Anti-hypertensive agents :

e Angiotensin converting enzyme inhibitors (ACE :
inhibitors).

e Calcium channel blockers.

¢ Adrenergic inhibitors:

» Catecholamine storage and release inhibitors. réserpine and
guanethidine.

e B-blockers such aspropranolol.
e y-receptor antagonist such as‘pentazocin.
o Direct acting vasodilator...such ashydralazine and |
sodium nitroprusside. |
¢ Angiotensin 11 .reéeptor antagonists...such as/losartan. |
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__ 4. Converting an agonist to a partial agonist
€l -«c—@ s Gl RAREY b
HO ; |
HO , |
Quacm Y U 5D~ Isoprenaline chh]orolsoprenallne Pronethalol
s ol o e(agonlst) “(partial agonist) “(partial agonist) |
R2 | R\ S, S’ “)‘“ VOP"(‘T‘( Ao % :
J‘S \ \fn derWes s > | |
Notes |
*Phenol groups are not required for antagonist activity
*Add extra binding groups to convert an agonist to an antagonist
*Hydrophobic groups form extra van der Waals interactions ' |

*Structure binds but produces a different induced fit : ‘
*Act as partial agonists : —
| (\y- weakly activate receptors |
(2)- block natural messenger

5. Converting a partial-agonist to an-antagomist ..\ ceoler
eXbenhion | AL |

*Introduce spacer Propranolol —> ) N\ € ( AR
(chain extension) GE e

*Vary substituent position

°Spacer introduced - chain extension strategy

*Substituent is positioned at a different part of the ring

*Ether group acts as a hydrogen bond acceptor (extension strategy)

«10-20 times greater antagonist activity

-Used clinically as a racemate

. S Enantiomer is the active enantiomer £
*Aryloxypropanolamine structure

«Activates Bl and (3, adrenoceptors

(8,8 cropclo @Ulis P s\P)
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= 1. SAR on aryloxypropanolamines
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Notes

«Etheér acts as a hydrogen bond acceptor
*Ether can be replaced with an alternative HBA (O or NH)

*Alcohol is essential as a hydrogen bonding group
sAmine is ionised and forms an ionic bond with the binding site

*‘Amine must be secondary S R
«Naphthalene is replacable with heteroaromatic rings Jﬁw“am:\*ﬂ? ¥ ‘\33
«Branched Nalkyl groupfits a hydrophobic pocket LARAS &
-Extension of N-alkyl group with A-arylethyl group is beneficial
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8. Variation of the naphthalene ring
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9. Second generation 3-blockers

Notes

Propranolol acts against both 3, and [},-adrenoceptors
«Cannotbeused with asthmatic patients

sAntagonism of B;-adrenoceptors constricts airways

+Second generation B-blockers are designed to be B, -selective
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9. Second generation [3-blockers

Practolol

OH2e <= Rlecl.

Notes

Selective cardiac ;-antagonist

*More polar

«J.ess CNS side effects

First cardioselective B;-blocker used for the treatment of angina and
hypertension '
*Withdrawn due to serious side effects in some patients
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9. Second generation -blockers 63 Yeve e Niom
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Practolol - binding interactions
*Amido gro
‘Extra hydrogen bonding interaction takes place
*Not possible with [3,-adrenoceptor

\\

B\ bipdingRedl 31 4 p‘*" para substitution

\i—i‘-’iy Extra H-bonding interaction

Uﬁgémﬂ

9. Second generation B-blockers

Other agents
(1)
7 L&? (3 (W)
| ; OA{\ﬂ/'S o/\g/\”/l\ 0/\{\uJ\ o/\é/\n/k
Aecfo ARt OH OH OH OH
L ) 0) \)/
. NHCO"Pr I H2CONH, CH,CH,OMe cu,ca,ocnz—q
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Acebutolol /Akertolol Metoprolol Betaxolol
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10. Third generation ﬁ-blockers

Notes
Includes an N-arylalkyl group
*Additional hydrogen bonding interactions are possible

