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QNO1) Explain the detailed neurotransmission process?
ANS) Nerve cells pass messages from one cell to another via tiny chemicals.

When two nerve cells need to communicate, they can’t just tap each other on the shoulder. These neurons pass information from one end of their “body” to the other as a tiny electrical signal. But one cell doesn’t actually touch another, and the signals can’t jump across the tiny spaces in between. To cross those tiny gaps, called synapses, they rely on chemical messengers. These chemicals are known as neurotransmitters. And their role in cell talk is called neurotransmission.

A neurotransmitter is a chemical messenger that carries, boosts, and balances signals between neurons (also known as nerve cells) and target cells throughout the body. These target cells may be in glands, muscles, or other neurons.
Billions of neurotransmitter molecules work constantly to keep our brains functioning, managing everything from our breathing to our heartbeat to our learning and concentration levels. They can also affect a variety of psychological functions such as fear, mood, pleasure, and joy.

How Neurotransmitters Work :

In order for neurons to send messages throughout the body, they need to be able to communicate with one another to transmit signals. However, neurons are not simply connected to one another. At the end of each neuron is a tiny gap called a synapse and in order to communicate with the next cell, the signal needs to be able to cross this small space. This occurs through a process known as neurotransmission.
In most cases, a neurotransmitter is released from what's known as the axon terminal after an action potential has reached the synapse, a place where neurons can transmit signals to each other.

When an electrical signal reaches the end of a neuron, it triggers the release of small sacs called vesicles that contain the neurotransmitters. These sacs spill their contents into the synapse, where the neurotransmitters then move across the gap toward the neighboring cells. These cells contain receptors where the neurotransmitters can bind and trigger changes in the cells.
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After release, the neurotransmitter crosses the synaptic gap and attaches to the receptor site on the other neuron, either exciting or inhibiting the receiving neuron depending on what the neurotransmitter is.

Receptors and neurotransmitters act like a lock-and-key system. Just as it takes the right key to open a specific lock, a neurotransmitter (the key) will only bind to a specific receptor (the lock). If the neurotransmitter is able to work on the receptor site, it triggers changes in the receiving cell.

Sometimes neurotransmitters can bind to receptors and cause an electrical signal to be transmitted down the cell (excitatory). In other cases, the neurotransmitter can actually block the signal from continuing, preventing the message from being carried on (inhibitory).

Inactivation of Neurotransmitters :

So what happens to a neurotransmitter after its job is complete? Once the neurotransmitter has had the designed effect, its activity can be stopped by three mechanisms:

1) Degradation: An enzyme changes the structure of the neurotransmitter so it can't be recognized by the receptor

2) Diffusion: The neurotransmitter drifts away from the receptor

3) Reuptake: The whole neurotransmitter molecule is taken back up by the axon of the neuron that released it.

Classification :

Neurotransmitters play a major role in everyday life and functioning. Scientists do not yet know exactly how many neurotransmitters exist, but more than 60 distinct chemical messengers have been identified.﻿

Neurotransmitters can be classified by their function:

* Excitatory neurotransmitters: These types of neurotransmitters have excitatory effects on the neuron, meaning they increase the likelihood that the neuron will fire an action potential. Some of the major excitatory neurotransmitters include epinephrine and norepinephrine.

* Inhibitory neurotransmitters: These types of neurotransmitters have inhibitory effects on the neuron; they decrease the likelihood that the neuron will fire an action potential. Some of the major inhibitory neurotransmitters include serotonin and gamma-aminobutyric acid (GABA).

* Modulatory neurotransmitters: These neurotransmitters, often referred to as neuromodulators, are capable of affecting a larger number of neurons at the same time. These neuromodulators also influence the effects of other chemical messengers. Where synaptic neurotransmitters are released by axon terminals to have a fast-acting impact on other receptor neurons, neuromodulators diffuse across a larger area and are more slow-acting.

* Some neurotransmitters, such as acetylcholine and dopamine, can create both excitatory and inhibitory effects depending upon the type of receptors that are present.

There are a number of different ways to classify and categorize neurotransmitters. In some instances, they are simply divided into monoamines, amino acids, and peptides.

