syndrome) slall Glaai¥ ] 463M50.3

3abiyy (Tachycardia) Glall b ysd o8 &5l Saas o oSan (dslgilagsm planiol e o lill S3) siee
o Las (Bl Alse sleaf o

predisposing to myocardial ischemia.®J .
(Myocardial Ischemia) Gl dhae 4955 (i Llay il o)l

* Increase triglyceride levels and decrease HDL levels. ) io s o,
> (Glucose Intolerance) ;slall Jasi aie 56ai™.5 Las pdl 5 (HDL) sandl 3 il lysivas ol
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* Induce glucose intolerance.™ 55w “

Gl of Sl ¢y 32 imball ua bl (08 Jolgilyagom alaninl sie Hiall gt piad
usmus(m,g_.,ﬂ,.lw‘pa)W| b;.L.n il ,.A;Jaf‘ej|m

suby4

* Careful usage in diabetic and obese patients R TR
wdsu..,.u,;udw: bl o iy alaniol al o s
Lol i Sl gl Jeangill (o8 JSLte

(BBB) 2 leall saall salall y5ue ole 3,4811.6
sl (aay (08 QLY 5 GunlsSI e il LT ] 53 Lao «(BBB) (o Lol sisol) saladl 50 4iang (saall (o Olisdll s Uslss s

4 Llpldjsoluble, cross BBB 2> Nightmares/depression. : =
A e e ko i Y)Y



Ml;@l@g@mlﬂgﬂly‘w K1 U (Propranolol) Jstsi el Lasladl HEYI ¢ i Gl

Side Effects: Further Explanation™
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* During the fight-or-flight response, the body’s oxygen demand
increases. To meet this increased requirement, the airways undergo
bronchodilation, mediated by 32-adrenergic receptor activation in
bronchial smooth muscle, in the lungs. Stimulation of these receptors
leads to smooth muscle relaxation, improving airflow and enhancing

d l' S iy LAY Gl & yeala 2 )
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 Currently, most drugs used for heart failure and hgpertenswn are f31-
selective blockers, minimizing respiratory side effects.
However, propranolol, a non-selective 3-blocker, inhibits both 31 and
B2 receptors. Consequently, it can induce bronchoconstriction, due

to the non-selective blockade of the 32 receptors, an effect
particularly significant in patients with asthma or chronic obstructive

pulmonary disease (COPD), thus contraindicated. N e
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) Side Effects: Further Explanation@
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Antihypertensive agents are sometimes prescribed to patients

with cardiac arrhythmias or other heart diseases. However, many of
these agents — such as the non-dihydropyridine calcium channel
blockers (non-DHP CCBs) (e.g. verapamil) — are cardiodepressants (-

el G it a0 e o Ll el 2302
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 Therefore, such combmatlons B-blockers with non-DHP CCBs,
require caution, especially in patients with bradycardia or
conduction abnormalities, as they further exaggerate them.

* Although all antihypertensive drugs lower blood pressure,
vasodilators are the most potent because they directly reduce
peripheral vascular resistance (PVR). @ sstibisiatiziins
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Side Effects: Further Explanation®
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« Chronic use of receptor antagonists can cause upregulation of receptors. For
example, if the heart normally beats at 70 bpm for a given level of
norepinephrine, 3-blocker therapy decreases receptor activation. In response,
the body increases B-receptor density and/or second messenger activity,
post-receptor signaling, a process known as receptor supersensitivity. Over

ol aliill 56 35L5 (Tachycardia) Glall ol ys b &bl coen O oSas 13a

time, a new steady state is established. =-iooouw s o s s
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* However, if 3-blockers are abruptly stopped, the increased number of
receptors becomes exposed to normal sympathetic, norepinephrine,
stimulation. This can trigger excessive cardiac activation, producing
tachycardia, increased contractility, and potentially myocardial ischemia.

» For this reason, 3-blockers must be tapered gradually.

» B-blockers also require time to exert full antihypertensive effects, typically 2 to
4 weeks, and they must be discontinued gradually to prevent rebound adverse

effects, wesbisis ol gasd ol i3 )
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» Side Effects: Further Explanation(*>)
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4. Thiazide diuretics may also influence lipid metabolism, lipid
profile; however, B-blockers are not contraindicated in patients
with ischemic heart disease secondary to dyslipidemia, as they
can be used safely as long as lipid levels are monitored regularly.

» Caution is advised, but not complete avoidance.

