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 Q No.1 Explain the detailed neurotransmission process?

Answer;  Neurotransmission Process
Neurotransmission is the process by which signaling molecules called neurotransmitters are released by the axon terminal of a neuron (the presynaptic neuron), and bind to and react with the receptors on the dendrites of another neuron (the postsynaptic neuron) 

A similar process occurs in retrograde neurotransmission, where the dendrites of the postsynaptic neuron release retrograde neurotransmitters. (e.g., endocannabinoids)

Neurotransmitter release from the presynaptic terminal consists of a series of intricate steps:

 1) Depolarization of the terminal membrane, 

2) Activation of voltage-gated Ca2+ channels, 

3) Ca2+ entry, 

4) A change in the conformation of docking proteins, 

5) Fusion of the vesicle to the plasma membrane, with subsequent release of neurotransmitter into the synaptic cleft. 

Mechanism of neurotransmission

Neurons communicate with their target tissues at synapses into which they release chemical substances called neurotransmitters (ligands). As this communication is mediated with chemical substances, the process is called chemical neurotransmission and happens within chemical synapses.
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Types of neurons and synapse structure
Each synapse consists of the:
Presynaptic membrane – membrane of the terminal bouton (axon ending) of the presynaptic nerve fiber 

Postsynaptic membrane – membrane of the target cell 

Synaptic cleft – a gap between the presynaptic and postsynaptic membranes.

Neurotransmitters transmit signals across a synapse at various locations, such as:
· From one neuron to another target neuron

· At the neuromuscular junction (NMJ), that is from a neuron to a target muscle cell

· From a neuron to a target gland.
Inside the terminal bouton of the presynaptic nerve fiber, numerous vesicles that contain neurotransmitters are produced and stored. 

When the presynaptic membrane is depolarized by an action potential, calcium voltage-gated channels open. This leads to an influx of calcium ions into the terminal bouton, which changes the state of certain membrane proteins in the presynaptic membrane, and results in exocytosis of neurotransmitters from the terminal bouton into the synaptic cleft.

After crossing the synaptic cleft, neurotransmitters bind to their receptors on the postsynaptic membrane. Once the neurotransmitter binds to its receptor, the ligand-gated channels of the postsynaptic membrane either open or close.

If a neurotransmitter stimulates the target cell to an action, then it is an excitatory neurotransmitter acting in an excitatory synapse.

On the other hand, if it inhibits the target cell, it is an inhibitory neurotransmitter acting in an inhibitory synapse. 

So, the type of the synapse and the response of the target tissue depends on the type of neurotransmitter. Neurotransmitters cause depolarization of the postsynaptic cells and generate an action potential; for example acetylcholine stimulates muscle contraction. 

Inhibitory synapses cause hyperpolarization of the target cells leading them farther from the action potential threshold, thus inhibiting their action; for example GABA inhibits involuntary movements.

QNo. 2  What does direct and indirect cholinergic agent means? Explain therapeutic application and adverse effects of cholinergic agents in detail.
Answer;     Direct and Indirect cholinergic agent
Drugs can be divided into direct-acting agonists that directly bind cholinergic receptors, or indirect-acting agonists that inhibit destruction of acetylcholine at cholinergic synapses (i.e. anticholinesterases).

Direct Cholinergic Agonists

These drugs directly bind and activate nicotinic and muscarinic receptors with variable amounts of selectivity.

Indirect Cholinergic Agonists: The Anticholinesterases

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.
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Therapeutic application and Adverse effects 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.
Q No. 3. (a) Explain the effects and adverse effects of organic nitrates in angina pectoris.

Answer; 

Effects and Adverse effects of organic nitrates in angina pectoris.
Nitric oxide (NO), a molecule produced by many cells in the body, and has several important actions.

 In the cardiovascular system, NO is primarily produced by vascular endothelial cells. This endothelial-derived NO has several important functions including;

· Relaxing vascular smooth muscle (vasodilation),

· Inhibiting platelet aggregation (anti-thrombotic),

· Inhibiting leukocyte-endothelial interactions (anti-inflammatory).
These actions involve NO-stimulated formation of cGMP. Nitrodilators are drugs that mimic the actions of endogenous NO by releasing NO or forming NO within tissues. These drugs act directly on the vascular smooth muscle to cause relaxation and therefore serve as endothelial-independent vasodilators.
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There are two basic types of nitrodilators: 

· Those that release NO spontaneously (e.g., sodium nitroprusside) 

· And organic nitrates that require an enzymatic process to form NO.
Nitric oxide activates smooth muscle soluble guanylyl cyclase (GC) to form cGMP. Increased intracellular cGMP inhibits calcium entry into the cell, thereby decreasing intracellular calcium concentrations and causing smooth muscle relaxation

NO also activates K+ channels, which leads to hyperpolarization and relaxation. Finally, NO acting through cGMP can stimulate a cGMP-dependent protein kinase that activates myosin light chain phosphatase, the enzyme that dephosphorylates myosin light chains, which leads to relaxation.

