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Lecture 1: Pharmacology
Pharmacology is a science concerned with the drugs with regard to their mechanism of affecting the body (pharmacodynamics) and their handling by the body (pharmacokinetics).

The most common mechanism through which the drugs affect the body is the binding of the drug to a receptor. Receptors are large molecules (constructed from proteins) located usually on the membrane of the cells, whose activation leads to biological effects. There are many types of receptors, and each type usually includes more than one sub-type.
In normal physiological situation, the receptors are activated by the so called endogenous activators. Endogenous activator is a natural chemical synthesized by the body and is able to activate only one type of receptors (including all its sub-types) and is not able to activate the other types of receptors in the body. 
Drugs are more selective than the endogenous activators in their binding to receptors i.e. while the endogenous activator can bind to all of the sub-types of a certain type of receptors, the drug can bind only to one sub-type and cannot bind to the other sub-types of a certain type of receptors.   
The drug that binds to the receptor and activates it (mimicking the action of the endogenous activator of the receptor) is called an agonist drug.  The drug that binds to the receptor but does not activate it (preventing its activation by its endogenous activator) is called an antagonist drug. 

The disease that is caused by insufficient activation of a certain receptor by its endogenous activator can be treated by prescribing the patient an agonist drug at that receptor. 
On the other hand, the disease that is caused by over-activation of a certain receptor by its endogenous activator can be treated by prescribing the patient an antagonist drug at that receptor. 
Some drugs do not affect the body through binding to receptors, but rather they affect the body through inhibiting certain enzymes. Enzymes are proteins that synthesize or degrade chemicals in the body. Some diseases can be treated by inhibiting certain enzymes by drugs.
Lecture 2

Treatment of pain with non-steroidal anti-inflammatory drugs (NSAIDs)  

Pain (called algesia) is a physiological process important for survival. However, in many cases, pain is unbeneficial and very unpleasant e.g. in burns, and in such cases, pain should be treated. 
The first step in the feeling of pain is an injury in one of the body tissues. Then the cells in the injured tissue synthesize and release a large group of chemicals called noxious stimuli that includes more than one sub-group (e.g. prostaglandins are one of the important sub-groups of the noxious stimuli and they (the prostaglandins) are synthesized in the damaged tissue by an enzyme called cyclooxygenase). Then the noxious stimuli stimulate neurons called primary afferent fibers, which in turn transmit a signal from the damaged tissue to the spinal cord. Then other neurons called relay neurons transmit the signal from the spinal cord to the brain. When the signal reaches the brain, we feel pain.  Therefore, we can reduce pain through preventing the injured tissue from synthesizing or releasing the noxious stimuli e.g. prostaglandins.  

Non-steroidal anti-inflammatory drugs (NSAIDs) e.g. aspirin, paracetamol, and ibuprofen, are a group of drugs that can reduce pain (i.e. have analgesic activity). They can reduce pain through inhibiting the enzyme cyclooxygenase (see above). 
NSAIDs are used to treat mild to moderate pain (but not severe pain) in some pathological conditions e.g. burns, dental pain, etc. 
In addition to having analgesic activity, NSAIDs also have anti-pyretic activity i.e. have the ability to reduce fever.

In addition to their analgesic and anti-pyretic activities, NSAIDs (except paracetamol) also have anti-inflammatory activity i.e. have the ability to reduce inflammation. Therefore, NSAIDs (except paracetamol) can be used to treat inflammation in some pathological conditions e.g. arthritis.   

A dangerous side effect of NSAIDs (except paracetamol) is that they can cause gastric ulcer, especially in the elderly. Paracetamol does not cause gastric ulcer, and this is considered an advantage of paracetamol.  

 The overdose of paracetamol can cause fatal liver damage, and this is considered a disadvantage of paracetamol. The overdose of NSAIDs (except paracetamol) does not cause fatal liver damage.

Lecture 3

Treatment of pain with opioid drugs

Opioid drugs are used medically to treat severe pain. Examples on opioid drugs include: morphine, heroin, methadone, and fentanyl.