Neurotransmitters can also be categorized into one of six types :

Amino Acids :

* Gamma-aminobutyric acid (GABA): This naturally occurring amino acid acts as the body's main inhibitory chemical messenger. GABA contributes to vision, motor control, and plays a role in the regulation of anxiety. Benzodiazepines, which are used to help treat anxiety, function by increasing the efficiency of GABA neurotransmitters, which can increase feelings of relaxation and calm.

* Glutamate: The most plentiful neurotransmitter found in the nervous system, glutamate plays a role in cognitive functions such as memory and learning. Excessive amounts of glutamate can cause excitotoxicity resulting in cellular death. This excitotoxicity caused by glutamate build-up is associated with some diseases and brain injuries including Alzheimer's diseas, stroke, and epileptic seizures.

PEPTIDES :

* Oxytocin: This powerful hormone acts as a neurotransmitter in the brain. It is produced by the hypothalamus and plays a role in social recognition, bonding, and sexual reproduction.﻿ Synthetic oxytocin such as Pitocin is often used as an aid in labor and delivery. Both oxytocin and Pitocin cause the uterus to contract during labor.

* Endorphins: These neurotransmitters than inhibit the transmission of pain signals and promote feelings of euphoria. These chemical messengers are produced naturally by the body in response to pain, but they can also be triggered by other activities such as aerobic exercise.﻿ For example, experiencing a "runner's high" is an example of pleasurable feelings generated by the production of endorphins.

Monoamines :

* Epinephrine: Also known as adrenaline, epinephrine is considered both a hormone and a neurotransmitter. Generally, epinephrine is a stress hormone that is released by the adrenal system. However, it functions as a neurotransmitter in the brain.﻿

* Norepinephrine: This naturally occurring chemical is a neurotransmitter that plays an important role in alertness is involved in the body's fight or flight response. Its role is to help mobilize the body and brain to take action in times of danger or stress. Levels of this neurotransmitter are typically lowest during sleep and highest during times of stress.

* Histamine: This organic compound acts as a neurotransmitter in the brain and spinal cord.﻿ It plays a role in allergic reactions and is produced as part of the immune system's response to pathogens.

* Dopamine: Commonly known as the feel-good neurotransmitter, dopamine is involved in reward, motivation, and additions.Several types of addictive drugs increase dopamine levels in the brain. This chemical messenger also plays an important role in the coordination of body movements. Parkinson's disease, which is a degenerative disease that results in tremors and motor movement impairments, is caused by the loss of dopamine-generating neurons in the brain.

* Serotonin: A hormone and neurotransmitter, serotonin plays an important role in regulating and modulating mood, sleep, anxiety, sexuality, and appetite. Selective serotonin reuptake inhibitors (SSRIs) are a type of antidepressant medication commonly prescribed to treat depression, anxiety, panic disorder, and panic attacks. SSRIs work to balance serotonin levels by blocking the reuptake of serotonin in the brain, which can help improve mood and reduce feelings of anxiety.

Purines :

* Adenosine: This naturally occurring chemical acts as a neuromodulator in the brain and is involved in suppressing arousing and improving sleep.

* Adenosine triphosphate (ATP): Considered to be the energy currency of life, ATP acts as a neurotransmitter in the central and peripheral nervous systems. It plays a role in autonomic control, sensory transduction, and communication with glial cells. Research suggests it may also have a part in some neurological problems including pain, trauma, and neurodegenerative disorders.

Gasotransmitters :

* Nitric oxide: This compound plays a role in affecting smooth muscles, relaxing them to allow blood vessels to dilate and increase blood flow to certain areas of the body.

* Carbon monoxide: This colorless, odorless gas can have toxic and potentially fatal effects when people are exposed to high levels of the substance. However, it is also produced naturally by the body where it acts as a neurotransmitter that helps modulate the body's inflammatory response.﻿

Acetylcholine :

Acetylcholine: This is the only neurotransmitter in its class. Found in both the central and peripheral nervous systems, it is the primary neurotransmitter associated with motor neurons. It plays a role in muscle movements as well as memory and learning.

