Pharmacodynamics of Drugs: Toxicity and
Interactions

Understanding the Mechanisms of Action and Adverse Effects



Introduction to Pharmacodynamics

Definition: Study of how drugs affect the body, focusing on
mechanisms and biological responses.

Key Elements:

*Drug-receptor interaction

*Dose-response relationship

*Therapeutic window
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Agonists

* Definition: Agonists are drugs or molecules that bind to a
receptor and activate it, producing a biological response. They
mimic the action of endogenous ligands (naturally occurring
substances in the body, such as hormones or neurotransmitters).

* Example:
* Morphine acts as an agonist at opioid receptors to provide pain relief.

* Mechanism: Full agonists produce the maximum possible
response at a receptor.



Antagonists

Definition: Antagonists are drugs or molecules that bind to a
receptor but do not activate it. Instead, they block the receptor,
preventing other substances (like agonists) from binding and
eliciting a response.

Example:

*Naloxone Is an antagonist at opioid receptors and is used to
reverse opioid overdose.

Mechanism: Antagonists can be classified into:

Competitive antagonists: Compete with agonists for the same
binding site on the receptor.

‘Non-competitive antagonists: Bind to a different site on the
receptor, preventing activation regardless of agonist concentration.



Partial Agonists

* Definition: Partial agonists are drugs or molecules that bind to a
receptor and activate it but produce a weaker (sub-maximal)
response compared to a full agonist, even at full receptor
occupancy.

* Example:

* Buprenorphine is a partial agonist at opioid receptors, providing pain relief
with a lower risk of respiratory depression compared to full agonists.

* Mechanism: Partial agonists can act as:

* Agonists in the absence of a full agonist.

* Antagonists in the presence of a full agonist, by competing for the receptor
and reducing the maximal response.



Type Effect on Receptor Biological Response Example
Agonist Activates receptor Full response Morphine
Antagonist Blocks receptor No response (prevents endogenous ligand) Naloxone

Partial Agonist Partially activates Sub-maximal response Buprenorphine



Toxicity of Drugs

Definition: Adverse effects resulting from excessive drug
levels or sensitivity.

Types:

*Acute toxicity

*Chronic toxicity

*Organ-specific toxicity (e.g., hepatotoxicity, nephrotoxicity)
Examples: Overdose of paracetamol leading to liver
damage



Drug Interactions

Definition: When the effects of one drug alter another.
Types:

Pharmacodynamic interactions (synergism, antagonism)
Pharmacokinetic interactions (absorption, metabolism,
elimination)

Examples: Warfarin and aspirin leading to increased
bleeding risk.




Clinical Examples of Drug Interactions

* Case studies:Grapefruit juice inhibiting drug metabolism.

* Combining CNS depressants (e.g., alcohol + benzodiazepines)
causing respiratory depression.



Factors Influencing Toxicity and Interactions

*Patient-specific factors:
*Age, genetics, comorbidities
Drug-specific factors:
*Narrow therapeutic index
*Polypharmacy



Preventing Toxicity and Managing Interactions

*Monitor therapeutic drug levels.

*Avoid unnecessary polypharmacy.

*Use drug interaction databases and tools.
Patient education on proper drug use.




Conclusion

* In summary:

* Pharmacodynamics as the foundation for understanding drug action and
toxicity.

* Importance of awareness and management of drug interactions.

* Future directions in personalized medicine.



Pharmacodynamics
Drug toxicity



* 1. Hepatotoxicity (Liver Toxicity)

* Drugs: Paracetamol (Acetaminophen)

* Mechanism: Overdose leads to the depletion of glutathione and
accumulation of toxic metabolites, causing liver cell death.

* Clinical Example: Acute liver failure in paracetamol overdose.

* Drugs: Amiodarone
* Mechanism: Direct mitochondrial damage and oxidative stress.
* Clinical Example: Chronic liver disease with long-term use.



* 2. Nephrotoxicity (Kidney Toxicity)

* Drugs: Aminoglycosides (e.g., Gentamicin)
* Mechanism: Accumulation in renal tubules causes oxidative damage
and necrosis.

* Clinical Example: Acute tubular necrosis.

* Drugs: Nonsteroidal Anti-Inflammatory Drugs (NSAIDSs)

* Mechanism: Inhibition of prostaglandin synthesis reduces renal
perfusion.

* Clinical Example: Acute kidney injury, especially in dehydrated patients.



* 3. Cardiotoxicity

* Drugs: Doxorubicin (Anthracycline class)

* Mechanism: Oxidative stress and damage to cardiac myocytes.
* Clinical Example: Dilated cardiomyopathy.

* Drugs: QT-prolonging drugs (e.g., Amiodarone, Sotalol)
* Mechanism: Disruption of cardiac ion channels, leading to arrhythmias.
 Clinical Example: Torsades de Pointes.



* 4. Neurotoxicity
* Drugs: Opioids (e.g., Morphine, Fentanyl)

* Mechanism: Excessive CNS depression via activation of opioid
receptors.

* Clinical Example: Respiratory depression in overdose.

* Drugs: Cisplatin
* Mechanism: Damages peripheral nerves by inducing oxidative stress and
mitochondrial dysfunction.

* Clinical Example: Peripheral neuropathy.



