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Organic Nitrates
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After 130 years, the molecular mechanism of action
of nitroglycerin is revealed

Louis J. Ignarro*

Department of Molecular and Medical Pharmacology, David Geffen School of Medicine, University of California, Los Angeles, CA 90095

used by Alfred Nobel to manufacture dy-
namite. It was in Nobel’s dynamite facto-
ries in the late 1860s that the antianginal
effect of nitroglycerin was discovered.
Two interesting observations were made.
First, factory workers on Monday morn-
ings often complained of headaches that
disappeared over the weekends. Second,
factory workers suffering from angina
pectoris or heart failure often experienced
relief from chest pain during the work
week, but which recurred on weekends
Bo So-
dilator action of nitroglycerin, which
quickly became apparent to the physicians
and physiologists in local communities.

/N itroglycerin, which was originally sm
thesized by Ascanio Sobrero, was

to occur and that repeated administration
of nitroglycerin caused sulthydryl deple-
tion (via oxidation) and consequent tol-
erance to further vasodilation (7-9). Sub-
sequent studies addressing the activation
of cytosolic guanylate cyclase by organic
nitrate esters (nitroglycerin), organic ni-
trite esters (isoamyl nitrite), and nitroso
compounds revealed that a chemical re-
action occurred between the nitro com-
pound and a thiol to generate an inter-
mediate S-nitrosothiol, which then
decomposed with the liberation of NO (3).
Tolerance to nitroglycerin was explained
simply by thiol utilization and depletion in
the presence of excess nitroglycerin,
thereby resulting in deficient production
of S-nitrosothiol and NO. This working

of mitochondrial aldehyde dehydroge-
nase, which specifically generates 1,2-
glyceryl dinitrate from nitroglycerin, in
the bioactivation of nitroglycerin to elicit
vasorelaxation and in the development of
tolerance to nitroglycerin.

Chen et al. (6) used several ingenious
approaches to elucidate the enzymatic
mechanism of bioactivation of nitroglyc-
erin: a source of large numbers of cells so
that the lack of starting material would not
be a limiting factor. By using mouse mac-
rophages grown in cell culture, physiolog-
ically relevant, relatively low concentra-
tions of nitroglycerin (0.1 uM) were
shown to generate 1,2-glyceryl dinitrate
through the catalytic action of an enzyme
that was virtually identical to mouse mi-

7816-7817 | PNAS | June 11,2002 | vol.99 | no. 12
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Organic Nitrates

I
-Nitric oxide (NO) is produced by vascular endothelial cells

and other cells of the body. anall o Loyl ¥
Endothelial-derived NO relaxes vascular smooth muscle
cells (resulting in vasodilation).
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-Organic nitrates mimic the actions of endogenous NO.
Some of these drugs (e.g. sodium nitroprusside) release NO
spontaneously, whereas others liberate NO through an
enzymatic process (e.g. nitroglycerin, isosorbide dinitrate,
isosorbide mononitrate). The enzyme was recently
identified as aldehyde dehydrogenase type 2 (ALDH2).
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2. Organic Nitrates
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The released NO acts directly on vascular smooth muscle cells to
cause muscle relaxation and vasodilation.




Ventricular Wall Tension Is A Major Determinant of  [-@= ssic, s
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gcﬂec Nitrates also dilate the coronary vasculature} s\

-Nitrates such as Nitroglycerin dilate venous
capacitance vessels, reducing preload. With
more blood on the venous side, afterload is also
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-Nitroglycerin also dilates arterioles, but to a
lesser extent.

-The net effect is a reduction in ventricular wall

\[ tension and oxygen demand.
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Nitroglycerin
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-Administered sublingually as tablets or sprays. Also

available as a transdermal patch. Nitroglycerin readily

- . — . .
crosses lipid bilayers; ciueNis

-Explosive in pure liquid form.

-The sublingual route avoids the first-pass effect, so the
therapeutic blood level can be achieved rapidly.

-Effective at relieving stable, unstable and variant
angina.
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Onset of action
Key: )
Duration of action

Nitroglycerin

tablet or
spray

Oral, 35 min

sustained

release ‘
Trans- 30 min

dermal -

Isosorbide dinitrate

25 min

Sublingual

Oral,
sustained

release ‘
Isosorbide mononitrate —> Lpo 2 :,I
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Oral,
extended 30 min
release -
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Organic Nitrates

3 . . . . .
o a5 242 o Nijtroglycerin is available in tablet or spray formulation,

It is the drug of choice for prompt relief of an angina
attack precipitated by exercise or emotional stress.

All patients should have nitroglycerin on hand to treat
acute angina attacks.

