ANTI-ANGINAL

OBJECTIVES

e Vasodilators (Nitrite and Nitrates)
e (Caladum Channel Blockers

Angina pectoris also known as myocardial ischaemia in which flow of blood to the heart
is not able to meet the metabolic demands of the heart for oxygen. This condition occurs due
to one or more of the heart’s arteries are narrowed or blocked. The symptoms includes
severe substernal pain, radiating to the left shoulder and along the flexor surface of the left
arm. Angina is a sign that someone is at increased risk of heart attack, cardiac arrest or
sudden cardiac death.

Angina is categorised on the basis of its cause and symptoms in the following manner :

1. Classical angina : In this type anginal attack occurs due to mental stress or physical
exertion. The depression of S-T segment occurs in ECG.
Unstable angina : Blockage of coronary artery (atherosclerosis disease) is the main
factor for angina and attack occurs by vasospasm.
3. Varient angina : It occurs due to vasospasm of coronary vessels generally in the morn-
ing and may not be associated with severe atherosclerosis. The elevation of S-T seg-
ment occurs in ECG. The drugs used in the treatment of angina pectoris are classified

o

as follows :
ANTI ANGINAL DRUGS
gl 1

Vasodilators Calcium Channel Blockers
(Nitrite and Nitrates) - Verapamil
- Amyl Nitrite - Beperidil HCI
- Nitroglycerine - Diltiazem HCl
- Penta erythritol Tetranitrate - Nifedipine
- Isosorbide dinitrate - Amlodipine
- Dipyridamole - Felodipine
- Nicorandil Miscellaneous

~ Nicardipine - Aspirin

- Nimodipine - Cyclandelate

@




inal C}
U A Text Book of Medic nq mmlstry,,

VASODILATORS (NITRITE AND NIT

s physiological procegseg Suc
Nitric oxide (NO) is a potent vasodilator. It a.f ﬁ?-ds :igoclfl)l l:mzldiated immune respon,:l
as endothelial dependent relaxation, neuro transmission ¢

i esized from L-arginine by NO
Nitric oxide is widely distributed in the body. It is synth
svnthetase.

: : in the regulati
Cyclic guanosine monophosphate (¢GMP) plays an lmporti]lmnzgiecle cells angd acttli?l:t::;
Smooth muscle tension. The synthesized NO diffuse to the smoo [:4 P.and then m 0l M
the enzyme guanylate cyclase, which leads to an increase in cGMP a e
ation.
Both nitrites and nitrates exhibits same
Papaverine, theophylline and silde

Phosphodiestrases of cAMP and
cGMP by prev

The official va

pharmacological action. Some of.the' agents | 1.,
nfil also relax smooth muscle by inhibiting the
cGMP. These drugs increase the cellular level of CM and
enting their hydrolysis to AMP and GMP respectively by phosphodiestrases.
sodilator drugs are summerized as follows :

1) AMYL NITRITE

CHj;

IUPAC Name : 3—Methyl-1-Nitrosooxybutane
Properties : |

tion of systemic and pulmonary arterial pressure and d
eral vasodilation.

Uses :
1. Amyl nitrite is used to treat an

gina and heart diseases.
2. It is sometimes used as an antidote for Cyanide poj
to  methaemoglobin. Methaemo lobin
cyanomethaemoglobin. ( § <posat -xﬁ
In industry it is used as cleanin
It is also used as inhalant drug

2) NITROGLYCERIN

3. B agent and a5 , solvent.
4. that Produces eu

(GLYCERYL TRINITRATE)
GHone,
CHONo,

CH;ONQZ
lupac Name : ),3-dinitmmypropan-2~yl Nitrate

Synthesis : It is

Phoric state,

prepared by treating d"h}'drnled e
+ Glycerin wi b
th a mixture of
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nitric acid and sulphuric acid.

ClleOH (lDHZO NO,
CHO 3HNO,

: H TR CllHO NO,
CH,0OH CH,ONO,
Glycerin Nitroglycerin

Properties : Nj e :
perties = Nitroglycerine is a colourless oil with a sweet burning taste. It is thick

ﬂa'mmal')iﬁ exilosive liquid which is slightly soluble in water but soluble in organic solvents.
It is rapidly absorbed from oral mucosa as well as by G.LT. Nitroglycerin is metabolised by

reduc?asg enzyme into its mono and dinitrate derivatives. These derivatives have less
vasodilating property than trinitrate.