5. In hypoglycemia, the body normally produces adrenergic
warning symptoms such as sweating, and tachycardia. 8-
blockers can mask these adrenergic warning signs, increasing
the risk of unrecognized hypoglycemia in diabetic patients.
Therefore, such patients should be advised to monitor blood
glucose closely and maintain regular meal schedules.
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Propranolol: Contraindications
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* Bronchial asthma, using the nonselective beta blocker

(propranolol).
* Peripheral vascular disease, due to beta 2 inhibition and
the transient increase in PVR, as discussed earlier. >
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Atenolol (Tenormin) e ="

= B1selective an)i;g“gﬁﬁméimused for high blood pressure.
= Administered once daily
= Less lipid soluble than other B antagonists
* Metoprolol (Lopressor) e e oy S8 it g L -l A 5
= Selective inhibitor to B1 l’jﬁ‘“j{tj‘“ii%ﬁwm
= Useful in asthmatic patient§faéﬁ?i?§érec?ﬁe to 3, receptor.
+ Nadolol (Corgard) S B i
= Non-selective B antagonist &0 ni=or e
=  Administered once daily, whereas propranolol typically requires
administration twice daily.
* Propranolol is not primarily used as an antihypertensive agent;

rather, it is sometimes utilized in acute situations, such as reflex
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taC h U Cardla . pall bais ¢ LE,Y ¥ @kl el 4 ((reflex tachycardia) il ol yal geulSasy | gLl Jio Tlall oY la (b pusinde
2o sl 3l (o s Baladl ¥ el o8 auniod Gle Jlilyagpme



Ll SY I Gass Pl o (B-blockers) Ll olysls ololaniol mes AU

gL . °
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Mild and moderate hypertensives. @w@u}agm&www@ww@ i ol

* Useful in patients receiving vasodilators to prevent sympathetic reflex
. Ll Ul yal e (ygilan il ok gl ] i o6 2<a111.3
tachycardla.a i1 i1 - o st Sl 3l e ] il gl ks oSl 5 Gl Shpnlar

(Myocardial Infarction) ldll -Lzia¥| 4 (Ischemic Heart Disease) =l ;L yall 445 5 (Congestive Heart Failure)

* Also useful in controlling BP in patients with underlying heart disease
(congestive HF, ischemia, Ml).

* In addition to its cardiovascular applications, propranolol is also
prescribed for the prevention of migraine headaches and for the
management of situational anxiety, such as pre-exam
nervousness or performance anxiety. Howeuver, its use for these
indications must always be under medical supervision due to

its potential side effects. wuiwsis s
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Angiotensin Converting Enzyme Inhibitors
"ACE Inhibitors"
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History
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POTP VPSS PO o PN S
?Workers In the banana plantations of Brazil were known to
collapse after belng bitten by a specific viper

RPN NGV FE SN ,Ju ﬁmgﬂ&wéww

> St

C— A Brazilian blochemlst Maricio Rocho e Silva purified the
venom extracts and sent his post-doc with extracts to
study their effects in the lab of Sir John Vane (London)

* By 1970, the lab of Sir John Vane found the effect was on
ACE, ultimately leading to the development of ACE
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Remn-Ang iotensin-Aldosterone System
(RAAS)

1. Triggered by: oy
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3.Decreased sodium delivery to the kidney ool ses sbisliels
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» These signals activate the kidneys to release renin. o L i bl st il s o
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* Renin converts angiotensinogen, produced by the liver, into Angiotensin |

(Al).
2 Ml asinad ) Gl | i i3s3
. sms Aasaall Bieg¥ 1 5 iyl o gy SISt sy 5311 (ACE) {paaiipan Ul Usadl a3
3. Conversion bg ACE.: eﬂ'&é@)slcdﬂaéﬂ'm'nﬁeﬂﬂy"(All)MxefY'uJilqﬂ&Jﬁf;Jl

« Angiotensin-converting enzyme (ACE), mainly in the lungs and vascular
endothelium, converts Angiotensin | (Al) —» Angiotensin Il (All) which is the
most active in relation to BP control, the active peptide. 27



4. Angiotensin Il (All) effects on multiple organs:
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Renin-Angiotensin-Aldosterone System
(RAAS) o £ e
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Promotes cardiac and vascular hypertrophy overtime, leading to increased vascular
resistance and increased BP.
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Causes systemic vasoconstriction (via AT1 & AT2 receptors, which are receptors for

Angiotensin Il), eventually raising the blood pressure.
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lll. Brain (thirst center):, s i o i cusms i
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Enhances thirst sensation, leading to increased water intake, volume and BP.
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IV. Adrenal cortex: cososibismioms: -
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Stimulates the release of aldosterone, which increases renal sodium (Na*) and fluid
retention in rt\pe kidneys — raises blood volume.
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Releases antidiuretic hormone (ADH), which promotes water reabsorption in kidneys.



