
International Journal of Chemical Science 

 

21 

International Journal of Chemical Science 

Online ISSN: 2523-2843, Print ISSN: 2523-6075 

Impact Factor: RJIF 5.22 

www.chemicaljournals.com 

Volume 2; Issue 3; May 2018; Page No. 21-24 

Role of isosorbide in the treatment of angina pectoris 

Nidhi Sharma1, Anil Kumar Sahdev2* 
1 Faculty of HIMT, College of Pharmacy, Greater Noida, Uttar Pradesh, India  

2 Faculty of Innovative, College of Pharmacy, Greater Noida, Uttar Pradesh, India

Abstract 

Angina pectoris is characterized as chest pain which results from an imbalance in the coronary vessels where the oxygen demand 

in the heart is greater than the oxygen supplied to the heart. Nitrate’s action involves the formation of free radical nitric oxide 

(NO), which interacts with & activates guanylate cyclase. These compounds also decrease peripheral arterial resistance & reduce 

venous tone, thereby increasing venous capacitance & decreasing venous return to the heart. 
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Introduction 

Rapidly growing cardiovascular diseases are the most 

common causes of death in the United States. It included 

following disease are hypertension, congestive heart failure, 

ischemic heart disease, stroke and peripheral arterial disease. 

A sedentary lifestyle, unhealthy diet, too much of tobacco use 

and alcohol abuse are some of the risk factors for developing a 

cardiovascular disease. According to the AHA (American 

Heart Association), each day over 2000 Americans will die of 

a cardiovascular disease (averaging one death every 39 

seconds) and each year nearly 800,000 Americans will 

experience a stroke (averaging one cerebrovascular accident 

every 40 seconds). Therapeutic approaches to prevent 

cardiovascular disease include lifestyle modification (weight 

reduction, physical activity, smoking cessation), blood 

pressure control, fluid management, lipid-lowering treatment, 

and use of antiplatelet and antithrombotic agents [1].  

 

Organic Nitrates  

It represents the oldest class of Nitric Oxide donors applied 

clinically. Among them, Glyceryl Trinitrate (GTN) is the main 

representative of the class, which also includes isosorbide 

dinitrate (ISDN), isosorbide 5-mononitrate (ISMN) and 

pentaerythritol tetranitrate (PETN) [2]. Despite the benefits of 

these molecules in treating CVD like angina pectoris, 

pulmonary hypertension and heart failure, their continued use 

may cause tolerance, which is, in fact, the main limitation to 

the use of organic nitrates [3, 4].  

 

Nitric oxide (NO)  

It is a volatile, multifunctional free radical with a short life 

span. It is synthesized by one of three isoforms of nitric oxide 

synthase and exerts its effect by the activation of the soluble 

guanylate cyclase (sGC), which results in the production of 

cyclic guanosine monophosphate (cGMP) and the activation 

of the cGMP-dependent kinase (PKG) [5, 6]. It has been 

described that a reduction in NO bioavailability is involved in 

the pathophysiology of many cardiovascular diseases (CVD). 

In this context, the use of drugs capable of releasing NO is an 

effective approach while dealing with CVD [7]. 

 

Historical Perspective of Glyceryl Nitrates 

Glyceryl trinitrate was the first organic nitrate which was 

discovered in 1847 by Ascanio Sobrero. At that time, it was 

also described that headaches were a side effect associated 

with this substance [8]. In 1879, the English physician William 

Murrel described, for the first time, the beneficial effects of 

the GTN against angina pectoris [9]. Since then, GTN was 

established as a drug for the treatment of chest pain, although 

the exact mechanism of action of this compound remained 

unanswered for about 100 years [10]. Then, Murad was a 

scientist and his colleagues described in 1977, that nitrates 

needed to release NO to present physiological effects [11]. 

Nitric oxide was only described as an endothelium- derived 

relaxing factor in middle 80s [12].  