Mechanism of Acti?n * Nitroglycerin is converted to Nitric Oxide (NO) which activate
g1.1any'late cyclase and stimulate the synthesis of cGMP which then activates a series of pro-
tein kinase dependent dephosphorylations of the myosin light chain of smooth muscles. The

sub§quent release of calcium ions results in the relaxation of smooth muscle cells and va-
sodilation.

| Nitrites and Nitrates |

NO

GTP |
Prolteln kinase GC | Guanyl cyclase
(Inactive) Active (GC) (inactive)
f——— cGMP

Protein kinase

(active)
Myocin-LC ;
phosphate Myosm-.LC
(Contraction) (Relaxation)
Uses :

1. It is used in the treamtent of angina pectoris, heart failure and myocardial infaraction
in the form of sublingual tablet, intravenously and transdermal patches as it rapidly

absorbed by -the skin.
2. Tt has been used as a gelatinizer for nitro cellulose and as a propellant like cardite and

ballistite.
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3) PENTAERYTHRITOL TETRANITRATE
H,C—ONG,

|
O,NOH,C —C—CH,ONO,

: itrate.
IUPAC Name : 2,2-bishydroxymethyl-1,3-propanediol tetranitra

: o is insoluble i
Properties : It is a white crystalline powder havu?g .m.p.t- 143 C'iglllsalcr:zcs)eu nfarl?my:(?lt?
slightly soluble in acetone. It is highly explosive so it is diluted w / L

; i in liver into its
other suitable diluents for safe handling. It is extensively metabolised in liv mono,

di and trinitrate derivatives. It is excreted mainly in urine.

more.
Uses :

1. Itis used in the treatment of angina pectoris.
2. Itis also used as an explosive by military.

4. ISOSORBIDE DINITRATE

ONO” S

H

_Q:O

IUPAC Name : 1,4 : 3,6-Di anhydro-D-glucitol 2,5-dinitrate

Synthesis
/
CeHi206 _WL) CeH140¢
Glucose D-Sorbitol
(TH O /’//’(7, o
(eumr )/, , (trto rid
; /
¢, O

Cr(? 0

Hg 804
—H20

Ho_ H

0o

Isosorbide

HNO,
H2S0,

Isosorbide Dinitrate

Mechanism of action : Its action is similar to nitro-glycerine but M is

OH
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Isosorbide dinitrate is g

isosorbide by sulfuric acid a

nitric acid and sulfuric acid.

: Propertle‘s.: It is a white crystalline powder, very slightly soluble in water. It is explo-
sive and sensitive t9 heat so it is diluted with lactose, mannitol or any other suitable inert
dlluent.‘It 1s stored in tightly-closed light resistant container below 15°C. It may contain 1%
ammonium phosphate as a stabilizer.

Isosorbide dinitrate is readil
by denitration into Isosorbide
lites are h

ynthesized by intermolecular dehydration of D-sorbitol into
nd further interaction of two hydroxyl groups by mixture of

y absorbed from oral mucosa, skin and G.LT. It is metabolised
; DS0 2-mononitrate and isosorbide 5-mononitrate. Both metabo-
aving vasodilating activity and less first pass metabolism than isosorbide dinitrate.

Mechanism of Action : Isosorbide dinitrate acts similar to nitroglycerine by producing

NO.

USGS.: It is given as sublingual or chewable tablet in the treatment of acute anginal
attack. It is not effective orally because onset of action ranges from 15 to 30 minutes. It has
also been applied topically and can be given by intravenous infusion.

g

N

5) DIPYRIDAMOLE

N | Y ™\ CH,CH,O0H
HOH,CH-C \N/I\\N N

HOH,CH.C -~ \

IUPAC Name : 2, 2/, 2”, 2’"’- [(4,8-Dipepridinopyrimido [5,4-d]pyrimidine-2,6-diyl)

dinitriol] tetraethanol. ; i
Properties : It is a bright yellow crystalline powder, insoluble in water. It is incom-
pletely absorbed from G.LT. It is metabolised in liver by glucuronidation and excreted in

the bile. :
Mechanism of action : Dipyridamole act by two mechanisms-

a) It inhibits the phosphodiesterase enzyme that normally break down cAMP and cGMP.

b) It inhibits the cellular reuptake of adenosine into red blood cells, endothelial cells and
platelets leading to increased extracellular concentration of adenosine.

Uses :
1. It is used to dilate the blood véssels with coronary heart disease.