When Neurotransmitters Do Not Work Right :

As with many of the body's processes, things can sometimes go awry. It is perhaps not surprising that a system as vast and complex as the human nervous system would be susceptible to problems.
* Neurons might not manufacture enough of a particular neurotransmitter

* Neurotransmitters may be reabsorbed too quickly

* Too many neurotransmitters may be deactivated by enzymes

* Too much of a particular neurotransmitter may be released

When neurotransmitters are affected by disease or drugs, there can be a number of different adverse effects on the body. Diseases such as Alzheimer's, epilepsy, and Parkinson's are associated with deficits in certain neurotransmitters.

Health professionals recognize the role that neurotransmitters can play in mental health conditions, which is why medications that influence the actions of the body's chemical messengers are often prescribed to help treat a variety of psychiatric conditions.

For example, dopamine is associated with such things as addiction and schizophrenia. Serotonin plays a role in mood disorders including depression and OCD.﻿ Drugs, such as SSRIs, may be prescribed by physicians and psychiatrists to help treat symptoms of depression or anxiety.

Drugs That Influence Neurotransmitters :

These drugs are capable of changing the effects of neurotransmitters, which can alleviate the symptoms of some diseases.

* Agonists vs Antagonists: Some drugs are known as agonists and function by increasing the effects of specific neurotransmitters. Other drugs and referred to as antagonists and act to block the effects of neurotransmission.﻿

* Direct vs Indirect Effects: These neuro-acting drugs can be further broken down based on whether they have a direct or indirect effect. Those that have a direct effect work by mimicking the neurotransmitters because they are very similar in chemical structure. Those that have an indirect impact work by acting on the synaptic receptors.

Drugs that can influence neurotransmission include medications used to treat illness including depression and anxiety, such as SSRIs, tricyclic antidepressants, and benzodiazepines.

Illicit drugs such as heroin, cocaine, and marijuana also have an effect on neurotransmission. Heroin acts as a direct-acting agonist, mimicking the brain's natural opioids enough to stimulate their associated receptors. Cocaine is an example of an indirect-acting drug that influences the transmission of dopamine.

Neurotransmitters play a critical role in neural communication, influencing everything from involuntary movements to learning to mood. This system is both complex and highly interconnected. Neurotransmitters act in specific ways, but they can also be affected by diseases, drugs, or even the actions of other chemical messengers.

QNO 2) What does direct and indirect cholinergic agent means? Explain therapeutic application and adverse effects of cholinergic agents in detail.

Answer:  Direct-Acting Cholinergic Drugs: These drugs directly bind and activate nicotinic and muscarinic receptors with variable amounts of selectivity.
•
Direct-acting cholinergic drugs are similar to Acetylcholine (ACH) and stimulate receptors like Acetylcholine (ACH) 

•
Direct-acting drugs have longer durations of action than Acetylcholine (ACH) and are clinically useful 

•
These drugs are used in ophthalmology as miotics and in the treatment of glaucoma 

•
Bethanechol stimulates urinary bladder contraction and is taken orally to treat non obstructive urinary retention

 * Indirect-Acting Cholinergic Drugs:  These drugs inhibit anticholinesterase the enzyme which destroys acetylcholine secreted into the synapse by the cholinergic neuron. By inhibiting destruction these drugs extend the the half-life of synaptic acetylcholine and thus boost systemic cholinergic activity.
•
Indirect-acting drugs increase ACH levels at receptors by inhibiting the enzyme acetyl cholinesterase.

•
These drugs primarily increase ACH at cholinergic and nicotinic-muscle receptors 

•
Drugs classified as reversible inhibitors of acetyl cholinesterase are the most widely used.

•
These drugs are also referred to as anticholinesterase drugs.

ADVERSE Effects of Cholinergic Agents:

•
Cardiovascular effects:

Decreased heart rate( Bradycardia) – 

Vasodilation (NO mediated) 

•
 Stimulate intestine and bladder

Increased gastric secretions 

 Increased gastrointestinal motility

 Increased urinary frequency

•
Stimulate pupil:

Constriction (miosis), Spasm of accommodation 

 Reduced intraocular pressure (increased outflow) 

•
Respiratory effects:

 Bronchial constriction, narrowed airways

•
Increased salivation and sweating

Acetylcholine:

•
One of the main neurotransmitters of the ANS is acetylcholine •

•
 Acetylcholine is released at preganglionic fibers of both the sympathetic and parasympathetic nervous system 

•
Also released from postganglionic sympathetic neurons that innervate the sweat glands and from motor neurons that innervate the skeletal muscles 

•
 It is a quaternary ammonium compound so cannot penetrate the membrane. Do not have any therapeutic importance, because rapid inactivation by acetylcholinesterases.