Renin-Angiotensin-Aldosterone System
(RAAS)
/> (Overal ffect) st 531 5

Lol Lyl ans 80k ole Jars allille

5. Overall effect: st s g g
All these mechanisms together lead to increased blood volume and blood
pressure, restoring normal circulation.

% In Summary:
Renin — Angiotensin | — (ACE) — Angiotensin Il — (1 Aldosterone, 1 ADH, 1 Thirst)
— causing 1 Blood volume & pressure.
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Extra Image RAAS

Renin-angiotensin system

Drop in blood pressure

Drop in fluid volume liver .
\,\,\L
Y 1
A
angiotensinogen
Renin release from kidney
>

Renin acts on angiotensinogen to form angiotensin I.

ACE (angiotensin-converting
enzyme) release from lungs

>
oA \/

8 7
ACE acts on angiotensin | to form angiotensin II.

Angiotensin Il acts on the
adrenal gland to stimulate release of
aldosterone.
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Angiotensin Il also acts
directly on blood vessels,
Y stimulating vasoconstriction
(narrowing).

Aldosterone acts on the kidneys | &= gk ol g
P to stimulate reabsorption of
salt (NaCl) and water (H,O).
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Renin-Angiotensin-Aldosterone System (RAAS)

° ACE Inhibitors (7 :(ACE inhibitors) «U.sll.1

Lol 1] Gpabipen¥ | o] il 2 | opatipna ¥ Jusad gio ole Uil Jasie

Inhibit conversion of inactive angiotensin | to Angiotensinogen
wolkhdll sia L0
angiotensin Il which: < & e KN Rrenin
Oasiagal¥
1. Reduces vessel tone bt i Tl S S S0 C y
Gses¥ | sl 3540 - -
2. Reduces Na® retention via aldosterone ' lotensin |

3. Blocks degradation of bradykinin, a vasodilator
d:g#lw)ﬁ&g_ﬂw‘ﬁ

* Very usefulin diabetic patients oo i s

Sl o SIS 8 JSLn i L)

i @4— ACE —»

e (inhibitor)
Angiotensin Il Inactive peptide

P RS (PSR INE-RINEY]

* Slows progression of renal disease ===

Sl (2 l5al aai ellny) oo Lsa¥ ) 0da el
&Sl el leall s o Luals
* These drugs are indicated in the treatment of ﬁ Aldgsterone
hypertension in patients who have renal
all i ¢ L) ke o Loluninl 5

disease due diabetes. Soiideiliniams

G dly Tl 1 2T o (il il s

* Thus, RAAS pathway has multiple effects via discrete S T T
pathways which are important in blood pressure
control, but which act to increase blood pressure. T ) ) M T ¥
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ACE: Activator of RAAS and Degrader of
Bradykinin
% Under normal conditions:
Angiotensin-converting enzyme (ACE) increases blood pressure in

two ways: ~ ST
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1. By converting anglotensm | into angiotensin Il, a potent uasoconstrlctor

2. By breaking down bradykinin, a vasodilatory and pro- mflammatorg e
peptide that normally promotes blood flow, to peripheral tissues, and =~ =uisr

O g cdadylall daul¥ I )

vascular permeability (and eventually edema; inflammatory). 5 e

(Teds) puss ol st

“* When ACE inhibitors are used, this degradation of bradykinin is
prevented, leading to higher bradykinin levels. The accumulation of

bradykinin enhances vasodilation and contributes to the blood
pressure-lowering effect. #oste. -
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ACEIl: Mechanism of Action and net effects

L1,y (ACE Inhibitors) crtipa U Jsaldl a iyl olbadie Jae Ll g
wﬂgianymmJ:,;,‘,%lmcu:,ys.s@ae,ﬂwACE;,LL:u. .
“ ACE inhibitors are anti-hypertensives that work by three

H S ses¥ | anaaill 30k 1
mechanisms: A (bl ol 35 e o el 5 i ) (ACE) iUl 51 of ) ol i ol Simg i