Primary Cardiovascular Actions of Nitrodilators

Systemic vasculature

· vasodilation

·     (venous dilation > arterial dilation)

· decreased venous pressure

· decreased arterial pressure (small effect)

Cardiac

· reduced preload and afterload

·     (decreased wall stress)

· decreased oxygen demand

Coronary

· prevents/reverses vasospasm

· vasodilation (primarily epicardial vessels)

· improves subendocardial perfusion

· increased oxygen delivery.
Although organic nitrates can dilate both arteries and veins, 

Venous dilation predominates when these drugs are given at normal therapeutic doses. Venous dilation reduces venous pressure and decreases ventricular preload. This reduces ventricular wall stress and oxygen demand by the heart, thereby enhancing the oxygen supply/demand ratio. A reduction in preload (reduced diastolic wall stress) also helps to improve subendocardial blood flow, which is often compromised in coronary artery disease. Mild coronary dilation or reversal of coronary vasospasm will further enhance the oxygen supply/demand ratio and diminish the anginal pain.

Specific Drugs

Several different nitrodilators are available for clinical use;

· isosorbide dinitrate

· isosorbide mononitrate

· nitroglycerin

· erythrityl tetranitrate

· pentaerythritol tetranitrate

· sodium nitroprusside

Side Effects;

The most common side effects of nitrodilators are; headache (caused by cerebral vasodilation) and cutaneous flushing.  Other side effects include postural hypotension and reflex tachycardia. Excessive hypotension and tachycardia can worsen the angina by increasing oxygen demand.

QNo.3 (b)Write down the treatment algorithm for improving symptoms of stable angina.
Answer; 

Stable angina is when a person has brief episodes of pain, squeezing, pressure, or tightness in the chest. It is often a symptom of coronary heart disease.

A person with stable angina usually has something blocking their arteries or making it difficult for fresh blood to flow through them and into the heart.

A person can treat an episode of stable angina by resting or taking medication if necessary. 
Treatment may include:

· Medication; Nitroglycerin is a standard medicine for relieving the pain from stable angina. It relaxes coronary arteries, which reduces the workload of the heart.

· A doctor may also prescribe medications to treat underlying conditions, such as high blood pressure or high cholesterol, to reduce the risk of an episode.
· If doctors believe blood clots are an underlying risk, they may recommend blood thinners to help prevent blockages in the arteries.

Lifestyle factors; 

Doctors will usually recommend that a person makes healthful lifestyle choices, such as eating a varied diet rich in whole grains, fruits, and vegetables.
They may also tell the person to look into stress-reducing techniques, such as yoga, meditation, or breathing exercises.
Light exercises or physical therapy can also help reduce symptoms and slowly increase the physical activity a person can handle over time.
Health-creating lifestyle choices may also reduce the risk of high cholesterol and high blood pressure.

Surgery

An angioplasty is a common surgical procedure used to treat stable angina.

 Q No. 4 (a) Differentiate between primary and secondary hypertension?

Answer;
Differentiate between primary and secondary hypertension;

Hypertension is divided into two forms:
1. Primary (or essential) hypertension (95% of people)

2. Secondary hypertension

1. 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 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.
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2.  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.

Q No. 4 (b) Explain the effect of renin on hypertension 
Answer; Effect of renin on hypertension 
Renin is an enzyme secreted into the blood from specialized cells that encircle the arterioles at the entrance to the glomeruli of the kidneys.

The renin-secreting cells, which compose the juxtaglomerular apparatus, are sensitive to changes in blood flow and blood pressure.

 primary stimulus for increased renin secretion is decreased blood flow to the kidneys, which may be caused by loss of sodium and water (as a result of diarrhea, persistent vomiting, or excessive perspiration) or by narrowing of a renal artery

 Renin acts on angiotensinogen and converts it into angiotensin 1. Angiotensin 1 is then converted to 2 by ACE enzyme present in the lungs. Angiotensin 2 causes increase in blood pressure by vasoconstriction and promoting sodium absorption at kidney thus increasing volume of blood ultimately causing hypertension.

[image: image5.jpg]Renin-angiotensin system

Brop i bood prossr
Drop in flu volume L
angiotensinogen
‘i ko from by Angotensi l aiso acts

aiucty on blood vossols,
stimulatng vasoconsiniction

r—— ] &
Pt pripeyecy

ol it

[E—— - A e

o

‘Angotensi s on the

adonal gand to simulate roleaso of Adosterons acts on thekidnays

aldosterone. o stimulat reabsorption of
alt (NaCh and water (4,01

6 e SR e




Q No. 4 (c) What is the importance of pharmacological treatment of hypertension?
Answer;

Importance of Pharmacological Treatment of Hypertension;

· The pharmacological treatment of Hypertension is important because Hypertension, or high blood pressure, is dangerous because it can lead to strokes, heart attacks, heart failure, or kidney disease. 
· The goal of hypertension treatment is to lower high blood pressure and protect important organs, like the brain, heart, and kidneys from damage. Treatment for hypertension has been associated with reductions in stroke (reduced an average of 35%-40%), heart attack (20%-25%), and heart failure (more than 50%), according to research.
Drugs to Treat High Blood Pressure

There are several types of drugs used to treat high blood pressure, including:
· Angiotensin-converting enzyme (ACE) inhibitors

· Angiotensin II receptor blockers (ARBs)

· Diuretics

· Beta-blockers

· Calcium channel blockers

· Alpha-blockers

· Alpha-agonists

· Renin inhibitors

· Combination medications

Diuretics are often recommended as the first line of therapy for most people who have high blood pressure.