Significant first-pass metabolism of nitroglycerin occurs
in the liver. Therefore, it is commonly administered via

the sublingual or transdermal route (patch or
ointment). R O aleas yiodh o T




vz Organic Nitrates

Tolerance develops rapidly as the blood vessels become
desensitized to vasodilation
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mterval" to restore sensitivity to the drug. The nltrate free interval

of 10 to 12 hours is usually taken at night when myocardial oxygen
demand is decreased. free nitrates 4sbuia ¢ 5.z dssbal ol Wings Wingy Aol ) 1 sl i (s in

Nitroglycerin patches are worn for 12 hours and then removed for

12 hours to provide the nitrate-free interval. > o
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Side Effects of Nitroglycerin

Adverse effects are related to the therapeutic effects of the drug:
-Postural hypotension — =ix s s s i csi s s s
-Reflex tachycardia = csiuss e e qitstg oy s dsd Dy gl Jasiy HT Josty
-Headache (most prominent side effect)

Drug interactions: Phosphodiesterase type 5 inhibitors such as sildenafil
(Viagra) potentiate the action of the nitrates. To preclude the dangerous
hypotension that may occur, this combination is contraindicated.
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Coadministration of Nitroglycerin and Sildenafil Is Contraindicated

Nitroglycerin Endothelial cells
l?lOz Vitic exide
OsN (@)
O/\[
o C

ﬁcﬁvq[-fc':n
Guanylyl cyclase* —s==== Guanylyl cyclase

CEMP 41 s —”'\nﬁibi\ime
PDE — }— Sildenafil
GTP =i cGMP —» GMP
. CEMP s CYUP dms ~tas. P
MLOK* 2bas MO Gt nhibbon |g) puns
}f\jos‘m W chain much ackivabon b MLC-P ups more CG};p
MLC-PPase* mote, Relaxabion o

Myosin-LC — Myosin-LC-PO, === Myosin-LC

Actin \‘ |
Contraction

Modified from: Katzung
(2001)



Coronary Artery Spasm (Variant Angina)
Wi PLBS 3¢ Family hisf.ﬁu_h Wb Taanese Wi Ramitial 6 S wGe  ((Conar $POSN) nic Gy ol e pen <
cocoine,  Jo» 33V abteck i i _

A B
izp [ EERESR A=
RN A k
? Q | | : v

S
Normal ST Segment Elevation

Shable ston shable, Variant ANGinat) |0 smis Mithic  opide " Ene! Med (2003134561

* A 39-year-old man with a history of smoking, alcohol abuse, and cocaine use (but no other medical
problems) presented to the emergency department with frequent episodes of chest pain, shortness of
breath, and sweating while at rest. Techemia ot Jis Coronary sz:, el

* During an episode of angina, transient ST-segment elevation was observed (Panel A). y  &pmm

* Subsequent cardiac catheterization revealed hyperventilation-induced total occlusion of the proximal

To diagrose hese pobient !eft circumflex'artery (Yisible on' f;\ngiography, Panel B) that resolved with the administration of
< intracoronary rlltroglycerlne and dﬂtlazem (Panel C).
. . (Vo)", . Calcium channel blocker e
* The diagnosis of variant angina (coronary artery spasm) was made. é
* The patient's symptoms have been controlled with oral nitrates and dalcium-channel blockers during a

follow-up of two years. Modified from: N Engl J Med (2003) 349:e1 (DOI: 10.1056/ENEJMicm020631)
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Effects of nitrates alone and with Beta blockers or calcium
channel blockers in angina pectoris
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Sodium Channel blocker: Ranolazine
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Sodium Channel blocker: Ranolazine

e Ranolazine inhibits the late phase of the sodium current improving
the oxygen supply and demand equation. Isglemiq Vo (=
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Sodium Channel blocker: Ranolazine

* Inhibition of late Na current reduces intracellular sodium and calcium
overload, thereby improving diastolic function.

e Ranolazine is most often used in patients who have failed other
antianginal therapies.

* The antianginal effects of ranolazine are considerably less in women

than in men.
?foAﬂ‘,'lfj“nm'\q

e Ranolazine can prolong the QT interval and should be avoided with

other drugs that cause QT prolongation byt 4as s PO003 O o 0
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Treatment of angina in patients with concomitant diseases
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Treatment algorithm for improving symptoms in patients with
stable angina.

Sublingual

Anginal t g :
Stable Ischemic Heart Disease mmp- ngm:ressyel::f oms == | nitroglycerin for
‘ immediate relief

Guideline-directed medical l
therapy including emphasis on
lifestyle modifications for B-Blocker
cardiovascular risk reduction If inadequate relief
after titration
‘l"ADD
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Study Questions
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Which medication should be prescribed to all
angina patients to treat an acute attack?

A. Isosorbide dinitrate
B. Nitroglycerin patch

C. Nitroglycerin sublingual tablet or spray
D. Ranolazine



Which of the following correctly ranks the calcium
channel blockers from most active on the
myocardium to most peripherally active?

A. Diltiazem, amlodipine, verapamil
B. Verapamil, diltiazem, nifedipine
C. Nifedipine, verapamil, diltiazem
D. Amlodipine, diltiazem, verapamil



A 76-year-old man with uncontrolled hypertension is
experiencing typical angina pain that is relieved with rest and
sublingual nitroglycerin. He has a high blood pressure (178/92
mm Hg) and a low heart rate (54 bpm). Which is the most
appropriate therapy for his angina at this time?

A. Ranolazine
B. Verapamil

C. Metoprolol
D. Amlodipine



A 65-year-old male experiences uncontrolled angina attacks
that limit his ability to do household chores. He is adherent to
a maximized dose of beta-blocker with am low heart rate and
low blood pressure. He is unable to tolerate an increase in
isosorbide mononitrate due to headache. Which is the most
appropriate addition to his antianginal therapy?

A. Nifedipine
B. Aspirin

C. Ranolazine
D. Verapamil



A 64-year-old man was prescribed atenolol and sublingual
nitroglycerin after his recent hospitalization for unstable
angina. Which of his current medications should be
discontinued?

A. Sildenafil
B. Amlodipine
C. Metformin
D. Lisinopril