1. Morevasodilation — due to 1 bradykinin (since ACE no longer breaks it
down). gses¥ 1 sl .2

M cpionn 1 s 531 e Bl 301 o s Lo (RAAS Lo 1 T 1 cipsn N Sl s S s ol e

2. Less vasoconstriction — due to | angiotensin Il (from RAAS inhibition).

3. Lower blood volume — due to | aldosterone (less Na* and water
reabsorption), another RAAS effect. »muss

oolaiel Bole] &5 o)) S5 Los (RAAS Ll Tl g beasl¥ ) (g siome ol apens elli Same
» To sum up:

9 ol ana Jul Ly (SSI o elLls agsageall
Increased vasodilation, reduced vasoconstriction and decreased blood
volume, all lead to:

* Lower systemic vascular resistance. .«

sallail) Lilegll daglall Julaie )
* Reduced arterial blood pressure. el pll s Lol MRG0 J Y
Sl BI85 (5506 sl Bl sk e pudll lies JulSS (e Jax3 ACE olladie 1yLaialy



{(ACE llasie) "pril sl le 5iad il 4yga¥ 5

“pril” suffix = ACE Inhibitor
* Enala mld Enalaprt

5 2508 m 33l ol syl (g el S oy 130401 ke e a5 e
* Excretion is primarily renal — dose should be reduced in patients with renal
insufficiency.

Ram|pr|l (Altace):

« Ramipril (Altace) S emh asu ooo

* Peak plasma concentratlon W|th|n 1 hour

*t,,=2-4dhrs
e o . . (é Lisinopril (?estoretic):
* Lisinopril (Zestoretic) ===

G Banly 850 oaady cdelis 16-12 0o Talsi Laydll (o s pne sl
* Slowly absorbed; plasma t1/2 - 12 hrs; administered once daily

Captopril (alisignll):
* Captopril, the prototype iy e e b bt AR s ol

B33 (08 5 o)) G5 8 U gl degana ole S ging

* It’'s not commonly used today because it has a short half life and a higher
incidence of adverse effects compared to newer agents. . ...
lhadie goa "pril* sl g5ia 31 Y

* Sulfhydryl containing moiety causes some taste ChaNges. b wis e Josty crmiipnm sl Joall pssy



o ACEIl: Side Effects

(Slasdl o7 a3l e (ysilay Gudll Clilsl Jia) anll ama (ALAST (e Gilas pdll il (o8 Lals any
* Severe hypotension in hypovolemic patients, such as those experiencing
bleedlng OI’ dehyd ratIOn. ‘(Hyperkalemia) aswslisall ¢ 183,12

(7 ndl o parealisll uliind ] s G3l1 g tieaal¥ 1 31550 Sl s Sany S8

* Hyperkalemia, may develop as a result of reduced aldosterone secretion.

((Angioedema) wilesl! Loisll.3

° Angioedema (0.1_005%)(’?.;,uljiémnjiﬁaljis,;gl,i_a:w@a@,u@,:Mj‘w,ny%o.%\u%onyam@am

sl ms G CraeSaale psi! ity iy L0108 005y 38
siladl AN Tigd Tase ST 00 yod | 45,1601

» Rapid swelling of nose, throat, mouth, larynx, lips, or tongue

* May relate to inhibitory effect bradykinin catalysis

. . . . el Gl Jladl4
* Greater risk in African AMEriCaANS ol slall wi (sl s sa9) ciSesly S e S

w2l 5e %20-10 o8 &aai 5 allall oia

* Persistant Dry Cough, results from the accumulation of the
inflammatory mediator bradykinin in the respiratory tract. (10-20%)

e Skinrash (10%) ™ o

(33l b &6
ekl e %66 (dlsa s

* Taste alterations (6%) ",




ACE inhibitors: Contraindications

* ACE Inhibitor: = Sl e s i sttt ) 208 st s 1
* Can cause hyperkalemia, mainly in patients with cardiac arrythmia or heart
failure. D poebisdl i U1 Joll & ie planial e (3 51 s pssnlisd | Ld
* Hyperkalemia can be exacerbated with potassium sparing diuretic.

S adaill gl ¥ 653 plSl12
( o] ool (g e A AT ooy T8, a1 SISl (b aall b A o8 Ulad i ACE ollaie 5l o] laahyll oy uiie

« Some studies indicate that ACEIl are not effective in lowering BP in
the African American population, because of low renin.(

* Pregnancy.
= ACEI suppresses cell proliferation which will impair embryonic development;
should not be administered in second or third trimester

Jaall.3
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