•
It has both Muscarinic & Nicotinic actions.

Bethanechol: 

•
Not hydrolyzed by acetylcholinesterases 

Mode of Actions:

•
Directly stimulates M receptors causing increased intestinal motility & tone, It stimulates detrusor muscle of the bladder while trigone & sphincters are relaxed causing expulsion of urine 

•
Paralytic ileus 

•
 Urinary retentions • 

•
Helpful for postsurgical atony of the bladder and GI tract

Pilocarpine:

•
An alkaloid, lipid soluble & is stable to hydrolysis by cholinsterases.

Mod of Actions:

•
When applied locally to cornea Produces rapid miosis & contraction of ciliary muscle produces spasm of accommodation & vision is fixed at particular distance making it impossible to focus for far situated objects 

•
In Glaucoma it opens trabecular meshwork around schlemm’s canal causes drainage of aqueous humor 

•
 IOP immediately decreases.

Uses of Indirect Cholinergic agonists:

•
Cobra bite: edrophonium (prevent respiratory paralysis. 

•
Atropine poisoning: – Physostigmine (antogonizes both central and peripheral effects).

•
Alzhymere: – Donepezil, galantamine, tacrine, rivastigmine. 

•
 TCA, Phenothiazines, overdose: Physostigmine.

Cholinergic Agents: Side Effects:

•
Effects Side effects are a result of overstimulation of the PSNS

•
Cardiovascular: – Bradycardia, hypotension, conduction abnormalities (AV block and cardiac arrest)  

•
CNS: – Headache, dizziness, convulsions 

•
Gastrointestinal: – Abdominal cramps, increased secretions, nausea, vomiting

•
Side Effects • Respiratory: –Increased bronchial secretions, bronchospasms 

•
Other: –Lacrimation, sweating, salivation, loss of binocular accommodation, miosis.

THERAPUETIC APPLICATION OF CHOLINERGIC AGENTS:
1 MYASTHENIA GRAVIS:
Myasthenia gravis is an autoimmune disorder that attacks the nicotinic ACH receptors at the neuromuscular junction
Leads to profound muscle weakness
Acetyl cholinesterase inhibitor increase the amount of acetylcholine in the neuromuscular junction.
Neostigmine is frequently used for the disorder
If muscarinic side- effects are prominent, anticholinergic can be administered (e.g. atropine)
Tolerance usually occurs to the muscarinic side-effects

2 Reversal of NeuroMuscular Blockade:-
By increasing levels of acetylcholine in the NMJ, the compound are able to facilitate recovery from competitive neuromuscular blockade.
Restore neuromuscular transmission.
          3. Glaucoma:-
Constriction of the ciliary body promotes aqueous humor outflow-( decreased intraocular pressure.
Direct and indirect cholinomimetics can be used to treat glaucoma 
Pilocarpine is the most commonly used agent
Typically formulated as eye drops
           4. Atonic GI/GU:-
The smooth muscle of the GI and GU system can show depressed activity in certain states
Post-operative ileus
Congenital megracolon
Bethanechol and neostigmine are the most widely used agents
Increased secretion and motility in the G.I tract
Can be given orally or by injection 
These agents cannot be used if there is a mechanical obstruction of the GI or urinary tract.
QNO 3.(a). EXPLAIN THE EFFECTS AND ADVERSE EFFECTS OF ORGANIC NITRATES IN ANGINA PECTORIS.
ANS) EFFECT OF ORGANIC NITRATES IN ANGINA PECTORIS:-

The effect of organic nitrates in the optimal medical management of angina are following.

* Organic nitrates are potent vasodilators and are the most widely used antinational agents during acute events.

* They selectively dilate epicardial coronaries and also enhance collateral flow; they also inhibit platelet aggregation.
* Essentially, nitrates dilate – that is, widen or relax the arteries and the veins not only in the heart but also elsewhere in the body.

* By dilating the blood vessels of the heart, nitrates can reduce the stress on the angina by improving blood flow to the angina muscle. This will relieve angina symptoms.