Question No. 5 (a) Differentiate between right heart failure and left heart failure?

Answer

Differentiate between right heart failure and left heart failure 

 Left-sided heart failure: There are two types of left-sided heart failure,

·  systolic failure

· diastolic failure.

1. Systolic heart failure occurs when the contraction of the muscle wall of the left ventricle malfunctions, which compromises its pumping action.

 This causes a decrease in the ejection fraction below the normal range, and over time, enlargement of the ventricle.

2. Diastolic heart failure occurs when the left ventricle muscle wall is unable to relax normally, because the muscle has become stiff. 

When this happens, the heart does not fill properly, although the ejection fraction usually remains within the normal range, the stroke volume is reduced. 

· Left-sided heart failure reduces cardiac output to the body’s organs and tissues; however, the first symptoms are often caused by fluid buildup and impaired gas exchange in the lungs.

Typical signs and symptoms include; 

· shortness of breath,

·  rapid breathing,

·  orthopnea (shortness of breath when lying flat,

·  paroxysmal nocturnal dyspnea (attacks of severe shortness of breath and coughing that generally occur at night), 

·  noises that can be heard coming from the lungs.

Right-sided heart failure: 
· This usually occurs as a result of left-sided heart failure. When the left side of your heart fails, the pressure increases in the right side. Over time, this damages and weakens the right side of your heart, which then also loses pumping power. 

· This causes blood to back up in circulatory system supplying the rest of your body causing fluid retention (edema) in your limbs (particularly your legs, ankles, and feet) within your abdomen, and around your liver.
· Right side heart failure occurs in about one in 20 cases of heart failure, often following left-sided heart failure. 
· Many of the symptoms are related to fluid retention in various organs and tissues
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Q No. 5 (b)Summarize the pharmacotherapy of heart failure?

Answer; 

Pharmacotherapy of heart failure;

Heart failure is a condition in which the heart is unable to perform its normal function. It is progressive disorder caused by many reason which ultimately leads to failure of heart. Heart failure may be Right sided or left sided. Right sided heart failure is also known as cor pulmonale while left sided is systemic. Symptoms include dyspnea, loss of consciousness, oedema formation etc. Drug use to prevent heart failure includes :-

1)Beta blockers (carvedilol, metoprolol, bisoprilol)

2)ACE inhibitors (lisinopril, captopril)

3)Angiotensin receptor blockers (losartan)

Combination medicines (Entresto, or sacubitril/valsartan)

4)Aldosterone antagonist (spironolactone, eplerenone)

5)Digoxin (Lanoxin)

Prescriptions of dispensed medication and mortality were identified by an individual-level linkage of nationwide registers. Inclusion was irrespective of left ventricular function. Treatment with renin-angiotensin inhibitors (eg, angiotensin-converting enzyme inhibitors and angiotensin-2 receptor blockers), β-blockers, spironolactone, and statins was initiated in 43%, 27%, 19%, and 19% of patients, respectively. 

Patients who did not initiate treatment within 90 days of discharge had a low probability of later treatment initiation. Treatment dosages were in general only 50% of target dosages and were not increased during long-term treatment.

Short breaks in therapy were common, but most patients reinitiated treatment. Five years after initiation of treatment, 79% patients were still on renin-angiotensin inhibitors, 65% on β-blockers, 56% on spironolactone, and 83% on statins.

Notably, multiple drug treatment and increased severity of heart failure was associated with persistence of treatment. Nonpersistence with renin-angiotensin inhibitors, β-blockers, and statins was associated with increased mortality with hazard ratios for death of 1.37 (95% CI, 1.31 to 1.42), 1.25 (95% CI, 1.19 to 1.32), 1.88 (95% CI, 1.67 to 2.12), respectively.

Conclusions
Persistence of treatment was high once medication was started, but treatment dosages were below recommended dosages. Increased severity of heart failure or increased number of concomitant medications did not worsen persistence, but nonpersistence identified a high-risk population of patients who required special attention. 

A focused effort on early treatment initiation, appropriate dosages, and persistence with the regimen is likely to provide long-term benefit.

Treatment with inhibitors of the renin-angiotensin system (RASi; eg, angiotensin-converting enzyme inhibitors and angiotensin-2 receptor blockers), β-blockers, and spironolactone are the cornerstones of modern medical management of heart failure (HF) with reduced left ventricular ejection fraction.

Additionally, many of these patients may benefit from statin treatment. Nevertheless, surveys have demonstrated substantial underuse of these medications, and underuse has been associated with adverse events and impaired prognosis.

 Comprehensive studies of the nature of underuse are necessary to know whether underuse is caused by lack of initiation, underdosing, or early discontinuation. 

Also, multiple drug treatment is perceived to reduce persistence of treatment, but this issue has only been partly explored in HF.

The End
