
 



Pharmacology can be defined as the study of substances that interact with living 

systems through chemical processes, especially by binding to regulatory molecules and 

activating or inhibiting normal body processes 

 The actions of the drug on the body are termed pharmacodynamic processes. 

These properties determine the group in which the drug is classified, and they play the 

major role in deciding whether that group is appropriate therapy for a particular 

symptom or disease. 

The actions of the body on the drug are called pharmacokinetic processes. 

Pharmacokinetic processes govern the absorption, distribution, and elimination of 

drugs and are of great practical importance in the choice and administration of a 

particular drug for a particular patient, eg, a patient with impaired renal function.. 



Pharmacokinetics 

 



Schematic representation of drug absorption, distribution, 

metabolism, and elimination. 



Routes of drugs administration 

The route of administration is determined by properties of the drug and by the 

therapeutic objectives (for example, the need for a rapid onset, the need for long-term 

treatment, or restriction of delivery to a local site). Major routes of drug administration 

include enteral, parenteral, and topical, among others.   

A: Enteral administration (administering a drug by mouth) is the safest and most 

common, convenient, and economical method of drug administration. The drug may be 

swallowed, allowing oral delivery, or it may be placed under the tongue (sublingual), or 

between the gums and cheek (buccal), facilitating direct absorption into the blood 

streem 

 1. Oral: Oral administration provides many advantages. Oral drugs are easily self 

administered, and toxicities and/or overdose of oral drugs may be overcome with 

antidotes, such as activated charcoal. However, the pathways involved in oral drug 

absorption are the most complicated, and the low gastric pH inactivates some drugs. A 

wide range of oral preparations is available including enteric-coated and extended-

release preparations .   



a. Enteric-coated preparations: An enteric coating is a chemical envelope 

that protects the drug from stomach acid, delivering it instead to the less acidic 

intestine, where the coating dissolves and releases the drug. Enteric coating is 

useful for certain drugs {for example, omeprazole) that are acid labile, and for 

drugs that are irritating to the stomach, such as aspirin. 

b. Extended-release preparations: Extended-release {abbreviated ER, XR, 

XL, SR, etc.) medications have special coatings or ingredients that control 

drug release, thereby allowing for slower absorption and prolonged duration of 

action. ER formulations can be dosed less frequently and may improve patient 

compliance. In addition, ER formulations may maintain concentrations within 

the therapeutic range over a longer   duration, as opposed to immediate release 

dosage forms, which may result in larger peaks and troughs in plasma 

concentration. ER formulations are advantageous for drugs with short half-

lives. For example, the half-life of oral morphine is 2 to 4 hours, and it must be 

administered six times daily to provide continuous pain relief. However, only 

two doses are needed when extended-release tablets are used.  



2. Sublingual/buccal: The sublingual route involves placement of drug under 
the tongue. The buccal route involves placement of drug between the cheek 
and gum. Both the sublingual and buccal routes of absorption have several 
advantages, including ease of administration, rapid absorption, bypass of the 
harsh gastrointestinal (GI) environment, and avoidance of first-pass 
metabolism 

B. Parenteral: 

The parenteral route introduces drugs directly into the body by the injection. 
Parenteral administration is used for drugs that are poorly absorbed from the 
GI tract (for example, heparin) or unstable in the GI tract (for example, 
insulin). Parenteral administration is also used if a patient is unable to take oral 
medications (unconscious patients) and in circumstances that require a rapid 
onset of action In addition, parenteral routes have the highest bioavailability 
and are not subject to first-pass metabolism or the harsh GI environment. 
Parenteral administration provides the most control over the actual dose of 
drug delivered to the body. However these routes of administration are 
irreversible and may cause pain, fear, local tissue damage, and infections. The 
three major parenteral routes are intravascular (intravenous or intra-arterial), 
intramuscular, and subcutaneous. 