ADVERSE EFFECTS OF ORGANIC NITRATES IN ANGINA PECTORIS:-
* Headache is more common with GTN, both sublingual and transdermal preparations.
* Dizziness
* Lightheadedness 
* Nausea
* Flushing
* Burning and tingling under the tongue.
* Low blood pressure

* syncope 

* Tachycardia

* palpitation.
ANS..(b). ALGORITHMIC TREATMENT FOR STABLE ANGINA :

1) Offer a short acting nitrate for preventing and treating episodes of angina.

2) offer people optimal drug tratment for the initial managment of stable angina .

3) offer either a beta blocker or a calcium channel blocker as first line treament for stable angina.

4) consider referral for revascularisation ( coronary artery) bypassgraft (CABG) or percutaneous coronary intrervention (PCL) for people with stable angina whose symptoms are not satisfactorily controlled with optimal medical treatment .

5) offer aspirin 75 mg daily for people with stable angina .

6) offer statin treatment in line with CCG lipid modification _ secondary prevention for high blood pressure in line with CCG hypertension guidlines.

8) consider angiotensin converting enzyme (ACE) inhibitors for people with stable angina and diabetes.

9) DO  NOT :

* Excessive people from treatment based on their age alone. 

* Investigation or treat symptoms differently based on gender or ethnic group .

* offer vitamins or omega_ 3 fish oil. Inform people there is no evidance that they help stable angina.

* offer trancutaneous electrical nerve stimulation (TENS) enhanced external counterpalsation or acupuncture to manage stable angina. 
Qno4)DIFFERENCE BETWEEN PRIMARY HYPERTENSION AND SECONDARY HYPERTENSION:

 Primary Hypertension

* Primary hypertension has no single known cause but several mechanisms are linked to altered pathways in BP control. These are genetic factors, diet especially increased salt (sodium chloride) intake, obesity, insulin resistance, endothelial dysfunction, chronic excess alcohol, ageing, stress and sedentary lifestyle.

* The pressure against the blood vessel walls is affected by cardiac output and peripheral resistance. Altered pathways in BP control leads to sustained constriction of the arterioles (microscopic blood vessels in the circulation) resulting in increased peripheral resistance in the blood vessels. As the heart continues to pump normally, the pressure in the whole arterial system rises. This normally has no outward symptoms for the individual, unless very high.

Constricted, stiff arteriole vessel walls lead to increased pressure from blood flow within the arterioles

* The increased pressure of blood flow against the artery wall leads to damage, resulting in atherosclerotic plaque formation. Signs of prolonged or severe hypertension can be found in target organ damage in the eyes, left ventricle, and kidneys. Presence of target organ damage increases the risk of vascular morbidity and mortality, and the need for treatment to lower blood pressure.

Secondary Hypertension :
* In secondary hypertension BP is raised due to a known underlying cause:

* Renal disorders (e.g. chronic pyelonephritis, diabetic nephropathy).

* Vascular disorders (e.g. coarctation of the aorta).

* Endocrine disorders (e.g. primary hyperaldosteronism).

* Drugs (e.g. alcohol, cocaine)

* Miscellaneous causes (e.g. scleroderma, obstructive sleep apnoea).

* A search for secondary hypertension is only suggested by history, physical examination or routine tests indicate abnormalities.

* Investigations for secondary hypertension are not cost effective.

4 ANS) B: EXPLAIN THE EFFECT OF RENIN ON HYPERTENSION : 

The renin-angiotensin system or RAS regulates blood pressure  in the body. When blood volume or sodium levels in the body are low, or blood potassium is high, cells in the kidney release the enzyme, renin. Renin converts angiotensinogen, which is produced in the liver, to the hormone angiotensin I. An enzyme known as ACE or angiotensin-converting enzyme found in the lungs metabolizes angiotensin I into angiotensin II. Angiotensin II causes blood vessels to constrict and blood pressure to increase. Angiotensin II stimulates the release of the hormone aldosterone in the adrenal glands, which causes the renal tubules to retain sodium and water and excrete potassium. Together, angiotensin II and aldosterone work to raise blood volume, blood pressure and sodium levels in the blood to restore the balance of sodium, potassium, and fluids. If the renin-angiotensin system becomes overactive, consistently high blood pressure results.