*Extension strategy

OH
- Extra H-bonding interactions

Reduced bloodpressure =~ lowered sodium excretion
——.——.——_——-—.— ! : : _ . ;.‘ ' ows ‘o ....'.' . gty <

Remn release from lodneys (Remn is an asgartate grotease en_zy_me)

,,n
e
(C\ﬂS\u %Wﬁ%\o\-ﬁﬂ&\Ddé ‘P niwn o G5 l 4 e (axxu.;yn s Pre \v\ Al ’,,.';: X
| 'Formation of anguotensm | from anglotensinogen '
pplypeptice : "."“"““.1' Angiotensin I
————  Vasoconstriction . Aldosterone secretion

Increased pengheral resistance i S _' :

. SOdIUITI and ﬂuid retenhon &

w .

i

Increased blood piessdre
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ACE inhibitors

® An otheraction of ACE is through the metabolism of
bradykinin into inactive products:

d&’w, (\!Y\V\\V\) Y X Bradykinin T q

(\[6\60 (\\ .,\0\\ Vo V\B / * |

e Ack b ot b |

BVAJE Keoin )} Prostaglandin relegse it i L b |
C5 A-I-"-)’C)b’d" gi

Vaso de’ l"\#‘ah ! |

Vasodilatation :

——

° Both mechanism will decrease blood pressure

|

ACE inhibitors

o ACE is a protease enzyme; it can break the peptide
bond: ‘ ) |
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o e ACE inhibitors

o Zine plays an important role in the hydrolysis
mechanism:

()* Activate the carbonyl group.. .makes the carbonyl carbon f
more electropositive...highly reactive. L

(2)e It also stabilizes the cgrbm_czlgte anion thatformed after‘
the hydrolysis. Hi e

e ACE active site has a high afﬁmty for a—methylsuccmyl
proline o

.
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o ACE active site has a hlgh afﬁmty for a—methylsuccmyl
~ proline:

'wo hydror hOblC pocket

| ° A positlvely charged region.

e Positively charged Zinc that
will bind with the

carboxylate anion.
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— 5 1,~ A zinc coordinating group (carboxylate anion or any other
Colawnehonto  pegatively charged species). tho!/carboyitt acid,

IN\C

ACE inhibitors

o Theprototype 6f ACEinhibitor is captopril:
WdeeRic g

e 0> ¢ 3 ) U VAT o UH v
o R T R = I-%'S
\\J.\w?wbu Awekhy |
‘)\r\d\'\a wt Yot .Juf) tD'_'D ?(,\Cn( 7 (z‘;:‘é\wo\\:vc\s O

‘e S s D 3‘0\’?

e The main SAR for ACE inhibitors:

e A carboxylate group to form ionic interaction with the arginin

in the active site.
e A 6-7atom distance between the carboxylate and the zinc
coordinating group.

e Hydrophobic groups to interact with the two hydrophobic '
poéz ets.

ACE inhibitors

-t /-\\>)S, A>‘/v 5 ‘))C_S‘\LD_.”T
¢ ACE lnhibltor& S_:Mc\-:(sd'ns;aj;; r—a2> L nadlve
B = achve fm 1\ gl

e They do not have the Zinc coordinating group unless
they are metabolized.

e They are either carboxylate esters, thioester or
phosphate esters...upon hydrolysis they will give the
anionic carboxylate group.

e Many examples are available such as enalapril, ramipril,
fosenopril, bennazopril,and perindopril

{
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ACE |nh|b|tor prodrugs
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Fosenopril | Benazopril
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s The th1rd ACE 1nh1b1tor mtroduced in the market

(1990).
o [t dlffers from other ACE 1nh1b1tors in that

e It is more hydrophilic:
» slow absorption. |
o 'High volume of distribution

e

e Itis malnl excreted unchanged in

urine...is not metabohzed

'—> u_)( gorba]Z'i\a"e;) Qo QSJL‘ 2ol

Sbw sVasovpéion,

> | ~re hiah aJ | qu,% ‘ﬁ\e\-ubo\\sv« b \|

."'{)").‘,\.m nephron I
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Temocapril
e Isadirect acting ACE inhibitor since it has the free
carboxylateanion that will coordinate with the zinc
cation. |
» Has the lipophilicthiophene ring that will be pointed

toward one of the hydrophobic pocket in the active
site.