2. Itis also used to lower pulmonary hypertension.

N
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3. It inhibits the replication of mengovirus RNA.

) L ?s mainly used as antiplatelet drug.
5. With other anticoagulant drug it is used for

CALCIUM CHANNEL BLOCKERS

~ Calcium ioniis responsible for regulation of many cellular processes like excitation, co
tion and secretion. The mechanism of contraction by calcium ion is as follows :

Ca?* + Calmodulin

I

the prevention of thromboembolism.

Ca-Calmodulin Complex
Myocin light chain l
; MLCK
Kinase (MLCK) AT
T / : (machvg)
: ADP ATP
Myosin-LC l Myosin LEPEY o LUEEES -
: : S __3 Myosin-LC
(inactive) (active) - phosphatase (active) e
+
Actin l
l Relaxation
Contraction

The calcium ion enter in the cell by-
1) Voltage gated calcium channels : There are four types of voltage

a) L-Type- Present in cardiac and smooth muscles and responsib

these muscles.

b) N-Type- Found
¢) T-Type- Found in pacemaker cells, causing Ca®* entry, inacti

potenﬁals.
d) P-Type- Locate

in neurons and responsible for transmitter

d in Purkinje cells but their function i
2) Ligand gated calcium channels : These are activaféd b j
They are non selective and allow other ions inclu

3) Na*/Ca* exchange : It transport three Na* ions in :
tion of Ca** causes activation of Na*/Ca* exchanger w
Na* and one Ca?* out of the membrane and produces abno
This abnormal cellular depolarisation leads to cardiac arr
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4) Store operated Ca™ channels : These occurs in plasma membrane and activate when
endoplasmic reticulum Ca? stores are decreased.

The mechanism of cardiac muscle excitation- contraction involves the opening of L-type
channel anfi entry of Ca?. These Ca? act on ryanodine receptors and release Ca* from
sarcoplasmic reticulum. The released Ca? then combine with troponin to give troponin Ca®
complex which produce contraction of heart muscles.

The calcium antagonist act only on L-type channel to produce their pharmacological
effect. The L-type channel is made up of 5 different subunits o, a,, B, yand 8. The o, subunit
is the central pore of the calcium ion channel. The calcium channel blockers binds to this unit
and inactivate the channel and do not allow the channel to open.

Ca2+

Y |4 (o B Oqi]

B v

L-Type Channel

Calcium channel blockers are used in the treatment of hypertension, angina pectoris
and arrhythmias. These drugs are completely absorbed from G.LT. but their bioavailability
is reduced due to first pass metabolism. Calcium channel blockers are classified as follows :

Calcium Channel Blockers

|
[ | !

Phenylalkylamines 1,4-Dihydropyridine Benzothiazepine

— First Generation — First Generation — First Generation
e.g. Verapamil e.g. Nifedipine e.g. Diltiazem
- Second Generation - Second Generation
e.g. Anipamil e.g. Amlodipine
Bepridil Felodipine
Isradipine
Nicardipine
Nimodipine

The drugs belonging to calcium channel blockers are described as follows :




ﬂ
P A Text Book of Medicinal Chem;

58 wl
1) VERAPAMIL HaC CHa
b | H3CO \CH
0. . G it _cl;_CN
Hy00 GGl Nt i e o

IUPAC Name : 2-(3,4-Dimethoxy phenyl)—S-l[2-(3,4'dimeth°XYPhen}'l)eth}’l]-(methyl)
amino}-2-prop-2-yl pentanenitrile. i

Properties : It is a white crystalline powder, soluble in wa_ter and stored o well closeq
light resistant container. 90% of drug is absorbed from G.LT., first pass metabolism oy, in

Liver so bioavailability is only about 20%. Verapamil is excreted by kidney in the form of its
metabolites.

Mechanism of Action : It inhibits L-type calcium channels in the heart thus l'educing |
heart rate and blood pressure.
Uses :

1. Verapamil is used to control su

praventricular tachycardia and migraine headache pre-
vention.

It is used in the management of classical and variant angina pectoris and in hyperten-
sion.

Verapamil is also used to treat cerebral vasospasm and in cluster headache.

2) BEPRIDIL HYDROCHLORIDE

Y S5

HLC 2 JOH:

N —CHZ—CHCHZOCHZCH *HCI
O et

IUPAC Name : B-[(2-meth
ethylamine hydrochloride.