Then other nitro compounds with similar chemical properties 

have been developed. Most recent studies show that, in 

addition to angina, GTN and other organic nitrates such as 

ISDN and ISMN are able to improve left ventricular function 

in patients with congestive heart failure and pulmonary 

hypertension. Also, they show favourable effects on left 

ventricular remodelling after myocardial infarction and silent 

ischemia, in addition to reducing blood pressure alone or in 

combination with other drugs [13, 14]. 

 

Ischemic heart disease  

It is an abnormal condition defined as a reduced blood supply 

to the heart [14-16]. Cardiac ischemia is caused by 

atherosclerosis, or hardening of the arteries, and can result in 

angina, heart attack and death. In developed countries, 

ischemic heart disease is one of the most frequently reported 

cardiovascular diseases and causes of death.  

 

Angina pectoris  

Angina pectoris can be defined as a chest pain or discomfort, 

usually attributed to myocardial ischemia. It is commonly 
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associated with coronary heart disease and atherosclerosis, 

although it can also be related to cardiomyopathy or aortic 

stenosis. The severity of the discomfort does not necessarily 

relate to the severity of the underling coronary disease [17]. 

Angina is considered stable when it shows a regular pattern, 

being elicited by exertion or emotional stress and the pain is 

relieved by a few minutes of rest or after the use of nitrates. 

Nitrates are the class of drugs to treat angina pectoris [18]. They 

have been used even before the cardiovascular properties of 

NO have been established [19]. Organic nitrates exert their 

maximal vasodilator effects on venous capacitance vessels and 

large and medium coronary arteries, while small arterioles are 

less affected. The vasodilation induced by these drugs increase 

the venous capacitance and reduce cardiac preload, which 

reduces left ventricular filling pressure and myocardium 

workload. The oxygen demand to myocardium decreases and 

this is the key mechanism involved in the use of this class of 

drugs in angina [15]. At high doses, nitrates exert arterial 

vasodilator effects, leading to dilation in epicardial arteries. 

This promotes a redistribution of coronary blood flow from 

healthy regions to ischemic areas [20]. 

Short Acting Nitrates should be administrated to patients 

during acute angina pectoris symptoms or immediately before 

physical exercise to prevent angina pectoris. On the other 

hand, long lasting nitrates are recommended for the treatment 

of patients who remain symptomatic despite the use of aspirin, 

statins, beta receptor blockers or calcium antagonists [21]. 

It is the most common symptom of ischemic heart disease and 

is characterized as chest pain which results from an imbalance 

in the coronary vessels where the oxygen demand in the heart 

is greater than the oxygen supply to the heart. The pain may 

be mild or intense and feel like a crushing, burning, or 

squeezing discomfort that can spread to the neck or arms. 

Typically, the pain lasts for 5-10 minutes and is relieved with 

sublingual nitroglycerin. 

 

 
 

Fig 1 

 

Symptoms: A heavy strangulation or pressure-like sensation, 

sometimes may feel like indigestion, usually located in 

retrosternal area, often radiating to the left shoulder, left arm, 

jaw, neck, epigastrium or back. 

  

 
 

Fig 2 

 

Angina pectoris is divided into three types 

1. Primary Angina or Variant Angina: In this type of 

Angina, the ischemia causes spasm of the coronary vessels 

and chest pain without increases in cardiac demand. It is 

relieved by anti-anginal drugs. 

2. Secondary Angina or Effort Angina: In this type of 

Angina, inadequate blood flow during exercise or times of 

stress results in chest pain. It is caused by narrowed 

arteries due to atherosclerosis. It occurs when there is 

exertion /effort Episodes of pain tend to be alike. It usually 

lasts a short time. It is relieved by anti- anginals. 

3. Unstable Angina: In this type of Angina, a sudden 

worsening of the patient chronic angina occurs. It is more 

severe and lasts longer than stable angina. The episodes of 

pain tend to be changing in the character, i.e. increasing 

severity (crescendo angina), frequency and duration as 

well as precipitating factors. [22, 23]. 