4 C) ANS : IMPORTANCE OF PHARMACOLOGICAL TREATMENT OF HYPERTENSION :

Hypertension or high blood pressure is dangerous because it can lead to stroke, heart attack, heart failure , or kidney disease .the goal of hyperpertension treatment bis to lower high blood pressure and protect important organs like brain , heart, and kidney from damage .

To meaaure your blood pressure , your doctor or a specialist with usually place an inflatable arm cutt around your arm and measure your blood pressure using a pressure measuring gauge.

Changing your life style can go a long way toward controllowing high blood pressure . Your doctor may recommended you make life style changes including .

* Eating a heart  _ healthy diet with less salt .

* getting regular physical activity  

* maintain a heart weight or losing weight if you are over weight or obese 

* limiting the amount of alcohol you drink.

QNO 5A) DIFFERENTIATE BETWEEN RIGHT HEART FAILURE AND LEFT HEART FAILURE?

ANS) In heart failure , the heart can no longer pump enough blood around the body . The heart muscle is either too weak or not elastic enough. Different part of the heart may be affected too. Treatment of heart failure will be depend on the type of heart failure they have .

Heart failure often effects the left or right side of the heart but can effect both .

LEFT HEART FAILURE :

Left ventricular failure (LVF):
LVF is an acute life threatening condition. It occurs when the muscle of the left ventricle is strained and it may be the result of a heart attack. The strain on the muscle reduces the efficiency of the left ventricle so that there is backpressure into the left atrium and from there into the lungs. This leads to swelling in the lung tissues (pulmonary oedema) and resulting breathlessness 
Signs and Symptoms of LVF
* Severe breathlessness (sudden onset)
* Anxiety
* Cough producing frothy sputum (sometimes blood stained)
         * Excess sweating

RIGHT HEART FAILURE :

Right ventricular failure (RVF)
Unlike LVF this is a chronic condition, which usually develops slowly. It occurs when the right ventricle is strained and this leads to back pressure in the same kind of way but into the right atrium and the venous system. Oedema (swelling) is usually seen around the ankles but may be on the back if the casualty is in bed for long periods of time.
Signs and symptoms:-
* Oedema (swelling) especially in the ankles, shins or lower back
* Nausea & vomiting
* Abdominal pain and distension
* Lethargy and tiredness.
B) Ans : ANS 5.(b). Summarize the pharmacotherapy of the heart failure