“t -
/

— e :h_

ACE inhibitors common S/E

Ma Vasodilator edema

(2 Persistent dry cough

R
. »

(3Y
(Y)e

Headache
Dizziness

Fatigue

Nausea

Renal impairment

» Might increase inflammation-related pain (Due to

accumulation of pradykinin)
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Calcium channel blockers (CCB)

(1)
e Calcium playsa major role in the regula(t;_on of many
cellular processes, mainly in muscle contraction. =

e The entry of extracellular Cé**hnto the smooth muscle

qtosol and their release from the 1ntracellular storage
sites is very important for the initiation of muscle
contraction.....vasoconstriction...high blood pressure.

° Calcium channel blockers will interfere w1th the
entrance of calcium in to the
cytosol.. vasodllatatlon reduceblood pressure

Calcium channel blockers

> The ma)onty of calc1um channel blockers are 1,4-
dlhydropyrldlne derlvatlves

e They act mainly on the L-type calc1um channel (L for
long lastmg effect) :

binding they cause conformatlonal changes that

affect Ca** movement .

.
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Calcium channel blockers

e No clear SAR for these agents.

> The difference in their structure will mainly affect the

pharmacokinetic profile not the activity or the binding
to the calcium channel. '
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o Hydralazine:

oRed ces arteric pheral reSiStance.

‘e Interferes with calcium transport and

_ activate guanylate cyclase..increases
level of cG

'P;;.vasodilatation.-
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Direct acting vasodilators :
* Hydralazine general metabolism: | :
¥ P WO EPA T 7 6eovy \alion A
N l\,kh\l |
v - -

2N N Uﬂacﬁve]
]
N !
HN NH, HN jg)/ ?’

e NH
. O OgA™
|k T ——

Novel anti-hypertensive agents

» Novel mechanism of action is targeting angiotensin I
ovel mechanism

receptors...as blockers; they will prevent the binding of
(angiotensin II)to its receptor...no vasoconstriction.

o They are competitive inhibitor for the enzyme.
¢ The prototype is losartan

- e
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Losartan metabolism

o It is metabolized into an active metabolite; the
carboxylicacid metabolite:
N-N _

oW\
.H.: ___r\"P ‘O‘
| oMin r \)'?O'Vo\ k)’éva)()'th x\ov\
lnact?ve / 5
e Valsartan is a new anti-hypertensive agent with the
‘same mechanismas losartan. = |50 kan 1 et
« The différence i urtictire Bebieen  Sewazsie: 3¢
S e | 'o |
losartan and valsartan is: ‘
YKC Iy
» Valsartan is more polar...has h1gh s
volume of dlstrlbutlon , Y bwwlvc |
C S Vo pre Ay :
o Valsartan is a valine contammg drug 5 = ‘\j
it will be in ZWItterlomc form thlS reduces its oral _ )
absorptlon
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/ candesartan (Blopress® , Atacand®) 3‘

e Recent studies revealed that candesartan
can reduce the risk of developing
hypertension by two third.

e Used for treating hypertension mainly
in combination with thiazide diuretics.

o G llv as cilexetil ester prodrug: ,/
) x gQ cilexeh eger| |

O

O
ok
O
Condesoyom. O N-N
' Valsart Hydrolysis N__N Cen V\A eSS ay % Ay
H ' =1 N O Valsartan-cilexetil
A,

®

tan (Micardis®)

» Has the longest duration of action (t1/2= 24 hr) and
the largest volume of distribution among all
angiotensin II receptor blockers:

o More lipophilic than other

derivatives...more fat soluble and ”"b
high protein binding (>99.5%). N-%)OH

_N

g ‘_/ ’
b{\N O COO-GA only 3% of the drug |
f o

e e f |

the only metabolite recovered for Telmisartan
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