1. Intravenous (IV): IV injection is the most common 
parenteral route. It is useful for drugs that are not 
absorbed orally, such as the neuromuscular blocker 
rocuronium. IV delivery permits a rapid effect and a 
maximum degree of control over the amount of drug 
delivered. When injected as a bolus, the full amount of 
drug is delivered to the systemic circulation almost 
immediately. If administered as an IV infusion, the drug is 

infused over a longer period, resulting in lower peak 
plasma concentrations and an increased duration of   
circulating drug.                                                                         

   



 



2. Intramuscular (IM): Drugs administered IM can be in aqueous solutions, 

which are absorbed rapidly, or in specialized depot preparations, which are 

absorbed slowly .Depot preparations often consist of a suspension of drug in a 

nonaqueous vehicle, such as polyethylene glycol. As the vehicle diffuses out of 

the muscle, drug precipitates at the site of injection. The drug then dissolves 

slowly, providing a  sustained dose over an extended interval. 

3. Subcutaneous (SC): Like IM injection, SC injection provides absorption 

via simple diffusion and is slower than the IV route. SC injection minimizes 

the risks of hemolysis or thrombosis associated with IV injection and may 

provide constant, slow, and sustained effects. This route should not be used 

with drugs that cause tissue irritation, because severe pain and necrosis may 

occur. Drugs commonly administered via the subcutaneous route include 

insulin and heparin. 



4. Intradermal: The intradermal (I D) route involves injection into the dermis, the 

more vascular layer of skin under the epidermis. Agents for diagnostic determination 

and desensitization are usually administered by this route 



C. Other: 
 

1. Oral inhalation and nasal preparations: Both the oral inhalation and nasal routes 

of administration provide rapid delivery of drug across the large surface area of mucous 

membranes of the respiratory tract and pulmonary epithelium. Drug effects are almost 

as rapid as are those with IV bolus. Drugs that are gases (for example, some 
anesthetics) and those that can be dispersed in an aerosol are administered via 
inhalation. This route is effective and convenient for patients with respiratory disorders 
such as asthma or chronic obstructive pulmonary disease, because drug is delivered 
directly to the site of action, thereby minimizing systemic side effects. The nasal route 
involves topical administration of drugs directly into the nose, and it is often used for  
patients with allergic rhinitis.                                                                                              

2. Intrathecal/intraventricular: The blood-brain barrier typically delays or prevents 

the absorption of drugs into the central nervous system (CNS). When local, rapid 
effects are needed, it is necessary to introduce drugs directly into the cerebrospinal   

fluid.                                                                                                                                   

3. Topical: Topical application is used when a local effect of the drug is 
desired. 



Intrathecal/intraventricular 



4. Transdermal: This route of administration achieves systemic effects by 
application of drugs to the skin, usually via a transdermal patch. The rate of 
absorption can vary markedly, depending on the physical characteristics of the 
skin at the site of application, as well as the lipid solubility of the drug.               

 

5. Rectal: Because 50% of the drainage of the rectal region bypasses the portal 

circulation, the biotransformation of drugs by the liver is minimized with rectal 

administration. The rectal route has the additional advantage of preventing 
destruction of the drug in the Gl environment. This route is also useful if the 
drug induces vomiting when given orally, if the patient is already vomiting, or 
if the patient is unconscious. Rectal absorption is often erratic and incomplete, 
and many drugs irritate the rectal mucosa. Following figure summarizes 
characteristics of the common routes of administration, along with example  
drugs.                                                                                                                     



Schematic representation 

of a transdermal patch 

 



 



 



Absorption of drugs: 

 



 



 



 



 



 



B. Factors influencing absorption 

 



 



C. Bioavailability 

 



 



 



 



Drug distribution 

 



 



 



 



 



 



 



 



 



 



 