Heart failure (HF) affects more than 6.5 million people in the United States and has a 50% mortality rate within five years of diagnosis. The lifetime risk of HF at 45 years of the lifetime risk of HF at 45 years of can result from any structural or functional changes of the heart, leading to the impairment of ventricular filling or ejection of blood. As a consequence, the heart cannot pump blood fast enough to meet the demands of the body. 
Typical symptoms of HF include dyspnea and fatigue. The symptoms that present are usually nonspecific to HF but can lead to the review of more specific signs, such as elevated jugular venous pressure or displacement of the apical impulse, and can guide a practitioner to review radiological data consistent with HF.
 Imaging plays an important role in the diagnosis of HF, with echocardiography being the gold standard. Transthoracic echocardiography is the method of choice for assessment of myocardial systolic and diastolic function of both the left and right ventricles.
4 Once the diagnosis is confirmed, the goals of treatment are to improve clinical status, functional capacity, and quality of life; to prevent hospital admission; and to reduce mortality. 
In addition to HF type, patients can be assigned a class and/or stage of HF. The New York Heart Association (NYHA) defines four classes of HF
Class I: No physical limitation; ordinary physical activity does not cause HF symptoms
Class II: No symptoms at rest, but ordinary physical activities cause HF symptoms
Class III: No symptoms at rest, but less-than-ordinary physical activities cause HF symptoms
Class IV: Symptoms of HF at rest.
ACE INHIBITORS:-
                                                 The ability of ACE inhibitors, such as enalapril and lisinopril, to reduce mortality when taken concurrently with other HFrEF medications has made this class of medications the mainstay for treatment of HFrEF in patients free from any contraindications to their use. ACE inhibitors decrease peripheral resistance and reduce the load on the failing myocardium by inhibiting the conversion of angiotensin I to angiotensin II, thus preventing vasoconstriction and causing relaxation of the vasculature. The efficacy of ACE inhibitors has been proven over several decades. Major trials analyzing ACE inhibitors in HFrEF have utilized them in addition to standards of care such as digoxin, vasodilators, loop diuretics, potassium-sparing diuretics, and beta blockers The CONSENSUS trial, which compared enalapril with placebo in addition to standard of care, showed that enalapril reduced overall mortality risk by 27% and significantly decreased the number of patients with HFrEF progression.
ANGIOTENSIN RECEPTOR BLOCKERS:-
                                                                       Angiotensin receptor blockers (ARBs) inhibit the renin–angiotensin–aldosterone system (RAAS) by blocking the binding of angiotensin II to its receptor, which in turn leads to vasoconstriction and prevents the release of aldosterone. Although their mechanism of action is similar to that of ACE inhibitors, ARBs do not cause an inhibition of kinase, which reduces the incidence of cough in comparison with ACE inhibitors. The 2016 ACCF/AHA/HFSA guidelines recommend that ARBs be used to reduce morbidity and mortality in patients who are intolerant of ACE inhibitors because of cough or angioedema or in patients who are tolerating ARBs for another indication. In addition, the 2016 guidelines recommend that ARBs be used with caution in patients with a history of angioedema with ACE inhibitors because of the risk of cross-reaction. For patients with HFrEF NYHA class II or III, the guidelines recommend replacing ARB therapy with an ARNI, which will be discussed later in this article.
BETA BLOCKERS:-
                            The beneficial effect of beta blockade in HFrEF has been documented for more than 40 years.22 since 1975, data have shown that the use of bisoprolol, carvedilol, or sustained-release metoprolol succinate reduces morbidity and mortality in patients with HFrEF. These are the only beta blockers tested in large clinical trials to show a mortality benefit, which led to their inclusion in the HF guidelines as first-line agents in all patients with HFrEF to reduce morbidity and mortality unless contraindicated.3,23–25 These three agents share a common pathway: They all block the β1-adrenergic receptor located on the heart. HFrEF stimulates the RAAS and sympathetic system in order to compensate for the reduced EF. However, this activation may accelerate ventricular remodeling. By blocking β1 receptors, these beta blockers prevent ventricular remodeling promoted by the stimulated RAAS and sympathetic system. While metoprolol and bisoprolol are selective for the β1 receptor, carvedilol also blocks the β2 and α1 receptors, leading to vasodilation. Beta blockers should be initiated at low doses and titrated slowly to target doses if tolerable (Table 1). Adverse events include fluid retention and worsening HFrEF, fatigue, bradycardia or heart block, and hypotension.
ALDOSTERONE ANTAGONISTS Aldosterone receptor antagonists (also called mineralocorticoid receptor antagonists [MRAs]) are recommended for NYHA class II–IV HF patients with an EF of 35% or less, glomerular filtration rate of at least 30 mL/min/1.73 m2, and a potassium level of 5.0 mEq/dL or lower.3 Studies have demonstrated that aldosterone receptor antagonists (when given in conjunction with ACE inhibitors and beta blockers) reduce the risk of morbidity and mortality in patients with NYHA class III–IV HFrEF with an EF of 35% or less.27,28 Further studies found similar benefits in NYHA class II HFrEF patients with an EF of 35% or less.29. Two aldosterone receptor antagonists are available in the United States—spironolactone and eplerenone. Spironolactone is a nonselective aldosterone antagonist, while eplerenone is selective to the aldosterone receptor.30, 31 Aldosterone is an endogenous steroid hormone that increases sodium retention and facilitates magnesium/potassium loss. Aldosterone may ultimately cause myocardial fibrosis, vascular injury, direct vascular damage, and baroreceptor dysfunction leading to the development and progression of HFrEF.