The opioid drugs can reduce pain through activating (not blocking) a type of receptors called opioid receptors, mimicking the action of the endogenous activator of these receptors; this endogenous activator is called endogenous opioid. The opioid receptors are located on the membrane of the relay neurons (see lecture 2 for information about the relay neurons). The activation (not blocking) of the opioid receptors by the opioid drugs inhibits the relay neurons, and therefore these neurons will not be able to transmit the pain signal from the spinal cord to the brain, and therefore there will not be a feeling of pain.  
Giving the opioid drug to the patient for long periods (e.g. weeks) can cause a decrease in the effectiveness of the drug, and this phenomenon is called tolerance.  In this case, the doctor should increase the dose of the opioid drug in order to restore the drug effectiveness. 

Opioid drugs can cause dangerous side effects e.g. addiction and respiratory failure. They can cause respiratory failure because they can inhibit the respiratory center in the brain.
In the case of toxicity with opioid drug, the patient can be treated with an antagonist drug at the opioid receptors e.g. a drug called naloxone.
Lecture 4

Noradrenergic drugs

Noradrenergic drugs are drugs that affect (i.e. increase or decrease) the effect of the noradrenergic (sympathetic) nervous system. 

The function of the noradrenergic nervous system is the participation (with another nervous system called the cholinergic (parasympathetic) nervous system) in the regulation of involuntary body functions e.g. heart muscle contraction. The two systems are parts of a nervous system called the autonomic nervous system.   
In each tissue targeted by the autonomic nervous system, the effect of the noradrenergic system is always opposite to the effect of the cholinergic system. For example, the noradrenergic system increases heart muscle contraction whereas the cholinergic system decreases heart muscle contraction, and the noradrenergic system decreases bronchial muscle contraction in the lungs whereas the cholinergic system increases the bronchial muscle contraction, and so on.   


[image: image1]
The noradrenergic system affects a certain tissue through sending an electrical impulse through the noradrenergic neuron that targets that tissue (step 1). When the electrical impulse reaches the neuronal terminal, the terminal releases a neurotransmitter called noradrenaline (also called norepinephrine) (step 2). Then, noradrenaline activates a type of receptors called the noradrenergic receptors located on the membrane of the cells of the targeted tissue e.g. the tissue of the heart muscle (step 3), so noradrenaline is considered an endogenous activator. This activation of the receptors produces a physiological effect e.g. an increase in heart muscle contraction (step 4). 

The noradrenergic drugs affect the noradrenergic system through working as either agonists or antagonists at the noradrenergic receptors. There are four sub-types of the noradrenergic receptors: alpha-1, alpha-2, beta-1, and beta-2 receptors.   
Each tissue targeted by the noradrenergic system contains only one sub-type of noradrenergic receptors, but it is possible that more than one tissue contain the same sub-type. For example, the blood vessels muscle contains only alpha-1, the iris muscle in the eye contains only alpha-1 also, the bronchial muscle in the lungs contains only beta-2, and the heart muscle contains only beta-1.
Lecture 5

Noradrenergic drugs (continued)

Drugs used to treat hypertension through affecting the noradrenergic system:

The noradrenergic system in normal physiological situations works continuously to induce blood vessels muscle contraction. This keeps the muscles contracted at a degree that prevents the blood pressure from falling below the normal range. 

Hypertension is caused by an above normal blood vessels muscle contraction. The cause of this can be an above normal effect of noradrenergic system.

Decreasing the effect of the noradrenergic system can treat hypertension. This can be done through using an antagonist drug at the alpha-1 receptors (the noradrenergic receptors sub-type found in the blood vessels muscle) e.g. a drug called prazosin.  

Because alpha-1 receptors are found in other places in the body e.g. in the eye, prazosin can cause side effects through blocking alpha-1 receptors in these places e.g. it can cause vision disturbance.  