Properties : [t js white crystalline powder which is sligh i is renil

tl . It is rapid

and completely absorbed after oral administration and mge tag'osf)lublien nl: ‘:::ter I P
Mechanism of action : e lised :

pridil acts by inhibiting botp ¥ sodiu
inward current in heart and interfere with calcium bingding tos l::vh: oaclict:lu;u‘ ;msl‘:oth 5

yl propoxy)methyl]-N-phenyl-N-(phenylmethyl)-l'PYrroli :

age and receptor operated calcium channel,
Use : [t is used to treat angina pectoris,
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3) DILTIAZEM HYDROCHLORIDE
v

- HCI

CH20H2N\
CHa

IUPAC Name : (2S, 35)-3-acetyloxy-5-[2-(dimethylamino)ethyl]-2-(4-methoxy phenyl)-
2, 3-dihydro-1, 5- benzothiazepin-4(5H)-one hydrochloride.

Properties : It is a white crystalline powder, freely soluble in water and stored in well
closed light resistant container. It is rapidly absorbed and metabolised by first pass metabo-
lism by deacetylation, oxidative O- and N-demethylations and conjugation of phenolic me-
tabolites of the various metabolites, deacetyldiltiazem is pharmacologically active.

Mechanism of Action : It inhibits the influx of extracellular Ca?* across myocardial and
vascular smooth muscle by inhibiting ion-control gated channel or interfering with the re-

lease of calcium from sarcoplasmic reticulum which results in dilation of coronary and sys-
temic artries.

Use : It is used to treat hypertension and angnia pectoris.

4) NIFEDIPINE
v

JUPAC Name : Dimethyl [2,6—dimethyl-4—(2-nitrophenyl)—1,4-dihydropyridine-3,5-di—car-
boxylate. : s

Properties : Nifedipine is a yellow, crystalline powder, practically insoluble in water
and protected from light. It is not a nitrate but its nitro group is essential for its antianginal
effect. It is absorbed efficiently after oral administration and metabolised by liver into its
inactive metabolite. Nifedipine is excreted as a traces of unchanged drug in urine.

Mechanism of Action : Its action is similar to other calcium channel blockers i.e. it
inhibits the influx of calcium ions through L-type calcium channels.

Uses :
1. It is used in management of hypertension. It has no antiarrhythmic activity.

2. Itis used in prophylaxis of angina pectoris.
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It is also used as a tocolytic (that delays premature labor). Fiattoriee)
Nifedine is used in treatment of Raynand’s syndrome (Spésm 0 arle l')
It is also used topically to treat anal fissures (tear in ﬂ.‘e hn amil ca'nal '

It is used to treat high attitude pulmonary edema (fluid P .

cancer and ¥
Itis used in Management of painful spasms of the esophagus from P o
in the treatment of pulmonary hypertension.

3.
4.
B
6.
7.

5) AMLODIPINE

H
H3C_-N<__ CH,OCH,CH,NH,

HsCO OCH,CHj
cl

TUPAC Name : 2—[(2-aminoethoxy)methyl]-4-(2-chlorophenyl)-1,4-dihydro—6- ethy
pyridine dicarboxylic acid 3-et

hyl 5-methyl ester.
Properties : It js white crystalline solid powder, slightly soluble in water, havis
Ing point 178-179°C. It is g]

owly and completely absorbed from G.LT. and meta
liver into its inactive metabolite

s via the cytochrome P450 enzyme. Its 60% of the r
excreted in urine.

It is used in management of hypertension and stable angina pectoris.
It is used in combination with other cardio-vascular agents to lower bloa

6) FELODIPINE

HaC N\ CH,

H300 mHacHa
Cl
Cl e
IUPAC Name : Ethylmeth

YI(RS)"‘-(Z,S-dichlorop
dihydropyridine 3,5-dicarboxylate.
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Properties : It is a white or light yellow crystalline powder, insoluble in water but
soluble in dichloromethane and ethanol. It is a racemic mixture. It exhibits higher degree of
protein binding. It undergoes extensive first pass metabolism after oral administration. It
metabolise in liver by cytochrome P-450 and gives six metabolites having no activity. It is
more selective for vascular smooth muscle than for myocardial tissue and act as a vasodila-
tor.

Mechanism of Action : It inhibits the influx of calcium ions through L-type calcium
channel. It also act as an antagonist of mineralocorticoide receptor.

Uses :
1. Itis used in the treatment of high blood pressure.
2. Itis also used to stablize angina.