Drug clearance through kidney: 
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 أسئلة الفصل
1. An 18-year-old female patient is brought to the emergency department due to drug 
overdose. Which of the following routes of administration is the most desirable for 
administering the antidote for the drug overdose? 
o Oral 
o Subcutaneous 
o Intramuscular 
o Transdermal 
o Intravenous 
2. Drug A is a weakly basic drug with a pKa of 7.8. If administered orally, at which of the 
following sites of absorption will the drug be able to readily pass through the membrane? 
o Duodenum (pH approximately 6.1) 
o Stomach (pH of 2.5) 
o Jejunum (pH approximately 8.0) 
o Mouth (pH approximately 7.0) 
o Ileum (pH approximately 7.0) 
3. KR2250 is an investigational cholesterol-lowering agent. KR2250 has a high molecular 
weight and is extensively bound to albumin. KR2250 will have a(n) 
___________apparent volume of distribution (Vd). 

o Normal         o High         o Extremely hig               o Low 



4. A 40-year-old male patient (70 kg) was recently diagnosed with 
infection involving 
methicillin-resistant S. aureus. He received 2000 mg of vancomycin 
as an IV loading 
dose. The peak plasma concentration of vancomycin was 28.5 mg/L. 
The apparent 
volume of distribution is: 
o 7 L/kg 
o 10 L/kg 
o 1 L/kg 
o 14 L/kg 
o 70 L/kg 
5. A 55-year-old woman is brought to the emergency department 
because of seizures. She 
has a history of renal disease and currently undergoes dialysis. She 
receives an 
intravenous infusion of antiseizure Drug X. Which of the following is 
likely to be 
observed with use of Drug X in this patient? 



o B 

o D 

o A 

o C 

o E 



6. A 68-year-old woman is brought to the emergency department for treatment of a 
myocardial infarction. She is currently taking clopidogrel (antiplatelet agent) and aspirin 
daily, as well as omeprazole (potent CYP inhibitor) for heartburn. Which of the following 
is the most likely contributor to her myocardial infarction today? 
o Hypersensitivity reaction due to clopidogrel 
o Reduced antiplatelet activity of clopidogrel due to aspirin 
o Reduced antiplatelet activity of clopidogrel due to omeprazole 
o Increased antiplatelet activity of clopidogrel due to omeprazole 
o Increased antiplatelet activity of clopidogrel due to aspirin 
7. Which of the following reactions represents Phase II of drug metabolism? 
o Oxidation   o Sulfation    o Reduction     o Hydrolysis    o Amidation 
8. A pharmacokinetic study of a new antihypertensive drug is being conducted in healthy 
human volunteers. The half-life of the drug after administration by continuous 
intravenous infusion is 12 hours. Which of the following best approximates the time for 
the drug to reach steady state? 
o 72 hours 
o 120 hours 
o 48 hours 
o 24 hours 
o 240 hours 



9. A 64-year-old female patient (60 kg) is treated with experimental Drug A for type 2 
diabetes. Drug A is available as tablets with an oral bioavailability of 90%. If the Vd is 2 
L/kg and the desired steady-state plasma concentration is 3.0 mg/L, which of the 
following is the most appropriate oral loading dose of Drug A? 
o 6 mg 
o 108 mg 
o 360 mg 
o 6.66 mg 
o 400 mg 
10. A 74-year-old man was admitted to the hospital for treatment of heart failure. He 
received 160 mcg of digoxin intravenously, and the plasma digoxin level was 0.4 ng/ 
mL. 
If the desired plasma concentration of digoxin for optimal therapeutic activity in heart 
failure is 1.2 ng/mL, and the patient has an estimated Vd of 400 L, calculate the 
additional dose of digoxin needed for this patient to achieve the desired plasma 
concentration. 
o 480 mcg 
o 128 mcg 
o 160 mcg 
o 320 mcg 
o 640 mcg 



 