 

 
 

Fig 3 
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Fig 4 

 

Overall, three drug classes are typically used in the treatment 

and prevention of angina: organic nitrates, calcium channel 

blockers and beta-blockers [24, 25]. 

Each of these therapeutic drug classes reduces myocardial 

oxygen requirements by decreasing heart rate, blood pressure 

and/or contractility.  

 

Anti-angina agents 

The use of nitrates & nitrites dates back to 1867 when nitrates 

& 1879 nitroglycerine were used for relieving pain of angina 

pectoris. Organic nitrtes are polyol esters of nitric acid, 

whereas organic nitrites are esters of nitrous acid. Nitrate ester 

(-C-O-NO2) & nitrite ester (-C-O-NO) are characterized by a 

sequence of carbon-oxygen- nitrogen, whereas nitro 

compound possess carbon- nitrogen bonds (C-NO2). The 

effect of nitrates on the heart is to reduce myocardial oxygen 

requirements relative to myocardial oxygen delivery. The 

arterial dilation produced by nitrates caused reduction in the 

mean systemic arterial pressure, which reduce the after load of 

the heart & thus diminishes the oxygen requirements of the 

heart. The venous dilation produced by nitrates results in 

increased peripheral pooling of blood, which decrease 

ventricular end- diastolic pressure & volume. This reduction 

in ventricular pressure & size results in a decreased 

myocardial wall tension & therefore, in decreased oxygen 

requirements. Nitrates are believed to dilate the larges 

epicardial & collateral coronary arteries selectively, an action 

that favours the distribution of blood to ischemic areas. 

 

Isosorbide 

The isosorbide agents are indicated in the prevention of angina 

pectoris and are not generally the agent of choice for acute 

angina episodes due to the slower onset of action (30- 60 

minutes). Isosorbide is available in a dinitrate or mononitrate 

formulation, which is simply the active metabolite of 

isosorbide dinitrate. Both formulations are given once daily 

(with the extended release agents) or 2-3 times daily (with the 

immediate release formulations). Tolerance can be avoided by 

short periods of nitrate-free intervals (10-12 hours/day) [26, 30]. 

 
 

Fig 5: Isosorbide 

 

Mechanism of Action 

It’s action involves the formation of free radical nitric oxide 

(NO), which interacts with & activates guanylate cyclase.  

Also a nitrosothiol intermediate is implicated by a reaction of 

the nitrate with glutathione, which enhances formation of 

cyclic guanine nucleotide, which relax smooth muscles. 

Within the cell, nitrite ion is converted to nitric oxide (NO) 

which after forming a reductive nitrothiol intermediate 

activates a soluble cytosolic form of the enzyme guanylate 

cyclase. cGMP formation is thereby increased. The guanylate 

cyclase increase the synthesis of guanosine 3’, 5’-

monophosphate (cycli GMP), which activates a protein kinase. 

The protein kinase mediate dephosphorylation of myosine 

which is responsible for the maintenance of the contractile 

state in smooth muscle. These compounds also decrease 

peripheral arterial resistance & reduce venous tone, thereby 

increasing venous capacitance & decreasing venous return to 

the heart [3, 4]. 

 

 
 

Fig 6 

 

Conclusion  

Angina pectoris can be defined as a chest pain or discomfort, 

usually attributed to myocardial ischemia. It is commonly 

associated with coronary heart disease and atherosclerosis, 

although it can also be related to cardiomyopathy or aortic 

stenosis. The isosorbide agents are indicated in the prevention 

of angina pectoris. It’s action involves the formation of free 

radical nitric oxide (NO), which interacts with & activates 

guanylate cyclase. Also a nitrosothiol intermediate is 

implicated by a reaction of the nitrate with glutathione, which 
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enhances formation of cyclic guanine nucleotide, which relax 

smooth muscles. These compounds also decrease peripheral 

arterial resistance & reduce venous tone, thereby increasing 

venous capacitance & decreasing venous return to the heart.  
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