DIURETICS:-
                    Although no data have shown that they reduce mortality or hospital readmission, diuretics are the only agents that can adequately control the fluid retention associated with HFrEF. Unless contraindicated, diuretics are recommended in all HFrEF patients with fluid retention to improve symptoms. Diuretic use is generally combined with moderate dietary sodium restriction.3 Loop diuretics, such as furosemide, are the preferred diuretic agents for most HFrEF patients.3 Loop diuretics work at the thick ascending limb of the loop of Henle to inhibit sodium and chloride reabsorption.38 In comparison, thiazide diuretics are less potent and thus have a less significant effect on fluid retention/edema. Adverse effects of diuretics include fluid depletion, hypotension, azotemia, and depletion of sodium, potassium, magnesium, chloride, and calcium. Typical monitoring parameters for these agents include daily weight and blood pressure measurements, and periodic monitoring of renal function.
VASODILATORS:-
                            Vasodilators have been shown to reduce mortality in patients self-described as African-Americans with NYHA class III–IV HFrEF. They are also recommended to reduce morbidity and mortality in patients with current or prior symptomatic HFrEF who cannot be given an ACE inhibitor or ARB because of drug intolerance, hypotension, or renal insufficiency, unless contraindicated.6 both hydralazine and isosorbide nitrate have vasodilatory effects. Isosorbide dinitrate causes a release of nitric oxide that relaxes vascular smooth muscle, affecting both arteries and veins. In comparison, hydralazine works to selectively relax arterial smooth muscle and may minimize nitrate tolerance. A 1986 trial demonstrated that the one-year mortality rate for the hydralazine and isosorbide dinitrate treatment group was 38% lower than the placebo control group.9 Furthermore, a study that analyzed hydralazine and isosorbide dintirate treatment specifically in black patients found a 43% reduction in relative mortality risk and a 33% reduction in first HFrEF hospitalization compared with placebo.
DIGOXIN:-
                 Digoxin has been shown to decrease the rate of HFrEF-related hospitalizations when used in addition to standard of care. Digoxin is a cardiac glycoside that has been used for more than 200 years. It inhibits the sodium–potassium ATPase pump, causing positive inotropy (increasing force and velocity of myocardial contraction) and deactivating neurohormonal effects (decreasing sympathetic and RAAS responses). Despite extensive use of digoxin, its role and utility in chronic HF have been controversial. However, various studies have elucidated the effects of digoxin on morbidity and mortality in HFrEF patients. HFrEF patients on digoxin who were switched to placebo showed a significant worsening of HF compared with those who continued to receive digoxin therapy (relative risk, 5.9; P < 0.001).
IVABRADINE:-
                       Ivabradine is a heart-rate–reducing agent approved in the U.S. in 2015 for use in patients with HFrEF. It is indicated in patients with stable, symptomatic, chronic HF with an EF of 35% or less and a resting heart rate greater than 70 beats per minute (bpm).52, 53 it is an inhibitor of the “funny current” or (f) channel. The (f) channel controls heart rate through modulation of autonomic neurotransmitters, such as epinephrine. Specific blockade of these channels removes the contribution (f) has on pacemaker depolarization and thus slows the heart rate. 54 .   Ivabradine was evaluated in a randomized, placebo-controlled trial to determine whether lowering a patient’s resting heart rate leads to a reduction in cardiovascular death or hospital admission for worsening HF. At baseline, 89% of the patients randomized to the ivabradine group were taking a beta blocker, 79% were taking an ACE inhibitor, 14% were using an ARB, and 22% were taking cardiac glycosides, such as digoxin. The study enrolled patients who had an EF of less than 35% and were in sinus rhythm with a heart rate of 70 bpm or higher. Twenty-four percent of patients in the ivabradine group versus 29% of patients in the placebo group had a primary endpoint event (HR, 0.82; 95% CI, 0.75–0.90; P < 0.0001).55 A subgroup analysis showed that the effects of ivabradine are related to the patient’s heart rate.
 SACUBITRIL/VALSARTAN :-
                                            ARNIs are a new class of medications that may have a growing role in HF treatment. Sacubitril/valsartan is a novel therapy approved in July 2015 to reduce the risk of cardiovascular death and hospitalization for patients with HFrEF (NYHA class II–III). Sacubitril/valsartan consists of the neprilysin inhibitor sacubitril and the ARB valsartan. Neprilysin is a neutral end peptidase that metabolizes endogenous vasoactive peptides, including natriuretic peptides, bradykinin,  and substance P into their inactive metabolites. Inhibition of neprilysin increases the levels of these substances and decreases vasoconstriction, sodium retention, abnormal growth, and remodeling.5 However, angiotensin II is also a substrate of neprilysin. Thus, the addition of an ARB to the neprilysin inhibitor is necessary to prevent activation of the RAAS.