1. 
Correct Response: Intravenous 
Explanation: The intravenous route of administration is the most desirable because it results in 
achievement of therapeutic plasma levels of the antidote rapidly. 
2. 
Correct Response: Jejunum (pH approximately 8.0) 
Explanation: Because Drug A is a weakly basic drug (pKa = 7.8), it will be predominantly 
in the nonionized form in the jejunum (pH of 8.0). For weak bases, the nonionized form 
will permeate through the cell membrane readily. 
3. 
Correct Response:Low 
Explanation: Because of its high molecular weight and high protein binding, KR2250 
will be effectively trapped within the plasma (vascular) compartment and will have a low 
apparent volume of distribution. 
4. 
Correct Response:1 L/Kg 
Explanation:Vd = dose/C = 2000 mg/28.5 mg/L = 70.1 L. Because the patient is 70 kg, 
the apparent volume of distribution in L/kg will be approximately 1 L/kg (70.1 L/70 kg). 
5. 
Correct Response:D 
Explanation: Because the patient has a renal disorder, she may not be able to excrete the 
drug effectively. Therefore, the half-life of Drug X will be prolonged. As the half-life is 
prolonged, the dosage must be reduced so the patient will not have serious toxic effects of 
Drug X. 



. 

6.Correct Response: Reduced antiplatelet activity of clopidogrel due to omeprazole 
Explanation: Clopidogrel is a prodrug and requires CYP2C19 activity for conversion to 
an active metabolite. Because omeprazole is a potent CYP inhibitor, clopidogrel is not 
converted to the active metabolite, and therefore the antiplatelet activity is reduced, 
potentially contributing to myocardial infarction. 

 
7.Correct Response: Sulfation 
Explanation: Phase II metabolic reactions involve conjugation reactions to make phase I 
metabolites more polar. Sulfation and glucuronidation are the most common phase II 
conjugation reactions. 

 
8.Correct Response:48 hours 
Explanation: A drug will reach steady state in about 4 to 5 half-lives. Therefore, for this 
drug with a half-life of 12 hours, the approximate time to reach steady state will be 48 
hours. 
9.Correct Response:400 mg 
Explanation: For oral dosing, loading dose = [(V d ) × (desired steady-state plasma 
concentration)/F]. The Vd in this case is corrected to the patient’s weight is 120 L. The F 
value is 0.9 (because bioavailability is 90%, that is, 90/100 = 0.9). Thus, loading dose = 
(120 L × 3.0 mg/L)/0.9 = 400 mg. 

 

10.Correct Response:320 mcg 
Explanation: The additional dosage of digoxin needed to achieve the desired plasma 
concentration can be calculated using the equation V d (C2-C1). C1 is the current plasma 
concentration (0.4 ng/mL) and C 2 is the desired plasma concentration (1.2 ng/mL). 
Therefore, the additional dosage of digoxin is [400 L × (1.2 – 0.4) ng/mL)] = 320 mcg.. 



Which of the following is the accurate method of eliminating a toxic dose of phenobarbital? 
A)Alkalinization of urine  
B)Administering bicarbonate to decrease urine PH 
C)Acidification by NH4CL 
D)Aministering ammonium chloride to increase urine PH 
E) None of the above 

 
A drug is given as 800 mg single dose, result in a peak plasma concentration of 40μg\ml the 
apparent volume of distribution is( assume a rapid distribution and negligible elimination prior 
to measuring the peak plasma level): 
a) 0.2 L    b) 1L      c) 2L      d) 5L    e)  20L  
    



Which of the following is related to P- glycoprotein expression? 
a) Transporting drugs into cells   b) Reducing drug resistance    c)  Reducing drug absorption   d) 
metabolizing drugs    e) All of the above 

 
Which of the following conditions may be lead to an increased drug half life  
a) Decreased plasma volume      b)  decreased renal blood flow  c) decreased protein binding     
d) Increased metabolism     e)  increased hepatic blood flow 

 
If drug X has low molecular weight and hydrophilic , the drug will distribute to:  
a) Extracellular fluid    b) plasma compartment     c) total body water    d)  plasma proteins   e) 
intracellular compartment   

 
Which route of administration is used to directly impact the central nervous system, by passing 
the bbb ? 
A)oral   b) intrathecal      c) subcutaneous   d) intranasal   e) intravenous     



 which of the following is a phase I 
reaction involved in drug metabolism ?  
A) Methylation  b) Glucuronidation  c) sulfation 
    d) oxidation     e) acetylation 