3. By blocking calcium channel it relaxes and widens the blood vessels hence blood can
flow easily.

H-C N CH
5 U 3 CH3

H3COOC COOCH,CH,;N—CH3

NO,

IUPAC Name : 1,4-dihydro-2,6-dimethyl-4-(3-nitro phenyl)-3,5-pyridinedicarboxylic acid
methyl 2 [methyl (phenyl methyl)amino] ethyl ester.

Properties : It is a white crystalline solid having melting point 136-138°C. It is insoluble
in water. It is metabolised by the liver.

Mechanism of Action : Nicardipine inhibits the influx of extra cellular calcium ions
across the myocardial and vascular smooth muscle cell membrane. It probably acts by de-
forming the calcium channels or interfere with the release of calcium from sarcoplasmic

reticulum.
Uses :
1. Itis a potent vasodilator of systemic coronary, cerebral and renal vasculature so, used
in the treatment of high blood pressure.
2. It is used to stabilise the angina and effective in the treatment of coronary spasm.
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8) NIMODIPINE

H
HaC o
3 \CHOOC COOCH,CH,0CH3
HaC”
NO,

{PAC Name : 2-Methoxyethyl 1-methyl ethyl (4RS)-2,6-dimethyl-4-(3-nitropheny})
1,4-dihydropyridine-3,5-dicarboxylate

Properties : It is a light yellow crystalline powder, practically insoluble in water ang

shows polymorphism. It is metabolised by liver after oral administration and bioavailabiﬁty
is about 13%.

Mechanism of Action : It acts similarly as that other calcium channel blockers,

Use : It dilate the cerebral blood vessels effectively so used in treatment of cerebrovag-
cular disorder.

REVIEW QUESTIONS

SHORT ANSWER QUESTIONS |
Q.1.  Write a short note on vasodilators.
Q.2. Classify antianginal drugs. Explain an
Q.3. Give mechanism of action of

a) Vasodilators
Q.4.  Write the structure and uses of-

a) Amilodipine
Q.5.  Give the synthesis of Nitroglycerine and I

Y two drugs belongs to organic nitrates.

b) Calcium channe] blockers

b) Isosorbide dinitrate ¢) Ditiazem
sosorbide dinitrate,

LONG ANSWER QUESTIONS

Q.1.  What is angina pectoris. Classify antianginal agents. Explain / v
of action and uses of Nitroglycerine, Dipyridamole. P Structure, Properties, mechanism
Q.2.  Comment on calcium channel blockers.
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MULTIPLE CHOICE QUESTIONS

Q.1. Mechanism of action of nitrate is-

a) Stimualtes guanylate cyclase b) B-blockers
©) Calcium channel blockers d) Inhibits phosphodiestrase
Q.2. The antianginal drug that inhibits phosphodiestrase is-
a) Nifedipine b) Isosorbide dinitrate
¢) Dipyridamole d) Aspirin
Q.3. Which of the following drug belong to vasodilator-
a) Dipyridamole b) Isosorbide dinitrate
) Verapamil d) Both a) and b)
Q4. :nVlgﬁch of the following antianginal drug useful for emergency treatment of cyanide poison-
a) Aspirin b) Amyl nitrite |
¢) Dipyridamole d) Glyceryl trinitrate
Q.5. Which of the following is ~dihydm pyridine derivative-
a) Nicorandil b) Nimodipine
c) Felodipine d) Both b) and ¢)

Q.6. Which of the following statement is false on organic nitrate-
a) These generate the unstable nitrate salts in situ.
b) Organic nitrates are lipid soluble and are well absorbed through te skin
) They prevents or reverse coronary artery spasm
d) These can be administered by sublingual route
Q.7. Mostly calcium channel blocker act by inhibiting influx of Ca** ion through-

a) P-type calcium channel b) T-type calcium channel
¢) L-type calcium channel d) N-type calcium channel
Q.8. Verapamil belongs to
a) 1,4-dihydropyridine b) Benzothiazepine
¢) Phenylalkylamine d) None of above
Q.9. The second generation dihydropyridine drugs are-
a) Amilodipine b) Isradipine
¢) Nicardipine d) All of above
Q.10. Which of the following drug is not belong ti second generation dihydropyridine-
a) Nifedipine b) Isradipine
c) Felodipine d) Nimodipine
1.a) 2.¢) 3.d) 4.b) 5.d) 6.a)

7.0) 8.c) 9.d) 10.a)