* 5. Hematotoxicity

* Drugs: Chloramphenicol

* Mechanism: Suppression of bone marrow activity.
* Clinical Example: Aplastic anemia.

* Drugs: Chemotherapeutic agents (e.g., Methotrexate)

* Mechanism: Cytotoxic effects on rapidly dividing cells, including bone
marrow.

* Clinical Example: Pancytopenia.



* 6. Pulmonary Toxicity

* Drugs: Amiodarone

* Mechanism: Accumulationin lung tissue causes oxidative damage and
fibrosis.

* Clinical Example: Pulmonary fibrosis.

* Drugs: Methotrexate
* Mechanism: Inflammatory damage to alveoli.
* Clinical Example: Hypersensitivity pneumonitis.



* 7. Gastrointestinal Toxicity

* Drugs: NSAIDs (e.g., Ibuprofen, Aspirin)
* Mechanism: Inhibition of prostaglandins disrupts mucosal protection.
* Clinical Example: Peptic ulcers and gastrointestinal bleeding.

* Drugs: Chemotherapy agents (e.g., 5-Fluorouracil)

* Mechanism: Damage to rapidly dividing cells in the Gl lining.
 Clinical Example: Severe mucositis.



* 8. Teratogenicity
* Drugs: Thalidomide

* Mechanism: Disruption of embryonic development pathways.
* Clinical Example: Limb malformations in newborns.

* Drugs: Isotretinoin

* Mechanism: Interferes with cellular differentiation and proliferation.
* Clinical Example: Severe birth defects (e.g., craniofacial abnormalities).



* 9. Ototoxicity

* Drugs: Aminoglycosides (e.g., Gentamicin)
* Mechanism: Accumulation in cochlear hair cells leading to apoptosis.
* Clinical Example: Hearing loss and tinnitus.

* Drugs: Cisplatin
* Mechanism: Damage to auditory cells through oxidative stress.
* Clinical Example: Sensorineural hearing loss.



Pharmacodynamics

Drug interactions



e 1. Additive Effects

* Definition: When two drugs with similar actions combine to
produce a greater effect (1 + 1 =2).

* Example:
* Drugs: Aspirin + Warfarin
* Mechanism: Both inhibit clot formation (aspirin via platelet inhibition,
warfarin via vitamin K antagonism).

* Clinical Outcome: Increased risk of bleeding



* 2. Synergistic Effects

* Definition: When two drugs enhance each other's effects (1 + 1>
2).

* Example:

* Drugs: Alcohol + Benzodiazepines (e.g., Diazepam)

* Mechanism: Both act on GABA receptors in the CNS, enhancing sedative
effects.

e Clinical Outcome: Profound sedation and risk of respiratory depression.



* 3. Antagonistic Effects

* Definition: When one drug reduces or inhibits the effect of
another (1 +1<1).

* Example:

* Drugs: Naloxone + Morphine

* Mechanism: Naloxone is an opioid receptor antagonist and blocks
morphine’s analgesic and respiratory effects.

* Clinical Outcome: Reversal of opioid overdose.



e 4. Potentiation

* Definition: When one drug enhances the effect of another without
having an effect itself.

* Example:

* Drugs: Probenecid + Penicillin

* Mechanism: Probenecid inhibits renal tubular excretion of penicillin,
increasing its serum levels.

* Clinical Outcome: Prolonged antibiotic effect.



* 5. Altered Drug Target Response

* Example:
* Drugs: Beta-Blockers (e.g., Metoprolol) + Beta-Agonists (e.g., Albuterol)

* Mechanism: Beta-blockers antagonize the bronchodilatory effect of
beta-agonists by blocking beta-2 receptors.

* Clinical Outcome: Reduced efficacy of albuterol in treating asthma.



* 6. Toxicity Due to Interaction

* Example:
* Drugs: Digoxin + Loop Diuretics (e.g., Furosemide)

* Mechanism: Diuretics cause hypokalemia, increasing digoxin binding to
Na+/K+ ATPase, enhancing its effects.

* Clinical Outcome: Increased risk of digoxin toxicity, including
arrhythmias.



7. Enhanced CNS Depression

* Example:
* Drugs: Opioids (e.g., Morphine) + Antihistamines (e.g., Diphenhydramine)
* Mechanism: Both depress the central nervous system.

 Clinical Outcome: Increased drowsiness, impaired coordination, and
respiratory depression.



* 8. Hyperkalemia Risk

* Example:
* Drugs: ACE Inhibitors (e.g., Enalapril) + Potassium-Sparing Diuretics
(e.g., Spironolactone)
* Mechanism: Both increase serum potassium levels.

* Clinical Outcome: Severe hyperkalemia, leading to arrhythmias.



* 9. Hypoglycemia Risk

* Example:
* Drugs: Insulin + Sulfonylureas (e.g., Glipizide)
* Mechanism: Both lower blood glucose through different mechanisms.

* Clinical Outcome: Profound hypoglycemia, leading to confusion or
seizures.



* Summary of Clinical Implications:

* Importance of Awareness: Drug interactions can enhance
therapeutic effects or increase risks of adverse effects.

* Strategies for Management:
* Avoid combining drugs with high interaction risks.
* Adjustdoses when interactions are unavoidable.
* Monitor patients closely for signs of adverse effects.



Thank you
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