Drugs used to widen the eye pupil through affecting the noradrenergic system:

The noradrenergic system in normal physiological situations works continuously to induce contraction to the iris radial muscle, and this causes a widening (not a narrowing) of the pupil. This keeps the radial muscle contracted at a degree that prevents the pupil from narrowing too much.
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In the medical examination of the eye by using the microscope, the doctor wants to largely widen the pupil in order to see clearly inside the eye. This can be done through increasing the effect of the noradrenergic system through using an agonist drug at the alpha-1 receptors (the noradrenergic receptors sub-type found in the radial muscle) e.g. a drug called phenylephrine.
Phenylephrine should be given locally (not systemically) as eye drops in the medical examination of the eye. This is because if it is given systemically (e.g. by oral administration), it will circulate in the blood and will activate alpha-1 receptors in other places in the body, causing side effects. For example, it will activate the alpha-1 receptors in the blood vessels and this will cause hypertension as a side effect.
Lecture 6

Noradrenergic drugs (continued)

 Drugs used to treat angina through affecting the noradrenergic system:

The noradrenergic system in normal physiological situations works continuously to stimulate the heart tissues. This keeps the heart activities (i.e. heart rate and contraction) at levels high enough to pump sufficient blood from the heart.
In angina, there is a shortage in the blood supply to the heart tissues due to a partial occlusion in the coronary arteries, and despite this, the heart keeps trying to do its activities (i.e. heart rate and contraction) at normal levels.  This exhausts the heart and damages its tissues, making the patient feels severe pain. (Imagine a person walks 10 km daily, and he decided to walk the same distance in a day in which he was fasting). 
One of the ways to treat angina is through decreasing the heart activities to low levels (temporarily) until the blood supply is restored. This can be done through decreasing the effect of the noradrenergic system by using an antagonist drug at the beta-1 receptors (the noradrenergic receptors sub-type found in the heart) e.g. a drug called atenolol.
Because beta-1 receptors are found in other places in the body e.g. in the brain, atenolol can cause side effects through blocking beta-1 receptors in those places e.g. it can cause insomnia. 
Drugs used to treat asthma through affecting the noradrenergic system:

The noradrenergic system in normal physiological situations works continuously to inhibit the bronchial muscle. This keeps the muscle contraction weak enough to prevent the bronchi from narrowing too much. 
Asthma is caused by an above normal bronchial muscle contraction. The cause of this can be a below normal effect of the noradrenergic system.
Increasing the effect of the noradrenergic system can treat asthma. This can be done through using an agonist drug at the beta-2 receptors (the noradrenergic receptors sub-type found in the bronchial muscle) e.g. a drug called salbutamol. 
 Salbutamol should be given locally (not systemically) as inhaler in the treatment of asthma. This is because if it is given systemically (e.g. by oral administration), it will circulate in the blood and will activate beta-2 receptors in other places in the body, causing side effects. For example, it will activate beta-2 receptors in the skeletal muscles and this will cause tremors as a side effect.
Lecture 7
Cholinergic drugs

Cholinergic drugs are drugs that affect (i.e. increase or decrease) the effect of the cholinergic (parasympathetic) nervous system. 
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The cholinergic system affects a certain tissue through sending an electrical impulse through the cholinergic neuron that targets that tissue (step 1). When the electrical impulse reaches the neuronal terminal, the terminal releases a neurotransmitter called acetylcholine (step 2). Then, acetylcholine activates a sub-type of receptors called muscarinic receptors located on the membrane of the cells of the targeted tissue e.g. the heart muscle (step 3), so acetylcholine is considered an endogenous activator (muscarinic receptors are a sub-type of a type of receptors called cholinergic receptors). This activation of the muscarinic receptors produces a physiological effect e.g. a decrease in heart muscle contraction (step 4). 

The cholinergic drugs affect the cholinergic system usually through working as either agonists or antagonists at the muscarinic receptors.

Lecture 8

Cholinergic drugs (continued)

Drugs used to treat glaucoma through affecting the cholinergic system:

The ciliary muscle in the eye is adjacent to what is called the canal of Schlemm, through which the aqueous humour exits the eye. The contraction of the ciliary muscle pulls the canal of Schlemm and makes it wider, and this facilitates the exit of the aqueous humour through the canal.
The cholinergic system in normal physiological situations works continuously to stimulate the ciliary muscle. This keeps the muscle contraction strong enough to prevent the canal of Schlemm from narrowing too much.
In glaucoma, there is an above normal increase in the intraocular pressure. The cause of this is a difficulty in the exit of the aqueous humour from the eye, due to a partial occlusion in the canal of Schlemm. Therefore, glaucoma can be treated by facilitating the exit of the aqueous humour from the canal of Schlemm through increasing the effect of the cholinergic system on the ciliary muscle. This can be done through using an agonist drug at the muscarinic receptors e.g. a drug called pilocarpine.
The muscarinic receptors are found in another tissue in the eye (the iris). Therefore, pilocarpine can cause a side effect (vision disturbance) through activating the muscarinic receptors in the iris.
Pilocarpine should be given locally (not systemically) as eye drops in the treatment of glaucoma. This is because if it is given locally in the eye, it will cause only vision disturbance as a side effect, but if it is given systemically (e.g. by oral administration), it will cause vision disturbance and will also cause other side effects through activating the muscarinic receptors in other places in the body e.g. bradycardia in the heart. 
Drugs used to treat asthma through affecting the cholinergic system:

The cholinergic system in normal physiological situations works continuously to stimulate the bronchial muscle. This keeps the muscle contraction strong enough to prevent the bronchi from widening too much.
Asthma is caused by an above normal increase in the bronchial muscle contraction. The cause of this can be an above normal increase in the effect of the cholinergic system.

Decreasing the effect of the cholinergic system can treat asthma. This can be done through using an antagonist drug at the muscarinic receptors e.g. a drug called ipratropium. 
 Ipratropium should be given locally (not systemically) as inhaler in the treatment of asthma. 

Lecture 9
Drugs used to relax skeletal muscles

The process of skeletal muscle contraction includes the activation of the cell body of an alpha motor neuron in the spinal cord (step 1 in the diagram). Then an electrical impulse moves through the axon of the alpha motor neuron (step 2). When the electrical impulse reaches the neuronal terminal, the terminal releases acetylcholine (step 3). Then acetylcholine activates a subtype of receptors called muscular nicotinic receptors located on the membrane of the skeletal muscle (step 4) (the muscular nicotinic receptors are a sub-type of the cholinergic receptors). This activation of the receptors leads to skeletal muscle contraction (step 5). 

Drugs used to relax the skeletal muscles of the body during surgical procedures:

During surgical procedures, the surgeon wants to relax the skeletal muscles in the body in order to perform the procedure comfortably. A drug called vecuronium is one of the drugs used for this purpose. This drug is an antagonist at the muscular nicotinic receptors (it inhibits step 4 in the diagram).

Vecuronium is given systemically (by intravenous administration) in order to reach to the skeletal muscles in the whole body. 

Vecuronium has the advantage of having short duration of action. This means that the skeletal muscle contraction will come back to normal shortly after the end of the surgery. 

Lecture 10

Drugs used to relax skeletal muscles (continued)
Drugs used to treat skeletal muscle spasm caused by stroke or spinal cord injury:
Many types of strokes or spinal cord injuries are followed by chronic over-activation of the cell bodies of the alpha motor neurons in the spinal cord, which leads to chronic skeletal muscle spasm in many parts of the body. The mechanisms of the chronic over-activation of the cell bodies of the alpha motor neurons in these diseases are complex, and therefore, they will not be discussed here.  
To treat skeletal muscle spasm in these diseases, many drugs can be used e.g. baclofen, clonazepam, and tizanidine. These drugs work by preventing the over-activation of the cell bodies of the alpha motor neurons in the spinal cord (they inhibit step 1 in the diagram). 
Drugs used to treat hemi-facial spasm:

Hemi-facial spasm is involuntary chronic contractions of skeletal muscles in one side of the face. To treat this disease, we can use a drug that relaxes the skeletal muscles in the face. A drug called botulinum toxin type A can be used for this purpose. This drug works by preventing the neuronal terminal from releasing acetylcholine (it inhibits step 3 in the diagram).

Botulinum toxin type A is given locally as an intramuscular injection in the face.

Botulinum toxin type A has the advantage of having long duration of action i.e. its action stays for long time (weeks to months) after a single injection. This means that giving the injection once (or few times) will be enough to treat the disease without the need to give the injection to the patient many times in the face. 
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